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Females with Cystic Fibrosis Demonstrate a
Differential Response Profile to Ivacaftor Compared
with Males

To the Editor:

Despite improvements in supportive treatments during the past
four decades, females with cystic fibrosis (CF) have worse outcomes
than males. A recent registry analysis showed median life expectancy
of 38.7 years in males and 36.0 years in females (1). The reasons
for the sex gap are not fully understood but may be a result of
the effect of estrogen on inflammation (2), infection (3), and/or
ion transport (4). Recently, several CFTR (cystic fibrosis
transmembrane conductance) modulators have been approved on
the basis of their ability to improve percentage of predicted FEV1,
body mass index (BMI), sweat chloride, quality of life, and
pulmonary exacerbation (PEx) rate (5, 6). The published CFTR
modulator clinical trials have reported no significant differences in

FEV1 improvement between sexes (5–7). However, studies have not
reported on the effect of sex on other important clinical domains
including body weight, sweat chloride change, and PEx. Based on the
sex gap in CF, it is plausible to consider sex-specific differences in
CFTR modulator responses. Thus, we performed a retrospective
analysis of the GOAL (G551D Observational) cohort to determine
whether females respond as well as males to ivacaftor.

We used data from the GOAL study, which enrolled patients
at least 6 years of age with at least one G551D mutation who
were beginning ivacaftor. One- and 3-month changes in FEV1, weight,
BMI, and sweat chloride were assessed and analyzed for differences
based on sex. Although the cohort was followed for 5 years, we chose
to analyze short-term differences to avoid confounding of our results
by weight changes and hormonal influences from puberty, which may
affect outcome measures over time. Linked participant clinical data
from the U.S. Cystic Fibrosis Foundation National Patient Registry
augmented study data. Annualized PEx rates (treated in hospital
or at home with intravenous antibiotics) were calculated for the

2-year period before and the 2.25-year period after ivacaftor initiation.
The study was approved by the Institutional Review Board, and
written informed consent was obtained. Some of the results of this
study have been previously reported in an abstract (8).

Overall, 144 study participants were included; the clinical
characteristics for the GOAL cohort have been described in
detail previously (9). Participants were 46% female, with mean age of
21.1 years; 49.3% of females and 41.6% of males were between 6 and
17 years of age. Baseline characteristics were similar except that
females weighed less than males (48.9 kg vs. 59.1 kg; P= 0.001), and

Table 1. Differences in Clinical Responses in Ivacaftor-treated Males and Females with CF

Variable

Males Females

P Valuen Mean (SD) 95% CI n Mean (SD) 95% CI

ppFEV1
Baseline 77 80.4 (24.7) 74.8 to 86.0 67 81.9 (25.8) 75.6 to 88.2 0.644
1 mo 77 87.0 (25.1) 81.3 to 92.7 67 88.5 (24.4) 82.6 to 94.5 0.642
Absolute change at 1 mo — 6.6 (8.5) 4.7 to 8.6 — 6.6 (10.3) 4.1 to 9.1 0.487
3 mo 72 86.4 (25.6) 80.5 to 92.3 65 88.1 (24.1) 82.2 to 93.9 0.691
Absolute change at 3 mo — 5.5 (6.9) 3.9 to 7.1 — 5.0 (8.8) 2.9 to 7.2 0.711

BMI, kg/m2

Baseline 77 21.6 (4.4) 20.6 to 22.6 67 20.5 (4.1) 19.5 to 21.5 0.059
1 mo 77 22.0 (4.4) 21.0 to 23.0 67 20.8 (4.0) 19.8 to 21.8 0.039
Absolute change at 1 mo — 0.5 (0.6) 0.3 to 0.6 — 0.3 (0.5) 0.2 to 0.4 0.078
3 mo 74 22.2 (4.5) 21.1 to 23.3 65 20.9 (4.2) 19.9 to 22.0 0.043
Absolute change at 3 mo — 0.7 (0.8) 0.5 to 0.8 0.5 (1.0) 0.2 to 0.7 0.099

Sweat chloride, mEq/L
Baseline 74 104.0 (13.5) 100.9 to 107.1 66 101.9 (14.6) 97.7 to 104.9 0.13
1 mo 69 57.4 (23.6) 51.7 to 63.0 65 52.6 (23.5) 46.8 to 58.4 0.123
Absolute change at 1 mo — 245.8 (19.0) 250.5 to 241.2 — 249.1 (22.6) 254.8 to 243.5 0.18
3 mo 65 54.7 (22.5) 49.1 to 60.2 62 46.8 (23.8) 40.7 to 52.8 0.029
Absolute change at 3 mo — 248.8 (20.7) 254.0 to 243.7 — 255.5 (23.0) 261.4 to 249.7 0.045

Annualized PEx rate per year* 77 0.8 (2.0) 0.4 to 1.3 67 0.9 (1.6) 0.5 to 1.3 0.421

Definition of abbreviations: BMI =body mass index; CI = confidence interval; CF= cystic fibrosis; PEx=pulmonary exacerbation; pp=percentage predicted
via Global Lung Function Initiative equations.
Bold emphasizes statistically significant P values.
*Annualized pulmonary exacerbation rate was calculated for the 2.25 years after ivacaftor initiation.
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PEx rate before study entry trended greater for females (1.7 PEx/yr
vs. 1.1 PEx/yr; P= 0.064). There was no significant difference in
Pseudomonas aeruginosa infection, inhaled antibiotics, mucolytics,
or oral antibiotics during the study period.

After 1 month of ivacaftor, females and males had similar
changes in percentage predicted FEV1 and BMI, although the
absolute change in weight was less in females (Table 1). After
3 months, sweat chloride decreased by 55.5 mEq/L in females and
48.8 mEq/L in males (P=0.045), achieving mean values of 46.8
and 54.7 mEq/L, respectively (Table 1). During the 2.25 years of
follow-up, 35.8% of females and 28.6% of males experienced at least
1 pulmonary exacerbation requiring intravenous antibiotics. Despite
a greater baseline frequency of exacerbations, females experienced
a significant reduction in PEx rate from 1.7 PEx/yr to 0.9 PEx/yr
(P=0.024), whereas the PEx rate in males decreased from 1.1 PEx/yr
to 0.8 PEx/yr (P=not significant; Figure 1A). Further analysis showed

that 31/67 (46.3%) females compared with 21/77 (27.3%) males had a
reduction in PEx rate after ivacaftor (P=0.024).

We then assessed the relationships among age, weight, and sex on
sweat chloride change. Among subjects aged 18 years and older, women
had a lower mean baseline weight (58.6 vs. 72.7 kg; P,0.0001) and a
greater sweat chloride decrease (255.2 vs. 244.1 mEq/L; P=0.025)
than men. In contrast, in subjects younger than 18 years, girls and boys
had similar baseline weights (39.5 vs. 42.9 kg) and similar changes in
sweat chloride (255.8 vs. 253.9 mEq/L). There was a small but
significant correlation (r=0.29; P=0.001) between weight and sweat
chloride decrease in the overall cohort. When stratified by age and sex,
the strongest correlation between weight and sweat chloride decrease
was in boys younger than 18 years (r=0.41; P=0.023; Figure 1B).

In this letter, we report three novel findings. The first is
that ivacaftor-treated females with CF had a greater reduction in
PEx than males with CF, noting that the baseline rate was higher
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Figure 1. Differences in clinical response to ivacaftor, by sex. (A) Reduction in annualized pulmonary exacerbation rate after ivacaftor treatment, by sex.
Females experienced a greater reduction in annualized pulmonary exacerbation rate than males while receiving ivacaftor. “Pre-Ivacaftor” represents
the 2-year period before ivacaftor initiation. “Post-Ivacaftor” represents the 2.25-year period after ivacaftor initiation. (B) Correlation between sweat chloride
change and baseline weight after ivacaftor treatment, by sex and age. The strongest correlation between sweat chloride change and baseline weight
was seen in males younger than 18 years. PEx=pulmonary exacerbation.
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in females. Second, females had a greater reduction in sweat
chloride in response to ivacaftor than males. Finally, the sweat chloride
response to ivacaftor is correlated with baseline weight. These data
suggest that although females and males with CF showed similar
salutary responses to ivacaftor in FEV1 and BMI, there may be
important differential responses based on both sex and body weight.

The greater reduction in sweat chloride and PEx in females
after ivacaftor was unexpected. Our data that females have a
higher baseline PEx is consistent with previous reports (1, 3).
The greater reduction in pulmonary exacerbation frequency in
ivacaftor-treated females is consistent with the idea that estrogen may
mediate its detrimental effects by modulating CFTR function. The
differential sweat chloride response may in part be explained
by greater ivacaftor exposure resulting from differences in
baseline weight (10). Estrogen has been shown to affect drug
pharmacokinetics (11), and it may also affect ivacaftor metabolism,
which may partly explain the smaller correlation between sweat
chloride and weight in females. Finally, it should be noted that
ivacaftor-mediated reductions in sweat chloride have recently been
shown to correlate with attenuation of FEV1 decline (10, 12), which
suggests that decreases in sweat chloride may also correlate with
reduced lung transplantation and mortality risk. Thus, one potential
implication of our data is that optimization of CFTR modulator
dosing based on maximal sweat chloride reduction may lead to
reduced long-term risk for lung transplantation and mortality.
Further studies are needed to determine whether CFTR
modulation will lead to equivalent long-term outcomes in females
compared with males and whether our observations apply to
other CFTR modulators. n
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Interaction of RARB Variant with Polycyclic Aromatic
Hydrocarbon Exposure on Annual Lung
Function Change

To the Editor:

Lung function is a critical indicator of respiratory health and is
determined by both environmental and genetic factors (1).
Epidemiological studies have reported the association between
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