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Abstract

Background—The Standardized Treatment of Pulmonary Exacerbations (STOP) program has 

the intent of defining best practices in the treatment of pulmonary exacerbations (PEx) in patients 

with cystic fibrosis (CF). The objective of this analysis was to describe the clinical presentations of 

patients admitted for intravenous (IV) antibiotics and enrolled in a prospective observational PEx 

study as well as to understand physician treatment goals at the start of the intervention.

Methods—We enrolled adolescents and adults admitted to the hospital for a PEx treated with IV 

antibiotics. We recorded patient and PEx characteristics at the time of enrollment. We surveyed 

treating physicians on treatment goals as well as their willingness to enroll patients in various 

study designs. Additional demographic and clinical data were obtained from the CF Foundation 

Patient Registry.

Results—Of 220 patients enrolled, 56% were female, 19% were adolescents, and 71% were 

infected with P. aeruginosa. The mean (SD) FEV1 at enrollment was 51.1 (21.6) % predicted. 

Most patients (85%) experienced symptoms for ≥7 days before admission, 43% had received IV 

antibiotics within the previous 6 months, and 48% received oral and/or inhaled antibiotics prior to 

IV antibiotic initiation. Forty percent had ≥10% FEV1 decrease from their best value recorded in 

the previous 6 months, but for 20% of patients, their enrollment FEV1 was their best FEV1 

recorded within the previous 6 months. Physicians reported that their primary treatment objectives 

were lung function recovery (53%) and improvement of symptoms (47%) of PEx. Most physicians 

stated they would enroll patients in studies involving 10-day (72%) or 14-day (87%), but not 7-day 

(29%), treatment regimens.

Conclusions—Based on the results of this study, prospective studies are feasible and physician 

willingness for interventional studies of PEx exists. Results of this observational study will help 

design future PEx trials.
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1. INTRODUCTION

Patients with cystic fibrosis (CF) develop chronic lung infections and suffer from recurrent 

acute pulmonary exacerbations (PEx), generally described as a worsening of respiratory 

signs and symptoms that are typically treated with antibiotics (1). PEx are associated with 

considerable morbidity and increased healthcare costs (2–5). There is often loss of lung 

function that is not fully recovered following treatment (6, 7). It is possible that some PEx 

treatment decisions may account for poorer outcomes (8, 9); for example, in the US, 

treatment with IV antibiotics for less than 9 days and treatment entirely outside of the 

hospital have both been associated with an increased risk of retreatment with IV antibiotics 

within 30 days of PEx treatment completion, despite similar patient characteristics at IV 

antibiotic initiation (9).

There were more than 17,000 events treated with IV antibiotics recorded in the US CF 

Foundation Patient Registry (CFFPR) in 2014 (10). Despite this being such a common event, 
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there is a paucity of evidence upon which to develop PEx treatment guidelines (11) and 

substantial variation in therapeutic decisions surrounding PEx (8, 10, 12–15). Identifying 

best practices and evidence to guide treatment decisions offers the potential to improve the 

treatment of, and outcomes after, PEx.

To design a study to begin to define optimal treatment strategies, several questions need to 

be addressed. The PEx treatment guidelines highlighted several questions that might warrant 

investigation (11), but it is not known whether clinicians and patients would be willing to 

participate in such trials. Additionally, there are several endpoints that might be relevant for 

a PEx intervention study, including FEV1, symptom recovery, and time to next exacerbation. 

Understanding physician goals at the time they initiate IV antibiotics is necessary to select a 

clinical efficacy endpoint that will be accepted in practice. To formally power a study in CF 

PEx, a better understanding is needed regarding the magnitude of treatment effect and 

variance for these measures, in addition to the optimal timing of the endpoint assessment. A 

better understanding is also needed regarding which factors might confound a clinical trial in 

PEx (e.g., inpatient vs outpatient setting, airway clearance techniques, antibiotic selection 

and dosing); delineating the impact of these potential confounders is essential to designing 

any future clinical trial in PEx.

A careful review of the literature found the answers to these questions lacking. Thus, the 

Standardized Treatment of Pulmonary Exacerbations (STOP) study (clinicaltrials.gov 

NCT02109822) was performed to gather additional information to define key clinical 

endpoints, their magnitude of response, and their variance in order to guide future 

interventional trials to optimize PEx therapy and outcomes. In addition, we sought input 

from treating clinicians on treatment goals and willingness to enroll patients in various 

potential PEx study designs. We describe herein the methods for the STOP study, the clinical 

presentations of these patients, and the results of a physician survey that will inform future 

study design.

2. METHODS

STOP was an observational study conducted at eleven US CF centers between January 2014 

and January 2015. Centers were recruited based on their willingness to participate, and their 

ability to enroll study subjects efficiently. This study was approved by each of the 

participating center’s Institutional Review Board and all participants or guardians provided 

written informed consent and assent where required.

To be eligible for STOP, patients had to have a confirmed diagnosis of CF and be admitted to 

the hospital for treatment of a PEx with IV antibiotics. Because the characteristics of 

patients treated with IV antibiotics are generally similar whether they are admitted or not 

(9), we excluded patients whose IV antibiotics were initiated outside of the hospital in order 

to collect early response data during the most aggressive interventions. The diagnosis of PEx 

was determined by the treating physician. Patients were recruited within 24 hours of the start 

of IV therapy. Inclusion and exclusion criteria are included in the online supplement. 

Demographic and clinical data were collected at the time of enrollment and extracted from 

the CFFPR, including: age, sex, race/ethnicity, genotype, spirometry, respiratory 
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microbiology, CF-related complications, pancreatic status, and history of previous PEx 

treatment. Additional data were collected specifically for STOP within the CFFPR at Days 

1, 7, completion of IV antibiotics, and Day 28 (Figure 1). A survey (included in the online 

supplement) was performed on Day 1 that captured demographic and clinical data not 

available in the CFFPR, e.g., presence and duration of symptoms, auscultatory findings on 

chest exam, presence of non-massive hemoptysis, and prior treatment with oral and/or 

inhaled antibiotics. The physician survey also captured whether the treating physician’s 

primary goal was to recover lung function or to improve symptoms. If the primary treatment 

goal was to improve lung function, the clinician recorded a target FEV1 that would 

constitute treatment success. Finally, the physician survey asked for the clinician’s 

willingness to enroll the patient in hypothetical interventional trials including fixed treatment 

durations (7, 10 or 14 days), comparisons of different antibiotic treatments, and other 

treatments such as corticosteroids.

Spirometry performed at the time of enrollment (≤3 days before admission) was used for the 

admission FEV1. FEV1 % predicted was calculated using the Global Lung Initiative 

equations (16). Patients completed the validated CF Respiratory Symptom Diary - Chronic 

Respiratory Infection Symptom Score (CFRSD-CRISS) Questionnaire (17, 18) daily while 

enrolled in STOP. The CFRSD-CRISS is a CF-specific patient reported outcome measure 

designed to assess the severity of the most burdensome and frequent CF symptoms, and 

symptomatic response to treatment. It has been validated for adults and children 12 years 

and older; values range from 0 to 100, with lower scores indicating lower respiratory 

symptom burden.

Descriptive statistics were used to summarize demographics, symptom duration and 

distribution, prior PEx therapies, and spirometry at the time of enrollment, for the overall 

cohort, as well as by age group (<18 years or ≥18 years) and FEV1 % predicted (<50% 

predicted or ≥50% predicted). Two sample t-tests were used for comparisons of continuous 

variables or Fisher’s exact tests for categorical data. Analyses were performed using SAS 

(version 9.4, SAS Institute Inc., Cary, NC, 2013), and R (version 3.2.1, The R Foundation 

for Statistical Computing, Vienna, Austria, 2015).

3. RESULTS

3.1. Cohort characteristics

A total of 220 patients with CF were enrolled (Table 1). The mean (SD) age at admission 

was 26.3 (9.5) years. The mean (SD) body mass index (BMI) at admission for the 167 adult 

patients with available data was 21.0 (3.8) kg/m2. For 37 adolescent patients, the mean (SD) 

BMI percentile at admission was 32.7 (26.4) according to Center for Disease Control (CDC) 

standards. Among 216 patients with available microbiologic data collected within 6 months 

prior to enrollment, 71% had Pseudomonas aeruginosa isolated from respiratory secretions 

at least once. As might be expected, the prevalence of mucoid P. aeruginosa isolation was 

higher in adult patients (62% versus 31% in adolescent patients; difference = 31%, [95% CI 

= 14%, 45%]), while the prevalence of Staphylococcus aureus isolation was higher in 

adolescent patients (55% versus 32% in adult patients; difference = 23% [95% CI = 7%, 

39%]). There were 16 patients with a history of NTM and 28 patients with a history of 
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ABPA, but none were being actively treated at enrollment. Overall, our study cohort is 

similar to two recent PEx study cohorts in the US (see Table E1 in the online supplement).

3.2. Symptoms and treatment prior to admission

The majority of patients had experienced symptoms for >7 days prior to admission, 

including hemoptysis (13%), wheezing (17%), or chest pain (24%) (Table 2). The mean 

(SD) CFRSD-CRISS score at admission was 47.5 (11.2), with a range from 0 (one patient 

reported no symptoms) to 73. The mean (SD) CFRSD-CRISS at admission was similar for 

adolescent patients, 43.0 (12.0), and adult patients, 48.6 (10.8). The mean [95% CI] BMI at 

enrollment had decreased from the best in the previous 6 months by 0.7 [0.5, 0.9] kg/m2 in 

adult patients and 7.6 [2.4, 12.8] percentile points in adolescent patients.

Many patients had recently been treated for a PEx: 43% received IV antibiotics within the 6 

months prior to admission, with events more common in adults (46%) than adolescents 

(31%) (Table 2, difference = 15% [−2%, 29%]). Nearly half (48%) of patients had been 

treated for a PEx with oral and/or inhaled antibiotics prior to admission. More adolescent 

(76%) than adult patients (41%) were treated with oral and/or inhaled antibiotics prior to 

admission (difference = 34% [18%, 47%]).

3.3. Spirometry

Within 3 days of admission, 203 (92%) patients performed spirometry. Mean (SD) FEV1 at 

enrollment was 51.1 (21.6)% predicted. At least one FEV1 measurement was recorded in the 

CFFPR for 200 (91%) patients within the preceding 6 months. The mean (SD) relative 

decrease from the best FEV1 in the previous 6 months was 14.9 (18.1)% predicted and the 

mean (SD) absolute decrease from the best FEV1 in the previous 6 months was 9.4 (12.6)% 

predicted (Figure 2). Among 216 (97%) patients with at least one FEV1 measured within the 

previous 12 months, the mean relative and absolute decreases were 20.8 (17.9) and 13.6 

(13.7)% predicted, respectively (Figure 2). Among 184 patients with at least one 

measurement in the preceding 6 months and at enrollment, an absolute decline in FEV1 

>10% from the best FEV1 in the 6 months prior to enrollment occurred in 74 patients (40%). 

However, for 20% of patients, the FEV1 measured at enrollment was the best FEV1 recorded 

within the previous 6 months.

Adolescent patients had higher FEV1 % predicted at enrollment and in the 6 months prior to 

enrollment than adult patients, but the drop from the best FEV1 in the 6 prior to enrollment 

was not statistically different between age groups (Figure 2). Patients whose 6-month best 

FEV1 was ≤50% predicted had smaller mean absolute decreases from their best FEV1 in the 

6 months (5% vs 12%, difference = −7%, 95% CI = −10%, −4%) prior to enrollment than 

patients with FEV1 >50% predicted; however, the relative decreases in FEV1 % predicted 

were not significantly different.

3.4. Physician survey

Physicians reported that their primary objective of treatment was recovery of lung function 

and improvement of symptoms in 53% and 47% of PEx, respectively. Forty-seven percent of 

physicians reported having a protocolized treatment duration with a mean planned duration 

Sanders et al. Page 5

J Cyst Fibros. Author manuscript; available in PMC 2018 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



of antibiotic therapy of 13.8 (1.6) days. Of the 116 physicians who chose lung function 

recovery as their primary objective, the absolute mean (SD) FEV1 recovery improvement 

goal was 16 (13)% predicted (Figure 3 and Table 3). This was larger in the adolescent 

patients, 23 (19)% predicted, than in the adult patients, 15 (11) % predicted, difference = 8% 

[−2%, 18%]. The absolute difference between admission and target FEV1 % predicted was 

smaller for patients with the best FEV1 in 6 months prior ≤50% predicted, as compared to 

those with best FEV1 in 6 months prior >50% predicted (10% vs 20%, difference = −10%, 

95% CI = −14%, −5%). The mean target FEV1 was not significantly different from the 

highest recorded FEV1 in the 12 months prior to admission (difference = −0.7% [−2.7%, 

1.3%], but was greater than the best FEV1 in the previous 6 months (difference = 4.5%, 

[2.9%, 6.0%]).

No factors predicted whether the clinicians’ goal for therapy was symptom improvement or 

recovery of baseline FEV1. Specifically, there were no differences in duration of symptoms, 

percentage of patients who received oral and/or inhaled antibiotics prior to admission, 

disease stage, percent whose FEV1 dropped ≥ 10% on admission, or percentage of 

individuals needing IV antibiotics in the previous 6 months between groups of patients 

categorized by goal of therapy.

Physicians completed the survey at the time of admission to report their willingness to enroll 

each patient in a variety of study proposals (Table 4). Most centers reported a general 

willingness to enroll subjects in several study designs, but one center was consistently 

different from the others. The willingness to enroll in trials was similar for adolescents and 

adults. For studies of antibiotic treatment durations, there was low enthusiasm for only 7 

days (only 29% of physicians were willing to enroll patients in a study that included a 

duration of 7 days), but greater enthusiasm for durations of 10 (72%) and 14 (87%) days. 

There was similar enthusiasm for studies of specific antibiotics (87%) and corticosteroids 

(84%).

4. Discussion

There is no established definition of PEx, and there is great variability in current treatment 

practices (8). We performed an observational study to understand the rationale for current 

treatment practices and measures of treatment success. In the STOP study, we have 

identified some key observations that must be accounted for in future interventional studies 

of treatment of PEx. First, we found that nearly half of patients were treated with IV 

antibiotics in the 6 months prior to enrolling in STOP, confirming previous reports that these 

are recurring events (19). As the number of previous PEx may affect treatment outcomes 

(19), a patient’s PEx history will need to be accounted for in any randomization process. 

Second, nearly half of all patients were treated as an outpatient with oral and/or inhaled 

antibiotics prior to the initiation of IV antibiotics. We did not collect additional details about 

this outpatient therapy, so it is not clear if the admission for IV treatment represented a 

failure of outpatient treatment or if outpatient therapy was merely a temporizing measure 

before the planned admission. Adolescent patients were more likely to have been treated 

with oral and/or inhaled antibiotics prior to the initiation of IV antibiotics. Whether an 

interventional study of PEx treated with IV antibiotics is relevant in the adolescent 
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population is unclear, as it is likely that the number of PEx treated with oral and/or inhaled 

antibiotics is much greater (14).

In addition, we captured physician goals of therapy and key clinical features not routinely 

included in other studies of PEx including minor hemoptysis, wheezing, and chest pain. We 

did not find that physician goals of therapy correlated with any patient characteristics at the 

time of admission. More typical symptoms such as cough and sputum production have not 

shown sufficient discrimination in predicting clinical outcomes (20). Hemoptysis is often 

thought to be a manifestation of a PEx (21). Although we specifically excluded patients with 

massive hemoptysis, the prevalence of milder hemoptysis in our study was comparable to a 

recent report (22).

The decision to treat a PEx with IV antibiotics versus oral and/or inhaled antibiotics is likely 

affected by a patient’s baseline severity of lung disease, the change from baseline 

spirometry, respiratory culture results, and their experience with previous treatment 

regimens (14, 19). Surprisingly, a large proportion of patients were admitted for IV 

antibiotic treatment with their best recorded FEV1 % predicted within the prior 6 and prior 

12 months (20% and 12%, respectively). This would suggest that FEV1 loss/recovery was 

not a primary motivating factor in their treatment, though we did not record whether other 

factors (e.g., worsening symptoms, new auscultatory findings) were driving the decision to 

treat. A recent report on PEx treated with oral antibiotics also noted that a similar proportion 

of patients were treated for a PEx despite having FEV1 at baseline (23). Alternatively, this 

observation highlights a limitation of relying on intermittent measurements of FEV1, to 

determine the “baseline” lung function, as has been done in previous registry analyses (6, 7, 

24).

Our study has several limitations. First, as there is no standard definition of PEx, we enrolled 

patients diagnosed with PEx defined by the clinician, making this a pragmatic study that 

reflects actual clinical practice. It is important to note that previous epidemiologic analyses 

of risks and outcomes associated with PEx have used clinician decision to treat with IV 

antibiotics as the definition for exacerbation (2, 6, 7, 25) and none of the available PEx 

scores have undergone formal validation. We excluded patients whose IV treatment was 

initiated at home, who anticipated spending <5 days in the hospital, and patients successfully 

treated with oral and/or inhaled antibiotics, so we cannot know if those patients are truly 

different from the patients in our cohort, thus our results may not generalize to all PEx seen 

in CF. In fact, although our cohort is similar in many respects to a recent report from the 

CFFPR, our patients may be older and have more severe lung disease in comparison to all 

patients treated with IV antibiotics for a PEx (9). It is possible clinicians were unwilling to 

enroll these patients in a theoretical study that included a 7-day treatment arm because these 

patients were deemed to need the most aggressive PEx treatments. We did not track patients 

treated at participating centers that were not enrolled in STOP. We selected this cohort for 

STOP to address the primary goal of defining clinical endpoints in response to IV antibiotic 

treatment, which required more frequent data measurement. To improve the generalizability 

of future studies, including patients who receive IV treatment at home is necessary. We did 

not survey participating patients, and so it is unknown whether they share their clinicians’ 

willingness to enroll in various studies, or what their goals of therapy were. Various 
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etiologies for PEx have been postulated, including acute events (e.g. viral infections (26), 

clonal shifts of colonizing bacteria (27), acute environmental exposures (28)), progression of 

underlying disease associated with medical non-adherence (29), increasing infection burden 

(30), and others (31, 32). We did not collect data on these factors, although whether 

therapeutic decisions or PEx outcomes differ according to PEx etiology has not been well-

studied. Our findings may not be applicable outside of the US, where care practices may 

differ, or even at other US CF Centers that did not participate.

In preparing for a study of a treatment intervention, the feasibility of, and clinician’s 

willingness to participate in that study is of great importance. Ensuring participation and 

enthusiasm for PEx research at US CF Centers that did not participate in STOP is critical; 

CF Center directors and patient/family representatives must be consulted or surveyed before 

moving forward with PEx research. We chose a pragmatic design with a simple schedule of 

visits and study measures to understand the feasibility of future interventional studies, which 

could be large and unblinded. We were concerned that patients and clinicians would be 

reluctant to participate in a study that included a predetermined duration of therapy. It is 

evident that patients with slower FEV1 improvement during PEx tend to be treated longer 

(33, 34), and they may derive some benefit from a longer duration of treatment (33). Thus, 

clinicians may not be willing to enroll patients in a study that precludes longer IV courses. 

However, it appears that the majority of clinicians in this study would be willing to enroll 

their patients in all but the shortest treatment durations.

Data from the STOP study will be used to design comparative effectiveness research studies 

to optimize the treatment of, and outcomes after, PEx. We have determined that clinicians 

would be willing to enroll their patients in several potential study designs. We have 

identified strengths and weaknesses of the initial STOP study design that will inform future 

studies. The ultimate goal of these studies will be to standardize treatment of PEx as a means 

of optimizing outcomes and limiting adverse events in our patients.
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Abbreviations

ABPA Allergic bronchopulmonary aspergillosis

CF Cystic fibrosis

CFFPR CF Foundation Patient Registry

CFRSD-CRISS CF Respiratory Symptom Diary - Chronic Respiratory 

Infection Symptom Score Questionnaire

CI Confidence Interval

FEV1 Forced expiratory volume at 1 second

IV Intravenous

NTM Non-tuberculous mycobacteria

PEx Pulmonary exacerbation

STOP Standardized Treatment of Pulmonary exacerbations
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Figure 1. 
Study design for STOP.
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Figure 2. 
Mean absolute (A) and relative (B) change from 12-month and 6-month best FEV1 % 

predicted at the time of enrollment. Sample sizes are shown adjacent to point estimates. 

Vertical bars represent 95% confidence intervals.
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Figure 3. 
Absolute difference between specified target FEV1 (% predicted) and admission FEV1 (% 

predicted), and absolute difference between specified target FEV1 (% predicted) and best 

FEV1 (% predicted) 6 months prior. Numbers adjacent indicate the number of patients 

included.
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Table 1

Demographic and baseline characteristics at admission

Characteristic Study participants
(N=220)

n %

Gender Female 124 56

Age distribution (years) 12 to <18 42 19

18 to <30 116 53

≥30 62 28

Race White 198 90

Hispanic 12 5

Unknown/Other 10 5

Genotype Homozygous F508del 121 55

Heterozygous F508del 82 37

Other 16 7

Not available 1 1

Insurance status* Enrolled in Medicaid 76 37

Pancreatic status* Prescribed pancreatic enzymes 196 89

FEV1 % predicted* <40 74 36

40–<70 84 41

70–<100 42 21

≥100 3 1

Respiratory microbiology*†‡ Pseudomonas aeruginosa 154 71

Mucoid P. aeruginosa 121 56

Staphylococcus aureus (methicillin susceptible) 78 36

Methicillin-resistant S. aureus 84 39

Stenotrophomonas maltophilia 31 14

Achromobacter xylosoxidans 20 9

Burkholderia cepacia complex 6 3

Aspergillus spp. 47 22

Non-tuberculous Mycobacteria (NTM)* Yes 16 7

Allergic bronchopulmonary aspergillosis (ABPA)* Yes 28 13

CF-related diabetes mellitus* Yes 86 39

Chronic CF medications*†‡ Inhaled tobramycin 155 71

Inhaled aztreonam 111 51

Inhaled colistimethate 30 14

Dornase alfa 207 95

Hypertonic saline 170 78

Azithromycin 164 75
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Characteristic Study participants
(N=220)

n %

Ivacaftor 8 4

*
Excludes missing data for insurance status (n = 14), pancreatic status (n = 1), FEV1 % predicted (n = 17), respiratory microbiology (n = 4), non-

tuberculous Mycobacteria (n = 2), ABPA (n = 1), CF-related diabetes mellitus (n = 1), chronic CF medications (n = 1)

†
Includes respiratory cultures recorded up to 6 months prior to admission and chronic medications recorded up to 12 months prior

‡
Categories are not mutually exclusive and may add up to >100%
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Table 3

Target lung function goal as stated by the clinician, compared to lung function at different points in time.

N Mean SD

Target FEV1 (% predicted) 116 65.3 23.7

Admission FEV1 (% predicted) 203 51.1 21.6

Absolute difference in target - admission FEV1 (% predicted) 106 16.3 12.8

Best FEV1 in 6 months prior (% predicted) 200 60.6 22.8

Absolute difference in target- best FEV1 in 6 months prior (% predicted) 109 4.5 8.0

Best FEV1 in 12 months prior (% predicted) 215 64.0 22.8

Absolute difference in target - best FEV1 in 12 months prior (% predicted) 114 −0.7 10.7
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