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Abstract

Purpose To determine the inhibitory potency of letrozole
and its main human metabolite, 4,4’-methanol-bisbenzo-
nitrile, on the activities of eight cytochrome P450 (CYP)
enzymes.

Methods Letrozole and its metabolite were incubated
with human liver microsomes (HLMs) (or expressed CYP
isoforms) and NADPH in the absence (control) and pres-
ence of the test inhibitor.

Results Letrozole was a potent competitive inhibitor of
CYP2AG6 (K; 4.6 £ 0.05 uM and 5.0 £ 2.4 pM in HLMs
and CYP2AG6, respectively) and a weak inhibitor of
CYP2CI19(K;42.2 yMinHLMsand 33.3 uMin CYP2C19),
while its metabolite showed moderate inhibition of
CYP2C19 and CYP2B6. Letrozole or its metabolite had
negligible effect on other CYPs.

Conclusions Based on the in vitro K; values, letrozole is
predicted to be a weak inhibitor of CYP2A6 in vivo.
Letrozole and its major human metabolite show inhibitory
activity towards other CYPs, but clinically relevant drug
interactions seem less likely as the K; values are above the
therapeutic plasma concentrations of letrozole.
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Introduction

Estrogens have been strongly implicated in initiation and
promotion of estrogen receptor (ER) positive breast cancer
[1]. Thus, reducing the actions of estrogens in the breast
through blockade of ERs (e.g. by tamoxifen) [2], down
regulation of the ERs by fulvestrant [3], or depletion of
plasma and tissue concentrations of estrogens in post-
menopausal women by inhibiting aromatase [cytochrome
P450 (CYP) 19] [4], a rate-limiting enzyme in the bio-
synthesis of estrogens [5], has become an effective strategy
in the prevention and treatment of breast cancer.

The nonsteroidal triazole derivatives letrozole
(4,4'-[(1H-1,2,4-triazol-1-y]l) methylene] bis-benzonitrile)
belong to the third generation potent and selective aro-
matase inhibitors (Als) under wider clinical use for the
treatment of breast cancer in postmenopausal women [6];
the other third generation Als are anastrozole (a triazole)
and exemestane (a steroid derivative). The use of letrozole
and other Als is on the increase because large randomized
clinical trials have shown that these drugs are more
effective than tamoxifen as adjuvant therapy of breast
cancer [7-9]. The likelihood that Als may be coadminis-
tered with other drugs is high, although information on the
potential for drug—drug interactions with these drugs is
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very limited. As has been repeatedly emphasized in our
recent work with tamoxifen [10, 11], the potential for
adverse drug—drug interactions in breast cancer patients is
of great concern.

Letrozole exhibits multiple interactions with the CYP
enzyme system. First, of all the Als, letrozole is the most
potent inhibitor of aromatase by tightly binding to the hem
iron of the enzyme complex [12], and it may do so the same
with other CYPs involved in human drug metabolism [13].
Second, anastrozole, another nonsteroidal triazole Al, has
been shown to inhibit CYP1A2, 2C9, and 3A in vitro,
although the K; values (8—10 uM) were much higher than
the therapeutic plasma concentration of the drug and the
nanomolar concentration needed to inhibit human aroma-
tase (ICsg = ~ 15 nM) [14]. Other triazole derivatives such
as azole antifungal drugs are known to alter the pharma-
cokinetics of coadministered drugs through inhibition of
CYPs [15]. Third, letrozole itself is a substrate of CYPs that
include CYP2A6, CYP3A4, and CYP3AS [13, 16, 17], and
it is conceivable that it competitively inhibits CYPs. It is,
therefore, possible that letrozole alters the pharmacokinet-
ics of coadministered drugs through inhibition of CYPs.
However, the limited in vitro information available [13, 17],
has not been published in full to allow assessment of the
relevance of these interactions and prediction of letrozole
interactions in patients. In the present study, we determined
the inhibitory effect of letrozole and its main human oxi-
dative metabolite, 4,4’-methanol-bisbenzonitrile (Fig. 1)
[18, 19], on the activities of eight drug-metabolizing CYPs
and predicted in vivo relevance from in vitro data.

Materials and methods

Chemicals

Efavirenz, = 7-hydroxycoumarin,  8-hydroxyefavirenz,
letrozole ritonavir, midazolam, 1’-hydroxymidazolam, and

desethylamodiaquine were purchased from Toronto Research
Chemicals (North York, ON, Canada). Coumarin, glucose
6-phosphate, NADP, glucose-6-phosphate dehydrogenase,
8-methoxypsolaren, dextromethorphan, dextrorphan, chloro-
quine, desmethyldiazepam, phenacetin, and acetaminophen
were purchased from Sigma-Aldrich (St Louis, MO). Amo-
diaquine and levallorphan were purchased from the United
States Pharmacopeia (Rockville, MD). S-Mephenytoin was
purchased from Biomol (Plymouth, PA). Letrozole metabo-
lite 4,4'-methanol-bisbenzonitrile was kindly provided by
Novartis Pharma AG (Basel, Switzerland). All other chemi-
cals and solvents which were all of HPLC grade were
purchased from reliable commercial sources.

Human liver microsomal preparations

The Human liver microsomal preparations (HLMs) used
were prepared from human liver tissues medically unsuit-
able for transplantation by ultracentrifugation using
standard protocols. Protein concentrations were determined
by the Bradford method [20], using bovine serum albumin as
a standard. Additional HLMs were purchased from Cellz-
direct (Pittsboro, NC). Baculovirus—insect cell-expressed
human P450s (with oxidoreductase) were purchased from
BD Biosciences (San Jose, CA). The microsomal pellets
were suspended in a reaction buffer to a protein concentra-
tion of 10-20 mg/ml (stock). All microsomal preparations
were stored at —80°C until used.

General incubation conditions

The inhibitory effects of letrozole and its metabolite
(4,4'-methanol-bisbenzonitrile) on the activities of different
CYP isoforms were studied in HLMs (and expressed CYPs
when required) using reaction probes selective for each
isoform. Using incubation conditions specific to each
isoform that were linear for time, substrate and protein

’{_ CYP3A on
CYP2A6 CYP2A6
O O\ pe 0 (L,

Letrozole

Ketone analog

N’{Z% Triazole
H

Fig. 1 Proposed human metabolic pathways of letrozole and the
specific cytochrome P450 (CYP) isoforms involved. There is no full

publication describing in detail the precise metabolic pathways and
CYPs involved in letrozole metabolism. Thus, the schematic
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presentation is based on information provided in the letrozole label
[17] and our own data published in abstract form (16). *Represents
the ketone analog of 4,4’-methanol-bisbenzonitrile
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concentrations [21], isoform selective substrate probes
were incubated in duplicate at 37°C with HLMs (or
expressed enzymes when required), phosphate reaction
buffer (pH 7.4) and NADPH-generating system (1.3 mM
NADP, 3.3 mM glucose-6-phosphate, 3.3 mM MgCl,, and
0.4 U/ml glucose 6-phosphate dehydrogenase) (final incu-
bation volume 250 pl) in the absence (control) or presence
of varying concentrations of letrozole or its metabolite. The
test inhibitors were dissolved and diluted in methanol to the
required concentrations and any methanol was removed
by drying in speed vacuum before the addition of the
incubation components. Formation rate of acetaminophen
from phenacetin (CYP1A2), of 7-hydroxycoumarin
from coumarin (CYP2A6), of 8-hydroxyefavirenz from
efavirenz (CYP2B6), of desethylamodiaquine from amo-
diaquine (CYP2C8), for 4-methyltolbutamide from
tolbutamide (CYP2C9), of 4'-hydroxymephenytoin from
S-mephenytoin (CYP2C19), of dextrorphan from dextro-
methorphan (CYP2D6), and 1’-hydroxymidazolam from
midazolam (CYP3A) served as isoform-specific marker of
activity [21].

The following published methods were adopted or
slightly modified (see for details [21] to measure the
activity of each isoform in the absence or presence of the
test inhibitors. A method(s) described elsewhere were used
to assay: CYP1A2 [22]; CYP2AG6 [23-25]; CYP2B6 [26];
CYP2CS8 [27, 28]; CYP2C9 [22]; CYP2C19 [22]; CYP2D6
[22]; CYP3A [29]. Human liver microsomal protein
concentrations of 1 mg/ml (CYP1A2, CYP2C9 and
CYP2CD6), 0.5 mg/ml (CYP2A6, CYP2B6, CYP2C19
and CYP3A) or 0.1 mg/ml (CYP2C8) were used. Expres-
sed enzymes were used at concentration of 52 pmol/ml.
The duration of incubation was 5 min (CYP3A), 10 min
(CYP2B6), 15 min (CYP2A6 and CYP2C8), 30 min
(CYP1A2 and CYP2D6), and 60 min (CYP2C9 and
CYP2C19). The internal standards used were described
elsewhere (809) and included 50 pl of 100 pM coumarin,
50 wl of 20 pg/ml 8-methoxypsolaren, 50 pl of 10 pg/ml
ritonavir, 50 pl of 50 uM chloroquine, 50 pl of 10 pg/ml
chlorpropamide, 50 pul of 5 pg/ml phenytoin, 40 pL. of
16 uM  levallorphan, and 50 pul of 5 pg/ml des-
methyldiazepam, respectively, for CYP1A2, CYP2A6,
CYP2B6, CYP2C8, CYP2C9, CYP2CI19, CYP2D6, and
CYP3A.

Unless specified, an incubation mixture that consists of
the substrate probe, HLMs (or expressed CYP), and
phosphate reaction buffer (pH 7.4) was prewarmed for
5 min at 37°C without (control) and with multiple con-
centrations of the test inhibitors. The reaction was initiated
by addition of NADPH-generating system and allowed to
proceed for time specific for each isoform and then ter-
minated by placing tubes on ice and immediately adding
appropriate stopping reagent as described elsewhere [21].

After the addition of an appropriate internal standard, the
incubation mixture was vortex-mixed and centrifuged at
14,000 rpm for 5 min (Brinkmann Instruments, Westbury,
NY). The supernatant layer was injected into an HPLC
system directly or after it was extracted and reconstituted
with mobile phase. The concentrations of the metabolites
formed during incubation and internal standards were
measured by HPLC with UV or fluorescent detection
specific for each assay. The reagents to stop enzymatic
reactions, sample processing, HPLC instrumentation,
HPLC separation systems (mobile phase and columns), and
the detection methods used in this study were the same as
those described in our recent publication [21]. The ratio of
the area under the curve for the metabolite to the area under
the curve for each internal standard was calculated. For-
mation rate of metabolite from the respective probe
substrate was quantified by using an appropriate standard
curve. Intra- and inter-day coefficients of variation of the
assays were less than 15%.

Kinetic analysis

For each enzyme assay, kinetic parameters for the metab-
olism of each probe substrate were determined by
incubating increasing concentrations (6—10 points each) of
probe substrates with HLMs and cofactors in the absence
of the test inhibitors. The following probe concentrations
were used: 5-500 uM (phenacetin, S-mephenytoin), 0.1—
500 uM (efavirenz, tolbutamide), 0.1-50 pM (coumarin),
0.5-100 uM  (amodiaquine), 1-200 uM (dextromethor-
phan), and 1-300 uM (midazolam). The kinetic parameters
(Vmax and K, values) for each CYP isoform, as measured
by selective probe substrate reaction in HLMs, have been
published elsewhere [21], and the findings generally agree
well with data published in the literature and served as a
guide to select substrate probe concentrations for sub-
sequent inhibition experiments.

Determination of ICsq values

Preliminary inhibition experiments were carried out to
obtain initial information (ICs, values) on the inhibitory
potency of letrozole and its metabolite. A single isoform-
specific substrate concentration (around the K, value) was
performed with HLMs and cofactors in the absence and
presence of letrozole (or its metabolite) (0 to up to
100 uM). The concentration of each substrate probe used
is detailed in legend for Fig. 2 and elsewhere [21]. In
addition, positive control experiments were run in parallel
by incubating probe substrates at the concentrations listed
above in the absence (control) and presence of the fol-
lowing established isoform-specific inhibitors in HLMs at
protein concentrations described below for each enzyme
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assay: furafylline (20 uM) for CYPIA2; pilocarpine
(50 pM) for CYP2AG6; thioTEPA (50 puM) and ticlopidine
(5 M) for CYP2B6; quercetin (10 pM) for CYP2CS;
sulfaphenazole (25 uM) for CYP2C9; ticlopidine (5 uM)
for CYP2C19; quinidine (1 pM) for CYP2D6; and keto-
conazole (1 uM) for CYP3A. The specific conditions used
with these inhibitors have been described in detail else-
where [21, 26, 30-32]. As expected, the isoform specific
inhibitor substantially decreased (by >50%) the activity of
the respective isoform [809] and served as positive
control.

Determination of K; values

Whenever an inhibition was noted in the preliminary
experiments, Dixon plots for the inhibition by letrozole
and/or its metabolite were determined in both HLMs and
expressed CYPs. Multiple concentrations of the substrate
probe without or with multiple concentrations of the test
inhibitor were incubated with HLMs (and expressed
CYPs) and co-factors. Inhibitor and substrate concentra-
tions used for constructing the Dixon plots are described
in the corresponding figure legends. The inhibition data
obtained from the pilot experiments (ICs, determination)
were used as a guide to focus on those isoforms
requiring further characterization and to generate appro-
priate probe substrate and test inhibitor concentrations
for the determination of exact inhibition constants
(K; values).

A + CYP1A2 ® CYP2A6 = CYP2B6
= CYP2C8 * CYP2C9 © CYP2C19
= CYP2D6 @ CYP3A
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Fig. 2 Inhibition of CYP isoforms by letrozole (a), and its metabolite
4,4'-methanol-bisbenzonitrile (b) in human liver microsomes. The
activity of each enzyme was measured using substrate reaction probe
selective for each isoform: phenacetin (50 uM) O-deethylation
(CYP1A2); coumarin (10 pM) 7-hydroxylation (CYP2A6); efavirenz
(10 uM) 8-hydroxylation (CYP2B6); amodiaquine (5 uM) desethy-
lation (CYP2C8); tolbutamide (150 uM) 4-methyl-hydroxylation
(CYP2C9); S-Mephenytoin (50 pM) 4’-hydroxylation (CYP2C19);
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Assessment of time-dependent inactivation

To test whether inhibition of CYP isoforms by letrozole or
its metabolite involves mechanism-based inactivation, the
test inhibitors were preincubated for 0 and 15 min with
HLM and cofactors in the absence of a substrate. Probe
substrate was then added at final concentration corre-
sponding to V.« and further incubated for time specific for
each assay. Reaction was stopped and processed as
described above for co-incubation.

Data analysis

Formation rates of metabolite versus substrate concentra-
tions were fit to appropriate enzyme kinetic models using
WinNonlin Version 5.0 (Pharsight, Mountain View, CA) to
estimate apparent kinetic parameters (K, and V,.,). Data
were best fit to a one site Michaelis—Menten equation;
except for CYPIA2 which was fit to two-site enzyme
kinetic equation (kinetic parameters for the high affinity
component were used). The rates of metabolite formation
from substrate probes in the presence of the test inhibitors
or isoform-specific inhibitors were compared with those for
controls in which the inhibitor was replaced with vehicle.
IC5 values were determined by an analysis of the plot of
the logarithm of inhibitor concentration versus percentage
of activity remaining after inhibition using SigmaPlot,
version 10.0 (Systat Software, Point Richmond, CA). The
K; values were determined by nonlinear least square

+ CYP1A2 * CYP2A6 + CYP2B6
140, = CYP2C8* CYP2C9 < CYP2C19
= CYP2D6 < CYP3A
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-
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for dextromethorphan (25 pM) O-demethylation (CYP2D6); and for
midazolam (10 uM) 1’-hydroxylation (CYP3A). Each substrate probe
was incubated in the absence (control) or presence of letrozole or its
metabolite with HLMs and cofactors for time and protein concentra-
tions specific for each reaction (see “Materials and methods”
section). Inhibition of known CYP isoform-specific inhibitors served
as positive control for inhibition. Each point represents average of
duplicate incubations
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regression analysis using WinNonlin Version 5.0
(Pharsight, Mountain View, CA). The inhibition data were
fit to different models of enzyme inhibition (competitive,
noncompetitive and uncompetitive). The equations for
kinetic and inhibition analysis of the data by Winnonlin
were written by ourselves. Before modeling the data using
nonlinear models, initial information on the mode of
inhibition was obtained by visual inspection of different
plots (Lineweaver—Burk, Dixon, and Eadie—Scatchard
plots). Final decision on the mechanisms of inhibition was
made on model derived parameters such as the sum of
squares of residuals, Akaike information criterion (AIC)
and Schwartz criterion (SC) values.

Prediction of in vivo changes from in vitro inhibition
constants

Anticipated in vivo drug interaction from the in vitro
competitive or noncompetitive inhibition data was esti-
mated using the following equation:

AUC/AUCy = 1 + ([IJ/Ki)

where AUC/AUCy is the ratio of AUC of the substrate
after inhibition (AUC;) to that of AUC uninhibited
(AUCyp), [I] is the concentration of inhibitor and K; is
the in vitro inhibition constant. The average letrozole
Chax concentration of 0.5 pM was considered for this
calculation [18]. In addition, 1 uM letrozole was also
included in the calculation to capture higher-than-average
concentrations in some individuals. The fraction unbound
was estimated assuming a plasma protein binding of 60%
[33].

Results

The present study was performed simultaneously with
another similar interaction study (voriconazole interaction
study) [21]. The kinetic parameters (V.x and K,,,) derived
from incubation of probe substrates without the inhibitor as
well as inhibition by isoform-specific inhibitors have been
published recently in the voriconazole study [21]. Thus the
same values (K,,s) were used to guide further experiments
and to serve as positive controls for inhibition.

The effect of multiple concentrations of letrozole
(0-100 uM) and letrozole metabolite (0—100 M) on the
activity of each CYP isoform was determined in HLMs
(Fig. 2) [and in expressed CYP2A6, CYP2C19 and
CYP2B6 (data not shown)]. A single concentration of the
respective phenotyping probe around the K, value was
used (see legend to Fig. 2). Letrozole inhibited CYP2A6
activity in HLMs (HL-SD109) (Fig. 2a) and expressed
CYP2A6, with ICsy value of 5.90 and 12.52 pM

respectively. Letrozole also showed modest inhibition of
CYP2C19 in HLMs (ICsy = 24.8 uM) (Fig. 2a) and
expressed CYP2C19 (ICsp = 62.9 uM). The inhibitory
effect of letrozole on the other isoforms tested (CYP1A2,
CYP2B6, CYP2C8, CYP2C9, CYP2D6 and CYP3A) was
negligible (by less than 20% at 100 uM letrozole) (Fig. 2).
The degree of inhibition of CYPs by letrozole was
not modified during preincubation experiments (data not
shown); suggesting that letrozole inhibition of CYPs is not
time dependent.

The inhibitory effect of letrozole metabolite on the
activity of different CYPs in HLMs is summarized in
Fig. 2b. Modest inhibition of CYP2C19 and CYP2B6 was
observed, with ICso values of 19.5 and 33.1 uM, respec-
tively. A week inhibition of CYP2D6 (ICsy = 158.0 uM)
and CYP2C9 (ICsq = 133.9 uM) was also noted. The
effect of letrozole metabolite on the activity of other CYPs
was negligible.

The preliminary inhibition data generated using a single
probe substrate reaction were then used to simulate
appropriate range of substrate and inhibitor concentrations
to construct Dixon plots for the inhibition of CYP isoforms
by letrozole and its metabolites in HLMs and/or expressed
enzymes from which inhibition constants (K; values) were
estimated.

In Fig. 3, the inhibition of CYP2A6 by letrozole in HLMs
and expressed CYP2A6 are shown. Visual inspection of the
Dixon plots and further analysis of the parameters of the
enzyme inhibition models suggested that the mode of
inhibition competitive. The K; values (+SD) estimated for
competitive enzyme inhibition is summarized in Table 1.
The K; values in HLMs (4.6 &+ 0.05 uM) were close to those
derived in expressed CYP2A6 (5.0 & 2.4 pM), suggesting
that the same enzyme is inhibited in both microsomal
systems.

The next isoform that was inhibited by letrozole was
CYP2C19. Dixon plots for the inhibition of CYP2C19 by
letrozole in HLMs and expressed CYP2C19 are shown in
Fig. 4. Letrozole was a competitive inhibitor of CYP2C19
in HLMs (Fig. 4a) (K; =422 pM) and expressed
CYP2C19 (Fig. 4b) (K; = 33.34 uM). Of note, the K;
value for the inhibition of CYP2C19 in HLMs was over
ninefold higher than that derived for CYP2A6 in HLMs.
Similarly, letrozole metabolite was a competitive inhibitor
of CYP2C19 activity in HLMs with a K; of 19.5 uM
(Fig. 4c) and expressed CYP2C19 (K; = 4.5 uM) (Fig. 4d;
Table 1).

The inhibitory potency of letrozole metabolite towards
CYP2B6 was determined in HLMs (Fig. 5a) and expressed
CYP2B6 (Fig. 5b). The data were best fit to competitive
inhibition equation. Letrozole metabolite was relatively
more potent inhibitor of CYP2B6 in HLMs (K; =
12.9 uM) than in expressed CYP2B6 (40.4 uM).
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Fig. 3 Dixon plots for the
inhibition of CYP2A6-catalyzed
coumarin 7-hydroxylation by
letrozole in HLMs (a), and
expressed CYP2A6 (b).
Coumarin (5-50 pM) was
incubated without or with
letrozole (5-25 pM) with HLMs
(0.5 mg/ml, SD-109) and
expressed CYP2A6 (52 pmol/
ml) with cofactors at 37°C for
15 min. Each point represents
mean of duplicate incubations
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Table 1 Prediction of in vivo letrozole drug interactions from in vitro data

CYP isoforms Microsomes

K; values (mean & SE or SD)?

AUC/AUCy; ratio expected in vivo®

Letrozole (uM)

Letrozole plasma concentration®
0.5-1 pM (fu 0.2-0.4)°

Metabolite (uM)®

CYP2A6 HLMs (SD-109) 46+ 0.1
Expressed 2A6 50+24

CYP2B6 HLMs (HL-091499) NA
Expressed CYP2B6

CYP2C19 HLMs (SD-101) 422 £ 38
Expressed 2C19 333+ 7.6

NA 1.11-1.22 (free 1.04-1.09)
129 £ 38

404 £+ 14.6

195 £ 05 1.01-1.02 (free 1.004—-1.009)

45 £07

* Values derived from our in vitro experiments (uM). For all K; values, data are presented as mean & SE (standard error of parameter estimates
from the nonlinear computer model), except for the values for CYP2A6 in HLMs and expressed CYP2A6 which was mean £ SD (standard

deviation)

® The ratio of in vivo area under the concentration—time curve with the inhibitor (AUCy) and without the inhibitor (AUCyy) was predicted from
the in vitro data (AUC/AUCy; = 1 + [1)/K;), where 1 is steady state letrozole concentration (tM); only K; values from HLMs were used for this

calculation

¢ AUCY/AUCy; ratio was calculated for letrozole since systemic exposure of the metabolite (4',4-methanol-bisbenzonitrile) is unknown after the

administration of 2.5 mg/day letrozole

9 The average maximum plasma concentration (Cp,,x) of letrozole (2.5 mg/day) at steady state that was estimated at 0.5 pM was used as total I,
while 1 pM letrozole was included in the calculation to capture higher-than-average concentrations in some individuals [6, 18]

¢ fu (fraction unbound) was estimated to be 0.2-0.4 assuming a plasma protein binding of 60% of letrozole [33]

Discussion

In the present study, we assessed the ability of letrozole
and its principal human metabolite 4,4’-methanol-bis-
benzonitrile to inhibit eight major drug-metabolizing CYP
enzymes in vitro. We found that letrozole is a relatively
potent competitive inhibitor of CYP2A6 and a modest
inhibitor of CYP2C19, while its metabolite is a weak
inhibitor of CYP2B6 and CYP2C19. Letrozole or its
metabolite has minimal inhibitory effect on the other iso-
forms tested.

Of the CYP isoforms studied, CYP2A6 was the most
susceptible to letrozole (but not to its metabolite) inhibition.
CYP2A6 metabolizes only few clinically used drugs, but it

@ Springer

is an important enzyme in the metabolism of nicotine and a
number of other environmental chemicals [34]. From the in
vitro K; values, we attempted to predict AUC changes of
CYP2AG6 substrates during coadministration with letrozole.
To do so, it was informative to evaluate the in vitro K;
values derived in the context of steady state concentrations
of letrozole or its metabolite in humans. In women with
breast cancer, the therapeutic dose of letrozole is 2.5 mg/day
and the average maximum plasma concentration of letrozole
at steady state is ~0.5 pM, with relatively high intersubject
variability [18]. In certain cases, higher plasma concentra-
tions of letrozole may be expected due to its nonlinear
pharmacokinetics [6] due to an auto-inhibition or saturation
of oxidative metabolism [18] or due to coadministration of
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Fig. 4 Dixon plots for the
inhibition of CYP2C19-
catalyzed S-mephenytoin
4'-hydroxylation by letrozole
and letrozole metabolite in
HLMs and expressed
CYP2C19. S-Mephenytoin
(10-75 puM) was incubated
without (control) or with

5-50 puM letrozole or letrozole
metabolite with HLMs

(0.5 mg/ml, SD-101) and
expressed CYP2C19 (52 pmol/
ml) and cofactors at 37°C for
60 min. Inhibition by letrozole
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Fig. 5 Dixon plots for the inhibition of efavirenz 8-hydroxylation by
letrozole metabolite 4,4’-methanol-bisbenzonitrile in HLMs (a), and
expressed CYP2B6 (b). Efavirenz (10-75 pM) was incubated without
or with letrozole metabolite (5-100 pM) with HLMs (0.5 mg/ml) (or

letrozole with drugs that inhibit its elimination. To represent
higher therapeutic concentration, a 1 utM letrozole con-
centration was also examined in the predictive model.
Assuming letrozole’s complete absolute bioavailability
(99.9%) [35], a plasma protein binding of ~60% [33], and
competitive in vitro inhibition (Table 1), the in vivo change
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expressed CYP2B6, 52 pmol/ml) and NADPH generating system at
37°C for 10 min. Each point represents the mean of duplicate
measurements

in AUC ratios for a drug primarily cleared by CYP2A6 was
estimated to be 1.11-1.22 at total letrozole concentrations
(bound 4 unbound) of 0.5 and 1 puM, respectively
(Table 1), although the AUC ratio was close to unity when
the fraction unbound was used. On the basis of this pre-
diction, letrozole may be categorized as a weak inhibitor of
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CYP2A6 in vivo. Indeed, letrozole exposure at steady state
has been reported to be 28%, higher than that observed at a
single dose, suggesting the possibility that letrozole may
alter its own elimination through inhibition of CYP2A6
[18]. Together, our data suggest that letrozole might
slightly alter the pharmacokinetics of CYP2A6 substrates,
but the clinical relevance remains to be tested. Another
implication of our findings is the observation that letrozole
is a relatively selective inhibitor of CYP2A6 (over ninefold
difference in K; value between CYP2A6 and CYP2C19),
with no meaningful effect on other isoforms, suggesting
that letrozole may be utilized as an inhibitor probe for
CYP2AG6 to dissect its contribution to human drug and
chemical metabolism in vitro. In addition, the relatively
higher affinity of letrozole to CYP2A6 provides further
evidence that CYP2AG6 is involved in the metabolism of
letrozole.

The next enzyme that was inhibited in vitro by letrozole
was CYP2C19. However, given that the K; value for the
inhibition of CYP2C19 by letrozole was over 40-fold
higher than the therapeutic plasma concentrations of
letrozole, no in vivo interaction with CYP2C19 substrates
is expected.

We also assessed the potential contribution of 4,4'-
methanol-bisbenzonitrile, the main human metabolite that
accounts for over 60% of letrozole dose [18], and found a
modest inhibitory effect on the activities of CYP2B6 and
CYP2C19. These in vitro data do not support any mean-
ingful inhibition of these enzymes in vivo in humans.
Although data on plasma exposure of 4,4'-methanol-bis-
benzonitrile after letrozole administration is lacking, its
systemic concentrations is likely to be low [18] relative to
the in vitro K; values for the inhibition of CYP2C19 and
CYP2B6 (Table 1). Approximately 82% of the radioactiv-
ity in plasma following '*C-labeled letrozole (2.5 mg) has
been accounted by unchanged drug [17]. Once formed, this
metabolite seems to undergo rapid glucuronidation and
renal excretion [17, 18]. Nevertheless, the inhibition data of
letrozole metabolite are useful in that they provide impor-
tant information about the structural requirements for
inhibition of CYPs by letrozole. The lack of any effect of
letrozole metabolite on CYP2A6 activity, the fact that
CYP2C19 was inhibited by both letrozole and it metabolite,
and the metabolite (but hardly letrozole) inhibited CYP2B6
may suggest that (1) the triazole ring is crucial for binding
of letrozole with CYP2A®6, (2) the bisbenzonitrile moiety of
letrozole is important for the interaction with CYP2C19 and
probably CYP2B6. These structural activity relationships
might form the basis for synthesizing letrozole-based
chemical inhibitor of CYPs that could be exploited as
inhibitor probes and to study active site of CYPs.

In summary, we have shown that letrozole appreciably
inhibits CYP2AG6 in vitro, which was predicted to result in

@ Springer

a small increase in exposure of CYP2A6 substrates
(maximum 11-22%). In rat liver tissues, letrozole con-
centrations are much higher (>sevenfold) than in plasma
[36]. If the same relationship exists in humans, the inter-
action of letrozole with CYP2AG is likely to be significant
and therefore needs clinical testing. Letrozole is unlikely to
alter the pharmacokinetics of drugs metabolized by the
other CYPs tested, consistent with the lack of letrozole’s
effect on the pharmacokinetics of known CYP substrates
including warfarin, diazepam, and tamoxifen [17, 37].
However, letrozole drug interactions caused by induction
or down regulation of CYPs in vivo or due to interaction
with drug transporters cannot be ruled out. In addition, as
many genes including those encoding drug-metabolizing
enzymes are known to be regulated by estrogens, it is
conceivable that depletion of tissue and plasma estrogen
resulting from inhibition of the aromatase (CYP19) in
postmenopausal women could influence rate of drug
metabolism.
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