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Introduction
Major depressive disorder (MDD) is a commonly occurring neu-
ropsychiatric condition which affected over 264 million people 
worldwide in 2017 (James et al., 2018) and is associated with 
excess mortality with an estimated median years of potential life 
loss of 10 years (Vos et al., 2012; Walker et al., 2015). Although 
several evidence-based pharmacological treatments for MDD are 
available, up to 50–60% of patients suffer from treatment-resist-
ant depression (TRD) (Fava, 2003). These patients do not benefit 
from available antidepressant medications despite an adequate 
therapeutic dose and duration of therapy (Fava, 2003). Moreover, 
most registered antidepressant drugs modulate central monoam-
inergic neurocircuits and typically are effective after only 
4–7 weeks (Murrough and Charney, 2012). Together, this illus-
trates the need to develop antidepressant drugs with novel mech-
anisms of action and improved efficacy profiles that attain rapid 
symptomatic relief.

In 2019, nasal esketamine was approved by the United States 
Food and Drug Administration and other health authorities 
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worldwide to be used in conjunction with an oral antidepressant 
for the treatment of TRD in adults (SPRAVATO, 2020). Compared 
to existing antidepressants esketamine has a different mechanism 
of action and onset of antidepressant effects occurs as early as 2 h 
after administration (Daly et al., 2018; Singh et al., 2016). In the 
United States, nasal esketamine is also approved for the treat-
ment of depressive symptoms in adults with MDD with acute 
suicidal ideation or behaviour (SPRAVATO, 2020). In the 
European Union, nasal esketamine together with an oral antide-
pressant is approved as acute short-term treatment, for the rapid 
reduction of depressive symptoms in adults with a moderate to 
severe episode of MDD, which according to clinical judgement 
constitute a psychiatric emergency (SPRAVATO SmPC).

The pharmacokinetics of nasally administered esketamine 
have been characterized and summarized in product labelling 
(SPRAVATO, 2020, SPRAVATO SmPC). The maximum plasma 
concentration (Cmax) of esketamine following intranasal admin-
istration is reached within 20–40 min. After reaching Cmax, there 
is a biphasic decline in plasma concentration for the first 2–4 h 
and a mean terminal half-life (t1/2) ranging from 7 to 12 h. 
Esketamine is extensively metabolized by the cytochrome P450 
enzymes, mainly 3A4 and 2B6. N-demethylation of esketamine 
to form noresketamine is the major metabolic pathway. 
Noresketamine has a similar elimination profile with a mean t1/2 
of approximately 8 h.

Intranasal esketamine is generally well tolerated, but adverse 
reactions of dissociation, dizziness, nausea, sedation and vertigo 
commonly occur after dosing (SPRAVATO, 2020). Furthermore, 
ketamine, the racemic mixture of arketamine and esketamine, is 
a medicinal product that has been reported to be abused 
(SPRAVATO, 2020). Withdrawal symptoms of cravings, anxiety, 
shaking, sweating and palpitations have been reported in indi-
viduals dependent on ketamine. To minimize the risk of abuse, 
misuse and diversion of intranasal esketamine, administration 
must take place under the direct supervision of a healthcare pro-
fessional (SPRAVATO, 2020). The adverse events (AEs) of dis-
sociation, dizziness, nausea, sedation and vertigo generally 
resolve the same day and attenuate with repeated dosing (Daly et 
al., 2018; Popova et al., 2019; Wajs et al., 2020). Symptoms of 
dissociation and sedation have been shown to resolve within 
1.5–2 h (Daly et al., 2018; Popova et al., 2019; Wajs et al., 2020). 
However, considering the sedative and dissociative effects asso-
ciated with intranasal esketamine (SPRAVATO, 2020, 
SPRAVATO SmPC), it was deemed crucial to investigate its 
effects on driving ability.

Driving is a complex activity that involves cognitive, percep-
tual, and motor activities. As noted in a guidance for industry 
that was issued by the Food and Drug Administration (FDA, 
2017), collection of objective information about how a drug 
affects driving ability, with higher specificity than more general 
tests of central nervous system (CNS) function, may be neces-
sary to enable safe use of a drug that has pronounced CNS 
impairing effects.

The current gold standard to measure driving performance 
is the on-the-road driving test (O’Hanlon et al., 1982). This test 
has been used to measure driving effects of various CNS active 
compounds in more than 75 clinical trials (Verster and Mets, 
2009) . Furthermore, it has the methodological advantages of 
good test–retest reliability and closely mimicking real-life 
driving as it is performed on the public highway (Verster and 
Roth, 2011). The primary outcome of the on-the-road driving 

test is the standard deviation of lateral position (SDLP), which 
reflects weaving of the motor vehicle (Verster and Roth, 2011).

In a prior on-road driving study in healthy volunteers assessing 
same-day driving performance at 8 h after dosing, no significant 
difference in SDLP was found between 84 mg intranasal esketa-
mine and placebo, while a significant effect was found for 30 mg 
mirtazapine (positive control) (van de Loo et al., 2017). For esketa-
mine, driving performance was deemed to be ideally investigated 
in the target TRD population as these patients might differ from 
healthy controls with regards to comorbid disorders, use of con-
comitant medication and response to esketamine treatment. Next 
to that, depression itself increases the relative risk of becoming 
involved in a car accident (Vaa, 2003). Since studies in TRD are 
complex in terms of logistics and enrolment, a broad category of 
unipolar MDD or persistent depressive disorder (PDD)/dysthymia 
patients was recruited for the present study. Although such patients 
are not identical to TRD patients, they resemble the target popula-
tion more closely than healthy volunteers.

Taken together, the main purpose of the present study was to 
evaluate the effects of esketamine at the highest therapeutic dose, 
84 mg intranasally on next-day driving performance following 
single administration, and on same-day driving performance fol-
lowing repeated administration in MDD or PDD patients as 
measured by the on-the-road driving test. Secondary objectives 
of this study were to investigate the safety and efficacy of 84 mg 
intranasally administered esketamine.

Methods
The study was approved by Stichting Beoordeling Ethiek 
Biomedisch Onderzoek (BEBO) Medical Ethics Committee and 
registered at clinicaltrials.gov under number NCT02919579. 
Written informed consent was obtained from all patients before 
the study start, and the study was performed according to the 
International Committee on Harmonization of Good Clinical 
Practice (ICH GCP) guidelines as laid down in the Declaration of 
Helsinki and its latest amendments. The study was sponsored by 
Janssen Research and Development and conducted in collabora-
tion between the Centre for Human Drug Research, Leiden, The 
Netherlands (clinical assessments) and Utrecht University, 
Institute for Risk Assessment Sciences (on-road driving assess-
ments). The study was conducted from 18 October 2016 to 4 July 
2018.

Study design

The study consisted of two parts (Figure 1). Part A was designed 
to test the effect of a single intranasal esketamine administration 
on next-day driving performance compared to placebo as most 
AEs associated with the use of intranasal esketamine are known 
to dissolve the same day (Daly et al., 2019; Popova et al., 2019; 
Wajs et al., 2020). This study part had a single-blind, double-
dummy, placebo-controlled, randomized three-period and cross-
over design. In line with recommendations by the FDA (2017), 
an alcohol-containing beverage intended to achieve a blood 
alcohol concentration (BAC) of 0.05% (i.e. Dutch legal driving 
limit) was used as the active control to demonstrate assay sensi-
tivity. Part A consisted of three 2-day visits, during which 
patients received one treatment per visit in a randomized order. 
On the visits in which patients were randomized to receive 
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esketamine or placebo intranasal spray, they self-administered 
study medication in the afternoon at 4 PM, and performed a driv-
ing test the next morning (between 8 AM and 12 PM), following 
a night sleep. The times for dosing and performing the driving 
test, resulting in a time window of testing driving performance 
at 18 ± 2 h after dosing, were based on pragmatic reasons as this 
resulted in a feasible time schedule. On the visit in which 
patients were randomized to receive an alcohol- or a placebo-
containing beverage, patients drank the beverage approximately 
45 min prior to the driving test. The driving test started immedi-
ately after it was demonstrated, based on results of two or more 
breathalyser assessments, that the BAC was ⩽ 0.05%. To main-
tain blinding of the study, patients were not informed about the 
outcome of the BAC readings and breathalyser tests were also 
performed after administration of the placebo beverage. After 
completion of the driving test, the BAC was measured again. 
The visits were separated by a wash-out period of 5–14 days.

Part B was designed to assess the effect of repeated adminis-
tration of intranasal esketamine on same-day (6 ± 0.5 h after dos-
ing) driving performance (Figure 1). This study part had an 
open-label, placebo-controlled, fixed-sequence design. The 6-h 
timepoint for the driving test was chosen as it was expected that 
most AEs would be resolved by then (Daly et al., 2018; Popova 
et al., 2019; Wajs et al., 2020). On Day 1, patients self-adminis-
tered intranasal placebo spray and on Days 4, 8, 11, 15, 18, 22 
and 25, the patients self-administered 84 mg esketamine intrana-
sal spray at 9 AM. On Day 1, 11, 18 and 25 driving tests were 
performed between 2:30 and 3:30 PM. A time window of ± 1 day 
for Days 4–25 was permitted. A safety follow-up visit was per-
formed 7–10 days after completion of Part B or when patients 
early withdrew. This meant that the total study duration was up to 
98 days (screening period of 21 days, Part A consisting of three 
2-day periods with 5–14 days wash-out between each study drug 
administration, 5–14 days of wash-out between Parts A and B, 
Part B consisting of up to 26 days and a follow-up safety visit 
7–10 days after completion of Part B).

To minimize the potential side-effects of nausea and vomi-
ting (SPRAVATO, 2020, SPRAVATO SmPC), esketamine was 

administered at least 2 h after food intake in both study parts and 
fluid consumption was restricted for at least 30 min before the 
first intranasal spray of study drug. Patients were instructed to 
refrain from blowing their nose for at least 1 h after the last intra-
nasal spray. All patients returned to the research centre after com-
pleting the driving test and a safety assessment was performed by 
a physician prior to discharge.

Study population

Males and females between the ages of 22 and 60, having a body 
mass index (BMI) between 18 and 32 kg/m2, a body weight ⩾ 50 kg 
and meeting the Diagnostic and Statistical Manual of Mental 
Disorders (4th ed.; DSM-IV) or Diagnostic and Statistical 
Manual of Mental Disorders (5th ed.; DSM-5) criteria of (recur-
rent) symptomatic MDD without psychotic features or PDD/dys-
thymia were included in this study. Diagnosis was based on 
clinical assessment, including the Mini International Neuropsy-
chiatric Interview (MINI) and confirmation by the attending gen-
eral practitioner, psychiatrist or clinical psychologist. Severity of 
MDD/PDD was assessed by the Montgomery Åsberg Depression 
Rating Scale (MADRS; Montgomery and Asberg, 1979), patients 
with a total score of ⩾ 18 at screening were included. Patients 
with a primary sleep disorder, a history of moderate or severe 
substance use disorder according to DSM-IV or DSM-5 within 
1 year before screening were excluded. Comorbid generalized 
anxiety disorder, social anxiety disorder and panic disorder were 
allowed under condition that MDD/PDD was the primary diag-
nosis. Patients were not allowed to use medication that can cause 
sedation, such as benzodiazepines, metopimazine, scopolamine 
and zolpidem, or any Category III drugs and Category II antide-
pressants included in the categorization system of the International 
Council on Alcohol, Drugs and Traffic Safety (ICADTS) from 
1 week prior to the first dose of study drug until completion of the 
last driving test (Verster and Mets, 2009). To participate in the 
study, patients must have had a valid driving licence in good 
standing for more than 60 months and must have driven regularly 
in the year prior to screening.

Figure 1. Schematic overview of study.
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Treatments

Intranasal esketamine spray and placebo spray. Esketamine 
intranasal (84 mg) was administered as an aqueous solution of 
esketamine hydrochloride (16.14% w/v; equivalent to 14% w/v 
of esketamine base). The nasal spray device delivered 16.14 mg 
esketamine hydrochloride (14 mg esketamine base) per 100 μL 
spray. Each device contained sufficient volume for two sprays 
(28 mg). Each patient self-administered the nasal spray under 
medical monitoring, three devices with 5 min in between each 
device (total dose 84 mg). Patients were trained on self-adminis-
tration with a placebo device as a part of the screening proce-
dures. The solution for the placebo intranasal spray contained a 
colourless solution of water for injection with a bittering agent 
(denatonium benzoate (Bitrex®) at a final concentration of 
0.001 mg/mL) added to simulate the taste of the intranasal solu-
tion with active drug. Benzalkonium chloride was added as a pre-
servative at a concentration of 0.3 mg/mL.

Alcohol and placebo beverage. Friel’s equation which takes 
into account body weight and gender was used to determine the 
amount of alcohol needed to reach a breath alcohol concentra-
tion, correlating with a BAC of 0.05% (Friel et al., 1999). The 
beverage was prepared by mixing the appropriate volume of 
alcohol with sugar-free orange juice up to a final volume of 
250 mL and was blinded by adding a taste masker (menthae 
piperitae aetheroleum, Ph. Eur.). The placebo beverage (no alco-
hol) was also prepared with sugar-free orange juice up to a vol-
ume of 250 mL and was blinded by adding the same taste masker.

Pharmacokinetic assessments

Esketamine and noresketamine concentrations in blood plasma 
samples were analysed using a validated, specific and sensitive 

liquid chromatography coupled to tandem mass spectrometry 
method. The quantification range was 0.500–500 ng/mL for both 
esketamine and noresketamine.

Pharmacodynamic measures

On-road driving. The primary outcome of the on-the-road driv-
ing test was the SDLP (cm) (Figure 2). The secondary outcome 
measure of the driving test was the standard deviation of speed 
(SDS, km/h). Control variables were mean lateral position (MLP, 
cm) and mean speed (MS, km/h).

The procedures for the on-the-road driving test are described 
by Verster and Roth (2011). Patients performed an on-the-road 
training test during screening to become familiar with the test 
circuit and procedures. Learning effects among people who 
drive regularly, as selected for this study, are unlikely (Verster 
and Roth, 2011). Patients drove on a public highway, a 100 km 
track between the cities of Utrecht and Arnhem (The Netherlands) 
in an instrumented vehicle. The test was conducted during nor-
mal traffic to closely mimic real-life driving. Patients were 
instructed to drive with a steady lateral position within the right 
(slower) traffic lane, while maintaining a constant speed and 
instructed to overtake slower driving vehicles. To ensure patient 
safety during driving tests, their clinical and self-reported  
status were evaluated prior to each test and a licensed driving 
instructor with access to dual controls, was always present during 
the test.

Previous studies have demonstrated that a mean SDLP 
increase of 2.4 cm correlates with a BAC of 0.05% (Louwerens et 
al., 1987). This value was used as the prespecified non-inferiority 
margin for clinically relevant driving impairment in this study.

Subjective assessments of sedation, driving quality and 
mental effort to perform the driving test. Immediately 

Figure 2. Schematic representation of SDLP.
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before and after each driving test, each patient completed the 
Karolinska Sleepiness Scale (KSS) and reported their sleepiness 
on a scale ranging from 1 (‘extremely alert’) to 9 (‘very sleepy’, 
‘great effort to keep awake’ and ‘fighting sleep’; Åkerstedt and 
Gillberg, 1990). Perceived driving quality was measured imme-
diately after each driving test using a visual analogue scale from 
0 (‘I drove exceptionally poorly’) to 20 (‘I drove exceptionally 
well’), with the midpoint indicating normal performance (‘I 
drove normally’). The level of mental effort needed to perform 
the driving test was assessed on a 15 cm visual analogue scale 
with markings ranging from ‘absolutely no effort’ to ‘extreme 
effort’ (Zijlstra and Van Doorn, 1985).

Efficacy evaluations

Montgomery Åsberg Depression Rating Scale. Depression 
severity was assessed using the MADRS, a clinician-rated scale 
of depressive symptoms that is sensitive to changes due to anti-
depressant treatment (Montgomery and Asberg, 1979). Evalu-
ated items on the MADRS are: ‘apparent sadness, reported 
sadness, inner tension, sleep, appetite, concentration, lassitude, 
inability to feel, pessimistic thoughts, and suicidal thoughts’. 
The 10 items can be scored from 0 (not present/normal) to 6 
(severe or continuous presence of the symptoms; Montgomery 
and Asberg, 1979). MADRS was performed by trained physi-
cians using a 7-day recall period or since last assessment. In Part 
A, the MADRS 7-day recall was performed at screening, prior to 
dosing on Day 1 for all treatment periods and at the follow-up 
visit, MADRS since last assessment was performed after com-
pletion of the driving assessment on Day 2 between 20 and 24 h 
after dosing. In Part B, MADRS 7-day recall was performed at 
screening, prior to dosing on Days 1, 11, 18 and 25, and at the 
follow-up visit.

Safety assessments

In both parts of the study, safety assessments consisting of chem-
istry and haematology, urine drug screen, urinalysis, urine preg-
nancy tests for females, alcohol breath tests, electrocardiograms 
(ECGs), vital signs and a physical examination were performed 
prior to dosing of intranasal esketamine or intranasal placebo. 
Vital sign measurements were repeated 40 min after dosing. AEs 
were recorded throughout the study.

Columbia-Suicide Severity Rating Scale. Suicidal ideation 
and behaviour were assessed by the Columbia-Suicide Severity 
Rating Scale (C-SSRS), a clinician-rated questionnaire that is 
frequently used in clinical trials (Posner et al., 2011). Baseline 
C-SSRS was performed during screening to ascertain lifetime 
suicidal ideation and/or behaviour (Posner et al., 2011). Patients 
reporting suicidal ideations with intent and with or without spe-
cific plan within 6 months prior to screening or those reporting 
suicidal behaviour in the past year were excluded from the study. 
In Part A, the C-SSRS since last assessment was performed prior 
to dosing on Day 1 and the next day after the driving assessment. 
In Part B, the C-SSRS since last assessment was performed prior 
to and 2 h after dosing on Days 1, 11, 18 and 25.

Clinician-Administered Dissociative Symptoms Scale. Disso-
ciative symptoms were measured by the Clinician-Administered 

Dissociative Symptoms Scale (CADSS), a clinician-adminis-
tered questionnaire about depersonalization, derealization and 
amnesia (Bremner et al., 1998). In both study parts, the CADSS 
was performed prior to dosing at each visit, and at 1 and 2 h after 
dosing.

Sample size

The sample size and power estimation were based upon the 
SDLP, the primary endpoint of the study. A non-inferiority mar-
gin of 2.4 cm in SDLP (associated with a BAC of 0.05%) that is 
considered clinically relevant was used for the power calculation 
(Verster and Roth, 2011). In line with a previous publication the 
true difference in SDLP between the active (esketamine) and pla-
cebo was assumed to be 0.63 cm (van de Loo et al., 2017). The 
intra-patient standard deviation (SD) for SDLP was assumed to 
be 2.1 cm based on previous literature (Verster and Roth, 2011). 
A conservative value for the SD of 2.97 cm for paired difference 
between active and placebo was used for the sample size 
calculation.

For Parts A and B with two-sided significance level of 0.05 
(one-sided level of 0.025) for each comparison and an SD of 
2.97 cm for paired differences, a sample size of 24 patients was 
assumed sufficient to achieve an 80% power.

The results of a planned interim analysis of driving perfor-
mance data indicated that the within-patient variability of the 
SDLP was less than anticipated (1.43 cm vs expected 2.1 cm). It 
was therefore determined that the objectives of the study could be 
achieved with a sample size of 23 instead of 24 completers. 
Patients could be enrolled to participate in only Part B if Part A 
was already completed by sufficient patients.

Statistical analysis

The statistical analyses were performed using SAS, version 9.4 
(SAS Institute Inc., Cary, NC, USA). Mean and SD were com-
puted for all outcome measures.

Part A: The statistical analysis of SDLP was conducted using 
a mixed effects model with treatment, sequence of treatments, 
and period as fixed effects and patients as a random effect. Within 
the model comparisons between active treatments and placebo 
(i.e. esketamine with alcohol placebo vs esketamine placebo with 
alcohol placebo and alcohol with esketamine placebo vs alcohol 
placebo with esketamine placebo) were conducted. The non-infe-
riority of esketamine compared to placebo was concluded if the 
upper limit of two-sided 95% confidence interval (CI) of the 
mean difference between the active (esketamine) and placebo 
was < 2.4 cm. Assay sensitivity was established if lower limit of 
two-sided 95% CI of mean difference between alcohol and pla-
cebo was > 0 cm.

Part B: The statistical analysis of SDLP was conducted using 
a mixed effects model with day of driving as a fixed effect and 
patient as a random effect. Pairwise comparisons between active 
treatments and placebo on each day of driving were conducted. 
For the SDLP, non-inferiority between treatments was concluded 
if the upper limit of two-sided 95% CI of the mean difference 
between the esketamine and esketamine placebo was < 2.4 cm.

Similar analyses (i.e. mixed effects model followed by calcu-
lation of two-sided 95% CIs of the mean difference between 
active and placebo) were performed for SDLP, SDS, MLP, MS, 
subjective driving assessments and KSS.
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The MADRS total score and change from baseline were listed 
and summarized for each visit and timepoint.

Results

Demographics

In total, 27 patients, 18 females and nine males, with a mean (SD) 
age of 37.3 (10.6) years were enrolled in Part A of the study 
(Table 1). Mean (SD) total MADRS score at screening was 29.1 
(5.1). Thirteen patients were receiving antidepressant treatment, 
the most common being sertraline (n = 3, dose range: 100–
125 mg), citalopram (n = 3, dose range: 20–40 mg) and venlafax-
ine (n = 3, dose range: 75–150 mg).

In Part B, 25 patients were included, 17 females and eight 
males, with a mean (SD) age of 37.3 (10.6) years (Table 1). Mean 
(SD) total MADRS score at Day 1 of Part B was 19.9 (6.6). 
Concurrent antidepressant use was the same as in Part A.

Withdrawals and missing data

Part A was completed by 25 patients (eight men and 17 women; 
Figure 3). One patient could not start the last driving test due to 
weather conditions, but completed all safety assessments. Another 
patient was withdrawn from the study due to repeated positive 
urine screen for benzodiazepines. In one case, technical difficul-
ties occurred with the test vehicle during the first visit of Part A in 
which the patient had received esketamine. Therefore, this patient 
did not complete the Part A visits and only participated in Part B. 
One patient discontinued for personal reasons after Part A.  
In total, 25 patients continued to participate in Part B of the study. 
In Part B, one patient with concomitant treatment of venlafaxine 
112.5 mg, discontinued study participation after Day 8 due to 
symptoms of anhedonia, apathy and feeling guilty. These symp-
toms were considered possibly related to study drug by the  
investigator, and spontaneously resolved within 2 days after dis-
continuing the study. Another patient missed visit on Day 8 due to 
influenza (considered unrelated to study drug by the investigator) 
and missed visit on Day 25 due to a cancelled driving test because 
of extreme weather conditions. One patient in Part B did not per-
form the on-road driving test on Day 18 due to non-serious AEs of 
agitation, nausea, headache, somnolence and increased blood 
pressure considered mild in severity and possibly related to study 
drug by the investigator. This patient continued in the study, com-
pleting the final two dosing visits including the Day 25 driving 
test and was considered a completer of the study. Overall, 23 
patients completed Part B of the study (Figure 3).

Part A: Pharmacodynamic and 
pharmacokinetic results

Blood plasma concentrations esketamine. In Part A, the 
mean (SD) concentrations of esketamine and noresketamine in 
plasma collected at 1 h after dosing were 108 (31.1) and 92.6 
(74.3) ng/mL, respectively.

Blood alcohol concentration. The mean (SD) BAC on Day 2 
before the start of the driving test was 0.046% (0.003%), and 
after the driving test, it was 0.019% (0.005%).

Driving performance. The difference in least squares mean 
SDLP between esketamine and placebo was –0.23 cm, the upper 
limit of the two-sided 95% CI was 0.58 cm, which was below the 
non-inferiority criterion of 2.4 cm (Table 2). The difference in 
least squares mean SDLP between alcohol and placebo 
was + 1.83 cm. The lower limit of the two-sided 95% CI of the 
mean difference between alcohol and placebo was 1.03 cm, 
which met the criteria needed to demonstrate assay sensitivity 
(> 0 cm) (Table 2).

There were no statistically significant differences found for 
SDS, MLP or MS (Table 2).

Subjective assessments of sedation, driving quality and men-
tal effort to perform the driving test. Prior to the driving test, 
KSS scores of both esketamine (least square mean estimates = 4.64, 
p = 0.021) and alcohol (least square mean estimates = 4.84, 
p = 0.004) were significantly higher than placebo (least square 

Table 1. Demographics Parts A and B.

Part A Part B

Total Total

Patients enrolled 27 25
MADRS score screening
Mean (SD) 29.1 (5.1) NA
MADRS score baseline (pre-dose)
 Part A
 Placebo treatment
 Mean (SD)

23.1 (5.5) NA

 Part A
 Alcohol Treatment
 Mean (SD)

21.5 (6.49) NA

 Part A
 Esketamine treatment
 Mean (SD)

24.1 (4.5) NA

 Part B
 Day 1
 Mean (SD)

NA 19.9 (6.6)

Age, years
 Mean (SD) 37.3 (10.6) 37.3 (10.6)
Sex
 Female 18 (66.7%) 17 (68.0%)
 Males 9 (33.3%) 8 (32.0%)
Race  
 White 24 (88.9%) 22 (88.0%)
 Other 2 (7.4%) 2 (8.0%)
 Multiple 1 (3.7%) 1 (4.0%)
Weight, kg
 Mean (SD) 70.2 (11.0) 71.6 (10.8)
Height, cm
 Mean (SD) 174.2 (8.6) 174.6 (8.8)
BMI, kg/m2

 Mean (SD) 23.3 (3.3) 23.4 (3.2)

MADRS: Montgomery Åsberg Depression Rating Scale; BMI: body mass index; NA: 
not applicable; SD: standard deviation.
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Figure 3. CONSORT diagram.
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mean estimates = 3.92). After the driving tests, no significant dif-
ference in KSS scores were found after a dose of esketamine (least 
square mean estimates = 5.86, p = 0.241) or alcohol (least square 
mean estimates = 5.69, p = 0.470) compared to placebo (6.11).

No statistically significant differences between the treatments 
and placebo were found on subjective assessments of driving 
quality and mental effort to perform the driving tests (Table 2).

Part B: Pharmacodynamic and 
pharmacokinetic results

Blood plasma concentrations of esketamine. In Part B, the 
mean (SD) concentrations of esketamine in plasma collected at 
1 h post-dose on Days 11, 18 and 25 were 105 (26.0), 108 (31.0) 
and 104 (22.5) ng/mL, respectively. The mean (SD) noresket-
amine concentrations were 171 (95.7), 178 (83.4) and 183 (85.4) 
ng/mL, respectively.

Driving performance. On Day 11, the difference in least squares 
mean SDLP (cm) compared to Day 1 (upper limit of two-sided 
95% CI (cm)) was –0.96 cm (1.81); Day 18, –0.56 cm (2.20) and 
Day 25, –1.05 cm (1.71), each below the non-inferiority criterion, 
2.4 cm (Table 3).

There were no statistically significant differences observed 
between esketamine and placebo for SDS, MLP and MS 
(Table 3).

Subjective assessment of sedation, driving quality and 
mental effort to perform the driving test. On KSS scores 
prior to the driving test, no statistically significant difference was 
observed between placebo treatment Day 1 (least square mean 
estimates = 4.20) and intranasal esketamine treatment on Day 11 
(least square mean estimates = 4.78, p = 0.285), Day 18 (least 
square mean estimates = 4.52, p = 0.554) or Day 25 (least square 
mean estimates = 4.83, p = 0.251), respectively. For assessments 
made after completion of the driving tests, no statistically signifi-
cant differences were observed. No significant differences 
between the esketamine and placebo were found on subjective 
assessments of driving quality and mental effort to perform the 
driving tests.

Efficacy and safety results Part A and Part B

MADRS. At screening, the mean (SD) MADRS total score was 
29.1 (5.07). On Day 1 (prior to dosing, respective treatment peri-
ods), the mean (SD) MADRS total score for Part A were compa-
rable across treatment periods, 24.1 (4.51), 23.1 (5.48) and 21.5 
(6.49) for intranasal esketamine + oral placebo, intranasal pla-
cebo + oral placebo and intranasal placebo + oral alcohol, respec-
tively. The mean (SD) MADRS total score changes from baseline 
were: –10.7 (4.11), –6.8 (5.29) and –5.5 (6.88) for intranasal 
esketamine + oral placebo, intranasal placebo + oral placebo and 
intranasal placebo + oral alcohol, respectively (Figure 4).

Table 2. Part A: Next-day on-road driving test results for single dose administration of esketamine (84 mg, intranasal), alcohol (BAC ⩽ 0.05%) and 
placebo.

On-road driving test LSM Difference of LSM, (95% CI), p-value

Placebo (n = 25) Alcohol (n = 26) Esketamine (n = 25) Alcohol vs placebo Esketamine vs placebo

SDLP (cm) 19.31 21.14 19.08 1.83 (1.03; 2.62)
p < 0.001*

–0.23 (–1.04; 0.58)
p = 0.572

SDS (km/h) 2.42 2.58 2.56 0.15 (–0.05; 0.36)
p = 0.134

0.14 (–0.07; 0.35)
p = 0.177

MLP (cm) 7.14 7.55 7.45 0.41 (–1.84; 2.65)
p = 0.718

0.31 (–1.27; 2.58)
p = 0.787

MS (km/h) 96.91 96.99 97.24 0.08 (–0.38; 0.55)
p = 0.714

0.33 (–0.13; 0.80)
p = 0.157

 LSM Difference of LSM (95% CI), p-value

Subjective driving assessment Placebo (n = 25) Alcohol (n = 26) Esketamine (n = 25) Alcohol vs placebo Esketamine vs placebo

Perceived driving quality scale 9.53 8.92 9.74 –0.61 (–2.41; 1.18)
p = 0.494

0.21 (–1.58; 1.99)
p = 0.814

Perceived effort scale 6.87 6.74 6.67 –0.13
(–1.29; 1.03)
p = 0.820

–0.20 (–1.31; 0.91)
p = 0.716

Subjective sleepiness assessment Placebo (n = 25) Alcohol (n = 25)a Esketamine (n = 25) Alcohol vs placebo Esketamine vs placebo

Pre-dose KSS scores 3.92 4.84 4.64 0.92 (0.31;1.53)
p = 0.004*

0.72 (0.11;1.32)
p = 0.021

Post-dose KSS scores 6.11 5.69 5.86 –0.42 (–1.13; 0.29)
p = 0.241

–0.25 (–0.94; 0.44)
p = 0.470

BAC: blood alcohol concentration; LSM: least squares mean; CI: confidence interval; SDLP: standard deviation of lateral position; SDS: standard deviation of speed; MLP: 
mean lateral position; MS: mean speed; KSS: Karolinska Sleepiness Scale.
aKSS by accident not performed in one patient.
Significant differences from placebo (p-values, two-sided, with a level of significance < 0.05) are indicated by ‘*’.
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Table 3. Part B: Same-day on-road driving test results for repeated dose administration of esketamine (84 mg, intranasal, Days 11, 18 and 25) 
compared to placebo (Day 1).

On-road driving test LSM Difference of LSM, (95% CI), p-value

Day 1 PCB
(n = 25)

Day 11
(n = 23)

Day 18
(n = 23)

Day 25
(n = 23)

Days 11 vs 1 Days 18 vs 1 Days 25 vs 1

SDLP (cm) 18.72 17.76 18.15 17.66 –0.96
(–3.72; 1.81)
p = 0.493

–0.56
(–3.33; 2.20)
p = 0.686

–1.05
(–3.82; 1.71)
p = 0.451

SDS (km/h) 2.73 2.66 2.50 2.30 –0.06
(–0.69; 0.57)
p = 0.847

–0.22
(–0.85; 0.40)
p = 0.479

–0.42
(–1.05; 0.20)
p = 0.183

MLP (cm) 9.84 10.06 11.36 9.07 0.23
(–6.21; 6.66)
p = 0.945

1.52
(–4.92; 7.96)
p = 0.640

–0.76
(–7.20; 5.67)
p = 0.814

MS (km/h) 96.91 97.52 97.41 97.43 0.61
(–0.48; 1.69)
p = 0.268

0.50
(–0.59; 1.58)
p = 0.364

0.52
(–0.57; 1.60)
p = 0.344

Subjective driving assessment Day 1 PCB
(n = 25)

Day 11
(n = 23)

Day 18
(n = 23)

Day 25
(n = 23)

Days 11 vs 1 Days 18 vs 1 Days 25 vs 1

Perceived driving quality scale 10.83 10.90 11.13 11.63 0.07 (–2.05; 2.19)
p = 0.949

0.30 (–1.82; 2.42)
p = 0.781

0.80 (–1.35; 2.94)
p = 0.464

Perceived effort scale 5.25 5.67 5.22 5.11 0.42 (–1.14; 1.98)
p = 0.592

–0.03 (–1.57; 
1.52)
p = 0.971

–0.13 (–1.68; 
1.41)
p = 0.865

Subjective sleepiness assessment Day 1 PCB 
(n = 25)

Day 11 
(n = 23)

Day 18 
(n = 23)

Day 25
(n = 23)

Days 11 vs 1 Days 18 vs 1 Days 25 vs 1

Pre-dose KSS scores 4.20 4.78 4.52 4.83 0.58 (–0.49; 1.66) 
p = 0.285

0.32 (–0.76; 1.40) 
p = 0.554

0.63 (–0.45; 1.70) 
p = 0.251

Post-dose KSS scores 5.0 5.2 5.3 5.2 0.17 (–0.97; 1.32)
p = 0.763

0.30 (–0.89; 1.49) 
p = 0.617

0.18 (–0.97; 1.34)
p = 0.755

On Day 1, placebo nasal spray dosing; on remaining days, 84 mg esketamine nasal spray dosing.
LSM: least squares mean; CI: confidence interval; PCB: placebo; SDLP: standard deviation of lateral position; SDS: standard deviation of speed; MLP: mean lateral position; 
MS: mean speed; KSS: Karolinska Sleepiness Scale.
None of the outcome measures after esketamine differed significantly from placebo (two-sided, p < 0.05).

Figure 4. Mean (SD) total MADRS score before (pre) and 20–24 h after (post) administration of single-dose intranasal placebo with oral placebo or 
oral alcohol, or single-dose 84 mg intranasal esketamine with oral placebo (Part A).
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During Part B of the study, the mean (SD) MADRS total score 
at baseline (Day 1, prior to dosing) was 19.9 (6.61). After 
repeated administration of intranasal esketamine, the mean (SD) 
changes in MADRS total score were –2.3 (6.41), –3.0 (6.04) and 
–5.2 (8.36) on Days 11, 18 and 25, respectively (Figure 5).

At the follow-up visit, which occurred after completing Parts 
A and B, or if the patient early withdrew, the mean (SD) MADRS 
total score was 16.5 (8.64).

C-SSRS. At screening, 11 patients reported to have had suicidal 
ideations with intent/no plan during lifetime, and three patients 
reported suicidal ideations with plan/intent during lifetime. After 
the screening phase, none of the patients that received esket-
amine reported suicidal ideation with intent/no plan or suicidal 
ideations with plan/intent.

CADSS. During Part A of the study, the mean (SD) CADSS total 
score increased to 11.6 (7.84) 1 h following esketamine, and sub-
sequently decreased to a mean score of 1.3 (2.57) at 2 h 
post-dose.

During Part B of the study, the mean (SD) CADSS total scores 
1 h following esketamine increased to 6.3 (8.03), 5.0 (9.28) and 
5.0 (8.22), and decreased to 0.3 (0.88), 0.5 (1.87) and 0.4 (1.50) 
at 2 h after dosing, on Days 11, 18 and 25, respectively.

Adverse events. No serious AEs or deaths were reported in the 
study. In Part A, 77.8% of treatment-emergent adverse events 
(TEAEs) were assessed as mild, the remaining 22.2% were 
moderate. In Part B, 76.0% of TEAEs were assessed as mild and 
24.0% as moderate. Across the study, most AEs resolved within 
2 h and none of the AEs restricted patient discharge. The most 
commonly reported AEs in Part A were (reported by ⩾ 30% of 
patients): intranasal esketamine: dissociation (80.8%), dizziness 
(69.2%), paraesthesia (46.2%) and paraesthesia oral (38.5%); 
oral alcohol: headache (34.6%) and dizziness (30.8 %). For 
intranasal placebo: no AEs meeting the 30% threshold were 
reported.

Cumulative AEs commonly reported in Part B were: disso-
ciation (96.0%), dizziness (84.0%), dysgeusia (72.0%), fatigue 

(56.0%), headache (56.0%), paraesthesia oral (52.0%), paraes-
thesia (52.0%), somnolence (48.0%), nasal discomfort (48.0%), 
mild blood pressure increased (36.0%) and vision blurred 
(32.0%).

One patient reported suicidal ideation with plan/intent during 
the end of study visit. The patient was discontinued during Period 
3 of Part A due to repeated positive tests for benzodiazepines and 
was never dosed with esketamine.

Another patient reported symptoms of epistaxis, nasal dis-
comfort and nasopharyngitis on Day 1 of Part B (placebo treat-
ment) and completed the visits. During the follow-up visit, an 
irritated nasal mucosa and bilateral nasal septum lesions (ca. 
0.5 cm) were observed. The patient was diagnosed with a nasal 
septum perforation by an ear nose throat specialist and treated 
with a nasal septum button. This AE was considered mild and 
possibly related to the study drug by the investigator.

No clinically meaningful changes in haematology, biochemis-
try and urinalysis parameters were observed. On ECG, no clini-
cally meaningful treatment-related changes were observed.

Discussion
In this study, the effects of intranasally administered esketamine 
on driving performance were assessed in unipolar depressed 
MDD or PDD patients. The design of this study included many of 
the components that are recommended to be included in an 
assessment of the effects of a drug on driving performance (FDA, 
2017). For example, during this study, subjects received a pla-
cebo (Parts A and B) and positive control (Part A only), the latter 
to confirm assay sensitivity. Driving was assessed to evaluate 
both the effects after initial drug exposure and after chronic expo-
sure at the highest clinically relevant dose of intranasal esketa-
mine. Furthermore, subjects with MDD were eligible for 
enrolment, which were expected to be more comparable to the 
population for which intranasal esketamine is intended (i.e. sub-
jects with TRD) relative to healthy subjects.

Assay sensitivity was confirmed by significant impairment on 
SDLP driving performance with alcohol. In the studied patient 
population, next-day driving performance assessed approxi-
mately 18 h after dosing, including a night of sleep, was not 
impaired by a single intranasal dose of 84 mg esketamine. 
Similarly, twice weekly doses of 84 mg intranasal esketamine did 
not affect same-day driving performance assessed approximately 
6 h after dosing. While one could argue that the lack of an effect 
of intranasal esketamine on driving performance in the studied 
population might be due to symptom relief, we consider this as 
unlikely as in a previous healthy volunteer study, no effects a 
single intranasal dose of 84 mg esketamine on driving perfor-
mance were observed at 8 h after dosing (van de Loo et al., 2017).

In Part A, subjective sleepiness was statistically significantly 
higher for both esketamine and alcohol compared with placebo 
18 h post-dosing and immediately prior to the driving test. These 
effects were considered not clinically relevant because mean 
scores fell between the scale anchors ‘alert’ and ‘neither alert, nor 
sleepy’, and therefore were not expected to influence driving per-
formance. For both treatments (esketamine and alcohol) the KSS 
scores following completion of the driving assessment were not 
different relative to placebo. In contrast, following repeated 
administration of esketamine in Part B, subjective sleepiness was 
stable on all days tested. Subjective assessments of driving quality 

Figure 5. Mean (SD) total MADRS score prior to each dose of 84 mg 
intranasal esketamine on subsequent study visits (Part B).
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and mental effort to perform the driving tests remained unaffected 
in both next- and same-day driving following repeat dosing.

This study was not designed or powered to measure efficacy 
of intranasal esketamine for the treatment of depressive symp-
toms in MDD or PDD patients, but MADRS scores were col-
lected during the study as an exploratory, secondary endpoint. In 
both Parts A and B of the study, a trend towards a decrease in 
depressive symptoms was observed, however, this was not tested 
for statistical significance. Although smaller than the decrease 
after esketamine treatment, a trend towards decrease of depres-
sive symptoms was also observed after placebo treatment in Part 
A. This relatively substantial placebo effect might have been 
influenced by factors such as patients having awareness of study 
participation, attention and care by research staff and normal 
fluctuation of symptom severity over time. It is important to note 
that such placebo effect is rather common in depression trials, 
which puts these findings in perspective (Sonawalla and 
Rosenbaum, 2002). Together, we believe that these exploratory 
efficacy results in MDD or PDD patients are informative but 
need to be interpreted with caution.

Several limitations of the present study are worth mentioning. 
Limitations include the risk of treatment bias due to potential 
unblinding in Part A of the study and the open-label design of the 
same-day driving assessment (Part B). This open-label design 
was chosen for practical reasons, but also reflects the real-life 
situation as patients undergoing esketamine treatment are aware 
of this. The next-day driving assessment was single blind to 
ensure adherence to local laws and restrictions in terms of 
allowed BAC when driving. The study aimed to minimize the 
risk of treatment bias in the single-dose part of the study by also 
conducting BAC measurements in the placebo condition and 
instructing the research staff not to inform patients about the 
treatment being administered. However, patient unblinding can-
not unequivocally be ruled out as many people are familiar with 
the effects of consuming alcohol.

In line with other studies, intranasal esketamine was generally 
well tolerated and no drug-related serious adverse events (SAEs) 
were observed (Daly et al., 2018, 2019; Popova et al., 2019; Wajs 
et al., 2020). Furthermore, most AEs resolved spontaneously 
within 2 h. Consistent with earlier observations, dissociative 
symptoms as measured by the CADSS generally resolved within 
2 h (Daly et al., 2018, 2019; Popova et al., 2019). In addition, 
consistent with other efficacy studies, no clinically relevant effect 
on suicidal ideations after esketamine treatment was observed 
(Daly et al., 2018, 2019; Popova et al., 2019).

To conclude, in unipolar depressed MDD or PDD patients, 
84 mg intranasal esketamine, the highest recommended dose in 
prescribing information in the United States and other countries 
worldwide including those in Europe did not impair on-road 
driving performance, the next day after a single administration 
and a night of sleep, or 6 h after repeated dosing over a period of 
3 weeks.
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