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Abstract

Itis very natural to be concerned that immunosuppressive medications might be deemed hazardous to infant’s breastfed by mothers who
are transplanted. This is due to lack of good quality guidelines supported by robust evidence. The drugs that are not safe during pregnancy
are not necessarily unsafe during breastfeeding. On reviewing non-transplant patients, we noted that there was no adverse effect reported
in infants who were breastfed by mothers receiving steroids even in a high dose of prednisolone 50mg/day. Azathioprine levels were
undetectable in breast milk or in infant blood and were not associated with increased risk of infection on a long-term follow-up. Cyclosporine
levels are undetectable or at insignificant levels in infants breastfed by mothers on this drug. Tacrolimus levels were detected in infants’
serum but at insignificantly low levels. In regards to mycophenolate mofetil and belatacept, the data based on animal studies is rather limited.
There is still no conclusive evidence regarding the safety of motor inhibitors during breastfeeding. In conclusion, it is safe for mothers to
breastfeed while on immune suppression that includes steroids, cyclosporine, tacrolimus or azathioprine. Nonetheless, a close follow-up of
these infants is of paramount importance.
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Introduction

novel immunosuppressive drugs, from the point of view of
breastfeeding by a transplanted mother. This review is aimed to
critically appraise current evidence to answer with a focus on
immune suppression for renal transplantation.

Women of childbearing age, who have had a renal transplant
and wish to conceive, are faced with a dilemma in regards to the
safety of breastfeeding. This question is pertinent because the
number of renal transplantation patients has increased over
the last two decades. The benefits of normal lactation, physical ~Methodology
and psychological elements, for the infant as well as the mother,

. ) o . An electronic search was performed for scientific papers
are well established and well known. Our aim, as clinicians, is

. . ) using the following keywords: safety of breastfeeding and

to facilitate and encourage them live life as normal as possible. . . ) .
immunosuppression, renal transplantation, cyclosporine (CsA),

tacrolimus (TAC), azathioprine, mycophenolate mofetil (MMF),

everolimus, sirolimus, belatacept, and steroid.

A plethora of new immunosuppressants has become available
over the last 2 decades. There are only a few studies performed
to address the safety of immune suppression, especially the
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Results

We observed the following findings:

a. There are no specific trials on MMEF, sirolimus,
everolimus or belatacept that addressed their safety during
breastfeeding.

b.  Most of the trials explored breastfeeding in patients
treated with calcineurin inhibitors (CNI), azathioprine and
steroid.

c.  Studiesthatlooked at usage of steroids for autoimmune
diseases.

Analytical Review
Steroids

Grekas et al. [1] reported that oral maintenance doses
of prednisolone and azathioprine in 2 lactating mothers did
not affect growth, the risk of infections or hematological
complications in the infants. They found that immunoglobulin
levels in the breast milk did not decrease. Greenberger et al. [2]
studied the effect of 50mg of prednisolone, a dose much higher
dose than that used in renal transplant recipients, in breast
milk of three asthmatic nursing mothers and demonstrated
that the levels of prednisolone are at very low levels in breast
milk and have no any significant medical effect on infants [3].
It is also noted that this study reported relatively. No side effect
or any harm has been observed in infants who were breastfed
by mothers receiving steroid. Nyberg et al. [4], Morreti et al.
[5], and Bramham et al. [6], demonstrated the safety of CNI in
combination with steroids in breastfeeding mothers. Arakali
et al. [7] reported no side effects in infants of breastfeeding
mothers.

Azathioprine

Gardiner et al. [8] studied four cases of women receiving
from 1.2-2.1mg/kg/day of azathioprine daily. They looked
for metabolites of azathioprine, 6-thioguanine (6-TGN) and
6-methylmercaptopurine nucleotides (6-MP), in the infant’s
blood. Both the 6-TGN and 6-MMPN were undetectable. Morretti
et al. [9], analyzed breast milk to detect 6-MP, a metabolite of
azathioprine. It was undetectable in collected mothers’ milk
samples and there was no side effect noted in their infants. Sau
etal. [10], collected31 breast milk samples from 10 women and
reported that 6-MP was undetectable 29 samples.Only 2 samples
had a very low level (1.2-7.6ng/ml) compared to mother’s blood
level (50ng/ml). 6-TGN was not detected in the 31 milk samples.
No hematological abnormalities were found in neonates.

Christensen et al. [11], looked for 6-MP in breast milk of
lactating mothers (n=8) with inflammatory bowel diseases
who received azathioprine (7 of 8 taking 100mg or more, range
75mg to 200mg/day). Samples collected hourly following
administration of the treatment. The maximum level of 6-MP
in the breast milk was at 4 hours post administration of the

azathioprine that amounts to ingestion of 6-MP equivalent
of <0.008mg/kg/24 hours. The authors concluded that
azathioprine is safe in mothers who are breastfeeding.

Angelberger et al. [12], studied the risk of infection in
babies (age 3.3-4.7years) who were breast-fed by mothers with
inflammatory bowel diseases (IBD) on azathioprine. The infants
of mothers receiving azathioprine (n=11) did not show any
significantly increased rate of infection when compared to the
control group (n=12) (Table 1).

Table 1: Azathioprine with breastfeeding studies.

Number
Study of Notes
Patients
Gag?”fg{ et 4 Undetectable level in infants blood
Morretti et 4 Undetectable levels in mother’s milk
al. [9]
Sau et al. 10 Undetected in milk and no hematological
[10] complications in infants
Christensen 8 IBD cases amounts to ingestion of 6-MP
etal. [11] equivalent of <0.008 mg/kg/24 hours
Angelberger 11 IBD cases with no increase in infections
etal. [12] rate over more than 3 years.
20 transplanted and 17 IBD. It is safe
Total count L
37 for mothers on azathioprine to do
of cases .
breastfeeding

Cyclosporine (CsA)

Lewis etal. [13] found that CsA levels in the infant blood were
2% of mothers’ serum level. Ziegenhagen et al. [14], reported a
case study that maternal milk contains one-sixth of cyclosporine
blood level of the lactating mothers. Although Behrens et al. [15],
showed that milk cyclosporine levels ranged from 15 to 90%
higher than simultaneous serum levels. However, the authors
estimated that a breastfed infant would receive less than 5% of
an immunosuppressive dose.

Onstensen et al. [16], demonstrated that serum CsA levels
in 6 infants were less than 2% of the mother CsA serum level. In
an observational study, Thiru et al. [17], demonstrated that the
CsA dose was less than 0.1mg/kg in the infant while the mother
was receiving 3mg/kg. The infant was followed up for 2 years
without any evidence of growth retardation or any reported side
effects of CsA affecting the child.

Nyberg et al. [4], showed that breastfeeding can be allowed
in the renal transplanted mothers. Their study included 7 infants
breastfed by renal transplanted mothers receiving prednisolone,
azathioprine and CsA. Blood CsA levels were below the detection
limit of 30ng/ml in all infants. Breast milk concentration ranged
from 87 to 440ng/ml in 16 samples obtained at different time
points from one mother. Infants’ serum creatinine ranged from
25 to 54umol/L at 1 week after birth and 23-52umol/L after
breastfeeding. All babies are thrived. This study concluded
that no nephrotoxic effect or other side effect was occurred or
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noticed in these infants. Similar observations were confirmed by
drug safety report by Armenti et al. [18]. Easterling et al. [19],
reported that CsA level was undetectable in an infant blood who
was breastfed for 10.5 months by a mother treated by CsA.

Excretion of CsA in breast milk in five mothers was studied
by Moretti et al. [5]. He concluded that CsA level in human
milk varies from 16 micrograms/L to 596 micrograms/L.
There was variability in breast milk drug levels, ranging from
lower concentration in the fore-milk in comparison to higher
concentration in the hind milk. That is explained by lesser fat
in foremilk than in hind-milk. Three of them were below 0.5%
of mother’s weight-adjusted dose and one had 2.1% of mother
weight adjusted the dose [20]. Osadchy et al. [21], observed
that CsA was undetectable in the blood of a breastfed infant
(<10ng/L). Morton et al. [22], in failed to detect CsA in the blood
of 2 infants who were breastfed 14 months and 4 months. No
side effects were noted in both infants in regards to growth and
renal function (Table 2).

Table 2: CsA with breastfeeding studies.

researcher followed the development of the infant for 2.5 months
only. Physical and neurological development was normal.

Another case reported by Gardiner et al. [24], was a mother,
a recipient of any solid organ, who was on TAC. Milk to blood
TAC levels ratio was 0.23. The baby received about 0.5% of the
maternal dose. Gouraud et al. [25], reported the first long-term
follow-up study of 6 infants received breastfeeding for up to 180
days with follow-up of 30 months. TAC level in infants was less
than 1.9ug/L. They advised thatlactation in TAC-treated patients
was safe with close monitoring of the infant.

Bramham et al. [6] studied 14 mothers who were receiving
TAC while breastfeeding their infants. These infants absorbed
less than 0.23 % of the maternal weight-adjusted dose. The
breastfed infants have been compared to other bottle-fed infants
whose mothers were receiving tacrolimus during pregnancy.
There was no difference in TAC levels in these 2 groups that
were declining after birth. Zheng et al. [26] found tacrolimus
level in an infant who received breastfeeding tacrolimus-treated
mother was less than 0.3% of mother weight adjusted the dose.

breastfeeding

Tacrolimus (TAC)

French et al. [23], studied liver transplanted mother
receiving 0.1mg/kg/day of tacrolimus. The mean concentration
of tacrolimus in milk was 0.429ng/ml. TAC intake infant was
estimated at 0.06 microgram/kg/day. They reported also that
maximum amount of TAC that will be received by the baby was
0.02% of the mother’s weight-adjusted dose. In this study, the

Count They concluded that breastfeeding is safe to another receiving
Study of Results of CsA Blood Level in Infants tacrolimus (Table 3).
Cases
) Table 3: TAC with breast feeding studies.
Lewis etal. 1 < 2% of mother serum level
[13] 0 Stud Number of | Results and Tacrolimus Level
7i h . y Cases in Infants
iegenhagen e
al. [14] 1 1/6 of mother serum level The maximum amount that will
) - French et al. [23] 1 be received by the baby was
Behrens et al. <5% of the mother wel.ght-dep.endent . 0.02% of the mother’s weight-
[15] 1 dose, though the level in the milk was adjusted dose.
higher than mother’s CsA level
. The baby received about 0.5% of
Gardiner et al. [24] 1
OnsatleFlsgil et 6 <2% of mother serum level the maternal dose
' Level in infants was less than
. Gouraud et al. [25] 6
Th1317e]t al. 1 <4% of mother weight-dependent dose 1.9pg/L
Bramham et al 15 infants Decline of tacrolimus levels of
Nyberg et al. 7 <30ng/ml without nephrotoxic or other [26] ' of 14 neonates by the rate in both
[18] side effects mothers groups
Easterling et al. Infant received <0.3% of mother
[19] 1 Undetectable levels and normal growth Zheng et al. [27] 1 weight adjusted dose
Moretti et al. 5 Therapeutic level in one and below 24infants | | .o o L mothers on TAC to
[20] detection level in the other four cases Total rr?cfthze?;s do breastfeeding
Osadchy et al. L.
1 <10 L fant blood 1 . . -
[21] ng/L i infant blood sample Sirolimus and everolimus
Morton et al. 2 Undetectable levels There are no specific trials for sirolimus and everolimus.
[22] However, one of the fourteen infants was breastfed by a mother
Total 26 Itis safe for mothers on CsA to do receiving sirolimus in addition to TAC in a trial reported

by Bramham et al. [6]. No clinical harm occurred, but the
investigators did not check sirolimus level in infant’s blood.
Therefore, it remains uncertain if breastfeeding by mums on
sirolimus or everolimus is safe or not.

Mycophenolic acid (MPA)

It is well known that MPA is contraindicated during
pregnancy. [t could cause spontaneous abortion and other foetal
anomalies. A higher incidence of structural malformations was
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seen with MMF exposures during 28 pregnancies in 18 kidney
transplant recipients compared to the overall kidney transplant
recipient offspring. MPA in breastfeeding was not studied in
humans. Animal studies have demonstrated that MPA can be
transferred to breast milk in rats [27].

Belatacept

The author did not find any clinical studies that looked at
safety profile in infants being breastfed by mothers on belat
accept. Product information revealed that belatacept secreted in
breast milk of rats. They recommended that belatacept should
not be used while breast-feeding [28].

Discussion

There is an expansion of the numbers of young female
patients who are coming through successful solid organ
transplantation. Planning conception when the allograft function
is stabilised is one of their high priority as suggested by Yusif et
al. [29]. The annual report of National Transplantation Pregnancy
Registry (NTPR) reported in June 2016 [30] that transplanted
mothers who breastfeed while they are on immunosuppression
medications are increasing progressively over the last 20 years
(Figure 1). As shown in Figure 1 there has been a progressive
increase of breastfeeding over the last 3 years by mothers who
have received transplantation.

s a\
NTPR: Trend in Breastfeeding Practices
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Figure 1: NTPR data demonstrating a progressive increase of
breastfeeding over the last 3 years in transplant population [30].

&

Transplant clinicians should encourage breastfeeding
whenever it is possible for a multitude of reasons. Firstly, the
increasing number of women in childbearing age group deserves
a normal life after transplantation. Secondly, most of the cases
that have been published show that breastfeeding while
receiving CNI, azathioprine and steroids are relatively safe.
Finally, in spite of a lack of clear guidelines, a large percentage
of mothers, as shown in the annual report of NTPR30, have

preferred to breastfeed their infants.

Conclusion

Based on our review of the literature, it is fine to state that
breastfeeding by mothers (who are allograft recipient and are on
steroid, azathioprine and CNI) is safe. Many small trials or case
studies demonstrated no risk or harmful affect the infants of
these mothers. Large size studies with long-term follow-up are

needed, however. Drugs serum levels of these mothers should be
reviewed more frequently. In addition, the drug level in breast
milk and in the blood samples of the infant may need to be
checked. The authors suggest a careful and regular evaluation of
mothers as well as her infant in order to ensure normal physical
and mental growth. Nephrotoxicity in these infants of CNI-
treated mothers and hematological complications in infants of
azathioprine-treated mothers should be looked for. It is still not
clear if mTOR inhibitors are safe during breastfeeding. MMF and
belatacept, however, have been proved to be unsafe in animal
studies.
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