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Abstract

Background: Patients with CF treated for pulmonary exacerbations (PEx) may experience faster subsequent declines in FEV,. Additionally,
incomplete recovery to baseline FEV occurs frequently following PEx treatment. Whether accelerated declines in FEV, are preceded by poor PEx
recovery has not been studied.

Methods: Using 2004 to 2011 CF Foundation Patient Registry data, we randomly selected one PEx among patients > 6 years of age with no organ
transplantations, > 12 months of data before and after the PEx, and > 1 FEV recorded within the 6 months before and 3 months after the PEx. We
defined poor PEx recovery as the best FEV| in the 3 months after the PEx <90% of the best FEV in the 6 months before the PEx. We calculated
mean (95% CI) hazard ratios (HR) of having >5% predicted/year FEV, decline and poor PEx recovery using multi-state Markov models.
Results: From 13,954 PEx, FEV, declines of >5% predicted/year were more likely to precede poor spirometric recovery, HR 1.17 (1.08, 1.26), in
Markov models adjusted for age and sex. Non-Responders were less likely to have a subsequent fast FEV; decline, HR 0.41 (0.37, 0.46), than
patients who recovered to >90% of baseline FEV, following PEx treatment.

Conclusions: Accelerated declines in FEV are more likely to precede a PEx with poor recovery than to occur in the following year. Preventing or
halting declines in FEV; may also have the benefit of preventing PEx episodes.

© 2017 European Cystic Fibrosis Society. Published by Elsevier B.V. All rights reserved.
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1. Introduction

Pulmonary exacerbations (PEx) treated with intravenous (IV)
antibiotics in patients with cystic fibrosis (CF) are associated with
increased mortality, worsening forced expiratory volume in one
second (FEV,), poorer quality of life, and increased healthcare
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costs [1-4]. Epidemiologic studies have shown that patients with
CF may have a faster subsequent decline in FEV, after PEx
treatment [5,6]. Studies have also shown that patients frequently
do not recover to near their previous spirometry baseline
following a PEx [7—10]. The timing of these events is important
in order to target prevention and treatment strategies: if PEx
contribute to accelerating FEV, decline, then preventing or
improving outcomes after PEx episodes should be a focus. On the
other hand, if larger FEV, declines typically precede PEx
treatments, then anticipating a PEx by preventing declines in
FEV, should be a focus. We hypothesized that patients who
experienced poor recovery of FEV, following treatment with IV
antibiotics for a PEx would be more likely to have an accelerated
subsequent decline in FEV;.
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2. Methods

Data were obtained from the CF Foundation Patient Registry
(CFFPR) between 2004 and 2011. Written informed consent and
assent was obtained for data to be included in the CFFPR and the
Institutional Review Board of the University of Wisconsin
approved the study. For this analysis, we included one PEx
randomly selected for each patient > 6 years of age if the patient
had not had an organ transplantation, there was at least
12 months of data available before and after the selected PEXx,
and there was at least one measurement of FEV recorded within
the 6 months before and 3 months after the PEx. Patients were
defined as Non-Responders if their best FEV| in the 3 months
after the PEx was <90% of the best FEV in the 6 months before
the PEx. We excluded PEx episodes where another PEx occurred
before the best FEV in the 3 months following the PEx. We used
linear regression to determine the annual change in FEV, for each
individual patient in the 12 months before and 12 months after
the PEx using all measurements of FEV, excluding measure-
ments that occurred during the PEx. An accelerated decline of
FEV, referred to hereafter as “fast FEV; decline” was defined as
>5% predicted in the year before or after the PEx; this value
represents more than double estimates of the average annual
decline in FEV, [2,11].

PEx recovery and FEV,; declines were modeled using
multi-state Markov models [12,13]. Multi-state Markov models
can be used to describe how an individual moves through a series
of disease states over time. CF lung disease is only observed at
arbitrary times (i.e., clinic visits, hospitalizations), so that the
exact times when the disease state changes are unobserved. In
Markov models, the next disease state to which the individual
moves, or “transitions,” and the timing of the change, are
governed by a set of transition intensities, or probabilities, for
each pair of states. These transition intensities represent the
instantaneous risks of moving from one state to another, and may
depend on the time of the process, and on individual
characteristics such as patient age and sex. Once the Markov
model is fitted, the ratio of the transition intensities can be used to
determine whether one state transition is more likely than
another. The Markov model assumes all patients begin in the
same disease state. Once patients progress into a new disease
state, they do not transition back.

For our study, we compared the likelihood of transitioning
from a slow to fast FEV decline and to being a Non-Responder
after PEx treatment (Fig. 1). Since, if monitored continuously, a
transition to a fast FEV, decline and to being a Non-Responder
would not happen simultaneously, our Markov model did not
allow direct transitions from disease state 1 (neither a fast FEV,
decline nor a Non-Responder) to disease state 4 (fast FEV,
decline and Non-Responder). Once patients were classified as
having a fast decline in FEV, or being a Non-Responder, they
could not transition back to their previous categorization. The
likelihoods of moving from one disease state to another were
modeled using log-linear models adjusted for age and sex.
Differences in the intercepts of these models represent the effects
of FEV, decline on PEx recovery and vice versa. Estimates from
the models are exponentiated and interpreted as hazard ratios
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Fig. 1. Four-state longitudinal model assessing temporal relationships between
PEx response and FEV, decline. Patients were assessed before and after a
randomly selected PEx and classified into one of these four disease states. The
relative probability of moving from one state to another suggests the temporal
relationship between these events. N represents the number of patients in each
disease state at the end of the study.

(HR). Analyses were conducted with SAS (Version 9.4, SAS
Institute Inc., Cary, NC, USA, 2013) and R (version 3.2.1, the
R Foundation for Statistical Computing, Vienna, Austria, 2015).

3. Results

There were 35,516 patients with 197,085 hospitalizations
and/or home courses of IV antibiotics recorded in the CFFPR in
2004-2011. Of these, Responder status could be determined for
13,954 randomly chosen PEx episodes (1 per patient) that met
inclusion/exclusion criteria (Fig. E1, online supplement). Cohort
characteristics are included in Table 1. Comparing the best values
of FEV| before and after the analyzed PEx, 19.8% of patients were
classified as Non-Responders. Non-Responders were more likely
to be adult patients, undernourished, on Medicaid/state insurance,
have persistent infections with Pseudomonas aeruginosa and
mucoid P. aeruginosa, have baseline FEV; < 80% predicted, and
have CF-related diabetes (Table 1).

The mean (SD) best FEV | recorded in the 6 months prior to
the PEx was 70 (26)% predicted. Annual declines in FEV,
could be determined for 13,774 patients prior to the PEx and
13,953 patients following the PEx, using a mean of 5.3 and 6.0
FEV, measurements, respectively. The median annual decline
in FEV, was —4.3% predicted in the year prior to the PEx and
—2.6% predicted in the year after the PEx. Forty-eight percent
of patients had >5% predicted annual decline in FEV, before
the PEx and 40% of patients had >5% predicted decline in
FEV, after the PEx. Patients with declines >5% predicted in the
year prior to the PEx were generally similar to patients with
declines <5% predicted (see online supplement Table E1). At
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