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Purpose of review

The purpose of this review is o summarize available data on fertility, fertility preservation, pregnancy and
parenthood following lung transplantation for people with cystic fibrosis (pwCF).

Recent findings

In the era of cystic fibrosis fransmembrane conductance regulator (CFTR) modulator use, oral therapies that
positively impact fundamental CFTR protein abnormalities, the number of pregnancies has increased
dramatically with a concomitant decrease in lung transplantation. Nonetheless, some pwCF still require
lung transplantation as a life-saving measure, and a fraction of those individuals desires parenthood. Cystic
fibrosis (CF) providers infrequently discuss fertility preservation with pwCF, and pwCF feel uneducated
about their fertility options posttransplant. However, because the immunosuppression required to
successfully maintain lung allografts may impact future fertility, pwCF should receive genetic and
reproductive counseling prior to lung transplantation. While pregnancies posttransplantation are high-risk,
selected females with CF may be able to pursue this path to parenthood.

Summary

Although there is a paucity of data specific to pwCF who have undergone lung transplantation, recently
developed general guidelines should inform discussions regarding fertility, pregnancy and parenthood in
pwCF who desire parenthood following lung transplantation for optimal shared decision-making.
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INTRODUCTION

When cystic fibrosis (CF) was described as a clinical
entity in the 1930s, the diagnosis was associated
with death in infancy or early childhood [1]. With
the advances we have made in CF care and treat-
ment, the predicted survival for a child born today
in the United States (US) is 61 years of age [2] (Fig. 1).
However, that predicted survival includes the
majority of people with CF in the US and other
high-income countries who have access to oral CF
transmembrane conductance regulator (CFTR)
modulator therapy; therapy that improves lung
function, nutritional status, quality of life and pul-
monary exacerbations [3-5]. The health impacts
conferred by CFTR modulators have been so sub-
stantial that there are now more than ten times as
many pregnancies in people with CF as lung trans-
plants in the US [2] (Fig. 2). However, for those pwCF
with variants not amenable to CFTR modulators and
those who had very advanced disease at the time
CFTR modulators were approved, lung transplanta-
tion may still be the only life-saving treatment
option.
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Those pwCF whose hope for a future has been
bolstered by CFIR modulators have expressed a
desire to become parents [6,7]. However, some
pwCF who have undergone organ transplantation
also wish to consider parenthood. Historically, pur-
suit of pregnancy and/or parenthood following
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KEY POINTS

o In the era of cystic fibrosis transmembrane conductance
regulator (CFTR) modulators, the rate of pregnancies
has increased and the rate of lung transplantations
has decreased.

o Immunosuppressant drugs may impair fertility, and the
changes in immunosuppression required to avoid harm
to the fetus may result in graft rejection for the mother,
so people with CF and partners should receive genetic
and reproductive counseling in conjunction with lung
transplantation referral.

e Pregnancy can be well tolerated in select lung transplant
recipients who have undergone guideline-based
prepregnancy risk stratification and risk counseling.

e There is a paucity of current data regarding long-term
outcomes of parenthood postlung transplantation in
people with CF.

transplant was highly discouraged, but more
recently, guidelines have emerged to facilitate this
choice for select posttransplant individuals [8""].
In this review, we will discuss the available data
on fertility, fertility preservation, pregnancy and
partner pregnancy and parenthood in people with
CF who have undergone lung transplantation.

Case presentation

A 20-year-old female with CF (fwCF) with moderate
CF lung disease who is heterozygous for F508del and
class I variants transitions from the pediatric CF
program. Following transition, she is very adherent
to recommended therapies, but contracts a viral
illness and experiences a severe pulmonary exacer-
bation with a 50% decrease in her lung function. In
spite of hospitalization, her lung function does not
recover and she now requires oxygen with minimal
exercise. You discuss pulmonary rehabilitation and
lung transplant referral. She agrees to both referrals,
but states that she has heard that it is difficult to
have a baby after lung transplant and asks if there is
anything she can do to ensure that she can still have
a child someday?

FERTILITY

In 1968, Kaplan et al. [9] at the CF center in Boston
sought to determine why many of the fwCF in their
clinic were able to conceive, but the males with CF
(mwCF) were not. Through physical examination,
semen analysis and pathological specimen analysis,
they demonstrated that the majority of mwCF were
infertile based on absence of the vas deferens and
parts of the epididymis. Subsequently, case series of
two fetuses with genotypes F508del/F508del and
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FIGURE 1. Median predicted survival of individuals with cystic fibrosis the last 20 years the US CF Foundation Patient Registry [2].
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FIGURE 2. Rates of pregnancy and lung transplantation over the last 20 years the US CF Foundation Patient Registry [2,39].

F508del/G542 at 12 and 18weeks, respectively,
reported intact vas deferens in both male fetuses
suggesting that as occurs in the pancreas, the patho-
logical process caused by absent CFTR function
results in in-utero loss of the vas deferens [10].
However, while most mwCF have CBAVD, they
do produce sperm. Therefore, for those with the
financial means to pursue assisted reproduction,
retrieval of sperm from the testes or epididymis
coupled with in-vitro fertilization and embryo
implantation for the male’s partner can successfully
lead to pregnancy [11].

In contrast to mwCF, fwCF have reproductive
anatomy that is similar to that of women without
CF, thus the majority of fwCF can become pregnant
without assisted reproduction. Factors that histor-
ically contributed to fwCF having lower fertility
than those in the general population included mal-
nutrition, delayed puberty, reduced ovarian reserve,
and thick, acidic cervical mucus (caused by CFTR
dysfunction in the epithelium of the uterus) [12,13].
More recently, Shteinberg et al. [14] reported a sub-
fertility rate of 35% in fwCF; pancreatic insuffi-
ciency and older age at first pregnancy attempt
were risk factors. Critically, the data gathered in
the Shteinberg study was in the pre-CFTR modulator
era. Roe et al. [15] showed that fwCF treated with the
most effective approved CFTR modulator, elexacaf-
tor-tezacaftor-ivacaftor (ETI) had cervical mucus
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quality comparable to that of females without CF.
This improved cervical mucus quality has undoubt-
edly contributed to the increased pregnancy rate in
fwCF in the USA (Fig. 2).

Following lung transplantation, fertility may be
impaired for both mwCF and fwCF based on the
immunosuppressive regimen required to maintain
their transplants. (See Table 1). For example, for
both sexes, glucocorticoid dosing in the first 2 years
postlung transplantation may inhibit the hypo-
thalamic-pituitary-gonadal axis [16]. In one study
of more than 1000 organ transplant recipients, more
than 20% of females were unable to achieve preg-
nancy [17"]. In males, use of sirolimus may lead to
decreased sperm counts and dysmotility resulting in
reduction in the likelihood of partner pregnancy
[16]. Because of the potential impairment in fertility
resulting from required posttransplant immunosup-
pression, discussions regarding future fertility
should occur early in the process of transplant
referral [18].

Discussions regarding saving or protecting eggs,
sperm or reproductive tissue for use in creating
future biological children, ‘fertility preservation’ is
a standard part of oncology visits in people of child-
bearing age requiring cancer treatment [19]; CF
providers have cited content knowledge barriers
to engaging individuals with CF under their care
in similar conversations [20®]. To understand the
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Table 1. Immunosuppressive agents in pregnancy

Safety for use in

Safety for use while

Drug class pregnancy Risk of teratogenicity Special instruction breastfeeding
Corticosteroids Relatively well Cleft palate may occur with Continue treatment with Yes

tolerated at high doses used in the first corticosteroids when

contemporary trimester (over, 10-15mg indicated

clinical dosing prednisolone daily)
Calcineurin inhibitors Relatively well No teratogenic potential in Frequent monitoring of Yes

Cyclosporine
Tacrolimus

mTOR inhibitors
Everolimus
Sirolimus

Mycophenolate products
Mycophenolate mofetil
Mycophenolate sodium

Azathioprine

tolerated at
contemporary
clinical dosing

Insufficient data to
affirm safety

No

No evidence of
teratogenic effect
in human studies

Insufficient data to

human registries

Limited data in humans;
potential risk from animal
studies

Teratogen: risk of
spontaneous abortion and
congenital malformations

May use in place of
mycophenolate depending
on patient’s risk of
rejection

Limited data to establish risk

levels (every 2-4 weeks)

Discontinue 6-12 weeks
before planned
conception; evaluate risk
vs. benefit on case-by-
case basis in heart
transplant recipients with

CAV

Discontinue 612 weeks
before planned
conception or
immediately if unplanned

Relatively well tolerated at
contemporary clinical
dosing

Limited evidence

Not recommended

No evidence of
teratogenic effect in
human studies

Not recommended

Belatacept
affirm safety

Pregnancy while on
belatacept is strongly
discouraged

CAV, cardiac allograft vasculopathy; mTOR, mammalian target of rapamycin.
Reproduced with permission from [8™"].

perspective of pwCF, Ladores et al. [21] conducted a
mixed methods study in fwCF to describe their
knowledge, experiences and fertility preservation
concerns. Although the majority (78%) reported
that they wanted to have a child in the future most
(74%) stated that their providers had not initiated
discussions regarding fertility preservation. Simi-
larly, mwCF were recruited for a two-phase study
that was assessing fertility preservation knowledge
and also testing a telehealth intervention to
improve it. More than 80% stated that they want
to have children, but only approximately half (44%)
had received information from their CF team regard-
ing infertility [22™]. These studies suggest that pro-
vider education is paramount to improving the
experience of care regarding fertility preservation
prior to lung transplantation.

PREGNANCY

As noted above, pregnancy in fwCF has become
much more common in the era of CFTR modulators
(Fig. 2), but still remains rare in fwCF after a lung
transplantation. As a result, large studies on the

1070-5287 Copyright © 2024 The Author(s). Published by Wolters Kluwer Health, Inc.

impact of pregnancy on maternal and fetal health
in the setting of postlung transplant recipients with
CF are still lacking. Preconception counseling is
essential to assess risks, optimize health and discuss
family planning options.

Based on currently available data (largely col-
lected prior to widespread use of CFTR modulators),
pregnancy is feasible, but maternal and fetal com-
plications after a lung transplant are unfortunately
higher than in the general population. In an analysis
published in 2012 using data from the National
Transplantation Pregnancy Registry, investigators
found that in 30 pregnancies (12 with CF), more
than half of women had live births, with few asso-
ciated life-threatening complications and no reports
of permanent disability in the infants [23]. However,
the incidence of preterm birth was 60% and there
were 11 infant complications and two neonatal
deaths. Relative to other transplant recipients, mean
gestational age was similar but mean birth weight
was lower for babies born to fwCF (1980 g in CF vs.
2349 g in others). There was a lower rate of sponta-
neous abortion in fwCF (25% in CF vs. 33% in
others), but there was also a higher rate of organ
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rejection reported during pregnancy in fwCF (25%
in CF vs. 11% in others). Given reports of increased
potential for graft loss, some lung transplant centers
recommend that recipients avoid pregnancy all
together, while others use published guidelines to
consider carefully select individuals who may have
safe and successful pregnancies [8*]. Data from the
2022 Transplant Pregnancy Registry International
show that only 58% of 50 lung transplant recipients
had adequate graft function at last follow-up [17*].
Basic therapies such as calcineurin inhibitors (CNIs),
cyclosporine and tacrolimus will require frequent
monitoring and potential dose adjustments in
association with maternal weight changes or gastro-
intestinal issues (e.g. gastroesophageal reflux,
impaired motility) that complicate the absorption
of immunosuppressants and therefore increase the
risk of both acute and chronic rejection (CLAD).
Certain immunosuppressive agents should be
avoided such as mycophenolate mofetil, which is
known to be teratogenic [8™].

Medications such as prednisone, azathioprine
and calcineurin inhibitors have limited information
but are thought to be relatively well tolerated (See
Table 1 for further medication information during
pregnancy and lactation) [8"]. It is therefore impor-
tant to consider timing of pregnancy after lung
transplant to ideally achieve the lowest necessary
doses of immunosuppressive medications during
pregnancy and lactation. The higher rates of allog-
raft rejection and more aggressive immunosuppres-
sion utilized following lung transplantation support
the need for an at least 2 years posttransplant period
of stability before pregnancy [8"].

As with safety of medication use in pregnancy,
recent reviews and recommendations of medica-
tions frequently used in lactating fwCF are pub-
lished [24,25]. Two key concerns of fwCF when
considering lactation are use of medications and
nutritional expenditure. Lactation does require sig-
nificant caloric expenditure (often an additional
500kcal/day) and restriction of energy/calorie
intake is discouraged [26]. Weight loss postpartum
can be rapid in fwCF with some returning to their
prepregnancy weight within the first 6 weeks post-
partum and others not returning to their prepreg-
nancy weight even after 2 years postpartum without
aggressive perinatal care [27]. CFTR modulators have
improved nutritional status in many eligible pwCF,
but the impact of these therapies on weight in lung
transplant recipients peri-partum is unknown.
Regardless of medication regimen and nutritional
status, some clinicians advise against pregnancy if
there is evidence of any chronic lung allograft dys-
function in the past year or if there is ongoing mater-
nal infection that may impact the fetus such as

656 www.co-pulmonarymedicine.com

cytomegalovirus (CMV) infection, one of the lead-
ing causes of congenital neurologic impairment
[8™,28]. Other potential contraindications to preg-
nancy include uncontrolled comorbidities such as
diabetes or hypertension, chronic kidney disease
(eGFR < 30ml/min/1.73m? or the presence of
donor-specific antibodies that might increase the risk
of rejection [8"™]. Diabetes is a particularly unique
challenge for fwCF. CF-related diabetes (CFRD) is
common in adults with CF with an estimated prev-
alence of 30% (CFFPR) and even more common dur-
ingapregnancy where 14-20% of women will receive
a diagnosis of gestational diabetes (GDM) while preg-
nant [29,30]. Thelikelihood of either CFRD or GDM is
even higher for patients with severe pancreatic insuf-
ficiency and for a lung transplant recipient on
chronic prednisone [31]. The management of diabe-
tes shares similar goals as for females without CF and
is based on risk mitigation of hyperglycemia-related
adverse pregnancy outcomes. As with the general
population, insulin is a first-line therapy to treat
diabetes during a pregnancy, but fwCF may have
higher insulin requirements due to their competing
need for adequate nutritional intake. Relative to
other lung transplant recipients, other unique chal-
lenges in fwCF include malabsorption of fat-soluble
vitamins secondary to pancreatic insufficiency, gas-
troesophageal reflux and gastroparesis, which are all
likely to be worsened during pregnancy and may
impact on CNI plasma levels [32].

Pregnancies are being followed in the Transplant
Pregnancy Registry International long-term [17%]. As
of the 2022 annual report, out of 50 pregnant lung
transplant recipients, 53% experienced hyperten-
sion, 14% experience preeclampsia and 10% had
biopsy-proven rejection. Of the 68 pregnancies in
lung transplantrecipients, 64% resulted in live births,
26% were born at less than 32 weeks’ gestation, 50%
delivered by Cesarean section and 7% experienced
neonatal death less than 30 days after birth. Maternal
deaths after lung transplant were high at 36%. Impor-
tantly, more than half of these pregnancies were
unplanned. These data are consistent with larger
meta-analysis data reported in thoracic transplant
recipients that include up to 385 pregnancies in heart
or lung transplant recipients [33]. Despite the high
risk, successful pregnancies are possible in fwCF after
lung transplantation, but this should be discussed in
detail between providers and patients to consider
timing with medications, optimize comorbidities
and include needed expertise such as genetic coun-
selors, high-risk obstetricians, CF and transplant
physicians, and endocrinologists as needed. There
is ongoing research into the outcomes of pregnancies
in pwCF post lung transplant, focusing on mater-
nal health, fetal development and long-term
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implications, but little is known in the era of CFTR
modulators. Currently, a longitudinal prospective
observation study called ‘Maternal and Fetal Out-
comes in the Era of Modulators’ (MAYFLOWERS)
sponsored by the CF Foundation and supported by
the CF Therapeutics Development Network, is taking
place in 41 CF centers across the USA. Over 280 FwCF
pre or postlung transplant and on or not on CFIR
modulators will be enrolled and followed during
pregnancy, delivery and up to 2 years postpregnancy
to assess maternal and fetal outcomes and may pro-
vide additional information on pregnancy in fwCF
with or without a lung transplant in the modern era
of CF care [34]. An open discussion between care
teams and transplant recipient is needed to discuss
the risks and benefits surrounding pregnancy, and
ideally will include more longitudinal data in the
future.

PARENTHOOD

Although the TPRI describes the outcomes of preg-
nancies in women who have undergone lung trans-
plant as noted above, there are very few men who
have undergone lung transplantation who have
fathered children, thus outcomes specifically for
lung transplant recipients have not been reported
in previous or current registry reports [17%%,35]. A

specific evaluation of all male solid-organ transplant
recipients who had received pharmaceutical agents
containing mycophenolic acid reported that the
outcomes for partner pregnancies were similar to
those in the general population [35].

There is minimal current literature describing
the outcomes of parenthood in people with CF, and
none specifically focused on those who have under-
gone lung transplantation. Kazmerski et al. [36]
utilized the United Kingdom (UK) CF Registry to
evaluate the short-term health outcomes of people
with CF (fwCF who became pregnant and mwCF
whose partner became pregnant) in the year follow-
ing parenthood. Lung function and BMI declined
and pulmonary exacerbations increased in the year
following parenthood. The impacts of parenthood
on lung function decline were somewhat mitigated
by single or dual-combination modulator use. No
parents who had a history of lung transplant were
included in the study, but the results are likely still
somewhat applicable to people with CF postlung
transplant who continue to experience extra-
pulmonary comorbidity from CF. Similarly, the
on-going Health Outcomes of Parents with CF
(HOPeCF) study (NCT05829694) is excluding those
with lung transplantation, but will provide addi-
tional insights into outcomes for people with CF
who become parents; these results may also have

FAMILY-BUILDING OPTIONS

STEP-PARENTHOOD

FIGURE 3. Options for paths to parenthood. Original figure created and National Jewish Health and previously published in [38].
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relevance for those parents with CF who have
required lung transplantation.

RETURNING TO THE CASE PRESENTATION

Based on her question regarding pregnancy post-
lung transplantation and your own knowledge of
her options, you explain that you can refer her to a
genetic counselor and that she could consider
oocyte cryopreservation under the guidance of a
fertility specialist [37]. You advise her to discuss
the specific guidelines regarding pregnancy post-
lung transplant with her transplant team who will
strongly advise her to use contraception for at least
2 years posttransplantation before attempting to
become pregnant [8*"]. Finally, you discuss alterna-
tive paths to parenthood [38] (Fig. 3).

CONCLUSION

Although the number of lung transplantations has
decreased dramatically in the era of CFTR modulators
for most people with CF in HIC, lung transplantation
continues to be the only life-saving treatment option
for those with end-stage disease. For fwCF and mwCF,
pretransplantation discussions regarding fertility
preservation counseling are essential because trans-
plant-necessitated immunosuppression may limit
or eliminate options for unassisted conception
posttransplant. Historically, pregnancy, postlung
transplantation was discouraged. Today, for highly
selected individuals, pregnancy after lung transplan-
tation is a well tolerated and viable option if these
requirements are met: adequate and stable graft func-
tion, no episodes of allograft rejection in the prior
year, no maternal infections that may impact upon
the fetus, and stable dosing of maintenance nonter-
atogenic immunosuppression. Because although
maternal and fetal outcomes posttransplant are still
relatively precarious compared to those without
transplant, transparent counseling is essential for
the shared decisions-making process. Additional data
regarding long-term morbidity and mortality for peo-
ple with CF who choose to become parents posttrans-
plantation are needed.
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