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Abstract

Background—-Cystic fibrosis (CF) is characterized by airways infection and inflammation
resulting in respiratory complications including hemoptysis. The objectives of this study were to
characterize risk of hemoptysis attributable to the underlying disease and in the presence of
standard of care therapy.
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Methods—This retrospective cohort study estimated hemoptysis rates overall and by relevant
risk factors utilizing adverse event data from longitudinal prospective CF clinical trials.

Results—Of the 1008 participants, 73% were <18 years old; of 929 with available spirometry,
27% had an FEV; < 70% predicted. During the average 8.2 months of follow-up, 8% experienced
>1 hemoptysis events (95% CI: 6%, 10%). Of the 125 events, 76% were mild in severity and only
9% were serious. Hemoptysis rates were greater among adults than children, those with FEV; <
70% predicted, and participants infected with P. aeruginosa but not with S. aureus.

Conclusions—Hemoptysis is a common adverse event among CF clinical trial participants, and
particularly in adults with more severe lung disease. These results can be used to predict event
occurrence in future clinical trials.

Keywords
cystic fibrosis; clinical trial; hemoptysis

Introduction

Cystic fibrosis (CF) is a genetic condition associated with deterioration of lung function due
to impaired clearance of airway mucus, resulting in chronic infection and inflammation.[1]
The natural history of the lung disease is marked by an exaggerated inflammatory response
[2, 3] causing injury to the airways and progressive airways obstruction. There are acute
complications attributable to the airways infection and inflammation, including hemoptysis,
which can range from minor streaking of blood in the sputum to massive bleeding that can
be life-threatening.[4] The pathogenesis of hemoptysis is multi-factorial [5], although there
are risk factors shown to be associated with massive hemoptysis, such as older age, more
severe pulmonary impairment, and the presence of Staphylococcus aureus in sputum
cultures.[6]

There are published guidelines on the management of hemoptysis in individuals with CF.[4]
In the setting of massive hemoptysis, it is recommended to withhold inhaled medications
under the assumption they could aggravate hemoptysis. It is understandable how one might
attribute hemoptysis events to an inhaled medication if the event occurred temporally to its
use. However, tobramycin and dornase alfa are aerosolized medications currently
administered as a part of standard of care and neither of which have been identified as risk
factors for hemoptysis; rather they have been associated with a lower incidence of massive
hemoptysis.[6] Although hemoptysis is thought to be a common event, there are few
published studies reporting rates of hemoptysis in the CF population. The CF Patient
Registry has long tracked the occurrence of massive hemoptysis with an annual incidence of
approximately 4% [6] but it has not tracked all hemoptysis events. In a retrospective study
of 440 Israeli individuals with CF, there was an overall 9.1% incidence of hemoptysis events
recorded in the medical charts during a 5-year observation period; 25% of these participants
were younger than 13 years of age.[7] A few clinical trials have reported the prevalence of
hemoptysis in the placebo-treated participants (tobramycin inhaled solution TIS: 31% over 6
months [8], dornase alfa: 21% over 6 months [9], and ivacaftor: 22% over 12 months[10]).
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Another analysis of the placebo-treated participants in clinical trials reported that
hemoptysis events were rare in both children and adults in short-term trials (0-1 weeks) but
not uncommon in long term trials (1-6 months), with adults nearly four times more likely to
experience hemoptysis than children.[11] However, none of these analyses have assessed
risk factors, other than age, that could further elucidate the expected rate of hemoptysis in
the CF population. While it is realistic to anticipate that the rates increase in older patients
with more advanced lung disease, being able to estimate expected occurrence of hemoptysis
based on risk factors is of great value for assessing risk in future drug development.

Because hemoptysis is an expected adverse event in CF clinical trials, understanding the
anticipated rates of hemoptysis due to the underlying disease and in the presence of standard
of care is important for assessing safety of new therapies in CF clinical trials, particularly for
the pediatric population in whom the even rate is not well established. Also as CF therapies
have evolved over the last decade with the introduction of more therapies to standard of
care, there is a need to evaluate the incidence of hemoptysis using data from a more
contemporary cohort than has previously been studied. Utilizing a diverse cohort of children
and adults with CF who underwent comprehensive longitudinal monitoring for adverse
events, the objectives of this study were (1) to obtain estimates of the frequency and rate of
hemoptysis events in the presence of standard of care therapy, and (2) to characterize
hemoptysis rates by possible risk factors include age, disease severity as defined by lung
function, and microbiologic results.

Study Design

Recently completed placebo controlled trials were selected for this retrospective cohort
study. It utilized existing data from eight completed prospective, longitudinal randomized
trials in CF ranging from 2 to 18 months duration between 2000 and 2012. Trial therapies
and key eligibility criteria, along with trial duration, visits, and key clinical and safety
outcomes are summarized in the Online Supplement (Table E1). For 5 of 8 [12-16] trials,
only subjects randomized to placebo were included in the analyses. Pooled data from the
treatment and placebo arms were included for 2 trials of azithromycin which led to the
adoption of azithromycin into standard of care [17-19], and because comparable hemoptysis
rates were observed between treatment arms. The final trial included in our study for
treatment of new onset Pseudomonas aeruginosa [20] included all participants receiving
tobramycin inhalation solution (T1S) monotherapy and not in combination with oral
ciprofloxacin. This analysis was approved by the Institutional Review Board at Seattle
Children’s Hospital, Seattle, Washington.

All trials collected adverse event (AE) data, which was standardized using MedDRA or
COSTART coding. Follow-up time used for computation of event rates was defined as the
date of randomization or the date of first dose of study drug (denoted “baseline”) through the
end of follow-up. Adverse event severity grades and treatment outcomes were collected in
all trials (Online Supplement, Table E1). Treatment outcomes of the AEs were reported
differently across trials; thus, for this study a hemoptysis event was considered treated if any
of the following treatment options were selected on the trial case report forms: concomitant
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medications, non-drug therapies, concomitant medications in combination with non-drug
therapies, or hospitalization.

Baseline FEV % predicted was calculated for subjects =6 years using either the Wang [21]
(females <16, males <18 years old) or Hankinson [22] (females >16, males >18 years old)
equations. Three of the eight trials did not collect respiratory microbiology cultures or
history of infection at baseline (Online Supplement, Table E1) and were therefore excluded
from analyses of the association between microbiology parameters and hemoptysis.

Statistical Analyses

Demographic and baseline characteristics were descriptively summarized by trial and
overall. Negative binomial regression models adjusted for follow-up months were used to
compute hemoptysis rates and corresponding 95% confidence intervals, as well as to
compute rate ratios comparing event rates by age group and disease severity. Sensitivity
analyses were performed where appropriate by adjusting for additional covariates. SAS
version 9.2 (SAS Institute, Cary, NC) and R version 3.1.0 (R Foundation for Statistical
Computing, Vienna, Austria) were used for all analyses.

Results

Baseline Characteristics

A total of 1008 subjects were included in the study cohort, with the majority (73%) of the
cohort 18 years of age or younger, and a mean age of 16.1 years (SD = 10.5). Table 1 shows
baseline demographic and clinical characteristics for the cohort. While the gender
representation was well balanced overall, there were more males (59%) in the adult (>18
years) group. The pediatric cohort (<18) was concentrated in the 7-12 age group (34%
overall) and 13-18 age group (26%), with a more sparse representation of children 6 years
old and younger (13%). Among those with available baseline spirometry (92%), the baseline
mean FEV1 was 83% of predicted (SD = 24) overall (91% and 64% among pediatric and
adult cohorts, respectively). Because this is a young cohort, the majority (73%) of the
participants had FEV1 = 70%. Approximately two-thirds of the pediatric and one-third of the
adult participants had baseline microbiology results. Among those, P. aeruginosa infection
was more predominant in adults (96%) than in children (50%), whereas S. aureus was more
common in children (65%) than in adults (52%).

The mean follow-up time of the cohort was 8.2 months with pediatric participants followed
slightly longer for an average of 9.1 months, while adults were followed for an average of
5.8 months. Detailed baseline demographics by trial can be found in the Online Supplement
(Online Supplement, Table E2).

Hemoptysis Rates by Age

Fifty-four (20%) of the 275 adults and 26 (4%) of the 733 children experienced at least one
hemoptysis event during the follow-up period, for a combined incidence of 8% of all
participants in the cohort. The overall event rate was 0.019 per month (95% confidence
interval [C1]: 0.015, 0.026). The rates were 0.057 (95% CI: 0.042, 0.077) and 0.007 (95%
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Cl: 0.004, 0.012) per month for adults (>18) and all children (<18), respectively (Table 2).
As anticipated, adult participants were more likely to experience a hemoptysis event as
compared to children (Rate Ratio [RR] 9.44, 95% CI: 5.65, 15.96, p<0.001), even after
adjusting for and FEV; category (RR 4.92, 95% ClI: 2.82, 8.65, p<0.001) (Online
Supplement, Table E3). A sensitivity analysis was performed by also adjusting for P.
aeruginosa status among participants with culture status available. Further, because
prevalence of P. aeruginosa is known to increase with age [23], another sensitivity analysis
was performed where adult participants with missing culture results were presumed to be
positive for P. aeruginosa (Online Supplement, Table E3).

Hemoptysis Rates by Disease Severity

Hemoptysis rates were higher among participants with FEVq < 70% predicted as compared
to those with FEV = 70% predicted (RR 5.89, 95% CI: 3.46, 10.16, p<0.001) (Table 2). A
higher rate of hemoptysis was associated with presence of a P. aeruginosa positive culture
(RR 11.23, 95% ClI: 4.41, 31.80, p<0.001), but not associated with S. aureus positivity (RR
0.48, 95% CI: 0.21, 1.07, p=0.072). In the pediatric subgroup, the rates were lowest among
P. aeruginosa negative and S. aureus positive participants, and among those with FEVq =
70% predicted (Figure 1A). In the adult subgroup, participants with FEV; = 70% predicted
experienced the lowest hemoptysis rates (Figure 1B).

Severity of Hemoptysis Events

Of the 125 hemoptysis events, the majority (76%) were deemed to be mild in severity (Table
3). There were a total of 11 (9%) adverse events classified as serious: 6 of 36 (17%) of
hemoptysis events in the pediatric subgroup, and 5 of 89 (6%) in the adult subgroup.
Participants with FEVq < 70% predicted experienced a slightly higher proportion of
moderate and severe events (22 of 80 events [28%]) than those with FEV = 70% predicted
(8 of 45 events [18%]) (Table 3). Hemoptysis events were more frequently treated in
children than in adults (47% of the 36 events in the pediatric subgroup were treated and 25%
of the 89 events in the adult subgroup). Hemoptysis events were treated more frequently in
participants with FEV = 70% predicted (17 of 45 events [38%]) than in those with FEV{ <
70% predicted (22 of 80 events [28%]).

Discussion

These data confirm that hemoptysis is a common complication of CF, occurring even in
younger and healthier individuals. Factors associated with an increased risk of hemoptysis
include older age, more advanced lung disease, and the presence of P. aeruginosa in the
airways. Although these conclusions may seem obvious, there is now a greater
understanding of and an ability to thoroughly quantify the natural history of CF disease with
respect to hemoptysis than has previously been done. Regulatory agencies need robust
natural history data for which to compare adverse event data during a trial when reviewing a
new drug application. This study, albeit more descriptive than confirmatory for testing novel
hypotheses, fills an important gap in the literature that can serve as a resource for future
intervention trials.
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Our study indicates that hemoptysis is a common adverse event captured in CF clinical
trials, and in many cases this complication may not be related to initiation of a new
intervention. The rates and confidence intervals summarized in this paper can be used to
derive expected number of hemoptysis events in a clinical trial setting, given that the
population in question has similar characteristics to the cohort described here. For example,
for a trial of 100 participants with CF followed for 6 months, one would expect an average
of 4 hemoptysis events in a pediatric population (95% CI 2, 7) and 34 events in an adult
population (95% CI 25, 46) attributable to the natural history of the disease (Table 4). Note
that the number of hemoptysis events is likely greater than the expected number of
participants in the adult group, as 20% of adult participants had hemoptysis in our study as
compared to 4% of the pediatric participants.

We can compare these findings to results reported in placebo arms of clinical trials of TIS
[8], dornase alfa [9], and ivacaftor.[10] The cohort in the TIS study included 49% <18 years
of age, and all patients were required to have Pseudomonas present in cultures.[8] Using the
event rate based on age and the presence of Pseudomonas, we would predict there would be
92 events over the 6 month duration of the trial. Hemoptysis was reported to occur in 31%
of the patients treated with placebo (81 patients).[8] The cohort in the dornase alfa study had
52% <17 years of age.[9] Using the event rate based on age alone, we would predict there
would be 61 events over the 6 month duration of the trial. The reported hemoptysis rate was
21%, or approximately 68 of the patients treated with placebo.[9] Since it would also be
expected that some patients may have had more than one event during the course of the
study (see abave), it is highly likely that the number of events (not reported) in these two
trials was greater than our predicted event rate. This is most likely because the patients in
these trials were different that those included in our more contemporary analysis. The
average FEV for the TIS study was 51.2% of predicted and for the dornase study the mean
FEV was 61% of predicted suggesting they had more advanced lung disease than our
contemporary cohort. More recently, the cohort in the ivacaftor study had only 22% <18
years of age and the mean FEV; of 63.7% of predicted.[10] This degree of lung impairment
is similar to the patients used in our analysis given the high number of adult patients. Again
using the event rate based on age alone, we would predict there would be 43 events over the
12 month duration of the trial. The study reported that 22% (17 patients) had a hemoptysis
event. Although it would seem that we have overestimated the event rate, we again note that
the ivacaftor paper did not report the number of events, which are presumed to be greater
than the number of patients with hemoptysis, but it could be concluded from their analysis
that hemoptysis was not an event that could be attributed to the study drug since the actual
events did not exceed the predicted.

The other interesting observation is the reduced likelihood of hemoptysis in the presence of
S. aureus, although this finding was not statistically significant. This is in contrast to an
analysis of the CF National Patient Registry, where S. aureus was associated with massive
hemoptysis.[6] We do not find these observations to be contradictory. Firstly, the patients
enrolled in clinical trials are subject to specific exclusion criteria, which typically include
recent episodes of hemoptysis, perhaps reducing the likelihood of recruiting patients who
may have massive hemoptysis. This may create some selection bias, but these are also the
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patients who are likely to be enrolled in clinical trials, which is the intention of the analysis.
Secondly, the prevalence of Pseudomonas is greater in older patients while there may be a
greater preponderance of S. aureus in younger patients [23], and these factors may have a
greater impact on the relative risk of hemoptysis.

There are some important limitations pertinent to our study. Eligibility criteria from the
included trials dictated our trial cohort and many trials excluded participants with either an
acute pulmonary exacerbation or history of hemoptysis. These exclusions may mean that our
calculations are actually an underestimation of the normal rate of hemoptysis in the CF
population. On the other hand, the monitoring for adverse events inherent to a clinical trial
may lead to over-reporting; however, the rates presented in this study are intended for use in
this same context. Furthermore, our analyses do not account for within subject correlation of
hemoptysis events.

This study does however have several advantages in determining the natural rate of
hemoptysis. It includes a large number of individuals with CF who were closely followed in
a clinical trial setting with parallel source document monitoring to ensure accuracy of the
reporting. Additionally, the 8.2 month average duration of follow up provides reasonable
precision for estimation of monthly event rates. Finally, participants in these trials are
receiving therapies still relevant to current standard of care.

In conclusion, hemoptysis is a common respiratory event in individuals with CF, and is
observed more commonly in older individuals, those with more advanced lung disease, and
in the presence of P. aeruginosa. These data can be used to predict the expected rates of
hemoptysis in contemporary clinical trials to guide the safety evaluation of new therapies in
CF.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Hemoptysis Rates by Disease Severity
Hemoptysis rates (events per month) by disease severity for participants <18 years of age

(A) and >18 years of age (B).
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Table 1

Demographic Characteristics

<18y.0.(N=733) >18y.0.(N=275) Total (N=1008)

n (%)
Sex (Female) 352 (48.0) 113 (41.1) 465 (46.1)
Race
Caucasian 671 (91.5) 227 (82.5) 898 (89.1)
Hispanic 11 (1.5) 1(0.4) 12 (1.2)
African-American 15 (2.0) 7(2.5) 22 (2.2)
Unknown/Other 36 (4.9) 40 (14.5) 76 (7.5)
Genotype@
Delta F508 Homozygous 327 (44.6) 104 (37.8) 431 (42.8)
Delta F508 Heterozygous 271 (37.0) 99 (36.0) 370 (36.7)
Other 61 (8.3) 30 (10.9) 91 (9.0)
Not Done 74 (10.1) 42 (15.3) 116 (11.5)
Age Group
0-<6 133 (18.1) 0 (0) 133 (13.2)
7-<12 342 (46.7) 0(0) 342 (33.9)
13-<18 258 (35.2) 0 (0) 258 (25.6)
>18 0(0) 275 (100) 275 (27.3)
FEV, % Predicted DistributionP
<40% 17 (2.6) 39 (14.2) 56 (6.0)
40% — <70% 79 (12.1) 118 (42.9) 197 (21.2)
70% — <90% 163 (24.9) 93 (33.8) 256 (27.6)
>90% 395 (60.4) 25(9.1) 420 (45.2)
Positive for PaC 262 (49.6) 94 (95.9) 356 (56.9)
Positive for S. aureusd 343 (65.1) 50 (51.5) 939 (63.0)
Mean (SD)
Age (years) 11.0 (4.4) 29.9 (9.6) 16.1 (10.5)
FEV, % Predicted? 91.2 (20.4) 64.2 (20.1) 83.2(23.8)
FEV, (L) 2.1(0.8) 2.4(0.9) 2.2(0.9)
Height (cm) 138.8 (24.2) 168.2 (9.0) 146.9 (24.9)
Weight (kg) 36.6 (16.3) 63.2 (12.2) 43.9 (19.3)
Follow-up from Randomization (months) 9.1 (4.6) 5.8 (2.4) 8.2 (4.49)

aOther refers to participants with at least 1 known, non-Delta F508 CF mutation.

bFEV1 % predicted was available for 654 pediatric participants and 275 adults.
CP. aeruginosa culture result was available for 528 pediatric participants and 98 for adults.

d . S -
S. aureus culture result was available for 527 pediatric participants and 97 for adults.
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Table 4

Hypothetical Trial Scenarios and Corresponding Hemoptysis Rates

Page 15

Trial Participants N Follow-up  Expected Number of Events (95% CI)
CF participants, children or adults 100 6 months Children: 4 (2, 7)

Adults: 34 (25, 46)
Pa positive CF participants, children or adults 130 6 months Children: 11 (5, 26)

CF participants with baseline FEV, < 70% predicted, children or adults 100 6 months

Adults: 79 (53, 119)

Children: 11 (5, 20)
Adults: 45 (31, 67)
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