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ABSTRACT

BACKGROUND: Lumacaftor/ivacaftor (LUM/IVA) is indicated for patients with 
cystic fibrosis (CF) homozygous for the F508del mutation in the CFTR gene. 
In clinical trials, LUM/IVA decreased pulmonary exacerbation rates. To our 
knowledge, there is no published data evaluating real-world outcomes  
for Medicaid patients receiving LUM/IVA.

OBJECTIVE: To compare CF pulmonary exacerbation rates before and after 
initiation of LUM/IVA in 1 state’s Medicaid program.

METHODS: This pre-post claims analysis screened fee-for-service and 
managed Medicaid members who had ≥ 1 pharmacy claim for LUM/IVA 
between July 2, 2015, and September 30, 2016. Members were included 
if they were aged ≥ 6 years with a CF diagnosis and homozygous for 
the F508del mutation, consistent with the indication at study initiation. 
Exclusion criteria included Medicaid as a secondary payer or any break in 
coverage during the study. The index date was defined as the first claim for 
LUM/IVA. Demographics and outcomes were derived from pharmacy and 
medical claims. Outcomes included overall rate of pulmonary exacerbations 
(reported as the total events for the study population 6 months before and 
after the index date and average annualized rate). Pulmonary exacerbation 
was defined as any combination of medical claims for an emergency room 
(ER) visit or inpatient hospitalization with a CF pulmonary exacerbation or 
respiratory infection (ICD-9/10-CM codes) or pharmacy claims for an oral 
or intravenous antibiotic (excluding macrolides). A gap of > 7 days was 
considered a new pulmonary exacerbation. Paired t-test was used to test 
significance.

RESULTS: 21 patients met inclusion criteria with an average age at treat-
ment initiation of 20.1 years. Average proportion of days covered (SD) was 
0.62 (0.29). The number of pulmonary exacerbations increased from 45 to 
48 during the 6 months before and after the index date, respectively, and 
the annualized rate increased from 4.37 to 4.66 (P = 0.69). While the num-
ber of pulmonary exacerbations associated with antibiotics alone increased 
(23 to 33; P = 0.08), those associated with at least 1 ER visit or inpatient 
hospitalization decreased (22 to 15; P = 0.08). 

CONCLUSIONS: This analysis did not find a decrease in pulmonary exacer-
bation rate for Medicaid members receiving LUM/IVA; however, adherence 
was low. Further study of similar populations is needed to better under-
stand the long-term effect of treatment.
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RESEARCH BRIEF

Cystic fibrosis (CF) is an autosomal recessive genetic 
disorder caused by mutations in the CF transmembrane 
conductance regulator (CFTR) gene that codes for the 

CFTR protein.1 The CFTR protein functions as a membrane 
channel across cells that produce mucus, sweat, saliva, tears, 
and digestive enzymes. Channel transport of chloride ions into 
and out of cells helps control the movement of water necessary 
for the production of freely flowing mucus, which provides a 
protective coating in the airways, digestive system, reproduc-
tive system, and other organs and tissues.2-4

Although CF affects multiple organ systems, pulmonary 
disease is the leading cause of morbidity and mortality among 
patients with CF.1 In addition to chest physiotherapy, medica-
tions promote airway secretion clearance. For the maintenance 
of lung health, recommended treatments include dornase alfa, 
inhaled hypertonic saline, high-dose ibuprofen, and certain 
antibiotics if Pseudomonas aeruginosa is persistently present.3 

• Lumacaftor/ivacaftor (LUM/IVA) targets the underlying cause 
of cystic fibrosis (CF) in patients who are homozygous for the 
F508del mutation. 

• Two randomized, placebo-controlled trials showed that treat-
ment with LUM/IVA resulted in statistically significant individual 
improvements in lung function as measured by the percentage of 
predicted forced expiratory volume in 1 second.

• Nearly 45% of patients with CF are covered by Medicaid.

What is already known about this subject

• This claims-based analysis is among the first to evaluate the 
real-world effect of LUM/IVA on pulmonary exacerbation rates in 
patients with CF in a Medicaid population.

• There was no statistically significant difference observed in the 
rate of pulmonary exacerbation events during the 6 months 
before and after initiation of LUM/IVA (45-48 events, P = 0.69).

• After initiation of LUM/IVA, there was an increase in pulmo-
nary exacerbations associated with antibiotic use alone (22 to 
33, P = 0.08) and a decrease in those associated with at least  
1 emergency room visit and/or inpatient hospitalization (22 to 
15; P = 0.08). 

What this study adds
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The objective of this study was to compare the rate of pul-
monary exacerbations before and after initiation of LUM/IVA 
in patients with CF in 1 state’s Medicaid plan.

■■  Methods
This observational, pre-post study used prior authorization 
(PA) data supplemented by pharmacy and medical claims to 
compare the annualized rate of pulmonary exacerbations for 
6 months before and after initiation of LUM/IVA in patients 
with CF. Three sources were used to obtain data: an internally 
managed PA system, the pharmacy claims processing system, 
and the Medicaid management information system (medi-
cal claims). This analysis was approved by the University of 
Massachusetts Medical School Institutional Review Board.

The PA system contains standardized, disease-specific infor-
mation collected from the PA request form, including diagnosis 
and mutation. The patient population included members of 
1 state’s fee-for-service and managed Medicaid plan with ≥ 1 
pharmacy claim for LUM/IVA (National Drug Code numbers 
51167-0700-02 and 51167-0809-01) between July 2, 2015 (FDA 
approval date) and September 30, 2016. Patients were included 
if they were aged ≥ 6 years with a diagnosis of CF and homozy-
gous for the F508del mutation (as documented in the PA sys-
tem). Exclusion criteria included having Medicaid as secondary 
insurer or any break in coverage during the study period.

Demographic information collected included gender, age 
at treatment initiation, number of CF medications during 
the 6-month pre-index period, and complications of CF. 
Complications, which often correlate with the burden of 
CF-related disease, were derived from the CF Foundation 
Patient Registry report and included those that could be 
the direct result of malfunction or deficiency of the CFTR 
protein or a downstream effect of the disease or its treat-
ment.7 Diagnoses of allergic bronchopulmonary aspergillosis, 
arthritis, anxiety disorder, cancer, depression, diabetes, gall-
stones, gastroesophageal reflux disease, hearing loss, hepatic 
stenosis, hypertension, kidney disease, liver disease, nasal 
polyps, osteopenia/osteoporosis, pancreatic disease, peptic 
ulcer disease, renal failure requiring dialysis, and sinus disease 
were included following manual review of medical claims. 
Adherence to LUM/IVA was calculated using proportion of 
days covered (PDC). Members were further categorized as 
adherent if PDC was ≥ 0.8.

Data were collected 6 months before and after the index 
date, which was defined as the date of the first LUM/IVA 
pharmacy claim. Pulmonary exacerbation was defined as any 
one or combination of the following events: (a) medical claim 
(diagnosis code in the primary or secondary position) for 
CF pulmonary exacerbation or respiratory infection related 
to an emergency room (ER) visit; (b) medical claim for CF 
pulmonary exacerbation or respiratory infection (International 

Many patients with CF experience progressive decline in lung 
function and episodes of acute worsening of symptoms known 
as pulmonary exacerbations. Pulmonary exacerbations can have 
a profound effect on quality of life and can cause clinical condi-
tions such as irreversible decline of lung function and decreased 
survival.4,5 Mild exacerbations are often treated with oral anti-
biotics in the outpatient setting, while severe events result in 
hospitalization and intravenous antibiotic administration.6 

Lumacaftor/ivacaftor (LUM/IVA) was approved by the U.S. 
Food and Drug Administration (FDA) on July 2, 2015, to target 
the underlying cause of CF in patients who are homozygous for 
the F508del mutation, which is the most prevalent mutation 
among patients in the United States.7 This agent is a combina-
tion product that contains ivacaftor, a potentiator of the CFTR 
protein (previously available commercially as monotherapy in 
a different subgroup of CF patients), as well as lumacaftor, a 
CFTR corrector. CFTR potentiators amplify gating function 
(open the chloride channel) and increase the activity of nor-
mal CFTR; CFTR correctors promote F508del protein folding 
(allowing movement of the protein to the cell surface).8 It is 
estimated that of the 30,000 U.S. individuals with CF, approxi-
mately 8,500 have 2 copies of the F508del mutation.9 

LUM/IVA is indicated as an add-on therapy with other CF 
medications. FDA approval was primarily based on two phase 3,  
randomized, double-blind, placebo-controlled trials with 1,108 
patients aged 12 years or older, with predicted forced expira-
tory volume in 1 second (ppFEV1) of 40%-90% normal (mean 
61%). Treatment with LUM/IVA for 24 weeks resulted in sta-
tistically significant individual improvements in percentage of 
ppFEV1, ranging from 2.6 to 4.0 percentage points (P < 0.001 
for all comparisons), as well as a reduction in pulmonary exac-
erbations (pooled rate ratio compared with placebo = 0.61, 95% 
confidence interval = 0.49-0.76, P < 0.001) Discontinuation due 
to adverse events was 4.2% in the treatment group versus 1.6% 
in the placebo group.10

Although LUM/IVA targets the underlying CF pathophysiol-
ogy, it remains to be seen whether improvements demonstrated 
in clinical trials will be achieved in the real-world setting. Two 
observational studies demonstrated real-world effectiveness of 
LUM/IVA in improving pulmonary outcomes, measured by 
ppFEV1. However, rates of adverse events ranged from 39.7% to 
64%, and discontinuation rates ranged from 17.2% to 30%.11,12 
The financial burden of managing CF for Medicaid programs, 
which cover nearly 45% of these patients, is significant given 
an approximate annual wholesale acquisition cost per patient 
of $260,000, mean health care costs of $75,623 per pulmonary 
exacerbation, and an average of 3.1 pulmonary exacerbations 
per year.7 To our knowledge, there are no published data that 
have evaluated real-world outcomes for Medicaid patients 
receiving this therapy. 
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Classification of Diseases, Ninth Revision, Clinical Modification 
[ICD-9-CM] and International Classification of Diseases, Tenth 
Revision, Clinical Modification [ICD-10-CM] codes related to an 
inpatient hospitalization); or (c) pharmacy claim for an oral or 
intravenous antibiotic. Oral macrolides and inhaled antibiotics 
were excluded from this definition, since these agents are often 
indicated for chronic treatment. A gap of ≥ 7 days between 
events was considered a new pulmonary exacerbation. 

Duration of pulmonary exacerbations was defined as the 
number of days from the start to end date of each exacerbation. 
The pulmonary exacerbation start date began on the first day 
of a qualifying event (ER visit, inpatient admission, or antibi-
otic prescription fill). The end date was the inpatient discharge 
date, intravenous antibiotic end date, or days supply end date 
of the oral antibiotic supply, as long as this was followed by ≥ 7 
days in which no further claims suggesting an ongoing pulmo-
nary exacerbation episode were observed.

The primary outcome was rate of pulmonary exacerbation 
per member pre- and post-index date, extrapolated to an annu-
alized rate. Secondary outcomes included the annualized days 
of pulmonary exacerbations per member and a breakdown of 
the number and type of events that comprised each pulmonary 
exacerbation. Descriptive statistics were used to report demo-
graphics and outcomes. Chi-square and paired t-tests were 
used to test for nominal significance among categorical and 
continuous variables, respectively. Due to privacy concerns, 
cell sizes less than 11 were reported in general terms.

■■  Results
Twenty-one patients met criteria for study inclusion (Table 1). 
The majority of patients were male, and average age at treat-
ment initiation was 20.1 years (range: 12-51). The average num-
ber of CF medications (standard deviation [SD]) per member at 
baseline was 3.5 (2.1). Eighty-two percent of patients received 
inhaled respiratory medications (excluding respiratory antibi-
otics), and 59% received inhaled respiratory antibiotics such as 
tobramycin or aztreonam. The majority of patients (66.7%) had 
≥ 3 complications of CF. Mean PDC was 0.62, with a minority 
of patients (< 11) achieving a PDC ≥ 0.8.

There was a lower, although nonsignificant, annualized 
pulmonary exacerbation rate before the LUM/IVA period com-
pared with after the LUM/IVA period (4.37 vs. 4.66, respec-
tively; P = 0.69; Table 2). The average number of pulmonary 
exacerbation days per year increased from before the LUM/IVA 
period to after the LUM/IVA period (113.31 vs. 125.17 days, 
respectively; P = 0.55). 

There was a decrease from the before and after LUM/IVA 
periods in annualized ER visits (0.87 to 0.49; P = 0.21) and hospi-
talizations (2.24 to 1.55; P = 0.37); however, the number of antibi-
otic courses per year (3.60 to 4.47; P = 0.19) and average number 
of antibiotic days per year increased (91.64 to 108.84; P = 0.42).

When evaluated by the number and type of events that 
contributed to the definition of pulmonary exacerbation, the 
number of exacerbations associated with antibiotic courses 
alone increased from before the LUM/IVA period to after the 
LUM/IVA period (23 of 45 and 33 of 48 pulmonary exacerba-
tions, respectively; P = 0.08). However, pulmonary exacerba-
tions associated with at least 1 ER visit and/or hospitalization 

Member Demographics N = 21

Gender, female, n a

Age, at treatment initiation, in years, mean (range) 20.1 (12-51)
Number of CF medications at baseline, mean (SD)b 3.5 (2.1)
Members receiving respiratory medications, excluding 
respiratory antibiotics, %

81.8

Members receiving respiratory antibiotics, % 59.1
Members receiving gastrointestinal medications, % 68.2
Complications of cystic fibrosis, members, %
0 0
1 14.3
2 19.0
≥ 3 66.7
PDC, mean (SD) 0.62 (0.29)
PDC ≥ 0.8, n a

aNot reportable due to cell size < 11. 
bPharmacy claims for medications used to treat CF within 90 days of index date. 
CF-specific medication has been defined based on the CF pulmonary guidelines as 
dornase alfa, any inhaled antibiotic, hypertonic saline, oral macrolide antibiotics, 
ibuprofen, leukotriene modifiers, cromolyn, inhaled beta-adrenergic receptor  
agonists, inhaled anticholinergics, or N-acetylcysteine.
CF = cystic fibrosis; PDC = proportion of days covered, SD = standard deviation.

TABLE 1 Member Demographics

N=21
Before  

LUM/IVA
After  

LUM/IVA P Value

Total number of PEx 45 48 N/A
Annualized PEx rate 4.37 4.66 0.69a

Average PEx days per year 113.31 125.17 0.55a

Breakdown of events comprising PEx
Annualized ER visits 0.87 0.49 0.21a

Annualized inpatient  
hospitalizations

2.24 1.55 0.37a

Annualized antibiotic courses 3.60 4.47 0.19a

Annualized antibiotic days 91.64 108.84 0.42a

Number of PEx associated with 
antibiotic courses only

23 33

0.08bNumber of PEx associated with 
ER visit or hospitalization (with or 
without antibiotic courses)

22 15

aT-test.
bChi square.
ER = emergency room; LUM/IVA = lumacaftor/ivacaftor; N/A = not applicable; 
PEx = pulmonary exacerbation.

TABLE 2 Results 
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decreased from 22 to 15 in the before and after LUM/IVA 
periods, respectively (P = 0.08).

■■  Discussion
Although LUM/IVA has been shown in clinical trials to decrease 
pulmonary exacerbations, real-world data in a Medicaid  
population are lacking. This is especially relevant, since  
approximately 45% of patients with CF are Medicaid mem-
bers.7 In our analysis, no significant difference was observed in 
the annualized rate of pulmonary exacerbations after initiation 
of LUM/IVA. While this is not consistent with the results of 
the TRAFFIC and TRANSPORT trials, it is important to note 
a number of differences among the studies. First, our observed 
rate of pulmonary exacerbations was much higher (after LUM/
IVA: 4.66 [per 365 days] vs. 0.71 in TRAFFIC and 0.67 in 
TRANSPORT [per 48 weeks]).10 This is likely because of a 
number of factors including the differences in definition of pul-
monary exacerbation, as well as the potential differences  in CF 
severity among the study populations. For inclusion, patients 
in the TRAFFIC and TRANSPORT studies had a low severity of 
illness as defined by ppFEV1 > 40%. While these data were not 
available for our study population, the fact that the majority of 
our patients had > 3 complications of CF may be an indicator 
of higher disease burden. Furthermore, adherence to LUM/IVA 
overall was suboptimal, which may have contributed to the 
lack of treatment effect. 

The low adherence rate in our study is consistent with other 
published studies that have shown a high discontinuation rate 
among patients receiving LUM/IVA.11,12 In 2 observational 
trials, 17%-30% of patients discontinued treatment because 
of adverse events. While respiratory events (e.g., cough and 
shortness of breath) were noted as common reasons for dis-
continuation, other possible causes included perceived lack of 
efficacy, high cost, issues with insurance coverage, or adher-
ence difficulties.11,12 Furthermore, patients with CF are gener-
ally managed with a variety of drugs that may affect long-term 
respiratory function. It is possible that suboptimal engagement 
in CF management (e.g., adherence to other CF medications, 
physician visits, and pulmonary hygiene) may have influenced 
the change in pulmonary exacerbation.

A secondary analysis evaluated the number and type of 
events that corresponded to each pulmonary exacerbation. We 
observed an increase in the number of pulmonary exacerba-
tions following treatment initiation that were treated solely by 
outpatient antibiotics. In addition, days of antibiotic treatment 
increased during the post-treatment period, while pulmonary 
exacerbations associated with at least 1 ER visit and/or hospi-
talization decreased. This may indicate that while LUM/IVA 
may not have had an effect on the incidence of pulmonary 
exacerbations overall, it may have contributed to a reduction 
in the severity of exacerbations as inferred by an increase 
in presumed outpatient management of the event. While a  

pulmonary exacerbation consists of an acute worsening of 
pulmonary symptoms, there can be significant heterogeneity 
in the degree of severity.13 

Our analysis highlights the need for payers to better under-
stand the value of novel CF disease-modifying agents based on 
their effects on pulmonary exacerbations for their members. 
A recent report from the Institute for Clinical and Economic 
Review evaluated CFTR therapies and found that the therapies 
represent a low long-term value for money, due in large part 
to the high cost. Specifically, the analysis recommended a dis-
count of 71%-75% off the cost of LUM/IVA to align drug cost 
with clinical value.14 Therefore, if members receive therapy, it 
is important to ensure adherence and treatment benefit. This 
could be accomplished by medication therapy or disease state 
management programs to optimize medication adherence 
to LUM/IVA and other CF maintenance medications and by 
evaluating the treatment’s effect on respiratory function upon 
PA recertification. For members who are nonadherent and/or 
not benefitting from CF therapies, a reevaluation of the treat-
ment plan in collaboration with the member’s prescriber could 
be considered.

Limitations
There are a number of limitations to address. Because patient 
medical charts were not available, patient specific information 
(e.g., disease severity) and other sources of medication (e.g., 
clinical trial enrollment and samples) were not evaluable. In 
addition, only pharmacy and medical claims were used to 
identify pulmonary exacerbations, an approach that has not 
been validated. 

Despite the substantial role of pulmonary exacerbations in 
CF care, no consensus definition exists for these events. While 
our definition was consistent with other trials and incorpo-
rated a combination of ER visits, hospitalizations, and outpa-
tient antibiotic use, applying this strategy to claims data may 
have resulted in a higher rate of pulmonary exacerbation.15-17 
For example, because of our inability to identify the indication 
for an antibiotic, claims of any duration are included in our def-
inition. This means we may have included antibiotics used for 
other conditions in our definition of pulmonary exacerbation. 

Our annualized rate of pulmonary exacerbation was higher 
than that observed in clinical trials and reported by the CF 
Foundation Patient Registry, which may have been a result of 
how we defined pulmonary exacerbation.12 Furthermore, our 
study did not evaluate if there were changes in other compo-
nents of the CF treatment regimen, besides antibiotics. For 
example, addition of other CF maintenance medications may 
have affected the rate of pulmonary exacerbations.

Another limitation of our study was duration of analysis. 
Cystic fibrosis is a chronic disease associated with periods of 
acute worsening and recovery. Therefore, it is difficult to con-
clusively determine the long-term effect of a treatment with just 
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6 months of data. In addition, while we saw a nonsignificant 
difference in the opposite direction from what was expected 
(i.e., increase of pulmonary exacerbations after the LUM/IVA 
period), our study was not powered to detect the difference we 
observed. Because of the rarity of the condition, it is challeng-
ing to adequately power a study when drawing subjects from 
only 1 plan.

■■  Conclusions
In this Medicaid program evaluation, there was no significant 
difference in rate of pulmonary exacerbations after initiation 
of LUM/IVA, although there was a low adherence rate overall. 
Further study in similar and larger populations is needed to 
better understand the long-term effect of treatment. Because of 
the significant cost of LUM/IVA and the cost of managing pul-
monary exacerbations, payers should investigate interventions 
to optimize the value of this and other CF disease-modifying 
treatments. Frequent assessment of adherence and treatment 
benefit are 2 strategies that may be considered to ensure 
optimal use of CFTR modulator treatments and improved out-
comes for patients.
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