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Treatment of cancer during pregnancy has been

extensively studied, but few data are available about the

management of women with cancer diagnosed during

breastfeeding.

Breastfeeding offers many advantages to mothers and

their children, but anticancer drugs may pass into

human milk and damage infants [1,2], whose detoxifying
systems are still in development [3]. Thus, knowledge

about the excretion of anticancer drugs in breast milk is

relevant, because in the absence of data most women

stop breastfeeding while receiving (chemo)therapy.

Here, we report the concentrations of antineoplastic

drugs in the milk of a woman who maintained lactation

with breast pumping during R-CHOP (rituximab,

cyclophosphamide, doxorubicin, vincristine, predniso-
lone) therapy.
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A 37-year-old Caucasian woman was diagnosed with

stage IV diffuse large B-cell non-Hodgkin lymphoma at 4

months postpartum. The patient was breastfeeding her

baby before diagnosis and searched for information

regarding the safety of breastfeeding during treatment.

Owing to the uncertainties about excretion of anticancer

drugs in humanmilk, the patient stoppedbreastfeeding her
daughter but proposed to regularly pumphermilk and test

the levels of drugs in themilk to increaseknowledgeof drug

excretion for subsequent mothers in her condition.

She received R-CHOP (rituximab [375 mg/m2],

cyclophosphamide [750 mg/m2], doxorubicin [50 mg/

m2], vincristine [1.4 mg/m2 capped at 2 mg maximal total

dose] plus prednisone [40 mg/m2/day]) every 21 days for

6 cycles. She also received 300 mg of allopurinol orally
during the whole therapy course.

Samples were collected twice daily during the first 3

courses of treatment, althoughmilk production decreased

significantly across this timeperiod.During the remaining

courses, only one sample per day was collected.

An electric breast pump was used to collect milk

samples. A total of 290 samples were provided. All

samples were transferred from the storage bags to
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labelled 15-ml tubes and then stored in the freezer

(�20 �C) until analysis.
Chromatography was conducted using a Dionex Ul-

timate 3000 system coupled with an Applied Biosciences

SCIEX API 3000 mass spectrometer for drug detection,

and standard calibration and extraction were per-

formed, as described for similar cytostatics [4].

Extraction of drugs and analysis were based
on previously published high-performance liquid

chromatography-fluorescence and liquid chromatog-

raphy (LC)emass spectrometry (MS) methodology for

tissues [5e9] adapted for simultaneous analysis by

LCeMS (Fig. 1). Data analysis was performed using

Chromeleon-6.7 chromatography data system software

(Dionex, Munchen, Germany). Concentrations less

than 1 ng/ml were neglected. Areas under the milk
concentrationetime curves were calculated using stan-

dard software, performing these analyses in parallel

with analyses on human milk samples, generously given

by a healthy donor spiked with different concentrations

of the drugs.

We focused on the concentrations of doxorubicin, its

primary metabolite doxorubicinol and cyclophosphamide.
Fig. 1. Representative chromatograms of doxorubicin and cyclophosp

used as an internal standard. The chromatograms of the metabolites o

LCeMS characteristics deducted from the structures and as publishe

possible owing to the lack of purified metabolites. LC, liquid chroma
Doxorubicin and doxorubicinol were measurable at high

concentrations in the milk of the patient after receiving R-

CHOP. Metabolites of cyclophosphamide were also

measurable in notable quantities, with the limit that

reference standards were not available; thus, metabolite

levels were estimated based on the linear regression of the

parent compound. Vincristine was not detected in any of

the samples tested, but the detection limit of the system
was relatively high for vincristine; thus, the presence of

low concentrations of vincristine into milk cannot be

excluded.

Concentrations of the parent compounds doxoru-

bicin and cyclophosphamide ( Fig. 2A and B) rapidly

reached a peak after R-CHOP administration and then

decreased over time. The formation of the metabolite

doxorubicinol was somewhat delayed ( Fig. 2C), but it
showed a progressive increase and reached a peak 10

times higher than that of the parent drug. Doxor-

ubicinol was eliminated from the milk at a slower rate

than the parent drug persisting at elevated levels until 10

days after infusion. Remarkably, doxorubicin, doxor-

ubicinol and cyclophosphamide were still detectable at

low levels 21 days after the first administration. A
hamide and their metabolites in milk samples. Daunorubicin was

f cyclophosphamide are based on fragmentation patterns based on

d by Vredenburg et al [6]. However, exact quantification was not

tography; MS, mass spectrometry.



Fig. 2. Plots of the LCeMSedetermined concentrations of milk doxorubicin (A), doxorubicinol (B) and cyclophosphamide (C) during 3

cycles of chemotherapy. LC, liquid chromatography; MS, mass spectrometry.
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decrease in peak concentration was seen from the 1st to

2nd to 3rd course (See Fig. 2).

To our knowledge, this is the first report of a pro-

longed evaluation of doxorubicin, its metabolite dox-

orubicinol and cyclophosphamide and its metabolites in

human milk. Oral absorption of anticancer drugs in

adults is often limited, but this may be different for in-

fants because the permeability of the gastrointestinal
mucosa may be higher while metabolic enzymes may be

less active [10].

The advantages of breastfeeding for the health of both

infants and mothers include reduced infant mortality and

morbidity, lower rates of childhood infections, obesity,

diabetes and leukaemia and reduced rates of maternal

premenopausal breast cancer, diabetes and osteoporosis.

However, anticancer drugs administered to a lactating
woman may pass into her milk [1] and subsequently may

be taken up by the baby, with adverse effects according to

the ‘infant dose’ [10]. Regrettably, only a limited amount

of information is based on lactation-specific data, as re-

ported in the LactMed database (https://toxnet.nlm.nih.

gov/newtoxnet/lactmed.htm).

Measurable concentrations of cyclophosphamide (and

several metabolites), doxorubicin and doxorubicinol were
observed in milk for at least 21 days after administration.

Doxorubicinol reached its peak in milk later than the

parent drug, but its concentrations were 10-fold higher.

Earlier, Egan et al. [7] demonstrated the presence of

doxorubicin in milk up to 78 h after doxorubicin

administration and concluded that a nursing child would

only absorb a small amount of anthracyclines. However,

because doxorubicinol is maintained at a high plateau
until at least 7 days, it can be concluded that the infant

will be exposed to the drug for a long period. It should

therefore be advised not to breastfeed the child, which is

in agreement with the recommendation of Egan et al. [7]

to advise women receiving chemotherapy ‘to refrain from

breastfeeding their infants’.

Concerning cyclophosphamide, it was already shown

that this drug not only passes into milk but also may
cause toxic effects on the infant [9]. Our data show that

(toxic) cyclophosphamide metabolites are being found

extensively in breast milk, which are possibly respon-

sible for these toxic effects.

Vincristine was not measurable in our samples, but

low levels cannot be excluded. Our patient also received

allopurinol, which could not be analysed by the applied

assay. However, earlier, it was demonstrated that at a
dose of 300 mg, both allopurinol and its active metabolite

oxypurinol were found in breast milk but that only

oxypurinol was found in the infant’s plasma [11]. These

authors did not observe any side-effects during 6 weeks of

breastfeeding. We did not measure rituximab, but earlier

data showed that excretion of IgG antibodies into milk is

quite limited [12] and the oral absorption is negligible.

Our patient also received prednisone for 5 days per
cycle as part of her treatment. Previous data suggest that
the milk concentration of steroids is very low after a few

hours after a relatively high oral dose and, therefore, is

not considered a problem [13].

Owing to the prolonged persistence of doxorubicin,

its metabolite doxorubicinol, cyclophosphamide and

some metabolites in breast milk, breastfeeding should be

discouraged for at least 6 weeks after treatment. For

motivated mothers wishing to breastfeed their babies
after R-CHOP treatment, regular breast pumping dur-

ing therapy with milk discharge and subsequent

resumption of breastfeeding after 6 weeks from the last

doses may be a possible strategy, with the limits of the

few data available.
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