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Background: Hospitalizations for acute exacerbations of chronic obstructive pulmonary disease (AECOPD) are 
associated with increased mortality and decreased quality of life. Replicate hospital discharge studies were initiated 
to examine efficacy and safety of once-daily tiotropium HandiHaler® versus placebo, in addition to usual care, in 
patients discharged from the hospital after an AECOPD.
Methods: Both studies were randomized, placebo-controlled, double-blind, parallel-group, multicenter, with 
inclusion/exclusion criteria providing a diverse COPD patient cohort hospitalized for ≤14 days with AECOPD. 
Patients received tiotropium or placebo, initiated within 10 days post-discharge. Target recruitment was 604 
patients/study and planned duration was event-driven, ending after 631 clinical outcome events across both 
studies. Inability to reach targeted site numbers and patient recruitment/retention difficulties led to early study 
termination. Recruitment/retention challenges and protocol amendment impacts were assessed qualitatively to 
understand the major issues.
Results: Over 18 months, 219 patients were enrolled; 158 were randomized and 61 failed screening. Premature 
treatment discontinuation occurred in 49(31%) patients, of whom 20(41%) completed health status follow-up. 
All-cause, 30-day hospital readmission was low (8[5%] patients). A total of 154(98%) patients had a concomitant 
diagnosis and most took pulmonary medication pre-randomization (143[91%]) and during study treatment 
(144[92%]). Inclusion/exclusion criteria changes failed to improve recruitment. Recruitment/retention barriers 
were identified, relating to patient and clinician factors, health care infrastructure, and clinical practices. 
Conclusions: Although AECOPD hospitalization is clinically important and incurs high costs, significant 
challenges exist in studying this population in clinical trials after hospitalization. Studies are needed to evaluate 
effective management of AECOPD patients at high risk of adverse clinical outcomes.
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Introduction
Recurrent episodes of acute exacerbations of chronic 
obstructive pulmonary disease (AECOPD) requiring 
hospitalization, have been shown to accelerate lung 
function decline, increase morbidity and mortality risk, 
and adversely affect health-related quality of life.1-3 
Therefore, therapies that reduce the frequency and 
impact of AECOPD are highly desirable.

Patients with an AECOPD are particularly at high 
risk of having future exacerbations,4 and following an 
initial COPD-related hospitalization are more likely to 
have another COPD-related rehospitalization within 
1 year.5 Around 20% of patients discharged from the 
hospital following a COPD-related hospitalization have 
an all-cause readmission within 30 days of discharge,6-8 
with the cost of each readmission being around $12,000 
in 2013 in the United States.7 Therefore, in addition to 
deleterious effects on patients’ health and well-being 
associated with AECOPD, there is a considerable 
economic burden placed on hospitals.9 In the United 
States in 2012, the Hospital Readmissions Reduction 
Program (HRRP) was implemented by the Centers for 
Medicare and Medicaid Services (CMS), with the aim 
of reducing hospital readmissions in patients who 
had been hospitalized for acute myocardial infarction, 
pneumonia, or heart failure. This program was widened 
in 2014 to include patients hospitalized for AECOPD.10 
Hospitals now incur financial penalties, in the form 
of reduced treatment reimbursement, for Medicare 
patients with unplanned rehospitalizations for COPD 
within 30 days of discharge. These financial penalties 
were designed to provide an incentive for hospitals to 
improve the standard of care they provide to patients 
and to reduce rehospitalizations. Therefore, COPD-
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related rehospitalization has become a timely and 
important issue for health care providers. 

Patients with COPD are often undertreated,11 and 
when hospitalized for AECOPD are often discharged 
on sub-optimal treatment regimens with no provision of 
maintenance therapy.12,13 In several clinical trials, the 
long-acting anticholinergic bronchodilator, tiotropium, 
has been shown to reduce the risk and frequency 
of exacerbations, COPD-related hospitalizations, 
and patient mortality.14-18 With these benefits in 
mind, twin/replicate hospital discharge studies were 
designed to investigate the impact of early initiation 
of maintenance therapy with tiotropium compared 
with placebo, in addition to usual care, in patients 
discharged from hospitalization for an AECOPD. 
Unfortunately, both studies faced problems in reaching 
target recruitment levels, and the retention of suitable 
randomized participants was also challenging. Many 
patients were already receiving protocol-restricted 
medications for COPD (oral β-adrenergics or long-
acting anticholinergics). These difficulties resulted 
in the studies being terminated early. Furthermore, 
since the number of randomized patients was very low, 
the studies had insufficient statistical power to detect 
clinically meaningful treatment differences.

Nevertheless, information can be gleaned from these 
trials. Review of methodological issues, the impact of 
protocol amendments designed to enhance recruitment, 
and questionnaires submitted to research sites asking 
questions related to locally observed recruitment and 
retention obstacles provided information to explore the 
challenges faced in clinical trial design in studies to 
follow patients after hospital discharge for an AECOPD. 
It is anticipated that a better understanding of the 
issues faced could lead to recommendations that might 
enable future clinical trials to be successful. In this 
article, we summarize the study findings and describe 
the identified barriers  to recruitment and retention, 
relating to patient and clinician factors, health care 
infrastructure, and current clinical practices.

6 National Jewish Health, Denver, Colorado

5 St Francis Hospital Medical Center, Hartford, Connecticut

Background
The twin studies were designed to investigate the 
impact of early initiation of maintenance therapy 
with tiotropium compared with placebo, in addition 
to usual care in patients after a hospitalization for 
an AECOPD. However, failed study recruitment and 

Methods
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retention prevented study completion, making primary 
and secondary endpoint data underpowered for any 
meaningful analyses. To understand more clearly why 
these studies were unsuccessful, problems with the 
original study design were identified, amendments 
and measures taken in an attempt to remedy the 
issues are described, along with their ensuing impact 
on recruitment and retention, and site-specific open-
ended questions related to study challenges were 
reviewed.

Study Design 
Twin/replicate, randomized, placebo-controlled, 
double-blind, parallel-group, multicenter, phase IV, 
hospital discharge studies, conducted in the United 
States (ClinicalTrials.gov identifiers: NCT01663987 
and NCT01662986), aimed to evaluate the safety 
and efficacy of once-daily maintenance therapy 
with tiotropium 18μg delivered via HandiHaler® 
(Boehringer Ingelheim, Ingelheim am Rhein, 
Germany) compared with placebo in patients after 
hospital discharge for an AECOPD. Full details 
of the study design are presented in Table 1  and a 
schematic of the study design is presented in Figure 
1. In addition to receiving tiotropium or placebo, the 
patients received usual care for COPD as determined 
by their physician. The planned primary endpoints for 
the study are detailed in Table 1.

The study was carried out in compliance with 
the clinical study protocol, and in accordance with 
the principles of the Declaration of Helsinki, the 
International Conference on Harmonisation for 
Good Clinical Practice, and applicable regulatory 
requirements. The protocol, informed consent, and 
patient information were reviewed and approved by 
local institutional review boards (IRB)/independent 
ethics committees and other regulatory authorities 
as required by local laws and regulations. The most 
frequently used IRB by both studies was Schulman 
Associates IRB, (4445 Lake Forest Drive, Suite 300, 
Cincinnati, Ohio 45242); a full list of IRBs is provided in 
the online supplement Table S1. All patients provided 
written informed consent prior to study participation.

Selection of the Study Population
The inclusion and exclusion criteria were designed to 
include a diverse population of patients with COPD, 
recently hospitalized for an AECOPD, regardless of 
disease severity. Patients entering screening (Visit 0) had 

a primary hospital admission diagnosis of AECOPD 
and a COPD diagnosis, which had to be confirmed by 
spirometry prior to randomization at Visit 1. The full 
patient inclusion and exclusion criteria, as initially set 
in the protocol, are presented in the online supplement 
Table S2. Protocol amendments were implemented 
in an attempt to improve patient recruitment. The 
key inclusion and exclusion criteria along with their 
respective amendments are presented in Table 2 .

Patient Recruitment and Retention Issues
During the recruitment period, barriers to site initiation 
and patient recruitment were investigated, by means 
of qualitative data collection. Questionnaires on 
barriers to recruitment were completed by the majority 
of sites during in-person visits by medical science 
liaisons (MSLs). Changes to the study conduct were 
implemented in an attempt to enhance recruitment.

Statistical Analyses
The studies were prematurely discontinued due 
to insufficient patient enrollment and difficulties 
in identifying sites. Lower than expected patient 
enrollment and retention in the studies resulted in 
them being underpowered for statistical analyses; 
therefore, it was pre-specified that the primary endpoint 
data analyses (Table 1) would only be descriptive. Data 
collected via questionnaires on barriers to recruitment 
were qualitative in nature, and so could not be analyzed 
statistically.

Safety
All serious and non-serious adverse events (AEs) 
occurring during the studies were recorded on study 
visits and via telephone calls.

Study Challenges

Site Initiation
Over 2000 sites were surveyed for possible study 
participation, and even after 18 months, it was not 
possible to initiate the planned number of sites. Over 
both studies, 100 centers were initiated (71% of the 
target; Figure 2) and of these centers only 54 actively 
enrolled patients.

Results
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Patient Recruitment and Retention
Patient disposition is shown in Figure 3. The 
recruitment period was 1 year and 2 months in 
duration and, of the 219 patients who were screened, 
28% (61 patients) failed the screening process. There 
were no screen failures recorded due to prior use of 
tiotropium, this is likely because investigators reviewed 
medication data prior to approaching a patient with 
regard to study screening, and if they were already on 
tiotropium would not have been deemed suitable for 
screening. The number of participants excluded on this 
basis is unknown, although reported as a key limitation 
by investigators. Of the 61 patients who failed 

screening, 42 patients (69% of screen failures, 19% 
of all participants enrolled) failed to meet spirometry 
criteria for COPD as defined in the protocol prior to 
randomization. Only 158 patients were randomized, 
which was 13% of the target enrollment (Figure 2). 

Across both studies, 49 (31%) patients prematurely 
discontinued, of whom 20 (41%) consented for 
vital status follow-up. The reasons for premature 
discontinuation, as listed on the investigator records 
on the termination of trial medication (TTM) form, are 
given in Figure 3. According to these records, 18 (37%) 
patients discontinued due to AEs. From the specific AE 
reporting data, according to the Medical Dictionary for 
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Regulatory Activities (MedDRA), of the 14 patients 
who discontinued, 8 patients discontinued due to the 
primary system organ class Respiratory, Thoracic, and 
Mediastinal disorders, with preferred terms of COPD 
(n=7) and respiratory failure (n=2); 1 patient had 
both conditions as well as influenza bronchitis. Other 
reasons for discontinuation according to the TTM 
form included: 1 patient due to worsening of other 
pre-existing disease, 10 patients due to other AEs, 
and 31 (63%) patients due to administrative reasons 
(5 patients due to non-compliance with the protocol, 
11 patients were lost to follow-up, 9 patients refused 
to continue with the study medication and 6 patients 
discontinued for other reasons). The observed all-
cause, 30-day hospital readmission was low (8 [5.1%] 
patients; 4 patients/treatment). 

Barriers to Recruitment
Questionnaires on barriers to recruitment were 
completed by the majority of sites during in-person 
visits by MSLs, and the main challenges identified are 
summarized in Figure 4.

Measures Taken to Improve Enrollment

Protocol and Procedural Changes
A variety of changes over the course of the study 
were implemented in an attempt to enhance patient 
recruitment and to make recruitment more inclusive. 
The patient enrollment period was extended from 1 
year to up to 18 months, and the number of target sites 
increased from 50 to 70 centers per study. As detailed 
in Table 1, several inclusion and exclusion criteria were 
revised by protocol amendment, to make them more 
reflective of the general population and to make them 
more inclusive for patients. The requirement for visits 
to occur between 7 am and 10 am was removed, so 
that visits could be more accommodating for patients. 
Initially, screen-failed patients were not allowed to re-
enter the study; this restriction was lifted, allowing 
patients who screen failed and subsequently had 
another COPD exacerbation requiring hospitalization 
to be re-evaluated for study eligibility. Despite these 
measures, the protocol amendments do not appear to 
have substantially improved enrollment as shown in 
Figures 2 and 5.
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Other Initiatives
Site-specific recruitment plans were developed 
by a patient recruitment specialist, and included 
such initiatives as local advertisement of the 

study at neighboring hospitals, reimbursement of 
patients’ transportation costs for study visits, and 
MSL-supported meetings with local physicians 
to discuss the study objective and protocol. The 
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site-specific recruitment plans were reviewed and 
regular enrollment and recruitment updates were 
made. A recruitment pocket guide was given to the 
investigators, which detailed the study endpoints 
and key inclusion and exclusion criteria. Point-of-care 
tools were developed by the study team to assist with 
recruitment, retention, and participant support and 
these were provided to the sites. The point-of-care tools 
included: a patient welcome folder and letter, a study 
description leaflet for patients, a visit-by-visit planner, 

an AE sheet, visit “thank you” cards, and tote bags. 
Several initiatives were put in place to raise 

awareness of the studies for potential sites, clinicians, 
and prospective patients. Posters were made available 
at study sites. An article was published in the COPD 
Foundation’s Lung Health Professional magazine19 
detailing the aims of the studies and providing contact 
details for patient referral; reprints of the article were 
made available by the COPD Foundation at their 
booth at the American Thoracic Society International 
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The twin, hospital discharge studies were designed 
to evaluate the effectiveness of initiating once-daily 
tiotropium 18µg therapy on patients discharged 
from the hospital within 10 days of an AECOPD. In 
addition to receiving tiotropium or placebo, patients 
received usual care for COPD, as determined by 
their physician. It was hypothesized that tiotropium 
maintenance therapy would reduce the frequency and 
severity of adverse clinical outcomes and the risk of 
rehospitalization for AECOPD.

Although 30-day readmission is a critical time point 
relative to the CMS HRRP compensation methods,10 
readmissions and failed care after hospitalization 
remain critically important to patients for a much 
longer period of time beyond discharge. For this 
study, the length of patient follow-up was chosen to 
try to better assess the impact on patients, beyond the 
financial impact on hospitals associated with the 30-
day readmission policy.

Unfortunately, patient recruitment was much lower 
than the projected target for both studies, despite 
multiple attempts to increase enrollment. Under-
recruitment resulted in the decision to terminate the 
studies early, and the data collected were insufficient 
for clinically meaningful statistical analyses. Over the 
course of the studies, several barriers to recruitment 
were identified, which highlighted the challenges 
faced when performing these types of studies in this 
specific population, which is at high risk of adverse 
clinical outcomes. 

Although the number of screened patients was 
slightly higher in one study compared with the other 
study, the number of patients randomized was similar. 
These discrepancies between studies are often seen 
with replicate trials and are not considered significant. 
Although there were a couple of individual sites more 
successful at recruiting, no specific differences could 
be identified for them compared with the other sites.

It has been estimated that less than 50% of clinical 
trials meet their recruitment targets without needing 
an extension to the enrollment period;21 however, 
difficulties in recruitment are rarely published. In 

Discussion

Conference in Philadelphia, May 17–22, 2013.
Investigators’ meetings were held, at which 

discussions took place on recruitment and retention 
strategies. Pre-hospitalization strategies focused on 
early activities around education and engagement, 
for example, the use of hospital analytics to improve 
patient identification, the creation of a fully aware 
medical community, a proactive patient outreach 
before exacerbation, and customized support based 
on individual site needs. In-hospitalization strategies 
included identifying potential patients while in the 
hospital and directly after discharge by creating and 
optimizing referral networks, monitoring admissions 
and progress of potential study patients, and 
identifying specific barriers to recruitment. Post-
hospitalization measures focused on assisting patients 
to remain in the studies, by means of logistical, 
educational, and motivational strategies.

Despite attempts during investigators’ meetings to 
implement measures to increase patient recruitment 
and retention, enrollment did not improve (Figures 2 
and 5).

Study Findings
Patients’ baseline demographic and clinical 
characteristics, pulmonary medication use, exploratory 
efficacy results, and safety data are provided in the 
online supplement as additional text, Tables S3–8, and 
Figure S1. At baseline, most patients had moderate-to-
severe COPD, and their pre-randomization health care 
use indicated that they were at high risk for adverse 
clinical outcomes. Patients’ concomitant diagnoses 
were as expected for a COPD population and most 
patients were taking pulmonary medication pre-
randomization and during the study. Lung function 
data suggested a benefit of tiotropium treatment over 
placebo, but this was not statistically analyzed due to 
the small sample size. Interpretation of a Kaplan–Meier 
curve for time to first adverse clinical outcome event 
was limited, particularly at the later timepoints, by a 
decreasing number of at-risk patients, and may have 
been influenced by the higher discontinuation rate 
in the placebo group compared with the tiotropium 
group. The proportions of patients with adverse 
clinical outcomes were similar for the tiotropium and 
placebo groups. Based on the observed number of 
events per patient-year, both the COPD exacerbation 
and all-cause hospitalization rates were numerically 
lower for the tiotropium group compared with the 

placebo group; but again, this could not be statistically 
analyzed. Adverse events were similar between 
treatments and were consistent with the known safety 
profile of tiotropium.20
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this hospital discharge study, patients were at high 
risk of future adverse clinical outcomes, making for a 
vulnerable patient population. In a study by Ohar et 
al,22 in a similar patient cohort to that in our hospital 
discharge studies, challenges were faced in recruiting 
patients to a trial, post discharge from the hospital, an 
emergency room, or an office visit, following a COPD 
exacerbation. The recruitment difficulties highlighted 
included: exclusion of patients due to their high 
comorbidity burden; difficulties encountered in 
coordinating a patient’s hospitalization, discharge, and 
study participation consent; and a limited number of 
investigators who had both outpatient and inpatient 
practices, qualifying them for study participation. 
These findings are similar to those encountered in 
our twin studies. Treweek et al21 suggested that 
trialists, with support from their funders, should 
include evaluations of recruitment strategies in their 
clinical trials as this would allow the most effective 
interventions to be identified for future studies. 

Despite findings in the literature, which suggest 
that 66% of commercially insured patients and 71% 
of Medicare patients with COPD do not receive COPD 
maintenance therapy, and 59% and 66%, respectively, 
have no COPD medication prescriptions,11 the 
populations in our studies were very different, in that 
only around 10% of patients were not taking pulmonary 
medications at baseline. The overall study cohort was 
also different, in that the all-cause, 30-day hospital 
readmission rate was strikingly low: 5% compared with 
other readmission estimates of around 20%.6-8 The 
reason for this discrepancy is not clear, but it may be 
biased by the fact that patients were followed closely 
as part of the protocol, which may not reflect clinical 
practice. Thus, the studies were terminated early, not 
only because of their low recruitment levels, but also 
because the patient cohort enrolled in the studies 
seem to be quite different to that expected from the 
literature describing real-world COPD populations. 
Readmission rates may be reflective of the low follow-
up rates achieved during the studies.

Of the participants admitted to the hospital with a 
diagnosis of AECOPD, 19% of those screened did 
not meet the spirometric criteria for COPD and were 
excluded; this discrepancy between diagnosis of 
AECOPD at admission and subsequent spirometry has 
also been noted in previous studies.23,24 Furthermore, 
in our studies, the premature discontinuation of study 
treatment was high (31%), with only 41% of those who 

dropped out of the studies having vital status follow 
up; this made it difficult to determine long-term health 
status. The follow-up frequency of every 6 months may 
have been too infrequent, and planned visits rather 
than telephone calls may have been a more effective 
form of follow-up.

It will be very difficult to design future drug trials 
for a vulnerable COPD population (with high risk of 
adverse clinical outcomes) that are ethically acceptable 
if they include placebo or under-treated control 
groups and extend for a relatively long duration. 
Thus, investigations on novel therapies may require 
testing the safety and efficacy of “add on” therapies. 
We present our experience as suggested by Treweek 
et al21 to allow the most effective study design and 
recruitment strategy interventions to be identified for 
future investigations in similar patient groups.
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