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Abstract

Elexacaftor, tezacaftor, ivacaftor (ETI) have been associated with marked clinical improvements
in adults with CF, which appears to be associated with increased fertility. However, maternal and
fetal effects of therapy continued during pregnancy are not well understood. We collected maternal
blood, infant blood, cord blood, and breast milk from 3 mother-infant pairs from women who
elected to remain on ETI therapy while pregnant. Our results demonstrated relatively high levels
of ETI in cord blood, suggesting placental transfer of these compounds, as well as low levels of
ETI in breast milk and infant blood, suggesting further transfer of these compounds to breast-fed
infants in the post-natal period. These data underscore the need for larger studies on the effects of
modulator surrounding reproduction.
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Introduction

As life expectancy and quality of life has improved for people with CF with the advent of
highly effective modulator treatment (HEMT) [A,B], women with CF are more frequently
seeking pregnancy[1-3]. Furthermore, emerging evidence suggests that ETI may also
improve fertility among women with CF[4]. A risk-benefit assessment of continuing
therapies such as ETI is a critical part of clinical care before and during pregnancy, but
data are lacking to inform these decisions. Reports of clinical deterioration in persons
with CF upon discontinuation of HEMT favor continuing ETI during pregnancy to protect
maternal health, however there is insufficient evidence to support ETI continuation during
pregnancy as standard therapy[5]. Fortner and colleagues recently reported a homozygous
Phe508del infant born to a mother with CF on ETI therapy throughout pregnancy who had
a false-negative newborn screen, normal pancreatic function, and lower-than-expected sweat
chloride levels[6]. These findings suggest fetal exposure to ETI rescued CFTR function

in utero, which is consistent with a previous case report showing significant lumacaftor
and ivacaftor concentrations in cord blood [7]. While animal studies have not suggested a
strong association between ETI and adverse fetal outcomes, there is a known association
between ivacaftor exposure and cataract formation[8]. In addition, the risk of breastfeeding
infants while on ETI therapy is not well defined. Animal models suggest the individual
components of ETI cross into breast milk, and the prior case report found significant
lumacaftor and ivacaftor levels in breast milk [7]. To address fetal and neonatal exposure
to ETI with mothers on therapy, we assessed maternal, fetal, and infant ETI exposure in
three pregnancies through concentrations of ETI in cord blood, breast milk, and maternal
and infant plasma.

1. Methods

This observational study was performed at the Adult Cystic Fibrosis Clinic at Oregon
Health & Science University (OHSU) in Portland, Oregon and the Robert C. Schwartz
Cystic Fibrosis Center at SUNY Upstate University Hospital in Syracuse, New York, and
was approved by the institutional review board at OHSU, and subjects provided informed
consent prior to participation. A pre-natal sample of maternal blood was obtained as a
baseline comparison, and samples of maternal blood, cord blood, and newborn blood were
obtained in the perinatal period when available. In the post-partum period, infant blood
and breast milk samples were obtained whenever the infant’s pediatrician deemed clinical
labs advisable for monitoring the infant’s health. A detailed clinical summary of the third
mother-infant subject pair was previously described in a case report by Fortner et al[6], and
a single complication of the second subject pair was reported in a prior study[5], though
neither of these reports include measurement of ETI concentrations.

For analysis of concentrations via mass-spectroscopy, 100 uL of each sample was prepared
by acetonitrile crash, with supernatants lyophilized to dryness and resuspended in 20%
methanol. Individual component concentrations were assessed via liquid chromatography-
mass spectroscopy using a previously described method[7] modified to add the selected
reaction monitoring conditions for tezacaftor (/7/2521.5 -> 449.1) and elexacaftor (/m/z
598.3 -> 422.3) determined empirically from analysis of standards. Peak area was extracted

J Cyst Fibros. Author manuscript; available in PMC 2023 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Collins et al.

Page 3

using automated processing software (Xcalibur®), and concentrations were determined
though analysis of samples spiked with known concentrations of modulators.

No statistical methods were planned due to the pilot nature of this observational report and
low sample size. Furthermore, due to the experimental nature of this assay, results were to be
reported in aggregate a priori so as to minimize influencing clinical care for individuals.

2. Cohort report and results

A total of three mother and infant dyads were recruited for this study (see Table 1).

Two women were identified and enrolled pre-partum from OHSU (subject pair A and

B) and one subject pair enrolled from Syracuse post-partum following diagnosis of CF

in the infant (subject pair C). All mothers were Phe508del homozygous. Two mothers
started ETI prior to conception, whereas one mother started therapy during the second
trimester after ETI became available. There were no interruptions in therapy. Subject pair
A’s delivery was complicated by difficult delivery and use of vacuum extraction causing
cephalohematoma that contributed to newborn jaundice. The pregnancy of subject pair

B was notable for maternal cholecystitis requiring cholecystectomy but an unremarkable
delivery. This complication was included in an series which has been previously reported[5].
Subject C’s pregnancy and delivery were unremarkable. All mothers breastfed, although
with variable levels of formula supplementation.

ETI levels in maternal serum, cord blood, and infant serum are illustrated in Figure 1.
Umbilical cord blood levels of each component of ETI were similar to or higher than
perinatal maternal serum levels at the time of delivery, with newborn levels comparable

to maternal levels. Interestingly, perinatal maternal concentrations appeared lower than
maternal concentrations collected at other time points including at 15 days prior to delivery,
despite continued dosing of ETI therapy during labor and in the perinatal period.

Analysis of serum from infants outside of the immediate neonatal period showed continued
presence of all drug components, though at lower concentrations relative to cord blood

levels and non-perinatal maternal levels. Similarly, all three ETI components were detectable
in breast milk analysis though at much lower levels than maternal serum. Interestingly,
tezacaftor concentrations were higher than the other two drugs in breast milk and infant
serum, whereas elexacaftor was at highest relative concentrations in maternal serum and
cord blood.

The clinical course of infants in this case series were generally benign. Infant A was healthy,
including ophthalmologic exam, other than a heart murmur that self-resolved. Infant B had
slowly increasing ALT values through 90 days of age, peaking at 65 U/L (upper limit of
normal 30 U/L). Liver ultrasound and ophthalmologic exams were normal. Evaluation by

a pediatric gastroenterologist did not identify a cause of increase ALT other than exposure
to ETI, and levels normalized by age 158 days. Infant C was diagnosed with F508del
homozygous CF by genetic testing but had normal newborn screen, normal pancreatic
function, and lower-than-expected sweat chloride levels as previously reported [6]. The
infant had serial fecal elastase measurements during the first year of life, which were all
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within the normal range, and the patient remained without clinical signs of pancreatic
insufficiency. At age 292 days, the infant had amylase and lipase levels measured in
peripheral blood, which were 105 and 2680 U/L respectively (normal ranges: 30-110 U/L,
and <300 U/L respectively). These were obtained for surveillance purposes without any
clinical signs of pancreatitis.

3. Discussion

Our findings suggest that elexacaftor, tezacaftor and ivacaftor cross the placenta leading to
substantial fetal exposure in women continuing ETI therapy in pregnancy. The measured
drug concentrations in cord blood being higher than or similar to maternal serum levels
suggest that fetal drug concentrations /n utero are within the therapeutic range. Physiologic
changes in pregnancy may alter drug pharmacokinetics, however, it is not clear why
perinatal maternal serum concentrations were lower than values measured earlier in
pregnancy or post-partum. Given the small number of subjects in this study, more data is
needed to determine the impact of pregnancy and delivery on maternal ETI concentrations.

Similar to our previous findings with lumacaftor and ivacaftor [7], we identified detectable
concentrations of ETI in breast milk. The relative concentrations of tezacaftor were higher

in breast milk than in maternal serum, suggesting that this drug is transported into breast
milk with greater affinity than the other CFTR modulators. The presence of ETI in breast
milk likely contributed to the low but measurable levels of ETI in infant serum, in which
tezacaftor was also relatively higher than the other drug components. The low concentrations
of ETI in infants did not lead to significant complications other than mild elevations in ALT
that ultimately resolved.

However, the true safety of ETI in infants cannot be assessed in this small study. Infant C
poses a special case, given her diagnosis of CF. While she was born with normal pancreatic
function as evidenced by clinical features as well as fecal elastase and IRT, our findings
would suggest that her total exposure to ETI diminished with time, despite breastfeeding.
Although she has not developed clinical pancreatic insufficiency, her elevated lipase levels at
9 months of life could suggest slowly developing pancreatic dysfunction.

These findings underscore the need for additional data on effects of HEMT use with
pregnancy, particularly in a prospective, multi-centered fashion, as well as provide proof-
of-concept for pharmacokinetic studies of modulators in pregnancy. The Maternal and

Fetal Outcomes in the Era of Modulators (MAYFLOWERS) study sponsored by the CF
Foundation and CF Therapeutics Development Network is currently starting, which we hope
will provide more robust results to better assist clinical providers and patients prepare for
and manage pregnancy in CF.
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Highlights

Concentrations of Elexacaftor, tezacaftor, ivacaftor (ETI) in cord blood were
reported when ETI was continued during pregnancy.

Concentrations of ETI in breast milk and infant blood suggest ongoing
exposure in early life.
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Figure 1.

Aggregate maternal plasma, infant plasma, and breast milk concentrations of ETI from

all 3 subject pairs on logarithmic sale. Samples from the same subject are denoted with
connecting lines. Since perinatal samples were obtained from only two subjects, the range of
these two values are denoted with error bars.

J Cyst Fibros. Author manuscript; available in PMC 2023 July 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Collins et al.

Clinical comparison of cases.

Table 1.

Page 8

Subject pair A

Subject pair B

Subject pair C

complications

Location OHSU OHSU Syracuse, previously discussed in
Fortner paper[4]

Genotype Phe508del homozygous Phe508del homozygous Phe508del homozygous

ETI start 2nd trimester Prior to conception Prior to conception

ETI interruptions No No No

Maternal None Maternal cholecystitis requiring None

cholecystectomy[3]

Delivery
complications

Vacuum assisted delivery causing
cephalohematoma and newborn
jaundice

Unremarkable delivery

Unremarkable delivery

Breastfeeding

Yes + formula supplementation

Yes + formula supplementation

Yes + formula supplementation

Infant details

Healthy Temporary cardiac murmur

Healthy Temporary ALT elevation

F508del homozygous CF

J Cyst Fibros. Author manuscript; available in PMC 2023 July 01.



	Abstract
	Introduction
	Methods
	Cohort report and results
	Discussion
	References
	Figure 1.
	Table 1.

