








volume, at 18�39 mL for the placebo group versus �10�28
mL for the high-dose group (P�0.057). LVEF did not
increase appreciably in any group but numerically was
reduced to a greater extent in the placebo versus the high-dose
group (�2.1�7% for the placebo group versus �0.7�4% for
the high-dose group; P�0.17). Both LV end-systolic volume
and LVEF met the criteria for success in this domain in the
group-level analysis. LV end-diastolic volume, a secondary
prospectively defined end point, also improved significantly
in high-dose versus placebo groups (16�29 mL for the placebo
group versus �15�28 mL for the high-dose group; P�0.011).
The prespecified criterion for success was met in the individual-

level analysis for the AAV1/SERCA2a high-dose group (but not
the mid- and low-dose groups). In the placebo group, patients’
mean individual efficacy score deteriorated by �1.2�3.0 points,
whereas in high-dose patients, mean score improved by 1.1�2.0
points (P�0.052, meeting the criteria for success in the
individual-level analysis, P�0.2).

In the fifth efficacy domain, outcome end point, time to
event (death, ventricular assist device placement, or heart
transplantation) analysis was numerically in favor of AAV1/
SERCA2a. There were 2 events in the placebo group (ven-
tricular assist device placement and death), 1 event in the
mid-dose group (heart transplantation), and no events in

Table 2. Summary Group-Level Analysis Change From Baseline to Month 6 (Primary End Point)

Efficacy Domain
End Points

Placebo

AAV1/SERCA2a Low AAV1/SERCA2a Mid AAV1/SERCA2a High Domain
Success
Criteria
Met?*n Mean (SD) n Mean (SD)

P vs
Placebo n Mean (SD)

P vs
Placebo n Mean (SD)

P vs
Placebo

Symptomatic Yes (low)

NYHA class,
	†�1

14 �0.2 (0.70) 8 �0.8 (0.71)‡ 0.101‡ 8 �0.8 (0.89)‡ 0.132‡ 9 �0.6 (0.73) 0.273

MLWHFQ,
	�10

14 3.4 (36.00) 8 �7.6 (20.99) 0.709 8 7.9 (27.28) 0.798 9 �10.3 (12.21) 0.208

Functional Yes (low,
high)

6-Minute walk
test, m,
	�50

14 �86.6 (164.30)§ 8 13.0 (61.40)‡ 0.137‡ 8 �59.5 (213.64)§ 0.749 9 1.0 (99.69)‡ 0.181‡

Peak V̇O2,
mL/kg per
minute,
	�1.5

13 �2.10 (4.462)§ 8 �0.73 (4.88) 0.530 8 �1.07 (5.076) 0.633 9 �0.43 (0.802) 0.342

Biomarker No

NT-proBNP,
pg/mL, 	�
maximum
(300, 35%)

Absolute 14 5540.0 (11 873.46)§ 8 694.1 (1444.94)§ 0.628 8 2073.1 (4224.22)§ 0.509 8 �13.5 (928.48) 0.372

Percentage 14 198.5 (455.11)§ 8 52.4 (112.15)§ 0.300 8 119.2 (313.78)§ 0.619 8 12.4 (47.83) 0.220

LV function/
remodeling

Yes
(high)

End-systolic
volume, mL,
	�maximum
(20 mL, 10%)

Absolute 14 18.2 (39.45)§ 8 0.4 (26.16) 0.286 8 10.5 (45.91) 0.964 9 �9.6 (27.55)‡ 0.057‡

Percentage 14 10.7 (20.01)§ 8 2.1 (11.34) 0.285 8 10.7 (20.05)§ 0.749 9 �4.0 (13.76)‡ 0.029‡

Ejection
fraction, %,
	�3

14 �2.1 (6.90) 8 0.0 (1.87) 0.248 8 �1.5 (6.35) 0.446 9 �0.7 (3.76)‡ 0.174‡

AAV1/SERCA2a indicates adeno-associated virus type 1/sarcoplasmic reticulum Ca2�-ATPase; NYHA, New York Heart Association; MLWHFQ, Minnesota Living With
Heart Failure Questionnaire; V̇O2max, peak maximum oxygen consumption; NT-proBNP, N-terminal prohormone brain natriuretic peptide; and LV, left ventricular.
Low�6�1011 DNase-resistant particles; Mid�3�1012 DNase-resistant particles; High�1�1013 DNase-resistant particles AAV1/SERCA2a.

*Domain Success Criteria Met: “Yes” identifies a domain for which success criteria are met (criteria: within a domain, active group compared with placebo shows
improvement, P�0.2; another end point within this domain shows numerical superiority to placebo). Success in the group level analysis is achieved if there are at
least 2 domains in which success criteria are met and there is no clinically significant worsening on AAV1/SERCA2a in any domain. P values are based on ANCOVA
models with change from baseline as the dependent variables and baseline and treatment group as the independent variables.

†	�Prespecified threshold for clinically significant difference.
‡Improvement of P�0.2.
§Clinically significant worsening.
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the low- or high-dose groups. There was a reduction in the
duration of cardiovascular hospitalizations in AAV1/
SERCA2a versus placebo (2.1�2.9 days in the placebo group
versus 0.2�0.7 days in the high-dose group; P�0.08, meet-
ing the criteria for success for the Outcome End point,
P�0.2). All beneficial effects of AAV1/SERCA2a versus
placebo were further confirmed throughout 12 months of
follow-up (Figure 2A through 2F).

An additional predefined analysis, time to multiple clinical
events over time, is depicted in Figure 3. Cardiovascular
events in AAV1/SERCA2a-treated patients were either de-
layed or had a substantially reduced frequency or both. Of
note, the 1 high-dose patient who received a transplantation
had a low level of neutralizing antibody at baseline despite
qualifying for the trial on this parameter during screening.

Recurrent clinical events in the low- and mid-dose groups
were delayed versus placebo but have similar overall rates at
12 months. In contrast, the recurrent events in the high-dose
group were both delayed and had a lower frequency than
those in the placebo group at all time points. The hazard ratios
and respective confidence intervals at 12 months versus
placebo for recurrent clinical events adjusted for correlated

terminal events (LV assist device, transplantation, death) are
0.40 (0.13 to 1.21) (P�0.11), 0.44 (0.16 to 1.24) (P�0.12),
and 0.12 (0.03 to 0.49) (P�0.003), representing risk reduc-
tions of 60%, 56%, and 88% for these important events with
low-, mid-, and high-dose AAV1/SERCA2a, respectively.

Thus, the 6-month primary end point was achieved in all 3
of the prespecified analyses for the AAV1/SERCA2a high-
dose group, including the individual-level analysis, the
group-level analysis (in functional and LV function/remod-
eling domains), and the outcome end point (duration of
cardiovascular hospitalizations). On the basis of a permuta-
tion test, the probability of achieving success on the basis of
the predefined requirements for all of the study primary end
point success criteria by chance alone was 2.7%. However,
the study results exceeded the predefined primary end
point success criteria. On the basis of the actual study
results, the probability of achieving the observed results
for the high-dose group versus the placebo group by
chance alone was �0.1%.

AAV1/SERCA2a Safety
AAV1/SERCA2a was well tolerated, and there were no
untoward effects that could be attributed to AAV1/SERCA2a

Figure 2. Effect of adeno-associated virus type 1/sarcoplasmic reticulum Ca2�-ATPase on left ventricular function/remodeling, func-
tional, and biomarker domains. All comparisons are mean (SE) in an intent-to-treat population from baseline to respective time point,
which is indicated in months. A, Change in left ventricular ejection fraction (LVEF). B, Change in left ventricular end-systolic volume
(LVESV). C, Change in left ventricular end-diastolic volume (LVESD). D, Change in the 6-minute walk test. E, Change in peak maximum
oxygen consumption (V̇O2max). F, Change in N-terminal prohormone brain natriuretic peptide (NT-proBNP).
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infusion. As of April 8, 2011, there were a total of 8 deaths in
the trial, as detailed in the online-only Data Supplement;
briefly, 4 occurred in the placebo group, 3 in the low-dose
group, 1 in the mid-dose group, and 0 in the high-dose group.

The incidence of both serious adverse events and nonseri-
ous adverse events was inversely related to AAV1/SERCA2a
dose, with the lowest incidence occurring in the high-dose
patients and the highest incidence occurring in the placebo
patients. Detailed patient safety data are presented in the
online-only Data Supplement.

Discussion
In this small phase 2 study of 39 patients with advanced heart
failure who were treated with a viral vector delivering the
SERCA2a gene, we report a clinical signal of presumed
enhanced biological activity of SERCA2a, as measured by
several domains of efficacy, including a decrease in symp-
toms of heart failure, augmented functional status, a decrease
in natriuretic peptide levels, and beneficial reverse remodel-
ing of the LV. The high-dose group met the prospectively
defined end points at the patient and group levels for
improvement in abnormalities associated with advanced heart
failure. There was no appreciable change in EF; however,
both LV end-systolic volume and LV end-diastolic volume
were substantially improved at 6 months after infusion in the
high-dose group compared with placebo (LV end-systolic
volume: �18 versus �10 mL, P�0.057; LV end-diastolic

volume: �16 versus �15 mL, P�0.011, for placebo and
high-dose groups, respectively). These improvements were
concordant with delayed/reduced adjudicated clinical events
in all 3 AAV1/SERCA2a groups. However, because EF is
calculated on the basis of direct echocardiographically de-
rived volume measurements, both limited sample size and
compounded measurement errors for LV end-systolic volume
and LV end-diastolic volume may have contributed to less
accurate EF estimates. Improvement of EF estimates may be
achieved in a larger clinical trial.

The impact of AAV1/SERCA2a on prevention of clinical
outcomes is perhaps the most important finding from this
study and will serve as the basis for the primary end point for
confirmation of results of this small study in future trials.
These prespecified clinical outcomes reached a statistically
significant level in this group versus placebo at 12 months
(P�0.003). The decline in functional status in patients with
cardiovascular clinical events (treatment failures) is amplified
in the primary analysis because if follow-up data were
missing after treatment failures, the values were imputed with
the worst change observed in the study (detailed in the
online-only Data Supplement). A blinded Morbidity and
Mortality Committee reviewed and determined the causality
of clinical outcomes including all-cause mortality, hospital-
ization for progression of heart failure, intravenous positive
inotrope, vasodilator, diuretics, and/or peripheral ultrafiltra-
tion administered for symptoms of heart failure.

Figure 3. Multiple cardiovascular events at 12 months. This figure represents the clinical course of a patient starting from the date of
infusion of adeno-associated virus type 1(AAV1)/sarcoplasmic reticulum Ca2�-ATPase or placebo. Clinical events are depicted by sym-
bols, and events occurring after 12 months are indicated by a hash sign (//). Each line represents a single patient whose cumulative
follow-up of the active observation period plus long-term follow-up is depicted. An asterisk at the beginning of a line represents a
patient with anti-AAV1 neutralizing antibody titer that was �1:2 during screening but �1:2 at baseline. WHF indicates worsening heart
failure; MI, myocardial infarction; LVAD, left ventricular assist device; and NAb�, positive for anti-AAV1 neutralizing antibody at baseline.
The hazard ratios were calculated with a joint frailty model (see online-only Data Supplement for details). The hazard ratios and respec-
tive confidence intervals at 12 months versus placebo for recurrent clinical events adjusted for correlated terminal events (left ventricu-
lar assist device, transplantation, death) are 0.40 (0.13 to 1.21) (P�0.11), 0.44 (0.16 to 1.24) (P�0.12), and 0.12 (0.03 to 0.49) (P�0.003)
for low-dose (n�8), mid-dose (n�8), and high-dose (n�9) AAV1/sarcoplasmic reticulum Ca2�-ATPase, respectively (with n�14 in the
placebo group).
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In this small study, the concordant positive signal across
the 5 domains is supportive of the contention that adminis-
tration of AAV1/SERCA2a induced meaningful biological
activity. The results of the permutation analysis suggest that
the multiple beneficial effects seen in the present study are
unlikely to be the result of chance alone. We believe that
these results form the basis for advancement of AAV1/
SERCA2a into larger pivotal trials.

In this trial, we examined the effects of correcting the
enzymatic deficiency in myocardial SERCA2a levels in
advanced heart failure patients via SERCA2a gene transfer
using an AAV1 vector administered by a simple intracoro-
nary infusion. Despite the fact that other AAV serotypes
appear to be more cardiac specific31,32 in rodent studies,
AAV1 is ideally suited for cardiac delivery. First, the cardiac
tropism of serotypes such as AAV9 noted in rodents does not
translate in large-animal studies (R.J. Hajjar, MD, written
communication, 2009). Second, AAV1 does not bind heparin
sulfate,33 which has many relevant consequences, including
the following: (1) Allowing passage of AAV1/SERCA2a
freely through the interstitial space34 is important for perfu-
sion of the interior portions of the myocardium; (2) lacking
the heparin sulfate binding domain avoids binding to den-
dritic cells and activation of capsid-specific T cells;35 and (3)
lack of heparin sulfate binding also avoids the liver tropism of
AAV serotypes such as AAV6.33

The administration method used here was found in the
phase 1 trial to be safe and potentially effective.20,21 The
safety data from this phase 2 trial support the earlier findings
and demonstrate that previous concerns with gene therapy
agents were not substantiated by the limited results from this
study. It can be argued that we did not observe a clear dose
response to the gene therapy. There are a number of potential
reasons for this. Most importantly, AAV (like many macro-
molecules) exhibits cooperative binding (ie, affinity for its
ligands changes with the amount of ligands already bound).
This results in a steep dose-response curve and/or a threshold
effect. In addition, the somewhat transient (6-month) benefit
observed on clinical outcomes in the mid- and low-dose
groups may be explained by transient effects of SERCA2a
overexpression in coronary endothelial cells18 at the blood
interface, which may have a lower-dose threshold for trans-
duction than deep myocardium. Improvement in coronary
flow and vascular reactivity as a result of SERCA2a overex-
pression may have profound beneficial effects on a heart
failure patient’s cardiac and physical function.18 This effect is
expected to be transient because these vascular cells turn
over, whereas cardiomyocytes do not. Most patients treated
with AAV vectors develop a humoral immune response
against the capsid proteins that has no apparent clinical
sequelae other than as it relates to initial treatment and
potential readministration. More importantly, we did not see
evidence of a cellular immune response to the viral vector (by
enzyme-linked ImmunoSPOT [ELISPOT] assay; see the
online-only Data Supplement). On the basis of the prescreen-
ing of �500 patients, we would expect �50% of the systolic
heart failure population to be ineligible for this potential
therapy because of the presence of cross-reacting neutralizing
antibodies to the viral vector capsid. We did not study viral

shedding, but, on the basis of other AAV human trials,
infectious viral particle shedding is expected to last �1
week.36

Limitations
The CUPID trial consisted of only 39 patients and is limited
with respect to our ability to conclusively prove that the
delivered gene was responsible for the observed clinical
effects. We were obligated to analyze the data of these 39
patients in an established but complex manner so that signals
of biological activity could be detected. We sought to
mitigate the small numbers of study patients by using core
laboratories (see the online-only Data Supplement) and to use
objective measures of efficacy including V̇O2max, biomark-
ers, and standardized quality-of-life questionnaires. Never-
theless, we recognize that the efficacy analysis used in this
study is only recently becoming familiar to the heart failure
community. Because this was a small study, larger confirma-
tory trials will need to be conducted to adequately assess the
potential for this therapy in treating advanced heart failure.

Conclusions
In the CUPID trial, intracoronary administration of high-dose
AAV1/SERCA2a to patients with advanced heart failure has
shown concordant numeric trends toward clinically signifi-
cant improvements in patients’ symptoms and functional
capacity, as well as a significant reduction of clinical events
and hospitalization times. This was supported by reduction in
N-terminal prohormone brain natriuretic peptide and im-
provement of cardiac structure. The study met its prespecified
primary end point at both the group and patient levels, as well
as in clinical outcomes.

Although there have been steady gains in the overall
survival of patients with heart failure, few new approaches
have reached the threshold of improving clinical outcomes in
this population over the past decade, and there remains a need
to explore novel therapeutic approaches. The results from the
CUPID trial offer new hope for further advancing the
treatment of chronic heart failure on the basis of a novel
strategy of targeting SERCA2a.
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CLINICAL PERSPECTIVE
The Calcium Upregulation by Percutaneous Administration of Gene Therapy in Cardiac Disease (CUPID) phase 2
randomized, double-blind trial evaluated adeno-associated virus type 1 (AAV1)/sarcoplasmic reticulum Ca2�-ATPase
(SERCA2a) versus placebo in 39 patients. A deficiency in SERCA2a has been identified in cardiomyocytes from failing
human hearts. AAV1/SERCA2a is a viral vector delivering the deficient SERCA2a gene by intracoronary infusion into
patients with advanced heart failure. AAV1/SERCA2a in this study population demonstrated no untoward safety findings;
there appeared to be fewer cardiovascular adverse events in the high-dose group compared with placebo. The study met
the prospectively defined efficacy end points comprising 7 different parameters in 5 clinically relevant domains. All 3
predefined analyses were met at the individual-level, group-level (in functional and left ventricular function/remodeling
domains), and clinical outcomes (duration of cardiovascular hospitalizations). High-dose AAV1/SERCA2a compared with
placebo also demonstrated significantly delayed and reduced frequency of adverse cardiovascular events per patient,
reaching statistical significance at 12 months (P�0.003). The positive signals across 5 domains support the contention that
high-dose AAV1/SERCA2a induced meaningful biological activity. Results from this small study indicate a decrease in
symptoms of heart failure, augmented functional status, a decrease in natriuretic peptide levels, beneficial ventricular
reverse remodeling, and a significant increase in time to and decreased frequency of adjudicated cardiovascular events in
the high-dose group versus placebo. The totality of the data, limited by the small study size, strongly supports moving
forward with confirmatory clinical studies of AAV1/SERCA2a for patients with severe heart failure. This CUPID trial
represents a new approach to the treatment of heart failure with enzyme replacement via gene therapy.
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SUPPLEMENTAL MATERIAL 

SUPPLEMENTAL METHODS  

ADDITIONAL STATISTICAL METHODS, SENSITIVITY ANALYSES AND RESULTS 

Statistical Methods:  

Safety was evaluated by the incidence and severity of all adverse events as well as serious 

adverse events, including fatal cardiovascular events, worsening heart failure, myocardial 

infarction, or heart failure-related hospitalization. Worsening heart failure was defined as signs 

and symptoms of heart failure requiring either hospitalization or treatment with intravenous 

diuretics, vasodilators or positive inotropes; mechanical fluid removal; or intra-aortic balloon 

pump. All statistical tests were two-sided. 

 Efficacy in the CUPID study utilized an approach in which concordant changes across 

multiple endpoints were required. The primary endpoint success criteria in this trial consisted of 

four efficacy domains, as well as a fifth domain that examined clinical outcomes. Each domain 

included endpoints typically used to assess interventions in heart failure trials, with prospectively 

defined, clinically meaningful thresholds for change. The efficacy domains were: 

1. Symptomatic  

New York Heart Association (NYHA) classification; Minnesota Living with Heart Failure® 

Questionnaire (MLWHFQ) 

2. Functional  

Distance walked during the 6-Minute-Walk test; maximal oxygen consumption assessed by 

cardiopulmonary exercise testing (exercise VO2 max) 
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3. Biomarker  

N-terminal prohormone brain natriuretic peptide (NT-proBNP) 

4. LV function / remodeling  

Echocardiographically derived Left Ventricular Ejection Fraction (LVEF) and Left 

Ventricular End Systolic Volume (LVESV) 

5. Clinical Outcome  

Time-to-death, or left ventricular assist (LVAD) device or heart transplant analysis was based 

on the Kaplan-Meier approach. If the difference between a treatment group and placebo is not 

statistically significant at the 0.2 significance level OR the difference between respective 

median time to event was within 45 days, mean number of days in the hospital for 

cardiovascular hospitalizations was compared between the treatment group and placebo at the 

0.2 significance level using the analysis of variance model. If the above Kaplan-Meier 

analysis demonstrated superiority of a treatment group to placebo at the 0.2 significance 

level, mean number of days in the hospital was analyzed as a secondary endpoint. 

Clinically meaningful thresholds1, 2 were prospectively defined for Group Level Analysis as:  

NYHA classification, mean change from baseline >0; MLWHFQ, change of 10 points on total 

score; 6-Minute-Walk test, change of 50 meters; exercise VO2 max, change of 1.5 mL/kg/min; 

NT-proBNP, the greater of change of 35% or 300 pg/mL; LVEF, change of 3% (absolute); 

LVESV, the greater of change of 20 mL or 10%. For Individual Level Analysis, all thresholds for 

clinically meaningful changes1, 2 were as above except for LVEF and NYHA class; improvement 

was defined as a change of 5% (absolute) and one NYHA class, respectively.2 
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Additional Prospectively Defined Analyses 

Time-to-multiple clinical events (worsening heart failure, myocardial infarction, heart failure 

hospitalization, cardiovascular death, LVAD and heart transplant) with overlapping events 

counted once, was compared between treatment groups at 12 months using the Joint Frailty 

Model. 

In clinical trials in general and the CUPID trial in particular, the unbiased assessment of a 

therapy impact on recurrent clinical events is confounded by the competing risk of terminal 

events such as death, LVAD, or heart transplantation and differential follow-up times between 

treatment groups. To overcome this challenge, a novel semi-parametric analysis that accounts for 

recurrent clinical events, unequal follow-up times between treatment groups, and terminal events 

(death, LVAD, heart transplant) as a competing risk has been applied to the CUPID trial data. A 

similar approach based on the Ghosh-Lin model3 was used to analyze recurrent hospitalizations 

confounded by death in the COMPANION trial.4 However, as stated in the COMPANION 

article, “The limitation of this methodology is that it does not provide a quantified measure of 

comparison between treatment groups (e.g., hazard ratio), yet it provides a log-rank P value 

comparing the hospitalization rates between groups.”4 The Joint Frailty Model utilized in the 

analysis of the CUPID data is free of this limitation. 

The Joint Frailty Model: 

 provides a quantified measure of comparison between treatment groups (hazard ratio), 

taking into account risk of recurrent clinical events confounded by competing risk of 

terminal events; 
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 takes into account the differences in follow-up times due to terminal events and their 

impact on recurrent event rates:  the more terminal events that happen relatively early, 

the shorter the follow-up time and the lower likelihood of recurrent clinical events; 

 accounts for the impact of random between-patient differences on risk of both 

terminal and recurrent clinical events;  

 takes into account and quantifies the substantially increased risk of terminal events 

(LVAD, transplant, CV death) due to recurrent clinical events, such as repeated HF 

hospitalizations; and 

 takes into account the possibility of a differential treatment effect for recurrent and 

terminal events—risks of recurrent and terminal events are jointly estimated 

preventing possible bias due to independent analyses of related processes. 

In computations of the hazard ratio, the respective confidence interval and p-value are 

unstable with a single event of worsening heart failure at day 0 in the high-dose group; therefore, 

day 1 was used instead of day 0 for timing of this event. This type of analysis has also been used 

in trials to account for multiple events such as tumor occurrence.5 Days with/or a transplant, 

LVAD, hospitalization, or not alive was compared between treatment groups and placebo using 

analysis of variance model.  

Primary End-point Analysis Method 

The phase 2 primary endpoint success criteria is detailed below, and was prospectively 

defined as achieving efficacy in the intent to treat analysis in either the 1) Group Level Analysis, 

or the 2) Individual Level Analysis, or the 3) Outcome endpoints:  Time-to-Death (or LVAD or 

heart transplant) analysis was based on the Kaplan-Meier approach with AAV1/SERCA2a better 

than placebo (p<0.2). If the Kaplan Meier analysis was in favor of AAV1/SERCA2a but p>0.2, 
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then the mean duration of cardiovascular hospitalizations on AAV1/SERCA2a was considered 

less than that on placebo (p<0.2).  

In addition, efficacy in one of the above analyses had to be associated with at least a 

positive trend in the other two analyses (defined as a numerical superiority for point estimates 

comparing AAV1/SERCA2a treated patients against placebo). The requirement for concordant 

improvement (trends) in all efficacy parameters and no clinically significant worsening in the any 

of the parameters, along with the requirement of at least a directional agreement of all three 

analyses above, drives the low probability of a chance-only outcome in this statistical method. 

 Data imputations were as follows:  if a Month 6 observation was missing for alive 

patients with no transplant or LVAD and for patient terminated for non-cardiovascular events, 

the Last Observation Carried Forward method is used. However, if the Month 6 observation was 

missing for a patient who terminated for an adjudicated cardiovascular event or was too sick for 

the assessment, then the greater of either the worst change from baseline on study or the 

predefined threshold for clinical significant worsening was used. There were a total of two 

imputations in the placebo group, and none in the high-dose group. In the per protocol analysis 

(where no data imputations were performed), all trends observed for the intent-to-treat analyses 

were confirmed. 

1. Group Level Analysis:  The comparisons of mean change from Baseline to 6 months 

between AAV1/SERCA2a treatment groups and the placebo group were performed for 

each parameter using analysis of variance model. Treatment success for this endpoint 

required improvement in two or more of the four efficacy domains (excluding the clinical 

outcomes domain) at p<0.2 for AAV1/SERCA2a versus placebo for at least one 
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parameter within the domain, with no clinically significant worsening and numerical 

superiority versus placebo in all other endpoints.  

2. Individual Level Analysis:  Clinically meaningful thresholds for each parameter are 

defined above. The numeric efficacy scores were calculated based on the number of 

parameters with clinically significant changes to 6 months; these scores were assigned to 

each parameter within the 4 efficacy domains for each patient: 

 +1 – patient improved on a parameter from baseline to month 6 and the magnitude of 

improvement was greater or equal to the clinically meaningful threshold. 

 -1 – patient worsened on a parameter from baseline to month 6 and the magnitude of 

worsening was greater or equal to the clinically meaningful threshold. 

 0 – changes in a parameter were within the clinically meaningful threshold. 

 For each patient, the total numeric efficacy score was calculated as a sum of scores for all 

parameters within the four efficacy domains (NYHA class, MLWHFQ, 6-Minute-Walk 

test, VO2 max, NT-proBNP, LVEF and LVESV). The range of possible scores for each 

patient was +7 to -7. The mean total efficacy score was calculated for each treatment 

group and placebo. The comparisons of mean total efficacy score at 6 months between 

each treatment group and placebo group was performed. The primary endpoint required 

superiority with statistical significance at the 0.2 level (2-sided). 

3. Outcome Endpoint: Time-to-death (LVAD implantation or heart transplant) was 

analyzed using the Kaplan-Meier approach. If the difference between a treatment group 

and placebo was not statistically significant at the 0.2 significance level, or the difference 

between respective median times to event was within 45 days, then the mean number of 
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days of heart failure-related hospitalizations was compared between treatment groups and 

placebo. The primary endpoint required superiority at the 0.2 significance level.  

If the endpoint of the study was achieved, a permutation test was to be performed in order 

to estimate the study false-positive rate. This was defined as the probability that differences 

between the successful dose(s) of AAV1/SERCA2a and placebo were observed by chance alone. 

Permutation testing was performed under the hypothesis that no difference exists between 

AAV1/SERCA2a and placebo. Randomly simulated allocations of patients to AAV1/SERCA2a 

and placebo were repeated 1000 times and positive outcomes (pre-defined study successes) were 

counted.  

ADDITIONAL STUDY INFORMATION:  RANDOMIZATION AND TREATMENT ALLOCATION, CORE 

LABORATORIES AND STUDY INVESTIGATORS 

Randomization and Treatment Allocation 

 Using a centralized unstratified randomization, patients were initially randomized in a 

double-blind, parallel fashion in a ratio of 8:8:9 to low-dose (6 x 1011 DRP) AAV1/SERCA2a, 

mid-dose (3 x 1012 DRP) AAV1/SERCA2a or placebo. A total of 15 patients were randomized in 

this initial randomization as follows:  low-dose (n=4), mid-dose (n=6) and placebo (n=5). After 

safety data had accumulated from phase 1 and were reviewed by the Data Safety Monitoring 

Committee, high-dose (1 x 1013 DRP) AAV1/SERCA2a was added and the remaining patients 

were randomized in a double-blind, parallel fashion to 1 of 3 doses of AAV1/SERCA2a (low-, 

mid- or high-dose) or placebo to maintain a final ratio of 8:8:8:13 (low-dose: mid-dose: high-

dose: placebo). Twenty-four (24) patients were randomized in this second randomization as 

follows:  low-dose (n=4), mid-dose (n=2), high-dose (n=9) and placebo (n=9). Over-enrollment 

of up to 5 additional patients was allowed, and 2 patients were actually over-enrolled; 1 
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additional patient was randomized to placebo and 1 additional patient was randomized to high-

dose AAV1/SERCA2a. These two randomizations created a final make-up of n=8 in low-dose 

AAV1/SERCA2a, n=8 in mid-dose AAV1/SERCA2a, n=9 in high-dose AAV1/SERCA2a and 

n=14 in placebo. 

Core Laboratories 

The following core laboratories were utilized in this study:  hematology and serum 

chemistries were performed at LabConnect, LLC (Johnson City, TN); core echocardiography 

reads were performed at ICON Medical Imaging; core cardiopulmonary exercise testing reports 

were performed by the Cardiopulmonary Exercise Laboratory at New York-Presbyterian 

Hospital, Columbia University Medical Center; enzyme-linked immunospot assays were 

performed by Cellular Technology Ltd. (Cleveland, Ohio); clinical endpoints (death, re-

admission for worsening heart failure or myocardial infarction) were adjudicated by an 

independent blinded clinical endpoints committee at the Clinical Endpoints Center and Cardiac 

Imaging Core Lab at Brigham and Women’s Hospital (Boston, Massachusetts); the Data 

Monitoring Committee was composed of two heart failure specialists, an interventionalist, an 

immunologist and a statistician. 

SUPPLEMENTAL RESULTS:   

Results Combining All Patients 

The primary endpoint was achieved in all three of the pre-specified analyses for the high-dose 

group as follows: 

1. Group Level Analysis:  This pre-specified criterion for efficacy was met in the 

AAV1/SERCA2a high-dose group in the functional (6-Minute-Walk test and VO2 max) 
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and left ventricular function domains (LVEF and LVESV). There were concordant trends 

in favor of high-dose versus placebo for all other parameters, and no clinically significant 

worsening on high-dose in any of the parameters.  

2. Individual Level Analysis:  This pre-specified criterion for efficacy was met in the 

AAV1/SERCA2a high-dose group. In the placebo group, patients’ mean Individual 

Efficacy Score deteriorated by -1.2 ± 3.0 points while in AAV1/SERCA2a high-dose 

patients, the mean score improved by +1.1 ± 2.0 (p=0.052).  

3. Outcome Endpoint:  This pre-specified criterion for efficacy was met in the 

AAV1/SERCA2a low- and high-dose groups for duration of cardiovascular 

hospitalization, time-to-death, LVAD or heart transplant. There were no events in either 

AAV1/SERCA2a high- or low-dose treated patients. There were two events (one LVAD 

implantation, one death) on placebo and one event (heart transplant) in the mid-dose 

group. The duration of cardiovascular hospitalizations over 6 months of follow-up was 

2.1 ± 2.9 days in placebo versus 0.3 ± 0.5 days low-dose (p=0.1), and 0.2 ± 0.7 days high-

dose (p=0.08).  

Permutation Tests 

Two permutation tests were performed: A permutation test to determine that the 

probability of achieving success based on the pre-defined requirements for all of the study 

primary endpoint success criteria by chance alone was 2.7%. However, the actual study results 

substantially exceeded the pre-defined primary endpoint success criteria, and based on the 

permutation test of the actual study results, the probability of achieving the observed study results 

for the high-dose group versus placebo by chance alone was <0.1% (assuming no difference 

between high-dose and placebo). 
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Sensitivity Analyses 

This was a randomized, double-blind study. Nevertheless, due to the relatively small 

sample size, some imbalances across treatment groups at baseline were noted in VO2 max, NT-

proBNP, end systolic volume and ejection fraction. However, as pre-specified in the statistical 

analysis plan, all Group-Level analyses were adjusted for baseline values. Additional sensitivity 

analyses were performed to evaluate the potential impact of these imbalances on study results 

and all the trends observed in the primary analyses were confirmed. All primary analyses were 

adjusted for baseline VO2 max; time to recurrent events analyses were adjusted for baseline VO2 

max, 6 minute walk test, NT-proBNP, ejection fraction, and end systolic volume (one at a time 

due to small sample size). All trends were confirmed in these sensitivity analyses. 

The high-dose AAV1/SERCA2a group had a lower percentage of beta-blocker usage; one 

patient had a co-morbidity preventing its use and two patients had a history of intolerance, one of 

which was later re-challenged at Week 5 on-study and able to tolerate the beta-blocker for the 

duration of the study. Of note, this patient had clinically significant improvement in NYHA 

Class, MLWHFQ, and NT-ProBNP from baseline by Week 4. 

Several post-hoc sensitivity analyses were conducted in which the four “highest risk” 

placebo patients with the lowest VO2 max, highest creatinine levels, and very high NT-proBNP 

were removed from the analysis. Baseline characteristics for these four patients are provided in 

Table 1.  

Table 2 shows the individual group means (and standard deviations) for each treatment 

group, including the placebo group both with and without the four highest risk placebo patients. 
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Although this sensitivity analysis was severely biased in favor of placebo, all trends 

observed in favor of the high dose AAV1/SERCA2a group in the primary analysis were 

confirmed:  in the Group Level (Table 3), Individual-Level (Table 4) and outcome analyses the 

trends noted in the primary analyses were still all present. Some baseline imbalances in age 

(placebo patients were somewhat older) and cardiovascular history (higher proportion of patients 

with coronary artery disease, hypertension, myocardial infarction in the placebo group versus 

high-dose group) were not predictive of study results when analyses were stratified by these 

factors. Overall, both pre-specified adjustment for baseline values and additional sensitivity 

analyses have consistently shown that between-group differences in baseline values were not 

predictive of study outcomes.  

A summary of the sensitivity analysis for the Group-Level Analysis is provided in 

Table 3. There was still a trend in favor of the high-dose versus placebo groups for ALL seven 

efficacy parameters with the four highest risk placebo patients removed from the analyses. No 

clinically significant worsening (as pre-defined in the study Statistical Analysis Plan) was seen in 

the high-dose group for ANY of the seven efficacy parameters, and there was a trend toward 

improvement, while in the placebo group, substantial deterioration was observed. A sensitivity 

analysis was performed for the Individual Level analyses for the primary analysis at 6 months 

with the four highest risk placebo patients removed. A clinically-significant deterioration on 

placebo and clinically-significant improvement on high-dose AAV1/SERCA2a was still observed 

at both 6-month analyses, with a difference of about 2 points (based on the means). Results are 

provided in Table 4.  

The Time-to-Recurrent Events analysis was performed at the 6-, 9- and 12-month 

timepoints to compare the high-dose AAV1/SERCA2a to the placebo group, with and without the 
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four high-risk placebo patients. The hazard ratios show substantial risk reduction for recurrent 

events for all of the sensitivity analyses. With all placebo patients included the hazard ratio at 

6 months was 0.13, p=0.04; at 9 months 0.10, p=0.03; and, at 12 months 0.12, p=0.003. With the 

four high-risk patients removed, the hazard ratios at 6-, 9- and 12-months were 0.19, p=0.12; 

0.14, p=0.07; and, 0.15, p=0.02, respectively. 

All trends were confirmed when 6-month primary analyses were adjusted for baseline 

imbalances in VO2 max. Adjusted duration of cardiovascular hospitalizations of placebo versus 

high-dose was 1.9 days versus 0.5 days, p=0.199; Individual Level Analysis of placebo versus 

high-dose was -1.1 vs. +0.96, p=0.10; and, Time-to-Multiple Events of placebo versus high-dose 

has a hazard ratio of 0.21, p = 0.13. 

Regarding age, trends in favor of high-dose versus placebo were stronger for patients 

greater than 60 years old for the Group-Level efficacy analysis. No trend differences were 

observed for patients with a cardiovascular history (CV history) of coronary artery disease, 

hypertension, and/or myocardial infarction compared to patients without history of these 

diseases/events.  

To assess whether changes in the baseline LVESV or VO2 max correlated with response 

in the high-dose patients, we compared each patients’ 6-month Individual Efficacy Score with 

their baseline LVESV and VO2 max (see Figures 1 and 2). There was no correlation between the 

Individual Efficacy Score and baseline LVESV or VO2 max, and some of the best responders had 

high LVESV and low VO2 max at baseline. Of note is the patient with positive AAV1 

neutralizing antibody titer (NAb+) who had the lowest Individual Efficacy Score at 6 months. 
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Results:  Stratification by Randomization Schemes 

The AAV1/SERCA2a high-dose group was introduced after its safety was confirmed in 

the Phase 1 study. By that time 15 patients had been randomized into the study (Randomization 

1) as follows:  placebo (n=5), low-dose (n=4), and mid-dose (n=6). The remaining 24 patients 

were randomized (Randomization 2) as follows:  placebo (n=9), low-dose (n=4), mid-dose (n=2) 

and high-dose (n=9). To account for timing of enrollment and different randomization ratios, the 

study primary analyses (Group Level, Individual Level, and duration of heart failure 

hospitalizations) were stratified by randomization scheme (Randomization 1 versus 

Randomization 2). The respective outcomes for Randomization 2 were similar to (and actually 

exceeded) those observed in the analysis combining all patients regardless of their randomization 

scheme. Randomization 1 did not have high group patients. The results of Month 6 stratified 

primary efficacy analyses are presented in Table 5, Table 6 and Table 7 for Group Level 

Analysis, Individual Level Analysis and Length of Cardiovascular-Related Hospitalizations, 

respectively, for all treatment groups. 

Safety Results and Additional Patient Baseline Characteristics 

Safety Results 

Safety monitoring was performed weekly for the first month, and then at Week 5 and 6 

and at Month 2, 3, 6, 9 and 12. Enzyme-linked ImmunoSPOT (ELISPOT) assays for detecting 

cellular immune responses to AAV1 capsid proteins were conducted at baseline, Week 2 and 4, 

and Month 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, heart failure status, and long term survival. Efficacy endpoints were assessed at 

various intervals during study visits at Months 1, 2, 3, 6, 9, and 12. Arrhythmias were evaluated 
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by ECGs performed at each visit and overread by a core lab as well as ICD interrogations at 

select time points covering the entire 12-month duration of the study.  

All patients have completed the study with a minimum of 12 months of follow-up for 

safety. Overall review of study safety assessments to date has been unremarkable. No significant 

changes between AAV1/SERCA2a and placebo groups were noted following 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, liver and kidney function tests, ECG intervals, 

rhythm, waveform or morphology. No differences were detected in any other adverse event or 

laboratory changes between AAV1/SERCA2a and placebo groups, including 

electrocardiographic abnormalities, arrhythmias, cardiac enzymes, serum chemistries, 

hematology, or vital signs. Aside from a few sporadic episodes in conjunction with a viral 

infection or autoimmune flare-up, we did not observe any ELISPOT positive results. 

There were total of 8 deaths in the study population as of April 8, 2011: 4 in placebo (1 

on-study, 3 in long-term follow-up); 3 in low-dose (1 on-study, 2 in long-term follow-up); and 1 

in mid-dose (1 in long-term follow-up). There were no deaths in the high-dose group. 

The incidence of serious adverse events (SAEs) was 64% in placebo and 63%, 50% and 33% in 

AAV1/SERCA2a low-, mid-and, high-dose, respectively. The incidence of non-serious adverse 

events was 93% in placebo and 100%, 100% and 89% in AAV1/SERCA2a low-, mid-and, high-

dose, respectively (see Table 8).  

A total of 10 patients (4 in placebo and 2 each in the AAV1/SERCA2a low-, mid- and 

high-dose groups) experienced at least one adverse event within 24 hours of the infusion as 

shown in Table 9. The majority of the adverse events were mild in severity; 4 (anemia, cardiac 
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failure, hypotension and rash macula-papular) were moderate. The one case of cardiac failure 

occurred in the AAV1/SERCA2A high dose group when increased right-sided intra-cardiac 

pressures were noted during the catheterization and angiography just prior to infusion; the patient 

was treated with IV diuretics and was discharged from the hospital the next day. 

Additional baseline characteristics are shown in Table 10. CUPID Investigators and Study 

Coordinators are shown in Table 11. 
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SUPPLEMENTAL TABLES:   

Table 1. Characteristics of 4 Highest-Risk Placebo Patients Excluded for Sensitivity 
Analysis  

Criteria 
Placebo  

mean ± SD 
Study 

mean ± SD Pt#1 Pt#2 Pt#3 Pt#4 

VO2 Max 12.4±4.2 14±4 10.0 7.0 7.8 6.3 

Creatinine 1.6±0.6 1.34±0.52 2.7 2.5 2.5 1.7 

NT-pro-BNP 4,072±3,096 3,022±3202 14,643 6,480 6,050 7,360 

NYHA 3.0±0.0 3.0±0.0 3.0 3.0 3.0 3.0 

6MWT 336±138 343±124 326 55 165 182 

LV ESV 201±64 212±114 143 251 151 346 

LV EF 22.6±6.7 26.7±7.0 18 23 32 15 

MHFQ 48.7±16.4 46±22 56 62 32 36 

Individual placebo patient values worse than both the mean study value and the mean placebo value 
are highlighted in bold font. 

 

Table 2. Baseline Characteristics with and without 4 High-Risk Placebo Patients Removed 

Criteria 
Placebo 

mean ± SD 

Placebo 
without 4 

Highest Risk 
Patients 

mean ± SD 

AAV1/SERCA2a
Low 

mean ± SD 

AAV1/SERCA2a 
Medium 

mean ± SD 

AAV1/SERCA2a
High 

mean ± SD 

VO2 max 12.4±4.2 14.2±3.4 14.8±4.2 14.4±3.7 15.1±3.2 

Creatinine 1.6±0.6 1.2±0.3 1.0±0.2 1.5±0.6 1.1±0.3 

NT-pro-
BNP 

4,072±3,096 2,247±1,907 1,353±386 3,310±3112 2,141±1,997 

NYHA 3.0±0.0 3.0±0.0 3.0±0.0 3.0±0.0 3.0±0.0 

6MWT 336±138 398±92 359±134 334±116 347±120 

LV ESV 201±64 193±50 206±97 236±150 169±48 

LV EF 22.6±6.7 22.8±6.8 25.4±7.4 26.6±8.8 27.9±5.3 

MHFQ 48.7±16.4 49.6±17.8 57.6±16.4 35.0±29.0 41.4±26.5 

SD, standard deviation 
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Table 3. Results for Group-Level Analysis with Four Highest Risk Placebo Patients Removed (Balanced Baseline) 

-----------Placebo---------- --------AAV1/SERCA2a Low------- --------AAV1/SERCA2a Mid--------- --------AAV1/SERCA2a High------ 

Efficacy Domain 
 Endpoint n Mean (SD) N Mean (SD) 

P vs 
PBO n Mean (SD) 

P vs 
PBO n Mean (SD) 

P vs 
PBO 

Symptomatic                

 NYHA class 10 -0.30 (0.67) 8 -0.75 (0.71) 0.19 8 -0.75 (0.89) 0.24 9 -0.56 (0.73) 0.44 

 MLWHFQ 10 -2.80 (36.75) 8 -7.63 (20.99) 0.93 8 7.88 (27.28) 0.95 9 -10.33 (12.21) 0.41 

Functional                

 6-Minute Walk Test (m) 10 -80.20 (163.83) 8 13.00 (61.40) 0.18 8 -59.50 (213.64) 0.92 9 1.00 (99.69) 0.22 

 Peak VO2 max (mL/kg/min) 10 -2.05 (4.21) 8 -0.73 (4.88) 0.55 8 -1.07 (5.08) 0.67 9 -0.43 (0.80) 0.30 

Biomarker                

 NT pro-BNP (pg/mL) 
=max (300, 35%) 

               

  Absolute 10 1631.10 (4370.27) 8 694.13 (1444.94) 0.44 8 2073.13 (4224.22) 0.74 9 -13.50 (928.48) 0.31 

  Percent 10 192.31 (517.14) 8 52.35 (112.14) 0.29 8 119.24 (313.76) 0.89 9 12.36 (47.82) 0.33 

LV Functioning/Remodeling                

End Systolic Vol, 2D (mL) 
=max (20 mL, 10%) 

               

 Absolute  10 11.03 (26.35) 8 0.43 (26.16) 0.47 8 10.55 (45.92) 0.37 9 -9.61 (27.55) 0.01 

 Percent 10 9.00 (18.72) 8 2.06 (11.36) 0.43 8 10.72 (20.06) 0.46 9 -4.02 (13.74) 0.01 

 Ejection Fraction 2D, (%) 
= 5 

 
10 

 
-0.94 

 
(6.13) 8 0.00 

 
(1.87) 

 
0.50 

 
8 -1.51 

 
(6.35) 

 
0.77 9 -0.69 

 
(3.76) 

 
0.39 

SD, standard deviation 
Placebo and High dose data are bolded 
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Table 4. Individual Level Analysis Still in Favors AAV1/SERCA2a High-Dose versus Placebo 
with 4 Highest Risk Placebo Patients Removed, ITT 

With All Placebo Patients Included 

Study Visit Placebo 
AAV1/SERCA2a

Low-Dose 
AAV1/SERCA2a 

Mid-Dose 
AAV1/SERCA2a

High-Dose 

Month 6     

N 14 8 8 9 
Mean (SD) -1.2 (2.92) 0.9 (2.23) -0.4 (2.97) 1.1 (1.96) 
Median 0.0 1.0 0.5 1.0 
Range -7 – 3 -4 – 4 -7 – 2 -2 – 4 
p-value vs placebo -- 0.102 0.533 0.052 

With 4 Highest Risk Placebo Patients Removed 

Study Visit Placebo 
AAV1/SERCA2a

Low-Dose 
AAV1/SERCA2a 

Mid-Dose 
AAV1/SERCA2a

High-Dose 

Month 6      

N 10 8 8 9 
Mean (SD) -0.80 (2.82) 0.88 (2.23) -0.38 (2.97) 1.11 (1.96) 
Median 0.00 1.00 0.50 1.00 
Range -7.00 – 3.00 -4.00 – 4.00 -7.00 – 2.00 -2 – 4 
p-value vs placebo -- 0.19 0.76 0.11 
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Table 5. Group Level Analysis Summary at 6 Month, Stratified by Randomization Scheme 

Randomization 1 Population 

Efficacy Domain 
Endpoints N 

AAV1/SERCA2a
Low 

Mean (SD) 
p vs. 

Placebo n

AAV1/SERCA2a
Mid 

Mean (SD) 
p vs. 

Placebo n 

AAV1/SERCA2a
High 

Mean (SD) 
p vs. 

Placebo n
Placebo 

Mean (SD) 

Domain 
Success 
Criteria 
Met?* 

Symptomatic 
           NO 

 New York Heart Association 
Class,  = 1 

4 
-1.0 

(0.82) 
0.407 6 

-1.0 
(0.63) 

0.297 0 - (-) - 5 
-0.6 

(0.55) 
 

 Minnesota Living with Heart 
Failure Questionnaire,  = 10 

4 
4.0 

(19.66) 
0.137 6 

1.0 
(19.82) 

0.598 0 - (-) - 5 
-8.8 

(32.46) 
 

Functional            NO 

 6-Minute-Walk test (m),  
 = 50 

4 
31.0 

(80.81) 
0.426 6 

-16.2 
(199.38) 

0.995 0 - (-) - 5 
-73.2 

(176.93) 
 

 Peak VO2 max (mL/kg/min), 
 = 1.5 

4 
0.80 

(5.073) 
0.402 6 

-1.16 
(2.671) 

0.464 0 - (-) - 4 
-2.77 

(4.676) 
 

Biomarker            NO 

 NT-ProBNP (pg/mL),  
 = max (300, 35%) 

            

 Absolute 4 
244.0 

(932.45) 
0.221 6 

852.0 
(1961.07) 

0.075 0 - (-) - 5 
4156.2 

(5073.91) 
 

 Percent 4 
12.7 

(62.37) 
0.258 6 

13.4 
(46.79) 

0.114 0 - (-) - 5 
86.5 

(80.18) 
 

Left Ventricular 
Function/Remodeling 

           NO 

 End Systolic Volume (mL),  
 = max (20 mL, 10%) 

            

 Absolute 4 
11.0 

(27.08) 
0.619 6 

1.6 
(42.85) 

0.220 0 - (-) - 5 
0.8 

(27.95) 
 

 Percent 4 
5.7 

(12.35) 
0.722 6 

6.2 
(12.49) 

0.257 0 - (-) - 5 
2.5 

(16.20) 
 

 Ejection Fraction (%), 
 = 3 

4 
0.6 

(2.55) 
0.678 6 

0.7 
(2.53) 

0.348 0 - (-) - 5 
0.7 

(2.74) 
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Table 5. Group Level Analysis Summary at 6 Month, Stratified by Randomization Scheme 

Randomization 2 Population 

Efficacy Domain 
Endpoints N 

AAV1/SERCA2a
Low 

Mean (SD) 
p vs. 

Placebo n

AAV1/SERCA2a
Mid 

Mean (SD) 
p vs. 

Placebo n 

AAV1/SERCA2a
High 

Mean (SD) 
p vs. 

Placebo n
Placebo 

Mean (SD) 

Domain 
Success 
Criteria 
Met?* 

Symptomatic 
           YES (H) 

 New York Heart Association 
Class,  = 1 

4 
-0.5 

(0.58) 
0.243 2 

0.0 
(1.41) 

1.000 9 
-0.6 

(0.73) 
0.120 9 

0.0 
(0.71) 

 

 Minnesota Living with Heart 
Failure Questionnaire,  = 10 

4 
-19.3 

(16.76) 
0.245 2 

28.5 
(45.96) 

0.853 9 
-10.3 

(12.21) 
0.128 9 

10.1 
(37.89) 

 

Functional            YES (H) 

 6-Minute Walk Test (m),  
 = 50 

4 
-5.0 

(37.46) 
0.539 2 

-189.5 
(275.06) 

0.347 9 
1.0 

(99.69) 
0.193 9 

-94.0 
(167.46) 

 

 Peak VO2 max (mL/kg/min), 
 = 1.5 

4 
-2.25 

(4.859) 
0.928 2 

-0.80 
(12.021) 

0.912 9 
-0.43 

(0.802) 
0.479 9 

-1.80 
(4.620) 

 

Biomarker            YES (H) 

 NT-ProBNP (pg/mL),  
 = max (300, 35%) 

            

 Absolute 4 
1144.3 

(1860.61) 
0.885 2 

5736.5 
(8360.12) 

0.797 8 
-13.5 

(928.48) 
0.408 9 

6308.8 
(14640.93) 

 

 Percent 4 
92.1 

(145.79) 
0.375 2 

436.7 
(640.00) 

0.954 8 
12.4 

(47.83) 
0.164 9 

260.7 
(566.71) 

 

Left Ventricular 
Function/Remodeling 

           YES (H, L) 

 End Systolic Volume (mL), 
 = max (20 mL, 10%) 

            

 Absolute 4 
-10.2 

(23.77) 
0.140 2 

37.5 
(60.34) 

0.875 9 
-9.6 

(27.55) 
0.035 9 

27.9 
(42.93) 

 

 Percent 4 
-1.6 

(10.62) 
0.158 2 

24.4 
(39.17) 

0.879 9 
-4.0 

(13.76) 
0.013 9 

15.3 
(21.29) 

 

 Ejection Fraction (%), 
 = 3 

4 
-0.6 

(0.83) 
0.604 2 

-8.1 
(11.67) 

0.856 9 
-0.7 

(3.76) 
0.211 9 

-3.6 
(8.14) 

 

* Domain Success Criteria Met: “Yes” identifies a domain for which success criteria is met (criteria: within a domain active group compared to placebo shows improvement, 
p<0.2, another endpoint within this domain shows numerical superiority to placebo). Success in the group level analysis is achieved if there are at least two domains where 
success criteria are met and there is no clinically significant worsening on AAV1/SERCA2a in ANY domain.  
Note: P-values are based on ANCOVA models with change from baseline the dependent variables and baseline and treatment group as the independent variables.  
NOTE:  Δ = Pre-specified threshold for clinically significant difference. Improvement of p<0.2 is underlined and in bold. Clinically significant worsening is in italic. 
NYHA, New York Heart Association; SD, standard deviation 
Note: L = Low = 6 x 1011 DRP, Mid = 3 x 1012 DRP, H = High = 1 x 1013 DRP AAV1/SERCA2a 
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Table 6. Summary of Individual Level Efficacy Scores at 6 Months, Stratified by 
Randomization Scheme 

Study Visit 
AAV1/SERCA2a

Low-Dose 
AAV1/SERCA2a

Mid-Dose 
AAV1/SERCA2a 

High-Dose Placebo 

Month 6 Overall     

N 8 8 9 14 

Mean (SD) 0.9 (2.23) -0.4 (2.97) 1.1 (1.96) -1.2 (2.99) 

Median 1.0 0.5 1.0 0.0 

Range -4-4 -7-2 -2-4 -7-3 

p-value vs placebo 0.102 0.533 0.052 -- 

Month 6 Randomization 1     

N 4 6 0 5 

Mean (SD) 0.8 (3.40) 0.3 (1.37) - (-) -0.6 (1.82) 

Median 1.5 0.5 - 0.0 

Range -4-4 -2-2 --- -3-1 

p-value vs placebo 0.467 0.355 - -- 

Month 6 Randomization 2     

N 4 2 9 9 

Mean (SD) 1.0 (0.00) -2.5 (6.36) 1.1 (1.96) -1.6 (3.54) 

Median 1.0 -2.5 1.0 0.0 

Range 1-1 -7-2 -2-4 -7-3 

p-value vs placebo 0.187 0.767 0.066 -- 

Notes: P-values are based on analysis of variance models with efficacy score as the dependent variable and treatment 
group as the independent variable. 

AAV1/SERCA2a Low = 6 x 1011 DRP AAV1/SERCA2a, AAV1/SERCA2a Mid = 3 x 1012 DRP AAV1/SERCA2a, 
AAV1/SERCA2a High = 1 x 1013 DRP AAV1/SERCA2a 
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Table 7. Length of Cardiovascular-Related Hospitalizations at 6 Months, Stratified by 
Randomization Scheme 

Study Visit 
AAV1/SERCA2a

Low-Dose 
AAV1/SERCA2a

Mid-Dose 
AAV1/SERCA2a 

High-Dose Placebo 

Month 6 Overall     

N 8 8 9 14 

Mean (SD) 0.3 (0.46) 1.3 (2.55) 0.2 (0.67) 2.1 (2.92) 

Median 0.0 0.0 0.0 0.5 

Range 0-1 0-7 0-2 0-9 

p-value vs placebo 0.098 0.515 0.078 -- 

Month 6 Randomization 1     

N 4 6 0 5 

Mean (SD) 0.3 (0.50) 1.7 (2.88) - (-) 2.2 (2.28) 

Median 0.0 0.0 - 2.0 

Range 0-1 0-7 --- 0-6 

p-value vs placebo 0.142 0.745 -- -- 

Month 6 Randomization 2     

N 4 2 9 9 

Mean (SD) 0.3 (0.50) 0.0 (0.00) 0.2 (0.67) 2.0 (3.35) 

Median 0.0 0.0 0.0 0.0 

Range 0-1 0-0 0-2 0-9 

p-value vs placebo 0.332 0.439 0.138 -- 

Notes: P-values are based on analysis of variance models with length of hospitalization as the dependent variable 
and treatment group as the independent variable. 

AAV1/SERCA2a Low = 6 x 1011 DRP AAV1/SERCA2a, AAV1/SERCA2a Mid = 3 x 1012 DRP AAV1/SERCA2a, 
AAV1/SERCA2a High = 1 x 1013 DRP AAV1/SERCA2a 
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Table 8. Summary of Incidence of Treatment Emergent (TE) Adverse Events (AEs) - Intent-to-Treat Population 

Parameter 

Placebo 
(N=14) 
n (%) 

AAV1/SERCA2a
Low 
(N=8) 
n (%) 

AAV1/SERCA2a
Mid 

(N=8) 
n (%) 

AAV1/SERCA2a
High 
(N=9) 
n (%) 

All 
AAV1/SERCA2a

(N=25) 
n (%) 

All Patients 
(N=39) 
n (%) 

Any AE  13 ( 92.9)   8 (100.0)   8 (100.0)   8 ( 88.9)  24 ( 96.0)  37 ( 94.9) 

Treatment-emergent AEs (TEAEs)  13 ( 92.9)   8 (100.0)   8 (100.0)   8 ( 88.9)  24 ( 96.0)  37 ( 94.9) 

TEAEs related to investigational product (IP)   8 ( 57.1)   4  ( 50.0)   1  ( 12.5)   1 ( 11.1)   6 ( 24.0)  14 ( 35.9) 

TEAEs related to IP Administration   8 ( 57.1)   1  ( 12.5)   2  ( 25.0)   1 ( 11.1)   4 ( 16.0)  12 ( 30.8) 

Serious TEAEs   9 ( 64.3)   5  ( 62.5)   4  ( 50.0)   3 ( 33.3)  12 ( 48.0)  21 ( 53.8) 

Serious TEAEs related to IP   3 ( 21.4)   0   0   0   0   3  (  7.7) 

Serious TEAEs related to IP administration   4 ( 28.6)   0   0   0   0   4 ( 10.3) 

Note: Percentages (%) are based on the number of patients in the treatment group. 
Note: A "treatment-emergent" AE began or worsened during or after administration of investigational product (IP). 
Note: An "IP-related" AE was possibly, probably, or definitely related to IP. 
Note: AAV1/SERCA2a Low=6 x 1011 DRP, AAV1/SERCA2a Mid=3 x 1012 DRP, AAV1/SERCA2a High=1 x 1013 DRP AAV1/SERCA2a 
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Table 9. Adverse Events Occurring within 24 Hours of Infusion 

Adverse Event, n (%) 
Placebo 
(n=14) 

All AAV1/SERCA2a 
(n=25) 

Anemia 1  (  7.1) 0 

Cardiac failure 0 1 (  4.0) 

Gallop rhythm present 2 ( 14.3) 0 

Epigastric discomfort 0 1 (  4.0) 

Catheter site hemorrhage 1  (  7.1) 0 

Catheter site hematoma 0 1 (  4.0) 

Fatigue 0 1 (  4.0) 

Hypokalemia 0 1 (  4.0) 

Musculoskeletal discomfort 0 1 (  4.0) 

Dizziness 1  (  7.1) 0 

Insomnia 0 1 (  4.0) 

Pruritis 1  (  7.1) 0 

Rash macula-papular 1  (  7.1) 0 

Hypotension 1  (  7.1) 1 (  4.0) 
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Table 10. Additional Patient Baseline Characteristics 

Characteristic 
Placebo 
(N=14) 

AAV1/SERCA2a
Low 
(N=8) 

AAV1/SERCA2a
Mid 

(N=8) 

AAV1/SERCA2a
High 
(N=9) 

All 
AAV1/SERCA2a 

(N=25) 

All 
Patients 
(N=39) 

Pre-existing conditions at baseline, n (%)       

Diabetes 4 ( 28.6) 5 ( 62.5) 1 ( 12.5) 3 ( 33.3) 9 ( 36.0) 13 ( 33.3)

Dyslipidemia/Hypercholesterolemia 13 ( 92.9) 8 (100.0) 5 (62.5) 4 ( 44.4) 17 ( 68.0) 30 ( 76.9)

Hypertension 10 ( 71.4) 6 ( 75.0) 5 ( 62.5) 4 ( 44.4) 15 ( 60.0) 25 ( 64.1)

Arrhythmia 10 ( 71.4) 6 ( 75.0) 6 ( 75.0) 5 ( 55.5) 17 ( 68.0) 27 ( 69.2)

Coronary Artery Disease 10 ( 71.4) 6 ( 75.0) 6 ( 75.0) 2 ( 22.2) 14 ( 56.0) 24 ( 61.5)

Myocardial Infarction 8 ( 57.1) 6 ( 75.0) 5 ( 62.5) 2 ( 22.2) 13 ( 52.0) 21 ( 53.8)

Percutaneous Coronary Intervention 6 ( 42.9) 4 ( 50.0) 4 ( 50.0) 2 ( 22.2) 10 ( 40.0) 16 ( 41.0)

Angina 5 ( 35.7) 3 ( 37.5) 2 ( 25.0) 1 ( 11.1) 6 ( 24.0) 11 ( 28.2)

Peripheral Vascular Disease 4 ( 28.6) 1 ( 12.5) 1 ( 12.5) 0 2 (  8.0) 6 ( 15.4) 

Renal Vascular Disease 2 ( 14.3) 0 0 0 0 2 (  5.1) 

Neurologic Events 5 ( 35.7) 6 ( 75.0) 0 0 6 ( 24.0) 11 ( 28.2)

Heart Failure etiology, n (%)       

Idiopathic cardiomyopathy 6 ( 42.9) 1 ( 12.5) 3 ( 37.5) 4 ( 44.4) 8 ( 32.0) 14 ( 35.9)

Ischemic Heart Disease 7 ( 50.0) 6 ( 75.0) 4 ( 50.0) 2 ( 22.2) 12 ( 48.0) 19 ( 48.7)

Other* 2 ( 14.3) 1 ( 12.5) 1 ( 12.5) 3 ( 33.3) 5 (  0.2) 7 ( 18.0) 

History of Cardiac Resynchronization Therapy 10 ( 71.4) 7 ( 87.5) 5 ( 62.5) 4 ( 44.4) 16 ( 64.0) 26 ( 66.7)

Other Baseline Therapy, n (%)       

Digoxin therapy 6 ( 42.9) 7 ( 87.5) 5 ( 62.5) 3 ( 33.3) 15 ( 60.0) 21 ( 53.8)

Antithrombotic therapy 13 ( 92.9) 8 (100.0) 7 ( 87.5) 7 ( 77.8) 22 (88.0) 35 ( 89.7)
* Other category consisted of patients with hypertensive, toxic and alcoholic cardiomyopathy. One patient in the placebo group had both toxic and 
hypertensive cardiomyopathy. 
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Table 11. CUPID Investigators and Study Coordinators 
Principal Investigator Study Coordinator Study Site 
Donna Mancini, M.D. Mary Beth Marks, RN 

Paula Williams  
Columbia University Medical Center, 
New York, NY  

Thomas Cappola, M.D. 
Mariell Jessup, M.D. 

Kimberly Craig, RN Hospital of the University of Pennsylvania, 
Philadelphia, PA 

Daniel F. Pauly, M.D., Ph.D. 
R. David Anderson, M.D. 

Dana D. Leach, ARNP-C, CCRC 
Angela Stringham 

University of Florida College of Medicine and Shands 
Hospital, Gainesville, FL  

Barry London, M.D. Rebecca Gutmann, RN, BSN University of Pittsburgh Medical Center, 
Pittsburgh, PA  

Brian E. Jaski, M.D. Chris Kohlmyer, RN  
Pam Waack, RN 

San Diego Cardiac Center and Sharp Memorial Hospital, 
San Diego, CA 

Barry Greenberg, M.D. Geoff van den Brande, BA, BSc, RN, CNRN UCSD Medical Center, San Diego, CA  

Stephen Archer, M.D. Linda Bond, RN, MSN University of Chicago Medical Center, 
Chicago, IL  

Andrew C. Kao, M.D. Jackie Smith, RN, BSN 
Tammy Griffith, RN  

Mid America Heart Institute,  
Kansas City, MO  

Patrick W. Fisher DO, Ph.D./ A.G. Kfoury, 
M.D. 

Brenda Miller  Intermountain Medical Center, Murray, UT  

Arthur J. Labovitz, M.D./  
Paul J. Hauptman, M.D. 

Elizabeth Weber, RN, MSN 
Nicole Elmore, NP 
Carmen Roberts, RN, BSN 

St. Louis University Hospital, St. Louis, MO  

Jill Kalman, M.D. Cristina Surach, NP Mount Sinai Medical Center, New York, NY  

Eric J. Eichhorn, M.D. Paige Petro, RN, BSN 
Tina Worley, RN, BSN, CCRC 

Cardiopulmonary Research Science and Technology 
Institute (CRSTI), Dallas, TX 

Vinay Thohan, M.D. Deborah Wesley-Farrington, RN, BSN, CCRC, CCA Wake Forest University School of Medicine, Winston-
Salem, NC 

Maryl R. Johnson, M.D. Cassondra Vander Ark, RN, MS University of Wisconsin, Madison, WI 

Dinesh K. Gupta, M.D. Celina Trussell, RN, CCRC Tennessee Center for Clinical Trials and Harton Regional 
Medical Center,  
Tullahoma, TN 
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SUPPLEMENTAL FIGURES AND FIGURE LEGENDS 

FIGURE LEGENDS 

Figure 1.  Individual Efficacy Score vs. Baseline LVESV (High Dose, ITT). 

Comparison of 6-month Individual Efficacy Score with baseline LVESV. Each dot represents an 

individual patient. Note: patient with positive baseline AAV1 neutralizing antibody titer (NAb+) 

had the lowest Individual Efficacy Score at 6 months. 

Figure 2.  Individual Efficacy Score vs. Baseline VO2max (High Dose, ITT). 

Comparison of 6-month Individual Efficacy Score with baseline VO2 max. Each dot represents an 

individual patient. Note: patient with positive baseline AAV1 neutralizing antibody titer (NAb+) 

had the lowest Individual Efficacy Score at 6 months.  

 

Figure 1. Individual Efficacy Score vs. Baseline LVESV (High Dose, ITT) 
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Figure 2. Individual Efficacy Score vs. Baseline VO2max (High Dose, ITT) 
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