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Abstract. The selective oestrogen-receptor modulator
tamoxifen is the most commonly used drug against breast
cancer. It has potent metabolites, such as 4-hydroxytamoxifen.
Recently, the metabolite 4-hydroxy-N-desmethyltamoxifen has
received increased attention as it may be a major contributor to
the overall effects of tamoxifen. The excretion of tamoxifen and
its metabolites was examined in a patient with biliary drainage
after an oral dose of [*C]tamoxifen. During the first 10 days
after oral dosing, 11.5, 26.7 and 24.7% of the radioactivity was
excreted in the bile, urine and faeces, respectively. After
deconjugation with beta-glucuronidase, the concentrations of
tamoxifen and 4 of its metabolites were measured, and it was
observed that the hydroxylated metabolites were excreted in the
bile and wurine. 4-Hydroxytamoxifen was the dominant
compound, being detected during the first day of observation,
whereas 4-hydroxy-N-desmethyltamoxifen was first observed in
the urine and bile after 4 days. This is the first report on
tamoxifen excretion in human bile and urine demonstrating that
4-hydroxytamoxifen may be a first-pass metabolite. In contrast,
the potent metabolite 4-hydroxy-N-desmethyltamoxifen was first
detected 4 days after administration of a single oral dose.

Tamoxifen (tam) is a first generation selective oestrogen-
receptor modulator (SERM), which is used as first- or
second-line endocrine treatment of breast cancer and as a
chemopreventive agent (1). Several cytochrome P450
(CYPs) enzymes are involved in the metabolism of
tamoxifen, which is complex and involves, among others,
N-demethylation and aromatic hydroxylation (Figure 1)
(2-10). The metabolites 4-hydroxytamoxifen (4OHtam) and
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4-hydroxy-N-desmethyltamoxifen =~ (4OHNDtam) are
products of the hepatic oxidation enzymes, CYP2D6 and
CYP3A4, in humans. CYP2D6 hydroxylates tamoxifen and
is polymorphic (2), whereas CYP3A4 demethylates
tamoxifen and is inducible (11, 12). In vitro studies indicate
a variable contribution of other CYPs in the hydroxylation
process of tamoxifen (3, 4, 7).

The hydroxylated metabolites of tamoxifen are more
potent anti-oestrogens than the parent compound (13-16).
Accordingly, 4OHNDtam, which has been named endoxifen
(6), and 40Htam contribute to the effects and side-effects
of tamoxifen.

The aim of this study was to examine the excretion of
tamoxifen and its metabolites in a patient with bile duct
drainage. The patient gave written informed consent before
participation in the study which was approved by the Regional
Ethics Committee and the Norwegian Medicines Agency.

The data presented include analyses of complete samples
of bile, urine and faeces during 10 days after a single oral
dose of [*C]-labelled tamoxifen. The results may contribute
to an increased knowledge of the pharmacokinetics of this
drug, whose metabolism includes first-pass metabolism,
conversion to the potent hydroxylated metabolites and
enterohepatic circulation. Recently, the metabolite
40HNDtam has received increased attention as it may
make a major contribution to the overall effects of
tamoxifen (6, 17, 18).

Case Report

The patient was a 61-year-old female with a pancreatic head
tumour. She weighed 57 kg. Due to occlusion of the common
bile duct, a T-drain biliary drainage was established. One day
later, she fasted overnight before receiving a single oral dose
of 90.23 mg tamoxifen, as a capsule containing 219 uCi [*C]
tamoxifen.

The patient had a plasma creatinine level of 44-60 pumol/L
(normal 60-120 umol/L) and elevated serum bilirubin levels
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Figure 1. Proposed major metabolic pathways of tamoxifen in humans. CYP, cytochrome P450; FMO, flavin-containing monooxygenase; SULT,

sulphotransferase; UGT, UDP-glucuronosyltransferase.

of 300-92 umol/L (normal <17 umol/L) before and during
the 10-day sampling period. The gamma-glutamyltransferase
levels were 895-496 U/L (normal <50 U/L), while the alanin
aminotransferase levels before tamoxifen administration
were 788 U/L (normal <50 U/L).

Thirteen days after tamoxifen administration, the
pancreas was removed by a Whipple operation and the
patient was discharged 2 weeks later.

Materials and Methods

[4C]Tamoxifen citrate was donated by Imperial Chemical
Industries Pharmaceuticals (Macclesfield, UK). The compound had
a specific activity of 2.43 uCi/mg (1.37 mCi/mmol). The
radiochemical purity of the compound was above 98%, as
determined by thin-layer chromatography and high-pressure liquid
chromatography (HPLC).

Bile, urine and faeces samples were collected for 10 days
following tamoxifen administration. Blood samples were collected
into vacutainers. The total volumes of urine, bile and faeces were
collected into tight containers and frozen immediately at -20°C.
All HPLC analyses were performed within 30 days after sampling.
The patient did not receive any systemic anticancer therapy other
than the medication used in this study.

Treatment of samples from the urine, bile and faeces with beta-
glucuronidase was performed as described previously (19). The
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concentrations of tamoxifen and its metabolites were measured
using an HPLC method with post-column, online photocyclization
to phenanthrenes and fluorimetric detection (20).

The total radioactivity was measured using the Tri-Card liquid
scintillation spectrophotometer, model 2100TR Packard Bioscience,
(Groningen, NL). Samples were counted in Opti-Fluor cocktail
(Packard Bioscience). All counts were corrected for quench and
converted to disintegration/min (dpm) by a channel ratio procedure.
The percentage dose excreted in the bile, urine or faeces was
calculated as the sample dpm divided by the total dpm dosed to the
subject x100. The elimination and absorption rate constants of
tamoxifen were calculated from the residuals method (21).

Results and Discussion

The presence of a biliary T-drain represented an outstanding
opportunity for the evaluation of the first-pass metabolism
of tamoxifen. A total of 6896 ml of bile was obtained through
the T-drain during the 10-day sampling period. A significant
amount of tamoxifen and its metabolites contained in the
bile was withdrawn from the enterohepatic circulation, thus
shortening the half-life of the drug. On the other hand, the
perturbed liver metabolism of the patient may have
prolonged the half-life of tamoxifen. However, a terminal
elimination phase with a half-life of tamoxifen in the serum
of 5 days was observed, which is in keeping with the 5-7 days
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Figure 2. Excreted radioactivity (dpm) in the faeces, urine and bile during 10 days as per cent of the administered dose. The insert shows the cumulative
excretion.
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Figure 3. Tamoxifen and metabolite concentrations in serum over a 10-day sampling period after a single oral dose of 90.23 mg [14C] tamoxifen. HPLC
analysis was performed after deconjugation with beta-glucuronidase.
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Figure 4. Cumulative excretion of tamoxifen and its metabolites in the bile, urine and faeces after a single oral dose of 90.23 mg [14C] tamoxifen (Y-axis

scale is different between panels).

observed by others (22-25). Furthermore, the recovery of
63% of the total radioactivity compares well with the results
of Fromson et al. (26), who recovered 65% of the labelled
dose 2 weeks after administration.

The cumulative excretion of total radioactivity linearly
increased in the bile and urine over the study period,
whereas it levelled-out in the faeces after 4 days (Figure
2). The portions of the administered dose recovered in the
bile, urine and faeces during the sampling period were
11.5, 26.7 and 24.7%, respectively (Figure 2). This
contrasts with the total amount of approximately 9.0 mg of
tamoxifen and its metabolites detected by our HPLC
method. Our data demonstrated that the major products
of tamoxifen were not detected by our HPLC analysis
performed after deconjugation with beta-glucuronidase.
Sulphate conjugates of tamoxifen and its metabolites may
represent such products. The sulphotransferase 1A1, which
in part is responsible for elimination of 4OHtam, has
recently been linked to the efficacy of the drug (27, 28).

Only tamoxifen and N-desmethyltamoxifen (NDtam)
levels were observed in the serum (Figure 3). The
occurrence of a peak concentration of tamoxifen in the
serum within 1 hour of administration suggests a good and
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fast absorption of the drug. After an initial rapid increase,
NDtam increased slowly during the observation period.
Based on the serum concentrations measured, the
absorption half-life of tamoxifen was calculated as 5 hours.
In serum, the hydroxylated metabolites 4OHtam and
40HNDtam were below the detection limit of 1 ng/ml of the
HPLC assay during the study period (Figure 3), suggesting
that once formed, these metabolites are rapidly conjugated
and eliminated in the bile and urine, resulting in
undetectable serum levels (29).

In the bile and urine, 4OHtam was detected 2-4 hours
after tamoxifen administration. In contrast, 4OHNDtam
was first detected after 4 days (Figure 4). 4OHtam
represented the largest fraction excreted in the bile, while
40Htam and 40OHNDtam were the only metabolites
detected in the bile and urine. The metabolic pathway to
40Htam involves only one metabolic step, whereas that of
40HNDtam includes N-demethylation as well as
hydroxylation. The 4-day lag-time prior to excretion in the
bile and urine suggests that the demethylating step is rate
limiting. Furthermore, the findings indicate that 4OHtam
is a first-pass metabolite, as opposed to 4OHNDtam that
was first observed in the bile and urine 4 days after
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tamoxifen had entered the central compartment. A slower
conjugation and excretion of 4OHNDtam compared to
40Htam may explain why NDtam and 4OHNDtam were
present in higher concentrations in the serum during
chronic tamoxifen treatment.

In the faeces, tamoxifen was the largest fraction
excreted, representing almost 8 mg (Figure 4). This is in
agreement with previous observations, indicating that the
major route of excretion (in human and in laboratory
animals investigated) is via the faeces (26, 30). The
hydroxylated metabolites 4OHtam and 4OHNDtam were
not detected in the faeces and a peak concentration of
tamoxifen was observed 62 hours after tamoxifen
administration. Tamoxifen and NDtam then declined
sharply to reach levels below 5% of the peak concentration
after 94 hours. As the major amount of tamoxifen excreted
was observed during the first few days, this may represent
mainly the unabsorbed drug rather than the excreted drug.
Interestingly, the demethylating enzyme CYP3A4 and the
multidrug efflux pump P-glycoprotein are present at high
levels in the enterocytes in the gastrointestinal tract.
Accordingly, the NDtam observed in the faeces may
originate from tamoxifen which has been demethylated in
the enterocytes and back-transported by P-glycoprotein
into the intestinal lumen (31).

In conclusion, a fast absorption of tamoxifen was
observed after oral dosing. Overall, 63% of the [*C]
radioactivity administered was excreted during the following
10 days. The amounts recovered in the bile, urine and faeces
were 11.5, 26.7 and 24.7%, respectively. The elimination of
tamoxifen in this patient with a moderate liver disease and
T-drain biliary drainage was comparable to that observed in
patients without liver insufficiency. After treatment of the
bile and urine with beta-glucuronidase, 4OHtam was
detected as the dominant compound. 4OHtam was excreted
during the first day. In contrast, 4OHNDtam was first
observed after 4 days and increased sharply thereafter. The
results indicate that 4OHtam may be a main excretory
product of tamoxifen.
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