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SUMMARY

Major depressive disorder is one of the leading causes of disability
worldwide. Current treatments for depression mostly target the sero-
tonin (5-HT) signaling pathways because decreased concentrations of
5-HT, a major regulator of mood, sleep, appetite and emotion, in the
brain are strongly associated with affective disorders. The most com-
monly used antidepressants include the tricyclic antidepressants,
selective 5-HT reuptake inhibitors, dual 5-HT and norepinephrine reup-
take inhibitors, monoamine oxidase (MAQO) inhibitors and, more
recently, drugs that target the large family of 5-HT receptors. Lundbeck
and Takeda have recently developed a new type of antidepressant, Lu-
AA-21004, with a novel mode of action in that it functions as a multi-
targeted drug affecting multiple 5-HT receptors and the 5-HT trans-
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porter to increase synaptic 5-HT concentrations. The drug showed a
favorable pharmacokinetic/pharmacodynamic profile in both animals
and humans and is currently in phase Ill trials for the treatment of
major depressive disorder and generalized anxiety. Preliminary studies
show that Lu-AA-21004 has mild side effects and good efficacy in
comparison to other drugs used to treat depression. Longer-term stud-
ies on safety, tolerability and efficacy in the treatment of affective dis-
orders are currently under way and the drug is due to be registered with
U.S. and European agencies within the next year.

SYNTHESIS*
Lu-AA-21004 can be prepared by several related strategies:

Condensation of 2-bromoiodobenzene (1) with 2,4-dimethylthiophe-
nol (ll) by means of either Pd,(dba); or Pd(dba),, t-BuOK and
DPEphos or Pd(dba),, BINAP and t-BuONa in toluene yields 1-(2-
bromophenylsulfanyl)-2,4-dimethylbenzene (Ill) (1, 2), which alter-
natively can be prepared by reaction of either 1-iodo- or 1-bromo-
2,4-dimethylbenzene (IVa or IVb) with 2-bromobenzenethiol (V) in
the presence of Pd,(dba), and DPEphos (2). Then, aryl bromide (Ill)
is condensed with piperazine (V1) in the presence of Pd(dba),, BINAP
and t-BuONa in toluene to give the free base (VII) (1), which is final-
ly treated with HBr in MeQOH (1), EtOAc (3) or toluene (4). Scheme 1.

The free base (VII) can be alternatively prepared in a one-pot proce-
dure by reaction of 2-bromoiodobenzene (I) with 2,4-dimethylthio-
phenol (II) and piperazine (VI) in the presence of Pd(dba),, BINAP
and t-BuONa (4). Scheme 1.

Reaction of 2-bromoiodobenzene (I) with N-Boc-piperazine (VIII) by
means of Pd,(dba), and xantphos affords the arylpiperazine (IX) (2),
which is then condensed with 2,4-dimethylthiophenol (Il) in the
presence of Pd,(dba),, t-BuOK and DPEphos in toluene at 100 °C to
give the thioether (X) (5). Finally, compound (X) is submitted to
N-deprotection with HBr in refluxing H,O (1). Scheme 1.

Alternatively, reaction of thioether (IIl) with N-Boc-piperazine (VIII) in
the presence of Pd(dba), (1) or Pd,(dba),, BINAP (1, 2), and optional-
ly, t-BuONa in toluene (1), provides the N-Boc-protected arylpiper-
azine (X), which is then N-deprotected with HCL in refluxing MeOH to
give the free base (VII) (1, 2). Scheme 1.
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Scheme 1. Synthesis of Lu-AA-21004
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In a solid-phase method, binding of piperazine (VI) to the p-nitro-
phenyl carbonate resin (XI) in the presence of NMM in DMF results in
the 4-[(1-piperazinyl)carboxymethyl]phenoxymethyl polystyrene (XII),
which is then condensed with [1°-1,2-dichloro-benzene][n°-cyclopen-
tadienyl]iron hexafluorophosphate (XIll) in the presence of K,COj in
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THF to afford the N,N’-disubstituted piperazine (XIV). Finally, the
resin-bound piperazine (XIV) is condensed with 2,4-dimethylthiophe-
nol (I) (previously treated with NaH), and subsequently subjected to
photolytic decomplexation, and further acidic cleavage from the resin
(TFA/CH,CL,), leading to the free base (VII) (6). Scheme 1.
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BACKGROUND

The onset of major depressive disorder (MDD) and anxiety disorders
occurs in childhood or adolescence and often persists into adult-
hood, with lifetime prevalence rates in the U.S. predicted to be 17%
and 29%, respectively (7). Analysis of the World Health Organiza-
tion’s Global Burden of Disease project for data collected between
1990 and 2001 showed that depression was the leading cause of
lifetime disability on a global scale, particularly in females (8).
Monoaminergic signaling within the central nervous system (CNS)
has long been known to play a central role in the control of mood,
behavior and reward. The monoamine hypothesis of depression,
which states that depletion of monoaminergic neurotransmitters at
the synaptic level underlies a number of affective disorders, includ-
ing MDD, was put forward when it was found that drugs that target
components of these pathways, for example, the sodium-dependent
serotonin transporter (5-HT transporter, 5HTT), had a positive effect
in alleviating symptoms of depression (9). Serotonin (5-HT),
dopamine (DA) and norepinephrine (NE) are three of the key neuro-
transmitters of monoaminergic signaling. Put simply, the rationale
behind many of the treatments currently in use to treat affective dis-
orders, such as bipolar disorder and major depression, as well as
anxiety and mood disorders, is to increase the duration of action of
these key neurotransmitters at the synaptic level.

5-HT is derived from tryptophan by the action of tryptophan hydrox-
ylase (TPH) and amino acid decarboxylase (DDC), and acts as a clas-
sical neurotransmitter. When released from synaptic vesicles on the
presynaptic neuron, it binds to receptors on postsynaptic neuron
membranes (with the exception of the autoregulatory and inhibitory
5-HT,, receptor, which is found on the presynaptic membrane) to
elicit a response. 5-HT is also released extrasynaptically and can
function as a neuromodulator regulating the release of other neuro-
transmitters, such as DA, NE, glutamate and GABA. In addition,
5-HT can also act as a neuroendocrine mediator, controlling the
release of hormones such as vasopressin and cortisol. The family of
5-HT receptors is vast, accounting for its multifunctional role in
many neurological and behavioral processes. The 5-HT receptors
are largely composed of G protein-coupled receptors, with the
exception of 5-HT,, which acts as a ligand-gated ion channel. They
are mostly excitatory receptors coupled to G to elicit increases in
intracellular cAMP (5—HT4, 5-HT,, 5—HT7), or to Gq to activate inosi-
tol-trisphosphate (IP) and diacylglycerol (DAG) (5-HT,), with the
exception of 5-HT, and 5—HT5’ which are coupled to G,/G, to inhibit
cAMP formation and dampen excitability (10). Spatiotemporal regu-
lation of 5-HT signaling is controlled by reuptake by the 5-HT trans-
porter/5HTT located on the presynaptic membrane, and subse-
quent breakdown by intracellular monoamine oxidases (MAQ).

Aberrant 5-HT signaling is a major focus for the treatment of affec-
tive disorders because patients typically display low levels of 5-HT,
and animal models engineered to have malfunctioning 5-HT signal-
ing display symptoms associated with mood disorders in behavioral
tests. The 5-HT signaling system is one of the most widespread in
the brain. 5-HT is produced in the neurons of the raphe nuclei in the
midbrain. A single serotonergic neuron can have up to a million
synaptic connections. Axon projections from the lower raphe nuclei
terminate in the cerebellum and spinal cord (to mediate descending
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control of the CNS), while those from the upper raphe nuclei inner-
vate brain regions thought to be involved in cognition and behavior,
including the prefrontal cortex, the limbic system and the hypothal-
amus. The 5-HT system is also a major regulator of the hypothalam-
ic—pituitary—adrenal (HPA) axis, the hyperactivity of which is
believed to underlie many affective disorders, including depression
and stress (11).

Therapies targeted to the 5-HT signaling systems to alleviate the
symptoms of affective disorders have a number of modes of action,
acting at all points in the serotonergic pathways, including blockade
of 5-HT reuptake, increase in vesicular exocytosis, inhibition of 5-HT
degradation, increase in 5-HT synthesis and activity as
agonists/antagonists at 5-HT receptors. Many of the currently avail-
able treatments have broad-spectrum effects on the monoaminergic
systems, for example, tricyclic antidepressants (TCAs) such as
imipramine and serotonin—-norepinephrine reuptake inhibitors
(SNRIs) such as venlafaxine, which affect both 5-HT and NE signaling
by blocking transporters. Others have a more focused approach, for
example, selective serotonin reuptake inhibitors (SSRIs) such as flu-
oxetine, citalopram and paroxetine, which act solely by blocking the
reuptake of 5-HT by the SHTT (12). MAQ inhibitors (MAQIs), for exam-
ple, moclobemide, work by preventing the degradation of 5-HT by
MAQOs following reuptake by the SHTT (13). Drugs targeting receptors
include those such as ipsapirone, which has partial agonist activity at
the 5-HT,, receptor, producing an antidepressant-like effect (14).

Despite the widespread use of TCAs, SSRIs and SNRIs in treating
depressive disorders, their efficacy is variable, and many patients do
not respond favorably, with side effects including gastrointestinal
complications, headache, tremor and, at worse, suicidal behavior. In
addition, the mechanism(s) of their effectiveness, beyond the level of
increasing available monoaminergic transmitters, is not fully under-
stood. Lundbeck and Takeda have developed a new antidepressant
and anxiolytic compound, Lu-AA-21004, for the treatment of
depression and general anxiety, which has a novel mechanism of
action. Lu-AA-21004 is multifunctional, acting as an antagonist at
5-HT, and 5-HT, receptors, an agonist at 5-HT,, receptors, a partial
agonist at 5-HT, receptors and an inhibitor of 5HTT, effectively ele-
vating 5-HT concentrations in the synaptic cleft concomitant with an
increase in postsynaptic activity (5, 15-17). Lu-AA-21004 is currently
undergoing phase Il clinical testing for major depressive disorder
and general anxiety and is planned to be submitted for U.S. and
European registration during 2012.

PRECLINICAL PHARMACOLOGY

The preclinical pharmacological profile of Lu-AA-21004 has been
assessed in functional binding assays in vitro by cloning of rat (r) and
human (h) 5-HT receptors and the SHTT on cell membranes from
CHO cells or rat brain synaptosomes and in whole cells. Antagonism
of 5-HT-induced ion currents and radiolabeling displacement stud-
ies in these preparations showed that Lu-AA-21004 displayed high
binding affinity for h5-HT,, (K, = 4.5 nM) and acted as a potent
r5-HT,, and h5-HT,, receptor antagonist (IC50 = 0.2 and 20 nM,
respectively), a h5-HT,, receptor partial agonist (K; =15 nM; 80-96%
intrinsic activity; EC., = 200 nM) and a h5HTT (K, = 1.6 nM) and
rSHTT blocker (K; = 5.4 nM; IC., = 5.4 nM). The potency of Lu-AA-
21004 at the r5-HT,, (K, = 670 nM) was considerably less than that
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for the human receptor. Lu-AA-21004 also displayed affinity for the
cloned h5-HT,; (K; = 36 nM) and h5-HT, (K, =19 nM) receptors (5, 15-
19). The likelihood of off-target effects was assessed at a concentra-
tion of T uM, but Lu-AA-21004 did not show any significant activity
when tested against more than 63 other receptors, enzymes, ion
channels or transporters, displaying specific selectivity for the sero-
tonergic system (17, 19).

In vivo microdialysis studies were used to quantify neurotransmitter
levels following acute and subchronic administration of Lu-AA-
21004 (2.5-10 mg/kg s.c. for 3 days) in rodents. Dose-dependent
increases in extracellular levels of 5-HT, NA, DA and acetylcholine
(ACh) where observed in the prefrontal cortex and ventral hip-
pocampus. In addition, in animals receiving chronic treatment at a
dose of 5 mg/kg/day, radioligand binding studies using [*H]-
MADAM, a 5-HT-specific tracer, showed increased 5-HT levels at low
S5HTT occupancy (40%) (15, 16, 20, 21). More recently, similar
increases in extracellular 5-HT, NA and DA have been recorded
under steady-state conditions in rats after 3-day exposure to Lu-AA-
21004 (19 and 28 mg/kg/day), with SHTT occupancies of 89% and
98%, respectively. In addition, when compared to the effect of esci-
talopram (7.5 mg/kg/day), 5-HT release was significantly greater in
Lu-AA-21004-treated animals despite similar transporter occupan-
cies (92%). Moreover, acute challenge with Lu-AA-21004 (10 mg/kg)
in rats that had received vehicle for 3 days prior produced a surge in
5-HT release. This acute challenge did not produce additional
release in rats that had received the drug for 3 days prior (22).

The steady-state levels of distribution of Lu-AA-21004 (18
mg/kg/day) in plasma, brain and cerebrospinal fluid (CSF) have also
been evaluated in rats. Tissue collection of samples began 24, 26
and 28 hours following implantation of osmotic minipumps contain-
ing the drug. Mean plasma exposure levels were recorded at 1872 +
657, 2640 + 1148 and 2813 + 763 ng/mL, respectively, for 24, 26 and
28 hours. Mean brain exposure levels were recorded at 5925 + 1855,
8089 + 1640 and 9520 + 2750 ng/mL, respectively, for 24, 26 and
28 hours, suggesting a steady-state brain to plasma ratio of 3:1. Ex
vivo brain slice autoradiography was used to determine 5-HT,; and
5-HT occupancy at these time points (5-HT;: 81 + 6%, 81 + 1% and
89 + 1%, respectively; 5-HT: 48 + 3%, 50 + 5% and 73 + 5%, respec-
tively). CSF levels did not correspond to brain levels, suggesting an
extended duration of occupancy at brain 5-HT,; and 5-HT that war-
rants further study (23).

The effect of Lu-AA-21004 on the 5-HT-producing neurons of the
raphe nuclei was examined by electrophysiological extracellular
single cell recording in Sprague-Dawley rats and compared to the
action of the SSRI fluoxetine. A single administration of Lu-AA-
21004 (250-1250 pg/kg i.v.) elicited dose-dependent but reversible
inhibition of neuronal firing (ED., = 548 ug/kg i.v.) at a much more
potent level than fluoxetine (ED50 =1.6 mg/kg i.v.). The therapeutic
effects of inhibited neuronal activity (due to 5-HT,, receptor block-
ade) with Lu-AA-21004 (5 mg/kg/day for 5 or 10 hours or 1, 3, 7 or
14 days) displayed rapid recovery 1 day after treatment cessation
compared to those treated with fluoxetine (10 mg/kg/day s.c. for 7,
14 or 21 days), in which the recovery rate was 14 days. Furthermore,
pretreatment with Lu-AA-21004 for 3 days followed by a 1-day wash
out significantly affected dose-dependent inhibition of neuronal fir-
ing by flesinoxan (delta ED,, = +267 ug/kg) (24).
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Behavioral studies in mice and rats treated with Lu-AA-21044 have
revealed its antidepressant and anxiolytic potential in the mouse
forced swim test (minimal effective dose [MED] = 15.8 mg/kg s.c.),
tail suspension test (17 mg/kg), marble burying test (3.9 mg/kg), rat
conditioned fear test (MED = 3.9 mg/kg s.c.), mouse conditioned
fear test (MED =10 mg/kg) and social interaction assay (MED =1-1.9
mg/kg s.c.) (15, 16, 21). By comparison, other drugs such as the SNRI
duloxetine and the 5-HT, receptor antagonist ondansetron were
inactive in all tests of anxiolytic activity, whereas the SSRI paroxetine
was inactive in the conditioned fear test (16, 25).

PHARMACOKINETICS AND METABOLISM

In an assessment of the pharmacokinetic/pharmacodynamic
(PK/PD) profile of Lu-AA-21004, 6 healthy males received a single
dose of radioactively labeled [“C]-Lu-AA-21004 and biological sam-
ple collections were made over 360 hours. The majority of radioac-
tivity was recovered in the urine (59%) or feces (26%). The maximum
plasma concentration (Cmax) of the drug or its metabolites was seen
at 6 hours after dosing. The oral clearance of the drug was 45.7 L/h,
with a volume of distribution (V) of 3789 L and a half-life (tvz) of 60
hours for the drug and its primary metabolite. The drug gave six
metabolites at varying concentrations and accounting for 100% of
the radioactivity by 4 hours after dosing, and the dose was well tol-
erated by all patients, with no adverse events (AEs) (18).

CLINICAL STUDIES

Lu-AA-21004 is currently in phase lll clinical trials for MDD and anx-
iety. Two formulations of Lu-AA-21004 exist, a lactose-based formu-
lation that was used in clinical studies prior to 2007 and a calcium
hydrogen phosphate anhydrous-based formulation used after 2007.
It has been determined that both compounds have similar PK/PD
profiles and are considered bioequivalent to one another (26). A
number of phase Il trials investigating Lu-AA-21004 in the treat-
ment of MDD and generalized anxiety disorder have reached com-
pletion but only some of those have associated published data.

A randomized, double-blind, parallel-group, fixed-dose study evalu-
ating the efficacy and safety of three doses of Lu-AA-21004 (2.5, 5
and 10 mg/day p.o.) in the acute treatment of MDD was completed
in April 2009 (27). Duloxetine (60 mg/day p.o.) was used as an
active comparator. Patients suffering from moderate to severe
depression with major depressive episodes (MDE) lasting for a dura-
tion of 3 months were enrolled (N = 776; 18-75 years of age; both
sexes). The primary outcome measure was to evaluate the efficacy of
the three fixed doses of Lu-AA-21004 versus placebo after 8 weeks
of treatment. Secondary outcome measures included the evaluation
of safety, tolerability and sustained response after 8 weeks com-
pared to placebo (measured as a > 50% decrease in the Mont-
gomery Asberg Depression Rating Scale [MADRS] total score from
baseline compared to week 1). There were no differences in the pri-
mary endpoint between the higher concentrations of Lu-AA-21004
and placebo or between duloxetine and the lowest dose of Lu-AA-
21004. At higher doses, Lu-AA-21004 demonstrated efficacy in the
secondary analysis of depression and anxiety (P < 0.05). Treatment
with Lu-AA-21004 was well tolerated, with mild AEs such as nausea,
headache, dizziness and dry mouth leading to withdrawal of 72
patients (6%, 8%, 9%, 11% and 12%, respectively, in the 2.5 mg,
placebo, 10 mg, 5 mg and duloxetine groups) (28).
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A similar randomized, double-blind, parallel-group, fixed-dose
study evaluating the efficacy and safety of three doses of Lu-AA-
21004 has also been completed (July 2009) in adults with MDD,
with an MDE of at least 3 months and an MADRS > 26 (29).
Patients (N = 560; mean age of 46.4 years) received 1, 5 or 10 mg
Lu-AA-21004 or placebo control for 8 weeks. The primary outcome
measure evaluated the least squares mean change from baseline
on the 24-item Hamilton Depression Scale (HAM-D). At week 8,
patients receiving 10 mg Lu-AA-21004 showed a significant reduc-
tion in HAM-D score (P < 0.001). Response rates (equal to a 50%
reduction in HAM-D score) at week 8 were 47.5%, 45.3% and
49.6%, respectively, for the 1-, 5- and 10-mg groups, compared
with 23.0% for the placebo group (P < 0.001). Remission rates
(MADRS score = 10) at week 8 were 25.9% (P = 0.062), 28.8%
(P =0.015) and 26.6% (P = 0.026), respectively, for the Lu-AA-
21004 1-, 5- and 10-mg groups compared with 16.5% for the place-
bo group. Any AEs reported were considered to be moderate and
included nausea, headache and dizziness (30).

A randomized, multicenter, double-blind, fixed-dose study evaluat-
ing the efficacy and safety of Lu-AA-21004 (5 or 10 mg/day for 6
weeks) in the acute treatment of patients with MDD (N = 429), with
an MDE of at least 3 months’ duration and an MARDS score of 30,
was completed in August 2007 (31). Venlafaxine XR (75 mg/day for
4 days, 150 mg/day for the following 3 days and 225 mg/day there-
after) was employed as an active comparator. Six weeks following
the onset of treatment, both Lu-AA-21004 groups showed similar
marked improvement in MARDS scores, as did the active compara-
tor (5.9 and 5.7 difference from placebo, respectively, for 5 and 10
mg Lu-AA-21004; P < 0.0001). Hamilton Anxiety Depression Rating
(HAM-A) scores at 6 weeks showed a significant difference, as did
the active comparator (3.3 and 3.0 difference from placebo, respec-
tively, for 5 and 10 mg Lu-AA-21004; P < 0.01). Treatments were well
tolerated, with mild AEs reported including nausea, headache, dizzi-
ness and dry mouth (32).

The efficacy and safety of Lu-AA-21004 (5 mg vs. placebo) in treat-
ing adults with MDD (N = 600; mean age 42.4 years), with an MDE
of at least 3 months’ duration and an MADRS score of 30, were
evaluated in a multicenter, randomized, double-blind study com-
pleted in October 2008 (33). Patients were treated for 6 weeks fol-
lowed by discontinuation. Efficacy (change in HAM-D score from
baseline), response (measured as a > 50% reduction in HAM-D
score) and remission (measured as an MADRS score < 10) between
the Lu-AA-21004 and placebo groups were not significantly differ-
ent at any time point throughout the study. Lu-AA-21004 was well
tolerated and AEs were mild, including nausea, headache, dizzi-
ness, diarrhea and dry mouth (34).

The long-term efficacy and tolerability of Lu-AA-21004 (5 or 10
mg/day for 12 weeks) in a relapse prevention study of patients with
MDD (N = 639) and an MADRS score > 26 were evaluated in a ran-
domized, multicenter, open-label study completed in September
2009 (35). The primary efficacy endpoint was assessed in remitters
(those with an MARDS score < 10 at weeks 10-12) as the time to
relapse (defined as an MADRS score > 22) within the first 24 weeks
of the double-blind period (up to 64 weeks). At the 10- to 12-week
stage, patients were randomized to placebo (n = 194) or Lu-AA-
21004 (n = 206). Relapse rates were lower in the Lu-AA-21004
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group compared to the placebo group, with a hazard ratio (HR) of
2.01 (95% confidence interval [Cl]: 1.26-3.21; P = 0.0035). In the
placebo group, 26% of patients relapsed compared to 13% of the Lu-
AA-21004-treated patients. The treatment was well tolerated, with
mild AEs leading to the withdrawal of 54 patients in the open-label
period and 21 patients in the double-blind period (approximately 15
patients treated with Lu-AA-21004) (36).

The results of other completed phase Il studies have yet to be
reported and include those evaluating the safety, tolerability and
efficacy in adults with MDD (37-40), elderly patients with MDD (41)
and generalized anxiety disorder (42-45). A study investigating the
effectiveness of Lu-AA-21004 in preventing relapse in general anxi-
ety disorder has also been performed, although no data have been
published to date (46). A number of phase Il studies are in the
recruitment phase, including those evaluating Lu-AA-210044 in
MDD (47-53) and another investigating the effect of Lu-AA-21004
on concentrations of neurotransmitters in healthy males (54). An
open-label, extension study to assess the safety and tolerability of
Lu-AA-21004 is currently enrolling by invitation (55), and a final
phase Ill study examining the effect of Lu-AA-21004 versus escitalo-
pram on sexual function in patients with MDD is planned but not yet
recruiting (56).

DRUG INTERACTIONS

A study conducted by Wang et al. using Indiana cocktail (caffeine
200 mg, tolbutamide 500 mg, dextromethorphan 30 mg and mida-
zolam 4 mg) to induce CYP450 isoforms found that multiple doses
of Lu-AA-21004 (10 mg) in 24 healthy adults did not have any effect
on the PK/PD profile of the probe substrates CYP1A2, CYP2D6,
CYP2CP or CYP3A4 (57). In a similar study, Buchbjerg et al. assessed
the potential for an interaction with CYP2C19 because of the poten-
tial for affecting the metabolism of other marketed drugs. Both Lu-
AA-21004 and metabolite 2 can act as inhibitors of CYP2C19, which
is strongly involved in the metabolism of other commercial drugs,
such as the gastric proton pump inhibitor omerprazole. In agree-
ment with SIMCYP computer stimulations, this study found no sig-
nificant effect for Lu-AA-21004 (10 mg) administration on the
PK/PD profile of omeprazole or its metabolites and vice versa (58).

Lu-AA-21004 (10 mg) was also found to have no effect on the con-
centration of female hormones in healthy female volunteers taking
the oral contraceptives ethinyl estradiol (30 ug) or levonorgestrel
(150 png). In addition, the PK/PD profile of the contraceptives was not
affected by Lu-AA-21004 (59).

The same group has recently investigated the effect of alcohol
(ethanol) on the metabolism of Lu-AA-21004. Healthy volunteers
received a single dose of either 20 or 40 mg of Lu-AA-21004 with
ethanol (0.6 g/kg) or placebo control. Those individuals receiving
combination treatment with the lower dose of Lu-AA-21004
showed significant differences in postural stability (LS mean =
-7.32 at 1hour post-ethanol; P = 0.002) and self-related awareness
(6.32 at 2 hours post-ethanol; P = 0.042), compared to those who
did not receive ethanol. In addition, the same group showed
decreased digital vigilance speeds (32.89, 29.89 and 30.44,
respectively, at 1, 2 and 4 hours post-ethanol) compared to those
who received only Lu-AA-21004 (20 mg). In the group receiving 40
mg Lu-AA-21004 and ethanol, significant differences in postural
stability (3.91 at 8 hours post-ethanol; P = 0.030) and self-related
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awareness (-6.82 at 1 hour post-ethanol; P = 0.021) were seen and
digital vigilance speeds decreased (35.76 and 31.84, respectively, at
1 and 2 hours post-ethanol; P < 0.001) compared to those who
received Lu-AA-21004 alone. Ethanol did not affect the PK/PD pro-
file of Lu-AA-21004 and vice versa, and none of the differences
demonstrated clinical relevance (60).

Finally, one study investigated the effect of feeding on the PK/PD
profile of Lu-AA-21004. Healthy adult volunteers (N = 24; mean age
of 26.7 years) received a single oral dose of Lu-AA-21004 (10 mg)
after overnight fasting (10 hours) or within 30 minutes of consuming
a high-fat breakfast. The AUC and C__ values were unaffected by
fasting or feeding, suggesting that Lu-AA-21004 can be taken with
or without food (61).

Overall, Lu-AA-21004 appears to be effective in combination with a
number of other drugs, does not affect oral contraceptives and can
be taken in the absence or presence of food. It appears to be gener-
ally effective in the presence of other drugs, with the exception of the
antibiotic rifampicin, suggesting that some drugs that do affect
CYP450 isoforms may reduce the effectiveness of Lu-AA-21004 in
the clinic. However, an investigation in patients with hepatic impair-
ment found no effect on the kinetic profile of Lu-AA-21004 or its
metabolites (62). Furthermore, Lu-AA-21004 (10 and 40 mg once
daily for 2 weeks) demonstrated no effect on cardiac repolarization
in healthy males (63).

CONCLUSIONS

Current therapies for the treatment of depression and anxiety disor-
der display similar efficacy but are associated with a high level of
nonresponders and have undesirable side effects in many patients.
The traditional TCAs have fewer side effects but a slower onset than
newer therapies, such as SSRIs and SNRIs. In addition, MAQOIs can
have severe side effects and must be taken in line with a strict dietary
regimen. More recently, 5-HT receptors have become an attractive
target for many antidepressant and anxiolytic drugs. Lundbeck and
Takeda developed Lu-AA-21004 as a multitargeted drug that acts
upon multiple 5-HT receptors and the SHTT to increase 5-HT levels,
which are found at low concentrations in patients suffering from
affective disorders. Lu-AA-21004 has been shown to increase 5-HT
levels, as well as other mood-regulating neurotransmitters, and has
proven effective in preliminary short-term phase Il studies of 6-8
weeks in alleviating depression-like symptoms. The drug is general-
ly well tolerated, with only mild AEs, has a fast onset of action, has
few interactions with other common medications and outperforms
some of the currently available treatments on the market. Further
phase Il testing in long-term studies of its efficacy in treating MDD
and generalized anxiety is currently under way. Lundbeck envisages
that Lu-AA-21004 will be submitted for U.S. and European registra-
tion during 2012.
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H. Lundbeck A/S (DK); licensed to Takeda Pharmaceutical Co., Ltd.
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