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epression is one of the most common disorders in
the Western world. In the United States alone, de-
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Substance P (SP) belongs to the neurokinin (NK) family of neuropeptides and exerts its biological
effects via interaction with the NK1 receptor. The SP-NK1 receptor system is one of the best-
characterized neurotransmitter pathways in both the central and peripheral nervous systems. It has been
postulated that this pathway may have important roles in a variety of centrally regulated pathophysi-
ologic conditions, including depression. In animal models, central injection of SP was associated with
a series of anxiety-like behaviors, and this response could be abolished by pretreatment with SP (NK1)
receptor antagonists (SPAs). On the basis of these and other encouraging preclinical results, several
clinical trials have examined the potential of SPAs in the treatment of depression. In phase 2 trials,
therapy with the SPAs aprepitant (MK-0869) and compound A resulted in improvements in depression
and anxiety symptoms that were quantitatively comparable with those seen with selective serotonin
reuptake inhibitors (SSRIs) and significantly greater than those seen with placebo. These positive re-
sults have established a proof of concept that the inhibition of the SP-NK1 receptor pathway may be a
potentially useful novel treatment option for management of patients with depression. The apparent
lack of benefit with SPAs versus placebo in subsequent dose-finding studies with aprepitant and com-
pound A is not surprising, considering the fact that the outcomes with an active control (SSRI) in these
trials were also similar to those observed with placebo. Future trials with SPAs will focus on the iden-
tification of appropriate patients and drug regimens and will also define the role of these agents in the
treatment of depression. (J Clin Psychiatry 2002;63[suppl 11]:25–29)
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D
pression is estimated to affect more than 18 million adults
annually,1 with approximately 2-fold higher prevalence in
women than in men.2 In addition, depression is also rela-
tively frequent among adolescents, with high recurrence
rates during adulthood.3 Despite recent advances in phar-
macologic therapy, a substantial proportion of patients
with depression do not respond to currently available
agents (or have only a partial response) and/or experience
adverse effects. For these reasons, there is a need for anti-
depressant medications with a novel mechanism of action.
Such therapies would be particularly useful if they pro-
vided higher response rates or if they had a more favorable
tolerability/safety profile than currently available anti-
depressants.

One of the most promising avenues in the search for
novel antidepressant therapies is focused on the inhibition
of the substance P (SP)–neurokinin-1 (NK1) receptor path-
way.4 The rationale for targeting this pathway is based on
several lines of evidence. First, the SP-NK1 receptor sys-
tem is one of the best-studied neurotransmitter pathways
in the central nervous system (CNS), and numerous stud-
ies have demonstrated that the expression of SP and NK1

receptors in the brain is localized to regions involved in
the regulation of affective behavior (such as depression
and anxiety) and stress response (e.g., amygdala, hypo-
thalamus, hippocampus, frontal cortex, raphe nuclei, locus
ceruleus), as reviewed by Saria.5 Second, there is a consid-
erable spatial (and therefore functional) overlap between
the SP-NK1 receptor system and other neurotransmitter
(e.g., norepinephrine, serotonin) pathways with well-
established roles in depression. Some CNS neurons co-
express SP, norepinephrine, and serotonin, suggesting a
possibility that the clinical manifestations of depression
may be regulated by a complex network of interactions
between these pathways.6 Third, preclinical studies have
shown that the central injection of an NK1 receptor agonist
results in anxiety-like behavioral effects.7 Finally, a post-
mortem analysis of cerebrospinal fluid revealed increased
concentrations of SP among patients with depression,8

although this finding could not be replicated in a later
study.9 Taken together, this evidence indicated that the
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activity of the SP-NK1 receptor system may play an impor-
tant role in the etiology of depression and that the inhibi-
tion of this pathway may provide clinically meaningful an-
tidepressant effects.

Initial studies with SP (NK1) receptor antagonists
(SPAs) sought to confirm their therapeutic potential in ani-
mal models of affective behavior. In early experiments with
gerbils, several SPAs (aprepitant [MK-0869]; its analog
L-760,735; and the structurally different agent L-733,060)
were shown to strongly inhibit foot tapping (anxiety-like
behavior) induced by central infusion of an NK1 receptor
agonist.10 Additional studies in guinea pigs further showed
that systemic pretreatment with the SPA L-733,060, the
tricyclic imipramine, and the selective serotonin reuptake
inhibitor (SSRI) fluoxetine, but not with the anxiolytics
diazepam and buspirone, substantially attenuated audible,
long-lasting vocalizations induced by central administra-
tion of an NK1 receptor agonist.6 This finding established
that the anxiogenic effects produced by activation of NK1

receptors in the brain can be abolished not only by SPAs,
but also by currently available antidepressants, confirming
the functional overlap between various neurotransmitter
pathways and the potential clinical utility of an SPA for
treatment of depression. Subsequent studies in guinea pigs
further showed that the vocalizations induced by transient
maternal separation (which mimic those induced by cen-
tral infusion of an NK1 receptor agonist) were markedly
suppressed by subcutaneous or intraperitoneal treatment
with antidepressants (phenelzine, imipramine, fluoxetine),
anxiolytics (diazepam, buspirone), or high-affinity, brain-
penetrating SPAs (L-760,735; L-733,060).6 Moreover,
similar effects were observed in response to orally admin-
istered SPAs L-760,735 and aprepitant, which indicated
their suitability as oral therapeutic candidates for clinical
trials.6 In contrast, the SPAs with low affinity for NK1 re-
ceptors and those with low CNS penetration showed only a
weak ability to inhibit separation-induced vocalizations.6

On the basis of these positive results in preclinical studies,
clinical trials with orally bioavailable, brain-penetrating
SPAs were initiated.

CLINICAL EXPERIENCE WITH
SPAs IN PATIENTS WITH DEPRESSION

Aprepitant
Aprepitant is characterized by a high affinity and selec-

tivity for the human NK1 receptor, with no significant
pharmacologic activity against receptors for other neuro-
transmitters implicated in depression (norepinephrine, se-
rotonin, dopamine).6 In addition to these factors, the
choice of this agent for clinical studies was based on its
high oral bioavailability, ability to penetrate the brain, and
long duration of pharmacologic effect. The selection of the
300-mg once-daily dose of aprepitant for clinical evalua-
tion was guided by its predicted ability to provide > 90%

inhibition of the central NK1 receptors (based on pharma-
cokinetic modeling) and by its good tolerability in an early
study in healthy volunteers.6

Phase 2 trial. A 6-week, randomized, double-blind
study in men and women with major depressive disorder
and moderately high anxiety compared the tolerability/
safety and efficacy of a single daily dose of aprepitant (300
mg) versus the SSRI paroxetine (20 mg once a day) and
placebo.6 Patients were eligible for enrollment if they had a
DSM-IV diagnosis of major depressive disorder (single or
recurrent), a current episode of depression lasting at least
4 weeks (but less than 2 years), a score ≥ 22 (moderately
depressed) on the 17-item Hamilton Rating Scale for De-
pression (HAM-D17), a score ≥ 15 (moderately high anxi-
ety) on the Hamilton Rating Scale for Anxiety (HAM-A),
and a score ≥ 4 (moderately ill) on the Clinical Global
Impressions-Severity of Illness scale (CGI-S). Patients
considered at risk for suicide or violence were excluded.
Following a washout of previous psychotropic medica-
tions, a total of 213 outpatients were randomly assigned to
receive aprepitant (N = 71), paroxetine (N = 72), or pla-
cebo (N = 70). Efficacy was monitored at the end of weeks
1, 2, 4, and 6 (or at the time of discontinuation). The pri-
mary efficacy outcome measure was the total score on the
21-item HAM-D, and secondary outcome measures in-
cluded HAM-A total score and CGI-S score. Mean base-
line HAM-D17 score was approximately 25 in all 3 arms.
The discontinuation rates in the 3 arms were similar (23%
in the placebo arm, 36% in the paroxetine arm, and 28% in
the aprepitant arm).

After 6 weeks of therapy, improvement in HAM-D21

score with aprepitant was similar to that seen with paroxe-
tine and significantly greater (by 4.3 points) than that ob-
served with placebo (Figure 1).6 The beneficial effects of
aprepitant (and paroxetine) on HAM-D21 scores first be-
came evident after 1 week of treatment and continued to

Figure 1. Mean Change From Baseline to Week 6 in the
Hamilton Rating Scale for Depression (HAM-D21) Score
in Patients With Major Depressive Disorder in
the Phase 2 Trial With Aprepitanta

aReprinted with permission from Kramer et al.6 Comparisons are of
aprepitant or paroxetine versus placebo.
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accrue during the entire course of therapy (see Figure 1).
Furthermore, the proportion of patients who reached
HAM-D17 scores < 10 (complete response) at the end of
treatment in the aprepitant group was higher than in the
paroxetine group and significantly higher than in the pla-
cebo group (43% vs. 33% vs. 17%, respectively; p = .001
for comparison of aprepitant vs. placebo; p = .026 for
comparison of paroxetine vs. placebo).6 In addition, the in-
cidence of ≥ 50% reduction in HAM-D21 scores from
baseline to week 6 was highest in the aprepitant arm (54%
vs. 46% with paroxetine vs. 28% with placebo; p = .001
for comparison of aprepitant vs. placebo; p = .020 for
comparison of paroxetine vs. placebo). These results pro-
vided a proof of concept that SPAs have significant
clinical potential for treatment of depression.

In the phase 2 trial, aprepitant was also associated with
significantly greater improvement in symptoms of anxiety.
After 6 weeks of therapy, reduction in the total HAM-A
score versus baseline in the aprepitant arm was 3.6 points
higher than in the placebo arm (p = .002; Figure 2).6 Simi-
lar to the effects on HAM-D21 scores, the improvement in
anxiety symptoms with aprepitant continued to increase
over time. On the other hand, the improvement in HAM-A
score at 6 weeks with paroxetine was not significantly
greater than that observed with placebo.6 These results
suggested that SPAs may also be useful anxiolytics.

Study drug treatment in this trial was discontinued be-
cause of adverse effects in 9% of patients in the placebo
and aprepitant groups and in 19% of those treated with
paroxetine (primarily nausea). The incidence of adverse
events in patients treated with aprepitant was similar to
that seen in patients receiving placebo (Table 1), suggest-
ing acceptable tolerability and safety of this agent. Most of
the adverse events in both the placebo and aprepitant arms
were mild and transient. The rates of nausea, sexual dys-
function, anorexia, and sweating, which are typical side

effects of SSRIs, were substantially higher in paroxetine-
treated patients than in those receiving aprepitant or pla-
cebo (Table 1). Notably, sexual dysfunction was signifi-
cantly more common among patients in the paroxetine
group than in those receiving aprepitant (p < .001) or
placebo (p < .001).6

Dose-finding study. Positive results of the phase 2 trial
prompted a subsequent dose-finding study with aprep-
itant.4 This 6-week, multicenter, parallel-group study (125
patients per group) evaluated the efficacy and tolerability/
safety of 4 dosing regimens of aprepitant (10 mg, 30 mg,
100 mg, and 300 mg, once daily) versus the active (fluoxe-
tine 20 mg, once daily) and placebo controls. The entry
criteria and efficacy outcomes measured in this study were
similar to those in the phase 2 trial. Approximately two
thirds of the subjects were women, and the mean baseline
HAM-D17 score was ≈25. The rate of discontinuation due
to lack of efficacy or adverse effects was low and uniform,
with a completion rate of approximately 75% in all treat-
ment groups.

Improvements in HAM-D17 scores at 6 weeks were
quantitatively similar in all treatment arms, including the
fluoxetine arm and the various aprepitant arms.4 In the ab-
sence of positive results with an active control (fluoxe-
tine), no valid conclusions could be made regarding the
clinical antidepressant efficacy of aprepitant. It is impor-
tant to stress that the lack of effect with well-established
antidepressants such as fluoxetine is not uncommon, as
approximately 50% of all trials with various antidepres-
sants have had similar, negative results.4 Despite the over-
all negative findings in this study, there was a strong trend
toward beneficial effects of both aprepitant (300-mg dose)
and fluoxetine in more severely depressed patients (base-
line HAM-D17 score ≥ 26), which indicated that SPAs (and
SSRIs) may be particularly effective in those subjects.11

This issue is likely to be addressed in future trials with
SPAs and other novel antidepressants.

The tolerability and safety of aprepitant in the dose-
finding study were similar to placebo. The rate of discon-
tinuations due to adverse events was low and comparable

Table 1. Incidence of Adverse Events (%) in the Phase 2 Trial
With Aprepitanta

Placebo Paroxetine Aprepitant
Adverse Event (N = 70)  (N = 72) (N = 71)

Headache 24 28 32
Somnolence 9 19 20
Nausea 10 29b 18
Asthenia/fatigue 4 19b 14
Diarrhea 9 15 11
Insomnia 9 14 11
Anorexia 3 11 4
Sweating 3 11 3
Sexual dysfunction 4 26c 3d

aAdapted with permission from Kramer et al.6

bp < .01 vs. placebo.
cp < .001 vs. placebo.
dp < .001 vs. paroxetine.

Figure 2. Mean Change From Baseline to Week 6 in the
Hamilton Rating Scale for Anxiety (HAM-A) Score in Patients
With Major Depressive Disorder and Moderately High Anxiety
in the Phase 2 Trial With Aprepitanta

aReprinted with permission from Kramer et al.6 Comparisons are of
aprepitant or paroxetine versus placebo.
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across the various arms (range, 4%–7%). Importantly,
none of the adverse events with aprepitant were dose
related or occurred at a rate of > 10% (with 2-fold increase
over placebo).11

Compound A
Following the completion of the dose-finding trial with

aprepitant, a new SPA known as “compound A” became
available for clinical evaluation.11 Similar to aprepitant,
compound A is characterized by high oral bioavailability
and brain penetration, as well as by high selectivity and
affinity for the NK1 receptor.

Phase 2 trial. The efficacy and safety of compound A
were initially investigated in a phase 2 trial in patients with
a major depressive disorder.11 Study design, entry criteria,
and efficacy outcomes measured in this study were similar
to those in earlier trials with aprepitant. Male and female
outpatients were randomly assigned to receive either pla-
cebo (N = 66) or compound A (N = 62). Mean baseline
HAM-D17 and HAM-A scores were ≈28 (higher than in
studies with aprepitant) and ≈25, respectively. Approxi-
mately 70% of patients were women, and the average age
of the study population was 40 years. A full 6-week course
of therapy was completed by 65% of the patients.

Similar to the positive results with aprepitant in the
phase 2 trial, compound A provided significantly greater
improvement in HAM-D17 score at 6 weeks than placebo
(Figure 3).11 The magnitude of difference in HAM-D17

scores between the 2 arms increased continuously during
the course of 6-week therapy, and the proportion of pa-
tients with ≥ 50% response at 6 weeks was considerably
greater in the compound A arm (37% vs. 25% with pla-
cebo). Additionally, the reduction in the total HAM-A
score at 6 weeks was significantly greater in patients re-
ceiving compound A (p = .027; Figure 4), reminiscent of
the results obtained with aprepitant in the phase 2 study.11

Considerable improvement in CGI-S scores (very much
improved or much improved) at 6 weeks was reported by
47% of patients in the compound A group versus 21% of
those treated with placebo (p < .014; odds ratio, 3.22), and
the average improvement in CGI-S score at 6 weeks
was also significantly greater in patients treated with com-
pound A (p = .009).11 These findings further confirmed
therapeutic potential of SPAs for treatment of affective dis-
orders, including depression.

The incidence of adverse events in the placebo and
compound A groups was similar (Table 2), the only excep-
tion being a higher rate of somnolence in patients receiving
compound A.11 Notably, adverse effects frequently associ-
ated with currently available antidepressants (sexual dys-
function, weight gain, and gastrointestinal disturbances)
occurred rarely in patients treated with compound A.

Dose-finding trial. In the dose-finding trial, outpatients
with major depressive disorder were randomly assigned to
receive 1 of 4 treatments (≈90 patients per group): placebo,
paroxetine (20 mg), low-dose compound A, or high-dose
(twice as high as low-dose) compound A.11 Study drug was
administered once daily for 8 weeks, and the trial was con-
ducted at 10 centers. Entry criteria and efficacy outcomes
assessed were similar to those in the phase 2 trial with
compound A and studies with aprepitant. Mean baseline
HAM-D17 and HAM-A scores were ≈25, the mean age of
the study patients was 40 years, and approximately 75% of
patients were women. The 8-week therapy was completed
by ≈70% of the subjects, with no significant differences
among various groups.

At 6 weeks, the improvements in mean HAM-D17 scores
in various groups were comparable11; these results are
qualitatively similar to those obtained in the dose-
finding trial with aprepitant.4 As discussed previously, the
lack of benefit with the active control (paroxetine) pre-
cludes clinically meaningful inferences regarding the anti-

Figure 3. Mean ± SE Change From Baseline to Week 6 in the
Hamilton Rating Scale for Depression (HAM-D17) Score
in Patients With Major Depressive Disorder in
the Phase 2 Trial With Compound Aa

aData from Kramer.11 Error bars indicate the standard error of the
mean.
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Figure 4. Mean Change From Baseline to Week 6 in the
Hamilton Rating Scale for Anxiety (HAM-A) Score in Patients
With Major Depressive Disorder and Moderately High Anxiety
in the Phase 2 Trial With Compound Aa

aData from Kramer.11 Error bars indicate the standard error of the
mean.
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depressant activity of compound A in this trial. At the same
time, it is important to reemphasize that about 50% of the
clinical trials with different antidepressants were also nega-
tive, suggesting that this is a recurring issue in this thera-
peutic area.4 One possible explanation for the negative
results of the dose-finding trial with compound A is the in-
clusion of patients with less severe depression (HAM-D17

score < 26), who may derive little or no benefit from estab-
lished (e.g., SSRIs) or novel (SPAs) antidepressants. As
shown in the dose-finding study with aprepitant, patients
with more severe symptoms of depression (HAM-D17 score
≥ 26) experience a substantial improvement in response to
therapy with SPAs and SSRIs, whereas a smaller effect is
observed in patients with less severe depression (HAM-D17

score < 26).11 Appropriate selection of patients who are
most likely to benefit from SPAs and currently available
antidepressants will, therefore, represent one of the key
issues in future trials with these agents.

The percentage of patients who experienced any ad-
verse event in this trial was similar across the 4 groups.
Nausea and urogenital effects were substantially more
common with paroxetine than with either placebo or com-
pound A,11 reminiscent of the results seen in the phase 2
trial with aprepitant.6 Somnolence was more frequent
among patients treated with compound A, although this
effect was not dose related.

CONCLUSIONS AND FUTURE ISSUES

The SP-NK1 receptor pathway in the CNS has been im-
plicated in the pathophysiology of several centrally con-
trolled disorders, including depression. For this reason, in-
hibition of this pathway has been suggested as a rational
and novel approach to treatment of depression. Preclinical
studies with various SPAs have confirmed their therapeutic
potential, laying the foundation for clinical trials. Positive
results of phase 2 trials with 2 different SPAs (aprepitant
and compound A) validate the concept that these agents
may be clinically useful antidepressants. Dose-finding
trials with these agents showed that improvements in
HAM-D and HAM-A scores with active controls (SSRIs)
were similar to those seen with placebo (as previously seen
in half of the trials with various antidepressants), allowing
no conclusions about the therapeutic potential of SPAs in
depression. It is important to note, however, that patients

with more severe depression (HAM-D17 score ≥ 26) in the
dose-finding trial with aprepitant experienced consider-
able improvement in depression symptoms with this agent,
as well as with an SSRI. Appropriate patient selection thus
appears to be one of the most important issues that needs
to be addressed in future trials with SPAs. Another impor-
tant goal in these trials will be to definitively establish the
correlation between the dose and clinical effect (“dose-
response” relationship). Recent discovery of a radioactive,
brain-penetrant nonpeptide tracer with high affinity for the
NK1 receptor, which permits real-time imaging of occu-
pancy of this receptor in living human subjects via positron
emission tomography imaging, may be particularly useful
in this respect. Use of this tracer will permit quantification
of NK1 receptor occupancy with various doses of SPAs and
define the degree and duration of receptor occupancy re-
quired to achieve consistent antidepressant effects, allow-
ing dose optimization. Furthermore, this tracer may also be
used to monitor NK1 receptor occupancy in response to
currently available therapeutic agents and to compare the
SP-NK1 pathway activity in patients with depression
versus control subjects. Collectively, these studies will
improve our understanding of the pathophysiology of de-
pression and define the role of SPAs in the treatment of this
disorder.

Drug names: buspirone (BuSpar and others), diazepam (Valium and
others), fluoxetine (Prozac and others), imipramine (Tofranil, Surmon-
til, and others), paroxetine (Paxil), phenelzine (Nardil).
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Table 2. Incidence of Adverse Events (%) in the Phase 2 Trial
With Compound Aa

Placebo Compound A
Adverse Event (N = 65) (N = 62)

Any 65 76
Headache 15 17
Somnolence 2 17b

Nausea 7 14
aData from Kramer.11

bp < .05 vs. placebo.
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