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Abstract
Background—SERCA2a deficiency is commonly seen in advanced heart failure (HF). This study
is designed to investigate safety and biological effects of enzyme replacement using gene transfer in
patients with advanced HF.

Methods and Results—A total of 9 patients with advanced HF (New York Heart Association
[NYHA] Class III/IV, ejection fraction [EF] ≤30%, maximal oxygen uptake [VO2 max] <16
mL·kg·min, with maximal pharmacological and device therapy) received a single intracoronary
infusion of AAV1/SER-CA2a in the open-label portion of this ongoing study. Doses administered
ranged from 1.4 × 1011 to 3 × 1012 DNase resistant particles per patient. We present 6- to 12-month
follow-up data for these patients. AAV1/SERCA2a demonstrated an acceptable safety profile in this
advanced HF population. Of the 9 patients treated, several demonstrated improvements from baseline
to month 6 across a number of parameters important in HF, including symptomatic (NYHA and
Minnesota Living with Heart Failure Questionnaire, 5 patients), functional (6-minute walk test and
VO2 max, 4 patients), biomarker (NT-ProBNP, 2 patients), and LV function/remodeling (EF and
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end-systolic volume, 5 patients). Of note, 2 patients who failed to improve had preexisting anti-AAV1
neutralizing antibodies.

Conclusions—Quantitative evidence of biological activity across a number of parameters
important for assessing HF status could be detected in several patients without preexisting
neutralizing antibodies in this open-label study, although the number of patients in each cohort is too
small to conduct statistical analyses. These findings support the initiation of the Phase 2 double-
blind, placebo-controlled portion of this study.
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Chronic heart failure (HF) is an increasingly important health problem. It is the leading medical
cause of hospitalization and is expected to result in an estimated direct and indirect cost to the
healthcare system in 2009 of $37.2 billion.1 Despite important therapeutic advances in
pharmacologic and device therapies, the prognosis of patients with chronic HF remains poor.
Nonpharmacologic therapies (such as heart transplantation and the use of implantable assist
devices) are considered only in the later stages of the disease, and access to such therapies is
restricted to a fraction of patients who need them.2,3 In this context, alternative approaches
such as cell and gene therapy have attracted increased attention. Recent studies have
demonstrated that gene therapy could be an effective option to treat the failing myocardium.
4–9

One of the key abnormalities in both human and experimental models of HF is a defect in
sarcoplasmic reticulum (SR) function, which in turn causes abnormal intracellular calcium ion
handling. A large body of experimental evidence indicates that SERCA2a plays an important
role in regulating the progression of dilated cardiomyopathy. SERCA2a activity is known to
decline in late-stage HF, and SERCA2a protein and messenger RNA levels are decreased in
cardiac tissue isolated from failing hearts of patients and animals with HF.6,10–14 Low
SERCA2a levels have been shown to correlate with the abnormally high diastolic levels of
cytosolic calcium and low systolic calcium released from the SR, which are typical of HF, as
well as with poor clinical outcomes.15–17 Gene transfer is the therapeutic platform tested in
this study to increase expression and/or function of this integral membrane protein by restoring
SERCA2a activity in HF patients. There has been overwhelming evidence that unlike standard
pharmacological inotropic agents, which increase cAMP, exacerbate cellular calcium overload,
increase ventricular arrhythmias, aggravate energy wasting, and worsen survival, augmented
inotropy resulting from increasing SERCA2a activity results in very different and salutary
changes. These include a decrease in calcium overload, restoration of energetics, abrogation
of ventricular arrhythmias, and improved survival.18,19

In preclinical HF models in rodents,20 pigs,18 and sheep,21 increasing the level of SERCA2a
using recombinant AAV vectors was well tolerated and restoration of SERCA2a levels resulted
in significant improvement in cardiac function and energetics, even when the underlying
pathophysiology or insult (eg, mitral valve rupture or pacing induced heart failure) was not
corrected. Based on these findings, this first-in-human Phase 1/2 Calcium Upregulation by
Percutaneous Administration of Gene Therapy in Cardiac Disease (CUPID) trial4 aims to
restore levels of this key enzyme in HF patients via gene transfer of the SERCA2a cDNA by
delivering a recombinant AAV (AAV1/SERCA2a) via percutaneous intra-coronary infusion.

A major challenge for recombinant viral based therapeutics is the presence of preexisting
neutralizing antibodies (NAbs) against the viral capsid proteins. Preexisting anti-AAV1 NAbs
result from prior natural exposure to AAV and have been shown to inhibit vector uptake in a
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number of studies.22–24 Therefore, before consideration for eligibility in the CUPID trial, a
serum prescreening protocol was performed to assess baseline NAb status.

Methods
Study Overview

The CUPID trial is a multicenter, Phase 1/2 trial. The Phase 1 portion is an open-label,
sequential dose escalation study. The Phase 2 portion is a randomized, double-blind, placebo-
controlled, parallel-group, dose ranging, feasibility trial that compares the use of intra-coronary
administered AAV1/SERCA2a at 2 or 3 dose levels with placebo. Detailed information about
the study design rationale and protocol has been published elsewhere.4 Patient data available
through mid-September 2008 were summarized for the purposes of this report.

In the Phase 1 portion of the study, AAV1/SERCA2a was administered as a single
intracoronary infusion at doses of 1.4 × 1011, 6 × 1011, or 3 × 1012 DRP to three patients each
in Cohorts 1, 2, and 3, respectively. All adverse events and serious adverse events (AEs and
SAEs) were reviewed by a Data Monitoring Committee dedicated to this study. Cause of
hospitalizations and deaths were adjudicated by an Endpoints Committee also dedicated to the
study. We report here on the first 9 patients enrolled at 5 centers in the United States in the
Phase 1 portion of this study, which includes eligible patients receiving optimal pharmacologic
and device therapy for HF. The main objectives of the Phase 1/2 study are to evaluate the safety
of a single intracoronary infusion of AAV1/SERCA2a in HF patients while also exploring the
activity/efficacy to inform future studies.

Study Population
Key inclusion and exclusion criteria that were used for the patients described in this study have
been previously described.4 Of note, patients were required to have New York Heart
Association (NYHA) Class III/IV HF, a left ventricular ejection fraction (LVEF) ≤30%, a
maximal oxygen uptake (VO2 max) ≤16 mL·kg·min, an implantable cardiac defibrillator, and
be on stable (at least 30 days) optimal outpatient therapy for HF. Patient baseline characteristics
are provided in Table 1. For the first 3 cohorts in the Phase 1 portion of the study, 15 patients
were screened, of which 9 were enrolled and infused and 6 were screen failures. Of the 6 screen
failures, 2 failed VO2 max criterion; 2 had intravenous inotropes, vasodilators, or diuretics
within 30 days; 1 required percutaneous coronary intervention within 30 days; and 1 had
significant stenosis.

Product Source and Administration
AAV1/SERCA2a (tgABG12, MYDICAR) was manufactured by Targeted Genetics
Corporation (Seattle, WA). Antegrade epicardial coronary artery infusion (without any vessel
balloon occlusion) was chosen for the administration procedure in humans based on extensive
delivery optimization and safety studies in large animals (pigs and sheep). Because AAV
particle size is significantly smaller than adenovirus, 23 nm vs. 80 to 90 nm in diameter,
respectively, AAV viral particles pass through the vessel wall and perfuse the underlying tissue.

In CUPID, percutaneous intracoronary delivery was accomplished using standard catheters (5
Fr or 6 Fr guide or diagnostic) and infused using the MEDRAD Mark V ProVis angiographic
injection system, (Indianola, PA). Infusions occurred over a 10- minute period in a cardiac
catheterization laboratory after angiography. Dominance was defined for each patient by the
arterial system (left coronary, right coronary, or both) that gave rise to the posterior descending
artery. For purposes of this study, codominant circulation was infused as right dominant.
Standard catheter engagement technique with the coronary arteries was accomplished in the
usual fashion with angiographic confirmation of good coaxial position and secure intubation
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to assure forward infusion antegrade into the coronary circulation. Approximately 60% of the
general population are right dominant, 25% are co-dominant, and 15% are left dominant.
Multiple infusion scenarios were allowed based on coronary vessel collateralization patterns,
presence of occlusive disease, and anatomic variation, with the overall goal to provide diffuse,
homogenous myocardial exposure to the drug. Generally, this involves delivering two-thirds
of the dose to the anterolateral and one-third to the posterolateral myocardium, based on the
coronary anatomy. See Table 2 for details of infusion technique by patient, based on individual
anatomy.4 Administration of nitroglycerin was routinely performed at some sites as a
preventive measure against vasospasm and additional preclinical work in pigs has since
confirmed the enhanced uptake of AAV1/SERCA2a with nitroglycerin administration.
Nitroglycerin use has therefore been standardized in all patients in the Phase 2 portion of the
study. In the Phase 1 portion of the study various, doses of nitroglycerin were used before
AAV1/SERCA2a infusion in 5 of 9 patients, as shown in Table 2.

Evaluation of Study Endpoints
Safety monitoring was performed weekly for the first month, at weeks 5 and 6 and at months
2, 3, 6, 9, and 12. Enzyme-linked ImmunoSPOT (ELISPOT) assays for detecting cellular
immune responses to AAV1 capsid proteins were conducted at baseline; weeks 2 and 4; and
months 2, 3, and 9. After completion of the 12 months, patients receive a follow-up phone call
every 6 months for an additional 2 years to elicit information about hospitalizations, new
medical conditions, HF status, and long-term survival. Efficacy end points were assessed at
various intervals during study visits at months 1, 2, 3, 6, 9, and 12.

The following core laboratories were used for the Phase 1 portion of this study: clinical
chemistries were evaluated at Mayo Clinic; echocardiography was initially overread by
University of California, San Diego, Medical Center Echocardiography Core Laboratory and
subsequently by ICON Medical Imaging; cardio-pulmonary exercise testing was overread by
the Cardiopulmonary Exercise Core Laboratory New York-Presbyterian Hospital Columbia
University Medical Center; ELISPOT assays were performed by Cellular Technology Ltd,
Cleveland, OH; and clinical end points were adjudicated by the Clinical Endpoints Center and
Cardiac Imaging Core Lab at Brigham and Women’s Hospital, Boston, MA. The Data
Monitoring Committee was composed of 2 HF specialists, an interventionalist, an
immunologist, and a statistician.

Regarding measurement of therapeutic activity in early stages of clinical evaluation, there is
neither a consensus opinion nor a universally accepted methodology for determining what
constitutes clinically meaningful changes in HF studies. Most HF therapies are approved based
on outcome studies conducted in very large populations; however, these end points are not
feasible in early stages of clinical evaluation where much smaller populations are studied.
Therefore, similar to other therapeutic areas such as rheumatology, where composite endpoints
are used for drug evaluation (American College of Rheumatology Criteria), composite end
points that correlate with clinical outcomes in HF were used. The following efficacy/biological
activity parameters were measured: symptomatic (NYHA Classification and Minnesota Living
with Heart Failure Questionnaire [MLWHFQ]), functional (6-minute walk test [6MWT] and
VO2 max], biomarker (NT-proBNP) and LV function/remodeling (LVEF) and left ventricular
end-systolic volume [LVESV]). To evaluate potential biological response at an individual
level, results of large HF clinical trials were reviewed and expert opinions were collected.
Thresholds of clinically meaningful changes were established based on the magnitude of
changes associated with improvement or worsening in clinical outcomes (including mortality/
morbidity) and parameter variability as follows: a 1-class change in NYHA classification,25 a
10-point change in total MLWHFQ score,26–29 a 50-meter change in the 6MWT,25–30 a 1.5-
mL·kg·min change in VO2 max,25 a change in NT-proBNP of 35% or 300 pg/mL, whichever
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is greater,31–34 a change in LVESV of 20 mL or 10%, whichever is greater, and a change in
LVEF of at least 5% (absolute).35

Echocardiograms were performed both with and without a contrast agent to assess response to
therapy. For end point summarization, the selection of which echocardiogram to report was
prespecified and based on image quality over time, comparability with baseline, and
completeness. The data presented in Figures 1 and 2 are contrast-enhanced for 4 patients and
noncontrast-enhanced for 5 patients.

VO2 max is measured at baseline and at month 6 for all patients. Patient data available through
mid-September 2008 were evaluated for the purposes of this report, and at that time, 6-month
VO2 max results were not available for 3 patients. One patient required rescheduling because
of an asthma exacerbation during the month 6 visit and 2 other patients were no longer on study
at 6 months and therefore did not have the follow-up VO2 max measurement.

The study was approved by Institutional Review Boards and Institutional Biosafety
Committees at each site, and written informed consent was obtained from all patients enrolled.

The authors had full access to the data and take responsibility for its integrity. All authors have
read and agree to the manuscript as written.

Results
The results include data from the Phase 1 portion of this ongoing study for Cohorts 1 and 2
(12-month follow-up), and Cohort 3 (6-month follow-up).

Safety
Overall review of study safety assessments to date has been unremarkable. No significant
changes were noted after AAV1/SERCA2a administration in exams of major organ systems,
and no consistent clinically meaningful changes in blood pressure, heart rate, or body
temperature were observed. No trends or significant changes have been noted in blood
chemistries, electrolytes, or liver and kidney function tests. No clinically significant changes
or trends were noted in any components of the electrocardiogram including intervals, rhythm,
or QRS morphology. In the 9 patients reported here, 37 AEs have been reported, 81% of which
were mild or moderate in severity. The organ systems most frequently identified for these AEs
were general (7 events) and metabolic (5 events) with the remainder distributed across the other
organ systems. Adverse events are summarized in Table 3. SAEs were present in 5 of 9 of
patients. One of these SAEs occurred before infusion or cardiac catheterization. None of these
events was considered to be related to AAV1/SERCA2a. Events that were possibly related
included 1 event of orthopnea that was possibly from fluid overload associated with the cardiac
catheterization at the time of AAV1/SERCA2a administration, 2 events of increased fatigue,
1 of fever, and 1 of muscle spasms. In addition, events of influenza, nasopharyngitis, and herpes
zoster could not be ruled out as related to AAV1/SERCA2a, although it seems unlikely. Other
SAEs included hospitalizations for unstable angina and uncontrolled diabetes, administration
of intravenous medications after observation of poor hemodynamics during right heart
catheterization workup for transplant eligibility and decompensated HF.

ELISPOT assays were used to monitor for potential cellular immune responses to AAV1 capsid
proteins. There was a single event of a slight elevation above background in this assay at Weeks
4 and 6 in a patient in Cohort 3 (pt#1), which was temporally related to a concurrent viral
infection (flu). This patient’s ELISPOT results returned to baseline by month 2. This single
occurrence of an ELI-SPOT elevation above background (~90 spots/106 peripheral blood

JASKI et al. Page 5

J Card Fail. Author manuscript; available in PMC 2010 April 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



mononuclear cells) occurred without any clinical sequelae or elevations in clinical chemistry
parameters.

With more than 70 patient-months of follow-up, 8 of the 9 patients who received AAV1/
SERCA2a are alive at this reporting. Despite symptomatic improvement (NYHA Class III to
I/II), 1 patient with a history of cardiac arrest died of presumed sudden cardiac death 96 days
after administration (Cohort 2, pt#2). Based on this patient’s advanced HF status at baseline
(EF 16%; ESV 352 mL;VO2 max 10.2 mL·kg·min), lack of temporal relationship to study drug
administration (>3 months), and prior episode of cardiac arrest, the death was determined by
the investigator, in concurrence with the independent medical monitor and safety officer, to be
neither unexpected nor related to the investigational product. Based on the inclusion criteria
requirement, all patients enrolled, including this patient, had an implantable cardiac
defibrillator; however, because of circumstances surrounding the reporting of the death to the
investigator, the device was not able to be recovered for interrogation. Of 2 other patients, 1
failed to improve and received a transplant at month 8 (Cohort 1, pt#2), and the other continued
to worsen and received a mechanical support device at week 6 (Cohort 3, pt#3). Of note, these
last 2 patients had baseline NAb titers of 1:2. Quantitative polymerase chain reaction for AAV1/
SERCA2a vector sequences was performed on cardiac tissue obtained from these 2 NAb
positive patients during their open-chest procedures. Vector sequences were undetectable (limit
of detection <20 copies vector DNA/μg total DNA).

Activity/Efficacy End Points
Six-month follow-up data on activity end points for patients in Phase 1, Cohorts 1, 2, and 3
are shown in Table 4. Changes from baseline considered clinically meaningful (both
improvements and worsening) for this study (see Methods section) are in bold and underlined.
Of the 9 patients treated, several demonstrated improvements from baseline to month 6 across
efficacy/biological activity parameters important in HF, including symptomatic (5 patients),
functional (4 patients), biomarker (2 patients), and LV function/remodeling (5 patients). One
patient each showed clinically meaningful worsening in a functional parameter (VO2 max),
biomarker (NT-ProBNP), and LVESV.

Change from baseline to month 6 in ESV, EF, NYHA status classification, VO2 max, 6MWT,
NT-Pro BNP, and MLWHFQ are depicted graphically over time in Figures 1 through 7,
respectively. Changes in HF medications during the study are summarized by patient in Table
5.

Discussion
Despite pharmacological and device therapies, morbidity and mortality in HF is significant,
and hence investigation of new therapeutic platforms such as cell and gene therapies is
warranted. In this first in man study of gene transfer in HF, AAV1/SERCA2a appears to have
an acceptable safety profile, given the high expected morbidity and mortality in the HF study
population.34,36,37 These data are consistent with the safety profile established for other
recombinant AAV vectors, which has been established in clinical studies in more than 500
patients. The basic safety aspects of recombinant AAV are summarized as follows: (1) they
are derived from a nonreplicative and nonpathogenic human virus to which approximately 90%
of the human population has been previously exposed; (2) they do not integrate into the
chromosome, contain the regulatory elements needed to activate or modify expression of other
genes, or contain the protein machinery needed to cause host chromosomal DNA breaks for
integration; and, (3) as such, recombinant AAV vectors have been designated as nonintegrating
by the EMEA Expert Committee on Medicinal Products Gene Therapy Expert Committee38

and the Food and Drug Administration.39 In target cells, they exist as nonintegrated episomal
concatamers.40–42 In contrast, the history with adenoviral vectors demonstrates that they
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induce acute inflammation of infected tissues from activation of the innate immune system.
43 AAV vectors are not associated with significant inflammation experimentally or clinically.

Although promising, these new therapeutic modalities have unique pharmacological attributes
that need to be taken into consideration during early clinical investigation. For instance, after
administration of AAV1/SERCA2a, restoration of SERCA2a enzyme levels will not occur
immediately. Molecular studies with similar AAV1 vectors, especially with large transgenes
such as SERCA2a, suggest that expression may have an onset of expression in 1 to 2 weeks
with an initial peak around 1 month, followed by a brief decline, and eventually increase back
to the 1 month values over ensuing months.44 This initial burst of expression around 1 month
may be due to the generation of transcriptionally active but unstable, short-lived linear double-
stranded DNA intermediates formed from the annealing of single-stranded AAV vector
genomes of opposite polarity, followed by gradually increasing stable expression from circular
concatameric, double-stranded AAV genomes.45 In the CUPID study, a pattern of change in
EF from baseline in several patients resembles the kinetics of expression from other AAV-
based therapeutics (Fig. 1).44 Regarding the expected longevity of expression, in the absence
of cellular immune responses to the viral capsid proteins, transgene expression from AAV-
based therapeutics after intramuscular administration in humans has been documented for >4
years.46

For all viral-based therapeutics, the presence of preexisting NAbs against the viral capsid
proteins can block entry of the investigational agents into their target cells, and for agents
administered through the vasculature, NAb status is an important consideration during patient
selection.22–24 Based on preclinical studies with AAV1/SERCA2a, a pre-screening protocol
was performed, and only patients with either low level or nonexistent NAbs (titer 1:2 or <1:2,
respectively) were further screened and enrolled in the CUPID trial. After evaluation of the
first 9 patients, a potential difference in HF progression was observed between patients with
and without preexisting NAbs. Of the 2 NAb-positive patients (titer 1:2), 1 failed to improve
and received a transplant at month 8, and the other continued to worsen and received a
mechanical assist device at week 6. Further, in these 2 patients, AAV1/SERCA2a vector
sequences were undetectable by qualitative polymerase chain reaction. Although these results
as well as preclinical studies22–24 are suggestive of a neutralization effect of AAV1/SERCA2a
by preexisting NAbs, the data are too preliminary to draw any conclusions. However, for the
Phase 2 portion of the study, the protocol was modified to exclude all NAb positive patients.
In the United States, ~60% of the HF population has qualifying NAb titers <1:2. If safety and
efficacy of this therapy is established, future studies may employ methods such as
plasmapheresis to reduce the impact of preexisting NAbs.

Some patients received intracoronary nitroglycerin prior to AAV1/SERCA2a infusion. Recent
studies in minipigs demonstrate that prior intracoronary administration of nitroglycerin
enhances delivery of AAV1/SERCA2a to regions of the myocardium furthest away from the
infusion site (Krisztina Zsebo, PhD, Roger Hajjar, MD; unpublished data, 2008). Based on
these results and findings that nitric oxide donors enhance myocardial viral entry,47 the protocol
was modified to standardize bolus intracoronary nitroglycerin administration before AAV1/
SERCA2a infusion.

Although this is a small Phase 1 open label dose escalation study, a number of end points that
correlate with survival and hospitalizations in other HF clinical trials have been followed.24–
34 Some improvement in these parameters was observed in all NAb-negative patients (7
patients), including symptomatic improvement (1 to 2 NYHA Class change) in the patient who
died of presumed sudden cardiac death more than 3 months after administration. The threshold
criteria for the study, summarized in the Methods section, include improvement in several
parameters including symptomatic (NYHA and MLWHFQ, 5 patients), functional (6MWT
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and VO2 max, 4 patients), biomarker (NT-ProBNP, 2 patients), and LV function/remodeling
(EF and ESV, 5 patients). A subset of patients (4 of 6 NAb negative patients) with 6-month
data available showed improvement in VO2 max in the range of 1.7 to 5.9 mL·kg·min, with a
median improvement of 1.9 mL·kg·min for all 6 patients (Fig. 4). VO2 max provides an indirect
measure of cardiac reserve and in contrast to standard inotropic agents, an improvement after
increase in SERCA2a activity may be predicted based on the mechano-energetic state of the
heart.20 The differences can potentially be explained by the fact that the processes of excitation-
contraction coupling and mitochondrial energetics are highly interrelated, and defects in
excitation-contraction coupling directly translate into defects in mitochondrial energetics.48 In
HF, energy reserves in the form of phosphocreatine are depleted from a deficiency of creatine
kinase, whereas energy consumption is inefficient. In contrast to conventional inotropic agents
that result in further energy wasting, increasing SERCA2a activity normalizes excitation-
contraction coupling, restores energy reserves, and normalizes the oxygen cost of mechanical
energy.20

Evaluation of biological activity end points in the Phase 1 portion of this trial has not furthered
an understanding of dose response characteristics of AAV1/SERCA2a; however, the number
of patients in each cohort is small, and prior administration of nitroglycerin and baseline NAbs
varied within each dose cohort and may have contributed to variable levels of vector uptake
within the myocardium. Moving forward in Phase 2, these parameters have been standardized
(all patients will receive nitroglycerin administration prior to AAV1/SERCA2a infusion and
patients with baseline NAbs are excluded). Treatment success will be evaluated based on
safety, as well as trends in between-group and within individual patient comparisons for the
prespecified efficacy/biological activity domains described here, as well as clinical outcome.

Conclusions
Early results of the Phase 1 open label portion of this first-in-human study of AAV1/SERCA2a
in advanced HF showed no unexpected safety concerns. Biological activity was assessed across
independent parameters important in evaluation of HF status. Although the number of patients
in each cohort was small, quantitative evidence of biological activity could be detected in
individual patients without preexisting NAbs. Further clinical evaluation is therefore
warranted.
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Fig. 1.
Absolute change from baseline in ejection fraction over time.
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Fig. 2.
Change from baseline in end systolic volume over time.
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Fig. 3.
Change from baseline in New York Heart Association (NYHA) Class over time.
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Fig. 4.
Change from baseline to month 6 in maximal oxygen uptake (VO2 max).

JASKI et al. Page 15

J Card Fail. Author manuscript; available in PMC 2010 April 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig. 5.
Change from baseline in 6-minute walk test over time.
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Fig. 6.
Percent change from baseline in NT-Pro BNP over time.
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Fig. 7.
Change from baseline in Minnesota Living with Heart Failure Questionnaire (MLWHFQ) total
score over time.
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Table 1
Patient Screening/Baseline Characteristics

Cohort 1
1.4 × 1011 DRP

n = 3

Cohort 2
6 × 1011 DRP

n = 3

Cohort 3
3 × 1012 DRP

n = 3
Total
n = 9

Demographics

Age, y, mean (SD) 53 (7.0) 55 (4.6) 47.7 (9.0) 51.9 (7.0)

Male, n 3 2 2 7

Race, n

 Caucasian 3 3 1 7

 African American 0 0 2 2

NYHA status, number (%)

NYHA Class 3 (100) 3 (100) 3 (100) 3 (100)

Cardiac, mean (SD)

MLWHFQ (points) 46.0 (31.8) 46.3 (20.5) 40.7 (20.2) 44.3 (21.6)

6-min walk (meters) 376.7 (29.3) 421.7 (129.3) 386.3 (115.2) 394.9 (90.2)

VO2 max (mL ·kg·min) 14.6 (2.5) 13.0 (2.8) 14.9 (2.9) 14.2 (2.5)

LVESV (mL) 213.3 (44.9) 252.0 (86.6) 210.7 (47.4) 225.3 (57.8)

LVEF (%) 24.3 (6.0) 20.3 (4.5) 22 (3.6) 22.2 (4.5)

NT-Pro BNP (pg/mL) 1857 (1369) 3084 (1954) 10644 (17373) 5195 (9688)

Medical history, number

Coronary artery disease 2 1 1 4

Diabetes mellitus 1 0 2 3

Hypertension 1 0 2 3

Previous MI 2 1 1 4

Physical findings, mean (SD)

Systolic blood pressure (mm
Hg)

105.3 (20) 98.0 (5.3) 105.3 (4.2) 102.9 (11.2)

Diastolic blood pressure (mm
Hg)

69.3 (1.2) 68.3 (10.4) 79.0 (1.7) 72.2 (7.4)

Body weight (kg) 94.0 (17.7) 85.0 (13.6) 94.7 (21.1) 91.2 (16.0)

DRP, DNase resistant particles; NYHA, New York Heart Association; MLWHFQ, Minnesota Living with Heart Failure Questionnaire; VO2 max, maximal
oxygen uptake; LVESV, left ventricular end-systolic volume; LVEF, left ventricular ejection fraction; MI, myocardial infarction.
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Table 5
Change in Heart Failure Medications On-Study by Patient

Cohort/Patient ID Change

Cohort 2/Pt# 1 β-blocker decreased at week 4

Cohort 2/Pt# 2 Diuretic increased on day 2

Cohort 2/Pt# 3 β-blocker decreased at week 6; diuretic decreased (week 7), increased (month 3) and then returned to baseline
regimen (month 6)

Cohort 3/Pt# 1 Diuretic decreased at week 2; aldosterone antagonist decreased at week 4

Cohort 3/Pt# 2 Diuretic decreased at week 5 and again at week 6

Cohort 3/Pt# 3 Diuretics increased at week 2; other antihypertensive agent added at week 5; β-blocker decreased at week 3
and then increased to baseline dose over the weeks before early termination; angiotensin-converting enzyme

inhibitor switched at week 4

The 3 patients in Cohort 1 had no changes in HF medications.
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