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Breastfeeding After Organ Transplantation
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Organ transplantation can allow women with fail-
ing organs to become pregnant and deliver healthy in-

fants. A registry of post-transplant women who became
pregnant and breastfed is maintained by the Transplant
Pregnancy Registry International (formerly the National
Transplantation Pregnancy Registry).1 The Registry re-
ported that the rate of breastfeeding after transplantation
overall rose from <10% in the early 1990’s to 35% in 2012
and was as high as 44% with kidney transplantation in
2010.2,3 The improving breastfeeding rate reflects the in-
creased experience with antirejection drugs, and evidence
for their safety during breastfeeding. The Registry has
collected outcome data on 424 infants who were breastfed
by transplanted mothers.

Depending on the organ that was transplanted, various
combinations and target concentrations of immunosuppres-
sants are used. The most commonly used drugs are reviewed
in this column. Additional literature references on specific
drugs can be found in the corresponding LactMed� records.

Tacrolimus

Tacrolimus is a calcineurin inhibitor that is the first-line
antirejection therapy for most transplants. Amounts of sys-
temically administered tacrolimus are low in breast milk and
probably do not adversely affect the breastfed infant. Among
32 breastfed infants whose mothers were taking tacrolimus,
most had undetectable serum concentrations. At 14 days of
age, breastfed infants who did have detectable concentrations
at birth from transplacental transmission had blood concen-
trations that were no higher than infants who did not
breastfeed. This indicates infants eliminate tacrolimus and
that breastfeeding does not add to existing serum levels. In-
vestigators from the United States, clinicians from the
Transplantation Pregnancy Registry, and other experts con-
sider tacrolimus acceptable to use during breastfeeding after
organ transplantation.

Cyclosporine

Cyclosporine is the oldest antirejection drug in the calci-
neurin inhibitor class, but it is no longer a first-line drug. Milk
cyclosporine concentrations are variable, and it has poor and
erratic absorption, which minimizes the dose the infant ab-
sorbs. With typical maternal cyclosporine blood concentra-
tions, a completely breastfed infant usually receives no more

than about 2%, and often <1%, of the mother’s weight-adjusted
dosage or pediatric transplantation maintenance dosage. Most
infants studied have not had detectable cyclosporine blood
concentrations, but two reported infants had measurable
concentrations, one with blood concentrations in the ther-
apeutic range despite relatively low maternal milk con-
centrations.

Numerous infants have been breastfed during maternal
cyclosporine use, usually with a concurrent corticosteroid
and sometimes with concurrent azathioprine. No reports
of adverse effects on infant growth, development, or kid-
ney function have been reported. At least two transplanted
mothers successfully breastfed a second infant after suc-
cessfully breastfeeding their first infant. The Transplan-
tation Pregnancy Registry and other experts consider
cyclosporine to be safe to use during breastfeeding. Breastfed
infants should be monitored if this drug is used during lac-
tation, possibly including measurement of serum concentra-
tions to rule out toxicity if there is a concern.

Mycophenolate Mofetil

Mycophenolate mofetil is often used in combination with a
calcineurin inhibitor. It is contraindicated during pregnancy.
Some pregnant women who cannot be on calcineurin inhib-
itor monotherapy are given azathioprine in place of myco-
phenolate. Consequently, only few infants have been breastfed
during mycophenolate therapy and no information is available
on its excretion into breast milk. The Transplantation Preg-
nancy Registry has collected information on six mothers (five
kidney and two heart transplants) who breastfed seven infants
while taking a mycophenolate product. The maximum time
that any of the infants breastfed was 14 months. None of the
infants had any reported adverse reactions. However, because
so little information is available on the use of mycophenolate
during breastfeeding, most sources recommend avoiding it in
nursing mothers.3

Azathioprine

Azathioprine has been largely replaced by mycophenolate
mofetil because of its better tolerability and efficacy. Al-
though now relegated to second-line therapy, azathioprine
was used commonly in the early transplant era, so consider-
able evidence is available. Most experts consider breast-
feeding during azathioprine therapy to be acceptable. Doses
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of up to 200 mg/day for immunosuppression result in either
low or unmeasurable concentrations of the active metabolites
in milk and infant serum. Avoiding breastfeeding for 4 hours
after a dose should markedly decrease the dose received by
the infant in breast milk. A case–control study of 14 infants
followed for up to 6 years of age found no difference in the
number of hospitalizations or the rate of infections compared
with a control group. Mild asymptomatic neutropenia has
been reported, although infrequently, and the value of routine
monitoring is debatable.

Sirolimus and Temsirolimus

Sirolimus is a structural analogue of tacrolimus, but it in-
hibits the second phase of T cell activation, rather than the
first phase such as tacrolimus and cyclosporine. Only one
infant has been reported who was breastfed during maternal
therapy with sirolimus plus tacrolimus and prednisone in
unspecified dosages after a kidney–pancreas transplant. The
authors who followed the mother knew of no serious side
effects in the infant.

Temsirolimus is an ester prodrug of sirolimus that is
given intravenously (IV). It is metabolized to sirolimus as
well as other metabolites. Because almost no information
is available, breastfeeding is considered to be inadvisable
with these two drugs. The manufacturer recommends not
breastfeeding during temsirolimus therapy and for 3 weeks
after the last dose.

Everolimus

Everolimus is an analogue of sirolimus with a similar
mechanism of action. Only two patients have been reported
who took everolimus during pregnancy and had colostrum
concentrations measured. In one patient, everolimus was not
detected in milk while taking 2 mg/day. In the other mother
who took a lower dose of 0.5 mg/day, the milk concentration
increased from 33 lg/L before the dose to 66 lg/L after the
dose. Serial serum samples in the infant estimated an elimi-
nation half-life of about 86 hours for everolimus obtained
transplacentally. No infants were reported to have been
breastfed during maternal everolimus use, so breastfeeding
should be avoided until more data become available. The
manufacturer recommends avoiding breastfeeding for 2
weeks after the last dose.

Belatacept

Belatacept is a soluble fusion protein that is a selective T
lymphocyte costimulation blocker. Belatacept is used in
combination with basiliximab induction, mycophenolate
mofetil, and a corticosteroid. It is only indicated for use in
Epstein-Barr virus seropositive patients. No information is
available on its use during breastfeeding or its excretion
into breast milk. Because the drug’s half-life is 8–10 days, it
may be more than a month after a dose before the drug is
absent from breast milk. In general, breastfeeding is dis-
couraged during belatacept therapy, especially since it must
be used with other drugs that have little breastfeeding
information.3

Corticosteroids

A low-dose corticosteroid, usually prednisone, is used for
transplant maintenance therapy. High-dose boluses, usually
of IV methylprednisolone, are used for disease flares. These
drugs do not enter milk well. Older advice was to withhold
breastfeeding for a period of time after a dose. This is no
longer thought to be necessary with maintenance doses. Even
methylprednisolone IV bolus doses of up to 1 g do not pose
a risk to the breastfed infant, but withholding breastfeeding
for 2–4 hours after a dose will markedly reduce the dose of
methylprednisolone that an infant receives.

Antibodies

Some antibodies are used to treat acute rejection and graft
versus host disease. Because antibodies are large protein
molecules with high molecular weights, the amounts in milk
are likely to be very low and absorption is unlikely because
the antibodies are probably destroyed in the infant’s gastro-
intestinal tract. Antithymocyte globulin is a polyclonal anti-
body from either horse or rabbit serum and used for acute
organ rejection after transplantation. No information is
available on its excretion into breast milk in humans, nor on
its use during breastfeeding. Basiliximab is a monoclonal
antibody that is an interleukin-2 receptor antagonist. It is
indicated for prophylaxis of acute organ rejection in patients
receiving renal transplantation.

Because no information is available on the clinical use of
either of these drugs during breastfeeding, the manufac-
turers recommend that breastfeeding be discontinued during
therapy. Several other monoclonal antibodies and globulins
are considered acceptable to use during breastfeeding, so if
data eventually become available, these drugs might also be
acceptable.

Rituximab is a murine/human monoclonal antibody that
targets CD20, a B cell-specific surface antigen. It is used in
transplant patients for the treatment of graft-versus-host
disease. After doses of 0.5–1 g milk levels are very low, in
the range of 0.06 to 0.12 mcg/mL. This corresponds to a re-
lative infant dosage of 0.1% or less. Even one outlier patient
who had an unusually high milk level would have only
transmitted *0.3% of the maternal dosage to her infant.4

Several infants have been breastfed safely with maternal
rituximab use, with follow-up between 8 and 12 months in
four of the infants. It appears that risks to breastfed infants are
low.

Summary

The most commonly used antirejection drugs used after
organ transplantation, cyclosporine, tacrolimus, cortico-
steroids, azathioprine and probably rituximab, are accept-
able during breastfeeding. However, they should be used
with caution while nursing a newborn or preterm infant.
Some transplant drugs should be avoided currently because
of a lack of information rather than known risk to the infant.
These are mycophenolate, everolimus, sirolimus, temsir-
olimus, antithymocye globulin, and basiliximab. As more
information becomes available, they also might be con-
sidered acceptable to use. Belatacept will probably remain
as a contraindication to breastfeeding for the foreseeable
future.
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