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Kamal Hamed' Purpose: Tobramycin inhalation powder (TIP), the first dry-powder inhaled antibiotic for
Valentino Conti? pulmonary Pseudomonas aeruginosa infection, is associated with reduced treatment burden,
Hen gfe ng Tian' increased patient satisfaction, and higher self-reported adherence for cystic fibrosis (CF) patients.
Emil Loefroth? We compared adherence in CF patients newly treated with TIP with those newly treated with

the traditional tobramycin inhalation solution (TIS), using US insurance claims data.
'Novartis Pharmaceuticals

Corporation, East Hanover, NJ, USA;
2Novartis Global Service Center, chronically infected with P. aeruginosa who had been prescribed TIP between May 1, 2013

_I?;;)“r;’ I';edlz:d; *Novartis Sverige AB, to December 31, 2014, or TIS between September 1, 2010 to April 30, 2012 with at least
Y SW

Patients and methods: From the Truven MarketScan® database, we identified CF patients

12 months of continuous medical and pharmacy benefits prior to and following prescription.
TIP and TIS adherence levels were assessed.

Results: A total of 145 eligible patients were identified for the TIP cohort and 306 for the TIS
cohort. Significant differences in age distribution (25.0 vs 21.9 years for TIP vs TIS, respectively,
P=0.017), type of health plan (P=0.014), employment status (72.4% vs 63.4% of TIP vs TIS
patients in full-time employment, P=0.008), and some comorbidities were observed between the
two cohorts. Although a univariate analysis found no significant differences between TIP and
TIS (odds ratio [OR] 1.411, 95% confidence interval [CI] 0.949-2.098), TIP was moderately
associated with higher adherence levels compared with TIS in a multivariable analysis, once
various demographic and clinical characteristics were adjusted for. These included geographic
location (OR: 1.566, CI: 1.016-2.413) and certain comorbidities.

Conclusion: This study of US patient data supports previous findings that TIP is associated
with better adherence compared with TIS; however, further studies will be required to fully
elucidate differences in adherence between TIP and TIS.

Keywords: Adherence, convenience, inhaler, nebulizer, Pseudomonas aeruginosa, real-world
evidence, tobramycin, treatment burden

Introduction

Cystic fibrosis (CF) is an autosomal recessive inherited disease, caused by muta-
tions in the cystic fibrosis transmembrane conductance regulator gene and char-
acterized by thick secretions, resulting in multisystem complications.! Morbidity
and mortality in CF are primarily attributed to recurrent respiratory infections and

progressive obstructive lung disease, leading to overall deterioration of pulmonary
Correspondence: Kamal Hamed
Novartis Pharmaceuticals Corporation,
One Health Plaza, East Hanover, resents the archetypal CF pathogen, causing chronic infection in ~60%-75% of
NJ 07936, USA

Tel +1 862 778 4780
Email kamal.hamed@novartis.com multidrug resistance.**

function, respiratory failure, and ultimately death.? Pseudomonas aeruginosa rep-

adults with CF.? Its management is notoriously difficult because of its extensive
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The expanded use of antipseudomonal inhaled antibiotics,
including traditional nebulized tobramycin inhalation solu-
tion (TIS), has contributed greatly to improvements in CF
management and patient outcomes.*® However, treatment
regimens and drug delivery methods for inhaled antibiot-
ics can be complex and represent a substantial treatment
burden;'®!" thus, poor adherence is often reported. Poor
adherence is, in turn, associated with worse patient outcomes
and higher health care utilization and costs.!>!* Tobramycin
inhalation powder (TIP; TOBI® Podhaler™, Novartis Pharma
AG, Basel, Switzerland) is the first dry-powder inhaled anti-
biotic available for use in CF patients; it uses PulmoSphere®
technology for efficient drug delivery into the lower airways."
TIP has been found to be equally efficacious as TIS,'>'® and
was approved by the US Food and Drug Administration in
2013. Furthermore, TIP has been recognized in recent treat-
ment guidelines.!® In addition to its equivalent efficacy, TIP
is also associated with improved patient convenience and
satisfaction compared with TIS.?

Whether these improvements in convenience and sat-
isfaction translate into improved adherence has yet to be
determined. Indeed, to date, only a few European studies?'*
have assessed adherence rates for TIP compared with TIS in a
real-world setting. However, these studies used self-reported
measures of adherence, which are subjective and can often
be inflated.”* The objective of this study was, therefore, to
compare adherence in CF patients chronically infected with
P. aeruginosa and newly treated with either TIP or TIS, using
commercial US claims data.

Materials and methods

Data source and patient record selection
This retrospective cohort study analyzed Truven Health
Analytics data from the MarketScan database,* cover-
ing patient data from the period September 1, 2009 to
December 31, 2015. In the database, medical claims, out-
patient prescription drug claims, and person-level enrollment
data are linked with unique patient identifiers. All study data
were accessed using techniques compliant with the Health
Insurance Portability and Accountability Act of 1996. No
identifiable protected health information was extracted dur-
ing the study, and hence, this study did not require informed
consent or institutional review board approval.

Patients with CF chronically infected with P. aeruginosa
were eligible for this study. Patients with CF were considered
chronically infected with P. aeruginosa if they had =2 claims
of TIP/TIS during the 12-month follow-up period. Patients
were identified through May 1, 2013 to December 31, 2014
for the cohort of newly treated TIP patients and through

September 1, 2010 to April 30,2012 for the cohort of newly
treated TIS patients. The start date of the identification period
for TIP patients was selected based upon the date TIP was
first dispensed postapproval, and the end date was selected
to ensure that all patient data had a 12-month follow-up
period. The identification period for TIS patients was selected
to enable a 12-month follow-up period where TIS-to-TIP
switching was not a possibility. The first prescriptions of TIP
or TIS during these identification periods were designated
as their index date.

All patients were required to have at least one claim for
TIP or TIS during the identification period and at least one
claim for CF (ICD-9-CM: 277.0x or ICD-10-CM: E84.x),
as well as eligibility for continuous medical and pharmacy
benefits during both the pre-index period (at least 12 months
enrollment before the index date) and the post-index period
(at least 12 months enrollment after and including the index
date). Patients who underwent lung transplantation during
the pre-index and post-index period were excluded from this
study. Other exclusion criteria included any claim for TIS or
TIP during the pre-index period.

Endpoints

The primary endpoint of this study was comparing 12-month
adherence to TIP with 12-month adherence to TIS, with
adherence measured as a dichotomous variable; high vs
low/medium utilization. High utilization was defined
as =4 cycles, low/medium utilization were defined as =2 and
3 cycles, respectively. The secondary endpoint was to com-
pare adherence measured as a continuous outcome (mean
number of cycles). The measures of adherence were defined
according to the cycles of therapy during the 12-month
follow-up, where a 56-day supply was assigned to each claim
and considered as 1 cycle of therapy. This reflects the unique
administration schedule of TIP/TIS therapy, where each
claim encompasses 28 days on therapy and 28 days off.

Sociodemographic and clinical
characteristics

Patient demographic characteristics were captured at the
index date and clinical variables were measured during the
pre-index period, such as the Charlson Comorbidity Index
(CCI), single items of the CCI, and other selected comorbidi-
ties of relevance to CF patients,”?’ defined by =1 inpatient/
outpatient diagnosis or procedure.

Statistical analyses
Baseline characteristics, covariates, and study outcomes were
summarized descriptively; categorical data were presented
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as counts and proportions, and summary statistics were
presented for continuous data. For the primary objective
(12-month adherence to TIS compared with that to TIP),
unadjusted and adjusted odds ratios (ORs) of being highly
adherent, relative to low/medium adherence as reference,
were estimated using logistic regression. For the secondary
objective, unadjusted and adjusted ratios of mean number
of TIP cycles to mean number of TIS cycles were estimated
using a negative binomial regression model. Ninety-five
percent confidence intervals (Cls) were reported for both
the univariate and multivariable analyses.

Based on a feasibility analysis of Dutch pharmacy-based
data (data on file), to detect a significant between-group
difference in adherence assuming an adherence rate of 0.40
for the TIP group and of 0.22 for the TIS group, at a level
of P<<0.05 with a power of 80%, a total of 204 patients
(102 per group) were required. A mixed approach for the
covariate selection in the multivariable model was used, with
age as a categorical variable, and gender, CCI, depression,
and anxiety included as a priori independent variables; other
variables were only included if associated with both outcome
and exposure. A cloud-based Linux x64 SAS 9.4 program
was used for all analyses.

Results

Patient identification and characteristics

A total of 145 eligible patients were identified for the cohort
of newly treated TIP patients and 306 for the cohort of newly
treated TIS patients (Figure 1). There were significant dif-
ferences in the age distribution (mean age, 25.0 years for
the TIP population vs 21.9 years for the TIS population,
P=0.017), type of health plan (P=0.014), and employment
status (72.4% of TIP patients in active full-time employment
vs 63.4% of TIS patients, P=0.008). Among the comorbidities
included in the CCI, diabetes without chronic complication
was significantly different (33.8% for TIP and 20.9% for TIS,
P=0.003). From the selected comorbidities for this study,
three were significantly different: pancreatic insufficiency
(93.8% for TIP and 86.9% for TIS, P=0.018), malnutrition
(30.3% for TIP and 19.0% for TIS, P=0.007), and chronic
sinusitis (64.1% for TIP and 52.3% for TIS, P=0.019). All
other demographic characteristics (Table 1) and clinical vari-
ables (Table 2) were similar across the two populations.

Twelve-month adherence in CF patients
newly treated with TIP compared
with TIS

For the primary objective, although a tendency toward
greater adherence to TIP compared with TIS was observed,

univariate analysis found no statistically significant
differences between TIP and TIS (OR: 1.411, 95% CI:
0.949-2.098). In the multivariable analysis, there was no
significant effect on adherence when comparing TIP with
TIS while adjusting for the base case variables: gender,
age, CCI, and depression (OR: 1.521, 95% CI: 0.992-2.333;
Table 3), nor when adding employment status, health plan,
or co-pay to the model. However, when geographic loca-
tion was included in the multivariable model as a proxy
for variables related to adherence,”® a significant effect
was observed (OR: 1.566, 95% CI: 1.016-2.413; Table 3).
Pancreatic insufficiency, gastroesophageal reflux, liver
and lung transplant and aftercare, and anxiety all resulted
in significant effects on adherence to TIP compared with
TIS after selected comorbidities were added to the analysis
(Table 3), implying that adherence to TIP or TIS may have
been affected by those comorbidities.

When comparing TIS and TIP adherence measured as a
continuous variable for the secondary objective, no signifi-
cant differences were observed between the mean number
of treatment cycles in the TIP cohort compared with the TIS
cohort (3.85 for TIP and 3.65 for TIS, P=0.308).

Discussion

The aim of our study was to compare adherence for the two
tobramycin delivery routes. The adherence rates reported
in this study (3.85 cycles and 3.65 cycles during the first
year of treatment with TIP and TIS, respectively, out of a
maximum of 6 cycles per year) are equivalent to a medical
possession ratio =60%. These are in accordance with other
studies that have used either data from the MarketScan data-
base to assess adherence with inhaled tobramycin (51%),'? or
pharmacy refill data to assess adherence with combined nebu-
lized medications, including inhaled tobramycin (~70%).%
Briesacher et al have previously reported much lower adher-
ence with TIS, as only 6% of patients fell under the high utili-
zation category (=4 cycles per year)."® Early dropout patients
were not excluded in that study, which may have led to lower
rates of adherence compared with our study, in which early
dropout patients were excluded to ensure that all patient data
were from patients chronically infected with P. aeruginosa.
Thus, in our study, we aimed to provide further evidence
regarding 12-month adherence to TIP compared with TIS
using insurance claims data in a larger cohort of patients
chronically infected with P. aeruginosa and newly treated
with these medications. From the crude analysis for the pri-
mary and secondary objectives, no difference was observed
in adherence between TIP and TIS treatment. However, in
a multivariable analysis adjusted for demographic variables
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Include at least one claim for TIP or TIS during the identification period

TIP: N=1,194 TIS: N=3,608

-

Include at least one claim for cystic fibrosis? in the pre-index or post-index period (including index date)

TIP: N=1,111 TIS: N=2,217

-

Include continuous medical and pharmacy benefits eligibility® during 12 months pre-index
period (including index date)

TIP: N=703 TIS: N=1,322

G

Include continuous medical and pharmacy benefits eligibility during 12 months post-index period

TIP: N=502 TIS: N=1,008

-

Exclude patients with lung transplantation during pre-index and post-index period (including index date)

TIP: N=499 TIS: N=990

<

Exclude patients with at least one claim for TIS or TIP during the pre-index period (excluding index date):

ie, the patients must be newly treated with either tobramycin drug (TIP or TIS)

TIP: N=237 TIS: N=507

<

Exclude patients without any further claim of drug received at index date (ie, early dropout)

TIP: N=145

TIS: N=306

Figure | CONSORT diagram showing patient selection for primary and secondary objectives.
Notes: *Cystic Fibrosis ICD-9-CM: 277.0x, ICD-10-CM: E84.x. *Enrollment gap allowance of 45 days applied.
Abbreviations: CONSORT, Consolidated Standards of Reporting Trials; TIP, tobramycin inhalation powder; TIS, tobramycin inhalation solution.

and clinical characteristics, TIP was moderately associated
with greater adherence levels compared with TIS.

Studies examining differences between the traditional
nebulized solution and the novel dry-powder form of tobramy-
cin in a clinical trial setting have highlighted the equivalent
efficacy and safety between the two delivery methods, and
have demonstrated increased patient satisfaction and conve-
nience with TIP compared with TIS.!¢"" Real-world data have
also demonstrated that satisfaction with TIP is high among
patients with CF and P. aeruginosa infection.?® High adher-
ence to inhaled antibiotics has been found to be associated

with patient satisfaction,” so it is perhaps unsurprising that
preliminary evidence suggests that TIP is associated with
improved adherence, tolerability and decreased exacerbation
rates in comparison with TIS.'®!° Indeed, Harrison et al
reported that the proportion of patients reporting “excellent
adherence” to TIP was 83% at 12 months, a dramatic increase
from the 43% of patients who reported “excellent adherence”
with TIS at baseline before transitioning to TIP.?! Some of
the limitations of the above study included a relatively small
sample size and the potential for recall bias, as adherence was
self-reported by the patients.?!
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Table | Summary of patient demographic characteristics

Baseline characteristics and

Tobramycin inhalation
powder cohort (N=145)

Tobramycin inhalation
solution cohort (N=306)

covariates
Age, mean (SD) 25.0 (11.1)
Age group, years n (%)
<6 0 (0.0)
=6and <I2 2 (1.4)
=|2and <18 39 (26.9)
=|8and <25 49 (33.8)
=25 and <35 33 (22.8)
=35 22 (15.2)
Gender, n (%)
Male 80 (55.2)
Female 65 (44.8)
Employment status, n (%)
Active full time 105 (72.4)
Other/unknown 40 (27.6)
Health care plan type, n (%)
Basic/major medical 0 (0.0
Comprehensive 2(1.4)
Exclusive provider organization 1 (0.7)
Health maintenance organization 18 (12.4)
POS 16 (11.0)
Preferred provider organization 77 (53.1)
POS with capitation 1 (0.7)
Consumer-driven health plan 17 (11.7)
High-deductible health plan I'1(7.6)
Missing 2(1.4)
Geographic location (US), n (%)
Northeast 30 (20.7)
North central 39 (26.9)
South 52 (35.9)
West 23 (15.9)
Unknown 1 (0.7)
Co-payment (of index treatment), 60.3 (83.8)

mean US$ (SD)

21.9 (16.2)

33 (10.8)
49 (16.0)
65 (21.2)
70 22.9)
36 (11.8)
53 (17.3)

154 (50.3)
152 (49.7)

194 (63.4)
112 36.6)

0 (0.0)
7(23)

7 (2.3)

57 (18.6)
22 (7.2)
177 (57.8)
5 (1.6)

17 (5.6)

8 (2.6)

6 (2.0)

43 (14.1)
76 (24.8)
112 (36.6)
73 (23.9)
2(0.7)
49.0 (96.1)

Abbreviations: POS, point of service; SD, standard deviation.

A number of patient demographic and clinical char-
acteristics were found to vary between the two different
populations in the pre-index period and at index date. TIP
users, for example, were more likely to be older and in
active full-time employment. Treatment complexity in CF
has been reported to be the highest among older patients,*
and administration times are significantly shorter for TIP
(5.6 vs 19.7 minutes for TIP vs TIS, respectively),” so
it may be the case that older patients who already have
complex treatment regimens and a busy work schedule have
a preference for TIP rather than TIS. In another study, all of
the patients questioned (n=35) expressed a preference for
TIP over a nebulized antibiotic with regard to its shorter
administration time, providing further support toward the
concept that patients who require a less time-consuming
therapy may prefer TIP.?

Differences in patient demographic and clinical char-
acteristics could influence adherence rates independent of
delivery methods between the two populations. For example,
Quittner et al have previously demonstrated that age is associ-
ated with treatment adherence in CF, with younger patients
more likely to be adherent than their older counterparts,'
which may be due to the benefits of parental supervision in
younger patients. To establish if any differences in patient
characteristics were independently influencing adherence
and thus affecting the results of the crude analysis, we con-
ducted a multivariable analysis, adjusting for any potentially
confounding variables.

Although age and employment status did significantly
differ between the TIP and TIS populations, no significant
differences between treatment adherence to TIP compared
with TIS were observed when these were adjusted for in the
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Table 2 Summary of patient clinical characteristics

Pre-index comorbidities

Tobramycin inhalation
powder cohort (N=145)

Tobramycin inhalation
solution cohort (N=306)

CClI, mean (standard deviation) 2.44 (1.92) 2.35 (2.07)

Single items of CClI, n (%)
Myocardial infarction 0 (0.0) 3 (1.0
Congestive heart failure 14 (9.7) 26 (8.5)
Peripheral vascular disease 1 (0.7) 8 (2.6)
Cerebrovascular disease 14 (9.7) 37 (12.1)
Dementia 0 (0.0) 0 (0.0)
Chronic pulmonary disease 121 (83.5) 245 (80.1)
Rheumatic disease 86 (59.3) 176 (57.5)
Peptic ulcer disease 3 (2.1) 3(1.0)
Mild liver disease 13 (9.0) 31 (10.1)
Diabetes without chronic complication 49 (33.8) 64 (20.9)
Diabetes with chronic complication 9 (6.2) 10 (3.3)
Hemiplegia or paraplegia 1 (0.7) 8 (2.6)
Renal disease 5(3.5) 14 (4.6)
Any malignancy 4(2.8) 14 (4.6)
Moderate or severe liver disease 3(2.1) 5(1.6)
Metastatic solid tumor 0 (0.0) 3(1.0)
Acquired immune deficiency syndrome/ 1 (0.7) 0 (0.0
human immunodeficiency virus

Selected comorbidities, n (%)
Pancreatic insufficiency 136 (93.8) 266 (86.9)
Gastroesophageal reflux 48 (33.1) 103 (33.7)
Chronic sinusitis 93 (64.1) 160 (52.3)
Malnutrition 44 (30.3) 58 (19.0)
Osteoporosis 21 (14.5) 32 (10.5)
Liver and lung transplant and aftercare 8 (5.5) 9(2.9)
Depression 33 (22.8) 38 (12.4)
Anxiety 6 (4.1) 5(1.6)

Abbreviation: CCl, Charlson Comorbidity Index.

multivariable analysis, although there was a trend toward
higher adherence with TIP relative to TIS. A Phase 4 study
assessing self-reported adherence to TIP, as measured by the
Morisky score, found higher rates of adherence in children and
teenagers compared with adults.?? The fact that we did not find

Table 3 Multivariable analysis of adherence to tobramycin
inhalation powder relative to tobramycin inhalation solution (high
vs low/medium utilization)

Odds ratio
estimate (95%
confidence interval)

1.521 (0.992-2.333)

Variables included in the model

Index drug, gender, age, Charlson Comorbidity
Index, depression (a priori variables)

A priori variables + employment status
A priori variables + health plan type
A priori variables + geographic location
A priori variables + co-payment
A priori variables + comorbidities
Pancreatic insufficiency
Gastroesophageal reflux
Chronic sinusitis
Malnutrition
Osteoporosis
Liver and lung transplant and aftercare
Anxiety

1.530 (0.996-2.351)
1448 (0.933-2.248)
1.566 (1.016-2.413)
1517 (0.989-2.326)

1.555 (1.012-2.390)
1.549 (1.007-2.383)
1.449 (0.976-2.301)
1.530 (0.996-2.350)
1.519 (0.990-2.330)
1.535 (1.000-2.356)
1.540 (1.003-2.365)

age to significantly impact adherence may lie in the use of dif-
ferent adherence measures between the two studies; however,
we cannot rule out the possibility that age influenced adherence
across both patient populations in our study but the effect was
not found to be significant because of sample size.
Geographic location is a variable that has been found in the
literature to affect adherence and serves as a proxy for other
variables related to adherence such as health literacy and care
access.?® Indeed, when geographic location was adjusted for
in our multivariable analysis, TIP was found to be associated
with higher utilization relative to TIS. This was also the case
when certain comorbidities were adjusted for, although this
should be interpreted with caution because of the significant
differences in some of the comorbidities, but not in others.
For example, when anxiety was adjusted for, TIP was found
to be associated with higher utilization relative to TIS, but
this was not the case when depression was adjusted for. One
could interpret from this that anxiety, but not depression, has
a significant impact on treatment adherence to TIP and TIS,
which may be surprising as depression has previously been
found to be associated with noncompliance to treatments
in patients with CF.}! However, as a general trend toward
higher adherence with TIP relative to TIS was observed when
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all the variables were adjusted for, it may be that a larger
sample size is required to detect these differences.

Overall, these results are promising and offer further
support to previous findings that patients treated with TIP
demonstrate better adherence compared with TIS. Further
studies will be required to fully elucidate differences in
adherence between the two treatment methods.

Limitations

Health care claims data are subject to several limitations, such
as potentially different coding patterns, and inaccuracies in
coding and data entry. Additionally, in the post-index period
where medications may be obtained from a pharmacy setting,
it cannot be known whether medications are being taken by
the patients as prescribed. For a claims data study, there is the
clear limitation of selection bias, which was addressed in this
study by selecting newly treated patients with TIP or TIS and
through adjusting the estimates for the covariates associated
with TIP or TIS and adherence. We chose not to create two
equally balanced groups to avoid reductions in sample size,
and we included only naive TIP and TIS patients to gener-
ate more generalizable results. Imbalances between the two
groups do not seem to have played a major role in determining
adherence, as shown in Table 3: all the multivariable models
produced very similar results. Data regarding the causality or
reasons for switching to or stopping TIP were not collected
in this study; such data may have provided further insight
into why adherence may be similar across the two groups in
the univariate analysis. It should also be noted that these data
were based on medical care delivered through health insurance
plans, rather than the general population.

Conclusions

The study adds support to the concept that TIP is associated
with better adherence compared with TIS. This could be
due to the similar efficacy but shorter administration time,
ease of use, and patient overall satisfaction with this system
of delivery.
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