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Abstract

Objectives—Tobramycin inhalation solution (T1S; TOBI®) has improved forced expiratory
volume in 1 second (FEV1) in cystic fibrosis (CF) trials. Using data from the Epidemiologic Study
of CF (ESCF), we assessed the change in level and trend of FEV1 % predicted (pred) over a 2-year
period associated with initiation of TIS during routine clinical practice.

Methods—~Patients age 8-38 years and in ESCF for =2 years before treatment with TIS as a
chronic therapy were selected if they remained on therapy for 2 years, defined as being on TIS for
at least 3 months per year (C-TIS group). Comparator intervals age 8-38 years used TIS <10% of
the time. For each interval, we estimated the level and trend (rate of decline) in FEV4 % pred
before and after the index using a piecewise linear mixed-effects model adjusted for potential
confounders.

Results—During the 2-year pre-index period the C-TIS group (n = 2,534) had a more rapid
decline in FEV1 (-2.49 vs. —1.39 % pred/yr) and a lower FEV at index (62.6 vs. 74.7 % pred)
than the comparator group (N = 17,656 intervals). After starting chronic TIS, the FEV1 trend line
over the 2-year post-index period was higher, but the comparator group’s FEV1 was essentially
unchanged (difference 2.22, P < 0.001). Change in slope was not different between groups (0.06,
P=0.82).

Conclusions—Initiating chronic TIS therapy in the routine clinical care of patients with CF was
associated with improvement in FEV1 % pred but no change in rate of decline, which means that
this benefit was sustained over the 2 years studied.
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INTRODUCTION

Clinical trials of tobramycin inhalation solution (TIS; TOBI®) in patients with cystic fibrosis
(CF) with chronic Pseudomonas aeruginosa infection have shown acute improvement in
lung function. Improvement in forced expiratory volume in 1 second (FEV1) has ranged
from less than 2% predicted (pred) to a 10% relative improvement in FEV4 % pred.2 TIS is
indicated for the treatment of patients with CF with P. aeruginosa, age =6 years, with FEV
% pred between 25 and 75. TIS use has increased since its introduction in 1998.3 However,
efficacy in clinical trials does not necessarily represent effectiveness in the routine clinical
practice setting. Observational studies have the advantage of looking at real-world use of
therapies, although they have other limitations, including indication bias.*

The Epidemiological Study of Cystic Fibrosis (ESCF) was a large, multicenter, prospective
observational study of the clinical course of patients with CF in the United States and
Canada from 1994 through 2005.5 Data collected on each patient included demographics,
use of routine therapies, results of pulmonary function tests (PFTs), results of respiratory
tract cultures, information on growth and nutrition, and details of use of antibiotics, anti-
inflammatories, and other treatments. Informed consent was obtained based on decisions by
a central or a local human subjects review board.

Previous analyses of ESCF data have addressed the impact on lung function of initiation of
chronic therapies. Ren et al.8 showed an improvement in rate of decline of FEV4 % pred
after initiation of inhaled corticosteroid therapy. Konstan et al.” showed improvement in
FEV1 % pred both overall (change in intercept) and in rate of decline (change in slope) after
the introduction of dornase alfa. The dornase alfa analysis adjusted for age-specific deciles
based on FEV; % pred. As shown in the online supplement of the dornase alfa paper, the
change in rate of decline before and after an arbitrary point in time varies according to the
level of lung function at that time. By adjusting for the age-specific decile, the expected
amount of change (positive or negative) is accounted for in the model.

In the current study, we use the same approach as previously used in the dornase alfa
analysis’ to assess the relationship between the initiation of TIS therapy and lung function as
measured by FEV1 % pred. We hypothesized that we would find an initial improvement in
FEV; from TIS similar to clinical trials, and we sought to establish whether this initial
improvement would increase, decrease, or be sustained over the two years following
initiation.

METHODS

Definition of Chronic TIS Use

Prior to the commercial availability of TOBI® in January 1998, patients were clinically
treated with inhaled tobramycin, generally with doses lower than 300 mg bid.8 The ESCF
case report forms (CRF) captured inhaled tobramycin from the inception of ESCF in 1994,
including the dose prescribed, number of doses per day, start and stop dates, and the reason
for use (treatment of exacerbation or prophylaxis). In November 1998, the CRF was
modified to refer to inhaled tobramycin/TOBI®. For this version of the CRF, an inhaled
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tobramycin dose of 300 mg was assumed to be TOBI®. In 2003, the CRF was modified to
specifically capture the chronic use of TOBI®, including dosing frequency, but instead of
start and stop dates, TOBI use was recorded at each encounter.

In this analysis, we were interested in assessing the chronic use of TIS. In previous work
assessing inhaled corticosteroids and dornase alfa, the definition of chronic use required the
therapy to have been recorded at >80% of the clinical encounters.®.” For encounters from
2003-2005 where a simple check-off was recorded at each clinical encounter, we used the
same criterion of =80% of the clinical encounters. We needed to adapt this definition to the
usual 28-day-on, 28-day-off pattern of TIS therapy for CRFs prior to 2003. We chose to
require >25% of the available days be on therapy to be considered chronic (assuming up to
half of the treatment courses might not be recorded if visits occurred quarterly or less
frequently). The chronic use of TIS is hereafter referred to as C-TIS.

Definition of Patient Cohorts

The C-TIS group was compared to patients not chronically treated with tobramycin by
inhalation (comparator group). The purpose of the comparator group was to understand the
usual pattern of change in FEV1 % pred slope, not to act as matched controls. The initial
population (i.e., “all patients™) consisted of patients who met inclusion criteria for either the
C-TIS or comparator groups. We also defined a target population based on the labeled
indication for TIS, which was limited to those patients with a positive pre-index culture for
P. aeruginosa and an index FEV of 25% to 75% pred.

The C-TIS group included patients age 8 to 38 years enrolled in ESCF for at least 2 years
before initiation of C-TIS. A PFT within 30 days of starting C-TIS (defined as the index
PFT) was required to separate a 2-year pre-index period from a 2-year post-index period, but
was not included in either period. The pre-index and post-index periods were each required
to have at least one clinic encounter and at least three FEV; values spanning at least 6
months. C-TIS patients were allowed to receive TIS no more than 10% of the time between
the first pre-index FEV, % pred and the index visit, and they could receive other inhaled
antibiotics both prior to and following the index visit.

The comparator group included patients age 8 to 38 years not yet reported to have started C-
TIS. The index PFT for comparator patients was defined as the PFT closest (within 30 days)
to the first clinic encounter within one year following the eighth or subsequent even-
numbered birthday (to achieve a random distribution during the year). As for the comparator
group, the pre-index and post-index periods were each required to have at least one clinic
encounter and at least three FEV1 % pred values spanning at least 6 months. In addition,
comparator patients were allowed to receive TIS up to 10% of the time between the first pre-
index FEV % pred and the index event, but also up to 10% of the time between the index
event and the last post-index FEV1 % pred. (Any TIS use recorded on an encounter after the
CRF change in 2003 was considered to exceed the 10% threshold.) C-TIS patients could
contribute one or more sets of pre-index and post-index periods (intervals) to the comparator
group if they had adequate data over a long enough period of time. Once included in the C-
TIS group, patients could not contribute subsequently to either group.
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In addition to the initial and target populations, four sensitivity analyses were performed on
subpopulations of particular interest. We first limited the C-TIS group by including only
patients meeting a more stringent definition of C-TIS: for CRFs prior to 2003 patients
needed to be on TIS 40% of the time (i.e., 80% of every-other-month therapy) and on the
2003-2005 CRFs as on TIS at 100% of visits. The comparator group was not changed. In a
second sensitivity analysis, the C-TIS group was limited to having no more than 10% of
time on any other inhaled antibiotics during both the pre-index and post-index periods. The
comparator patients in this second sensitivity analysis were similarly limited to no more than
10% of any inhaled antibiotic during the pre- or post-index periods. The third sensitivity
analysis further limited both the C-TIS and comparator groups to patients with no use of any
inhaled antibiotics in the pre-index period. As a fourth sensitivity analysis, the initial
population was limited to those patients with a positive pre-index culture for P. aeruginosa.
The analysis of the target population, reflecting criteria for the indicated use of TIS, is the
subset of the fourth sensitivity analysis population restricted to patients with FEVq between
25% and 75% pred.

Statistical Methods

The outcomes evaluated were change in FEV1 % pred (change in intercept) and change in
rate of decline of FEV{ % pred (change in slope). Trend lines of FEV{ % pred values before
and after the index PFT were calculated using slopes and intercepts estimated separately for
each interval for each patient. This is a piecewise linear mixed-effects model with four
random effects: intercept and slope before the index and the change in intercept and change
in slope from before to after the index. Repeated use of patients in the comparator group
(multiple intervals) was accounted for in the modeled covariance structure by allowing for
within-patient correlation across intervals. Thus there are two components of within-patient
longitudinal variation associated with the comparator intervals: the longitudinal
measurements within the 2 years before and 2 years after the index PFT, which are used to
estimate the four random effects within a 4-year birthday interval, and the longitudinal
measurements across the 4-year birthday intervals for those patients with multiple intervals.
Additional details on the model are in the body and online supplement of Konstan et al.” and
in the online supplement. Values for FEV % pred were calculated from Wang?® for males
through age 17 years and for females through age 15 years and from the equations of
Hankinson!? for patients over these ages.

The FEV1 % pred at the index PFT for each interval was categorized using age-specific
deciles of FEV; % pred, as defined in the online supplement of Konstan et al.” The
piecewise linear mixed model estimated separate effects by decile. Additionally, the model
adjusted for age, gender, and time-dependent use of routine therapies (including other
inhaled antibiotics) and pulmonary exacerbations treated with intravenous antibiotics.
Routine therapies were based on data recorded at the closest visit prior to or within 14 days
after each PFT.

Statistical analyses were performed using SAS 9.2 (SAS Institute, Inc., Cary, NC). All tests
were two-sided and P values < 0.05 were considered statistically significant. No adjustments
were made for multiple comparisons.
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RESULTS

Patient Characteristics

A total of 32,585 unique patients were enrolled in ESCF between 1994 and 2005. Of these,
16,549 patients never initiated C-TIS therapy; 3,960 met comparator conditions and
contributed 6,640 comparator intervals. Of the 16,036 ever starting C-TIS, 842 met C-TIS
conditions but not comparator conditions, 1,692 met both C-T1S and comparator conditions,
and 4,816 met only comparator conditions. There were a total of 2,534 C-TIS intervals and
17,656 comparator intervals from 11,310 patients (Figure 1).

Demographic and clinical characteristics of C-TIS and target C-TIS groups at the time of the
index PFT plus the corresponding information for the comparator and target comparator
intervals are presented in Table 1. Lung function was worse for C-TIS patients at the time of
their index PFT than for comparator intervals. Disease stage was less different between the
target C-TIS and the target comparator intervals.

The use of therapies before and after the index PFT for the C-TIS and comparator intervals
is shown in Table 2. Overall, pre-index therapies were more frequent in the C-TIS group
than comparator group. Most therapies increased after index in both groups. This increase in
therapies was greater in the C-TIS group.

Estimated Changes in FEV, % Predicted by Age Group

Using a piecewise linear mixed model with adjustment only for deciles, the C-TIS group
showed a significant, acute post-index improvement in FEV intercept (2.41% predicted, P
< 0.001). In contrast, the comparator group showed a much smaller increase in FEV1 (0.19%
predicted, P = 0.041) after the index PFT. The comparator group showed a significant
worsening in slope (=0.50% pred/year, P < 0.001). Although the C-TIS group showed a
similar worsening, it was not statistically significant (—0.44% pred/year, P = 0.058). The
target C-TIS group also showed a significant post-index improvement in FEV intercept
(1.78% pred, P < 0.001). The target comparator group showed no significant change in
FEV after the index PFT (0.25% pred, P = 0.068). Both the target C-TIS group and the
target comparator group showed a significant improvement in slope (0.58% pred/year, P =
0.027, 0.43% pred/year, P = 0.002).

Figure 2 shows the results from the model adjusting for decile, age, gender, disease stage,
pulmonary exacerbations treated with intravenous antibiotics, dornase alfa use, respiratory
therapies (including other inhaled antibiotics), and nutritional supplements. The change in
intercept for the comparator group was minimal in every decile (open circles in Figure 2A),
whereas the change in intercept for the C-TIS group was consistently positive (filled circles
in Figure 2A). The change in intercept is measured from the end of the line fitted during the
pre-index period (69.8% pred; see Online Supplement) to the beginning of the line fitted
during the post-index period (72.2% pred; see Online Supplement). Note that the index PFT
measured at that time is substantially lower (62.6% pred; Table 1). The difference in
intercept change (C-TIS minus comparator) by decile and overall is shown in the Online
Supplement. The benefit of chronic TIS therapy tended to be greater in the patients with
highest lung function.
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Figure 2B shows the change in slope for the comparator and C-TIS groups by decile and
overall. Patients in the lowest decile (worst lung function) improved their rate of decline in
FEV post-index compared to pre-index by about 3.3% pred/year for comparator patients
and 2.6% pred/year for C-TIS patients. Patients in the highest decile (best lung function),
regardless of group, had a worsening rate of decline. The Online Supplement shows the
difference in slope change by decile and overall. Overall, the C-TIS group did not have a
significant change in slope (-0.44% pred/year; P = 0.058). Figure 3 shows the rates of
decline (slopes) pre- and post-index for the C-TIS and comparator groups. The groups have
similar change in slope even though before the index PFT, C-TIS patients had a more rapid
annual decline in FEV1 % pred than comparator patients (-2.49 vs. —=1.39, P < 0.001). The
effect of C-TIS therapy at the end of the 2 year post-index period can be estimated from the
difference in the intercept change at index plus 2 times the difference in the slope change.
Figure 4 shows the estimated effect at Index and 2 years later. The wider confidence
intervals at 2 years reflect the additional uncertainty from estimating the difference in
slopes.

The evaluation of sensitivity analyses using alternative definitions of C-TIS and comparator
groups, along with the initial and target populations, is summarized in Figure 5. The
between-group difference in post-index change in intercept (C-TIS change minus
comparator group change) ranged from 1.5 to 3.0 % pred, with larger values when the pre-
index use of inhaled antibiotics was more limited. In all subpopulations, the between-group
difference in change in annual rate of FEV decline from pre-index to post-index was
positive but small and not statistically significant.

We chose to include in the comparator group patients who subsequently were started on C-
TIS because it is potentially biasing to treat two otherwise identical patients differently
based on whether or not they take C-TIS in the future, possibly the distant future. We also
chose to include multiple intervals rather than choose only a single interval. Although for
this analysis the additional statistical power from including multiple intervals is not
essential, we used this approach in part to parallel our previous work with dornase alfa and
in part because it is always valuable to maximize power even in the presence of robust
results (for the change in intercept) or negative results (for the change in slope). To address
potential concerns about these decisions, we repeated the decile-adjusted analysis using
three subsets of Comparator data. First, we omitted from the comparator group those
patients who were also included in the C-TIS group. Second, we used those comparator
patients but used just the last eligible interval. Third, we omitted any patient who ever
received C-TIS from the comparator group (but allowed multiple intervals). All three of
these subset analyses produced results very similar to the original analysis, namely a
substantial difference in change in intercept and no significant difference in change in slope
(data not shown).

DISCUSSION

This study indicates that C-TIS use is associated with an improvement in FEVq % pred in
patients with CF across a range of disease stages, even after adjusting for other therapies.
This finding is stronger when limiting the pre-index use of inhaled antibiotics in the
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analysis. The improvement identified here expands on the results from clinical trials of TIS
by characterizing lung function improvement when chronic TIS therapy is initiated in
clinical practice. In the pivotal trial of TIS, there was a 10% relative increase in FEV{ %
pred at week 20, which corresponds to about a 5-point absolute increase in % pred.2 We
found a smaller but sustained effect of 1.5- to 3.0-point absolute increase in FEV1 % pred
depending on the subpopulation studied. The improvement we found may be less than the
acute increase found in the clinical trial in part because it represents an averaged response
over a longer period (including lung function during months off therapy) and in part because
adherence is often lower in practice than in clinical trials.

The rate of decline in lung function did not change overall from pre- to post-initiation of C-
TIS and the change was not different from the comparator group. The overall improvement
in FEV1 % pred combined with the lack of change in slope means that the benefit of chronic
TIS therapy persisted over the 2 years studied.

The C-TIS and comparator groups were similar but not closely matched because the purpose
of the comparator group was to understand the usual pattern of change in FEV1 % pred
slope about an arbitrary point in time rather than to act as a control group. We adjusted for
concomitant medication use both pre- and post-index and partially adjusted for stage of
disease by controlling for age-specific FEV deciles. The benefit of chronic TIS therapy
tended to be greater in the patients with highest lung function.

Observational studies such as ESCF have the potential to demonstrate how real-world
clinical use of CF therapies can affect lung function. However, observational studies have
certain limitations. Physicians and patients are self-selected and each physician determines
which therapies to prescribe for any given patient. Patients receiving C-TIS in this study
received more CF-related therapies at the outset, and their use of these therapies increased
after index relative to those patients who did not receive C-TIS. Although we used time-
varying covariates to adjust for within-patient changes in pulmonary therapies, such
adjustments are limited to available data. Additionally, although an epidemiologic study
may have a large number of patients, the number of patients with adequate data for analysis
may be limited. Finally, we looked only at patients treated chronically with TIS. Patients
started on TIS and then discontinued for any reason would not be included. Therefore, the
included C-TIS patients are more likely to have had a beneficial response to therapy.

Other observational studies have investigated TIS use in patients with CF. Rothman and
Wentworth?# used a study of TIS to illustrate confounding by indication where sicker
patients are more likely to be treated. They found that the crude death rate was 3.5 times
greater for TIS (90% CI 3.0-4.2) in those who used TIS for more than four months. After
control of confounders, the risk was reduced to 1.22 (90% CI 0.96-1.53). Sawicki et al.11
used longitudinal logistic regression to relate current-year TIS use to subsequent-year
mortality, adjusting for multiple patient characteristics and known risk factors. They found
that TIS use was associated with significantly reduced mortality (OR 0.79, 95% CI 0.72—
0.88). The Sawicki study looked at up to 10 years after the index year and took account of
TIS use in every year, in contrast to Rothman and Wentworth who studied a single follow-
up year. The study by Rothman and Wentworth may have been affected by the tendency for
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newly introduced therapies to be initiated in patients late in their disease course, an effect
that would diminish over time. Sawicki et al.11 also were able to control for more potential
confounders. Although we did not evaluate mortality, our data support the Sawicki finding
by showing lung function benefit from C-TIS is not only acute, as shown in clinical trials,
but persists over the 2 years studied.

In conclusion, this study confirms that initiating chronic TIS therapy leads to an
improvement in FEVy. Although small, this improvement is sustained over 2 years
following initiation of therapy and the improvement is seen across a broad range of disease
stages. This lung function benefit is consistent with the recent finding of reduced mortality
associated with chronic TIS therapy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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[ESCF patientsj

(N = 32,585)
|
| 1
Ever started C-TIS Never started C-TIS
(N = 16,036) (N = 16,549)
1 1
Age 6-38 years Age 8-38 years Age 8-38 years,
at C-TIS start, before C-TIS start, met visit/PFT criteria
met visit/PFT criteria met visit/PFT criteria (N = 3,960)
(N =6,561) (N = 7,535)
| |

Met C-TIS conditions |l§ Met C-TIS and Comparator Met Comparator Met Comparator
only conditions conditions only conditions
(N = 842) (N = 1,692) (N = 4,816) (N = 3,960)

2,534 C-TIS intervals 1 interval: 1,071 1 interval: 2,311 1 interval: 2,191
2 intervals: 496 2 intervals: 1,440 2 intervals: 1,055

3intervals: 119 3 intervals: 881 3intervals: 517
4 intervals: 6 4 intervals: 182 4 intervals: 197
5 intervals: (0] 5 intervals: 2 5 intervals: 0

2,444 intervals 8,572 intervals 6,640 intervals

17,656 Comparator intervals

Fig. 1.
Identification of patients and intervals for the C-TIS and comparator groups. Comparator

patients contribute up to 5 intervals each, as noted.
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Fig. 2.
Estimated change from before to after index PFT in intercept and slope of FEV1 % predicted

by age-specific deciles of FEV, % predicted. Error bars indicate 95% CI. (A) Change in
FEV1 % predicted intercept for C-TIS and comparator patients. (B) Change in FEV1 %
predicted slope for C-TIS and comparator patients.
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Fig. 3.

Rate of FEV1 change (slope) pre- and post-index for the C-TIS and comparator groups (%
pred/year). Error bars indicate 95% CI.
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C-TIS Intervals Patients Difference in intercept change Difference in slope change
(N) (N) (N) (C-TIS minus Comparator) (C-TIS minus Comparator)
All C-TIS and Comparator intervals 2,534 17,656 10,468 —O0— -—b—-
On TIS 240% of post-index period or
100% of encounters 1.178 17,656 10,468 O —T°
Other inhaled antibiotics
Pre-index period: limited to < 10% of time o o
Post-index period: limited to < 10% of time 1,996 15,977 9,647 .
Pre-index period: none
Post-index period: limited to < 10% of time 803 12,902 8,292 —— —T
Culture status, lung function
Pre-index period: P. aeruginosa positive 29270 11.690 7740 o —lo
Index FEV4: All ’ ’ ’
Pre-index period: P. aeruginosa positive
Index FEV4: 25-75% predicted* 1448 G019 4,508 © .
1 2 3 4 -2 -1 0 1
* Target population based on the labeled indication for TIS FEV1 % predicted FEV1 % predicted/yr
with 95% ClI with 95% ClI

Fig. 5.

Difference (C-TIS minus Comparator) in change in intercept and change in slope for various

subpopulations.

Pediatr Pulmonol. Author manuscript; available in PMC 2015 June 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duasnuely Joyny Yd-HIN

Konstan et al.

Table 1

Demographic and Clinical Characteristics at Index PFT

All All Target Target
C-TIS Compar ator C-TIS Compar ator
Patients Intervals Patients Intervals
N 2,534 17,656 1,448 6,019

Age, mean (SD) 17.5(7.3) 16.2 (7.2) 19.0 (7.3) 19.7 (7.7)
Age group (yr), %

8-12 29.0 414 20.5 20.9

13-17 29.8 23.4 28.3 218

18-38 41.2 35.2 51.2 57.3
Female, % 50.2 47.7 51.7 51.2
delta F508 homozygous”, % () 57.5(n=1,713) | 533 (n=11,514) | 55.7 (n=912) | 54.6 (n=3,519)
Pssudomonas” positive, % (n) 765(n=957) | 56.2(n=7,775) | 85.8(n=514) | 84.5 (n=2,566)
FEV; (% pred), mean (SD) 62.6 (24.2) 74.7 (26.1) 50.9 (13.9) 51.8 (14.1)
FEV groups, %

<25% pred. 45 3.0 — —

25-<50% pred. 29.7 17.7 48.1 44.8

50-<75% pred. 33.2 25.2 51.9 55.2

=>75% pred. 325 54.1 — —
Weight for age*, mean (SD) 27.2(25.1) 32.4 (27.5) 22.8 (23.0) 24.7 (24.8)
Pulmonary signs and symptoms* positive, %

Sputum production 84.1 711 90.3 89.2

Cough 95.4 89.2 97.2 97.3

Crackles 37.8 24.4 46.8 44.6

Wheeze 8.5 7.1 9.4 9.8

Digital clubbing 68.5 59.8 775 76.1

Page 15

Includes only patients with nonmissing data at index PFT. Approximately 1,500 and 800 intervals are missing weight for age and pulmonary signs
and symptoms data from all and target populations, respectively. (n) indicates the denominator for that particular percentage.
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Table 2
Average Proportion of PFT Visits at Which Therapies Were Recorded for All Patients

Treatment Group | Pre-index Visit, | Post-index Visit,

Mean Mean

Dornase alfa C-TIS 0.74 0.80
Compar ator 0.58 0.65

Oral bronchodilators C-TIS 011 0.07
Comparator 0.10 0.08

Inhaled bronchodilators C-TIS 0.88 0.91
Comparator 0.81 0.84

Oral corticosteroids C-TIS 0.15 0.18
Comparator 0.12 0.13

Inhaled corticosteroids C-TIS 0.34 0.44
Comparator 0.29 0.37

Mast cell stabilizers C-TIS 0.25 0.19
Comparator 0.24 0.20

*

P value for change from pre-index to post-index period within treatment group all < 0.001. P value comparing the group difference in change
score (i.e., is the Difference Post- minus Pre- the same in the two treatment groups?) all <0.01 except for dornase alfa and inhaled bronchodilators
(P >0.10).

A total of 26,919 pre-index visits and 29,056 post-index visits exist for chronic TIS patients (N = 2,534).
A total of 140,836 pre-index visits and 153,954 post-index visits exist for comparator patients (N = 17,656).
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