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Drug Levels and Effects

Summary of Use during Lactation

North American and European expert guidelines, the National Transplantation Pregnancy Registry and other
experts consider azathioprine to be acceptable to use during breastfeeding.[1-13] Studies in women with
inflammatory bowel disease, systemic lupus erythematosus or transplantation taking doses of azathioprine up to
200 mg daily for immunosuppression have found either low or unmeasurable levels of the active metabolites in
milk and infant serum. Some evidence indicates a lack of adverse effects on the health and development of
infants exposed to azathioprine during breastfeeding up to 4.6 years of age, but long-term follow-up for effects
such as carcinogenesis have not been performed. Mothers with decreased activity of the enzyme that detoxifies
azathioprine metabolites may transmit higher levels of drug to their infants in breastmilk. Poorly documented
cases of mild, asymptomatic neutropenia and increased rates of infection have been reported occasionally. It
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might be desirable to monitor exclusively breastfed infants with a complete blood count with differential, and
liver function tests if azathioprine is used during lactation, although some authors feel that monitoring is
unnecessary.[14] Avoiding breastfeeding for 4 hours after a dose should markedly decrease the dose received by
the infant in breastmilk.[15]

Drug Levels

Azathioprine is rapidly metabolized to the active metabolite mercaptopurine which is further metabolized to
active metabolites including 6-methylmercaptopurine, thioguanine, 6-thioguanine nucleosides (6-TGNs), 6-
methylmercaptopurine, and 6-methylmercaptopurine nucleosides (6-MMPNs). The enzyme thiopurine
methyltransferase (TPMT) is responsible for metabolism of 6-TGNs. Deficiencies in this enzyme can lead to
excessive toxicity.

Maternal Levels. Mercaptopurine milk levels were measured in 2 patients receiving azathioprine following renal
transplantation. In one mother who was 2 days postpartum, peak colostrum levels occurred 2 and 8 hours after a
75 mg oral dose and were 3.4 and 4.5 mcg/L, respectively. In the other mother who was 7 days postpartum, a
peak mercaptopurine milk level of 18 mcg/L occurred 2 hours after a 25 mg oral dose.[16] The milk levels of
these 2 mothers correspond to 0.05% and 0.6% of the maternal weight-adjusted dosages, respectively. Infant
serum levels were not measured.

Four women receiving an immunomodulator to treat inflammatory bowel disease had metabolite levels
measured in milk during the first 6 weeks postpartum. The abstract does not mention the specific drug and dose
being taken, but the azathioprine metabolites 6-methylmercaptopurine (6-MMP) and 6-TGNs were measured.
Although therapeutic levels were found in maternal serum, 6-MMP (<650 mcg/L) and 6-TGNs were
undetectable (<123 mcg/L) in milk (time of collection not stated).[17]

A case series described 2 mothers who took azathioprine 100 mg daily while breastfeeding. Each mother
collected milk samples over a 24-hour period, 5 and 6 samples, respectively. Mercaptopurine was undetectable
(<5 mcg/L) in all samples. The authors estimated that the maximum dose of mercaptopurine that a completely
breastfed infant would receive would be 0.09% of the maternal weight-adjusted dosage or 0.07% of the dose
given to infants following cardiac transplantation.[18]

Ten women who were taking azathioprine 75 to 150 mg daily at the time of delivery for systemic lupus
erythematosus (n = 7), renal transplant (n = 2) or Crohn’s disease (n = 1) donated milk samples on days 3 to 4, 7
to 10 and 28 postpartum. Milk was collected before the single daily dose and at each breastfeed for 12 to 18
hours for a total of 31 samples. Only one woman taking azathioprine 100 mg daily had mercaptopurine detected
in her milk. On day 28 postpartum, milk mercaptopurine concentrations were 1.2 mcg/L at 3 hours and 7.6
mcg/L at 6 hours after the dose.[19]

Eight lactating women who were 1.5 to 7 months postpartum were taking azathioprine in dosages ranging from
75 to 200 mg daily for inflammatory bowel disease. All of the women had wild type TPMT phenotypes. Peak
mercaptopurine milk concentrations occurred within the first 4 hours after ingesting of the dose of azathioprine
and ranged from 2 to 50 mcg/L. By 5 hours after the dose, the milk concentrations of mercaptopurine had
dropped markedly in all patients. The authors estimated that the “worst case” infant intake of mercaptopurine
would 0.0075 mg/kg daily which is less than 1% of the maternal weight-adjusted dosage.[20]

Infant Levels. Four infants were breastfed (3 exclusively, 1 rarely received formula) during maternal use of
azathioprine orally in dosages of 1.2 to 2.1 mg/kg daily. All of the mothers and infants had the wild type TPMT
*1/*1 genotype and all of the mothers had normal enzyme activity. At 3 to 3.5 months of age, all of the infants
had undetectable blood levels of 6-TGNs and 6-MMPN.[21] The authors later updated this report to include 2
previously unreported mother-infant pairs. These infants also had undetectable blood levels of 6-TGNs and 6-
MMPN.
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Seven infants were breastfed during maternal intake of azathioprine in single oral doses of 75 to 150 mg daily.
None had detectable mercaptopurine or thioguanine in their blood obtained between days 1 and 28 postpartum.
[19]

Three infants whose mothers were taking azathioprine for inflammatory bowel disease (n = 2) or systemic lupus
erythematosus (n = 1) were breastfed during maternal use of azathioprine. Azathioprine doses were 100 mg
(plus prednisolone), 150 mg (plus infliximab) and 175 mg daily. In 1 infant, thioguanine was low, but detectable
in blood at 3 days of age and 6-MMPN was undetectable; at 3 weeks of age, neither metabolite was detectable. In
another infant, neither metabolite was detectable at 3 weeks of age. Neither assay limits nor specific maternal
doses were stated in the published abstract.[22]

A woman began taking azathioprine 100 mg (1.4 mg/kg) daily for Crohn’s disease while breastfeeding (extent
not stated) her 3-month-old infant. After 8 days and 3 months of maternal therapy, 6-TGNs were measured,
although breastfeeding had been tapered to zero by 3 months. On both occasions, 6-TGNs were not detectable in
the blood of the infant. The assay limit was not stated.[23]

Effects in Breastfed Infants

Three infants were breastfed during long-term maternal azathioprine 75 to 100 mg daily and
methylprednisolone use following renal transplantation. All three infants had no abnormal blood counts, no
increased frequency of infections and above average growth rates.[16,24] The IgA levels in one mother’s
breastmilk were measured and found to be normal.[16]

One infant was breastfed for 6 days after birth by a mother who was taking azathioprine 75 mg daily in addition
to cyclosporine. Nursing was interrupted for 4 days, then partial breastfeeding was reestablished. The infant
showed no signs of renal or neurologic toxicity or hirsutism during long-term follow up.[25]

Twelve infants were breastfed for up to 12 months during maternal use of azathioprine 50 to 100 mg daily (6
with concomitant cyclosporine) following kidney or kidney-pancreas transplantation. Kidney function was
normal in all infants when measured after breastfeeding had ceased. The growth and psychomotor development
of all infants was normal.[26]

One infant was exclusively breastfed for 10.5 months during maternal use of azathioprine 100 mg daily,
cyclosporine and prednisone. Partial breastfeeding continued for 2 years. The infant thrived with normal growth
at 12 months. The mother also breastfed a second child while on the same drug regimen.[27]

Four infants were breastfed (3 exclusively, 1 rarely received formula) during maternal use of azathioprine orally
in dosages of 1.2 to 2.1 mg/kg daily. At 3 to 3.5 months of age, all infants were healthy and were within the 50th
to 95th percentiles on growth charts.[17] The authors reported 2 additional infants who received azathioprine
via breastmilk with no adverse reactions detected.[28]

In another case series, 4 infants were breastfed (partially in 1 case, not stated in the others) during maternal use
of azathioprine. Two mothers took 100 mg daily, 1 took 75 mg daily and 1 took 50 mg daily and partially
breastfed her preterm infant. All were taking several other medications concurrently. One infant was followed up
at 1 month, 2 at 2 months and 1 at 1 year of age. No adverse events were reported in any of the infants and all
were growing and developing normally.[18]

Six infants whose mothers were breastfeeding and taking azathioprine were monitored monthly for the duration
of their breastfeeding with blood counts and for evidence of infection. One infant developed a low blood count
and breastfeeding was discontinued; the other 5 infants continued to breastfeed apparently without harm. The
dosages of azathioprine, concurrent medications and the extent of breastfeeding were not reported in the brief
published abstract.[29]
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Ten infants, 3 preterm, were breastfed during maternal intake of azathioprine in single oral doses of 75 to 150 mg
daily. No signs of immunosuppression were seen in the infants during the first 28 days postpartum. In 7 of the
infants, white cell and neutrophil counts were performed between days 1 and 28 postpartum. One infant had a
borderline low neutrophil count but a normal white cell count.[19]

A survey of women with autoimmune hepatitis found that 8 infants of 4 women had been breastfed (extent not
stated) during maternal azathioprine use in unspecified dosages. No adverse effects were reported by the
mothers.[30]

An infant was breastfed (extent not stated) from birth to the age of 3 months during maternal therapy with
azathioprine 100 mg (1.4 mg/kg) daily. During the 6 months of follow-up, the infant thrived and had no
infections.[23]

A nonrandomized, prospective study in Austria followed the infants of 23 women with inflammatory bowel
disease who were treated in one clinic. Mothers who received azathioprine (median dose 150 mg daily; range
100 to 250 mg daily) for treatment breastfed for a median of 6 months (range 1 to 18 months) and those who did
not take azathioprine breastfed for a median of 8 months (range 3.5 to 23 months). Follow-up occurred at a
median of 3.3 years in the azathioprine-exposed infants (n = 15) and 4.7 years in the unexposed infants (n = 15).
No differences were found in mental or physical development between the two groups of infants. More infants
who were unexposed to azathioprine had more than 2 colds annually and more conjunctivitis episodes than in
the unexposed group. No difference was seen in the numbers of other infections between the groups.[31]

In The Netherlands, 30 infants of mothers taking either azathioprine (n = 28) or mercaptopurine (n = 2) for
inflammatory bowel disease during pregnancy and postpartum were followed at 1 to 6 years of age using a 43-
item quality of life questionnaire. Of this cohort, 9 infants were breastfed for a mean of 7 months (range 3 to 13
months) No statistically significant differences were found between breastfed and formula-fed infants in any of
the 12 domains of the survey.[32]

In France, 30 infants of 29 mothers who took azathioprine 50 to 175 mg daily during pregnancy and nursed for
at least 1 month (range 1 to 17 months) were followed. Three infants had low white blood cell (WBC) counts at
birth that normalized during breastfeeding (extent not stated). Of 20 infants who had later WBC counts, one
had mild, asymptomatic neutropenia during 1.5 months of breastfeeding that persisted for 15 days following
breastfeeding discontinuation. No other adverse effects were seen during a median of 9.5 months (range 1.5 to
30 months) of follow-up.[33]

In a multi-center study of women with inflammatory bowel disease in pregnancy (the PIANO registry), 102
women received a thiopurine (azathioprine or mercaptopurine) and another 67 received a thiopurine plus a
biological agent (adalimumab, certolizumab, golimumab, infliximab, natalizumab, or ustekinumab) while
breastfeeding their infants. Among those who received a thiopurine or combination therapy while breastfeeding,
infant growth, development or infection rate was no different from 208 breastfed infants whose mothers received
no treatment.[34]

As of December 2013, The National Transplantation Pregnancy Registry has collected information on a total of
83 mothers who had breastfed 117 infants for as long as 42 months while taking azathioprine with no apparent
adverse effects in infants.[2]

A national survey of gastroenterologists in Australia identified 21 infants who were breastfed by mothers taking
a combination of allopurinol and a thiopurine (e.g., azathioprine, mercaptopurine) to treat inflammatory bowel
disease. All had taken the combination during pregnancy also. Two postpartum infant deaths occurred, both at 3
months of age. One was a twin (premature birth-related) and the other from SIDS. The authors did not believe
the deaths were medication related.[35] No information was provided on the extent of breastfeeding, specific
thiopurines, drug dosages or the outcomes of the other infants.
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A mother with a liver transplant was maintained on belatacept 10 mg/kg monthly, slow-release tacrolimus
(Envarsus and Veloxis) 2 mg daily, azathioprine 25 mg daily, and prednisone 2.5 mg daily. She breastfed her
infant for a year (extent not stated). The infant’s growth and cognitive milestones were normal.[36]

An Australian case series reported 3 women with heart transplants who had a total of 5 infants, all of whom were
breastfed (extent not stated). Two of the women took azathioprine 75 mg once daily postpartum. No adverse
infant effects were reported up to the times of discharge.[37]

An infant was born at 38 weeks to a mother who was taking azathioprine, mesalamine and sulfasalazine during
pregnancy for severe ulcerative colitis. On routine postnatal screening (time postpartum not specified), the
infant was found to have a low B-cell kappa deleting recombination excision circles (KREC) of 15 copies/
microliter. Breastfeeding was discontinued and 2 weeks later, the infant’s KREC level improved to a normal level
of 355 copies/microliter, with normal CD19+ B-cell counts. It is unclear if the abnormality was caused by
transplacental passage or breastmilk exposure to azathioprine or some other cause.[38]

In a cohort study, over a 10-year period 17 nursing mothers with a rheumatic disease took azathioprine during
partial or exclusive breastfeeding. No mention was made of adverse effects in their infants.[39]

A retrospective study was performed on data from patients with lupus erythematosus from 10 hospitals in the
United Kingdom who received or did not receive azathioprine during pregnancy and lactation. Fifty-nine infants
whose mothers took azathioprine during pregnancy and/or breastfeeding and were compared to 140 infants who
were not exposed. Infants were followed for a median of 4.55 years. There were statistically significantly more
infections reported in infants exposed to azathioprine (24.1%) compared to non-exposed infants (13.7%). The
percentage of infants who were breastfed was not stated.[40]

Effects on Lactation and Breastmilk

Cases of hyperprolactinemia and galactorrhea with normal prolactin have been reported rarely.[41,42]

Alternate Drugs to Consider

(Immunosuppression) Cyclosporine, Tacrolimus; (Inflammatory Bowel Disease) Budesonide, Infliximab,
Mesalamine, Prednisone; (Systemic Lupus Erythematosus) Hydroxychloroquine, Prednisone
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