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Abstract

Purpose Intravenous (i.v.) temsirolimus, a novel inhibitor
of mammalian target of rapamycin (mTOR), is approved
for treatment of renal cell carcinoma. In vitro studies with
pooled human liver microsomes showed that temsirolimus
and its principal metabolite, sirolimus, inhibit the CYP2D6
isozyme (K;=1.5 and 5 pM, respectively), indicating
potential for pharmacokinetic interaction with agents that
are substrates of CYP2D6.

Methods This 2-period study in healthy subjects investi-
gated the pharmacokinetics of a single oral 50-mg dose of
the CYP2D6 substrate desipramine, first without and subse-
quently with a single coadministered i.v. 25-mg dose of
temsirolimus.

Results  The study population consisted of 25 males and 1
female; 10 were black, 12 were white, and 4 were of other
races. Plasma and whole blood samples were available
from all 26 subjects in period 1 following oral desipramine
and from 23 subjects in period 2 following oral desipramine
and i.v. temsirolimus coadministration. The 90% confi-
dence intervals for least squares geometric mean ratios of
desipramine and 2-hydroxy-desipramine C,,,,, AUCy, and

max?

AUC were within 80-125%, indicating that parameter
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differences did not manifest into clinically relevant expo-
sure changes. A single i.v. 25-mg dose of temsirolimus,
alone or with desipramine, was well tolerated in healthy
subjects.

Conclusions A single i.v. 25-mg dose of temsirolimus did
not alter disposition of desipramine. Temsirolimus i.v.
25 mg may be safely administered with agents metabolized
through the CYP2D6 pathway, but vigilance for drug inter-
action is warranted in patients with advanced malignancies.

Keywords Temsirolimus - Mammalian target of
rapamycin (mTOR) - Pharmacokinetics - Drug interactions

Abbreviations
CYP  Cytochrome P450
mTOR Mammalian target of rapamycin

Introduction

Temsirolimus is a novel selective inhibitor of the mamma-
lian target of rapamycin (mTOR) that is approved for the
treatment of advanced renal cell carcinoma [1]. Temsiroli-
mus is also being studied for the treatment of mantle cell
lymphoma and other malignancies [2-4]. mTOR is a key
regulator of tumor cell growth, apoptosis, and angiogenesis
via its profound control of mRNA translation for proteins
critical to these processes [5, 6]. Temsirolimus binds to
FKBP12 (FK506/rapamycin-binding protein), and the com-
plex binds to mTOR to inhibit its activity [7]. Preclinical
studies of temsirolimus demonstrated significant inhibition
of tumor growth and tumor angiogenesis [6, 8—10]. The
pharmacokinetic parameters of temsirolimus and its
principal metabolite, sirolimus, have been characterized in
healthy subjects and in patients with cancer [3, 11-15].
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Metabolism of both temsirolimus and sirolimus is pri-
marily via the CYP3A4/5 pathways [16, 17]. In vitro stud-
ies with pooled human liver microsomes have shown that
the CYP2D6 isozyme is also inhibited at higher concentra-
tions of temsirolimus [K;=1.5pM (1,545 ng/mL)] and
sirolimus (K;=5pM 4,575 ng/mL]) [18, 19]. Although
these concentrations represent moderate or large multiples
of the anticipated mean peak concentrations achieved fol-
lowing administration of i.v. 25-mg temsirolimus in
patients with cancer (temsirolimus C, . /K; = 0.39; siroli-
mus C,../K; = 0.01) [3, 11-15], the possibility exists for
interaction with drugs that are substrates of CYP2D6.
Drugs metabolized by the CYP2D6 pathway include many
that are commonly prescribed, such as some beta-blockers,
antidepressants, antipsychotics, antiarrythmics, codeine,
and dextromethorphan [20]. In patients with cancer, ondan-
setron, tamoxifen, and tramadol are also commonly pre-
scribed, and are agents that are metabolized by CYP2D6
[21-24]. Single-nucleotide polymorphisms and single-base
deletions within the CYP2D6 gene have been associated
with a poor metabolizer phenotype and display a frequency
of about 7% in the white population [25]. Therefore, under-
standing the metabolizer phenotype through molecular
genotyping was considered important to reconcile any aber-
rant observations.

The tricyclic antidepressant desipramine is widely used
as a probe for investigating potential CYP2D6 drug interac-
tions. Aromatic hydroxylation of desipramine is catalyzed
by the CYP2D6 isozyme [26—-28]. Concomitant administra-
tion of desipramine with agents that inhibit CYP2D6 activ-
ity alters the pharmacokinetic profiles of desipramine and
its principal metabolite, 2-hydroxy-desipramine, and indi-
cates that clinically significant drug interactions may occur
[29-31].

This study investigated whether the in vitro CYP2D6
inhibition by temsirolimus translates to CYP2D6 inhibition
in humans. The effects of a single i.v. 25-mg dose of temsi-
rolimus on the pharmacokinetic profile of an oral 50-mg
dose of desipramine were evaluated in healthy subjects.
The study was designed as a single-dose study because
accumulation of temsirolimus and sirolimus at steady state
is negligible compared with single-dose exposure.

Methods
Subjects
Written informed consent was obtained from all partici-
pants prior to enrollment in this study. The study protocol

was approved by the Institutional Review Board of the
study site, Radiant Research, Dallas, TX, and the trial was
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conducted in accordance with the Declaration of Helsinki
and Good Clinical Practice guidelines.

Subjects were eligible for participation if they were 18—
45 years of age, weighed at least 50 kg, had a body mass
index of 18-30kg/m? and were healthy based on their
medical history, physical examination, laboratory results,
vital signs, and 12-lead electrocardiogram (ECG). Women
were only enrolled if they had a documented hysterectomy
or oopherectomy or were postmenopausal for at least
1 year, with an estradiol concentration of 20 pg/mL or less
and a follicle-stimulating hormone level of 40 mIU/mL or
greater. A negative serum pregnancy test was required
within 48 h prior to receiving study medications. Potential
participants were not eligible if they had clinically signifi-
cant cardiovascular, hepatic, renal, respiratory, gastrointes-
tinal, endocrine, immunologic, dermatologic, hematologic,
neurologic, or psychiatric disease, or if they experienced
nausea, vomiting, fever, or diarrhea within 7 days before
initiation of the first desipramine administration (study day
1). Subjects were excluded if they had human immunodefi-
ciency virus antibodies, hepatitis B surface antigen, or hep-
atitis C virus antibodies, as well as any surgical or medical
conditions that might interfere with the absorption, distribu-
tion, metabolism, or excretion of study medications.

Caffeine-containing products, grapefruit or grapefruit-
containing products, and alcoholic beverages were not
allowed within 48 h before study day 1. Over-the-counter
drugs and herbal supplements (except occasional acetami-
nophen or vitamins at doses of 100% or lower of the recom-
mended daily allowance) were not allowed within 14 days
before study day 1, and prescription or investigational
drugs were not allowed within 30 days before study day 1.
Subjects with a positive urine drug screen, a history of drug
or alcohol abuse within 1 year, or a history of smoking
more than 10 cigarettes a day were not eligible for the
study. Smoking was not allowed during the trial.

Study design

In this open-label, single-center, nonrandomized, 2-period
sequential study, subjects received an oral dose of desipra-
mine alone in period 1, then desipramine with an i.v. dose
of temsirolimus in period 2. In the first treatment period, all
subjects received desipramine 50 mg orally with 240-mL
water on study day 1. On study day 15, subjects were pre-
treated with diphenhydramine 25 mg i.v. followed in
30 min by a 50-mg tablet of desipramine taken with 240-
mL of water and temsirolimus 25 mg administered over
30 min by i.v. infusion. For both treatment periods, subjects
fasted 10 h prior to receiving desipramine and for 4 h after-
ward. Water was not permitted 2 h before or after desipra-
mine administration.
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The 50-mg oral dose of desipramine was chosen to yield
a modest but clinically relevant exposure that would be
subject to sensitive changes in CYP2D6 metabolism. The
i.v. 25-mg dose of temsirolimus was chosen as the highest
dose considered safe to be administered to healthy subjects,
and represents the approved dose for patients with renal cell
carcinoma.

This study assessed the equivalence in desipramine and
2-hydroxy-desipramine PK exposure parameters between
desipramine alone and the temsirolimus coadministered
treatments. Based on power size calculations using nQuery
Adpvisor 6.0, a sample size of 22 subjects, and a maximum
estimated intrasubject coefficient of variation of 23% for
desipramine and 2-hydroxy-desipramine exposure parame-
ters, the power for concluding equivalence was expected to
be 80% at the 0.05 significance level, assuming a 10%
difference between the treatments.

A 6-mL blood sample was collected on study day 1 for
CYP2D6 genotyping [32]. Venous blood samples (5 mL)
were collected at predose and at 0.5, 2, 4, 8, 10, 12, 16, 24,
32, and 48 h after desipramine administration on study days
1 and 15 to measure plasma concentrations of desipramine
and 2-hydroxy-desipramine. Blood samples were collected
on study days 12, 26, and 30 for one subject identified as
having a poor metabolizer CYP2D6 genotype. Venous
blood samples (3 mL) were collected on study day 15 at
predose and at hours 0.5, 2, 4, 8, 24, 48, 264 (study day 26),
and 360 (study day 30) to measure the plasma concentra-
tion of temsirolimus and sirolimus. Urine samples for mea-
suring desipramine and 2-hydroxy-desipramine
concentrations were collected during both treatment peri-
ods from O to 12, 12 to 24, and 24 to 48 h after desipramine
administration.

Bioanalytic assays
Desipramine and 2-hydroxy-desipramine

Concentrations of desipramine and 2-hydroxy-desipramine
in sodium heparin-treated plasma and in urine were mea-
sured using a validated liquid chromatography/tandem
mass spectrometry (LC/MS/MS) combination method
(PPD Development, Richmond, VA). Mean interday vari-
abilities, expressed as coefficient of variation (CV), of desi-
pramine and 2-hydroxy-desipramine quality control
samples were 15.6% or less, and mean intraday CVs were
11.3% or less. Mean interday accuracy was within £4.38%,
and mean intraday accuracy was within +5.62%. The limits
of quantitation ranged from 0.25 to 100 ng/mL. Mean bias
was minimal (—0.62% for desipramine and 1.85% for 2-
hydroxy-desipramine). No interferences were observed in
blank plasma or urine, or in plasma or urine spiked with
internal standard.

Temsirolimus and sirolimus

Concentrations of temsirolimus and sirolimus metabolite
were measured simultaneously using a validated LC/MS/
MS combination method with internal standard [11]. The
combination method was validated through the quantitation
range of 0.25-100 ng/mL for 1 mL of ethylenediaminetet-
raacetic acid-treated whole blood. Mean interday variabili-
ties for temsirolimus and sirolimus were <7.3%, and
intraday variabilities were <10.1%. The mean interday and
intraday accuracies were within £7.4%, and +9.1%,
respectively. Mean accuracy at the lower limit of quantita-
tion (0.25 ng/mL) indicated that variability was acceptable
(<6.3%), and mean bias was minimal (9.2% for temsiroli-
mus, 12.4% for sirolimus). No interferences were observed
in blank blood or in blood spiked with internal standard.

Molecular genotyping

Blood samples from subjects were processed for isolation
of DNA for CYP2D6 *3, *4, *6, *7, and *8 alleles using
multiplex polymerase chain reaction [32]. Analysis of the
CYP2D6 *5 allele was performed in a separate, long-range
PCR assay. Genotyping and phenotype interpretations [33]
were conducted by Genaissance (Morrisville, NC).

Pharmacokinetics

The pharmacokinetics for desipramine and 2-hydroxy-desi-
pramine in plasma and for temsirolimus and sirolimus in
blood were determined for subjects using a noncompart-
mental model [34]. The actual times of blood collection
were used for all calculations. Data from all subjects were
used, regardless of CYP2D6 genotype.

The maximum plasma or blood concentration (C,,,,), the
time to C,, (T1n,x), and the absorption lag time (7},,) were
determined by analysis of the concentration-time graphs.
The terminal elimination rate constant (1)) was estimated
by log-linear regression of the terminal monoexponential
phase of the concentration—time curve. The terminal phase
elimination half-life (T',) was calculated as 0.693/4,. Area
under the concentration—time curve (AUC) at the last
observed concentration at time 7 (AUC) was calculated by
the trapezoidal rule using the ascending portion of the curve
and the log-trapezoidal rule using the descending portion of
the curve. The total AUC was estimated as
AUC = AUC; + Cy/4, wherein Cy is the concentration at
time 7. Apparent oral dose clearance (CL) was determined
by dose/AUC. The volume of distribution based on the ter-
minal phase (V) was determined from the quotient of CL
and Z_, and volume of distribution at steady state (V) was
calculated as the product of CL and mean residence time
(MRT). The MRT was calculated as (AUMC/AUCQC) + (7/2),

ax.
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wherein AUMC is the area under the first moment curve
and T is the duration of drug infusion. Denominators of F
and f,, used for CL, V,, and V4 denote the unknown oral
bioavailability and fraction of parent drug metabolized,
respectively. Ratios of 2-hydroxy-desipramine AUC and
desipramine AUC (AUC,,;,) were calculated for each sub-
ject.

Cumulative amounts of desipramine and 2-hydroxy-
desipramine excreted in the urine for each collection inter-
val were determined by the product of urine volume and
analyte concentration. The fractional urinary excretion for
each analyte was calculated as the ratio of the cumulative
amount of analyte excreted to the desipramine dose admin-
istered.

Assessment of safety

Safety was evaluated from the results of spontaneously
reported signs and symptoms, scheduled physical examina-
tions, measurements of vital signs, 12-lead ECGs, and clin-
ical laboratory evaluations. All adverse events were
recorded. Safety was analyzed by summarizing the number
and percentage of subjects with adverse events of different
severities in period 1, period 2, and overall.

Statistics

A linear mixed-effects model with treatment as a fixed
effect, and subject as a random effect was used to evaluate
the treatment effect in pharmacokinetic parameters. For the
primary analysis, the least squares geometric mean
(LSGM) ratios between test and reference treatments, their
90% confidence intervals (CIs) for C,,,,, AUCy, and AUC,
and one-sided ¢ tests were formally calculated [35]. These
statistical analyses were conducted using WinNonlin Enter-
prise version 4.1 (Pharsight, Mountain View, CA). All bio-
analytic data and the pharmacokinetics and statistical
results were stored using the Pharsight Knowledgebase
server (PKS) (Pharsight, Mountain View, CA).

Selection of criteria for the 90% Cls of PK data was con-
sidered most conservative, as specified by regulatory guid-
ance [35, 36]. Predetermined criteria for potential clinical
importance were used to screen vital signs, ECGs, and rou-
tine clinical laboratory tests for significant differences.

Results
Study population
Twenty-six subjects were enrolled in this study (Table 1),

of whom 23 completed both treatment periods. One subject
withdrew during period 2 due to an episode of syncope
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Table 1 Subject demographics and baseline characteristics

Characteristic Total (N = 26)
Age mean £ SD (years) 33.6 7.2
Gender (n) (%)

Women 1(3.8)
Men 25(96.2)
Height mean £ SD (cm) 175.0 £ 7.1
Weight mean £ SD (kg) 809+ 11.2
Body mass index mean + SD (kg/m?) 264 £2.8
Race/ethnicity (n) (%)

White 12 (46.1)
Black 10 (38.5)
Other® 4(154)

? Includes Native American, Hispanic or Latino, Asian, and Arabic

unrelated to study medications, one withdrew consent on
day 7, and one did not return for the second treatment
period. Safety and pharmacokinetic data from all subjects,
including the three who withdrew from the study, were
included in the analyses. One subject, who was genotype
*4/*5 [heterozygous for mutation *5 (deletion of the entire
CYP2D6 gene) and *4 mutation within the CYP2D6 gene
on the other allele], was identified as a poor metabolizer
[32, 33, 37].

Pharmacokinetics

The mean pharmacokinetics of desipramine and 2-hydroxy-
desipramine were calculated for 26 subjects who received
desipramine alone, and for 23 subjects who received desi-
pramine in combination with temsirolimus. Mean plasma
concentration—time curves were comparable for desipra-
mine and 2-hydroxy-desipramine for subjects administered
desipramine alone or in combination with temsirolimus
(Fig. 1). Desipramine and 2-hydroxy-desipramine pharma-
cokinetic parameters were determined for subjects who
received desipramine, then the combination of temsiroli-
mus and desipramine (Table 2). In the statistical compari-
sons for the primary analysis, the 90% CI for the least
squares geometric mean ratios of desipramine and 2-
hydroxy-desipramine C,,,, AUC; and AUC were assessed
and found to lie within the 80-125% bounds (Table 3). As
expected, when the CYP2D6 poor metabolizer was
excluded from consideration, less variability in PK parame-
ters was observed and the conclusions of the summary sta-
tistical inference were unchanged.

When specific desipramine pharmacokinetic parameters
were compared, no significant differences were observed
for mean T,, (P=0494), T, (P=0.097), AUC
(P =0.601), or CL/F (P =0.601). For 2-hydroxy-desipra-
mine pharmacokinetic parameters for subjects receiving the
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Fig. 1 Mean (£SE) plasma concentration versus time profiles of desi-
pramine (a) and 2-hydroxy-desipramine (b) following a single 50-mg
oral dose of desipramine alone and in combination with a single i.v. 25-
mg dose of temsirolimus in healthy subjects. Closed circles denote
desipramine 50-mg treatment, open circles denote desipramine 50 mg
plus temsirolimus 25-mg treatment, and the dashed line denotes the
lower limit of quantitation of the bioanalytic method

combination of temsirolimus and desipramine were com-
pared with desipramine alone, no significant differences
were observed for mean C,,,, (P =0.281), T, (P =0.165),
T,, (P=0.347), AUC; (P=0.083), AUC (P =0.579), or
CL/f,, (P =0.579). Albeit, some statistically significant
observations were observed for desipramine (mean C,,,
(P =0.001), AUCy (P =0.043), and V/F (P <0.001). The
mean C,, of desipramine decreased from 19.6 + 8.4 to
171 £ 8.4ng/mL, and the VJ/F increased from
2,974 + 1,821 to 3,548 + 1,909 L when desipramine was
administered with temsirolimus. For 2-hydroxy-desipra-
mine, mean V/f,, was significantly different (P =0.023).
Differences observed in discrete pharmacokinetic parame-
ters did not manifest into clinically relevant effects.

There were no significant effects of temsirolimus on uri-
nary excretion of desipramine or 2-hydroxy-desipramine.
Urinary excretion of desipramine was 1% after administra-
tion of desipramine alone and 2% after administration of
desipramine and temsirolimus. The mean urinary excretion

of 2-hydroxy-desipramine was 27% of the dose.

The mean pharmacokinetic parameters for temsirolimus
and its metabolite sirolimus obtained for these healthy sub-
jects are summarized in Table 4. For the poor metabolizer
of CYP2D6, temsirolimus and sirolimus pharmacokinetic
parameters were within the range of variability observed
for the summary dataset of all subjects.

Adverse events

Adverse events occurred in 77% of subjects. All adverse
events were considered to be mild in severity, except for 1
of 13 cases of stomatits, which was considered to be mod-
erate. There were no severe adverse events or safety-related
discontinuations.

The most frequently occurring adverse events (>10% of
all subjects) were stomatitis (50%), headache (23%), acne
(23%), pain (15%), nausea (15%), pharyngitis (15%), rash
(15%), accidental injury (12%), chills (12%), fever (12%),
and vomiting (12%) (Table 5). The adverse events consid-
ered possibly, probably, or definitely related to temsiroli-
mus included stomatitis, headache, acne, pain, nausea,
pharyngitis, rash, chills, fever, and vomiting. These were
typically transient and resolved either without treatment or
with symptomatic management. The accidental injuries
reported were unrelated to treatment and consisted of a
burn on the arm, a burn on the tongue (from a hot drink),
and a paper cut. The most commonly occurring laboratory
test abnormalities of potential clinical importance (percent-
age of subjects receiving desipramine, percentage of sub-
jects receiving temsirolimus + desipramine) were low
glucose (31, 0%), elevated triglycerides (8, 17%), and
decreased hematocrit (12, 17%). There were no trends of
clinical importance in vital sign measurements or ECG
interval results.

Discussion

Despite the low concentration of CYP2D6 in the liver [25],
many widely prescribed drugs are metabolized by this
enzyme [25, 38]. In this regard, interaction is a concern
when metabolic substrates compete for clearance through a
common, limited capacity pathway. Therefore, the likeli-
hood for drug interactions exists between agents that inter-
act with the CYP2D6 pathway. These findings indicate that
the previously observed in vitro inhibition of CYP2D6
activity by temsirolimus did not translate into a clinically
relevant drug interaction in humans.

The relevance of including subjects with varying pheno-
types of metabolizer status stems from the goal to study a
population that was somewhat representative of the popula-
tion at large. To understand potential contributions of
metabolizer status on substrate disposition, all subjects
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Table 2 Mean pharmacokinetic

parameters of desipramine and Analyte Desipramine 2-Hydroxy-desipramine
2-hydroxy-desipramine in plas- Treatment Desipramine Desipramine 50 mg +  Desipramine Desipramine 50 mg +
ma following administration of 50 mg temsirolimus 25 mg 50 mg temsirolimus 25 mg
desipramine alone or in combi-
nation with temsirolimus Cax (ng/mL) 19.6 + 8.35 17.1 £8.44 9.14 £3.38 9.18 £+ 4.69

Tax () 8.0 (8.0, 12.15) 8.0(4.0, 16.0) 4.0 (2.0, 16.0) 4.0 (2.0,10.0)

T, (h) 247 +£215 295+31.4 33.9+37.7 322 +£26.2
Data represented as mean + SD AUC; (ngh/mL) 602 £ 784 656 + 1206 215775 203 + 89.9
* Values for T, and Ty,, are AUC (ng h/mL) 845 £ 1047 952 4+ 1583 365 £+ 342 316 £+ 140
median (min, max) Ty (0)° 0.25(0,0.57)  0.48(0,0.52) 0 (0, 0.57) 0.48 (0, 2.0)
® For 2-hydroxy- CL/F (L/h) 123+ 114 144 + 136 185 + 80.9 193 4+ 96.0
desipramine = CL/f,, L/h. V2/ V,JF (L) 2974+ 1,821 3,548 + 1,909 8411+ 13499 8389 + 8,685

fu L

were genotyped for CYP2D6 polymorphisms, and one sub-
ject was identified as having a poor metabolizer genotype,
*4/*5. This subject had a high desipramine AUC of
7,794 ng h/mL and a low apparent clearance of 6.4 L/h,
affirming the genotyping results. When the poor metabo-
lizer was excluded from the pharmacokinetic analyses, the
intersubject variability (CV%) for desipramine AUC
decreased from 166 to 85%. However, the 90% CI for the
least squares geometric mean ratios of C,,,, AUCy, and
AUC remained within the range of 80—125%. This subject
did not report more frequent or more severe adverse events
than did other study participants. All other subjects were
predicted to be extensive metabolizer phenotypes based on
genotype. Despite the challenges in predicting CYP2D6
phenotype from genotype due to the large number of alle-
les, their range of activity, and ethnic influences [39], none
of these other patients exhibited desipramine AUC values
indicative of a CYP2D6 poor or intermediate metabolizer
phenotype, even using this sensitive CYP2D6 substrate.

The mean temsirolimus C,,, of 639 ng/mL and mean
AUC 2,368 ng h/mL observed in the present study are con-
sistent with those observed in previous studies wherein
administration of a single 25-mg i.v. dose of temsirolimus
to patients with advanced renal cell carcinoma (RCC)
resulted in a mean C,,, of 595 ng/mL (CV =17%) and a
mean AUC of 1,580 ng h/mL (CV =17%) [3, 11-15]. Sim-
ilarly, the mean sirolimus C,,, of 58 ng/mL in the present
study was comparable to the mean C,,, obtained in RCC
patients (66 ng/mL) [3, 11-15].Therefore, the fractions for
peak concentrations of temsirolimus and sirolimus in blood
relative to their K; values for CYP2D6 in vitro were as
expected (temsirolimus, C,,/K;=0.41; sirolimus, C,,/
K;=0.01).

Coadministration of i.v. temsirolimus and oral desipra-
mine was well tolerated in these healthy adults. Only one of
the reported adverse events was considered to be of moder-
ate severity (stomatitis); all others were mild. The fre-
quency and type of temsirolimus-related adverse events

max’

Table 3 Least squares geomet-

. . . . Pharmacokinetic metric LSGM ratio Lower Upper
ric mean ratios of desipramine (% of reference®) 90% CI 90% CI
and 2-hydroxy-desipramine fol-
lowing administration of 50-mg All subjects®
oral desipramine R

Desipramine Ln(C,,,,,) 87 81 93

Desipramine Ln(AUC) 91 85 98

Desipramine Ln(AUC) 96 85 109
LSGM least squares geometric . .

2-hydroxy-des L : 1 7 1
mean, CI confidence interval, Ln yaroxy ee%p ram?ne MConar) ? 8 05
logarithmic normal 2-hydroxy-desipramine Ln(AUC) 92 85 100
4 Reference = single 50-mg oral 2-hydroxy-desipramine Ln(AUC) 95 83 110
dose of desipramine alone, and With poor metabolizer excluded®
test = single 50-mg oral dose of Desipramine Ln(C,,) 86 0 92
desipramine coadministered . . 4
with a single 25-mg i.v. dose of Desipramine Ln(AUCy) 89 8 96
temsirolimus Desipramine Ln(AUC) 94 83 107
b Reanalysis with exclusion of 2-hydroxy-desipramine Ln(C,,,) 91 78 106
one subject exhibiting a poor 2-hydroxy-desipramine Ln(AUCy) 91 84 99
metabolizer phenotype for 2-hydroxy-desipramine Ln(AUC) 95 82 109

CYP2D6
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Table 4 Mean pharmacokinetic parameters of temsirolimus and sirol-
imus in whole blood following administration of 25-mg i.v. temsiroli-
mus with 50-mg oral desipramine

Pharmacokinetic Temsirolimus Sirolimus
parameter (n=23) (n=23)

Cpnax (ng/mL) 639 £ 69.8 57.8 £ 129
T hax (1) 0.47 £ 0.07 2.26 £ 1.26
T, (h) 13.7 £ 1.08 74.6 £29.3
AUC; (ng h/mL) 2,203 £+ 232 5,094 £ 1,599
AUC (ng h/mL) 2,368 £+ 264 5,710 £ 2,252
CL (L/h)? 10.7 £ 1.19 481 +£1.24
V, (L) 210 £ 25.2 485 1+ 83.3
Vges (L) 156 + 14.7 493 +83.5

Data represented as mean + SD
 For sirolimus, CL/f,, L/h, V,/f, L, V4 Jf,, L

Table 5 Number (%) of subjects reporting adverse events occurring
in at least 10% of the total population

Adverse event Desipramine  Desipramine Total
50 mg 50 mg + (N=26)
(n=126) temsirolimus
25 mg (n=23)
Any adverse event 11 (42) 19 (83) 20 (77)
Body as a whole
Accidental injury 1 (4) 209 3(12)
Chills 14) 2(9) 3(12)
Fever 0 3(13) 3(12)
Headache 2(8) 6 (26) 6 (23)
Pain 14) 3(13) 4(15)
Digestive system
Nausea 2(8) 29 4 (15)
Stomatitis 0 13 (57)/1 (4) 13 (50)/1 (4)
(all/moderate
severity)
Vomiting 0 3(13) 3(12)
Respiratory system
Pharyngitis 14) 3(13) 4(15)
Skin and appendages
Acne 0 6 (26) 6 (23)
Rash 0 4(17) 4(15)

seen with the coadministration of desipramine in this study
were similar to those observed in studies of cancer patients
who received multiple doses of temsirolimus [2, 3, 12, 13,
15]. Clinical manifestations of desipramine overexposure
are generally observed when plasma concentrations
approach 500 ng/mL and they include excessive sedation,
anticholinergic effects, and orthostatic hypotension [40]. In
this study, the highest observed C,,, following a single 50-
mg dose of desipramine was much lower than this threshold

(39.8 ng/mL), and was observed in the subject with a
CYP2D6 poor metabolizer phenotype.

In conclusion, no clinically significant alterations in the
pharmacokinetic disposition of desipramine were caused by
25 mg i.v. temsirolimus. This indicates that dosage adjust-
ments of CYP2D6 substrates are not required for patients
receiving 25 mg of i.v temsirolimus. Despite the low risk
for CYP2D6 drug interaction, vigilance is warranted in
patients with advanced malignancies.
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