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A B S T R A C T   

Background: Elexacaftor/tezacaftor/ivacaftor (ELX/TEZ/IVA) has been shown to be safe and 
efficacious in people with cystic fibrosis (CF) aged ≥2 years. Here, we describe results from an 
observational study assessing change in burden of illness following initiating ELX/TEZ/IVA in 
real-world settings. 
Methods: This US-based, multicenter, observational study used data from electronic medical re-
cords to evaluate real-world burden of illness before and after ELX/TEZ/IVA initiation in people 
with CF aged ≥12 years heterozygous for F508del and a minimal function mutation (F/MF) or an 
uncharacterized CFTR mutation. Endpoints included absolute change from baseline in percent 
predicted forced expiratory volume in 1 s (ppFEV1), body mass index (BMI) and BMI-for-age z- 
score, glycated hemoglobin (HbA1c), and numbers of pulmonary exacerbations (PEx). 
Results: Overall, 206 people with CF were enrolled (mean [SD] age 22.5 [11.1] years; 192 
[93.2%] with F/MF genotype). Mean follow-up was 15.6 (SD, 1.6) months. Improvements in 
ppFEV1 (7.3 [95% CI: 5.7, 8.8] percentage points) were observed from baseline through follow- 
up. Increases in BMI (1.40 [95% CI: 1.07, 1.77] kg/m2) and BMI-for-age z-score (0.14 [95% CI: 
0.00, 0.28]) were also observed from baseline at 12 months. The estimated annualized rate of any 
PEx was 1.31 at baseline and 0.61 over follow-up (rate ratio 0.47 [95% CI: 0.39, 0.55]), with 
annualized rates of PEx requiring antibiotics and hospitalizations of 0.55 and 0.88 in the baseline 
period and 0.12 and 0.36 over follow-up (rate ratios 0.22 [95% CI: 0.15, 0.31] and 0.41 [95% CI: 
0.32, 0.51]), respectively. Absolute change in HbA1c was − 0.22 (95% CI: -0.38, − 0.06) from 
baseline through follow-up. 
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Conclusions: ELX/TEZ/IVA treatment was associated with improved lung function, increased BMI, 
reduced frequency of PEx, and improved (i.e., reduced) HbA1c. These results confirm the broad 
clinical benefits of ELX/TEZ/IVA seen in clinical trials and show the potential for ELX/TEZ/IVA to 
improve markers of glucose metabolism.   

1. Introduction 

Cystic fibrosis (CF) is an autosomal recessive disease that is caused by mutations in the CF transmembrane conductance regulator 
(CFTR) gene, leading to reductions in the quantity and/or function of CFTR protein, an anion channel present in various epithelial cells 
[1,2]. Clinically, CF manifests as a multisystemic disease with respiratory, pancreatic, hepatic, and gastrointestinal dysfunctions 
appearing early in life [3–5]. Progressive loss of lung function is the leading cause of mortality in people with CF, with obstruction of 
airways with thick mucus, chronic bacterial infection of airways, and damaging lung inflammatory responses leading to irreversible 
structural lung changes [6]. 

While there is no cure for CF and patients experience substantial disease burden, the treatment landscape has significantly changed 
in the past decade with the emergence of CFTR modulator therapies. CFTR modulators are small-molecule therapeutics designed to 
treat the underlying cause of CF, with CFTR potentiators ameliorating the impaired gating associated with some mutant CFTR proteins 
and CFTR correctors addressing the processing and trafficking defects associated with other mutant CFTR proteins [7,8]. A 
triple-combination regimen of elexacaftor (ELX) (CFTR corrector), tezacaftor (TEZ) (CFTR corrector), and ivacaftor (IVA) (CFTR 
potentiator) was shown in pivotal Phase 3 clinical trials to be efficacious and safe in people with CF with at least one F508del-CFTR 
allele [9–11]. The F508del-CFTR mutation is the most common CFTR mutation, with nearly 90% of people with CF in some regions of 
the world having at least one F508del-CFTR allele [12]. Treatment with ELX/TEZ/IVA led to robust and clinically meaningful im-
provements in lung function (as assessed by percent predicted forced expiratory volume in 1 s [ppFEV1]), CFTR function (as assessed 
by sweat chloride concentration), and respiratory symptoms (as assessed by Cystic Fibrosis Questionnaire-Revised respiratory domain 
score), exceeding improvements seen with the dual CFTR modulator regimen TEZ/IVA in people with CF homozygous for 
F508del-CFTR [13]. These results demonstrated that ELX/TEZ/IVA is a superior treatment option for people with CF with at least one 
F508del-CFTR allele. 

While the results from clinical trials and open-label extension studies [14,15] have established the efficacy and safety of ELX/-
TEZ/IVA, it is also important to understand the impact of ELX/TEZ/IVA under real-world conditions of use. Here, we report results 
from an observational study that assessed changes in real-world burden of illness in adolescents and adults with CF before and after 
starting treatment with ELX/TEZ/IVA. 

2. Methods 

2.1. Study objective, design, and population 

HELIO (VX19-CFD-003) was a US-based, multicenter, longitudinal observational study designed to evaluate real-world burden of 
illness in people with CF aged ≥6 years before and after treatment with ELX/TEZ/IVA in real-world clinical settings. The study 
included two cohorts: (i) people with CF aged ≥12 years either heterozygous for F508del and a minimal function mutation (F/MF 
genotypes) or heterozygous for F508del and an uncharacterized CFTR mutation (F/uncharacterized genotypes) and (ii) children with 
CF aged 6 through 11 years who were homozygous for F508del or who had an F/MF or F/uncharacterized genotype. For this study, the 

Abbreviations 

BMI body mass index 
CF cystic fibrosis 
CFTR cystic fibrosis transmembrane conductance regulator 
CI confidence interval 
ELX elexacaftor 
EMR electronic medical record 
F/MF heterozygous for F508del-CFTR and a minimal function mutation 
HbA1c glycated hemoglobin 
IVA ivacaftor 
PEx pulmonary exacerbations 
ppFEV1 percent predicted forced expiratory volume in 1 s 
SD standard deviation 
TEZ tezacaftor  
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F/uncharacterized genotype was defined as participants with an F508del mutation with a second CFTR allele carrying a mutation not 
characterized as F508del, minimal function, gating, or residual function. Results from the first cohort (people with CF aged ≥12 years) 
are reported here; data collection and analysis were still ongoing for the second cohort (children with CF aged 6 through 11 years). 
Participants had ≥12 months of medical history available in the electronic medical record (EMR) and were excluded if they were 
enrolled in any interventional studies or had been enrolled in one within the past 28 days and their last exposure to investigational VX- 
445 (ELX) or VX-659 was <12 months prior to initial prescription of ELX/TEZ/IVA. 

Data from the participants’ EMRs were collected based on predefined windows relative to participants’ treatment initiation dates 
(Fig. 1). Retrospective data were collected during the 12 months before ELX/TEZ/IVA treatment and prospective data were collected 
up to 16 months after initiation of ELX/TEZ/IVA. The baseline period was defined as the 12 months before ELX/TEZ/IVA initiation to 
the day of ELX/TEZ/IVA initiation. The post-ELX/TEZ/IVA follow-up period was defined as the time from the day after ELX/TEZ/IVA 
initiation to the completion of study participation or ELX/TEZ/IVA discontinuation, whichever occurred first. 

2.2. Study outcomes 

Endpoints were assessed through the pre- and post-ELX/TEZ/IVA treatment periods using data collected from the participants’ 
EMRs. Endpoints included absolute change from baseline in ppFEV1, number of any pulmonary exacerbations (PEx) compared to 
baseline (annualized event rate), number of PEx requiring either intravenous antibiotics or hospitalization compared to baseline 
(annualized event rates), absolute change in body mass index (BMI) and BMI-for-age z-score (BMI z-score) from baseline, and absolute 
change from baseline in glycated hemoglobin (HbA1c). Any PEx was defined as a visit with diagnosis codes for CF with pulmonary 
manifestations or respiratory infection and diagnosis codes for other gastrointestinal manifestations of CF or CF with other mani-
festations and at least one of the following: hospitalization, intravenous antibiotic within 24 h of admission or visit, or oral antibiotic 
(prescription given within 7 days of an outpatient visit with a diagnosis code of CF). Prescription orders were reviewed if they were 
prescribed for chronic or acute use. Those prescribed for chronic use were not considered per the operational definition of PEx. PEx 
requiring hospitalization was defined as PEx with an inpatient stay. PEx with intravenous antibiotics was defined as a PEx with an EMR 
identifying intravenous antibiotics within 24 h of admission or visit. 

2.3. Statistical analyses 

Baseline measurements were summarized descriptively with mean, standard deviation (SD), median, and interquartile range for 
continuous variables, and frequency and percentage for categorical variables. Summary statistics and two-sided 95% confidence in-
tervals (CIs) were calculated for absolute changes from baseline at 6 months and 12 months and average change from baseline through 
the post-ELX/TEZ/IVA treatment period (up to 16 months). For each endpoint, the baseline was defined as the most recent non-missing 
measurement collected on or before initiation of ELX/TEZ/IVA. The values at 6 months and 12 months were defined as the most recent 
non-missing measurement closest to the 6-month study day and 12-month study day within the 6 (±3) and 12 (±3) month intervals 
after initiating ELX/TEZ/IVA. The absolute changes from baseline through the post-ELX/TEZ/IVA treatment period were calculated for 
ppFEV1, BMI, BMI z-score (for patients aged ≤20 years at baseline), and HbA1c, and were defined as change from baseline to the 
average of all data points in the post-ELX/TEZ/IVA treatment period. 

PEx endpoints were calculated as annualized event rates based on all available data and analyzed as the ratio of the annualized 
event rate during the post-ELX/TEZ/IVA period over the baseline rate during the pre-ELX/TEZ/IVA period. The rate ratios for any PEx, 
PEx requiring intravenous antibiotics, and PEx requiring hospitalization were calculated as the annualized event rate during the post- 
ELX/TEZ/IVA period over the annualized event rate during the baseline period (i.e., during the pre-ELX/TEZ/IVA period). A negative 
binomial model was used to estimate the annualized rate ratio during the pre- and post-ELX/TEZ/IVA periods. For the pre- and post- 
ELX/TEZ/IVA periods, the annualized rates per participant-year were determined; rates were calculated as the sum total across all 
participants of the number of PEx during each period divided by the sum total across all participants of the time in years. PEx events 
occurring within 30 days of a prior PEx were collapsed and considered as one PEx. All analysis was performed using SAS 9.4 (SAS 
Institute Inc., Cary, NC, USA). 

Fig. 1. Study design. Data on clinical characteristics and outcomes were extracted from the EMRs of each participant for the 12-month period prior 
to initiation of ELX/TEZ/IVA and for up to 16 months following initiation of ELX/TEZ/IVA. aELX/TEZ/IVA prescription date. ELX/TEZ/IVA: 
elexacaftor/tezacaftor/ivacaftor; EMR: electronic medical record. 
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Table 1 
Baseline demographics and clinical characteristics of the HELIO aged ≥12 years cohort.  

Characteristica ELX/TEZ/IVA (n = 206) 

Age at index date, years, mean (SD) 22.5 (11.1) 
Age categories, n (%)  

≥12 to <18 years 92 (44.7) 
≥18 years 114 (55.3) 

Sex, n (%)  
Male 107 (51.9) 
Female 99 (48.1) 

Genotype, n (%)  
F/MF 192 (93.2) 
F/uncharacterizedb 14 (6.8) 

Baseline ppFEV1, percentage points, mean (SD) 78.4 (24.3) 
Baseline ppFEV1 categories, n (%)c  

<40 16 (8.6) 
≥40 to <70 47 (25.4) 
≥70 to <90 62 (33.5) 
≥90 60 (32.4) 

Baseline weight, kg, mean (SD) 58.3 (15.1) 
Baseline height, cm, mean (SD) 162.8 (11.1) 
Baseline BMI, kg/m2, mean (SD)c 21.7 (3.8) 
Baseline BMI z-score, kg/m2, mean (SD)d 0.1 (0.9) 
Medical history, n (%)e  

Distal ileal obstruction syndrome 3 (1.5) 
CF-related diabetes 56 (27.2) 
CF liver disease 10 (4.9) 
Pancreatic insufficiency 79 (38.3) 
Chronic kidney disease 2 (1.0) 

Prior medication use, n (%)f 199 (96.6) 
Dornase alfa 153 (74.3) 
Antibiotics 180 (87.4) 
Bronchodilator 72 (35.0) 
Hypertonic saline 132 (64.1) 
Corticosteroidsg 145 (70.4) 
Insulin 42 (20.4) 

Concomitant medication use, n (%)h 186 (90.3) 
Dornase alfa 144 (69.9) 
Antibiotics 138 (67.0) 
Bronchodilator 59 (28.6) 
Hypertonic saline 118 (57.3) 
Corticosteroidsg 113 (54.9) 
Insulin 40 (19.4) 

Follow-up time post-ELX/TEZ/IVA index date, months, mean (SD)i 15.6 (1.6) 

BMI: body mass index; CF: cystic fibrosis; CFTR: cystic fibrosis transmembrane conductance regulator; ELX: 
elexacaftor; F/MF: heterozygous for F508del-CFTR and a minimal function mutation; IVA: ivacaftor; LUM: 
lumacaftor; ppFEV1: percent predicted forced expiratory volume in 1 s; SD: standard deviation; TEZ: tezacaftor. 

a Baseline was defined as the most recent non-missing measurement on or before the ELX/TEZ/IVA index date. 
b “F/uncharacterized” was defined as participants with an F508del mutation and a second CFTR allele carrying a 

mutation not characterized as F508del, minimal function, gating, or residual function and who were not eligible 
for treatment with IVA, LUM/IVA, or TEZ/IVA until the approval of additional mutations in December 2020. 

c Percentages were calculated based on the total number of participants with non-missing baseline data for the 
given variable. 

d BMI z-score was restricted for patients aged 12–20 years and is based on the Centers for Disease Control and 
Prevention BMI-for-age charts, selected BMI (kg/m2) z-scores, by sex and age (https://www.cdc.gov/ 
growthcharts/zscore.htm). 

e Medical history was collected during the baseline period, which was from 12 months before the ELX/TEZ/IVA 
index date to the day of ELX/TEZ/IVA index date. 

f Prior medications include any medication that started before the ELX/TEZ/IVA index date, regardless of when 
it ended. Route of administration was collected for corticosteroids, antibiotics, and hypertonic saline. 

g Corticosteroids included any corticosteroid noted in the EMR and their route of administration, including oral, 
intravenous/injectable, inhaled, other, and missing. 

h Concomitant medications include medication continued or newly prescribed/dispensed on or after the index 
date for ELX/TEZ/IVA treatment (i.e., medication is ongoing or the stop date is on or after the index date for ELX/ 
TEZ/IVA). Route of administration was collected for corticosteroids, antibiotics, and hypertonic saline. 

i Defined as time (months) from the day after the first prescription of ELX/TEZ/IVA to final data extraction date 
or 16 months post-index date for ELX/TEZ/IVA, whichever occurs first. 
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3. Results 

3.1. Participant disposition, demographics, and baseline characteristics 

This study collected data from 15 integrated health systems in the US between December 16, 2019 and February 13, 2022. A total of 
206 participants were enrolled in this observational study, of whom 192 (93.2%) had F/MF genotypes (Table 1; Table S1). Mean age at 
baseline was 22.5 years (SD, 11.1) and 48.1% of participants were female. The mean ppFEV1 was 78.4 percentage points (SD, 24.3) and 
BMI was 21.7 kg/m2 (SD, 3.8) at baseline. The mean length of follow-up was 15.6 months (SD, 1.6). 

3.2. Lung function and PEx 

Following initiation of ELX/TEZ/IVA, participants had increases in ppFEV1 at 6 months that were sustained through the follow-up 
period. The mean absolute change in ppFEV1 from baseline at 6 months was 7.8 percentage points (95% CI: 5.9, 9.8) and was 7.3 
percentage points (95% CI: 5.7, 8.8) through the follow-up period (Table 2). 

Treatment with ELX/TEZ/IVA resulted in a 53% lower annualized rate of PEx (rate ratio, 0.47; 95% CI: 0.39, 0.55) (Table 3). At 
baseline, the annualized rate of PEx was 1.31, with an annualized rate of PEx requiring intravenous antibiotics of 0.55 and an 
annualized rate of PEx requiring hospitalizations of 0.88. Following initiation of ELX/TEZ/IVA, the annualized rate of PEx decreased to 
0.61 for the post-treatment period (rate ratio, 0.47; 95% CI: 0.39. 0.55) with the annualized rate of PEx requiring intravenous anti-
biotics and the annualized rate of PEx requiring hospitalization similarly decreasing to 0.12 (rate ratio, 0.22; 95% CI: 0.15, 0.31) and 
0.36 (rate ratio, 0.41; 95% CI: 0.32, 0.51), respectively (Table 3). 

3.3. BMI, BMI z-score, and HbA1c 

Mean BMI and BMI z-scores increased following initiation of ELX/TEZ/IVA. The mean absolute change in BMI from baseline was 
1.08 kg/m2 (95% CI: 0.79, 1.37) at 6 months and was 1.40 kg/m2 (95% CI: 1.04, 1.77) at 12 months, and the mean absolute change in 
BMI z-score was 0.15 (95% CI: 0.03, 0.27) at 6 months and 0.14 (95% CI: 0.00, 0.28) at 12 months (Table 2). The mean absolute change 
in HbA1c was − 0.30 (95% CI: -0.64, 0.04) at 6 months and − 0.22 (95% CI: -0.38, − 0.06) through the follow-up period (Table 2). 

4. Discussion 

HELIO was a real-world, observational study that assessed the clinical effectiveness of ELX/TEZ/IVA in people with CF aged ≥6 
years with either F/MF or F/uncharacterized genotypes in the US. Here, we described the results for participants aged ≥12 years and 
their improvement in burden of illness after initiating ELX/TEZ/IVA treatment. Improvements in lung function (assessed by change in 
ppFEV1) and nutritional parameters (BMI and BMI z-score), along with reductions in PEx and HbA1c levels, were seen following the 
initiation of ELX/TEZ/IVA and were maintained through the follow-up period (up to 16 months), regardless of varying CF lung disease. 

Table 2 
Changes in ppFEV1, BMI, BMI z-score, and HbA1c from baseline to follow-up after ELX/TEZ/IVA initiation.   

ppFEV1, percentage 
points 

BMI, kg/m2 BMI z-score for 
participants aged 12–20 
years 

HbA1c, % 

Baselinea, mean (SD) n =
185 

78.4 
(24.3) 

n =
202 

21.74 (3.82) n =
114 

0.10 (0.94) n =
144 

6.07 (1.65) 

Post-treatmentb, mean (SD) n =
163 

84.9 
(25.0) 

n =
197 

22.92 (4.57) n =
110 

0.21 (0.96) n =
140 

5.83 (1.39) 

Absolute change at 6 monthsc, mean (95% CI) n =
116 

7.8 (5.9, 
9.8) 

n =
155 

1.08 (0.79, 
1.37) 

n = 94 0.15 (0.03, 
0.27) 

n = 58 − 0.30 (-0.64, 
0.04) 

Absolute change at 12 monthsd, mean (95% CI) n =
116 

7.5 (5.6, 
9.3) 

n =
156 

1.40 (1.04, 
1.77) 

n = 96 0.14 (0.00, 
0.28) 

n = 63 − 0.31 (-0.62, 
0.00) 

Absolute change from baseline through follow- 
upe, mean (95% CI) 

n =
161 

7.3 (5.7, 
8.8) 

n =
194 

1.03 (0.80, 
1.26) 

n =
110 

0.13 (0.04, 
0.22) 

n =
109 

− 0.22 (-0.38, 
− 0.06) 

BMI: body mass index; CI: confidence interval; ELX/TEZ/IVA: elexacaftor/tezacaftor/ivacaftor; HbA1c: glycated hemoglobin; ppFEV1: percent 
predicted forced expiratory volume in 1 s; SD: standard deviation. 

a At baseline, the most recent non-missing measurements (ppFEV1, BMI, BMI-for-age z-score, and HbA1c) on or before the ELX/TEZ/IVA index 
date. 

b Average through post-ELX/TEZ/IVA period is defined as average of all measurements available a day after the first prescription of ELX/TEZ/IVA 
and up to final data extraction date or 16 months post-index date for ELX/TEZ/IVA, whichever occurs first. 

c At 6 months, the most recent non-missing measurements (ppFEV1, BMI, BMI-for-age z-score, and HbA1c) closest to the 6-month date and within 
the 6 ± 3 months (182 ± 91 days) window post-index date for ELX/TEZ/IVA. 

d At 12 months, the most recent non-missing measurements (ppFEV1, BMI, BMI-for-age z-score, and HbA1c) closest to the 12-month date and within 
the 12 ± 3 months (365 ± 91 days) window post-index date for ELX/TEZ/IVA. 

e The average follow-up was 15.6 months. 
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CF is associated with substantial disease burden, with patients suffering from declines in lung function, respiratory infections, 
hospitalizations, and PEx, and the need for supplementary nutrition to maintain weight [16]. While clinical trials have demonstrated 
that ELX/TEZ/IVA is efficacious and safe in people with CF with at least one F508del allele, the current study was designed to assess the 
impact of ELX/TEZ/IVA usage on burden of illness (i.e., lung function, PEx, and glucose control) in people with CF in real-world 
settings. 

Participants taking ELX/TEZ/IVA had improvements in respiratory function, as seen by increases in ppFEV1, along with decreases 
in annualized rates of PEx, over the course of the 16-month follow-up period. While the increases in ppFEV1 seen in this patient 
population were somewhat lower than those previously reported in the pivotal clinical trials (+7.3 percentage points through the 
follow-up period compared with +14.3 percentage points at week 24 [F/MF genotypes] and +10.0 percentage points at week 4 
[homozygous for F508del-CFTR genotypes] in pivotal trials [9,10]), it is important to note that participants in the current study had 
differing degrees of CF lung disease at baseline, with a mean ppFEV1 of 78.4 percentage points and nearly 33% of participants having 
ppFEV1 >90 percentage points suggesting fairly well-preserved lung function at baseline. In contrast, participants with F/MF geno-
types who took part in the 24-week pivotal trial of ELX/TEZ/IVA that formed the basis of the safety profile had a mean ppFEV1 of 61.6 
percentage points at baseline with only 1.0% of participants having ppFEV1 >90 percentage points [9]. This would suggest that there 
was a higher proportion of participants in the clinical trials with more severe CF lung disease at baseline than in the current study. 
Interestingly, the mean increase in ppFEV1 reported here is consistent with increases recently reported in an analysis of >16,000 
patients from the US Cystic Fibrosis Foundation Patient Registry (+7.8 percentage points) who had been taking ELX/TEZ/IVA for up to 
2 years [17]. Taken together, these real-world results not only confirm findings from clinical trials showing ELX/TEZ/IVA treatment 
leads to clinically meaningful improvements in lung function, but also suggest that ELX/TEZ/IVA can have an impact on lung function 
even in those patients with CF who have well-conserved pulmonary status according to spirometry. 

Consistent with the improvements in lung function observed over the course of the study period, participants also had declines in 
the number of PEx. The occurrence of PEx in people with CF contributes to both overall declines in lung function over time as well as 
increased incidence of antibiotic usage and/or hospitalizations. Prior to initiation of ELX/TEZ/IVA, participants experienced an 
average of 1.3 PEx per year. Following initiation of ELX/TEZ/IVA, the overall annual rate of PEx declined by 53%, with similar declines 
seen in rates of PEx requiring intravenous antibiotics or hospitalizations. 

Beyond changes in pulmonary function, participants in the current study also had improvements in nutritional parameters and 
HbA1c. BMI and BMI z-score increased early following ELX/TEZ/IVA initiation and improvements were sustained through 12 months. 
These results are consistent with those reported in the pivotal clinical trials of ELX/TEZ/IVA and their extension studies. CF-related 
diabetes is a complication of CF disease resulting from abnormal glucose metabolism caused by insulin deficiency. The incidence of 
CF-related diabetes has been shown to increase with age and CF disease progression, with 2% of children, 19% of adolescents, and up 
to 50% of adults reportedly having been diagnosed with CF-related diabetes [18]. In the current study, mean HbA1c was 6.07% at 
baseline, a level considered to be suggestive of pre-diabetes, with a range of 4.40%–18.80%. At 6 months after initiation of ELX/-
TEZ/IVA, mean HbA1c had decreased to 5.92% (absolute change of − 0.3) with a range of 4.50%–13.80%. Decreases of 0.30% in 
HbA1c are considered clinically meaningful to reduce diabetic complications [19]. In a community-based study of nondiabetic adults, 
it was found that HbA1c was strongly associated with the likelihood of developing diabetes as well as risk for cardiovascular disease 
and death from all causes [20]. Notably, the decline in HbA1c observed in this study at 6 months was generally sustained through the 
remainder of the follow-up period, suggesting that treatment with ELX/TEZ/IVA could potentially be associated with early and 
maintained improvements in glucose metabolism in people with CF. The decrease in HbA1c may indicate a decrease in the relative risk 
for diabetic diagnosis and coronary heart disease. However, further studies will be required to fully understand the potential impacts of 
ELX/TEZ/IVA treatment on insulin secretion and glucose metabolism in people with CF. 

There are some limitations to the current study that should be considered. First, because this was an observational, single-arm study 
without a comparator group, study results should be interpreted carefully. Second, this study included 15 sites, which may have data 
variability across EMRs since there is no data standardization. Data are limited to what is captured in the EMRs, with data collected by 
individuals providing care rather than curation of data for research. Next, the post-ELX/TEZ/IVA treatment period of this study 
overlapped with the SARS-CoV-2 pandemic. Most study participants (75%) initiated ELX/TEZ/IVA prior to March 2020 and 87% of 
their follow-up period occurred during the pandemic. Global masking and social distancing measures may have led to decreases in the 
incidence of PEx due to reduced exposure to respiratory viral infections [21]. Given that people with CF were considered at higher risk 

Table 3 
Annualized rate of pulmonary exacerbations after ELX/TEZ/IVA initiation.   

Any PEx PEx with intravenous antibiotics PEx with hospitalizations 

Baseline annualized rate (pre-ELX/TEZ/IVA)a 1.31 0.55 0.88 
Post-ELX/TEZ/IVA annualized rateb 0.61 0.12 0.36 
Rate ratio (95% CI)c 0.47 (0.39, 0.55) 0.22 (0.15, 0.31) 0.41 (0.32, 0.51) 

CI: confidence interval; ELX/TEZ/IVA: elexacaftor/tezacaftor/ivacaftor; PEx: pulmonary exacerbations. 
a Pre-ELX/TEZ/IVA period is 12 months before and including the ELX/TEZ/IVA index date. 
b Post-ELX/TEZ/IVA period is a day after the ELX/TEZ/IVA index date and up to final data extraction date or 16 months post-index date for ELX/ 

TEZ/IVA, whichever occurs first. 
c Rate ratio is annualized event rate during the post-ELX/TEZ/IVA period over the annualized event rate during the pre-ELX/TEZ/IVA period; 1 

year is defined as 365 days. Estimated rate ratio and 95% CI are based on the negative binomial model. 
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for SARS-CoV-2, different care delivery methods were implemented to reduce transmission (i.e., reduction of in-person clinic visits and 
increased remote monitoring and telemedicine visits). Data in the EMR may have been impacted by gaps in care or care delivery. Patel 
et al. found that SARS-CoV-2 restrictions were associated with decreased PEx events in younger children with CF (aged 2–12 years) and 
a shift toward PEx diagnosis through telephone encounters rather than in-person visits [21], which could have impacted the back-
ground rate of PEx. 

5. Conclusions 

Here, we show that people with CF taking ELX/TEZ/IVA in real-world settings had improvements in lung function, reductions in 
the frequency of PEx, increases in BMI and BMI z-scores, and improved HbA1c levels that were seen early and maintained during a 16- 
month follow-up period. These results confirm the broad clinical benefits of ELX/TEZ/IVA treatment previously reported in pivotal 
clinical trials and show the potential for ELX/TEZ/IVA to improve markers of diabetes. 
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