
Precision Medicine In Action: The Impact Of Ivacaftor On Cystic 
Fibrosis–Related Hospitalizations

Lisa B. Feng,
Senior director for policy and advocacy at the Cystic Fibrosis Foundation, in Bethesda, Maryland

Scott D. Grosse,
Research economist at the National Center on Birth Defects and Developmental Disabilities, 
Centers for Disease Control and Prevention (CDC), in Atlanta, Georgia

Ridgely Fisk Green,
Carter Consulting, Inc. contractor in the Office of Public Health Genomics, CDC

Aliza K. Fink, and
Director of epidemiology at the Cystic Fibrosis Foundation

Gregory S. Sawicki
Assistant professor of pulmonology at Boston Children’s Hospital, in Massachusetts

Abstract

Cystic fibrosis is a life-threatening genetic disease that causes severe damage to the lungs. 

Ivacaftor, the first drug that targeted the underlying defect of the disease caused by specific 

mutations, is a sterling example of the potential of precision medicine. Clinical trial and registry 

studies showed that ivacaftor improved outcomes and reduced hospitalizations. Our study used US 

administrative claims data to assess the real-world effectiveness of ivacaftor. Comparing twelve-

month rates before and after starting the use of ivacaftor among people who initiated therapy 

during 2012–2015, we found that overall and cystic fibrosis–related inpatient admissions fell by 55 

percent and 81 percent, respectively. There was a comparable reduction in inpatient spending. 

Ivacaftor appears to be effective for multiple mutations that cause the disease, as suggested by the 

fact that during the study period, ivacaftor’s use was extended to nine additional mutations in 

2014. Examination of evidence from clinical trial, clinical care, and administrative data sources is 

important for understanding the real-world effectiveness of precision medicines such as ivacaftor.

Cystic fibrosis is a life-threatening genetic disease that affects approximately 35,000 people 

in the United States.1 Advances in genetically targeted therapies have brought hope for 

people with the disease.2–5 Cystic fibrosis is caused by the absence or reduced function of 

the cystic fibrosis transmembrane conductance regulator (CFTR), a protein that regulates 

salt and water balance on the surface of cells and is encoded by the CFTR gene.6 Progressive 

airway destruction, characterized by chronic lung infections and loss of lung function, is the 

predominant cause of morbidity and mortality.7 Ivacaftor (brand name Kalydeco), a small-

molecule drug approved by the Food and Drug Administration (FDA) in January 2012, was 

the first therapy that addressed the CFTR defect among people six years old and older with a 

G551D CFTR gene variant, a mutation present in 3–4 percent of the population with cystic 
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fibrosis.8 While not a cure, ivacaftor is the first drug to treat the CFTR abnormality instead 

of treating the symptoms.9

Ivacaftor exemplifies the promise of precision medicine: delivering better health outcomes 

by treating people based on their unique genetic makeup.10,11 Some observers doubt that 

precision medicine can fulfill its promise, specifically citing ivacaftor and noting that 

impressive gains in cystic fibrosis patients’ survival in recent decades have been achieved 

through strict adherence to clinical guidelines, not genomics.12 Indeed, the median predicted 

survival age in the United States rose from twenty-nine years for people born in 1986–90 to 

forty-three years for those born in 2012–16.7 However, the criticism overlooks limited 

progress in reducing pulmonary morbidity, which is targeted by therapies such as ivacaftor.
7,13 Clinical trials of ivacaftor have shown major improvements, including a 55 percent 

reduced risk of pulmonary exacerbation, which is an acute worsening of lung disease that 

typically requires treatment with antibiotics.13 The drug was also associated with improved 

weight gain and quality of life.14,15 Two observational studies have confirmed ivacaftor’s 

real-world effectiveness: A patient registry study found that lung function declined more 

slowly among patients using ivacaftor, compared to a control group receiving standard care; 

and an analysis of private insurance claims found lower rates of hospitalization.16,17

Not surprisingly, uptake of ivacaftor was rapid: 80 percent of eligible patients were on the 

drug within the first twelve months of the FDA’s approval in January 2012.18 The FDA 

expanded the label to include nine additional mutations that cause defects in the CFTR 

protein similar to the G551D variant in 2014, and to twenty-eight more mutations in 2017.19 

(See online appendix exhibit A1 for decision dates and a list of mutations.)20 The label 

expansions more than tripled eligibility, to 14 percent of the cystic fibrosis population. 

Listed at $311,000 per year, ivacaftor is covered by most US public and commercial payers. 

Though the drug is indeed costly compared to ibuprofen, as noted by critics,12 it is vastly 

more effective in managing respiratory complications of cystic fibrosis.

Using real-world data to generate evidence on the effectiveness of precision medicines such 

as ivacaftor is important for patients, clinicians, and payers, as eligibility for the drug 

expands by patients’ age and genetic mutation. Our analysis builds upon previous studies by 

estimating all-cause and cystic fibrosis–related hospitalizations one year before and one year 

after the initiation of ivacaftor among patients who began treatment during February 2012–

December 2015—a period that included the two label expansions in 2014.We also estimated 

hospitalization rates by patient age group and medication adherence—factors that may 

modify the magnitude of treatment response.

Study Data And Methods

DATA SOURCE

We analyzed administrative claims data from the Truven Health Analytics MarketScan 

Commercial Research Database, which contains information on tens of millions of people 

with employer-sponsored insurance from a sample of US private health plans provided 

through employers. We accessed the MarketScan data via version 4.0 of Treatment 

Pathways, an online analytic platform that includes data from both the MarketScan 
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Commercial and MarketScan Medicare Supplemental databases, restricted to health plans 

with prescription drug benefits. The analysis used MarketScan data on people younger than 

sixty-five years old from January 1, 2010, through December 31, 2016.

People were eligible for our analysis if they had an International Classification of Diseases, 

Ninth Revision, Clinical Modification (ICD-9-CM), or International Statistical Classification 
of Diseases and Related Health Problems (ICD-10-CM) diagnosis code for cystic fibrosis on 

one or more inpatient claims or on two or more outpatient claims (excluding laboratory 

claims) at least thirty days apart. In addition, they needed to have at least one prescription 

claim for ivacaftor monotherapy, be at least six years old at the time of the first filled 

prescription, and have twelve months of continuous enrollment before and after their first 

filled prescription.

ANALYSIS

The study was designed so that people with cystic fibrosis who took ivacaftor were their own 

controls. The pre-ivacaftor period was the twelve months before a person’s first filled 

prescription, and the post-ivacaftor period was the twelve months after the first filled 

prescription. During each period we calculated the numbers and percentages in each group 

of people with one or more hospitalization for any reason and those with one or more 

hospitalizations for which cystic fibrosis was listed as the principal diagnosis.We also 

calculated the rates of all hospitalizations and those related to cystic fibrosis as numbers of 

admissions per person-year.

The percentage reductions between the pre- and post-ivacaftor periods were calculated as 1 

minus the ratio of percentages or rates. We assessed the significance of the differences in 

proportions by performing McNemar’s one-tailed test of paired sample proportions using 

exact binomial probability calculations and a p value of 0.05.

In addition to analysis of the whole cohort, we separately analyzed data for two subcohorts: 

the eighty-six people who started using ivacaftor in the period February 6, 2012–February 

21, 2014, under the initial FDA label; and the fifty-seven people who initiated use of 

ivacaftor in the period February 22, 2014–December 31, 2015, under the expanded FDA 

label. Including claims through the end of 2015 gave us twelve months of follow-up on 

inpatient admissions with fully adjudicated claims data through the end of 2016.

We tested the hypothesis of similarity of treatment effects in the two cohorts. Because of the 

high uptake rate (80 percent after twelve months of approval) of ivacaftor previously 

observed in people with G551D mutations,18 we assumed that the second cohort consisted 

mostly of people without a G551D mutation. Our tabulation of data from the Cystic Fibrosis 

Foundation Patient Registry confirmed that more than 80 percent of patients who initiated 

use of ivacaftor during 2014 or 2015 did not have a G551D mutation, compared with 11 

percent of those who first took ivacaftor during 2012 or 2013.

To address the potential impact of medication adherence, we distinguished two groups of 

ivacaftor users based on their number of prescription fills during the twelve months 

beginning with the first fill: people who had 3–9 fills and those who had 10–12 fills. 
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Standard prescribing for ivacaftor entails a prescription filled every twenty-eight days. It is 

standard practice to define adherence as a minimum medication possession ratio of 80 

percent over a defined time period.21,22 For a standard prescription, a minimum medication 

possession ratio of 80 percent corresponds to ten fills in a twelve-month period. Six (4 

percent) patients with just 1–2 fills were excluded from the adherence analysis.

Finally, we calculated the pre-post change in mean per patient twelve-month spending for 

inpatient services to estimate the cost offset associated with use of ivacaftor. We adjusted 

spending for medical inflation.

LIMITATIONS AND CRITICAL ASSUMPTIONS

Like any study using administrative claims data, ours had limitations. First, MarketScan 

Commercial data consist of a convenience sample of people with employer-sponsored 

insurance, and our results are not generalizable to people with public insurance or the 

uninsured. However, we were able to replicate the analysis with a MarketScan Medicaid 

sample.

Second, there may be errors or inconsistencies in diagnosis codes used to identify cystic 

fibrosis, although this limitation is mitigated by the fact that the analysis included only 

people on ivacaftor.

Third, information on inpatient admissions may be incomplete. For example, 

hospitalizations might not have been coded with a diagnosis of cystic fibrosis.

This study also included some critical assumptions. We assumed that most people on 

ivacaftor in both cohorts had eligible mutations listed on the label. In other words, we did 

not account for off-label use. We were also unable to classify results by mutation, because 

administrative data do not record mutation status and we were unable to link individuals in 

this analysis to patients included in the Cystic Fibrosis Foundation Patient Registry. Finally, 

since administrative data do not include clinical measures, we were unable to account for 

disease severity.

Study Results

The total sample included 143 people who had filled prescriptions for ivacaftor, 63 percent 

of whom were age eighteen or older (exhibit 1). In the year before filling their first 

prescription for ivacaftor, 31 percent of patients had had at least one inpatient admission. 

Overall, the rate of inpatient admissions decreased 55 percent, from 0.57 admissions per 

person-year in the period before filling the first prescription to 0.26 admissions in the period 

after filling that prescription. Decreases were similar for children and adults (59 percent and 

52 percent, respectively).

The percentages of people with one or more admissions also decreased over time by 55 

percent (p < 0:0001). Similar to the decreases in admission rates, the change in the 

percentages of people with one or more admissions was not significantly different between 

age groups, with a 61 percent decrease for children (p = 0:0096) and a 50 percent decrease 

for adults (p = 0:0033).
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Admissions related to cystic fibrosis, a subset of all-cause admissions, decreased even more 

dramatically than all-cause admissions did. The percentages of people with one or more 

admissions with a principal diagnosis of cystic fibrosis decreased by 78 percent overall (p < 

0:0001). Admissions with principal diagnosis codes for cystic fibrosis decreased from forty-

two before filling a prescription for ivacaftor to eight after filling that prescription—an 81 

percent reduction. Rates per person per year decreased by 82 percent among children ages 

6–17 and 80 percent among adults. The decreases in the percentages of people with one or 

more admissions were also similar between age groups, with declines of 80 percent for 

children and 77 percent for adults.

The declines in the percentages of people with one or more admissions were similar between 

the initial and expanded-label subcohorts, with declines in overall admissions of 59 percent 

and 57 percent and decreases in admission rates of 49 percent and 62 percent, respectively. 

(See appendix exhibit A2 for subcohort analyses of inpatient admissions before and after 

initiating use of ivacaftor.)20

Exhibit 2 shows the association of medication adherence with all-cause inpatient admissions. 

Because of small numbers, we did not report analyses stratified by age or analyses of cystic 

fibrosis–specific admissions. Patients who filled at least 10 prescriptions during the twelve-

month period experienced 68 percent pre-post reductions in inpatient admissions, compared 

with 45 percent for those with 3–9 fills.

Use of ivacaftor was associated with 60 percent lower per person inpatient spending 

(adjusted for medical inflation to 2016 prices) in the year following initiation, relative to the 

year preceding it. There was a greater proportional reduction in hospital costs for adults 

taking ivacaftor than for children (68 percent and 45 percent, respectively), but similar 

absolute differences. There was an absolute per person reduction of $10,567, from $17,729 

to $7,162 (exhibit 3).

Discussion

Ivacaftor serves as a sterling example of precision medicine in that it effectively treats a 

subpopulation of people with cystic fibrosis based on their unique genetic makeup. Our 

analysis of administrative claims data confirmed the association of ivacaftor with reduced 

hospitalizations that was initially reported in clinical trial and patient registry studies.13–17 

We were able to account for medication adherence and found greater reductions in 

hospitalizations among those who were adherent to treatment. Our findings showed similar 

effectiveness for ivacaftor following the FDA label expansion, which suggests that including 

additional mutations did not lower the drug’s effectiveness.

Our findings and those of others13–17 suggest that sustained use of ivacaftor can markedly 

reduce overall hospitalizations, especially those related to cystic fibrosis. For people who 

initiated the use of ivacaftor in the period February 6, 2012–December 31, 2015, overall 

hospital admissions fell by approximately 55 percent, and those related to cystic fibrosis fell 

by 81 percent. A similar analysis showed decreases of 40 percent for all inpatient admissions 

and 75 percent for cystic fibrosis–related admissions.16 These reductions are significant 
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since inpatient rates have not improved in recent years, despite gains in survival that have 

resulted from improvements in standards of care for patients with cystic fibrosis. The Cystic 

Fibrosis Foundation Patient Registry estimates that 33–34 percent of people with cystic 

fibrosis were hospitalized for lung infections between 2010 and 2014.7 Analyses of 

Marketscan data showed that inpatient rates decreased by only 1 percent per year among 

people not on ivacaftor (data not shown).

We observed modestly greater reductions in all-cause admissions for pediatric patients 

compared to adults, but the declines were not significantly different between the two age 

groups. Adult and pediatric patients experienced similar rates of hospitalization after 

beginning the use of ivacaftor. Combined with the evidence that ivacaftor slows the rate of 

decline of lung function, our analysis appears to support initiation of ivacaftor at an early 

age to maximize its therapeutic benefits.

These findings apply to the population with private employer-sponsored insurance. Most 

people with cystic fibrosis have some kind of insurance, with 44 percent on Medicaid as of 

2016.7 Prior evidence suggests that people with the disease on Medicaid experience worse 

health outcomes, compared to those with private insurance.23 We repeated our analysis with 

a Medicaid sample and found smaller reductions in inpatient admissions (38 percent for all-

cause and 46 percent for cystic fibrosis–related admissions), compared to the reductions 

experienced by the privately insured. (See appendix exhibit A3 for our analysis of the 

Medicaid sample.)20 Among people with one or more ivacaftor prescription fills, Medicaid 

enrollees were three times more likely to be highly nonadherent (filling only 1–2 

prescriptions in twelve months). We do not have further insight on confounding factors that 

could contribute to these differences beyond Medicaid enrollment. We do know from our 

analysis that the proportion of patients with cystic fibrosis on Medicaid with a filled 

prescription for ivacaftor was much lower than the proportion in the private-payer sample. 

Future studies should investigate the role that health insurance type plays in the association 

between access to precision medicines and health outcomes, adjusting for broader 

socioeconomic issues such as transportation, housing, employment, and food insecurity.

Ivacaftor is covered by private and public payers in the United States. The drug is also 

available in Canada, Australia, and European countries, which have different processes for 

covering drugs than the US does.24,25 Payers that cover ivacaftor have implicitly accepted 

the drug’s value, or at least accepted its budget impact. However, the ability of health plans, 

states, and countries to afford additional specialty therapies with growing patient populations 

is the subject of an ongoing debate. Cost concerns can lead to access delays. For example, 

Ireland’s national health payer did not approve reimbursement for ivacaftor until 2013, to 

allow for additional time for price negotiation.24 Payers also address cost concerns by 

shifting costs to patients via copayments and coinsurance, which can create financial barriers 

to access for patients. Our data showed an average offset of $10,000 (2016 dollars) from the 

reduced hospitalizations after patients started to use ivacaftor. Although this is a small 

proportion of the $311,000 list price of ivacaftor, we do not know how much payers actually 

paid for the drug. Additionally, calculations of cost-effectiveness require the use of measures 

beyond reduced utilization, such as productivity and quality of life for patients and 
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caregivers. Since precision medicine, by definition, is not meant to be marketed to broad 

populations, issues of affordability and proposed policy solutions will continue to arise.

This study provides real-world evidence that use of ivacaftor following the extension of the 

FDA label to an additional nine mutations in 2014 was associated with effectiveness similar 

to what it had following the initial approval in 2012. Developing treatments for all people 

with cystic fibrosis, however, is challenging since there are approximately 1,700 CFTR 
mutations.26 Designing clinical trials for every mutation becomes impractical or impossible 

because of very small numbers and wide geographic dispersion. Thus, in vitro cell lines that 

express CFTR of rare variants have been used to test the effect of therapeutic compounds.27 

In fact, in May 2017 the FDA used this novel approach to approve the use of ivacaftor for an 

additional twenty-three mutations, extending eligibility to an additional 3 percent of people 

with cystic fibrosis in the US, for a total of 16 percent able to use the drug.28,29 This in vitro 

process creates a drug development and regulatory pathway for assessing the clinical benefit 

of rare mutations that are not conducive to clinical trials.27,28 The FDA’s recognition that 

non-clinical-trial data are sufficient to demonstrate efficacy is especially significant for 

precision medicine, where the goal is to deliver individualized treatments. While the FDA 

expands its use of data sources for approval based on safety and efficacy standards, payers 

have to make decisions based on effectiveness and cost. Greater alignment in and agreement 

on the use of real-world evidence for regulatory and payment purposes will become 

increasingly important as new precision medicines are developed and assessed with new 

techniques.

Treatments that target the protein defect that causes cystic fibrosis illustrate the promise of 

precision medicine. While it is unlikely that the percentage of cystic fibrosis patients eligible 

for ivacaftor will increase much more, new drugs, such as a combination of ivacaftor and 

lumacaftor (Orkambi) therapy, that target different CFTR variants have FDA approval, and 

more are in the pipeline.5 Understanding the real-world effectiveness of ivacaftor and similar 

therapies requires the examination of evidence from clinical trial, clinical care, and 

administrative data sources.30 Despite data limitations, real-world evidence of effectiveness, 

as summarized here, can help providers, policy makers, and patients assess the value of 

treatments relative to their cost and use. Finally, it is important to acknowledge that cystic 

fibrosis precision medicine is not just about genomics. To deliver the right care to the right 

patient, cystic fibrosis care must continue to account for other aspects unique to individuals 

such as environment, physiology, patients’ preferences, and lifestyle. ■
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Exhibit 3. Mean inpatient spending during the twelve months before and twelve months after 
filling the first ivacaftor prescription, by age group, 2012–15
SOURCE Authors’ analysis of data from the Truven Health Analytics MarketScan 

Commercial Research database. NOTES Patients’ diagnosis codes, prescription fills, 

insurance coverage, and age are explained in the notes to exhibit 1. Inpatient admissions 

were for all causes. Total payments (allowable charges) on inpatient services during the 

twelve months before and the twelve months after filling the first ivacaftor prescription were 

calculated and adjusted to 2016 medical prices using the Personal Consumption 

Expenditures health price index of the Bureau of Economic Analysis, an unbiased measure 

of US medical inflation.
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