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Abstract

Background: The benefit of antibiotic treatment of acute drops in FEV, percent
predicted (FEV;pp) has been clearly established, but data from the early 2000s
showed inconsistent treatment. Further, there is no empirical evidence for what
magnitude of drop is clinically significant.

Methods: We used data from the CF Foundation Patient Registry (CFFPR) from
2016 to 2019 to determine the association between treatment (any IV antibiotics,
only oral or newly prescribed inhaled antibiotics, or no antibiotic therapy) following a
decline of 25% from baseline FEV1pp and return to 100% baseline FEV.pp days
using multivariable logistic regression including an interaction between the
magnitude of decline and treatment category.

Results: Overall, 16,495 PWCF had a decline: 16.5% were treated with 1V antibiotics,
25.0% non-lV antibiotics, and 58.5% received no antibiotics. Antibiotic treatment was
more likely for those with lower lung function, history of a positive PA culture, older age
and larger FEV; decline (p<0.001). Treatment with IV antibiotics or oral/inhaled
antibiotics was associated with a higher odds of recovery to baseline compared to no
treatment across all levels of decline, including declines of 5%-10%.

Conclusions: A large proportion of acute drops in FEV1,, continue to be untreated,
especially in younger patients and those with higher baseline lung function. Acute
drops as small as 5% predicted are less likely to be recovered if antibiotic treatment
is not prescribed. These findings suggest the need for more aggressive antimicrobial
treatment of acute drops in FEV4, including those of a magnitude previously believed

to be associated with self-recovery.
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1 | INTRODUCTION

CF lung disease is chronic and progressive and characterized by
intermittent episodes of worsening signs and symptoms that clinicians
identify as acute pulmonary exacerbations (PEx). While considerable
disagreement and controversy exist around the pathophysiology of these
events, as well as their definition and diagnostic criteria, the association of
PEx with long term lung decline in people with CF is well accepted, and
surveillance for and the periodic treatment of discrete PEx with antibiotics
and augmentation of chronic airway clearance therapies (ACT) has
become the hallmark of CF treatment around the world.>™”

The most easily identifiable objective finding of a PEx, both in the
clinical setting and databases such as CF patient registries, is an acute
drop in FEV4 percent predicted (FEV1pp) from baseline. While this
finding is present in no more than 80% of clinician-diagnosed PEx,”
and there is no existing research that has determined how much of an
acute drop is clinically meaningful, previous studies have indicated
that antibiotic treatment of FEV4 declines from baseline of 10% or
more is associated with better likelihood of acute recovery in FEV,
and that more consistent antibiotic treatment of such drops may be
associated with better long-term outcomes.® The source of much of
these data was the Epidemiological Study of CF (ESCF), which
collected data for over a decade, ending in 2005. ESCF analyses also
showed that over 1/3 of acute drops in FEV,1pp of 10% or more were
not treated with antibiotics, particularly in children and patients with
higher baseline FEV,pp.1° The absence of treatment among patients
with higher baseline FEV,pp perhaps accounts for why high FEVpp
is associated with a higher risk of accelerated decline.!!

The first aim of this study was to determine whether the use of
antibiotic treatment for acute lung function declines in patients
attending CFF-accredited care centers has changed. The second aim
was to determine empirically the magnitude of acute drop in FEV,pp
that is clinically significant by comparing the impact of treatment on
the probability of recovery to 100% of baseline FEV,pp following
different degrees of decline.

2 | METHODS

The study population included individuals with a CF diagnosis who
attended a CFF-accredited care center and participated in the CF
Foundation Patient Registry (CFFPR) between 2016 and 2019. The
CFFPR maintains longitudinal data reported over the course of

t.22 To be considered

routine CF clinical care from 1986 to the presen
for inclusion in the study, patients must have been aged 6 to <40
years of age with 23 FEV; measures reported within a 1.5-year
period. In the event an individual reported a lung transplant or
pregnancy, their data were censored at the date of transplant or on
January 1 in the first calendar year a pregnancy was reported. FEV,
measures reported after the date of elexacaftor/tezacaftor/ivacaftor
(ETI) initiation were not included in the analysis.

We reviewed all FEV1pp measures reported from 2016 to 2018 to

establish baseline lung function, defined as the highest FEVipp in a

i)

365-day period from the first FEV,; measure reported. If a patient had an
IV-treated exacerbation in the first possible 365-day baseline period, then
baseline lung function was defined by the highest FEV,pp reported within
365 days from the exacerbation start date (defined as the start date for a
hospitalization or home IV care episode). Once baseline FEVipp was
established, a decline event was identified as the first relative decline of
>5% from baseline that occurred within 365 days after the baseline
period. Relative decline was calculated as [(baseline FEV;pp—visit
FEV,pp)/baseline FEV4pp]. Only one decline event was ascertained for
each individual. Decline events that occurred within 1 year from the
baseline FEV, measurement were then categorized by the magnitude of
relative decline: 5- <7.5%, 7.5-<10%, 10-<15%, 15%+. Individuals
who did not experience 25% relative decline over the study period were
excluded from the study as well as individuals who experienced a relative
decline >50%. All FEVpp values were calculated using Global Lung
Initiative reference equations.13 Follow-up FEV.pp was determined as
the best value within 28 and 180 days following the decline event.
Individuals missing follow-up FEV, data were excluded from analysis.
Treatment of the decline event was ascertained by reviewing the
medication and hospitalization data reported to the CFFPR and
categorizing any treatment within 14 days before the decline and
28 days after the decline event hierarchically as either any IV antibiotics,
only oral or newly prescribed inhaled antibiotics, or no antibiotic therapy.

We summarized patient characteristics as proportions (for
categorical variables) or by median and interquartile range (for
continuous variables). To estimate the effect of treatment on the
probability a person would return to 100% of their baseline ppFEV4,
we employed multivariable logistic regression controlling for the
following sources of confounding bias: baseline FEV,pp, magnitude
of relative FEV1pp decline, age at relative FEVipp decline event,
reported asthma diagnosis, positive Pseudomonas aeruginosa (PA)
culture in the year before decline. We also considered the impact of
CFRD status and any modulator use but they were excluded from the
final model for the sake of parsimony as their inclusion did not alter
the point estimates or 95% confidence intervals (Cls). We did not
include mycobacterial culture positivity in our model because 40% of
the total study population did not have a mycobacterial culture at the
time of the decline event and would have been excluded from the
study, limiting its generalizability. We tested an interaction term
between magnitude of acute FEV;pp decline and antibiotic treatment
(Any 1V, only oral/inhaled, no antibiotics) to determine if odds of
recovery was different across levels of decline. SAS 9.4 was used for
all data analyses (SAS Institute, Inc.).

This research was classified as exempt by Advarra (IRB#37633).

3 | RESULTS

The study cohort included 16,495 PWCF who met inclusion criteria
to establish baseline FEV,pp and who had at least one decline in
FEVipp between 5% and <50% (Figure 1). Overall, the cohort
included 8,035 (49%) who were female, 12,658 (76.7%) individuals
who were classified as having a class 1 to 3 CFTR variant, and the
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23,476 Individuals with CF ages 6 to <40 years in
CFFPR with FEV/% predicted between 2016 - 2018

6,981 Individuals excluded:

e 1,684 without any follow-up PFTs

¢ 3,962 with baseline FEV,%predicted <50%

¢ 1,006 without a decline event between 5% and <50%FEV%
predicted

* 93 missing covariate data

e 236 censored in year of pregnancy

16,495 Individuals with CF met inclusion criteria

FIGURE 1 Cohort flow diagram.

mean age at the decline event was 17.7 years (95% Cl: 17.5, 17.8)
(Table 1). Overall, the mean relative drop in FEV; at decline event
was 13.3% (95% Cl: 13.2%, 13.4%) and the mean FEV,pp at decline
event was 78.8 (95% Cl: 78.5, 79.1). Overall, treatment distribution
included 2722 (16.5%) events that were treated with IV antibiotics,
4,121 (25.0%) with oral or new inhaled antibiotics, and 9652 (58.5%)
with no antibiotics reported in CFFPR. Among the 2722 individuals
that were prescribed any IV antibiotics, 90% were hospitalized for
their decline event compared to 10% receiving home IV therapy with
no hospitalization. Among those who were hospitalized, 30%
received home IV antibiotics in conjunction with that episode. Mean
age in years at decline by treatment was 19.7 (95% Cl: 19.4, 20.0) for
IV antibiotics, 17.7 (95% Cl: 17.5, 18.0) for non-IV antibiotics, and
17.1(95% ClI: 16.9, 17,2) for no antibiotics reported (p < 0.001). Mean
FEV,pp at decline by treatment was 64.6 (95% Cl: 63.9, 65.3) for IV
antibiotics, 75.6 (95% Cl: 75.0, 76.1) for non-1V antibiotics, and 84.2
(95% CI: 83.8, 84.5) no antibiotics reported (p <0.001). The mean
relative decline was 19.3 (95% Cl: 18.9, 19.7) for those treated with
IV antibiotics, 15.0 (95% Cl: 14.7, 15.2) for non-IV antibiotics, and
10.9 (95% Cl: 10.7, 11.0) for no antibiotics reported (p < 0.001).
Prescribed antibiotic treatment was more likely for those with lower
lung function, asthma, those who had a positive PA culture during
year before decline event, older age and larger FEV; decline
(p<0.001). The proportion of people treated with antibiotics
increased with the magnitude of relative decline (Table 1): among
those experiencing a 5%-7.5% decline, 21.7% were prescribed an
antibiotic compared to 64.5% of those with >15% decline. Antibiotic
prescription rates varied with age, peaking at age 18-26, and
increased with magnitude of decline and lower baseline FEVipp
(Figure 2). Notably, among those with 2100% FEV,pp at their decline
event, over 80% were not prescribed antibiotics.

Overall, a return to 100% of baseline FEV1pp was seen in 46.7%
of patients prescribed IV antibiotics, 31.1% of those prescribed non-
IV antibiotics, and 20.6% of those prescribed no antibiotics (Table 2).
Of the 2722 individuals treated with IV antibiotics, 293 were treated
exclusively with Home IV antibiotics, of which 37% recovered to
100% of baseline. Of the 1690 patients who received IV antibiotics

exclusively in the hospital, 840 recovered to 100% of baseline
(49.7%). In the multivariable logistic regression model, we found that
treatment with IV antibiotics or oral/inhaled antibiotics was
associated with a higher odds of recovery to baseline compared to
no antibiotic treatment across all levels of decline (Table 3).
Interaction between treatment and magnitude of decline was
statistically significant for decline levels treated with IV antibiotics
compared to no antibiotic treatment but not significant for oral/
inhaled antibiotics v. no treatment (see Table S1 for parameter
estimates). This indicates that the odds of recovery of treatment of
smaller acute drops in FEV1 are greater with 1V antibiotic treatment,
but not significantly different across magnitude of drop when treated
with oral or new inhaled antibiotics. Odds of recovery to baseline are
illustrated by magnitude of decline and treatment category in

Figure 3.

4 | CONCLUSIONS AND DISCUSSION
The findings of this study indicate that a surprisingly high percentage
(56.6%) of acute FEV4pp decline events of 10% or more in PWCF were
still not treated with antibiotics in the years immediately preceding the
widespread adoption of elexacaftor/tezacaftor/ivacaftor (ETI). Remark-
ably, this is a higher percentage than what was found in ESCF reports
going back nearly 2 decades (although our methods were slightly
different from that used in the ESCF analyses and we used a different
database).2° It also continues to be true that younger patients, and those
with a high baseline FEV,pp, are least likely to be treated with antibiotics.
This may be due to doubts about the validity of effort in younger children
and/or acceptance of drops that still leave the patient with a very high
FEV1, leading to recommendations for alternative actions such as an
increase in airway clearance therapy. These considerations may certainly
be valid in individual cases, but the overall outcome is that this is exactly
the population that has previously been shown to exhibit the greatest
overall annual rate of FEV, decline.*%**

Our findings regarding the odds of recovery of acute drops in
FEV1ipp associated with antibiotic usage are also comparable to
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TABLE 1 Descriptive statistics by treatment.
Oral or inhaled No Abx
IV Abx Abx only Treatment Total p-value

N 2722 (16.5%) 4121 (25.0%) 9652 (58.5%) 16495 (100%)
Female Sex 1492 (54.8%) 2084 (50.6%) 4459 (46.2%) 8035 (48.7%) <0.0001
Mean Age at Decline (95% Cl) 19.7 (19.4, 20.0) 17.7 (17.5, 18.0) 17.1 (16.9, 17,2) 17.7 (17.5, 17.8)
Age at Decline Event <0.0001

6 to <10 Years 408 (15.0%) 914 (22.2%) 2626 (27.2%) 3948 (23.9%)

10 to <14 years 348 (12.8%) 681 (16.5%) 1796 (18.6%) 2825 (17.1%)

14- <18 years 515 (18.9%) 755 (18.3%) 1551 (16.1%) 2821 (17.1%)

18- <26 808 (29.7%) 1040 (25.2%) 1927 (20.0%) 3775 (22.9%)

26-<41 643 (23.6%) 731 (17.7%) 1752 (18.2%) 3126 (19.0%)
Mean FEV1pp at decline (95% Cl) 64.6 (63.9, 65.3) 75.6 (75.0, 76.1) 84.2 (83.8, 84.5) 78.8 (78.5, 79.1)
FEV1pp at decline <0.0001

FEV1pp < 60% 1235 (45.4%) 889 (21.6%) 1186 (12.3%) 3310 (20.1%)

FEV1pp 60- <75% 671 (24.7%) 1049 (25.5%) 1639 (17.0%) 3359 (20.4%)

FEV1pp 75- <90% 535 (19.7%) 1264 (30.7%) 2792 (28.9%) 4591 (27.8%)

FEV1pp 90- <100% 180 (6.6%) 570 (13.8%) 2158 (22.4%) 2908 (17.6%)

FEV1pp 100%+ 101 (3.7%) 349 (8.5%) 1877 (19.4%) 2327 (14.1%)
Mean relative FEV4pp decline (95% Cl) 19.3 (18.9, 19.7) 15.0 (14.7, 15.2) 10.9 (10.8, 11.0) 13.3(13.2, 13.4)
Relative decline groups <0.0001

5-<7.5% 301 (11.1%) 695 (16.9%) 3411 (35.3%) 4407 (26.7%)

7.5-<10% 295 (10.8%) 700 (17.0%) 2267 (23.5%) 3262 (19.8%)

10- <15% 609 (22.4%) 1123 (27.3%) 2255 (23.4%) 3987 (24.2%)

15+% 1517 (55.7%) 1603 (38.9%) 1719 (17.8%) 4839 (29.3%)
Nonwhite Race® 183 (6.7%) 267 (6.5%) 602 (6.2%) 1052 (6.4%) 0.6
Hispanic Ethnicity 300 (11.0%) 358 (8.7%) 874 (9.1%) 1532 (9.3%) 0.002
Ever Medicaid (%)° 1293 (47.5%) 1661 (40.3%) 3606 (37.4%) 6560 (39.8%) <0.0001
Mutation Class <0.0001

Class 1 to 3 2210 (81.2%) 3213 (78.0%) 7235 (75.0%) 12658 (76.7%)

Class 4 and 5 144 (5.3%) 338 (8.2%) 1040 (10.8%) 1522 (9.2%)

Other/Unknown 368 (13.5%) 570 (13.8%) 1377 (14.3%) 2315 (14.0%)
Allergic Bronchial Pulmonary 236 (8.7%) 256 (6.2%) 485 (5.0%) 977 (5.9%) <0.0001
Aspergillosis (ABPA)
Asthma 1144 (42.0%) 1547 (37.5%) 3389 (35.1%) 6080 (36.9%) <0.0001
Microbiology in year prior

Any PA 1637 (60.1%) 1950 (47.3%) 4120 (42.7%) 7707 (46.7%) <0.0001

Any MRSA 1002 (20.2%) 1322 (26.6%) 2638 (53.2%) 4962 <0.0001
Mean days from Baseline PFT to Decline 150.1 167.5 175.2 (173.3, 177.1) 169.2 <0.0001
(95% Cl) (146.6, 153.6) (164.7, 170.5) (167.7, 170.6)

2CFFPR race fields are not mutually exclusive and individuals can be identified as having more than one race. In the event that any race category other
than (or in addition to) White was reported, individuals were classified as “nonwhite” for this analysis. CF Patients are asked to report their race by their CF
Care team.

bEver Medicaid reported in any calendar year -between baseline and decline event.
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Treatment Decision by Age at Decline Event
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Treatment Decision by FEV, at Decline Event
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FIGURE 2 Clinical criteria associated with Treatment Decision.
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TABLE 2

Magnitude of decline

5- <7.5 (N =4407)
7.5- <10 (N =3262)
10- <15 (N =3987)
15+ (N = 4839)
Overall (16,495)

Persons treated
with IV Abx

176/301 (58.5%)
162/295 (54.9%)
298/609 (48.9%)
634/1517 (41.8%)
1270/2722 (46.7%)

Persons treated with only
Oral/inhaled antibiotics

261/695 (37.6%)
211/700 (30.1%)
344/1123 (30.6%)
464/1603 (28.9%)
1280/4121 (31.1%)

Persons with no

i)

Number (%) of people who return to 100% of baseline by treatment category and magnitude of decline.

m 3217
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P value

report of antibiotics All persons (chisquare)
765/3411 (22.4%) 1202/4407 (27.3%) <0.0001
463/2267 (20.4%) 836/3267 (25.6%) <0.0001
439/2255 (19.5%) 1081/3987 (27.1%) <0.0001
324/1719 (18.8%) 14224839 (29.4%) 0.002

1991/9652 (20.6%) 4541/16495 (27.5%) <0.0001

TABLE 3
Parameter
FEV4pp relative decline 5- <7.5%

IV Antibiotic vs No Antibiotic Treatment
Non-IV Antibiotic vs No Antibiotic Treatment
FEV1pp Relative Decline 7.5- <10%

IV Antibiotic vs No Antibiotic Treatment
Non-IV Antibiotic vs No Antibiotic Treatment
FEV,pp relative decline 10- <15%

IV Antibiotic vs No Antibiotic Treatment
Non-IV Antibiotic vs No Antibiotic Treatment
FEV1pp relative decline > 15%

IV Antibiotic vs No Antibiotic Treatment

Non-IV Antibiotic vs No Antibiotic Treatment

Logistic regression of 100% recovery to baseline by treatment vs FEV, Decline: Odds Ratios.

Unadjusted OR (95% Cl) Adjusted OR? (95% Cl)

4.9 (3.8, 6.2) 4.0 (3.1, 5.1)
2.1(1.7,25) 1.9 (1.6, 2.3)
4.7 (3.7, 6.1) 4.1 (3.2,5.4)
1.7 (1.4, 2.0) 1.6 (1.3, 1.9)
4.0(3.3,4.8) 34(2.8,4.2)
1.8 (1.6, 2.2) 1.7 (1.5, 2.0)
3.1 (2.6, 3.6) 2.8 (2.3,32)
1.8 (1.5, 2.1) 1.6 (1.4, 1.9)

2adjusted for baseline FEV,pp, magnitude of relative FEV,pp decline, age at relative FEV1pp decline event, reported asthma diagnosis, positive

Pseudomonas aeruginosa (PA) culture in the year before decline.

previous reports.® IV antibiotic use is most likely to be associated
with recovery of acute declines in FEV,pp, but oral antibiotic use is
also associated with a higher likelihood of FEV4 recovery than no
antibiotic use. Previous reports showing that CF care programs with
the highest average FEV,pp are more likely to treat acute drops in
FEV.pp with antibiotics; this may suggest that a more consistent
approach to antibiotic treatment of these acute drops leads to better
long-term pulmonary outcomes.'® Further evidence to support this
approach was provided by a recent Quality Improvement report of
substantial, relatively rapid improvements in the mean FEV4pp of a
clinic population that was obtained by designing and adhering to
processes intended to ensure that acute FEV,pp drops were noticed
and followed up on carefully, with antibiotics prescribed as default
treatment.®

An important additional finding of our report is that the increased
odds of recovery associated with antibiotic treatment of relatively small
declines (as low as 5% predicted) in FEV,pp are comparable to those
achieved by antibiotic treatment of much greater declines. The idea that a

drop of 10% FEV,pp is the appropriate threshold of concern (as used by
Fuchs and others®’) is primarily based upon analyses of FEV; variability in
the normal healthy population, and fails to take into account the need to
consider the relative importance of Type 1 and Type 2 statistical errors in
clinical decision making.18 Specifically, if preservation of lung function is a
priority in CF patients, the goal should be to minimize the likelihood of
overlooking a true drop in FEV1, because this may lead to a permanent
and life-shortening loss of lung function, even if the tradeoff is a possibly
unnecessary course of antibiotic therapy. In our analytic group, only
22.4% of events characterized by an acute drop of 5- < 7% recovered to
baseline without antibiotic therapy, no greater than the proportion that
spontaneously recovered from greater drops, and the increased odds of
recovery with antibiotic treatment was also comparable to what was
found after treatment of greater declines. Studies of lung function decline
before the availability of highly effective CFTR modulator therapy
(HEMT) show a mean annual decline in FEV1 of just under 1.5%,' so a
loss of 5%-7% represents about 3-5 years of lung function decline. For
the majority of untreated patients who do not recover, this represents a
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IV Antibiotic vs No Antibiotic Treatment at 5-<7.5% decline
IV Antibiotic vs Non-IV Antibiotic Treatment at 5-<7.5% decline

Non-IV Antibiotic vs No Antibiotic Treatment at 5<7.5% decline

IV Antibiotic vs No Antibiotic Treatment at 7.5-<10% decline
IV Antibiotic vs Non-IV Antibiotic Treatment at 7.5-<10% decline

Non-IV Antibiotic vs No Antibiotic Treatment at 7.5-<10% decline

IV Antibiotic vs No Antibiotic Treatment at 10-<15% decline

IV Antibiotic vs Non-IV Antibiotic Treatment at 10-<15% decline
Non-IV Antibiotic vs No Antibiotic Treatment at 10-<15% decline
IV Antibiotic vs No Antibiotic Treatment at 215% decline

IV Antibiotic vs Non-1V Antibiotic Treatment at 215% decline

Non-IV Antibiotic vs No Antibiotic Treatment at 215% decline
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*Adjusted for baseline FEVipp, magnitude of relative FEVipp decline, age at relative FEV1pp decline

event, reported asthma diagnosis, positive Pseudomonas aeruginosa (PA) culture in the year prior to

decline.

FIGURE 3

substantial loss of lung function that could be prevented by antibiotic
treatment.

Our findings are aligned with those of two recent papers that
have evaluated variations in FEV1pp in people with CF. Stanojevic

et al.?°

examined longitudinal spirometry measurements in healthy
White children and found a mean coefficient of variation of 5.2%,
with 1 standard deviation from the mean equal to 8.6% (which, if
used as a cutoff, would lead to a 10% false positive rate). Notably,
they pointed out that the degree of FEV1 variation was greater the
longer the time interval between measurements, and the average
time interval between repeated measurements in their test popula-
tion was 0.9 years. They found that the variation among the CF
population at their local clinic to be comparable to the health
population. Heltshe et al.2* compared recovery to drops in FEV1
found in the context of physician-diagnosed (and treated) PEx to
those found followed patient birthdays (presumably untreated). They
reported that FEV1 recovered to 100% baseline in about half (49.6%)
of PEx events, compared to only 36.6% of birthday events, even
though the average drop in the PEx group was higher. The difference
they found in recovery between PEx events and birthday events is
similar to the difference we report here between decline events
treated with IV antibiotics and those treated without antibiotics.
They also note the importance of adjusting for baseline FEV1pp and

Logistic Regression of 100% Recovery to Baseline by treatment vs FEV1 Decline: Adjusted Odds Ratios*.

FEV1pp drops in analyses comparing treatment options, which we
have done here.

It should be pointed out that our finding that IV antibiotic
treatment is more likely than non-1V antibiotic treatment to be
associated with a recovery of acute drops in FEVipp do not
necessarily imply that all drops in FEVipp should be immediately
treated with IV antibiotics. In the clinical setting, a multi-staged
approach to responding to acute declines in FEV, may be feasible,
starting with a lower intensity treatment (eg, an increase in airway
clearance therapy and/or oral antibiotics) with follow-up to ensure
recovery and then prescription of a higher intensity treatment such
as IV antibiotics for those who do not respond. There is some
evidence for the effectiveness of such an algorithm.1® On the other
hand, it is important to consider previous research that suggests that
failure to recover FEV4pp is more likely when time to initiation of IV
antibiotics is more prolonged.??

We have purposely focused on acute drops in FEV, as our events
of interest, and do not call these events PEx because PEx as a clinical
entity take physical signs and symptoms into consideration and in
fact are not always associated with any drop in FEV4.2® The CFFPR
does not record patient signs and symptoms so in our analysis we are
not able to determine which patients with acute drops in FEV1 were
symptomatic; we suspect that patients with symptoms along with an
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acute drop in FEV1 are more likely to be diagnosed with PEx and
treated with antibiotic than those who have a drop in FEv1 but no
signs or symptoms.2*

The lack of antibiotic treatment of acute drops in FEV1 does not
imply that these drops are disregarded; there may have been other
responses, such as a recommendation to improve adherence to and/
or increase airway clearance; we adjusted for the diagnosis of asthma
primarily to account for possible stepping up of asthma therapy as an
alternative.

Potential weaknesses of this analysis include the threats to validity of
any observational data analysis. If patients who were untreated, as
reported in the CFFPR, did not receive treatment because they did not
return for follow-up, and were poorly adherent in other ways, this might
have biased our findings towards seeing an advantageous association
with antibiotic treatment. As a significant portion of our patients receiving
IV antibiotic treatment were hospitalized, the impact that we interpret as
being associated with IV antibiotic treatment might have been associated
with hospitalization. In fact, given the overarching problem of confound-
ing by indication that plagues observational studies comparing effective-
ness of different treatments, it is more likely that indication bias has
decreased our measurement of the magnitude of effect of antibiotic
treatment. In other words, patients who are perceived by their care
providers as higher risk in ways that are not well documented in the
database may be more likely to receive higher intensity treatment but less
likely to respond to that treatment.?> Finally, this analysis was done
before the widespread use of ETI, and we do not know if our findings
would be different in those patients who are on this treatment. However,
it is important to point out that a significant proportion of the population
of PWCF does not currently use ETI. In the U.S., the CF Foundation
estimates that this comprises about 20% of the CF population and
outside of North America, Western Europe, Israel, Australia and New
Zealand, use of ETl is quite limited. Thus, the findings of this study are
relevant to a significant proportion of the PWCF in the world.
Nonetheless, a parallel analysis focused on those who are currently using
ETl is planned.

In summary, we found that a substantial proportion of acute
drops in FEV.pp in PWCF are not treated with antibiotics, especially
if they are young and/or have relatively high baseline FEV;. We
found that the likelihood of recovery of FEV; is substantially
increased with IV antibiotic therapy, and to a lesser extent, non-IV
antibiotic therapy, even when the relative drop is as low as 5%
predicted. Further investigations are planned looking into the long
term impact of repeated antibiotic treatment and nontreatment, and
further analyses should be done looking at the impact of HEMT on

antibiotic response to acute drops in FEV1.
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