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Cystic fibrosis patients at risk for disease progression marked by
decline in FEV1% predicted: development of the cystic fibrosis
risk of disease progression score
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Background: Cystic fibrosis (CF) is one of the most common recessively inherited disorders diagnosed
in early childhood in the United States. Determining the phenotype of CF patients likely to experience a
significant drop in FEV1% predicted will help target efforts for mitigating this deleterious disorder.
Methods: This retrospective cohort study evaluated potential risk variables that account for the decline
in FEV1% predicted in 81 CF patients treated at Miller Children’s and Women’s Hospital, CA. Cystic
fibrosis risk of disease progression (CF RD-Pro) score was evaluated as a tool to identify high-risk patients
for accelerated disease progression (event = drop in FEV1% predicted >10 percentage points) based on risk
variables identified as significant.

Results: ROC analysis determined classification of high versus low-moderate risk of FEV1% decline
during year two based on RD-Pro score. Scores >2 applied as threshold for high-risk revealed relatively
good validity estimates: sensitivity =82.8%, specificity =66.7%, PVP =77.4%, PVN =73.7%, and correct
classification =76%. Patients with CF RD-Pro scores suggestive of high (>2 points) vs. low-moderate
(<2 points) risk were nearly 10 times more likely to experience significant disease progression (OR 9.6, 95%
CIL, 2.6-36.1, P=0.001).

Conclusions: Identification of patients at high risk for significant decline in lung function will enable
address of potential therapeutic modalities, environmental exposures, and behavioral variants that may
improve outcomes in these patients. The power of the CF RD-Pro Score lies in its simplicity. Our study
provides a novel readily available score, which incorporates body mass index (BMI) and Staphylococcus aureus

infection, both being alterable targets for slowing CF progression.
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Introduction

In the United States cystic fibrosis (CF) is second only to
sickle cell anemia as the most common life shortening,
recessively inherited disorder typically diagnosed in infancy
or early childhood. Approximately 30,000 individuals in
the United States have CF with an estimated 1,000 new
cases diagnosed each year (1,2). The disease may remain
asymptomatic in early childhood, depending on severity.
Progression to symptomatic disease state often manifests
with mucoviscidosis blocking the airways leading to
inflammation with secondary infections and potential for
lung damage. Pulmonary exacerbation resulting from
disease progression is a major contributor to morbidity
and mortality (3-5). Characteristics defining a pulmonary
exacerbation include decline in lung function (3,4,6).
Limited data describe variables contributory to a sharp
decline in FEV1% predicted over a relatively short interval
of time; significant lung function decline often results
in lung transplantation candidacy or premature death.
Determining the phenotypic markers of CF patients likely
to experience a significant drop in FEV1% predicted
(10 or more percentage points from baseline) will help
target efforts for prevention of this deleterious decline.
Areas for address may include exposure reduction strategies,
therapeutic interventions, and promotion of healthy lifestyle
management.

Current models of CF marker analytics have not
provided clinically useful results. The first scoring method
for CF, the Shwachman-Kulczycki (SK) score was published
in 1958 (7) and is based on chest radiological and clinical
evaluation. While subsequent scores have been developed,
many are alterations of the original SK score method, such
as those published by Stollar er 4/. and Brasfield ez a/. (8,9).
Nkam ez al. developed a multivariable logistic regression
model that predicted death or lung transplant using data
gathered from the French CF patient registry (10). These
models are quite complex, and unlike our proposed scoring
method, none of them can predict decline in FEV1%. If we
could define: (I) when patients will decline; (IT) characterize
SASs role in this decline, we can plan the bridge to transplant
more specifically.

CF management guidelines recommend routine clinical
monitoring of CF patients (11). This includes categorization
of severity based on FEV1% predicted at least four times
per year, comprehensive lung function assessment at least
every 12 months, and cultures of respiratory tract secretions
four times per year. The objective of this study was to
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determine whether various routinely collected and analyzed
demographic and clinical characteristics are predictive of
accelerated disease progression across a two-year follow-
up period. The aim of this analysis was to (I) identify those
factors that contribute to disease progression; (II) be able
to predict which patients are at a high risk of decline of
FEV1% predicted >10 percentage points referred to as
the cystic fibrosis risk of disease progression (CF RD-Pro)

score.

Methods
Study population

This study evaluated potential factors that can account for
accelerated decline in FEV1% predicted in 81 CF patients
treated at the Cystic Fibrosis Center at MCWHLB. These
patients were selected from the CF-Port database during
the 5-year period January 1, 2007-December 13, 2011 based
on the following inclusion criteria: (I) FEV1%-predicted
across health encounters in baseline three month interval
>60%; (II) patient returned for care in the subsequent three
to four months intervals and FEV1%-predicted determined
and documented in database. All patients treated at the
single center who were identified with CF port data during
respective time period and met study criteria comprised the
study cohort. Baseline encompassed a three-month period
from point of first documented health encounter in database
during study period. Patients were monitored across
409 three-month intervals (865 health encounters) until
drop in FEV1% predicted 210% or patient censored
(maximum 3-year follow-up without event (significant drop
in FEV1%) or lost to follow-up before event). The study
was approved by the MemorialCare Institutional Review
Board, Long Beach.

Measures and data collection

The best spirometric measure of at least three attempts was
recorded in CF-Port database at each documented health
encounter. Normal FEV| predictive value per Knudson/
Intermountain Thoracic Society (12) was adjusted for
ethnicity and reported in database as FEV1% predicted.
Minimum FEV1% predicted across health encounters
during each interval was evaluated and compared to
the prior interval. A drop in FEV1% predicted of >10
percentage points from one interval to the next marked
significant disease progression (referred to as ‘event’).
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Patients were monitored across all follow-up intervals until
event occurred or patient censored. Additional CF-Port
data accessed for analysis include age at diagnosis, sex, BMI
(height and weight), Tobramycin by inhalation (TOBI)
medication use, FEV1% predicted, FVC% predicted
at baseline, and culture results (Staphylococcus aureus and
Pseudomonoas aeruginosa). A chart review was conducted to
abstract additional clinical information including whether
bronchoscopy performed (Y/N), bronchoscopy impact
score (mild, moderate, severe), sinus surgery performed
(Y/N), and chest X-ray performed (Y/N) and results:
scarring [yes~location (lower, upper, both) or no],
bronchiectasis (Y/N), and/or cystic formation (Y/N).
Databases were linked to capture patient demographics and
experience during concurrent three-month intervals.

Statistical methods

The distribution of patient characteristics in our 81 cystic
fibrosis patients was described in terms of valid percent
with defined trait or mean [standard deviation (SD)] for
continuous factors. Cox regression analyses were conducted
with intent to treat approach to assess the influence of
patient characteristics on the cumulative probability that a
patient would experience a significant decline in FEV1%
predicted (>10 percentage points) with each subsequent
three-month interval. The TIES=EXACT approach was
specified in the model for PHREG procedure in SAS (SAS
Institute, Inc, Cary, NC, USA) to account for the possibility
of multiple patients experiencing event (marked decline in
FEV1% predicted) during a particular interval. The time
varying covariate approach was applied by use of long data
format and method = CH specified in procedure statement
in SAS. The hazard rate of event for each potential
influential factor level compared to the reference category
was estimated and 95% Cls reported. Factors showing
differential hazard of event across categories informed item
inclusion and quantification of CF RD-Pro score.

CF RD-Pro score was evaluated as tool to identify high-
risk patients for disease progression (with drop in FEV1%
predicted >10%) in subset of 50 patients monitored for
two years by study endpoint among our center cohort.
Scale items were assessed during year one and total score
tested using ROC analysis to determine high-risk threshold
of event occurring during year two. Identified threshold
for high versus low-moderate risk was compared against
occurrence of year two event and validation measures
reported: sensitivity, specificity, predictive value positive,
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negative predictive value, and percent correct classification.
Logistic regression analysis determined likelihood of event
occurrence during year two based on patients CF RD-Pro
score (22 vs. <2). Cox regression analyses were performed
using SAS v9.0 and all remaining analysis conducted using
SPSS v18.0.

Results

Patient characteristics and factors influencing drop in
FEV1% predicted (=10% points)

Table 1 describes the patient population with variables likely
to accelerate disease progression. In our predominately
pediatric patient population (81.5%), 49.4% were male
and 65.4% were 6-12 years of age. Mean BMI was 19.9
(SD =4.6) and 37.0% had BMI values >20 (24.4% of
female and 40.0% of male children). Lung function at
baseline, on average, was suggestive of mild disease severity
(mean FEV1% predicted=86.8%, SD =16.0); 69.1% of
patients had FEV1% predicted value >80%. In terms of
FVC%-predicted at baseline the average value was 96.3%
(SD =15.0). During the period of time in which a patient
was considered to be at risk, 75.3% experienced a
Staphylococcus infection (38.3% two or more). In the 61
patients positive for Staphylococcus infection, 46 (75.4%)
were positive to methicillin-susceptible Staphylococcus
aureus (MSSA) only, 8 (13.1%) were positive to methicillin-
resistant Staphylococcus aureus (MRSA) only, and 7 (11.5%)
had one or more positive tests for both MSSA & MRSA.
Approximately 39.5% of patients demonstrated positive
Pseudomonas aeruginosa infection, not classified for mucoid
or non-mucoid type (12.3% two or more). TOBI use was
reported by 54.3% at baseline and by 63.0% through
interval preceding last follow-up or event. Chart review
revealed 13.6% had a bronchoscopy performed during
observation period, 17.3% had sinus surgery, and 42.0%
had a chest roentgenogram (X-ray). In 18 patients with
scarring noted on examination of chest X-ray, location
was predominately in the upper regions (n=14, 77.8%).
Staphylococcus infection(s) and >20 BMI in female pediatric
patients increased hazard of significant drop in FEV1%
predicted (>10%) in any interval (P<0.05).

The cumulative probability of significant loss in
pulmonary function was 43 % by end of year one (interval 3),
58% by end of year two (interval 6), and 65% by end of
year three (interval 9). Accelerated loss of lung function was
significantly influenced by prior number of Staphylococcus
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Table 1 Characteristics of cystic fibrosis patients included in study and impact of each factor on likelihood of a drop in FEV1% predicted by =10
points in any follow-up interval (three-month intervals) comparing a particular level to the reference category

Characteristics Valid % HR (95% ClI)
Overall N=81 -

Male 49.4 1.23 (0.7, 2.2), P=0.480
Age at CF diagnosis <2 years 63.0 1.17 (0.6, 2.1), P=0.602

Age at baseline

6-12 65.4 Reference

13-17 16.0 1.80 (0.9, 3.7), P=0.114

18-44 18.5 1.26 (0.5, 2.9), P=0.587
BMI at baseline, mean (SD)* (HR per one unit increase) 19.9 (4.6) 1.01 (0.95, 1.11), P=0.674

Overall, % with BMI >20 37.0 1.19 (0.6, 2.2), P=0.591

Stratified examination
Female (n=41), % with BMI >20 24.4 2.80 (1.1, 6.9), P=0.025

Female & age <18 years (n=36)

% with BMI >20 16.7 4.07 (1.5, 11.2), P=0.007
% with BMI >18 33.3 2.43 (1.0, 5.9), P=0.049
% with BMI >16 52.8 1.37 (0.6, 3.3), P=0.478
Male (n=40), % with BMI >20 40.0 0.60 (0.2, 1.5), P=0.273

Male & age<18 years (n=30)

% with BMI >20 23.3 0.42 (0.1, 1.5), P=0.174
% with BMI >18 33.3 0.93 (0.4, 2.4), P=0.886
% with BMI >16 63.3 1.19 (0.4, 3.4), P=0.740
On TOBI medication at baseline 54.3 1.34 (0.7, 2.4), P=0.334
On TOBI medication at closest interval before risk set™” 63.0 1.05 (0.6, 1.9), P=0.860
On TOBI medication in any interval preceding risk set™” 63.0 1.19 (0.6, 2.2), P=0.314
Lung Function at baseline, mean (SD)
FEV1%-predicted at baseline ¢ (HR per one unit increase) 86.8 (16.0) 0.99 (0.98, 1.02), P=0.781
FEV1%-predicted =80% 69.1 0.99 (0.53, 1.84), P=0.975
FVC%-predicted at baseline (HR per one unit increase) 96.3 (15.0) 1.01 (0.99, 1.02), P=0.697
Staphylococcus (positive):
Baseline interval 63.3 2.37 (1.2, 4.7), P=0.013
Patient changed to + when detected in any interval 75.3 2.46 (1.1, 5.3), P=0.021
preceding risk set (non-reversible dichotomy)*”
Cumulative incidence from baseline through interval
preceding risk set®”
None 24.7 Reference
One 37.0 1.99 (0.9, 4.6), P=0.107
Two or more 38.3 3.58 (1.4, 9.4), P=0.010

Table 1 (continued)
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Characteristics Valid % HR (95% ClI)
Pseudomonas aeruginosa (positive)
Baseline interval 26.6 0.88 (0.4, 1.7), P=0.712
Patient changed to + when detected in any interval 39.5 0.93 (0.5, 1.7), P=0.821
preceding risk set (non-reversible dichotomy)*”
Cumulative incidence from baseline through interval
preceding risk set*”
None 60.5 Reference
One 27.2 1.13 (0.6, 2.2), P=0.716
Two or more 12.3 0.49 (0.1, 1.7), P=0.258

P value based on cox-regression analyses with (TIES = EXACT) approach specified in the model statement and method = CH for the
PHREG procedure in SAS.?, time varying covariate; °, percentage evaluated through interval preceding last follow-up or event; TOBI,

tobramycin by inhalation.

100%

90% 4 e + Staphylococcus (one prior) (N=30), HR=2.0, 95% CI (0.9-4.6), P=0.107

— —— —Staphylococcus (none in prior intervals) (N=20), Reference

—— + Staphylococcus (two or more prior) (N=31), HR=3.5, 95% CI (1.4, 9 4), P=0.021
Cumulative 80%

probability 70%
of drop in
FEV1%  60%]
predicted by 50% -
>10 points by

) 40% -
each interval
(1-survival) 30%
20% -
10%
0% —— | | i i
Baseline| Int2 | Int3 | Int4 | Int5 | Int6 | Int7 | Int8 | Int9
(14 | 68 | (@12 |(13-16 |(17-20 |(@1-24 | (25-28 | (29-32 | (33-36

months)| mos.) | mos.) mos.)

mos.) mos) | mos) | mos) | mos)

Figure 1 Time to substantial loss of lung function marked by >10
percentage point drop in FEV1% predicted.

aureus infections (none, one, two or more) (Figure I).
Patients with two or more prior Staphylococcus aureus
infections were 3.5 times more likely to experience a drop in
FEV1% predicted (>10%) in any interval than patients with
none reported in prior intervals (95% CI, 1.9-9.4, P=0.021).
By the end of year three, the cumulative probability of a
>10 percentage point drop in FEV1% predicted was 37.8%
in patients with no prior Staphylococcus infections, 61.1%
in patients with one prior infection, and 81.7% in patients
with two or more prior infections. In female patients,
those whose BMI >20 were 2.8 times more likely than
those whose BMI <20 to experience a significant drop in
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FEV1% predicted (HR 2.80; 95% CI, 1.1-6.9; P=0.025). In
male patients, differential risk by BMI was not observed at
threshold >20 nor when analyzed at higher threshold values
extending up to >25. Hazard of event did not significantly
differ by whether bronchoscopy performed (limited data
to assess impact score on outcome), sinus surgery, nor
by indication of scarring on review of chest X-ray (data
not shown); however, these results should be viewed with
caution as fewer than half of patients had a chest X-ray
during concurrent review period and less than 20% had
bronchoscopy and/or sinus surgery performed.

CF RD-Pro score

Item selection to quantify CF RD-Pro marked by
significant drop in FEV1% predicted (>310%) was
informed by cox-regression results. In 50 patients
monitored for 2 years by study end-point, a total of 29
(58%) experienced accelerated disease progression in
year two. CF RD-Pro scores were calculated for each
patient based on number of Staphylococcus infections
during year one and their BMI at end of year one with
consideration to age (pediatric or adult) and sex (Figure 2).
ROC analysis determined classification of high versus low-
moderate risk of event occurrence during year two based
on RD-Pro score provided an area under the curve (AUC)
=0.735 (Figure 3). Scores >2 applied as threshold for high-
risk revealed relatively good validity estimates: sensitivity
=82.8%, specificity =66.7%, PVP =77.4%, PVN =73.7%,
and correct classification =76%. Patients with CF RD-
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(Points)

1. How many staphylococcus infections did patient have during prior year?

[ | None

[ oneyy

| Two or more ;) [ T ]

2. BMI at visit (max in prior 4 month interval when unable to measure at visit), gender, and age.

a. BMI=
b. Male ) Female £

¢ Age(years)s[ ]

<18 years (pediatric patients)

Female

Age Adults
Gender ---- Male
BMI 1) 10

<=18 [19-20y [>204

Total Score: :

Risk of significant disease progression
(Drop in FEVI% predicted of >=10% percentage pointsin any interval during the following year)

Lo |

TN

Moderate Risk

Figure 2 CF RD-Pro scoring sheet.

ROC curve (AUC =0.735)

1.0
0.8
206
2
% Coordinates of the curve
n 0.4 Test result variable (s): CF RD-Pro score
Positive if > Sensitivity | 1-Specificity
0 1.000 1.000
1 0.862 0.667
0.2 2 0.828 0.333
3 0.138 0.048
4 0.069 0.000
0.0 T T T T T

0.0 0.2 0.4 0.6 0.8 1.0
1-Specificity

Diagonal segments are produced by ties

Figure 3 High-risk threshold determined by ROC analysis in 50
patients monitored for two years by study end point.

Pro scores suggestive of high (>2 points) vs. low-moderate
(<2 points) risk were nearly 10 times more likely to
experience significant disease progression (OR 9.6; 95%
CI, 2.6-36.1; P=0.001). High risk was detected in patients
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with two or more prior Staphylococcus infections; specific
to female pediatric patients, additional high-risk criteria
include BMI>20 or (one or more prior Staphylococcus
infections and BMI >18).

Discussion

FEV1% predicted at baseline was suggestive of mild
pulmonary impairment in the majority of our patients
(baseline FEV1% predicted >80% in 69% of patients).
However, the cumulative probability of significant loss
in pulmonary function was marked by a drop in FEV1%
predicted of >10 percentage points in each subsequent
3 months interval was 43% by end of year one, 58% by
end of year two, and 65% by end of year three. Thus,
our patient population represents a typical CF patient
cohort. Early intervention in CF relies on early prediction
of lung function decline. Such intervention also includes
addressing the healthy subset, a subset that tends to be
difficult to predict decline of their FEV1. Hence, our
focus is on patients with up to moderate disease. The
instability of moderately severe and severe patients would
limit the accuracy of our statistical focus. Upon further
validation across larger cohorts, the application of this
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score to the severe population would be appropriate.
Remarkably, monitoring FEV1% predicted across time
enabled identification of significant disease progression in
patients who may have otherwise been considered to have
mild disease based on an annual point in time assessment.
Accelerated loss of lung function was significantly influenced
by prior number of Staphylococcus infections (none, one, two
or more) and elevated BMI in female patients. Patients were
detected at high risk for significant decline in lung function
when they had two or more prior Staphylococcus infections.
In female pediatric patients, high risk was also detected
when BMI >20 or when patient had one prior Staphylococcus
infection and BMI >18. Translation of these findings into
CF RD-Pro score provided a valid tool to identify high-risk
patients.

Nearly 75% of our CF patient population had a SA
infection by study end point. In a cohort of 413 adults
and children identified in two large CF centers affiliated
with Paris Descartes University presence of SA infection
was comparable at 72% (13). Investigators in this study
found SA prevalence rates were similar in adults and
children. Similar to our findings, MSSA was also more
prevalent than MRSA (13). MRSA was present in 24%
of patients in their cohort (24.6% of our patients had an
MRSA infection by study end point: 13.1% had an MRSA
infection without incidence of MSSA infection and 11.5%
had both MRSA and MSSA infections). Interestingly,
they found SA corresponded to lower average FEV1%
predicted and particularly with a MRSA strain when
Pseudomonas aeruginosa (PA) was also present. Presence of
SA also corresponded to yearly decline in average FEV1%
predicted (MSSA alone or MRSA combined with PA) (13).
Similarly, we found that prior SA infection(s) corresponded
to increased hazard of a marked drop in FEV1% predicted
in any subsequent three-month interval. Although we had
limited data to evaluate the effect of strains (MSSA wvs.
MRSA) on accelerated decline, recent studies suggest that
presence of MRSA may correspond to worse outcomes
than observed with presence of MSSA (14,15) and feasibly
MRSA could correspond to even greater risk of accelerated
decline in FEV1% predicted than observed for MSSA.
Sawicki et al. showed correspondence of MRSA to lower
average FEV1% predicted but detection was not associated
with changing rate of FEV1% predicted decline in a
population of approximately 5000 children evaluated during
years 2001-2003 (16). In a large cohort of 17,357 patients
identified in the Cystic Fibrosis Foundation patient registry,
Dasenbrook and colleagues showed average decline in
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FEV1% predicted was 43% more rapid in patients with
persistent MRSA than those MRSA negative (P<0.05) (14).
Ren et al. [2007] found in a large observational study
of 20,451 CF patients, 6-17 years of age residing in
North American during 2001, children with MRSA
had significantly lower average FEV1% compared to
patients with MSSA (15). Hubert ez 4/. showed significant
yearly decline in patients with MSSA alone and near
significance in presence of MRSA alone compared to
patients with No SA no PA (13). A shift in treatment
complexity may have been a contributing factor to more
notable differentials in our SA positive compared to
SA negative groups. Only TOBI medication use was
examined in our evaluation for potential confounding
effects on relationship between SA and accelerated
decline in FEV1% predicted and found to be non-
significant. With rising frequency of MRSA infection (14),
further investigation of outcome differentials between
patients positive to each strain is merited. Nevertheless,
corroborated by prior studies, our findings clearly suggest
prevention of SA of either type (MSSA or MRSA) will
contribute to better patient prognosis (17).

An association between Pseudomonoas aeruginosa and
impaired lung function has been reported in several prior
studies albeit not in a single year time interval (14,18,19).
Our study did not find PA infection corresponded to an
accelerated decline in FEV1% predicted nor influence
the direct relationship observed with number of prior SA
infections. This could in part be explained by high reported
use of TOBI (76%) in intervals when concurrent PA
infection noted which has previously been shown to reduce
decline in FEV1% predicted (20).

To our knowledge no studies to date show
correspondence of increased BMI (>20) to accelerated lung
function decline in female children as found in our study.
This same trend was not seen in male patients. In a related
study of 109 children 7-17 years of age treated at HCS and
Montreal Children’s Hospital (MCH) CE, girls in two lowest
activity quartiles had more rapid rate of decline in FEV1%
predicted than the two highest activity quartiles, which
was not observed in boys (21). Cystic Fibrosis Foundation
Patient Registry 2015 Annual Data Report suggests CF
children to maintain a BMI around the 50th percentile.
Kerem er al. found that low BMI significantly increased the
odds of severe lung disease (FEV1% predicted <40%) (22).
Stallings et al. (23) referenced studies by Wang ez a/. (24) and
Hankinson ez al. (25) that showed higher BMI percentile
in children 6-12 and 13-20 years of age, respectively,
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corresponded to higher average FEV1% predicted.
Directionally similar results were found by Forte et al.
who reported BMI >50th percentile preserved pulmonary
function as defined by FEV1% predicted >80% (26).
Panagopoulou ez al. suggest intensive monitoring for both
malnutrition and overweight/obesity in CF patients which
prior literature and our current study substantiate (27).

Limitations

This is an observational study based on registry data.
Balancing nutritional sufficiency and lung function may
indeed be influenced by sex compounded by other disease
modifiers. Our small study population, in this respect, will
require further research in larger cohorts. Confounding
effects of factors not measured or not standardized in the
registry which further define treatment regimen may have
impacted our patient population results. It is anticipated
on the next validation study of this model that modulator
therapy will be organized for appropriate analysis. All
patients were identified from the same clinic, the Cystic
Fibrosis Center at Long Beach Memorial, CA, during the
study period increasing likelihood of standard exposure to
education and access to programs related to nutrition and
physical activity while also minimizing bias due to potential
site of care clustering effects. A total of 220 patients were
identified in CF port as treated at the Cystic Fibrosis Center
from January 1, 2007 through August 13, 2011. Patients
were excluded due to detection of severe lung disease
(FEV1% predicted <60%) in baseline interval (exclusion
criteria). In 120 patients with minimum FEV1% predicted
in baseline interval >60%, 22.5% did not have follow-
up care documented in CF Port data in the next three-
month interval. An additional 12.9% were excluded due
to non-documentation of FEV1% predicted in the three-
month period following the baseline interval. In the final
81 patients included in evaluation average baseline FEV1%
predicted was similar to the 39 patients who met eligibility
criteria but were excluded due to lack of follow-up in
specified time period or were missing FEV1% predicted in
the next interval (86.8% vs. 83.8%, P=0.332).

Conclusions

Novel scoring systems are needed in CF particularly
serving to identify patients at risk of rapid lung function
decline increasing the likelihood of lung transplantation.
Utilization of the CF RD-Pro score requires study in larger
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CF population to further validate its efficacy in predicting
a one-year decline in lung function. CF RD-Pro score is
simple to calculate and provides a relatively good predictive
value detecting patients at high risk for accelerated decline
in lung function (drop in FEV1% predicted >10 percentage
points). Patients with CF RD-Pro scores suggestive of
high (>2 points) vs. low-moderate (<2 points) risk were
nearly 10 times more likely to experience significant
disease progression (OR 9.6, 95% CI, 2.6-36.1, P=0.001).
Identification of patients at high risk for significant decline
in lung function will enable address of potential mitigating
treatment, environmental exposures, and behavioral
variants to improve outcomes in these high-risk patients.
Management of Staphylococcus aureus infection via preventive
measures and targeted therapeutic intervention are key

directives of high CF RD-Pro scores.
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