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ABSTRACT

Introduction: In 2015, Boehringer Ingelheim
(BI) created a support program for patients with
idiopathic pulmonary fibrosis (IPF) treated with
nintedanib, to help patients obtain their pre-
scription, learn about their disease and medi-
cation, and provide support in the management
of their IPF. The purpose of this study was to
measure the impact of the program on ninte-
danib persistence among patients with IPF
newly treated with the medication.
Methods: A retrospective cohort analysis of BI
Pharmaceuticals, Inc.’s Specialty Pharmacy (SP)
database was conducted. Patients at least 18
years of age, newly treated with nintedanib
from April 1, 2015 to January 31, 2018, and
with at least one diagnosis of IPF were included
in the study; earliest nintedanib prescription
was the index date. Patients were classified into
two mutually exclusive cohorts: enrolled in the
patient support program within 60 days of

index or not enrolled in the program at any
time. The cohorts were compared in terms of
patient characteristics, time to nintedanib dis-
continuation (a gap of more than 60 days
between refills), and proportion of persistent
patients at 6, 12, 18, and 24 months after index.
Time to discontinuation was compared between
the cohorts using Kaplan–Meier analysis. A
multivariable Cox proportional hazards model
assessed the impact of program participation on
time to discontinuation within the first 12
months.
Results: A total of 3114 enrolled and 9388 non-
enrolled patients were identified. The propor-
tion of patients persistent on nintedanib was
higher among enrolled patients throughout the
post-index period (57.8% vs. 49.7% at 6
months, 34.7% vs. 28.9% at 12 months;
p\0.05). In adjusted analyses, being enrolled
in the program was associated with a 21%
decreased hazard of discontinuing nintedanib
over the first-year post-index [hazard ratio
(HR) = 0.79, 95% CI 0.75–0.83, p\0.05).
Conclusion: Real-world evidence suggests a
persistence benefit for patients with IPF treated
with nintedanib who are enrolled in the patient
support program.
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Key Summary Points

Why carry out this study?

Idiopathic pulmonary fibrosis (IPF) is a
specific form of chronic, progressive
fibrosing interstitial pneumonia of
unknown cause, occurring primarily in
adults over the age of 50, and limited to
the lungs.

A patient-focused approach (such as
patient support programs) that allows for
active management of comorbidities and
therapeutic side effects may positively
affect treatment utilization and have
significant impacts on slowing IPF disease
progression, improving quality of life, and
reducing the overall burden of IPF.

The aim of this retrospective database
study was to measure the impact of a
patient support program on treatment
persistence among patients with IPF
newly treated with nintedanib.

What was learned from the study?

The proportion of patients persistent on
nintedanib was higher among enrolled
patients throughout the post-index period
(57.8% vs. 49.7% at 6 months, 34.7% vs.
28.9% at 12 months; p\0.05).

This study highlighted a persistence
benefit for patients with IPF treated with
nintedanib who were enrolled in the
patient support program.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.14500980.

INTRODUCTION

Idiopathic pulmonary fibrosis (IPF) is a specific
form of chronic, progressive fibrosing intersti-
tial pneumonia of unknown cause, occurring
primarily in adults over the age of 50, and lim-
ited to the lungs [1]. The annual incidence of
IPF in the USA is estimated between 6.8 and
17.4 per 100,000 [2, 3], depending on case def-
inition and diagnostic criteria used. IPF is a
debilitating, life-limiting condition with esti-
mates of median survival varying between 2 and
5 years from the time of diagnosis [4]; the 5-year
survival rate is 20–30% [5]. The economic bur-
den associated with IPF is substantial, with one
retrospective study of Medicare beneficiaries
reporting annual medical costs [hospitalization,
emergency department (ED) visits, outpatient
visits, and use of procedures and tests] to the US
healthcare system at approximately US $2 bil-
lion in 2012 [6].

The goals of IPF treatment are to slow disease
progression, reduce symptoms, prevent acute
exacerbations, and prolong survival [7]. Effec-
tive treatment options were limited prior to the
2014 US Food and Drug Administration (FDA)
approval of two antifibrotic agents: nintedanib
[OFEV, Boehringer Ingelheim (BI) and pir-
fenidone (Esbriet, Genentech) [8]. Both thera-
pies slow disease progression, as measured by
rate of declining forced vital capacity (FVC),
and reduce the occurrence of acute exacerba-
tions [7, 9, 10]. Furthermore, recent pooled
analyses reported that both therapies reduce the
risk of all-cause and IPF-related mortality
[11, 12]. American Thoracic Society (ATS)
updated clinical practice guidelines in 2015
provide conditional recommendations for the
use of nintedanib and pirfenidone in the treat-
ment of patients with IPF [13].

Despite the evidence supporting benefits of
pirfenidone and nintedanib treatment, there is
limited real-world data on use of pirfenidone
and nintedanib. Despite the efficacy of these
therapies, studies report adherence rates rang-
ing from 60% to 66% and discontinuation rates
ranging from 19% to 38% for pirfenidone and
nintedanib [14–16]. It is well established that
increased medication utilization and adherence
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are associated with better patient outcomes and
lower healthcare resource utilization and costs
[17]. A patient-focused approach (such as
patient support programs) that allows for active
management of comorbidities and therapeutic
side effects may positively affect treatment uti-
lization and have significant impacts on slow-
ing disease progression, improving quality of
life, and reducing the overall burden of IPF.
Participation in patient support programs has
been associated with positive effects on clinical
(medication adherence and persistence),
humanistic (quality of life and function), and
economic (cost or utilization-related) outcomes,
across a range of chronic diseases [17–20].

In February 2015, BI created a patient sup-
port program to provide personalized support
and advice to patients with IPF prescribed nin-
tedanib. The program connects enrolled
patients with a personal care team available to
them 24 hours a day, 7 days a week, that pro-
vides guidance related to IPF and treatment
with nintedanib, including disease progression,
side effects, financial assistance options, and
local resources for support. The program also
provides caregivers and physicians of patients
enrolled in the program with resources and
guidance on providing optimal care [21].

The patient support program had not been
evaluated since its creation. The aim of this
retrospective database study was to measure the
impact of the program on treatment persistence
among patients with IPF newly treated with
nintedanib.

METHODS

Data Source

This study used data from Boehringer Ingelheim
Pharmaceuticals, Inc.’s Specialty Pharmacy (SP)
database, including data from patients with IPF
from six large specialty pharmacies in the USA.
The study used SP data from October 1, 2014 to
July 31, 2018.

The database is composed of prescription
records of patients with IPF who were prescribed
nintedanib and had at least one filled prescrip-
tion through any of the specialty pharmacies.

The data were collected every day of every
month since the launch of nintedanib on
October 1, 2014. Data are comprised of the
following variables: dispensed prescription-re-
lated information [prescription name, National
Drug Codes (NDC), receipt date, status (refill or
new), quantity dispensed, days of supply, and
dose prescribed], patient characteristics (age,
sex, geographic region, and payer type), and
prescriber characteristics [National Provider
Identifiers (NPI) and office location]. Data on
other patient comorbidities (e.g., other chronic
conditions) were not available. Data contribu-
tions are subjected to a series of quality checks
to ensure a standardized format and to mini-
mize error rates. Patented and proprietary
algorithms are used to create unique patient IDs
that enable identification of the same patient’s
records from different SPs’ data, hence avoiding
duplication of patient records. All data are
Health Insurance Portability and Accountability
Act (HIPAA) compliant to protect patient pri-
vacy, and, therefore, institutional review board
approval was not required for this study.

Patient Selection

The study included patients with IPF at least 18
years of age and with at least one nintedanib
prescription between April 1, 2015 and January
31, 2018 (selection window); earliest nintedanib
prescription fill date was the index date.
Patients were classified into two mutually
exclusive cohorts: patients enrolled in the sup-
port program within 60 days of index and
patients not enrolled in the program at any
time during the post-index period (detailed
selection criteria depicted in Fig. 1). The selec-
tion window allowed for look-back to October
1, 2014 to confirm that there were no prior
nintedanib prescriptions or support program
enrollment in the pre-index period, and a
minimum post-index period of 6 months to
assess persistence to nintedanib. This window
also allowed for at least 60 days since launch of
the support program to ensure enough time for
the program to become established.
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Statistical Analysis

Descriptive analyses include the tabular display
of mean [standard deviation (SD)] values, med-
ian [interquartile range (IQR)], and ranges of
continuous variables and frequency distribu-
tions for categorical variables. Missing values
were considered as a separate category, where
applicable.

Patient and prescriber characteristics, treat-
ment persistence and discontinuation (defined
as a gap of more than 60 days after the end of
medication supply) were compared between the
two cohorts. Statistical comparisons were made
using chi-square tests for categorical variables

and parametric t test (means) and nonpara-
metric Wilcoxon rank-sum test (medians) for
continuous variables. All tests were conducted
assuming a two-tailed test of significance and
alpha level set a priori at 0.05.

Time to nintedanib discontinuation was also
compared between the study cohorts using
Kaplan–Meier (KM) analyses, with log-rank tests
used to compare survival functions. The end of
the study period (July 31, 2018) was used as the
end date for the KM analyses.

Upon confirmation of proportional hazards
assumption, a multivariable Cox proportional
hazards model was developed to assess the
impact of support program participation on

Fig. 1 Patient attrition flowchart
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Table 1 Patient and prescriber demographic characteristics for enrolled and non-enrolled cohorts

Enrolled cohort
N = 3114

Non-enrolled cohort
N = 9388

p value

Patient characteristics

Age group (n, %)

\ 50 years 32 (1.0) 224 (2.4) \ 0.0001

50–64 years 452 (14.5) 1633 (17.4)

65–74 years 1203 (38.6) 3385 (36.1)

C 75 years 1427 (45.8) 4146 (44.2)

Age at index (years)

Mean (SD) 72.5 (8.3) 71.7 (9.3) \ 0.0001

Median (IQR) 74 (11) 73 (13) 0.003

Min–max 20–85 18–85

Gender (n, %)

Male 1926 (61.8) 5708 (60.8) 0.298

Female 1188 (38.2) 3680 (39.2)

Index treatment year (n, %)

2015 1060 (34.0) 2816 (30.0) \ 0.0001

2016 859 (27.6) 3348 (35.7)

2017 1167 (37.5) 2961 (31.5)

2018 28 (0.9) 263 (2.8)

Patient region (n, %)

Northeast 489 (15.7) 1769 (18.8) \ 0.0001

Midwest 680 (21.8) 1843 (19.6)

South 1504 (48.3) 4222 (45.0)

West 438 (14.1) 1479 (15.8)

Unknown 3 (0.1) 75 (0.8)

Payer type (n, %)

Self-insured/cash 1 (0.0) 10 (0.1) \ 0.0001

Healthcare exchange 4 (0.1) 12 (0.1)

Medicaid 23 (0.7) 169 (1.8)

Medicare 1411 (45.3) 4831 (51.5)

Commercial/third-party 906 (29.1) 2687 (28.6)

Other 0 (0) 4 (0.0)
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time to nintedanib discontinuation (months),
adjusting for patient age, sex, patient region,
prescriber region, payer type, starting ninteda-
nib strength, and nintedanib index year. For
this model, the first 12 months post-index was
used when available to consider an event or
censor the patient.

All analyses were performed using SAS ver-
sion 9.4 (SAS Institute, Inc., Cary, NC).

RESULTS

A total of 12,502 patients were identified for this
study: 3114 support program patients (‘‘en-
rolled’’ patients) and 9388 patients not enrolled
in the program during the data window (‘‘non-
enrolled’’) patients (Fig. 1). Among enrolled
patients, the mean ± SD time between index
and program enrollment was 18 ± 15 days.

The mean age of enrolled patients was
72.5 ± 8.3 years, similar to the mean age of
71.7 ± 9.3 years in non-enrolled patients;
approximately 60% of patients were male in
both cohorts (Table 1). Payer type was different
between the two cohorts, with fewer enrolled
patients compared to non-enrolled patients on
Medicaid (0.7% vs. 1.8%) or Medicare (45.3%
vs. 51.5%, p\ 0.0001). More enrolled patients
were indexed in 2015 (34.0% vs. 30.0%) and
2017 (37.5% vs. 31.5%, p\0.0001). The
majority of patients in both cohorts lived in the
South (48.3% enrolled vs. 45.0% non-enrolled),
with slightly more enrolled patients in the
Midwest (21.8% vs. 19.6%), and fewer in the
Northeast compared to non-enrolled patients
(15.7% vs. 18.8%, p\0.0001).

In terms of prescriber characteristics, pre-
scriber specialty was similar between the
cohorts (p = 0.366), with over 85% of

Table 1 continued

Enrolled cohort
N = 3114

Non-enrolled cohort
N = 9388

p value

Unknown 769 (24.7) 1675 (17.8)

Prescriber characteristics

Prescriber specialty (n, %)

Allergy/immunology 3 (0.1) 9 (0.1) 0.366

Primary care (e.g., family medicine, internal medicine,

nurse practitioner, physician assistant)

282 (9.1) 919 (9.8)

Pulmonary critical care medicine and pulmonary disease 2764 (88.8) 8227 (87.6)

Other 65 (2.1) 233 (2.5)

Prescriber region (n, %)

Northeast 485 (15.6) 1788 (19.0) \ 0.0001

Midwest 655 (21.0) 1791 (19.1)

South 1520 (48.8) 4212 (44.9)

West 449 (14.4) 1520 (16.2)

Unknown 5 (0.2) 77 (0.8)

SD standard deviation, IQR interquartile range
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prescribers specializing in pulmonary & critical
care medicine or pulmonary disease in both
cohorts (Table 1). Prescriber region was very
similar to patient region, with the majority of
prescribers in the South (48.8% enrolled vs.
44.9% non-enrolled), and the most common
state for prescribers being Florida. A signifi-
cantly higher proportion of enrolled patients
started on a dose of 150 mg twice a day (BID) of
nintedanib compared to non-enrolled patients
(86.3% vs. 81.3%, p\ 0.0001). Remaining
patients were indexed on 100 mg BID of nin-
tedanib. All patients in the study had strength
reported for index nintedanib.

Table 2 shows nintedanib treatment patterns
during the post-index period. In terms of dosing
changes during the post-index period, slightly

Table 2 Treatment persistence and discontinuation during the post-index period for patients enrolled in the patient
support program, compared to non-enrolled patients

Enrolled cohort
N = 3114

Non-enrolled cohort
N = 9388

p value

Dose increase (n, %)a 982 (60.5) 2645 (60.7) 0.903

Dose decrease (n, %)a 1003 (61.8) 2534 (58.1) 0.010

Number of nintedanib prescription refills before discontinuationb

Mean (SD) 10.9 (9.8) 9.0 (9.0) \ 0.0001

Median (IQR) 8 (12) 6 (11) \ 0.0001

Min–max 1–44 1–50

Time to nintedanib discontinuation (months)b

Mean (SD) 10.9 (10.0) 9.3 (9.4) \ 0.0001

Median (IQR) 7.9 (12.7) 5.9 (11.7) \ 0.0001

Min–max 0.5–40.6 0.2–40.6

Number of patients who remained on nintedanib during the post-index period (n, %)

6 months post-index 1799 (57.8) 4667 (49.7) \ 0.0001

12 months post-index 1079 (34.7) 2715 (28.9) \ 0.0001

18 months post-index 586 (18.8) 1611 (17.2) 0.035

24 months post-index 406 (13.0) 963 (10.3) \ 0.0001

SD standard deviation, IQR interquartile range
a Dosing increase refers to a change in dose from 100 to 150 mg and dosing decrease refers to a change in dose from 150 to
100 mg
b Discontinuation (defined as having a gap of[ 60 days) with no nintedanib prescription refills, with end date defined as
the fill date plus the days’ supply of last prescription; change in strength is not counted as discontinuation

but statistically significantly more enrolled
patients had a dose decrease (defined as change
in dose from 150 to 100 mg BID) compared to
non-enrolled patients (61.8% vs. 58.1%,
p = 0.010). Mean time to nintedanib discontin-
uation was significantly longer in enrolled
patients (10.9 ± 10.0 months vs. 9.3 ± 9.4
months, p\ 0.0001), as was the mean number
of nintedanib prescription refills (10.9 ± 9.8 for
enrolled patients vs. 9.0 ± 9.0 for non-enrolled
patients, p\ 0.0001). Examination of the pro-
portion of persistent patients at different time
points post-index indicated that the enrolled
cohort had a significantly higher proportion of
persistent patients at all time points compared
to the non-enrolled cohort (57.8% vs. 49.7% at
6 months, 34.7% vs. 28.9% at 12 months,
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18.8% vs. 17.2% at 18 months, 13.0% vs. 10.3%
at 24 months; all p\0.05). Figure 2 depicts the
time from index nintedanib to discontinuation
(end of persistence) in days. Over time, the
proportion of patients who remained persistent
was higher among enrolled patients compared
to non-enrolled patients (log-rank test
p\0.0001). The proportion of patients persis-
tent to nintedanib dropped to about 50%
among enrolled patients around 9 months and
the corresponding drop was observed in non-
enrolled patients around 6.5 months after
index. After adjustment for patient and pre-
scriber characteristics and index nintedanib
characteristics, being enrolled in the program
was associated with a 21% decreased hazard of
discontinuing nintedanib over the first year
post-index (HR = 0.79, 95% CI 0.75–0.83,
p\0.05, Table 3).

DISCUSSION

The results of this retrospective database study
suggest a benefit in nintedanib persistence for
patients with IPF enrolled in the patient support
program compared to those who opted out of
program participation, consistent with the real-
world benefits in treatment persistence of
patient support programs in other patient

populations [11]. Overall, patient and prescriber
demographic characteristics were similar
between the two cohorts. The enrolled cohort
had a slightly higher proportion of older
patients compared to the non-enrolled cohort,
which is consistent with the literature on
improved care-seeking behaviors in older
patients [22]. Further, given that, in general,
older patients are less persistent to treatment
compared to younger patients [23], a patient
support program provides the means to over-
come some of the barriers to treatment [24]. A
higher proportion of non-enrolled patients were
insured through Medicare (51.5% vs. 45.3%)
despite a lower proportion of patients over 65
years of age in this cohort. This finding should
be interpreted with caution considering there
was a significant number of patients in each
cohort with unknown payer type.

When evaluating index treatment charac-
teristics, it was observed that a slightly higher
proportion of enrolled patients initiated the
higher (150 mg BID) strength of nintedanib,
compared to non-enrolled patients. This could
be reflective of concomitant medication treat-
ments or comorbid disease though these data
were unavailable in the study database. During
the post-index period, a larger proportion of
enrolled patients had a dose decrease (from 150
mg BID to 100 mg BID). Further analysis is

Fig. 2 KM analysis of time from index to nintedanib discontinuation for enrolled vs. non-enrolled patients
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Table 3 Multivariable Cox proportional hazard model assessing the association between enrollment in the patient support
program and time to nintedanib discontinuation

Coefficienta Standard error Chi-square p value HR 95% CI

Enrolled in support program (ref = yes)

No 0.232 0.026 81.524 \ 0.0001 1.261 1.199 1.326

Age at index treatment

Continuous 0.011 0.001 77.304 \ 0.0001 1.011 1.009 1.014

Gender (ref = Female)

Male - 0.171 0.022 60.259 \ 0.0001 0.843 0.807 0.880

Patient region (ref = South)

Northeast - 0.110 0.094 1.376 0.241 0.896 0.746 1.076

Midwest - 0.051 0.091 0.314 0.575 0.950 0.795 1.136

West - 0.127 0.114 1.244 0.265 0.881 0.705 1.101

Unknown - 0.116 0.280 0.172 0.679 0.891 0.515 1.541

Prescriber region (ref = South)

Northeast 0.063 0.093 0.464 0.496 1.065 0.888 1.279

Midwest 0.011 0.092 0.014 0.905 1.011 0.844 1.210

West 0.124 0.112 1.225 0.268 1.133 0.908 1.412

Unknown 0.136 0.267 0.259 0.611 1.146 0.678 1.935

Payer type (ref = Commercial/third-party)

Healthcare Exchange - 0.059 0.303 0.038 0.846 0.943 0.521 1.707

Medicaid 0.074 0.090 0.674 0.412 1.077 0.902 1.285

Medicare 0.025 0.026 0.949 0.330 1.025 0.975 1.078

Otherb - 0.007 0.308 0.000 0.983 0.994 0.543 1.816

Unknown 0.322 0.031 105.941 \ 0.0001 1.379 1.297 1.466

Index nintedanib treatment year (ref = 2015)

2016 - 0.027 0.028 0.927 0.336 0.974 0.922 1.028

2017 0.196 0.027 53.198 \ 0.0001 1.216 1.154 1.282

2018 0.773 0.063 152.103 \ 0.0001 2.166 1.916 2.449

Nintedanib starting strength (ref = 150 mg)

100 mg - 0.056 0.030 3.541 0.060 0.946 0.893 1.002

HR hazard ratio, CI confidence interval
a The model was based on first 12 months post-index to consider event or censor the patient
b Includes Self-insured/cash and Other
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needed to fully understand the reasons behind
dose decrease. This could suggest a benefit of
the program in persistence, with patients
decreasing their nintedanib dose when neces-
sary instead of discontinuing treatment or this
could be reflective of the higher proportion of
enrolled patients who started on the higher
nintedanib strength.

Patients enrolled in the program had about
1.5 months longer mean time to nintedanib
discontinuation compared to non-enrolled
patients, and this benefit persisted in adjusted
analyses. At 6 months post-index, nearly 60% of
enrolled patients remained persistent, com-
pared to only 50% of non-enrolled patients.
While the absolute difference between cohorts
decreased as time went on, a statistically sig-
nificant benefit remained through 24 months
post-index, with the enrolled cohort demon-
strating approximately 30% higher relative
persistence. This observed benefit in nintedanib
persistence for patients with IPF enrolled in the
support program is in line with previously
conducted real-world studies evaluating other
support programs. For example, in a systematic
review by Ganguli et al., evaluating patient
support programs in different populations such
as type 2 diabetes mellitus, hypertension, car-
diovascular disorders, asthma, and chronic
obstructive pulmonary disorders, over 65% of
the programs assessed reported at least one sig-
nificantly positive persistence endpoint [25].

While the findings of this study suggest a
benefit of the support program, limitations of
the retrospective database study must be
acknowledged. Adjusted analyses included only
variables available in the selected database (i.e.,
demographic characteristics of patients and
prescribers, and nintedanib prescription infor-
mation) and residual confounding, possibly
driven by clinical characteristics such as disease
severity and medication side effects, may
remain. Moreover, payer type was missing in
about 20% of both cohorts, warranting further
research into the importance of payer type on
support program participation and impact.
Available patient economic burden informa-
tion, such as co-pay, had a large proportion of
missing data, and hence associated results are
unavailable for this study. While there were no

meaningful differences in co-pay or out-of-
pocket amount for the index prescription
observed between the cohorts (results not
shown), over half of patients did not have
payment information available in the database.
Furthermore, the SP database is an open data-
base and continuous enrollment is not avail-
able; patients may be considered to have
discontinued nintedanib if they switch to a
pharmacy not within the SP data. To that end,
the reason for patient loss to follow-up (e.g.,
discontinuation of nintedanib, received ninte-
danib in office or inpatient setting, death) is
unavailable in the database. The patient’s first
nintedanib prescription observed in the data-
base is assumed to be a new prescription
(treatment initiation), which may not be the
true treatment initiation if patients received
prescriptions via other programs before they
entered the database, e.g., as part of a clinical
trial. Lastly, although the SP database consists of
the majority of all nintedanib prescriptions
(over 90% of all nintedanib prescriptions), the
findings from this study may not be directly
generalizable to patients filling prescriptions at
pharmacies outside of the six included in the
database, such as pharmacy fills through clinics
and hospitals. The study is unique in using such
a comprehensive data source, though it is hard
to conclude whether similar results would be
observed in the patients not represented in this
database.

CONCLUSIONS

With over 12,000 patients in the study popula-
tion, the current study was adequately powered
to detect differences in patient and prescriber
characteristics and nintedanib discontinuation
and persistence. Future research in a database
with continuous enrollment and clinical infor-
mation would provide a more comprehensive
picture into the benefit of the support program.
However, this study suggests a persistence ben-
efit for patients with IPF newly treated with
nintedanib who are enrolled in BI’s patient
support program, providing rationale for
encouraging wider participation.
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