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Objective: We evaluated safety, antiviral, immunomodulatory and anti-inflammatory
properties of aprepitant – a neurokinin 1 receptor antagonist.

Design: Phase IB randomized, placebo-controlled, double-blinded study.

Methods: Eighteen patients were randomized (nine to aprepitant and nine to placebo).
The patients received once-daily treatment (375 mg aprepitant or placebo by oral
administration) for 2 weeks and were followed off drug for 4 weeks.

Results: There were no significant changes in the plasma viremia or CD4þ T cells
during the dosing period. Aprepitant treatment was associated with significant
decreases of median within patient change in percentages of CD4þ T cells expressing
programmed death 1 (�4.8%; P¼0.04), plasma substance P (�34.0 pg/ml; P¼0.05)
and soluble CD163 (�563 ng/ml; P¼0.02), with no significant changes in the placebo
arm. Mean peak aprepitant plasma concentration on day 14 was 7.6�3.1 mg/ml. The
use of aprepitant was associated with moderate increases in total cholesterol, low-
density lipoprotein and high-density lipoprotein (median change¼þ31 mg/dl,
P¼0.01; þ26 mg/dl, P¼0.02; þ3 mg/dl, P¼0.02, respectively).

Conclusion: Aprepitant was safe and well tolerated. At the dose used in this proof-of-
concept phase IB study, aprepitant did not show a significant antiviral activity.
Aprepitant-treated patients had decreased numbers of CD4þ programmed death 1-
positive cells and decreased plasma levels of substance P and soluble CD163,
suggesting that blockade of the neurokinin 1 receptor pathway has a role in modulating
monocyte activation in HIV infection. Prospective studies in virologically-suppressed
individuals are warranted to evaluate the immunomodulatory properties of aprepitant.
Exposures exceeding those attained in this trial are more likely to elicit clinical benefit.
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Introduction

While combined antiretroviral therapy (cART) regimens
improve the clinical and virologic outcomes in patients
with HIV infection, the goal of complete eradication of
HIV from the human body remains elusive [1]. Even in
individuals with sustained suppression of viral replication,
evidence of chronic inflammation and incomplete
restoration of T-cell function persists [2]. This immune
dysregulation is associated with increased morbidity and
mortality manifesting as an increase in the incidence of
cardiovascular events, metabolic disorders and a spectrum
of other organ damage. In addition, almost 50% of
individuals may develop HIV-associated neurocognitive
disorder (HAND), mostly in a mild form [3,4], affecting
quality of life, adherence to ART, employment and
overall survival. The limitations of the current HIV
treatment regimens to curtail this ongoing inflammation
justifies continued research in anti-HIV therapeutics of
new drugs, with new mechanisms of action target-
ing residual chronic inflammation and neurocognitive
impairment.

Substance P and its preferring receptor, neurokinin 1
receptor (NK1R), are central mediators in the interaction
between the immune system and the nervous system
[5,6]. Compelling data support the concept that NK1R
and the tachykinin, substance P, are important in the
pathogenesis of HIV/AIDS [6–9]. HIV-infected men and
women have elevated levels of circulating substance P
[10,11]. Substance P enhances HIV replication in
macrophages and NK1R antagonists inhibit it [8,12–
16]. The substance P autocrine loop has a role in
regulating cytokine and inflammatory responses [6,8].
The NK1R antagonist aprepitant has unique features
which make it an attractive candidate to treat residual
inflammation in HIV (for review, see [5,6]). Aprepitant is
an US Food and Drug Administration (FDA)-approved
antiemetic. Aprepitant crosses the blood–brain barrier
[17], and has immunostimulatory and anti-inflammatory
properties [5,6,18]. Furthermore, aprepitant and other
NK1R antagonists were successfully used to reduce
symptoms of depression and insomnia in humans [19–
21], and in preclinical studies, NK1R antagonists showed
promising results reducing anxiety, addiction and
inflammation (reviewed [22]).

We recently demonstrated that substance P increases
expression of the CD163 receptor on human monocytes
[23]. CD163, the hemoglobin scavenger receptor, is
expressed exclusively in cells of the monocyte lineage and
is a marker of macrophage polarization [24–26]. A high
expression of CD163 was linked to tissue-infiltrating
monocytes and was detected on central nervous system
macrophages in brains of HIV-positive individuals [27–
30]. Pro-inflammatory stimuli lead to shedding of the
extracellular portion of CD163 which circulates in the
blood as a soluble protein (sCD163). Although the
functions of sCD163 are unknown, increased levels of
sCD163 occur in several chronic inflammatory diseases
including HIV infection [31–33]. Elevated sCD163 in
plasma is associated with neurocognitive impairment in
HIV infection [34].

There are several immunological pathways which are
central in HIV pathogenesis and not completely restored
by cART (for review, see [2,35]). One such pathway is
the programmed death 1 (PD-1) receptor which
suppresses T-cell activation [36,37]. In the context of
HIV infection, PD-1 signaling may contribute to
accelerated CD4þ T-cell loss, T-cell exhaustion, poor
immune recovery and disease progression [38–42]. HIV
and other chronic viral infections exploit the PD-1
signaling pathway to alleviate immune constraints on
viral replication [43].

The purpose of this clinical trial was to determine the
in-vivo safety, antiviral activity and the effect on
inflammatory markers by comparing the change in
HIV RNA viral load and pro-inflammatory markers
after 2 weeks of aprepitant monotherapy in patients with
HIV infection not receiving ART. The study follows on
a previous pilot study [44] with aprepitant dose
escalation from 125–250 mg to 375 mg per day (present
study).
Methods

Study design and study procedures
The present study was a phase IB randomized, placebo-
controlled, double-blinded study to evaluate the safety,
antiviral activity, pharmacokinetics, immune modulatory
and anti-inflammatory effects of the NK1R antagonist
aprepitant in HIV-infected adults with CD4þ cell count
at least 350 cells/ml and plasma viral load at least
2000 copies/ml. Eighteen patients with HIV-1 infection,
not receiving ART, were stratified by viral load (< vs.
�20 000 copies/ml) and randomized within each stratum
to receive aprepitant 375 mg per day, or placebo for
14 days, and then followed for an additional 28 days. The
drug was masked by over-encapsulation. The investi-
gators were blinded to the study assignment of the
patients. At the screening visit, previous ART (if any) was
assessed, safety laboratory tests were conducted, and all
patients underwent testing for HIV-1 co-receptor tropism
with the use of a validated phenotypic tropism assay.
Patients were also tested for plasma levels of HIV-1 RNA
(Amplicor HIV-1 Monitor v1.5; Roche Diagnostics,
Indianapolis, Indiana, USA). Participants were then
randomized and evaluated at day 0, 3, 7, 10 and 14,
while they were receiving aprepitant or placebo, and at
day 42, 4 weeks after discontinuing study medication.
Additionally, an 8-h pharmacokinetic assessment was
performed after the first dose and at day 14.
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Participants
Participants were HIV-infected individuals, older
than 18 years of age, not receiving ART for at least
16 weeks, with a CD4þ cell count greater than
350 cells/ml, HIV RNA viral load greater than 2000
copies and an R5 tropic virus (Monogram). R5 tropic
virus-infected patients were chosen on the basis of the
previous observations that aprepitant inhibits HIV-1
infection of macrophages in vitro by CCR5-dependent
mechanisms [15]. We excluded individuals with a
history of cancer and other serious illness, pregnancy,
chronic hepatitis B or C infection, individuals with
significant laboratory abnormalities, or individuals
using steroids or any other immunomodulators or
chemotherapy. We also excluded individuals with
allergy or hypersensitivity to aprepitant. The study
was conducted at AIDS Clinical Trials Unit and the
Clinical and Translational Research Center (CTRC) of
the Hospital of the University of Pennsylvania in
Philadelphia, Pennsylvania, USA. All patients signed a
written informed consent. The study was sponsored by
the National Institutes of Mental Health, approved by
the IRB of the University of Pennsylvania and the
US FDA (IND#75 558), and registered in Clinical
Trials.gov # NCT01300988.

Pharmacokinetics
A validated, liquid chromatography-tandem mass spec-
trometry method was utilized for the quantification of
aprepitant plasma concentration in HIV-infected patients
[45]. Noncompartmental analysis was conducted on
aprepitant plasma concentration–time data; peak (Cmax,
Tmax) and time-averaged exposure metrics (area under
the curve) were calculated using WinNonlin version
5.2 (Certara Corporation, Princeton, New Jersey, USA).
Pharmacokinetic data were summarized with descriptive
statistics and graphical presentation was made using
GraphPad Prism version 4 (GraphPad Software, La Jolla,
California, USA).

Laboratory assays
Substance P levels in plasma
A modified commercially available antigen competition
enzyme immunoassay (EIA) from Cayman Chemical
Company (Ann Arbor, Michigan, USA), detection range
4–500 pg/ml, was used for the quantitation of substance
P, as previously described [46].

Multiplex cytokine assay
Concentrations of 30 pro-inflammatory cytokines and
chemokines including tumor necrosis factor (TNF)a,
macrophage inflammatory protein (MIP)-1a, granulo-
cyte-colony stimulating factor (G-CSF), interleukin (IL)-
6 and IL-8 in human plasma were measured using human
Cytokine/Chemokine Magnetic Bead Panel – Premixed
30 Plex, HCYTMAG-60K-PX30 (Millipore, Billerica,
Massachusetts, USA).
Soluble CD163 assay
Soluble CD163 was measured by ELISA assay kit
(Trillium Diagnostics, Brewer, Maine, USA) according
to manufacturer’s recommendations.

Viral tropism
Viral tropism was assessed at days 0 and 14 of the study
using the Trofile assay (Monogram Biosciences, San
Francisco, California, USA).

Flow cytometry
Blood samples were collected with anticoagulant (EDTA)
and stained within 24 h with monoclonal antibodies
(including anti-CD4þ and anti-PD-1) conjugated with
fluorescent labels purchased from Biolegend (San Diego,
California, USA), BD Biosciences (San Jose, California,
USA) and Trillium Diagnostics (Bangor, Maine, USA).
After red blood cell lysis, cells were fixed and analyzed on
an LSR II flow cytometer (BD Biosciences). Compen-
sation for fluorescence spill-over and data analysis was
performed using FACSDiva software (BD Biosciences).

Statistical analysis
Descriptive statistical analyses of all data collected were
conducted using inferential and graphical exploratory data
analytic techniques. Descriptive statistics for continuous
variables were summarized by computing the mean, SD,
median, minimum value, and maximum value. Changes
from baseline to day 14 and from baseline to day 42 were
computed for each participant for each continuous
variable. Categorical variables were summarized as counts
and percentages of total within each treatment group.

Statistical comparisons were made in order to test
whether the within-participant changes from baseline
to day 14 or day 42 were significantly different than 0, and
whether these changes within the aprepitant group were
significantly different than the changes within the placebo
group. The Wilcoxon signed-rank test was used to test
whether the within-participant change for each treatment
group was significantly different than 0. The Wilcoxon
rank-sum test was used to test whether the within-
participant change within the aprepitant group was
significantly different than the change in the placebo
group. The significance level for two-sided testing was set
at 0.05. Stata version 12.1 (StataCorp, College Station,
Texas, USA) was used for descriptive statistics, producing
graphs and tables, and conducting the statistical tests.
Results

Eighteen participants were enrolled and randomized into
two treatment groups, nine in each: aprepitant 375 mg
and placebo. All participants completed 14 days of
treatment and additional 4 weeks of observation period.
Table 1a summarizes the demographic characteristics of
the participants (there were no statistically significant
differences between the two groups).
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Table 1. Patient characteristics and adverse events.

(a) Patient characteristics

Characteristic

Treatment group

375 mg Placebo

Number of patients 9 9
Sex

Male 6 (67%) 7 (78%)
Female 3 (33%) 2 (22%)

Age (years)
Median 32.4 41.8
Range (19–56) (25–52)

Ethnicity
Hispanic 1 (11%) 1 (11%)
Non-Hispanic 8 (89%) 8 (89%)

Race
White 0 (0%) 1 (11%)
Black 9 (100%) 7 (78%)
Other 0 (0%) 1 (11%)

Viral load at screening (copies/ml)
<20 000 7 (78%) 6 (67%)
�20 000 2 (22%) 3 (33%)

(b) Adverse events

Treatment group

375 mg
(n¼9)

Placebo
(n¼9)

Total
(N¼18)

Severity [number/(%) of
adverse events]

[n (%)] [n (%)] [n (%)]

Mild 8 (88.9) 11 (50.0) 19 (61.3)
Moderate 1 (11.1) 11 (50.0) 12 (38.7)
Severe 0 (0.0) 0 (0.0) 0 (0.0)

Body system [number/(%)
of patients]

[n (%)] [n (%)] [n (%)]

Neurological 1 (11.1) 4 (44.4) 5 (27.8)
Systemic 2 (22.2) 5 (55.5) 7 (38.9)
Gastrointestinal 3 (33.3) 4 (44.4) 7 (38.9)
Respiratory 0 (0.0) 4 (44.4) 4 (22.2)
Skin/dermatological 2 (22.2) 0 (0.0) 2 (11.1)
Musculoskeletal 0 (0.0) 1 (11.1) 1 (5.6)
Urinary 1 (11.1) 0 (0.0) 1 (5.6)
Genitourinary 0 (0.0) 1 (11.1) 1 (5.6)
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Fig. 1. Plasma levels of aprepitant in patients receiving
375 mg dose per day (dose–exposure relationship). An 8-h
pharmacokinetic assessment was performed after the first
dose (left) and at day 14 (right). In both cases, blood was
drawn at 0.5, 1, 2, 4 and 8 h after 375 mg oral dose of
aprepitant. Mean (�SD) aprepitant plasma concentrations
in a group of nine patients treated with drug are shown.
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Fig. 2. Viral load and CD4R T-cell count by treatment arm.
Plasma levels of HIV-1 RNA (a) were assessed using Amplicor
HIV-1 Monitor v1.5 (Roche Diagnostics) and CD4þ T-cell
counts (b) were done using Flow cytometry assay as described
in the Methods section. Gray points are the individual CD4þ

cell counts for each of the nine aprepitant patients (circles)
and nine placebo patients (triangles). Black points are the
mean values for the aprepitant group (circles) and the placebo
group (triangles). The vertical bars are the widths of the 95%
confidence intervals.
In the nine patients receiving aprepitant, mean peak
aprepitant plasma concentrations were 3.4� 0.8 mg/ml
on day 1 and 7.6� 3.1 mg/ml on day 14, as shown in
Fig. 1. The time of peak plasma concentration (Tmax) was
6.7� 2.0 h on day 1 and 3.8� 3.1 h on day 14.

There were no serious adverse events associated with
treatment with 375 mg of aprepitant. Adverse events were
mild and self-limited in nature, and were equally frequent
in both arms (see Table 1b), which shows the number of
adverse events and the number of patients with adverse
events in the two study arms.

The HIV RNA viral load and CD4þ cell count for the
two study arms during the course of treatment is shown in
Fig. 2. There were no statistically or clinically significant
changes in HIV RNA viral load over time within either
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Fig. 3. Changes in cholesterol levels associated with apre-
pitant treatment. Total cholesterol, LDL and HDL were
measured by Quest Diagnostics (Madison, New Jersey,
USA). Results are presented as changes in cholesterol levels
in the aprepitant and the placebo-treated groups between day
0 and 14, or day 0 and 42, as indicated. Gray points are the
individual changes for each of the nine aprepitant patients
(circles) and the nine placebo patients (triangles). Black points
are the mean changes for the aprepitant group (circles) and the
placebo group (triangles). Vertical bars are the widths of the
95% confidence intervals. Significant changes (P<0.05 using
Wilcoxon signed-rank test) are indicated with (�).
the drug or placebo arms, or between the two treatment
groups (Fig. 2a). Geometric mean viral load (copies/ml)
at baseline for aprepitant and placebo were 13 490 and
13 180, respectively. After 2 weeks of treatment, the viral
loads were 12 880 for the aprepitant group and 15 490 for
the placebo group. There were no changes in the tropism
of the HIV virus in the study participants. All participants’
viruses remained R5 tropic, as they were at the initiation
of the study. The CD4þ cell counts were stable across all
study visits and did not differ significantly by treatment
group (Fig. 2b).

There were no statistically or clinically significant
differences between the aprepitant and placebo groups
in a wide range of laboratory tests monitored during the
trial, including hematology (hemoglobin, white blood
cell count, hematocrit, absolute neutrophil count, red
blood cells, platelets, and mean corpuscular volume);
chemistry (serum amylase, potassium, sodium chloride);
and liver/kidney functions (direct bilirubin, blood urea
nitrogen, aspartate aminotransferase, creatinine, alanine
aminotransferase, and albumin) (data not shown).

The use of aprepitant was associated with increases in lipid
measurements (Fig. 3). The median within-participant
change in total cholesterol in the aprepitant group at the
end of treatment (day 14) was þ31 mg/dl (P¼ 0.01)
(Fig. 3a). Median change in low-density lipoprotein
(LDL) cholesterol was þ26 mg/dl (P¼ 0.02) and the
median change in high-density lipoprotein (HDL) chole-
sterol wasþ3 mg/dl (P¼ 0.02) (Fig. 3b and c). These lipid
levels generally returned to close to their baseline values by
day 42, after treatment was discontinued. No significant
changes were observed in the placebo group.

Aprepitant treatment resulted in significant decreases in
several pro-inflammatory markers at day 14 that were not
seen in the placebo group (Fig. 4). Although we did not
see changes in CD4þ T-cell counts, we did observe a
median reduction in PD-1 expression by 4.8% (P¼ 0.04)
(Fig. 4a). This effect was transient and limited to the
treatment phase. PD-1 expression returned to baseline by
day 42. No significant changes in PD-1 expression were
detected in the placebo group. Plasma substance P levels at
day 14 decreased in the aprepitant group (median
change¼�34 pg/ml, P¼ 0.05), but not in the placebo
group (median change¼þ30 pg/ml, P¼ 0.55) (Fig. 4b).
By day 42, however, the values in both the groups were
similar to the baseline levels. sCD163 levels decreased in
the aprepitant group at day 14 (median chan-
ge¼�563 ng/ml, P¼ 0.02), and remained below base-
line at day 42, although no longer statistically significant
(median change¼�594 ng/ml, P¼ 0.09) (Fig. 4c). No
changes were observed in the sCD163 level within the
placebo group.

Plasma levels of 30 cytokines and chemokines were
measured using multiplex assays. Data were obtained for
26 markers with 4 (IL-3, IL-4, IL-13, and TNFb) were
below the assay range. Although not statistically
significant, decreases in the aprepitant group were
observed for TNFa, MIP-1a, G-CSF, IL-6, and IL-8
(data not shown). When data from this study were
combined with data from the earlier trial that used
aprepitant doses of 125 and 250 mg [44], we detected
significant within-patient decreases for the combined
aprepitant group for all five markers. There were also
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Fig. 4. Changes in pro-inflammatory markers associated
with aprepitant treatment. Expression of PD-1 on CD4þ

T cells was measured by flow cytometry, and SP and
sCD163 levels by ELISA as described in the Methods section.
Results are presented as changes in marker levels in the
aprepitant and the placebo-treated groups between day 0
and 14, or day 0 and 42, as indicated. Gray points are the
individual changes for each of the nine aprepitant patients
(circles) and the nine placebo patients (triangles). Black points
are the mean changes for the aprepitant group (circles) and the
placebo group (triangles). Vertical bars are the widths of the
95% confidence intervals. Significant changes (P<0.05 using
Wilcoxon signed-rank test) are indicated with (�).
significant differences between the aprepitant and the
placebo groups for TNFa and IL-6 (see Supplemental
Digital Content 1, http://links.lww.com/QAD/A671).
Changes in plasma levels of the remaining 21 markers are
shown in Supplemental Digital Content 2 (http://
links.lww.com/QAD/A671). When aprepitant treatment
was discontinued, expression of all markers returned to
their baseline level, and no significant changes were
detected between day 0 and day 42 for any of the 26
markers analyzed (data not shown).
Discussion

Treatment of HIV viremic patients with daily 375 mg of
aprepitant was safe and well tolerated over the 2 weeks
of drug administration. The 375 mg per day regimen
resulted in plasma concentrations of aprepitant similar to
those predicted from the population-based pharmacoki-
netics model on day 1 [47], but higher than that predicted
on day 14 (more than 50% of the observations were above
the 90% prediction interval from the simulation model).
This is likely related to the observed nonlinearity with
dose previously reported [48]. Erratic trough levels
suggest that some noncompliant dosing may have
contributed to the greater variation in exposures on
day 14, but there is also likely to be a saturable absorption
effect consistent with previous observations with
aprepitant [48]. Despite these higher exposures on day
14, these levels were still below target trough exposures
for significant antiviral activity on the basis of data from
preclinical, clinical, and competitive surveillance data
[47,49]. Despite the increase of dose and plasma levels of
aprepitant in the current trial, no increase in frequency of
side effects was observed in comparison to the placebo
group. This is consistent with the safety profile observed
in the previous study that used 125 and 250 mg dose
groups [44].

Two weeks duration of aprepitant treatment at a dose of
375 mg showed no clinically (or statistically) significant
antiviral effect or increase in CD4þ T cells. These results
are consistent with our study that used 125 and 250 mg
doses [44]. Previously, we reported antiviral effect of
aprepitant and other NK1R antagonists in ex-vivo studies
[14–16,49] using HIV infection with both laboratory
strains and primary isolates of T cells and macrophages.
The observed ED50 of aprepitant was 5 mmol/l
(2.65 mg/ml) in the ex-vivo studies. We also observed
an antiviral effect of aprepitant in vivo, in simian
immunodeficiency virus (SIV) infection, in a nonhu-
man primate model [49]. About 1 log10 reduction in
plasma SIV load was sustained for a period of 1 year.
In rhesus macaques receiving 125 mg of aprepitant
daily, the mean trough concentration at steady state
was 2.66� 1.55 mg/ml, with a maximum value of
16–18 mg/ml [47,49].

Despite the increase in aprepitant plasma concentrations
in patients receiving 375 mg dose relative to exposure
attained during our previous study at lower doses, we
think this dose is still too low to observe an antiviral effect
based on the target concentrations required to elicit an

http://links.lww.com/QAD/A671
http://links.lww.com/QAD/A671
http://links.lww.com/QAD/A671
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antiviral effect from in-vitro and preclinical experiments
[49]. In primate studies where an antiviral effect was
detected, we observed 2–4-fold higher total plasma
concentrations of aprepitant compared to those achieved
in the present study [49]. It is also consistent with our
modeling results, which suggest that daily dosing of at
least 625 mg with exposure enhancement with con-
comitant dosing of a CYP 3A4 inhibitor (e.g. ritonavir or
cobicistat) would yield desirable troughs (based on in-
vitro infectivity experiments and the metabolic pathway
of aprepitant) of above 2.65 mg/ml total (free þ bound)
plasma aprepitant concentration for the majority of the
virtual patients simulated [47]. Regarding the time course
of these effects, primate studies indicated that the antiviral
effect of aprepitant was not detected until 1 month after
treatment initiation [49]. This is likely explained by an
aprepitant mechanism of action that is not due to direct
antiviral activity, but rather due to blocking of substance
P-driven macrophage polarization and inflammation
[23].

During our previous trial, we detected a 5–6% reduction
in plasma substance P levels after 2 weeks of treatment
with 125 and 250 mg of aprepitant, though changes were
not statistically significant [44]. In the current study, we
observed a reduction of 7% in plasma substance P levels
(P¼ 0.05). We previously reported a 30–40% increase in
plasma levels of substance P in HIV-infected individuals
[10,11], in comparison to healthy control participants.
The decrease of substance P levels in aprepitant-treated
patients supports our hypothesis of the autocrine
regulation of substance P expression based on our ex-
vivo studies with another substance P antagonist CP-
96,345 [50].

In a previous trial, a similar reduction was observed
in the sCD163 levels (unpublished data). A decrease
(10%; P¼ 0.18) was observed in our 125–250 mg study
[44] (not shown). A much larger decrease of 20%
sCD163 was observed in the current 375 mg study
(P¼ 0.02). Plasma levels of several pro-inflammatory
cytokines were also decreased in both the 125–250 mg
and 375 mg studies. In order to increase the relatively
small sample sizes in each study, we combined the data
for all the three aprepitant dose groups from our two
studies (125, 250, and 375 mg) and the two placebo
groups. There was a significant decrease in several
cytokines at day 14 in the combined aprepitant group,
but not in the placebo group, in this post-hoc analysis.
This suggests the anti-inflammatory effects of aprepi-
tant should be evaluated further in a larger sample. Up-
regulation of pro-inflammatory markers including
TNFa, IL-6, IL-8, and CD163 by substance P, and
down-regulation as a result of aprepitant treatment are
consistent with the previous observations [6,23,51,52].
The mechanisms of the aprepitant effect may involve
inhibition of nuclear factor (NF)-kB activation by
substance P (reviewed [5,6]). Furthermore, decrease of
substance P levels by aprepitant contributes to its anti-
inflammatory effect.

There are no previous studies on the direct effect of
substance P on PD-1 expression. In this study, we
demonstrated reduction of PD-1 expression in CD4þ

cells in aprepitant-treated patients.

We observed increases in plasma lipids associated with
the use of aprepitant. There are no available data on the
direct effect of either substance P or aprepitant on
cholesterol metabolism. Patients with advanced HIV
infection have low HDL-cholesterol levels and other
lipid abnormalities including hypertriglyceridemia and
increased levels of small LDL particles (reviewed [53])
that may be directly or indirectly related to the high
circulating levels of substance P in HIV-infected
individuals [10,11]. In addition, substance P may affect
lipid metabolism. Increased substance P levels are
associated with the development of obesity, chronic
inflammation, and type 2 diabetes mellitus [54] and
NK1R�/� mice are more resistant to weight gain than
normal controls [55].

In conclusion, at the 375 mg dose used in this exploratory
phase IB study, aprepitant was safe and showed significant
biological activity, but without significant antiviral
activity. Aprepitant treatment was associated with
decreased PD-1 expression on CD4þ T cells, and
decreased plasma levels of substance P and sCD163.
Further, we detected decrease in plasma levels of several
pro-inflammatory cytokines including IL-6 and TNFa,
when samples from the combined 125–250–375 mg
studies were analyzed. In chronic HIV infection,
increased levels of these markers are associated with poor
prognosis. Pharmacokinetic studies showed that aprepi-
tant concentrations could reach as high as 9.2� 3.6 mg/
ml without enzymatic induction of the aprepitant
metabolism. Further studies to evaluate the immuno-
modulatory and anti-inflammatory effects of aprepitant
with longer treatment (4 weeks) and co-administration
with ritonavir to boost aprepitant plasma concentrations
in virologically suppressed patients on cART are ongoing
(Clinical Trials.gov # NCT02154360).
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