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ABSTRACT

Background

Breast cancer represents the most frequent neoplasm
diagnosed in women of childbearing age. When the tumour
is oestrogen receptor-positive, tamoxifen is among the
recommended endocrine treatments. Lactating women

are advised not to breastfeed while receiving tamoxifen.
However, information about tamoxifen transfer into breast
milk is lacking.

Methods

We measured the concentration of tamoxifen and its
metabolites by liquid chromatography-tandem mass
spectrometry in the milk of a nursing mother that was
treated for pregnancy-associated breast cancer diagnosed
a few months after delivery. She was advised not to
breastfeed her child and she collected milk samples for 23
days while the baby was fed with formula.

Results

Tamoxifen concentrations in milk increased reaching

a maximum of 214 nM. The two active metabolitesZ-
4-hydroxy-tamoxifen and Z-endoxifen, could not be
quantified in milk the first days after tamoxifen intake,
but increased over time and reached clinically significant
levels after day 18.

Conclusion

This study demonstrates for the first time in human that
tamoxifen and its metabolites transfer into milk. Since
tamoxifen has a complete oral bioavailability, a long
half-life (>7 days) and may interfere with the normal
development of the infant, mothers should not breastfeed
during tamoxifen treatment.

INTRODUCTION

Breast cancer (BC) is by far the most
common cancer diagnosed in women
during their childbearing years." As the
average age for starting families has risen,
so has the number of pregnancy-associated
breast cancers (PABC).? PABC is defined as
BC diagnosed during pregnancy or within
lyear after delivery and complicates around
1 out of 3000 pregnancies. Because of
the increased incidence of this condition,
patients are enquiring about the possibility

Key questions

What is already known about this subject?

» Women treated with tamoxifen are advised not
tonurse their babies since the drug may interfere
with child development. This recommendation was
made on a cautionary basis, as no data on tamoxi-
fen transfer nor on the transfer its metabolites into
breast milk has been available.

What does this study add?

» We measured tamoxifen and its main metabolites
concentration in a patient's breast milk during
tamoxifen treatment. Tamoxifen and its metabolites
were found to be present at clinically significant
levels which might therefore exert an effect on the
child.

How might this impact on clinical practice?

» All aspects of oncofertility, including breastfeeding,
are becoming more and more important since the
number of cancer cases in women of reproductive
age are increasing. Providing pharmacological data
helps physicians in providing evidence-based indi-
cations on this delicate aspect.

of breastfeeding when diagnosed with BC
during pregnancy or during puerperium.
Tamoxifen is the adjuvant treatment of
choice for premenopausal women with low-
risk oestrogen receptor (ER)-positive BC.>?
Its activity, efficacy and side effects are well
described in older adults,6 7 but data on the
effects of tamoxifen during pregnancy and
lactation is insufficient.® In agreement with
previously published data,9 a recent review
reported a malformation rate of 20.5% in
infants exposed to tamoxifen prenatally, thus
supporting a contraindication ofits use during
plregnancy.10 It has been shown that tamox-
ifen might suppress spontaneous lactation,''
but tamoxifen transfer into milk has only
been hypothesised due to its low molecular
weight'? without any experimental evidence.
Thus, recommendations that breastfeeding
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Table 1 Quality control and lower limit of quantification
(LLQ) for tamoxifen and its metabolites with the
chromatography-tandem mass spectrometry assay

Quality control LLQ
Compound C(nM) CV,% Accuracy,% C,nM
Tamoxifen 29.6 10.5 111 6.2
Z-endoxifen 4.2 4.8 105 1.8
Z-4'-endoxifen 9.7 6.4 100 2.1
NDtam 59.3 41 108 6.3
TamNoX 7.3 6.4 100 1.5
Z-40Htam 0.7 10.3 101 0.6
Z-4'-OHtam 0.6 4.2 99 0.5
NNDDtam 14.7 14.0 111 6.2

C, concentration; CV, coefficient of variation; NDtam, N-desmethyl-
tamoxifen ; nM, nanomolar; NNDDtam, N,N-D-desmethyl
tamoxifen; TamNoX, tamoxifen N-oxide; Z-4’-endoxifen, Z-4’-
endoxifen; Z-endoxifen, Z (cis) stereoisomer of endoxifen;
Z-40Htam, Z-4-hydroxy-tamoxifen; Z-4'-OHtam, Z-4'-
hydroxytamoxifen.

should be avoided in mothers who are using tamoxifen
are based on an acceptable safety principle, without avail-
able data. The aim of this case-study is to determine if
tamoxifen and its metabolites transfer into milk during
tamoxifen treatment.

CASE STUDY

A 31-year-old woman with a pathogenic BRCA2 mutation,
discovered a breast nodule while breastfeeding. After
histological confirmation she underwent nipple-sparing
mastectomy and sentinel lymph node biopsy, followed by
immediate breast reconstruction. Histology confirmed a
moderately differentiated infiltrating ductal carcinoma
pTla (0.45cm) pNO, ER 80%), PgR 10%, Ki-67 16%, HER2
negative, associated with several areas of intermediate
grade ductal intraepithelial neoplasia. Hence, tamoxifen
at the dosage of 20mg/day was prescribed and assumed
in the morning at 08:00, before breakfast: the patient
was instructed not to breastfeed her child. Being herself
a pharmacologist with a special interest in drug distribu-
tion, she gave informed consent to collect breast milk
samples using a breast pump while the infant was fed with
formula. The ethical committee of the treating hospital
was informed and the patient agreed in publishing her
clinical history and results from the study, provided her
identity was concealed.

METHODS

Thirty-nine samples were collected over 23 days. For the
first 15 days, two samples were collected each day, one in
the afternoon (12:00 to 14:30) and one in the evening
(23:00 to 00:30). For the remaining 8 days, only one
sample was collected each day. Milk samples from two
unexposed volunteers and a baseline sample from the
case were used as blank.
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Samples were immediately frozen at -20°C, before
being transferred for long-term storage at —-80°C in the
biobank of the European Institute of Oncology, Milan,
Italy. Tamoxifen and seven of its metabolites were
determined by a modification of a previously published
method at University of Bergen, Bergen, Norway."
Briefly, 20 pL. of milk was protein precipitated in 500 pL.
of acetonitrile containing deuterated internal stan-
dards, followed by evaporation of 80 pL of supernatant
to dryness under nitrogen flow. The samples were there-
after reconstituted in 500 pL water:methanol (20:80, v:v)
and injected into the column (BEH Phenyl column) for
chromatographic separation using the ACQUITY UPLC
system from Waters (Milford, Massachusetts, USA). A
0.01% aqueous solution of formic acid was used as the
weak mobile phase and 0.01% formic acid in meth-
anol as the strong mobile phase. The compounds were
subjected to atmospheric pressure photoionisation
and detected in positive mode using a Xevo tandem
quadrupole mass spectrometer from Waters. Cali-
brators and quality controls were created by adding
different concentrations of tamoxifen and its metabo-
lites to breast milk from a donor. The modified liquid
chromatography-tandem mass spectrometry method
was well within Food and Drugs Administration accep-
tance criteria in terms of precision and accuracy. The
total coefficient of variation for the compounds were in
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Figure 1 Time curve concentrations of tamoxifen and

its major metabolites N-desmethyl tamoxifen (NDtam),
4-hydroxy tamoxifen (Z-40H-tam) and Z-endoxifen in milk.
Longitudinal concentrations of tamoxifen and its main
metabolites in breast milk. Concentrations were determined
by chromatography-tandem mass spectrometry. Samples
were obtained twice a day for the first 15days and are
expressed as mean+SD. After day 15 one sample was
obtained each day. Red dashed horizontal line indicates the
lower limit of quantification (LOQ), that is, the lowest analyte
concentration that can be quantitatively detected with good
accuracy and precision. Measures below LOQ are reported
anyway as they were above the lower limit of detection, that
is, the smallest amount of an analyte that can reliably be
detected in the test.
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Table 2 Concentrations of tamoxifen and its metabolites at different time points
Day Time Tamoxifen Z-endoxifen Z-4'- endoxifen NDtam TamNox Z-40Htam 2Z-4'-OHtam NNDD tam

0 Baseline - - - - - - - -

1 12:00 44.487 - 0.001 0.000 0.182 0.091 0.058 -

1 23:00 37.308 - 0.304 0.000 0.006 0.222 0.072 -

2 13:00 95.094 0.186 0.173 1.422 0.255 0.124 0.020 -

2 23:00 60.757 0.000 0.010 1.629 0.122 0.275 0.178 -

3 13:00 102.500 0.039 0.009 5.925 0.186 0.372 0.202 -

3 00:00 75.622 0.033 0.000 4.015 0.079 0.210 0.205 -

4  14:00 94.694 0.120 0.000 4.884 0.230 0.311 0.204 -

4  00:30 55.257 0.029 0.051 4956 0.192 0.270 0.122 -

5 13:00 100.421 0.000 0.097 5.234 0.311 0.249 0.245 -

5 23:00 76.274 0.456 0.222 5.870 0.144 0.390 0.259 -

6 14:00 109.677 0.474 0.074 7.506 1.091 0.345 0.232 0.152

6 23:00 134.021 0.489 0.506 9.727 0.231 0.477 0.436 1.119

7 14:30 134.595 0.565 0.202 8.568 0.439 0.402 0.443 0.000

7 23:30 117.091 0.598 0.489 9.032 0.579 0.545 0.518 0.000

8 14:30 147.347 0.961 0.318 11.843 0.972 0.379 0.385 0.273

8 23:30 148.625 1.168 0.289 14.677 0.501 0.603 0.636 1.038

9 14:30 114.834 0.384 0.310 10.221 0.622 0.391 0.453 0.000

9 23:30 107.125 0.565 0.270 9.919 1.746 0.322 0.593 0.350
10 14:30 186.992 0.666 0.298 14100 0.739 0.655 0.617 0.486
10 23:30 193.822 1.553 0.802 21.931 1.267 0.686 1.026 0.421
11 15:30 160.204 1.385 0.441 14.839 0.782 0.818 0.905 0.630
11 23:30 195.854 1.502 0.525 18.287 0.377 1.008 1.082 1.632
12 14:30 119.094 0.847 0.456 14.233 1.235 0.553 0.570 0.689
12 23:30 114.783 1.052 0.363 14.705 1.227 0.470 0.623 1.682
13 14:30 85.176 0.949 0.468 156.734 1.510 0.300 0.527 0.979
183  23:30 77.324 1.289 0.546 13.133 2.009 0.324 0.402 0.194
14 14:30 105.216 1.651 0.391 14.400 1.361 0.413 0.716 0.000
14  23:30 163.962 1.825 0.509 20.845 1.295 0.579 1.063 0.752
15 14:30 149.523 1.027 0.559 19.728 1.648 0.472 0.899 1.612
15 23:30 101.477 1.060 0.254 14.472  1.100 0.477 0.654 0.609
16 n.r. 52.078 1.543 0.535 13.182 0.666 0.208 0.404 1.285
17 n.r. 57.275 1.581 0.636 22.829 1000 0.251 0.461 1.265
18 n.r. 82.978 1.810 1.070 26.859 1.325 0.368 0.728 3.598
19 n.r. 174.090 2.115 0.747 23.636 0.497 0.628 0.925 3.857
20 n.r. 177.147 2.615 1.167 29.156 1.195 0.911 1.123 2.755
21 n.r. 122.332 2.195 0.841 15.795 0.892 0.715 1.266 1.551
22 n.r. 172.546 0.912 0.442 23.767 0.707 0.736 1.062 2.352
23 n.r. 214.041 2.459 0.797 36.577 0.243 0.813 1.283 4.945

Concentrations are expressed in nanomolar (nM).

Time refers to milk collection time.

NDtam, N-desmethyl-tamoxifen; NNDDtam, N,N-D-desmethyl tamoxifen; n.r, not recorded; TamNoX, tamoxifen N-oxide; Z-4’-endoxifen,
Z-4’-endoxifen; Z-endoxifen, Z (cis) stereoisomer of endoxifen; Z-4OHtam, Z-4-hydroxy-tamoxifen; Z-4'-OHtam, Z-4'-hydroxytamoxifen.
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the range 4.1% to 14% at low concentrations and accu-
racies were in the range 99% to 111% (table 1).

RESULTS

Quantifiable tamoxifen levels (40.9nM) were measured
in breast milk starting from the day after the first day of
tamoxifen treatment and the concentrations increased
significantly to 214nM on day 23 by an average of
3.4nM/day (p=0.02). The major metabolite of tamox-
ifen, N-desmethyl tamoxifen (NDtam), was quantifiable
by day 6 (7.51 nM) and was found at the highest level on
day 23 (36.5 nM). The two active metabolites 4-hydroxy
tamoxifen and Z-endoxifen also increased over time
and reached quantifiable levels at day 18 (figure 1). The
concentrations of all compounds at each time point
throughout the 23 days can be found in table 2.

DISCUSSION

Tamoxifen+Gn RH analogue represents the standard adju-
vant treatment for premenopausal women with low-risk
ER-positive breast cancer.” This also applies to women
diagnosed after delivery, a situation that is becoming
more frequent due to the widely reported increase in
age at first pregnancy. Until now, no data has been avail-
able on the transfer of tamoxifen into breast milk during
nursing. In this case report we have shown that during
oral administration of tamoxifen, clinically significant
levels of the parent compound and of its metabolites are
present in human milk.

Similarly to what has been described for plasma
kinetics,7 1415 we found that tamoxifen concentrations in
milk increased for at least 3weeks, reaching 214nM at the
last day of sample collection. It should be noted that, even
if individual variations may occur, plasma steady state of
tamoxifen is usually not reached until 28 days,"> '° thus
it is possible that the concentration in breast milk could
have been higher if we had measured it after 4 to 5 weeks.
However, parallel analysis of plasma and milk samples
would have been needed to confirm this.

Pharmacological data from the literature report that at
steady state, NDtam levels are usually at higher concen-
trations than the parent drug." '® In our study, we found
that the concentration ratio between NDtam and tamox-
ifen in the milk was approximately 1:5 (37 and 214nM,
respectively). A possible explanation for this discrepancy
is that plasma NDtam steady state was not yet reached,
thus explaining the low concentration found at day 23. It
is also possible that NDtam passes into milk at a lower rate
than tamoxifen. Again, parallel analysis on plasma and
milk samples would have been needed to confirm this.

The two active metabolites of tamoxifen, Z-4-hydroxy-
tamoxifen (Z-4OHtam) and Z-endoxifen, were below the
lower limit of quantification before day 18 after tamox-
ifen initiation. Z-4OHtam is a primary tamoxifen metab-
olite formed through hydroxylation of the parent drug.
However, this metabolic pathway is less relevant (approx-
imately 7% of the whole) compared with tamoxifen

demethylation to NDtam. Conversely, Z-endoxifen is a
secondary metabolite generated through hydroxylation
of NDtam in plasma, while the latter is not the precursor
of Z-endoxifen in milk. A possible explanation for low
concentrations of the above-mentioned metabolites in
the milk is the fact that they could not reach steady state
in the plasma. Moreover, the pH of breast milk tends to
be lower than in plasma, which would increase the reten-
tion of basic compounds in milk. The possibility that
drug metabolites might accumulate in milk later than
the parent compound, and reach higher concentrations,
has already been described for antiproliferative drugs.'”'®
Thus, a complete analysis of the parent compound and
all the active metabolites should be performed, as we did
in our study.

If a woman is treated with tamoxifen during breast-
feeding and if the baby is constantly exposed to it
through breast milk, the drug may have negative effects
on the infant as shown in preclinical studies.'” *’ The
risk of adverse effects of drugs that are found in the milk
of a nursing mother depends on the so-called ‘infant
dose’.*' ** This is calculated from the concentration of the
drug and its active metabolites in the milk and from the
amount of milk ingested by the child per day. The steady
state plasma concentration in the child depends on the
amount of drug ingested per unit of time, oral bioavail-
ability and drug clearance by metabolism and excretion.
Of note, tamoxifen has a high oral bioavailability and it is
mainly metabolised through cytochrome P450 2D6, which
becomes active few days after birth.'”** In our study, we
did not have steady state levels and other parameters to
calculate the relative infant dose, but we can assume that
it could be clinically significant.

As tamoxifen and its active metabolites Z-4OHtam and
Z-endoxifen have potentially adverse effects on the growth
and development of the child, breastfeeding should be
discouraged while the mother is taking tamoxifen.

CONCLUSIONS

To our knowledge, this is the first report of tamoxifen and
metabolite levels in human milk by analysis of repeated
samples.

We have demonstrated that during oral administration
of tamoxifen, clinically significant levels of the parent
compound are present in human milk and therapeuti-
cally active tamoxifen metabolites are also significantly
accumulating in milk over time. As tamoxifen has a
complete oral bioavailability, a long half-life (>7 days)
and might interfere with the normal development of the
infant, mothers should not breastfeed during tamoxifen
treatment.
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