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Abstract

Background: Most studies of pulmonary exacerbations (PEX) in cystic fibrosis (CF) focus on
intravenous (IV)-treated PEX, though most PEXx are treated with oral antibiotics. Our objectives
were to describe predictors of antibiotic choice and outcomes for PEX initially identified in clinic.

Methods: For each patient in the U.S. CF Foundation Patient Registry, we selected the first PEx
recorded at a clinic visit in 2013-14 following a clinic visit without a PEx. We used multivariable
logistic regression to determine associations between clinical characteristics and antibiotic
treatment choice. We determined outcomes in the 90 days after the first PEx.

Results: Among 14,265 patients with a PEx initially identified in clinic, 21.4% received no
antibiotics, 61.5% received new oral and/or inhaled antibiotics, and 17.0% had IV antibiotics
within 14 days. Compared to 1V antibiotics, patients more likely to receive new oral and/or inhaled
antibiotics: were male, <13 years old, had BMI >10%" percentile or 18.5 kg/m?, >90 days between
clinic visits, FEV1 >70% predicted at the PEX, no prior-year IV-treated PEX, FEV1 decline <10%
predicted, and private insurance. Following the PEX, 30.3% of patients had no clinical encounters
within 90 days. Treatment with IV antibiotics within 90 days occurred for 23.7% treated without
antibiotics, 22.8% of new oral and/or inhaled antibiotics, and 27.1% of IV antibiotics.
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Conclusion: Most PEx identified in clinic are treated with new oral and/or inhaled antibiotics.
Markers of disease severity are associated with antibiotic treatment choice. Many patients had no
follow-up evaluation within 90 days of treatment.

1 Introduction

Despite significant improvements in morbidity and survival, people with cystic fibrosis (CF)
continue to experience periodic worsening signs and symptoms of respiratory health,
recognized as pulmonary exacerbations (PEx). Most PEx studies focus on intravenous (V)
antibiotic treatments, yet most PEx are not treated with IV antibiotics. (1) Studies describing
use of oral and/or inhaled antibiotics for treatment of PEx report that poor outcomes (e.g.,
decline in lung function, failure to recover to baseline lung function, and subsequent
treatment with 1V antibiotics) occur after these events.(1,2) Morgan et al. showed that,
among patients with >10% decline in FEV, those treated with 1V antibiotics were more
likely to recover lung function than patients treated with oral or inhaled antibiotics, or
without antibiotics. (3) These observations suggest that some PEX treatments may be
superior.

The CF Foundation Patient Registry (CFFPR) contains data on over 30,000 patients in a
given year. Since 2003, accredited CF care centers can enter information from clinical
encounters at CF Foundation Care Center Network facilities.(4) Beginning midway through
2012, care centers were required to record presence or absence of PEX (as identified by the
treating physician) and if antibiotic treatments were prescribed at each outpatient clinic visit.
Although many PEX are treated by phone and treatment decisions regarding these events are
not recorded in the CFFPR, many events are diagnosed and treated in the clinic setting,
allowing for further investigation. We sought to determine how PEX initially identified in
clinic were treated and whether outcomes differed according to treatment choice. Our
objectives were (1) describe antibiotic types (i.e., IV, oral, inhaled, or none) prescribed for
PEx identified at clinic visits; (2) identify predictors of treatment with any antibiotics, 1V
antibiotics, or without antibiotics; and (3) describe clinical outcomes following PEx
identified at clinic visits by type of antibiotic prescribed.

2 Methods

Patients are eligible to be included in the CFFPR if they receive care at one of the CF
Foundation’s 121 accredited care centers in the US and they (and/or their legal guardians)
provide informed consent. Care centers can be comprised of pediatric, adult, and affiliate
care programs. Further details about the CFFPR were previously described.(4) This study
was approved by Quorum IRB (IRB # 33029/1).

The current study included patients in the CFFPR with at least one PEX reported during a
clinic visit in 2013 or 2014. PEx assessments were made based on the clinician’s assessment
and choice of treatment according to data entry guidelines provided by the CF Foundation.
Patients from care programs that completed PEx assessments <90% of clinic visits were
excluded due to the possibility of bias in PEx reporting at these programs. We included the
first PEX recorded at a clinic visit (Index visit) for each patient following a clinic visit in

J Cyst Fibros. Author manuscript; available in PMC 2021 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Sanders et al.

Page 3

2013 or 2014 at which a PEx was marked “absent” (Baseline visit). Patients were excluded
if they always or never had PEx recorded at clinic visits in 2013 and 2014, received IV
antibiotics between Baseline and Index, ever received an organ transplant, or died within 90
days of Index.

Our primary outcome of interest was treatment documented at Index, categorized as no
antibiotics, new oral and/or inhaled antibiotics, or 1V antibiotics. The CFFPR does not link
clinic visits to hospitalizations or episodes of home IV antibiotics, so we included any IV
antibiotics begun within 14 days of Index as treatment with IV antibiotics, regardless of
whether patients had been prescribed oral or inhaled antibiotics earlier in the 14-day time
period.

Demographic and clinical variables were examined to determine if they were associated with
PEX treatment type. Demographic variables included sex, age at Index visit (<6, 6 to <13, 13
to <18, 18 to <26, or =26 years), mutation class grouping (only class I-111, any class IV/V),
race and ethnicity, and insurance status (any public insurance [Medicare, Medicaid,
TRICARE, Indian Health Service], private insurance, or no insurance).(1, 5, 6) Clinical
variables included best forced expiratory volume in one second (FEV) percent predicted in
the six months prior to Index based on Global Lung Initiative equations, body mass index
(BMI) at Index categorized as underweight (<10t percentile according to the CDC growth
charts for children and <18.5 kg/m? for adults), adequate (10t to <85t percentile for
children and 18.5 to <25 kg/m? for adults), and overweight (=85t percentile for children or
>25 kg/m? for adults), CF-related diabetes mellitus, allergic bronchopulmonary dysplasia
(ABPA), and having at least one positive culture for methicillin-resistant Staphylococcus
aureus (MRSA), Pseudomonas aeruginosa (PA), or other respiratory micro-organisms
[including non-tuberculous mycobacteria (NTM)] in the twelve months prior to Index,
number of days between Baseline and Index, and number of IV-treated PEX in the year prior
to Baseline.(7, 8)

We identified next follow-up after Index to determine the proportion of patients who had
recorded clinic visits within 30 and 90 days after Index, improved and FEV recovery to
within 90% of FEV; baseline within 90 days,(9) and proportion of patients who had V-
treated PEx within 90 days.

2.1 Data Analysis

Multivariable logistic regression was used to test for associations between demographic and
clinical variables and Index antibiotic treatment choice. Patients included in the models had
to have FEV1 measurements at both Baseline and Index visits, as well as non-missing
covariate data. Patients <6 years old were excluded even with FEV; measurements recorded
in the CFFPR due to the possibility that their pulmonary function test performance was
unreliable.

Beginning with variables that were significant in bivariate analyses and using backward
stepwise logistic regression with a p-value cut-off of 0.05, we developed two logistic
regression models to investigate predictors of antibiotic treatment at Index. Our first model
compared patients with no antibiotic treatment to patients who received any antibiotic
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treatment. Our second model compared patients who received oral and/or inhaled antibiotics
to patients who received IV antibiotics within 14 days of Index. We analyzed all two-way
interaction effects and did not include these in final models as they did not substantially
increase model fit [Area Under the Curve (AUC), Hosmer-Lemeshow Test]. SAS 9.4 (SAS
Institute, Cary, North Carolina) was used for all data analysis.

We performed additional analyses to test robustness of the regression models. We repeated
our analysis, stratified by (Z) age (<18 years, =18 years), (2) absolute FEV4 decline from the
highest recorded FEV; in the 6 months prior to Index (<10% predicted or 210% predicted),
and (3)relative FEV decline from the highest recorded FEV in the 6 months prior to Index
(<10% or =10%). For the comparison of patients with no antibiotic treatment to those with
any antibiotic treatment, we compared (Z) patients with increased frequency of airway
clearance only, (2)a history of a prior-year PEXx identified in clinic with no recorded
antibiotic treatment, and (3) a history of prior-year PEx identified in clinic with oral and/or
inhaled antibiotics. We also examined the impact of our choice of a 14-day window for
categorizing treatment as IV antibiotics by dividing the original cohort into patients treated
with IV antibiotics within seven days, and 8-14 days, after Index.

3 Results

3.1 Cohort Characteristics

There were 14,265 patients with CF identified in the CFFPR in 2013-14 with at least one
PEx diagnosed at a clinic visit (Figure 1). The most common reasons patients were excluded
were: receiving IV antibiotics between Baseline and Index visits (1,550 patients); attending
one of 11 Adult, 3 Pediatric, or 3 Affiliate CF Centers that completed <90% of PEx
assessment fields (1,459 patients), and not having a clinic visit PEx after identifying a
baseline visit (2,684 patients).

Key demographic and clinical characteristics of patients are shown in Table 1. Median (IQR)
age at Index was 14.9 (7.7-24.4) years. Median (IQR) BMI was the 48.8™ (26.0-70.7)
percentile for pediatric patients and 21.8 (19.8-24.2) kg/m? for adult patients. The median
(IQR) time from Baseline to Index was 83 (47-105) days. The median (IQR) absolute
decline in FEV % predicted from Baseline to Index was 6.5 (0.9-10.9) % predicted. Change
in FEV1 % predicted could not be calculated for 1,819 (12.8%) patients with FEV missing
at Baseline and/or Index and 2,493 (17.5%) patients who were <6 years old. FEV1 %
predicted increased from Baseline to Index in 2,027 (14.2%), decreased <10% predicted in
5,146 (36.1%), and decreased =10% predicted in 2,780 (19.5%). In the year prior to Index,
50.7% had at least one respiratory culture positive for PA, 13.8% for MRSA, 32.0% had
other organisms (including NTM), and 3.5% had no positive respiratory cultures.

Among eligible patients, 3,059 (21.4%) had no recorded antibiotics prescribed at Index,
8,774 (61.5%) had documented new oral and/or inhaled antibiotics, and 2,432 (17.0%)
received IV antibiotics within 14 days after Index (Figure 2). Among patients with no
recorded antibiotics, 1,776 (58.1%) were prescribed increased frequency of airway
clearance, 698 (22.8%) were prescribed neither antibiotics nor increased frequency of
airway clearance, and 585 (19.1%) had a missing entry. Only 344 (2.4%) patients received
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new inhaled antibiotics alone at Index, so these patients were grouped with patients that
received oral antibiotics. Of those receiving IV antibiotics, 1,159 (47.7%) patients began the
same day as Index and 1,273 (52.3%) received IV antibiotics within 14 days after Index.
Among patients receiving IV antibiotics within 14 days after Index, 433 (17.8%) received
new oral and/or inhaled antibiotics at Index and IV antibiotics within 14 days. Mean (SD)
decline in FEV1 from Baseline to Index was 4.8 (8.7)% predicted for PEx treated without
antibiotics, 6.4 (9.3)% predicted for PEx treated with new oral and/or inhaled antibiotics,
and 8.9 (11.7)% predicted for I1\V-treated PEx (p <0.001).

3.2 Predictors of antibiotic treatment choice

There were 9,439 patients included in our multivariate logistic regression models. From our
original cohort, 4,826 patients were excluded: 4,312 patients did not have FEV; values
available (2,602 were <6 years old at time of Baseline and 1,710 were =6 years with missing
FEV values at Baseline and/or Index); and 514 had other missing covariate data.

Compared to not receiving antibiotics, the following variables were associated with
increased likelihood of being treated with antibiotics (oral, inhaled, or 1V) (Figure 3): age
<18 years; CFTR mutation class 1-3; positive respiratory culture in the 12 months prior to
Index; Index FEVq <70% predicted; having IV-treated PEX in the year prior to Baseline; and
decline in FEV; % predicted from Baseline (p<0.05).

Compared to treatment with oral and/or inhaled antibiotics, characteristics associated with
increased likelihood of 1V antibiotics were (Figure 4): ages =26 years; <90 days between
Baseline and Index; FEV{ <70% predicted at Index; having at least one prior-year 1\V-treated
PEX that was more than 90 days prior to Baseline; decline in FEV; % predicted from
Baseline; female sex; being underweight, and having public insurance (p<0.05 for each).

3.3 Outcomes

Following Index, 3,670 (25.7%) patients had a follow-up clinic visit recorded within 30
days, 4,719 (33.1%) had a visit within 31 to 90 days, and an additional 1,030 (10.9%) were
treated with 1V antibiotics within 90 days. There were 4,325 (30.3%) patients who did not
have any follow-up clinical encounters recorded within 90 days. A PEx was identified at the
subsequent clinic visit among 35.0% of patients seen within 30 days and 32.3% among those
seen between 31 and 90 days. Among patients seen within 30 days, more patients initially
treated with new oral and/or inhaled antibiotics (38.8%) or without antibiotics (35.6%) had a
PEx identified at the subsequent clinic visit than those treated with 1V antibiotics (26.4%),
p<0.001. There were no differences in proportions of patients with a PEX identified at a
subsequent clinic visit among patients seen within 31-90 days. Among patients with follow-
up within 90 days, treatment with 1V antibiotics was reported among 23.7% not initially
treated with antibiotics and 22.8% of those initially treated with new oral and/or inhaled
antibiotics; re-treatment with 1V antibiotics occurred among 27.1% of those initially treated
with 1V antibiotics.

Among 5,337 patients who had FEV recorded at Baseline, Index, and subsequent follow-up
clinic visit within 90 days, mean (SD) absolute improvement was 4.7 (10.3)% predicted
between Index and follow-up. Mean (SD) improvement was significantly higher for patients
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treated with 1V antibiotics [7.1 (11.3)% predicted], compared with oral and/or inhaled
antibiotics [4.3 (9.8)% predicted], and no antibiotics [2.8 (9.8)% predicted], (p< 0.001)
(Figure 5). Among 1,996 patients with <10% relative decline in FEV, % predicted at Index,
recovery to within 90% of Baseline FEV1 % predicted during 90-day follow-up occurred in
313 (88.7%) patients treated with IV antibiotics, 1,088 (85.0%) treated with oral and/or
inhaled antibiotics, and 297 (81.8%) treated without antibiotics, p = 0.03. Among 2,409
patients with 210% relative decline in FEV % predicted at Index, recovery to within 90% of
Baseline FEV % predicted during 90-day follow-up occurred in 432 (62.2%) patients
treated with 1V antibiotics, 845 (60.9%) treated with oral and/or inhaled antibiotics, and 195
(59.6%) treated without antibiotics, p = 0.7.

3.4 Sensitivity analyses

We repeated our analyses stratified by (Z) Index age (<18 years, =18 years), (2) absolute
FEV decline from Baseline (<10% or >10% predicted), and (3) relative FEV; decline from
Baseline to Index (<10% or =10%) (Supplemental Table E1-E3). Results were generally
similar to the original analysis, although in the model stratified by age, association between
treatment with any antibiotics and Index FEV; was only apparent in patients <18 years old
(Supplemental Table E1). In the comparison of patients treated with no recorded antibiotics
to those with any antibiotics, the results from our original analysis were not changed
substantially when we restricted our analysis to PEx where increased airway clearance was
selected (Supplemental Table E4). Having a PEx identified in clinic in the prior year without
recorded antibiotics was associated with a decreased odds of being treated with antibiotics at
Index (Supplemental Table E4). Similarly, having a PEx identified in clinic in the prior year
but no treatment with oral and/or inhaled antibiotics was associated with a reduced odds of
being treated with oral and/or inhaled antibiotics at Index. These last two analyses were
restricted to patients with a PEx in 2014 since the antibiotic data field was not required until
mid-2012. We also examined impact of our choice of a 14-day window for including IV
antibiotics by repeating the initial analysis using a 7-day window. Supplemental Table E5
shows IV antibiotic group characteristics using 7- and 14-day windows. Patient
characteristics were similar using either window to define IV antibiotic treatment; patients
treated within seven days were more likely to have Medicaid insurance, have CF-related
diabetes, underweight, and have lower Index FEV1.

4 Discussion

Previous studies of PEx have focused on I\V-treated exacerbations.(9-14) However, we
confirmed that these exacerbations represent a minority of PEx identified in clinical practice
(1, 15, 16): nearly two-thirds of all PEx identified at clinic visits in the CFFPR were treated
with oral and/or new inhaled antibiotics, while 17% of PEx were treated with IV antibiotics,
fewer than the number of PEX treated without antibiotics. This may still represent an
underestimation of PEx treated with oral and/or new inhaled antibiotics, since we are unable
to track treatments prescribed by phone, in emergency departments, or by primary care
physicians.
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As previously reported, (3, 15) >20% of clinically identified PEx did not have any antibiotic
treatment recorded, so >80% of PEX that received treatment were treated with oral and/or
inhaled antibiotics. As in previous reports,(1) use of inhaled antibiotics alone to treat a PEx
was low. Diagnosis of PEx warrants some intervention to avoid negative outcomes
associated with their occurrence. Strongest predictors of treatment choice include age,
microbiology, severity of baseline lung disease and changes from baseline, and prior IV-
treated PEXx treatments. The CFFPR does not provide sufficient information to determine
why the decision to not use antibiotics is made (e.g., lack of symptoms, patient declined
antibiotics), and whether alternate treatments (e.g., increase in airway clearance, oral
steroids, addition of chronic medications) are used instead. Characteristics associated with
PEX treated without antibiotics suggest this option is used in healthier patients who are less
likely to receive antibiotics for a given drop in lung function.(1) Surprisingly, adult patients
were also more likely to not receive antibiotics. The reason for this is unclear, but could
reflect that adult patients may be more likely to attempt increased airway clearance and/or
delay 1V antibiotics than pediatric patients. It is also possible that PEx treatment was started
prior to clinic visits over the phone and not recorded in the CFFPR; there is no guidance as
to whether or not to record these treatments at clinic visits. Nonetheless, 20% of patients
with clinically-defined PEx and FEV1 decline >10% predicted had no antibiotic treatment
recorded.

Most clinical trials and previous Registry analyses have used IV treatment as part of the
definition,(9, 17-20) yet these represent only 17% of PEX initially identified in clinic.
Additional 1\V-treated PEx occur without clinic visits (e.g., via direct hospital admission or
via the emergency room), but our focus was on PEX identified in clinic. The frequency with
which PEX are treated without antibiotics suggests that including the decision to treat in
operational definitions of PEx may limit generalizability in prospective studies. Factors
associated with I\V-treated PEXx are like those reported previously,(1, 3, 15) and generally
point to sicker patients. Patients treated with IV antibiotics had a larger decline in FEV1
prior to treatment and had the highest recovery of lung function following treatment.
Notably, in a recent prospective study of I1V-treated PEXx, 50% of patients and 80% of
pediatric patients were treated with oral antibiotics prior to starting IV antibiotics, though it
is unknown how many of these oral antibiotics were prescribed as a temporizing measure
prior to a scheduled course of IV antibiotics (21).

We primarily sought to identify predictors of antibiotic treatment choices associated with the
diagnosis of PEx made in clinic; however, another important step in management of PEX
should be assessing response to intervention. Even though FEV1 often decreases within two
weeks after completion of IV antibiotics, (22) we found that fewer than 25% of patients
were seen in clinic or in the hospital within 30 days after PEx was identified in clinic, and
30% were not seen again within 90 days. In contrast to a previous report, we did not
demonstrate an improvement in recovery to baseline among patients treated with 1V
antibiotics compared to no antibiotics or new oral and/or inhaled antibiotics. (3)
Furthermore, treatment with 1V antibiotics within 90 days did not differ substantially by
initial treatment choice. The lack of differences in our study are likely related to indication
bias — the sickest patients are more likely to be reevaluated within 90 days. Early follow-up
provides an important opportunity to evaluate treatment response and has been proposed as a
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key component of PEx treatment. (23) We cannot determine whether follow-up visits were
scheduled and subsequently cancelled, but these gaps in care represent potential
opportunities to improve outcomes, especially as PEx was noted in over 30% of follow-up
visits, regardless of timing. We are unable to determine if these follow-up PEXx represent the
same, or new, PEX. IV-treated PEX resulted in larger improvements in FEV; and occurred
after larger declines from baseline.

There are several limitations to our study. The CFFPR does not capture presumed cause of
PEXx (e.qg, viral infections, non-adherence to chronic therapies, new bacterial infection, etc.),
PEXx treated over the phone, whether the clinic visit was previously scheduled or an urgent
visit, clinicians’ rationale for treatment decisions, or patient and family input into treatment
decisions. The CFFPR also does not include information on adherence to prescribed
medications or airway clearance frequency, or whether new chronic medications or oral
steroids were prescribed in response to a PEX. It is unlikely that flares of ABPA make up a
significant portion of the PEx without recorded antibiotics. Only 4.1% of patients had ABPA
recorded in the CFFPR (similar to the frequency of ABPA reported in the CFFPR), and the
proportion of patients with ABPA who had a PEx treated without antibiotics was similar to
our overall study population. Hemoptysis occurs relatively frequently,(24) but it is unlikely
that episodes of hemoptysis make up a significant portion of the PEx without recorded
antibiotics. In the US, guidelines recommend that antibiotics be part of the treatment
regimen in patients with at least mild hemoptysis.(25) PEx assessment in the CFFPR is not
standardized, and as with most PEx definitions used, it was determined by the clinician
without any additional requirement for or documentation of specific criteria. Audits have
been performed on data from the CFFPR (4), and while error rates are generally low, the
PEx assessment field was not included in these audits. Clinic visits are not linked directly to
IV antibiotics in the CFFPR, and we could not ascertain whether subsequent IV antibiotics
were planned or represented initial treatment failure. To account for this, we included any IV
antibiotics within 14 days of Index as IV-treated PEX; 58% of IV antibiotic treatments within
90 days after Index occurred within this window. Additionally, the CFFPR does not capture
phone follow-up or home spirometry.

PEXx are frequent events and published guidelines affirm lack of evidence on best treatment
practices.(26) Patient and clinician factors may influence decisions regarding antibiotic
treatment choice.(14, 27, 28) Delays in follow-up offer opportunities to improve outcomes if
prolonged symptoms and poor PEX recovery can be avoided. Avoiding IV antibiotics is
important, but only if recovery from a PEx can be confirmed. A recent proposed algorithm
includes a step-wise approach and close follow-up to ensure recovery.(23) Prospective
studies are needed to optimize PEx treatment, including when to use antibiotics, by what
route, and in what setting, especially in light of the limitations of retrospectively collected
data.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights
Over half of pulmonary exacerbations identified in clinic are treated initially

with oral antibiotics

Compared to treatment with 1V antibiotics, patients treated with oral
antibiotics tended to be healthier

Exacerbations treated with 1V antibiotics occurred following the largest
decline in pulmonary function, but the recovery of pulmonary function was
highest following IV antibiotics

Nearly one-third had no clinical encounters within 90 days of exacerbation
treatment

J Cyst Fibros. Author manuscript; available in PMC 2021 May 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Sanders et al.

Page 12

clinic

21,213 Unique patients identified in CF Foundation
Patient Registry between 2013-2014 with 21 PEx at

6,948 patients excluded:

1,459 in programs with <90% completion of PEx assessments at
clinic visits

2,684 without any PEx at clinic visits after Baseline

998 with only PEXx visits

1,550 with hospitalization or Home IV episode between Baseline and
Index visits

233 transplant recipients

24 deaths during follow-up

14,265 patients with CF met inclusion criteria

4,826 patients excluded:
. 2,602 <6 years old
e 2,224 missing covariate data

regression model

9,439 patients with CF used in multivariable logistic

Figure 1. Study cohort flowchart
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60%
Oral Only, 53.3%
50%
IV Antibiotics 1-14 days after
Index clinic visit, 8.9%
40% A
[ |
-
@
© 30%
& New Oral and/or
21.4% No Oral or Inhaled, 2.8%
20% Inhaled, 6.1%
0
On day of index clinic
visit, 8.1%
10% Any Inhaled, 8.2% ‘
0%
No Antibiotics Oral and/or inhaled antibiotics IV Antibiotics
Figure 2.

Proportion of PEx identified in clinic that were treated with no antibiotics, new oral and/or
inhaled antibiotics, and IV antibiotics.
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Age 6-<13 vs 226 Years

Age 13-<18 vs 226 Years

Age 18-<26 vs 226 Years

PA vs Negative Culture

MRSA vs Negative Culture

Other Microbiology vs Negative Culture

Index FEV1% Predicted 71- <100 vs >100% Predicted

Index FEV1% Predicted 41- <70 vs >100% Predicted

Index FEV1% <40% Predicted vs >100% Predicted

1 Prior-year IV-treated PEx vs O Prior-year IV-treated
PEx

2 Prior-year IV-treated PEx vs 0 Prior-year IV-treated
PEx

3 Prior-year IV-treated PEx vs O Prior-year |V-treated
PEXx

0-<10% Predicted Decrease in FEV1 vs Increase in
FEV1 from Baseline

210% Predicted Decrease in FEV1 vs Increase in FEV1
from Baseline

Mutation Class 1-3 vs Class 4-5/Other

Page 14

1

2

Odds Ratios (95% ClI)

Figure 3. Multivariate logistic regression model comparing odds of treatment with any

antibiotics to no antibiotic treatment.

Any antibiotic includes new oral, new inhaled, and I'\-treated PEX (see text). Variables were
included if they were significant in bivariate analyses and using backward stepwise logistic

regression. Odds ratios less than 1 favors no antibiotic treatment, greater than 1 favors

treatment with any antibiotics.
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Age 6-<13 vs 226 Years

Age 13-<18 vs 226 Years

Age 18-<26 vs 226 Years

31-90 Days from Baseline vs 291 Days from Baseline
<30 Days from Baseline vs 291 Days from Baseline
Index FEV1% Predicted 71- <100 vs >100% Predicted
Index FEV1% Predicted 41- <70 vs >100% Predicted

Index FEV1% <40% Predicted vs >100% Predicted
1 Prior-year IV-treated PEx vs O Prior-year IV-treated
PEx

2 Prior-year |V-treated PEx vs O Prior-year |V-treated
PEx

3 Prior-year |V-treated PEx vs 0 Prior-year |V-treated
PEx

0-<10% Predicted Decrease in FEV1 vs Increase in
FEV1 from Baseline

210% Predicted Decrease in FEV1 vs Increase in
FEV1 from Baseline

Medicare/Medicaid vs Private Insurance

Female vs Male Sex

IV-treated PEx 90 days prior to Baseline vs No Prior
IV-treated PEx 90 days prior to baseline

Overweight BMI vs Adequate BMI

Underweight BMI vs Adequate BMI

Odds Ratios (95% Cl)

Page 15
@
—
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_._
—.—
_._
o
2 3 4 5 6

Figure 4. Multivariable logistic regression model comparing odds of IV-treated PEx to PEx

treated with new oral and/or inhaled antibiotic treatment.

Variables were included if they were significant in bivariate analyses and using backward
stepwise logistic regression. Odds ratios less than 1 favors oral and/or inhaled antibiotics,

greater than 1 favors IV antibiotics.
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Change in FEV,% Predicted

Page 16

-—No Antibiotics —Qral and/or Inhaled Antibiotics IV Antibiotics

Baseline Index Follow-Up (<90 Days)

Figure 5.
Changes in FEV1 % predicted between Baseline, Index, and follow up according to

treatment choice at Index. Patients included if data at all 3 visits and follow-up is at clinic
within 90 days. Vertical bars represent 95% CI
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Table 1.

Page 17

Oral and/or Inhaled

Treatment Prescribed at Index No A’\\lnE(i;)i)otics Antibiotics v Anti(?ioticsaN (,)\‘V?(;:)II
N (%) (%)
Number of Patients (%) 3,059 (21.4%) 8,774 (61.5%) 2,432 (17.0%) 14,265
Age Group (years)
<6 663 (21.7%) 1631 (18.6%) 199 (8.2%) 2493 (17.5%)
6 to <13 592 (19.4%) 2264 (25.8%) 395 (16.2%) 3251 (22.8%)
1310 <18 436 (14.3%) 1512 (17.2%) 453 (18.6%) 2401 (16.8%)
18 t0 <26 594 (19.4%) 1601 (18.2%) 629 (25.9%) 2824 (19.8%)
>26 774 (25.3%) 1766 (20.1%) 756 (31.1%) 3296 (23.1%)
Female 1483 (48.5%) 4352 (49.6%) 1323 (54.4%) 7158 (50.2%)
Race
Caucasian 2881 (94.2%) 8221 (93.7%) 2292 (94.2%) 13394 (93.9%)
African American 100 (3.3%) 329 (3.7%) 75 (3.1%) 504 (3.5%)
Other 78 (2.5%) 224 (2.6%) 65 (2.7%) 367 (2.6%)

Hispanic Ethnicityb

267 (9.0%)

692 (8.2%)

206 (8.7%)

1165 (8.5%)

Insurance Status

Private 1869 (61.1%) 5251 (59.8%) 1266 (52.1%) 8386 (58.8%)
Medicare/Medicaid 1117 (36.5%) 3342 (38.1%) 1106 (45.5%) 5565 (39.0%)
Other 17 (0.6%) 62 (0.7%) 26 (1.1%) 105 (0.7%)
Missing 56 (1.8%) 119 (1.4%) 34 (1.4%) 209 (1.5%)
Nutrition Status
Underweight 261 (8.5%) 720 (8.2%) 417 (17.1%) 1398 (9.8%)
Adequate 1962 (64.1%) 6025 (68.7%) 1649 (67.8%) 9636 (67.5%)
Overweight 483 (15.8%) 1280 (14.6%) 236 (9.7%) 1999 (14.0%)
Missing 353 (11.5%) 749 (8.5%) 130 (5.3%) 1232 (8.6%)

Time from Baseline to Index Clinic Visit (days)

<30 475 (15.5%) 964 (11.0%) 535 (22.0%) 1974 (13.8%)
3110 90 1256 (41.1%) 3665 (41.8%) 1149 (47.2%) 6070 (42.6%)
>91 1328 (43.4%) 4145 (47.2%) 748 (30.8%) 6221 (43.6%)
CF-related Diabetes 539 (17.6%) 1407 (16.0%) 731 (30.1%) 2677 (18.8%)
CFTR Mutation Class
Only1to3 2136 (69.8%) 6478 (73.8%) 1864 (76.6%) 10478 (73.5%)
Any 4 and 5 294 (9.6%) 695 (7.9%) 157 (6.5%) 1146 (8.0%)
Other 559 (18.3%) 1443 (16.4%) 364 (15.0%) 2366 (16.6%)
Unknown 70 (2.3%) 158 (1.8%) 47 (1.9%) 275 (1.9%)
FEV; % Predicted at Index
Not Applicable <6 years old 663 (21.7%) 1631 (18.6%) 199 (8.2%) 2493 (17.5%)
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Treatment Prescribed at Index No A,\lnglzi)otics oral:ﬂ?i{:igtlig? aled IV Antibiotics™N ?\‘V?&";‘)”
N (%) (%)
<40 279 (9.1%) 634 (7.2%) 572 (23.5%) 1485 (10.4%)
4110 <70 678 (22.2%) 2068 (23.6%) 863 (35.5%) 3609 (25.3%)
71 to <100 970 (31.7%) 3069 (35.0%) 513 (21.1%) 4552 (31.9%)
>100 237 (7.7%) 765 (8.7%) 64 (2.6%) 1066 (7.5%)

Missing among <6 year olds

232 (7.6%)

607 (6.9%)

221 (9.1%)

1060 (7.4%)

Absolute Change in FEV; % Predicted Between
Baseline and Index

Not Applicable <6 years old 663 (21.7%) 1631 (18.6%) 199 (8.2%) 2493 (17.5%)
Increase 499 (16.3%) 1260 (14.4%) 268 (11.0%) 2027 (14.2%)
0 - <10% decrease 1100 (36.0%) 3145 (35.8%) 901 (37.0%) 5146 (36.1%)
>10% decrease 400 (13.1%) 1685 (19.2%) 695 (28.6%) 2780 (19.5%)
Missing among =6 year olds 397 (13.0%) 1053 (12.0%) 369 (15.2%) 1819 (12.8%)

Microbiology (=1 positive culture in year prior to
Index)

Any culture performed in last year of care

3,017 (98.6%)

8,071 (99.2%)

2,418 (99.4%)

14,136 (99.1%)

Pseudomonas aeruginosa 1462 (48.5%) 4129 (47.5%) 1577 (65.2%) 7168 (50.7%)
Methicillin-resistant Staphylococcus aureus 341 (11.3%) 1287 (14.8%) 316 (13.1%) 1944 (13.8%)
Other bacteria, including NTM 1058 (35.1%) 2983 (34.3%) 489 (20.2%) 4530 (32.0%)
Negative cultures 156 (5.2%) 302 (3.5%) 36 (1.5%) 494 (3.5%)
ABPA 138 (4.5%) 318 (3.6%) 127 (5.2%) 583 (4.1%)
Prior-year IV-treated PEx
0 1996 (65.3%) 5679 (64.7%) 806 (33.1%) 8481 (59.5%)
1 582 (19.0%) 1864 (21.2%) 650 (26.7%) 3096 (21.7%)
2 234 (7.6%) 697 (7.9%) 367 (15.1%) 1298 (9.1%)
>3 247 (8.1%) 534 (6.1%) 609 (25.0%) 1390 (9.7%)
PEX within 90 days of baseliine 524 (17.1%) 1349 (15.4%) 753 (31.0%) 2626 (18.4%)

a . I ] i S
Treatment with 1V antibiotics defined as any treatment within 14 days of Index clinic visit

bMissing =531
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