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Abstract

Rationale: People with cystic fibrosis (CF) experience acute
worsening of respiratory symptoms and lung function known as
pulmonary exacerbations. Treatment with intravenous
antimicrobials is common; however, there is scant evidence to
support a standard treatment duration.

Objectives: To test differing durations of intravenous
antimicrobials for CF exacerbations.

Methods: STOP2 (Standardized Treatment of Pulmonary
Exacerbations 2) was amulticenter, randomized, controlled clinical trial
in exacerbations among adults with CF. After 7–10 days of treatment,
participants exhibiting predefined lung function and symptom
improvements were randomized to 10 or 14 days’ total antimicrobial
duration; all others were randomized to 14 or 21 days’ duration.

Measurements and Main Results: The primary outcome was
percent predicted FEV1 (ppFEV1) change from treatment
initiation to 2 weeks after cessation. Among early responders,
noninferiority of 10 days to 14 days was tested; superiority of 21

days compared with 14 days was compared for the others.
Symptoms, weight, and adverse events were secondary. Among
982 randomized people, 277 met improvement criteria and were
randomized to 10 or 14 days of treatment; the remaining 705
received 21 or 14 days of treatment. Mean ppFEV1 change was
12.8 and 13.4 for 10 and 14 days, respectively, a –0.65 difference
(95% CI [–3.3 to 2.0]), excluding the predefined noninferiority
margin. The 21- and 14-day arms experienced 3.3 and 3.4 mean
ppFEV1 changes, a difference of –0.10 (–1.3 to 1.1). Secondary
endpoints and sensitivity analyses were supportive.

Conclusions: Among adults with CF with early treatment
improvement during exacerbation, ppFEV1 after 10 days of
intravenous antimicrobials is not inferior to 14 days. For those
with less improvement after one week, 21 days is not superior to
14 days.
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Cystic fibrosis (CF) is the most common life-
shortening inherited disease inWhite
individuals, affecting approximately 34,000
people in the United States (1). Advances in
care for individuals with CF have resulted in
dramatic survival improvements, but people
with CF still have debilitating symptoms and
significantly shortened life expectancies with
impaired mucociliary clearance and
acquisition and persistence of polymicrobial
infection (2–5). Many people with CF
experience episodes of clinical worsening,
deemed pulmonary exacerbations (PEx),
noted by increased cough and sputum
production and acute loss of lung function
and weight, among other signs and
symptoms (6).

PEx are a major cause of morbidity
linked to disease progression (7, 8) with loss
of lung function, reduced quality of life (9),
and diminished survival (10, 11).
Approximately 40% of adults with CF were
treated at least once with intravenous (i.v.)
antimicrobials for PEx in a year, with a
subset treated multiple times (12, 13).
Complications of PEx and treatment include
nephrotoxicity and ototoxicity, loss of
school- or workdays, and significant
healthcare costs (14–17). Recovery from
these events is variable, which could be
because of the etiology of the PEx, the
underlying host response, or inadequate
treatment (18–20). Systematic reviews of the
literature revealed scant evidence upon
which to base treatment recommendations
for PEx and data demonstrate wide variation
in treatment practice patterns, making it
dicult to define best practices (13, 14, 18, 19).
Although care for individuals with CF is
being transformed by recent advances in
therapeutics, including CF transmembrane
conductance regulator (CFTR) modulators
(21, 22), patients continue to receive i.v.
antimicrobials for treatment of PEx.
Appropriate treatment duration is one of the
key unanswered questions and is
fundamental to advancing our treatment and
may reduce the burden for people with CF
(23). PEx treatment of inadequate duration
could necessitate early retreatment, yet
prolonged treatment could lead to increased
toxicity and complications, as well as greater
cost and treatment burden and potential
selection for antimicrobial resistance (15,
24–26).

The standardized treatment of
pulmonary exacerbations (STOP) program
was initiated to design interventional trials to
identify best practices for the management of
PEx in CF (27). Perspectives of patients,
families, and CF clinicians about PEx were
collected, and we conducted a multicenter
observational pilot study of individuals with
CF hospitalized for PEx (28–31). These data
were used to develop the STOP2 trial, a
pragmatic PEx treatment intervention trial

assessing duration of i.v. antimicrobial
treatment (28–31). STOP2 randomized
people with CF being treated for PEx to
receive differing durations of i.v.
antimicrobial treatment based upon early
changes in lung function and symptom
scores in response to initial treatment. We
hypothesized that for patients who
responded robustly in the first week of
treatment, a shorter course of antibiotics (10
d) would not be inferior to the most
commonly used duration (14 d). In those
patients that did not meet explicit criteria for
a robust response, we hypothesized that 21
days of antibiotics would be superior to 14
days.

Methods

Study Design
The STOP2 trial is a divergent pragmatic
clinical trial that evaluated subjects’ interim
improvement in lung function, as measured
by percent predicted FEV1 (ppFEV1), and
symptoms, as measured by a CF-specific
respiratory symptom diary, to tailor
randomization to i.v. treatment duration (10
d vs. 14 d for robust responders; 14 d vs. 21 d
for less robust responders). The study has
been described elsewhere (31). In summary,
adults (18 yr) with CF presenting with PEx
and prescribed i.v. antimicrobials were
eligible (complete inclusion/exclusion criteria
are in the data supplement). There were
three study visits. Visit 1 occurred within –3
to 1 days of i.v. antimicrobial treatment
initiation. Data collected at each visit
included ppFEV1 (32, 33) and respiratory
symptoms via the validated chronic
respiratory infection symptom score (CRISS)
(34–37). Participants were randomized to an
antimicrobial treatment duration at visit 2,
which occurred 7–10 days after start of i.v.
treatment (61 d), when they were
categorized as either early robust responders
(ERR) or non-early robust responders
(NERR), based upon ppFEV1 and CRISS
changes from visit 1 (31). A participant with

At a Glance

Scientific Knowledge on the
Subject: The optimal duration of
antibiotic treatment of a cystic
fibrosis (CF) pulmonary exacerbation
is unknown, and the question has
been identified as an important gap
in our knowledge. Current practices
demonstrate considerable variance in
treatment durations, offering an
opportunity to define
better practices.

What This Study Adds to the
Field: Among adults with CF treated
with intravenous antibiotics for
pulmonary exacerbation, extending
antibiotics beyond 14 days did not
improve lung function, and for some
subjects, shortening the course to 10
days resulted in similar outcomes to
14 days. This should reduce the
variance in treatment practices and
provide a platform for further study
of the treatment of CF pulmonary
exacerbations.
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both improvement in ppFEV1 of at least
8 and a CRISS decrease of at least 11 points
was allocated to ERR and randomized to
receive a total of 10 (61) or 14 (61) days of
i.v. antimicrobial treatment, while those
allocated to NERR were randomized to
receive a total of 14 (61) or 21 (63) days of
i.v. antimicrobial treatment. Visit 3 occurred
2 weeks following scheduled completion of
i.v. antimicrobial treatment. To reduce
variation across sites, an antimicrobial
selection table was provided to guide
treatment based upon respiratory culture
results from the preceding 2 years (see online
supplement). The algorithm accounted for
both methicillin-sensitive Staphylococcus
aureus and methycillin-resistant S. aureus
(MRSA) but assumedMRSA if susceptibility
was unknown. No antimicrobial was
considered “first line” but instead provided a
number of choices known to have activity
against the pathogen of interest. Chronic
therapies were continued, and airway
clearance therapies were enhanced per usual
practice. Treatment could occur in the
hospital or home. Although subjects with
allergic bronchopulmonary aspergillosis or
on chronic corticosteroids were excluded,
corticosteroids for the treatment of the PEx
could be used at the discretion of the treating
clinician, with a request to make the decision
to use steroids before randomization.
Initiation or continuation of oral, i.v., or
inhaled antimicrobials between scheduled
end of treatment duration and visit 3 were
treated as a protocol violation. The protocol
was approved by the institutional review
boards at participating sites (clinicaltrials.gov
NCT02781610).

Outcomes and Sample Size
The primary endpoint for both ERR and
NERR groups was absolute ppFEV1 change
from visit 1 to visit 3. Secondary and safety
endpoints included differences in CRISS and
weight changes over the same period, FEV1

relative change, need for intravenous
antimicrobial retreatment after IV
completion, and adverse events (AE). Data
fromU.S. participants were combined with
CF Foundation patient registry data to
ascertain time to next PEx requiring i.v.
antimicrobials and prestudy PEx clinic
encounter ppFEV1 (additional details in data
supplement). For ERR, we hypothesized that
ppFEV1 response to 10 days of i.v.

antimicrobial treatment would not be
clinically inferior to that of 14 days of
treatment, assuming a noninferiority margin
of 3.5 ppFEV1 based on observations from
the STOP pilot (31). The ERR noninferiority
test was a priori designed to be conducted on
the per-protocol (PP) population (38) for
93% power using STOP pilot SD=9, two-
sided a=0.05 with 155 PP participants per
arm (31). The NERR group was designed to
test the hypothesis that 21 days of i.v.
antimicrobial treatment would be superior to
14 days, using the intent-to-treat (ITT)
population: 285 ITT participants per arm
provided 91% power to detect a 2.5 ppFEV1

difference between arms (SD=9, two-sided
a=0.05).

Statistical Analysis
ANOVA adjusted for randomization strata
was used to estimate and compare change in
ppFEV1 by treatment duration for each ERR
and NERR study group with two-sided 95%
confidence intervals (CI) and P values.
Estimates were also adjusted for predefined
data and safety monitoring board interim
monitoring to preserve type 1 error (see
online supplement for details). CRISS and
weight were analyzed similarly and reported
with 95% CI. Prespecified sensitivity analyses
included ITT and PP analysis for ERR and
NERR, respectively, in addition to last
observation carried forward imputation for
participants missing visit 3 spirometry.
Kaplan-Meier curves, and Cox proportional
hazards regression hazard ratios (HR)
adjusted for randomization strata were used
to compare time to next PEx requiring i.v.
antimicrobials between treatment duration
arms.

Results

Disposition and Treatment Adherence
The study was conducted from July 2016
through January 2020 at 57 sites in the U.S.
CFF Therapeutics Development Network
and 1 in Canada (see online supplement).
Allocation into NERR was greater than
anticipated, with 2.6 randomizing in NERR
for each 1 in ERR (expected 2:1 [31]) (see
Figure E1 in the supplement). After
consultation with the study data and safety
monitoring board, enrollment was halted to
prevent gross over-enrollment in the NERR

arm of the study. No additional nor
unplanned analyses of ERR or NERR were
conducted. In all, 1,062 PEx events were
screened at visit 1, of which 982 participants
were ultimately randomized at visit 2. Of 277
allocated to the ERR group, there were 140
and 137 participants randomized/assigned to
each treatment group (10 d vs.14 d,
respectively); of 705 allocated to the NERR
study arm, 352 and 353 participants were
assigned to each treatment group (21 d vs. 14
d, respectively) (Figure 1).

Overall, 13.4% of ERR and 16.5% of
NERR participants received antimicrobial
durations outside those allowed by the
protocol (Figure 1). In the ERR group,
antimicrobial treatment duration protocol
deviations were more likely to be of excessive
durations in the 10-day treatment group
(n=14, 10%), whereas duration deviations in
the 14-day treatment group were of both
shorter (n=12, 8.8%) and longer (n=9,
6.5%) treatment durations than allowed
(Figure E2). In the NERR study arm, 15.9%
and 17% of participants had treatment
duration protocol violations in the 14-day
and 21-day treatment groups, respectively.
Among NERR participants randomized to
receive 14 days of treatment, 11 (3.3%) had
treatments stopped prematurely and 45
(12.7%) received treatments exceeding
protocol specifications. In contrast, 52
participants in the 21-day treatment group
(14.8%) had antimicrobial treatment stopped
prematurely and 8 (2.3%) were treated for
durations beyond protocol specifications.
Additional information regarding treatment
duration compliance and visit timing relative
to antimicrobial treatment is provided in
Figure E2 and Table E1. For the PP analysis,
there were 107 participants in each assigned
duration for ERR and 256 in each assigned
duration for NERR participants. No
differences in subject demographics or
treatment parameters were observed between
treatment groups in either the ITT or PP
populations (Table 1 and Table E4). Baseline
respiratory microbiology, antimicrobials
used, and airway clearance methods were
similar across arms (Tables E2 and E3).
Declines in ppFEV1 from pre-PEx 6-month
average (derived from the CFFPR) to study
enrollment were larger for ERR
(mean=29.2) than NERR (mean =22.5)
but indistinguishable by randomization arm
(Table 1).
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Primary Outcome
By design, mean ppFEV1 increased
substantially by visit 2 among ERR
participants (criteria for ERR was
>8 ppFEV1 and>11 CRISS points’
improvement from visit 1) and declined
slightly by visit 3 (Figure 2A), as had been
observed in a previous study (29, 31).
Mean ppFEV1 changes from baseline (visit
1) to visit 3, adjusted for randomization
strata, were 12.8 and 13.4 for 10 and 14
days, respectively. Ten days was not
clinically inferior to 14 days of treatment
with respect to change in ppFEV1 from
visit 1 to visit 3 for the primary PP analysis
(difference –0.7, 95% CI [–3.3 to 2.0],
P = 0.0164, rejecting the null hypothesis of
10 d23.5 ppFEV1 inferior to 14 days in
favor of the alternative hypothesis: 10 d is
not inferior to 14 d). All sensitivity
analyses, including using the ITT
population, supported the alternative
hypothesis of noninferiority (Figure 3A).

Mean ppFEV1 continued to increase
from visit 2 to visit 3 among NERR
participants, but overall ppFEV1

improvement was less than that seen in the
ERR population (Figure 2A). Those receiving
21 days of antimicrobial treatment
experienced a mean ppFEV1 change of 3.3
compared with 3.4 in those treated for 14
days (adjusted for randomization strata).
There was no evidence of a difference in lung
function improvement between 21 and 14
days for the primary ITT analysis (mean
difference –0.1, 95% CI [–1.3 to 1.1],
P=0.568) or any of the sensitivity analyses
(Figure 3A), including the PP population,
despite unintended over-enrollment into this
NERR group.

Secondary and Safety Outcomes
Respiratory symptoms declined as
measured by the CRISS by the minimal
clinically important difference of 11 points
or more with treatment in all treatment

groups, with no significant differences
between assigned durations in ERR or
NERR (Figures 2B and 3B) (34–37).
Weight increased in all groups with no
significant difference between the groups
after completion of treatment (Figures 2C
and 3C). There was no difference in the
proportion of subjects who were retreated
for a PEx with i.v. antimicrobials by the
end of the study (,2% in all groups) or
within 30 days of i.v. treatment cessation
(<5% in all groups) (Table E5). Relative
change in FEV1 (L) was, in magnitude,
larger than absolute change in ppFEV1, but
no differences arose between groups; and
change in ppFEV1 from pre-PEx 6-month
average to end of study did not differ by
treatment duration (Table E5).

There was no difference in the number
of AE between ERR duration groups; 21 AE
among 18 participants (12.9%) were
observed in the 10-day group, and 16 AE
among 12 participants (8.8%) were observed

Enrollment

Allocation

Analysis Allocated to ERR (n = 277)

140 Assigned to 10-Day Arm

Intent-to-Treat (ITT) Population
(n = 140)

Per-Protocol (PP) Population
(n = 107)

Per-Protocol (PP) Population
(n = 107)

Per-Protocol (PP) Population
(n = 256)

Per-Protocol (PP) Population
(n = 256)

Reasons for Exclusion from Per-Protocol (PP)
Population

33 Total
2 Early i.v. antibiotic treatment termination*
14 Treatment duration extension via i.v. antibiotic*
1 Restarting i.v. antibiotic treatment†

6 Treatment duration extension via oral/inhaled abx‡

6 Prohibited concomitant medication§

5 Out of Window Visit 3 spirometry||

6 Missing Visit 3 spirometry
6 Withdrawals

Reasons for Exclusion from Per-Protocol (PP)
Population

30 Total
12 Early i.v. antibiotic treatment termination*
9 Treatment duration extension via i.v. abx*
0 Restarting i.v. antibiotic treatment†

7 Treatment duration extension via oral/inhaled abx‡

3 Prohibited concomitant medication§

5 Out of Window Visit 3 spirometry||

7 Missing Visit 3 spirometry
7 Withdrawals

Reasons for Exclusion from Per-Protocol (PP)
Population

96 Total
52 Early i.v. antibiotic treatment termination*
8 Treatment duration extension via i.v. antibiotic*
0 Restarting i.v. antibiotic treatment†

9 Treatment duration extension via oral/inhaled abx‡

11 Prohibited concomitant medication§

8 Out of Windows Visit 3 spirometry||

80 Missing Visit 3 spirometry
29 Withdrawals

Reasons for Exclusion from Per-Protocol (PP)
Population

97 Total
11 Early i.v. antibiotic treatment termination*
45 Treatment duration extension via i.v. antibiotic*
2 Restarting i.v. antibiotic treatment†

20 Treatment duration extension via oral/inhaled abx‡

14 Prohibited concomitant medication§

20 Out of Windows Visit 3 spirometry||

22 Missing Visit 3 spirometry
17 Withdrawals

137 Assigned to 14-Day Arm

Intent-to-Treat (ITT) Population
(n = 137)

352 Assigned to 21-Day Arm

Intent-to-Treat (ITT) Population
(n = 352)

353 Assigned to 14-Day Arm

Intent-to-Treat (ITT) Population
(n = 353)

Allocated to NERR (n = 705)

1,062 Visits for Assessment
for Eligibility at Visit 1

996 Visits for Assessment for
Eligibility at Visit 2

982 Randomized at
Visit 2

34 Reasons for Eligible at Visit 1 but
not Assessed at Visit 2

1 Reasons for Eligible at Visit 1 but not
Randomized

32 Screen Failures at Visit 1

13 Screen Failures at Visit 2

Figure 1. Consolidated Standards of Reporting Trials (CONSORT) diagram. Note: A participant can be excluded from the PP population for
more than one reason. Exclusions due to protocol violations: *i.v. antibiotic treatment ending outside the allowed window for a deviation from
assigned treatment duration: 6 1 day for 10- and 14-day assignments, 6 3 days for 21-day assignments; †restarting i.v. antibiotic treatment 1 or
2 days after the actual completion of i.v treatment; ‡any acute oral or inhaled antibiotic started before the scheduled completion of i.v treatment
and continued after the scheduled completion of i.v. treatment; §any acute oral or inhaled antibiotic started after the scheduled completion of
the i.v. treatment and before Visit 3, except continuation of ongoing chronic treatment of initiation of new chronic antibiotic therapy; and
kspirometry measures done 4 or more days outside of the allowed window for Visit 3 (6 2 days). abx=antibiotics; ERR=early robust responder;
NERR=nonearly robust responder.
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in the 14-day group (Table 2). There were
few serious AE (SAE) overall: 4
participants in the ERR 10-day group and
1 subject in the 14-day group had SAE, all
thought to be unrelated to the treatment.
There was an increase in the number of

AE in the NERR 21-day group (73 among
47 participants) compared with the 14-day
group (40 among 33 participants) with 25
of 33 excess AEs in the 21-day arm being
mild or moderate severity. 24 of 26 SAEs
in the 21-day arm were deemed unrelated,

compared with 15 of 21 SAEs in the
14-day arm (Table 2), gastrointestinal
disorders, fever, and elevated liver
function tests being the most common
(for full AE description, see Tables E6
and E7).

Table 1. Baseline Characteristics and Treatment Parameters

Early Robust
Responder per

Protocol Population

Non–early Robust
Responder Intent
to Treat Population

Duration assignment 10 d 14 d Total 14 d 21 d Total
N 107 107 214 353 352 705
Sex, male (%) 61 (57) 54 (50.5) 115 (53.7) 161 (45.6) 181 (51.4) 342 (48.5)
Mean age, yr (SD) 26.6 (6.3) 27.1 (8.9) 26.9 (7.7) 31.8 (10.5) 31.5 (9.6) 31.7 (10.1)
Genotype
F508del homozygous,

n (%)
46 (43.0) 55 (51.4) 101 (47.2) 171 (48.4) 174 (49.4) 345 (48.9)

F508del heterozygous,
n (%)

45 (42.1) 40 (37.4) 85 (39.7) 127 (36.0) 135 (38.4) 262 (37.2)

Other/UK, n (%) 16 (14.9) 12 (11.2) 28 (13.1) 55 (15.6) 43 (12.2) 98 (13.9)
Body mass index, kg/m2,

mean (SD)
21.7 (4.4) 21.6 (4.0) 21.6 (4.2) 22.3 (4.1) 22.4 (3.9) 22.3 (4.0)

ppFEV1
Visit 1, mean (SD) 49.5 (18.6) 49.8 (19.6) 49.7 (19.1) 49.5 (21.2) 50.0 (20.3) 49.7 (20.7)
Visit 1,50%, n (%) 60 (56.1) 61 (57.0) 121 (56.5) 192 (54.4) 194 (55.1) 386 (54.8)

Average 6 mo prior in
CFFPR

n 98 91 189 334 328 662
Mean (SD) 60.2 (17.9) 60.3 (19.3) 60.3 (18.6) 51.8 (20.0) 53.2 (20.1) 52.5 (20.0)

Change from average
6 mo prior to visit 1,
mean (SD)

29.3 (9.3) 29.2(8.1) 29.2 (8.7) 22.2 (10.3) 22.9 (6.4) 22.5 (8.6)

History of PEx in last year
0–1, n (%) 43 (40.2) 45 (42.1) 88 (41.1) 145 (41.1) 144 (40.9) 289 (41.0)
>2, n (%) 64 (59.8) 62 (57.9) 126 (58.9) 208 (58.9) 208 (59.1) 416 (59.0)

Chronic oral antibiotics (%) 59 (55.1) 55 (51.4) 114 (53.3) 197 (55.8) 206 (58.5) 403 (57.2)
CFTR modulator*
None, n (%) 73 (68.2) 72 (67.3) 145 (67.8) 214 (60.6) 206 (58.5) 420 (59.6)
Highly effective, n (%) 7 (6.5) 3 (2.8) 10 (4.7) 25 (7.1) 28 (8.0) 53 (7.5)

CF-related diabetes
Insulin dependent, n (%) 26 (24.3) 24 (22.4) 50 (23.4) 105 (29.7) 116 (33.0) 221 (31.3)
Non-insulin dependent,

n (%)
11 (10.3) 12 (11.2) 23 (10.7) 28 (7.9) 34 (9.7) 62 (8.8)

Allergic bronchopulmonary
aspergillosis, n (%)

16 (15.0) 9 (8.4) 25 (11.7) 21 (5.9) 36 (10.2) 57 (8.1)

NTM treated in last
2 yr, n (%)

6 (5.6) 7 (6.5) 13 (6.1) 21 (5.9) 15 (4.3) 36 (5.1)

Pneumothorax in last
2 yr, n (%)

3 (2.8) 2 (1.9) 5 (2.3) 4 (1.1) 8 (2.3) 12 (1.7)

Treatment location prior to
randomization

Any hospital, n (%) 92 (86) 90 (84.1) 182 (85) 265 (75.1) 266 (75.6) 531 (75.3)
All at home, n (%) 15 (14) 17 (15.9) 32 (15) 88 (24.9) 86 (24.4) 174 (24.7)

Antibiotics initiated†

Intravenous, n (%) 107 (100) 107 (100) 214 (100) 353 (100) 352 (100) 705 (100)
Oral, n (%) 29 (27.1) 24 (22.4) 53 (24.8) 99 (28.0) 82 (23.3) 181 (25.7)
Inhaled, n (%) 2 (1.9) 5 (4.7) 7 (3.3) 9 (2.5) 11 (3.1) 20 (2.8)

Steroids initiated† 13 (12.1) 10 (9.3) 23 (10.7) 33 (9.3) 41 (11.6) 74 (10.5)

Definition of abbreviations: CF=cystic fibrosis; CFFPR=Cystic Fibrosis Foundation patient registry; CFTR=cystic fibrosis transmembrane
conductance regulator; NTM=nontuberculosis Mycobacterium; PEx=pulmonary exacerbations; ppFEV1=percent of predicted FEV1.
*Highly effective include ivacaftor, elexacaftor/tezacaftor/ivacaftor; other CFTR modulators include tezacaftor/ivacaftor and lumacaftor/ivacaftor.
†Initiated on or after day of intravenous antibiotics start and before randomization.
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Time to next PEx requiring i.v.
antimicrobials was ascertained for 961 of 982
randomized in STOP2 (9 were at Canadian
sites or did not link to the U.S. CFF patient
registry; an additional 12 had study PEx
ending after 12/31/2019, the date of the last
available registry data). A total of 86% had an
event or at least one year of follow-up. In the
ERR PP population, 153 of 209 (73.2%) had a
subsequent PEx, and in the NERR ITT
population, 512 of 689 (74.3%) had a PEx in
follow-up. The Kaplan-Meier estimated
median time to next PEx was 204 days for
ERR overall, 179 days for ERR-10 (n=104,
95% CI [140–255]), and 227 days for ERR-14
(n=105, 95% CI [183–301] with no
increased hazard in 10 days compared with
14 (HR=1.14, 95% CI [0.83–1.58]). NERR
median time to next PEx was 210 days: 202
days for NERR-14 (n=346, 95% CI
[172–228]) and 232 days for NERR-21
(n=343, 95% CI [202–274]) with no
significant difference in 21 days compared
with 14 (HR=0.90, 95% CI [0.75–1.07])
(Figure 4).

Discussion

In this study comparing treatment durations
of i.v. antimicrobial treatment for a PEx in
adults with CF based on initial response to
treatment, there was no evidence of benefit
from longer treatment durations in either
study group in improvement in lung
function, respiratory symptoms, or weight.
Although there was a nominal increase in
adverse events in the longest treatment
duration, there was a low overall rate of
adverse events and no significant differences
between treatment arms. These results are
similar in many ways to those of other high-
profile antibiotic trials in conditions other
than CF that demonstrated extended
treatment durations may not be warranted
(39–42).

This is the first large-scale randomized,
controlled study of the treatment of CF PEx.
In designing this study, we addressed the
perceptions of clinicians and patients/
families that shorter treatment durations
could result in inadequate recovery or early
relapse, while longer treatment durations
might be associated with diminishing
improvement in clinical outcomes and
unnecessary cost and toxicity. The timing of
randomization (i.e., after evaluating initial
response to therapy) prevented rapidly
improving patients from extended treatment
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Figure 2. Outcomesby visit, allocation, andantimicrobial treatment duration: (A) Primary outcome
ppFEV1. (B) Chronic respiratory infection symptomscore (CRISS). (C)Weight. V1=visit 1 at start of
intravenous antimicrobials; V2=visit 2when randomization occurs; andV3=visit 3was targeted for 14
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durations, as well as more slowly improving
patients from shortened treatment durations.
Our primary endpoint was measured two
weeks after completion of i.v. antibiotics to
ensure that a decline in FEV1 that might
occur with inadequate treatment was not
missed.We observed no difference in acute
retreatment with antibiotics after initial i.v.
antibiotic cessation. Also of note, all patients
had improvements in key secondary
endpoints like respiratory symptoms and
weight, with no clear differences seen
between treatment arms. A common
measure of PEx treatment success is the time
to next pulmonary exacerbation, and no
differences were observed across the
antimicrobial durations in this trial. Not
unlike what many observational studies and
trials of exacerbation treatments have shown,
the median time to next PEx in STOP2 was
over six months after the end of i.v.

treatment, and therefore it is unlikely that the
subsequent event is the result of any success
or failure of the preceding PEx treatment (12,
19, 43). For the CF community, establishing
a standard treatment duration will allow for
systematic evaluations of other gaps in PEx
treatment knowledge without having to
account for variable antibiotic durations (6).
Furthermore, a widely accepted antibiotic
treatment length has the potential to entice
new investigational therapies in this area; the
lack of standardized treatment protocols in
CF PEx has discouraged drug development
specifically targeted toward these acute
respiratory events.

Our study has several limitations. Given
that treatment duration could not have been
blinded without extreme cost, 6.5–16.4% of
subjects had protocol deviations related to
treatment duration. The “open-label”
intervention also had the potential to impact

adjunctive therapies after randomization
approximately one week into treatment and
may have influenced outcomes, particularly
subjective ones such as symptoms. In the
ERR study arm, the primary analysis
evaluated only those subjects who were
treated per protocol, as missing data and
protocol violations in the ITT population
would have the potential to bias results
toward noninferiority of the 10-day
treatment arm. There are varying and
conflicting opinions on which primary
analytic population to use for a
noninferiority trial (44–46). We opted to
prioritize conservatism, choosing the most
stringent test to reject the inferiority
hypothesis, at the risk of making inference
about “real world” implementation of i.v.
antimicrobial duration. Predefined sensitivity
analyses that include the ITT population and
examination of outcomes by duration
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Figure 3. Point estimates and 95% confidence intervals for treatment differences in sensitivity analysis populations: (A) Primary endpoint ppFEV1

change from visit 1 to visit 3; (B) CRISS change from visit 1 to visit 3; (C) weight change from visit 1 to visit 3. Adjusted=ANOVA adjusted for
randomization strata: ppFEV1, 50%, location of intravenous treatment, corticosteroid use, and history of PEx in the year before. Interim
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adherence and withdrawal indicate that in
this study, conclusions are consistent
regardless of analysis population. Our
noninferiority margin of 3.5 ppFEV1 was
prespecified and chosen to maintain over
70% of a previously observed treatment effect
(31). The anticipated large response in the
ERR group justifies the relatively larger
margin than that used in the NERR
superiority hypothesis because those
individuals were only expected to improve
3–7 ppFEV1 over the course of treatment
(31). For the NERR study arm, all subjects in
the ITT populations were included in the
analysis, as PP analyses could have biased the
results toward superiority of the 21-day
treatment duration if, as was the case, there
were earlier dropouts from the extended
treatment arm. Furthermore, our
conclusions are supported by multiple
sensitivity analyses, including analyses using
6-month pre-PEx lung function as
“baseline,” suggesting the robustness of our
results. PEx diagnosis is often accompanied
by a “drop” in FEV1, which may confound
with, or account for, an individual’s lung
function response to i.v. treatment; however,

STOP pilot data showed that many
individuals diagnosed with PEx have
apparently experienced no FEV1 reduction
relative to previous values, or previous
measures were missing entirely (29). Those
data also indicated that most tended to
“recover” FEV1 proportional to the amount
that they had lost, which was confirmed here
in STOP2. The ERR participants lost, on
average, 9.2 ppFEV1 from 6months prior,
and on average, their response was 13
ppFEV1, whereas NERR participants
averaged a 2.5 ppFEV1 drop from 6months
prior to PEx start and then gained 3.5
ppFEV1 with i.v. treatment. Randomization
was effective, and within ERR and NERR
grouping, the drop in lung function from 6
months prior did not differ by randomized
duration.

This study was designed pragmatically
with limited exclusion criteria to increase the
generalizability of the results. However, the
results of this study may not be applicable to
pediatric patients, patients with more severe
PEx (e.g., requiring care in the intensive care
unit), or patients with frequent i.v.-treated
PEx, all of whomwere excluded from the

study. Differing treatment practices and
outcomes at nonstudy sites or outside the
United States may also limit generalizability
to those groups. The study protocol
attempted to control for some of the many
treatment factors that could impact the
response to treatment, especially considering
the nonblinded nature of the intervention.
For example, antibiotic selection differs
greatly among people with CF (19), likely
because of sputum culture results, antibiotic
tolerances/allergies, and previous patient
experience with PEx.We provided an
antimicrobial selection guideline in an
attempt to reduce this variability and show
that antimicrobial selection was similar
across groups. Additional PEx interventions
(e.g., inhaled antibiotics) that were initiated
after treatment arm assignment were treated
as a protocol violation. Clinicians had
informed us of their usual practices with
PEx, so we encouraged continuation of
chronic therapies andmaximizing airway
clearance therapies in line with these
practices (30). In addition, there are
challenges to the definition of an
exacerbation and the criterion of decision to

Table 2. Adverse Events

Early Robust Responder Intent
to Treat Population

Non–early Robust Responder Intent
to Treat Population

Randomized i.v. duration 10 d 14 d Total 14 d 21 d Total
N 140 137 277 353 352 705
Total number AEs 21 16 37 40 73 113
Maximum severity of AE
Mild 4 4 8 6 19 25
Moderate 14 10 24 15 27 42
Severe 3 2 5 16 24 40
Life-threatening 0 0 0 3 3 6

Participants with any AE, n (%) 18 (12.9) 12 (8.8) 30 (10.8) 33 (9.3) 47 (13.4) 80 (11.3)
Person-weeks follow-up 347.71 427.71 775.42 1105.71 1412.00 2517.71
AE rate (AEs/person-week) 0.060 0.037 0.039 0.036 0.052 0.045
Participants with any SAE, n (%) 4 (2.9) 1 (0.7) 5 (1.8) 19 (5.4) 19 (5.4) 38 (5.4)
Total number of SAEs 4 1 5 21 26 47
Relatedness of SAE
Unrelated 4 1 5 15 24 39
Possibly 0 0 0 4 1 5
Probably 0 0 0 2 0 2
Definitely 0 0 0 0 1 1

AE occurring in 5% of participants
Infective pulmonary

exacerbation, n (%)
9 (6.4) 5 (3.6) 14 (5.1) 13 (3.7) 13 (3.7) 26 (3.7)

Definition of abbreviations: AE=adverse event; SAE= serious adverse event.
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use IV antibiotics leading to practice
variation. However, the size of our study
(number of subjects), and the allocation
schema likely buffer the impact of that
heterogeneity. Finally, we did not study even
shorter durations. Observational studies have
noted poorer outcomes if treatment is too
short. For example, in the United States,
treatment with i.v. antibiotics for less than 9
days and treatment entirely as an outpatient
have both been associated with an increased
risk of retreatment with i.v. antibiotics within
30 days of PEx treatment completion, despite
similar patient characteristics at i.v. antibiotic
initiation (12, 47). Here we demonstrate that
shortening the course of therapy for selected
patients (early responders) may be
appropriate, although we did not study
treatments of,9 days, based on clinician
and patient survey data (31). Implementing a
shorter course would remain at the

discretion of the treating physician and
person with CF as CRISS or spirometry lab-
acquired FEV1 may not be formally or
practically assessed one week into PEx
treatment.

In conclusion, this pragmatic trial of IV
antimicrobial treatment durations for PEx in
adults with CF demonstrated that, for
patients with an early clinical response, 10
days is not inferior to 14 days for change in
lung function, and there is no evidence of
clinical inferiority for symptom or weight
changes or time to next PEx. For patients
with an attenuated early response, there is no
evidence 21 days is superior to 14 days in
lung function, symptom recovery weight
gain, or prevention of subsequent PEx. This
does not mean that 10 days would also be
equivalent to 21 days of therapy, as we tested
durations in two different populations based
on their initial response to treatment.

Adverse events were relatively rare and did
not differ among treatment durations.
Furthermore, this is the first such study to
address treatment duration in a chronic
infection, in which the goal of treatment is
not eradication of the causal bacteria. Future
studies of treatment of PEx can use a fixed
duration of i.v. antimicrobials to limit
confounding by treatment duration and
ensure proper interpretation of the results. �
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