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WHAT IS ALREADY KNOWN ABOUT
THIS SUBJECT
• Nausea and vomiting are the most

distressing side-effects of a high dose
melphalan regimen.

• Aprepitant in addition to an antiemetic
standard regimen has been reported to
improve significantly both acute and
delayed chemotherapy-induced nausea and
vomiting.

WHAT THIS STUDY ADDS
• Anti-emetic regimens including aprepitant

have no clinically relevant effect on the
pharmacokinetics of the anticancer agent
melphalan when administered 1 h before
high dose melphalan infusion.

AIMS
The objective of this investigation was to assess the effect of aprepitant
on the pharmacokinetics of high-dose melphalan used as conditioning
therapy before blood stem cell transplantation in multiple myeloma.

METHODS
Aprepitant (125 mg) or placebo was administered 1 h before
melphalan therapy (1 h infusion of 100 mg m-2). Eleven plasma samples
were obtained over 8 h and melphalan was quantified using an
LC/MS/MS method. Standard pharmacokinetic parameters were
calculated and nonparametric testing was applied to assess the
differences between aprepitant and placebo treatment.

RESULTS
Twenty patients received placebo and 10 patients aprepitant
treatment. There were no differences observed for Cmax at the end of
melphalan infusion (placebo 3431 � 608 ng ml-1 vs. aprepitant 3269 �
660 ng ml-1). In addition, AUC and terminal elimination half-life were
not changed by aprepitant. Total clearance of melphalan was 304 �
58 ml min-1 m-2 (placebo) which was not influenced by aprepitant
(288 � 78 ml min-1 m-2).

CONCLUSIONS
The administration of the NK1 receptor antagonist aprepitant 1 h
before a high-dose chemotherapy does not influence the exposure and
the elimination of melphalan. Therefore, oral administration of 125 mg
aprepitant 1 h before melphalan infusion does not alter the disposition
of intravenously administered melphalan.
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Introduction

In patients with multiple myeloma high-dose chemo-
therapy with the nitrogen mustard alkylating agent mel-
phalan followed by autologous peripheral stem cell
transplantation is preferred to conventional therapy, since
the superiority in respect to complete remission, complete
remission duration, event-free survival and overall survival
has been proven within well controlled clinical trials [1, 2].
In myeloablative regimens a melphalan dose of
100 mg m-2 on days 1 and 2 (1 h infusion) is recom-
mended. Nausea and vomiting are the most distressing
side-effects of a high-dose chemotherapy regimen. The
administration of selective 5-HT3-receptor antagonists
(5-HT3 RAs) in combination with a corticosteroid (= con-
ventional standard anti-emetic regimen) is effective for the
prevention of those adverse effects in 70 to 80% of
patients [3–5]. However, 20 to 30% of the patients still
suffer from vomiting and nausea especially in the delayed
phase of the chemotherapy. Superior protection could be
achieved with the addition of aprepitant to this anti-
emetic regimen in acute and delayed phases of these eme-
togenic chemotherapies. The enhanced anti-emetic
protection of aprepitant can be maintained over multiple
chemotherapy cycles to an extent superior to that of the
standard regimen alone [6]. Furthermore addition of
aprepitant to the standard anti-emetic regimen was gen-
erally well tolerated and the impact of chemotherapy-
induced nausea and vomiting (CINV) on daily life was
significantly reduced [7, 8].

Aprepitant is a selective high-affinity receptor antago-
nist of human substance P/neurokinin-1 (NK1) and has
been shown to inhibit emesis induced by cytotoxic che-
motherapeutic agents and augments the anti-emetic
activity of 5-HT3 RAs (e.g. granisetron, ondansetron) and
corticosteroids (e.g. dexamethasone). Thus aprepitant in
addition to an anti-emetic standard regimen has been
shown to possess powerful superior protection and has
been reported in several clinical trials to improve signifi-
cantly both acute and delayed CINV. The recommended
dose of aprepitant according to the Summary of Product
Characteristics (SPC) is 125 mg on day 1 and 80 mg on days
2 and 3. The aim of the main protocol was to evaluate an
anti-emetic prevention regimen in acute and delayed
emesis and nausea in respect to efficacy and safety in
patients with multiple myeloma following high-dose mel-
phalan chemotherapy and autologous peripheral blood
stem cell transplantation. In a substudy with 30 patients
the influence of aprepitant (125 mg) on the pharmacoki-
netics of high-dose chemotherapy with melphalan
(100 mg m-2) was investigated. Given the improvement of
aprepitant to inhibit emesis when added to the standard
anti-emetic regimen, this study was conducted despite the
lack of a mechanistic rationale for a possible pharmacoki-
netic interaction between the two drugs. A pharmacoki-
netic interaction of the standard anti-emetic regimen with

the DNA alkylating and hence cytotoxic agent melphalan
has not been investigated so far.

Methods

The clinical study (EudraCT 2004-004956-38) including
amendments was approved by the University Hospital
Ethics committee and the competent authority (BfArM). It
was planned and conducted as a prospective, placebo-
controlled, randomized (1 : 1), double-blind, single-centre
study with two treatment groups (aprepitant or placebo)
with a total of 360 patients. However, the substudy to
assess the possible alteration of melphalan pharmacoki-
netics by aprepitant required a separate informed consent
sheet. Aprepitant (125 mg) or matched placebo capsules
were administered 1 h before melphalan therapy (1 h infu-
sion of 100 mg m-2). The standard anti-emetic regimen of
granisetron (Kevatril®) 2 mg once daily on days 1–4, dex-
amethasone 8 mg once daily on day 1 and 4 mg once daily
on days 2 and 3 was applied with placebo treatment, in the
aprepitant arm dexamethasone was reduced to 4 mg on
day 1 and 2 mg on days 2 and 3, respectively [9]. Previously
it has been shown that aprepitant had no effect on the
pharmacokinetics of granisetron [10]. In 30 of these
patients eleven blood samples were obtained over 8 h,
plasma was separated within 15 min and stored at -20°C
until analysis. Melphalan was quantified in plasma using a
validated LC/MS/MS method [11]. The limit of quantifica-
tion (LOQ) for melphalan was 10 ng ml-1 with an accuracy
of 106.6% and precision of 8.2% (CV). Standard pharmaco-
kinetic parameters were calculated using WinNonlin 5.2
(Pharsight, Mountain View, CA). The unpaired Mann-
Whitney test was applied to assess the differences
between aprepitant and placebo treatment (Prism 5.00,
GraphPad Software, La Jolla, CA). Mean, standard devia-
tions and 95% confidence intervals (CI) of the difference of
the means are reported.

Results

In the main study patients were randomized 1 : 1 to
placebo and aprepitant. Consecutive patients were asked
to participate also in the pharmacokinetic substudy and
had to give separate informed consent. Hence, 30 (non-
consecutive) patients from the main study were finally
included in the substudy with a resulting imbalance of the
group size with 20 patients receiving placebo and 10
patients aprepitant treatment (Table 1).

There were no differences observed for Cmax at the end
of melphalan infusion (placebo 3431 � 608 ng ml-1 vs.
aprepitant 3269 � 660 ng ml-1). No obvious differences in
the measured melphalan plasma concentrations were
observed between aprepitant and placebo (see Figure. 1).
In addition, AUC and terminal elimination half-life were not
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significantly changed by aprepitant (Table 1). Total clear-
ance of melphalan was 304 � 58 ml min-1 m-2 (placebo)
which was not influenced by aprepitant (288 �
78 ml min-1 m-2) (Table 2). In addition, all 95% CIs of the
difference between means of the placebo and aprepitant
group were narrow and included zero (Table 2).

Discussion

Aprepitant, an orally available, selective NK1 receptor
antagonist is mainly metabolized by CYP3A4 and was
shown to be a moderate inhibitor and weak and transient
inducer of CYP3A4 [12]. Cytochrome P450 3A4 (CYP3A4)
is abundantly expressed in the liver and small intestine
and involved in the metabolism of numerous exogenous
compounds, including anticancer agents. Several cyto-
toxic agents like cyclophosphamide and thiotepa are
known to be metabolized by CYP3A4. It has been shown
that aprepitant inhibits metabolism of these two agents
[13] though others stated that no clinically relevant
interaction has been observed [14, 15]. In addition
no detectable inhibitory or inductive effect on the
pharmacokinetics of the CYP3A4 substrate vinorelbine

was observed, when aprepitant was added to an anti-
emetic regimen consisting of ondansetron and dexam-
ethasone [16]. Aprepitant at clinically recommended
doses may therefore have a low potential to affect the
pharmacokinetics of intravenous chemotherapeutic
agents metabolized by CYP3A4. This view has recently
been confirmed by a review on aprepitant drug–drug
interactions [17].

Melphalan, however, is not reported to be a substrate
of CYP3A4. It is therefore unlikely that a drug–drug
interaction between melphalan and aprepitant might
occur on the basis of CYP3A4 inhibition. Recently it
was suggested, that melphalan is a substrate of the
P-glycoprotein transporter [16, 18]. P-glycoprotein plays a
major role in the renal elimination of digoxin. However,
no effect of aprepitant on the pharmacokinetics of the
P-glycoprotein model drug digoxin has been observed
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Figure 1
Plasma concentration–time profile of melphalan after a 1 h infusion of
100 mg m-2 in patients with concomitant aprepitant (n = 10) or placebo
(n = 20). Placebo ( ); Aprepitant ( )

Table 1
Demographic data of the 30 patients included in the study

Placebo Aprepitant
P valueMean Range Mean Range

Age (years) 62.1 39–71 57.4 40–69 NS*
Weight (kg) 79.3 59.7–108.0 80.7 61.0–99.6 NS*

Male 13 6 NS†
Female 7 4

*Mann–Whitney U-test. †Chi-square with Yates’ correction. NS not significant.

Table 2
Pharmacokinetic parameters of melphalan after intravenous administration of 100 mg m-2 over 1 h with co-administration of aprepitant (125 mg) or
placebo

Aprepitant (n = 10) Placebo (n = 20) Mann–Whitney test Difference of means
(95% CI)Mean SD Mean SD P-value

t1/2 (h) 1.28 0.19 1.30 0.18 0.9825 -0.022 (-0.166, 0.123)
tmax (h) 0.04 0.03 0.03 0.03 0.3811 0.008 (-0.14, 0.029)

Cmax (ng ml-1) 3431 608 3269 660 0.5234 163 (-348, 673)
AUC (ng ml-1 h) 5711 1342 6213 1724 0.5526 -501 (-1779, 777)

AUCextrapolated (%) 1.84 1.94 2.21 2.00 0.5526 -
Vz (l m-2) 33.3 6.8 32.1 8.2 0.5824 1.24 (-4.96, 7.43)

CL (l h-1 m-2) 18.2 3.5 17.3 4.7 0.5526 0.92 (-2.53, 4.37)
MRT (h) 1.57 0.24 1.75 0.25 0.0903 -0.174 (-0.371, 0.024)

Vss (l m-2) 28.3 5.1 29.5 6.6 0.6760 -1.28 (-6.18, 3.64)

t1/2 terminal elimination half-life, tmax time where the maximum plasma concentration after the end of infusion was observed, Cmax maximum plasma concentration, AUC area under
the plasma concentration time curve from zero to infinity, AUCextrapolated, percentage of AUC due to extrapolation from the last measured concentration to infinity, Vz volume of
distribution based on the terminal phase, CL total body clearance, MRT mean residence time, Vss, volume of distribution at steady-state.
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[19]. A limitation of this study was the use of oral digoxin.
In order to avoid major intestinal influences intravenous
digoxin should have been used [20]. Other influx drug
transporters of melphalan have also been investigated in
vitro but no correlation between expression of any influx
transporters (LAT1, LAT2, TAT1) and melphalan toxicity has
been found [18].

The observed melphalan pharmacokinetics are well in
agreement with the previously known data after high-
dose intravenous melphalan [21]. In the 30 patients inves-
tigated the coefficient of variation of the obtained
pharmacokinetic parameters (Table 1) was always below
30% showing relatively low variability.

Due to the study design there are several limitations.
This was not a classical drug–drug interaction study with
cross-over design in healthy volunteers where all condi-
tions can be adjusted to maximize the inhibition. Instead,
this drug–drug interaction was evaluated under the rec-
ommended therapeutic conditions in patients with mul-
tiple myeloma. Aprepitant was administered 1 h before
start of the melphalan infusion, Cmax was reached within
4 h, and the terminal elimination half-life ranged from 9 to
13 h. Therefore, sufficient concentrations of aprepitant
were present during the melphalan pharmacokinetic
observation period. Aprepitant was administered in this
study according to the recommended dose: once daily
125 mg on day 1 and 80 mg on days 2, 3 and 4. Melphalan
was given on days 1 and 2 (same dose) and the interaction
was studied on day 1 only where the higher aprepitant
dose was administered. Despite these limitations of drug–
drug interaction studies carried out in patients the conclu-
sion of this trial is clinically relevant for such patient
populations.

In conclusion, our study demonstrates that anti-
emetic regimens including aprepitant (125 mg) will
have no clinically relevant effect on the pharmacokinetics
of the intravenously administered anticancer agent
melphalan, especially Cmax and total body clearance,
when administered 1 h before high dose melphalan
infusion.
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