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Abstract

Background: Adverse health impacts of cystic fibrosis (CF) can be present in chil-
dren before respiratory complications are observed. Children with CF show pro-
gressive health decline, with increasing lung function decline in adolescence. This
study aims to quantify the healthcare resource utilization (HCRU) and costs attri-
butable to CF by comparing children with CF with the general pediatric population.
Methods: This retrospective, cross-sectional, observational study compared HCRU
and costs among children with CF in the US with demographically similar children
without CF (comparison group) over a 12-month period using administrative claims
data spanning 2010-2017. Analyses were conducted by insurance type (commer-
cially insured [COM] and Medicaid insured [MED]) and stratified by age (<2 years,
2 to <6 years, 6 to <12 years, and 12-17 years).

Results: Children with CF (2831 COM and 1896 MED) were matched to children in
the comparison group (8493 COM and 5688 MED). Higher prevalence of co-
morbidities was seen in children with CF versus the comparison group across all
ages. Across all ages, HCRU attributable to CF was substantial (higher hospitaliza-
tion rates, more outpatient and emergency room visits, and greater use of pre-
scription medications), and there were higher associated costs (all p values < .05), in
COM and MED populations. HCRU and costs attributable to CF were highest for
children aged 12-17 years.

Conclusions: Substantial HCRU and costs are evident among children with CF
across all ages, starting as young as infancy, with highest HCRU and costs among

adolescents. Effective treatments from an early age are needed for children with CF.
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1 | INTRODUCTION

Cystic fibrosis (CF) is a rare genetic disease caused by mutations
in the CF transmembrane conductance regulator gene (CFTR)."
There were approximately 30,000 people with CF (pwCF) in the
United States in 2018, nearly half aged less than 18 years.” The
signs of the disease may be present at birth, although pwCF can
be asymptomatic during early childhood.>* Young children with
CF thus often appear healthy and may be assumed to have re-
latively low disease burden. The most common indicator of CF
progression is lung function decline, which is not well docu-
mented in children aged less than 6 years due to challenges in
conducting spirometry in this population; however, lung struc-
ture abnormalities can be present in the absence of symptoms
and before lung function reduction is observed.*” Infants with
CF may have gastrointestinal abnormalities and pancreatic in-
sufficiency leading to nutritional impairment and growth delay.*
In children with CF aged 6 years or older, there is an annual lung
function decline of 1-3 points in percent predicted forced ex-
piratory volume in 1 second, with the highest decline in adoles-
cents, implying health state deterioration and higher treatment
burden.”®

Recently, novel CFTR modulators
(CFTRms) that treat the underlying cause of CF, including po-
tentiators (e.g., ivacaftor) and correctors (e.g., lumacaftor, teza-
caftor, and elexacaftor) are available treatment options for

therapies such as

children with CF.? ¢ |vacaftor is available for children aged 4
months or older with approved mutations, lumacaftor/ivacaftor
is available for those aged 2 years or older who are F508del
homozygous, and tezacaftor/ivacaftor is available for those aged
6 years or older who are F508del homozygous or have more than
or equal to 1 CFTR mutation that is responsive to tezacaftor/
ivacaftor based on in vitro data and/or clinical evidence.”%1>1¢
Recently, elexacaftor/tezacaftor/ivacaftor was approved in the
United States for those aged 6 years or older who have at least 1
copy of the F508del mutation or a mutation in the CFTR gene that
is responsive based on in vitro data *. Indicated CFTR mutations and
age ranges may vary by region.'%1%15:1¢ With the advent of novel
therapies, it is important to understand the HCRU and costs at-
tributable to CF, especially among younger children before
symptom manifestation, and demonstrate how HCRU and costs
change with age as CF symptoms progress.

Our study aims to build on previously published evidence'” ?*
on HCRU and costs of CF care by providing more recent compre-
hensive estimates of HCRU and costs, especially starting from birth,
in the pediatric CF population. While there is general recognition
that CF requires substantial HCRU in pediatric populations, in this
study, we aimed to quantify real-world HCRU and costs attributable
to CF before the initiation of CFTRms by comparing children with CF
with demographically matched children without CF. Children without
CF were used as a comparison group to represent the general pe-
diatric population to appropriately estimate the HCRU and costs
attributable to CF, an approach commonly used in burden-of-iliness

studies.?? %°

2 | MATERIALS AND METHODS

2.1 | Data source

This retrospective, cross-sectional, observational study used data
from the IBM® MarketScan® Commercial Claims and Encounters
Database and the IBM® MarketScan® Multi-State Medicaid Data-
base. The commercial database contains administrative health in-
surance claims (e.g., inpatient and outpatient services and outpatient
prescription drug claims) of privately insured individuals covered
under a variety of fee-for-service, fully capitated, and partially ca-
pitated health plans. The Medicaid database contains administrative
health insurance claims of individuals covered by state Medicaid
programs. The study did not involve primary data collection and used
only deidentified data; thus, institutional review board approval was

not necessary.

2.2 | Study population

Children with CF were identified on the basis of more than or equal
to 1 inpatient medical claim with a primary diagnosis of CF (Inter-
national Classification of Diseases, Ninth Revision, Clinical Modification
[ICD-9-CM]: 277.0x or International Classification of Diseases, Tenth
Revision, Clinical Modification [ICD-10-CM]: E84) or more than or
equal to 2 outpatient medical claims with primary or secondary di-
agnosis of CF more than or equal to 30 days apart between January
1, 2010, and June 30, 2017. Identified children with CF were re-
quired to have more than or equal to 12 months of continuous en-
rollment in medical and pharmacy benefits. For identified children
with CF initiating CFTRms (ivacaftor or lumacaftor/ivacaftor), more
than or equal to 12 months of continuous enrollment before initia-
tion of CFTRms was required. Index date for this cohort was defined
as the first day of the most recent 12 months before the end of
continuous health plan enrollment or most recent 12 months of
continuous enrollment before initiating CFTRms. Identified children
with CF were required to be aged less than or equal to 17 years on
the index date. The follow-up period was defined as the most recent
12 months of continuous enrollment in medical and pharmacy ben-
efits post index date, described earlier. Identified children with CF
were also required to have a qualifying CF diagnosis (inpatient,
emergency room [ER], or outpatient claim) during the follow-up
period. Among children with CF initiating CFTRms, we only included
follow-up data before initiation of the CFTRm, as the objective was
to evaluate HCRU before the advent of CFTRms. Moreover, only a
small proportion of children with CF in the available study population
was treated with CFTRms.

The comparison group was selected from individuals enrolled in
the same health insurance plans to represent the general population.
Identified individuals were required to have no diagnosis of CF in
their available medical history and have more than or equal to 12
months of continuous health plan enroliment between January 1,
2010, and June 30, 2017. Index date for the matched comparison
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group was the first day of the most recent 12 months of continuous
enrollment (i.e., follow-up period). ldentified individuals were re-
quired to be aged less than or equal to 17 years on the index date.
All eligible children with CF were matched directly (capped at a
1:3 ratio) to the comparison group by age, sex, geographic region
(only available for commercially insured [COM] children), race (only
available for Medicaid insured [MED] children), enrollment year
(calendar year of the index date), and insurance plan type on index
date to ensure balanced characteristics between the children with
CF and comparison group. After matching, the children with CF and
comparison children were treated as independent samples.

2.3 | Study measures

Baseline characteristics at the index date, including age, sex, geo-
graphic region (COM), race (MED), and insurance type, were re-
ported for children with CF and the comparison group. Comorbid
conditions during the follow-up period were identified by a claim
with an ICD-9-CM/ICD-10-CM diagnosis code for the condition in the
primary or secondary position. HCRU outcomes measured during the
follow-up period included hospitalization-related outcomes defined
as the annual occurrence of any hospitalization, rate of hospitaliza-
tions, mean length of stay per hospitalization in children with more
than or equal to one admission, and an annual number of days in the
hospital across all hospitalizations in children with more than or
equal to one admission. The study also tallied annual rates and oc-
currence of outpatient and ER visits and prescription medication use
over the follow-up period and evaluated the HCRU costs for the
follow-up period. Total annual healthcare costs, including paid
amounts and out-of-pocket costs on fully adjudicated claims for
hospitalizations, outpatient visits, and prescription medication costs,
were inflated to 2018 US dollars using the Medical Care Component
of the Consumer Price Index.”®

2.4 | Analysis

HCRU and costs were evaluated during the follow-up period.
Categorical variables are presented by count and percentage,
and continuous variables are summarized by the mean and
standard deviation. Study measures were compared between
children with CF and the comparison group. y? tests were used to
evaluate the statistical significance of differences for categorical
variables; t-tests and analysis of variances were used for con-
tinuous variables. p Values <.05 were considered nominally sig-
nificant because no multiplicity adjustments were conducted. All
study measures were analyzed and reported separately for COM
and MED populations. Within each insurance population, chil-
dren were stratified by age on index date into four cohorts (0 to
<2 years, 2 to <6 years, 6 to <12 years, and 12-17 years [i.e,,
adolescent cohort]). Differences between age cohorts were not
statistically tested.

3 | RESULTS

A total of 2831 COM and 1896 MED children with CF were iden-
tified and met the eligibility criteria for inclusion in this study. These
children were direct matched to 8493 COM and 5688 MED demo-
graphically similar children without CF, respectively. Within each
insurer and age cohort, the CF and the comparison groups were well

matched in terms of baseline demographics (Table 1).

3.1 | Comorbid conditions
Most comorbid conditions (occurring in 25% of children in any co-
hort) in the follow-up period were significantly more common in
children with CF versus the comparison group for both COM and
MED populations and across all age cohorts (p <.05; Table 1).

In children with CF in both the COM and MED populations, most
CF-related comorbidities, such as pancreatic insufficiency, asthma,
bronchiectasis, sinus disease, and pulmonary infection, developed

early in life and tended to increase across the age cohorts (Table 1).

3.2 | Hospitalization
The rate of hospitalizations during the follow-up period, as measured
by the proportion hospitalized and mean number of hospitalizations,
was significantly higher among children with CF versus the com-
parison group in both the COM and MED populations (p<.05;
Figure 1A,B). In the COM population, the mean annual number of
hospitalizations among children with CF ranged from 0.19 to 0.82; in
the comparison group, the mean annual number of hospitalizations
was lower, ranging from 0.01 to 0.15. In the MED population, the
mean annual number of hospitalizations among children with CF
ranged from 0.33 to 1.25, while the comparison group had lower
mean annual numbers of hospitalizations, ranging from 0.02 to 0.06
(p < .05; Figure 1B). Among children with a hospitalization, those with
CF had longer mean lengths of stay per hospitalization and more
mean annual total days of hospitalization than the comparison group
across all four age cohorts of both COM and MED populations
(p <.05; Figure 1C,D).

Furthermore, all hospitalization-related outcomes were notably
higher in adolescents with CF than in the younger cohorts in both the
COM and MED populations (Figure 1).

3.3 | Outpatient office visits and ER visits

Children with CF had a higher incidence of outpatient office visits
and ER visits, as measured by the proportion of children with a visit
and mean number of visits, versus the comparison group (Table 2).
These differences were significant (p <.01) across all COM age co-
horts and in nearly all MED cohorts (except for the proportion of
visits in the youngest cohort). For both insurance populations, the
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FIGURE 1 Proportion of children hospitalized (A), mean number of hospitalizations (B), average length of stay per hospitalization (C), and
mean total inpatient days among hospitalized children (D) over a 12-month period in the commercially insured (COM) and Medicaid-insured
(MED) populations of children with cystic fibrosis (CF) and a matched comparison group of children without CF. For children with CF versus the
comparison group in all age cohorts for COM and MED children, p < .05 for the proportion of children hospitalized (A), p < .001 for the mean
number of hospitalizations (B), p < .05 for the average length per hospitalization (C), and p < .01 for the mean total inpatient days among

hospitalized children (D).

outpatient office and ER visits remained high across all age cohorts in
children with CF, while outpatient office and ER visits tended to

decrease with age in the comparison group (Table 2).

3.4 | Medication use

Children with CF were significantly more likely than the comparison
group to receive an outpatient prescription medication in both the
COM and MED populations, across all age cohorts (p<.01;
Figure 2A). Children with CF also received significantly more unique
prescription medications than the comparison group, ranging from
approximately 2-3-fold in children with CF versus the comparison
group (all p values <.01; Figure 2B). Additionally, in the comparison
group for both insurance populations, the unique number of medi-
cations either decreased or remained the same with increasing age,
whereas in children with CF, the unique number of medications in-
creased across the age cohorts, with the highest medication use
observed among adolescents (Figure 2B).

The proportion of children on prescription medications across
different medication classes was significantly greater in children with
CF than in the comparison group in both the COM and MED popu-
lations (p < .05). The high use of medications by medication class was
observed even among the youngest cohort with CF and either in-
creased with age or remained high across all age cohorts (Table S1).

3.5 | Healthcare costs
The annual healthcare costs among children with CF were significantly
higher versus the comparison group in both the COM and MED popu-
lations across all age cohorts, ranging from approximately 9-fold in the
youngest cohort to 42-fold in the adolescent cohort in the COM popu-
lation and more than 12-fold in the youngest cohort to 25-fold in the
adolescent cohort in the MED population (all p values <.01, Figure 3).
The total annual healthcare costs for children with CF tended to increase
with age, whereas the costs remained comparatively low and nearly
consistent across the age cohorts in the comparison group (Figure 3).
In children with CF, outpatient prescription medications and
hospitalizations comprised the largest category of total annual costs;
outpatient prescription medications ranged between 39% and 63%
of total costs for COM and 30% and 55% for MED, followed by
hospitalization costs, ranging between 15% and 45% of total costs
for COM and 27% and 55% for MED. Among children with CF in the
COM population, the annual cost of hospitalizations per child ranged
from $6500 to $53,678, the annual cost of outpatient prescriptions
per child ranged from $20,373 to $47,494, and the annual cost for
outpatient visits per child ranged from $9341 to $19,433. For the
children with CF in the MED population, the annual cost of hospi-
talizations per child ranged from $10,460 to $64,327, the annual
cost of outpatient prescriptions per child ranged from $13,265 to
$45,082, and the annual cost for outpatient visits per child ranged
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FIGURE 2 Prescription medication use: mean total number of outpatient prescription medications (A) and mean total number of unique
prescription medications (B) over a 12-month period in the commercially insured (COM) and Medicaid-insured (MED) populations of children
with cystic fibrosis (CF) and a matched comparison group of children without CF. p < .001 for children with CF versus the comparison group in

all age cohorts for COM and MED children.

from $7137 to $9875. In contrast, the sum of total annual costs for
hospitalizations, outpatient prescriptions, and outpatient visits was
less than $5000 across all age cohorts and both insurance popula-

tions in the comparison group.

4 | DISCUSSION

This study quantified the real-world HCRU and costs attributable to CF
versus those for the general pediatric population for both COM and
MED populations in the United States. Children with CF had significant
HCRU across all age cohorts and study measures. Over 12 months, they
had a high hospitalization rate, higher proportion hospitalized, longer

hospital stays, more ER and outpatient visits, and greater prescription
medication use than children without CF. Consequently, healthcare costs
associated with CF were up to 25-times higher than those in the com-
parison group. The biggest drivers of annual healthcare costs in children
with CF were hospitalizations and prescription medications. Interestingly,
the HCRU and costs tended to increase with age among children with
CF, with the highest HCRU and costs observed in the adolescent cohorts,
whereas among the comparison group the HCRU and costs decreased or
remained low across all age cohorts. Notably, this study demonstrated
considerable HCRU and costs attributable to CF at a young age, when
respiratory impairment might not be visible, and illustrated the pro-
gressive nature of CF by documenting patterns of HCRU and costs at-
tributable to CF from birth to age 17 years.
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FIGURE 3 Healthcare costs over a 12-month period in the commercially insured (COM; A) and Medicaid-insured (MED; B) populations of
children with cystic fibrosis (CF) and a matched comparison group of children without CF. p < .001 for children with CF versus the comparison

group in all age cohorts for COM and MED children.
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The results of this study are consistent with those of previous
studies reporting healthcare costs of CF.171%2927-29 gtydies evalu-
ating costs of CF care showed that medications and hospital stays
contribute to the majority of the total costs, similar to the findings
from this study.'”*72%27-2? However, the previously published stu-
dies are limited to only COM populations in the United States, are
outdated in terms of the years included in the analysis, are not re-
flective of developments in standard of care, did not exclusively
evaluate costs in pediatric populations, or focused on evaluating
costs for patients from ex-US countries.'”*72%27-2? Qur study pro-
vides more recent estimates of costs of care in the pediatric CF
population in the United States before the advent of CFTRms.
Moreover, it establishes a benchmark that will allow us to determine
the extent to which HCRU and costs change as younger children with
CF are treated with CFTRms. Because CFTRms were only recently
approved,” ¢ it is not yet possible to establish the HCRU and costs
attributable to CF when CFTRms are started at a young age. How-
ever, this is an important area for future research.

To the extent we were able to compare patient characteristics in
this study with those in the US CF Foundation Patient Registry
(CFFPR), we were able to confirm broad similarities in the distribu-
tion by sex and age.*>** The HCRU among children with CF in this
study is consistent with an analysis using the CFFPR in children aged
less than 12 years that reported similar results for annual hospita-
lizations and use of medications such as bronchodilators, dornase
alfa, hypertonic saline, and inhaled corticosteroids.>° The early and
intensive use of healthcare resources for children with CF is con-
sistent with current treatment guidelines for management of the
multisystemic impact of CF. Symptomatic management includes
treatment with pancreatic enzyme replacement therapy, airway
clearance techniques, antibiotics, and nutritional supplementa-
tion.*2°% The results of this study showing increased HCRU as in-
dividuals age are consistent with published studies describing a
substantial disease burden among older pwCF.>*** Moreover, the
increasing HCRU as pwCF age reported in this study correlates with
findings of variable lung function decline over time, with steep de-
cline in adolescents compared with younger children with CF.”® Lung
function loss may lead to overall health status deterioration and,
thus, higher HCRU and costs.

Early intervention is the cornerstone of treatment in pwCF and
is supported by evidence from multiple studies showing early diag-
nosis and access to routine CF care to be associated with positive
health outcomes extending over many years.**>~%” Although asso-
ciated with improved outcomes, early symptomatic treatment re-
mains inadequate, since predicted life expectancy for pwCF receiving
symptomatic therapy is decades shorter than that of the general

2% In addition to standard symptomatic therapy,

population.
CFTRms treat the underlying cause of CF and can provide multi-
systemic clinical benefits, thereby improving prognosis from an early
age.” ¢ Real-world evidence is emerging for the impact of CFTRms
on lung function, nutrition, and pulmonary exacerbations.” *¢ As
previously mentioned, further research evaluating the impact of

CFTRms on HCRU among children with CF is warranted.

Results from this study help to demonstrate the considerable
HCRU and costs attributable to CF among children as young as less
than 2 years and emphasize the need for effective treatments in

children starting at an early age.

5 | LIMITATIONS

This was an observational study, and there are inherent limitations to
using previously collected real-world data. Also, the cross-sectional
data should not be interpreted as describing trends for the same
cohort of pwCF as they age. As this study aimed to describe the
HCRU and costs attributable to CF, the comparator group was se-
lected from children enrolled in the same health insurance plans to
represent the general pediatric population. Future studies could
compare HCRU in pwCF versus people with other severe and
chronic healthcare conditions.

These analyses used administrative claims data, which are gen-
erated by the reimbursement process rather than for research pur-
poses. Medical and prescription claims were used as a surrogate to
identify comorbidities and concomitant medication use, which may
have led to misclassification; clinical and laboratory test results, in-
cluding spirometry and genotyping, were not available. Children with
CF were identified through resource use claims, which may have led
to misclassification of children included and excluded from the study.
Moreover, children in the matched comparison group were not re-
quired to have any resource use to be included, which may have
overestimated the observed differences between the two groups.
However, any bias introduced by this is expected to be minimal
because children with CF are highly managed (per CF care guidelines,
pwCF should have regular healthcare visits for routine care®?);
moreover, although children were identified through their resource
use, they did not necessarily incur that use during the analyzed
12-month follow-up period.

The study did not evaluate the difference in HCRU or costs
between the COM and MED populations since unmeasured con-
founders make interpretation of these differences infeasible; how-
ever, results from this study indicate numerically higher HCRU in
MED children across all age cohorts. Evidence suggests that MED
populations tend to have worse health outcomes compared with
COM populations.*®** This study did not examine differences across
subgroups of pwCF, such as sex, race, and geographic region, which
could impact HCRU and costs. Finally, these findings may not be
generalizable to the entire US population of pwCF with commercial
or Medicaid insurance, with other forms of insurance, or without

insurance or pwCF outside the United States.

6 | CONCLUSIONS

This retrospective claims analysis in COM and MED populations of
children with CF aged less than or equal to 17 years demonstrated
significant HCRU and costs attributable to CF relative to a matched
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comparison group without CF, observed through the following
measures: higher hospitalization rates and longer hospital stays per
admission; higher annual rates of outpatient office visits and ER
visits; greater prescription medication use, with more total and un-
ique prescription medications per year; and higher annual healthcare
costs mainly associated with outpatient prescriptions and hospitali-
zations. The study also found considerable HCRU and costs in
managing CF and its consequences compared with the general pe-
diatric population starting as early as infancy, with higher HCRU and
costs observed among older children with CF, especially adolescents.
These results illustrate the substantial HCRU and costs attributable
to CF and highlight the unmet need for effective treatment options

starting from an early age in children with CF.
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