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Background Stromal cell-derived factor-1 (SDF-1) promotes tissue repair through mechanisms of cell survival, endogenous stem
cell recruitment, and vasculogenesis. Stromal Cell-Derived Factor-1 Plasmid Treatment for Patients with Heart Failure
(STOP-HF) is a Phase II, double-blind, randomized, placebo-controlled trial to evaluate safety and efficacy of a single
treatment of plasmid stromal cell-derived factor-1 (pSDF-1) delivered via endomyocardial injection to patients with
ischaemic heart failure (IHF).

Methods Ninety-three subjects with IHF on stable guideline-based medical therapy and left ventricular ejection fraction (LVEF)
≤40%, completed Minnesota Living with Heart Failure Questionnaire (MLWHFQ) and 6-min walk distance (6 MWD),
were randomized 1 : 1 : 1 to receive a single treatment of either a 15 or 30 mg dose of pSDF-1 or placebo via endo-
myocardial injections. Safety and efficacy parameters were assessed at 4 and 12 months after injection. Left ventricular
functional and structural measures were assessed by contrast echocardiography and quantified by a blinded independ-
ent core laboratory. Stromal Cell-Derived Factor-1 Plasmid Treatment for Patients with Heart Failure was powered
based on change in 6 MWD and MLWHFQ at 4 months.

Results Subject profiles at baseline were (mean+ SD): age 65+9 years, LVEF 28+ 7%, left ventricular end-systolic volume
(LVESV) 167+ 66 mL, N-terminal pro brain natriuretic peptide (BNP) (NTproBNP) 1120+ 1084 pg/mL, MLWHFQ
50+ 20 points, and 6 MWD 289+99 m. Patients were 11+9 years post most recent myocardial infarction. Study
injections were delivered without serious adverse events in all subjects. Sixty-two patients received drug with no un-
anticipated serious product-related adverse events. The primary endpoint was a composite of change in 6 MWD and
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MLWHFQ from baseline to 4 months follow-up. The primary endpoint was not met (P ¼ 0.89). For the patients treated
with pSDF-1, there was a trend toward an improvement in LVEF at 12 months (placebo vs. 15 mg vs. 30 mg DLVEF: 22
vs. 20.5 vs. 1.5%, P ¼ 0.20). A pre-specified analysis of the effects of pSDF-1 based on tertiles of LVEF at entry revealed
improvements in EF and LVESV from lowest-to-highest LVEF. Patients in the first tertile of EF (,26%) that received
30 mg of pSDF-1 demonstrated a 7% increase in EF compared with a 4% decrease in placebo (DLVEF ¼ 11%,
P ¼ 0.01) at 12 months. There was also a trend towards improvement in LVESV, with treated patients demonstrating
an 18.5 mL decrease compared with a 15 mL increase for placebo at 12 months (DLVESV ¼ 33.5 mL, P ¼ 0.12). The
change in end-diastolic and end-systolic volume equated to a 14 mL increase in stroke volume in the patients treated
with 30 mg of pSDF-1 compared with a decrease of 211 mL in the placebo group (DSV ¼ 25 mL, P ¼ 0.09). In add-
ition, the 30 mg-treated cohort exhibited a trend towards improvement in NTproBNP compared with placebo at 12
months (2784 pg/mL, P ¼ 0.23).

Conclusions The blinded placebo-controlled STOP-HF trial demonstrated the safety of a single endocardial administration of pSDF-
1 but failed to demonstrate its primary endpoint of improved composite score at 4 months after treatment. Through a
pre-specified analysis the STOP-HF trial demonstrates the potential for attenuating LV remodelling and improving EF in
high-risk ischaemic cardiomyopathy. The safety profile supports repeat dosing with pSDF-1 and the degree of left ven-
tricular remodelling suggests the potential for improved outcomes in larger future trials.
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Introduction
Heart failure (HF) from ischaemic heart disease is one of the leading
causes of morbidity and mortality in Westernized countries. Be-
cause of the growing population there has been significant focus
on the development of novel effective approaches that could im-
prove quality of life, stabilize or improve cardiac function, and im-
prove clinical outcomes such as HF-related hospitalizations and
mortality.

The stromal cell-derived factor-1 (SDF-1), and its receptor,
CXCR4, or SDF-1:CXCR4 axis, has emerged as a key regulator in
endogenous tissue repair.1 – 4 Specifically, the over-expression of
SDF-1 has been shown to induce homing of both bone marrow-
derived and cardiac stem cells to the site of ischaemic injury,1 inhi-
bits cardiac myocyte cell death,5,6 and leads to prevention and re-
modelling of myocardial scar.7 – 9 JVS-100, a non-viral, naked DNA
plasmid encoding human SDF-1, was developed to extend the ex-
pression of SDF-1 for a sufficient amount of time to induce stem
cell homing to the myocardium.7 Pre-clinical studies with JVS-100
demonstrated the potential for direct injection of hSDF-1 plasmid
into the border zone of chronically remodelled post-MI myocar-
dium with resultant improvement in cardiac function and cardiac
vascular density.7,8 Furthermore, in a porcine model of HF, delivery
of JVS-100 with an endomyocardial injection catheter (BioCardia
Helical Infusion Catheter (Helix), BioCardia, Inc., San Carlos, CA,
USA) demonstrated safety at doses up to 100 mg while improving
cardiac function and vasculogenesis up to 90 days post-injection at
doses of 7.5 and 30 mg.8 The ability of SDF-1 to positively impact
stem cell homing, reduce programmed cell death, and promote re-
vascularization makes non-viral SDF-1 gene transfer a promising
candidate for treating HF due to ischaemic heart disease and poten-
tially other forms of cardiomyopathy as well.

The safety and potential efficacy of JVS-100 was initially demon-
strated in an open-label Phase I study in patients with ischaemic car-
diomyopathy with moderately dilated left ventricular chamber

dimensions.10 The findings of this Phase I study led to design of
the SDF-1 Plasmid Treatment for Patients with Heart Failure
(STOP-HF) study to assess the effects of hSDF-1 over-expression
in a randomized, double-blind, placebo-controlled study in which
patients were dosed with JVS-100 and were followed for 1 year.
The STOP-HF study was powered based on changes in 6-min
walk distance (6 MWD) and Minnesota Living with Heart Failure
Quality-of-Life Questionnaire (MLWHFQ) findings from the open-
label Phase I in moderate risk (Stage C) HF patients. Patients were
followed for secondary endpoints, which included changes in car-
diac structure, clinical status, and biomarkers at 4 and 12 months
after treatment.

Methods

Patient population
A total of 196 patients with a known history of systolic dysfunction due
to prior myocardial infarction and symptomatic but stable HF were
screened for participation in the STOP-HF trial (ClinicalTrials.gov—
NCT01643590), under approval by the local institutional review boards.
Potential study subjects who met all inclusion and exclusion criteria and
granted written informed consent to participate were entered in the
study. All subjects were on stable optimal medical therapy defined as
ACE-I/ARB, b-blocker, aspirin (ASA), statin and diuretic with ,50%
change in dose over the previous 30 days (unless contraindicated) and
had an ICD or cardiac resynchronization therapy-defibrillator present
for over 3 months at the start of the trial. Study inclusion criteria also
included left ventricular ejection fraction (LVEF) ≤40% (as read by
the Cleveland Clinic C5 Research echo core lab), MLWHFQ score
≥20 points, and 6 MWD ≤400 m. Primary exclusion criteria were a
minimum wall thickness of ,0.3 cm for any segment, estimated glom-
erular filtration rate ,30 mL/min, HgbA-1C . 9 mg/dL, a history of
moderate or severe aortic valve regurgitation and aortic stenosis with
valve area ,1.5 cm2, any history of cancer (excluding curable non-
melanoma skin malignancy or resection with no recurrence in 5 years),
presence of LV thrombus, or persistent atrial fibrillation). A total of 93
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subjects were enrolled and randomized 1 : 1 : 1 to receive a single treat-
ment of either a 15 or 30 mg dose of plasmid stromal cell-derived
factor-1 (pSDF-1) or placebo via a series of 15 endomyocardial injec-
tions with the BioCardia Helix as previously described.10 Subjects
were not considered enrolled until they entered the laboratory in prep-
aration for the injection procedure (Figure 1).

Study design
STOP-HF was a double-blind, randomized, placebo-controlled trial in
which subjects were randomized 1 : 1 : 1 to receive investigational prod-
uct (IP), either JVS-100 (15 or 30 mg) or placebo. Before delivery of IP,
the infarct zones were identified using baseline echocardiography. The
peri-infarct zones that were ≥0.6 cm in thickness were identified for in-
jection.10 Following study agent delivery, all subjects were monitored
overnight for at least 18 h, which included echocardiography within
6 h post-injection procedure to exclude evidence of myocardial perfor-
ation. Post-hospital discharge each subject had scheduled visits at 3 and
7 days post-injection to ensure that there were no safety concerns,
with subsequent follow-up visits at �30 days (1 month), 120 days
(4 months), and 360 days (12 months) to assess safety and cardiac func-
tion. Cardiac function was assessed by contrast enhanced surface echo-
cardiography with results read by the same independent Cleveland
Clinic Echo Core Lab. Contrast and non-contrast images were at-
tempted to be collected in all patients. Images were obtained in three-
beat cycles in multiple views and measurements were performed at the
core laboratory. All sonographers from C5 reading studies were blinded
to subject randomization allocation. Adverse events were tracked for
each subject throughout the study. Safety was monitored by an inde-
pendent Drug Safety Monitoring Committee.

Injection procedure
Cardiovascular interventionists participated in pre-clinical training on
the use of the Helix per BioCardia standard operating procedures. Sub-
jects were placed under conscious sedation and access to the femoral
artery was obtained using standard techniques to enable insertion of
an arterial sheath. An 8 Fr arterial sheath was then introduced and ad-
vanced into the artery to enable passage of delivery catheters. Left

ventriculography was performed in both the left and right anterior ob-
lique views and the contour of the heart was recorded onto two clear
acetate sheets. BioCardia’s Helix was used for all endomyocardial injec-
tions. For the procedure, unfractionated heparin was administered IV in
single or multiple doses as needed to achieve an activated clotting time
of ≥250 s. The Helix was positioned within the left ventricle to facilitate
15, 1 mL injections. Each injection lasted 60 s with an additional 15 s
dwell, and was targeted to the peri-infarct border zone. Total volume
delivered was 15 mL per patient. Post-procedure all subjects were mon-
itored in a clinical post-catheterization hospital unit with telemetry.

Outcomes measures
The primary efficacy endpoint was the difference in change of a compos-
ite endpoint consisting of the 6 MWD and MLWHFQ in the treated pa-
tients compared with placebo at 4 months. The composite score was
calculated by dividing the change in 6 MWD by 30 m11 plus the change
in MLWHFQ divided by 210.11,12 These values represent clinically sig-
nificant changes in the respective measures.11,12 Additional endpoints in-
cluded changes in left ventricular end-systolic volume (LVESV), left
ventricular end-diastolic function (LVEDV), left ventricular ejection
fraction (LVEF), and N-terminal pro brain natriuretic peptide (BNP)
(NTproBNP) at 4 and 12 months post-injection procedure. For echocar-
diographic volumes and LVEF, contrast echocardiographic measurements
are reported for each patient unless, for a given patient, either a readable
baseline contrast echo was not obtained, (n ¼ 9) or an incomplete set
(missing time point) of contrast echo was collected and the patient had
complete set of non-contrast echocardiograms (n ¼ 4). In these cases,
non-contrast echocardiograms were used for all time points.

Safety endpoints included major adverse clinical events (MACE), sig-
nificant adverse events (SAEs), as well as complete metabolic panel,
complete blood count, physical exam, vitals, safety echocardiogram
after injection procedure, HF assessment, and anti-nuclear antibody.

Statistical analysis
Stromal Cell-Derived Factor-1 Plasmid Treatment for Patients with
Heart Failure was randomized and blinded at the clinical site level 1 : 1 : 1.
Descriptive statistics were used to compare continuous efficacy variables
between each dose group and the control and across dosing groups. For
the complete data set, if the parameter was normally distributed, para-
metric statistics (mean and SD) were used for comparison; if it was
not, non-parametric statistics were used. For subgroup analyses, non-
parametric statistics were used for analysis. Safety parameters were
collected and assessed qualitatively or summarized quantitatively by de-
scriptive statistics where appropriate. The data from each efficacy param-
eter was assessed at each time point as either raw values or calculated as
change from baseline for each subject. A P-value of 0.05 was considered
significant and a P-value of ,0.25 was considered evidence of a trend.13

The primary efficacy endpoint was the composite endpoint of 6
MWD and MLWHFQ at 4 months post-dosing. All data were also ana-
lysed at the 1 year endpoint.

Baseline characteristics are presented as mean+ SD for continuous
variables and percentages for categorical variables. Changes from base-
line are presented as median values for each treatment group. Continu-
ous variable difference between the groups was compared with a t-test
for two samples with equal variance with a P-value of 0.05 considered
significant. For differences in categorical variables, the Wilcoxon rank-
sum test was used, with a P-value of 0.05 considered significant. The
primary endpoint was analysed using a one-way analysis of variance
(ANOVA) model.

Based on previous data from our Phase I study delivering JVS-100 to
HF subjects via the same route of administration, we estimated an im-
provement of at least two points in the primary endpoint with an SD
of �2.1; enrolment of 93 subjects would be sufficient to detect such

Figure 1 Consort diagram of patients screened and enrolled
between May 2012 and September 2013.
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a difference with 80% power and a of 0.05. We included in our analyses
the complete data set for all randomized subjects who received at least
one injection of study drug or placebo, and who had a baseline and at
least one post-baseline measurement by intent-to-treat analysis. The
endpoint was analysed using all observed data with no imputation for
missing data. For safety endpoints, the safety population was used, con-
sisting of all randomized subjects.

There were several pre-specified analyses that included sub-set ana-
lysis by LVEF as well as LVESV, with change from baseline by absolute
and percentage change from baseline values to results at 4 and 12
months post-delivery of study agent. In addition to comparisons of
the entire study population, a pre-specified analysis was undertaken
to compare patients in three different groups defined by baseline
LVEF. The thresholds were divided by the lowest (LVEF , 26%), mid-
range (LVEF 26–32%), and highest tertiles (LVEF . 32%) for all patient
baseline LVEF values. Baseline and change from baseline statistics were
then compared across treatment groups within each of these
sub-groups.

Results

Patient population
Overall, 93 patients were enrolled into the study at 16 investigation-
al sites. Baseline demographic data are shown in Table 1. Important-
ly, the population as a whole was well treated per guideline directed
therapy with .80% receiving ACE-I/ARB, .90% receiving
b-blockade and .55% on mineralocorticoid receptor antagonists
(MRAs). The three study groups demonstrate fairly well-matched
baseline characteristics. Patients were predominantly male, with
age in the mid-1960s, with an average duration since myocardial in-
farction of over 10 years. The median LVEF and LVESV were 29%

and 154 mL, respectively, with two-thirds of the population being
New York Heart Association (NYHA) Class III. Consistent with
NYHA Class III population the average 6 MWD was ≤300 m and
the MLWHFQ score averaged 50.8 points.

Safety
Pre-specified safety endpoint profile by treatment cohort as shown
in Table 2 demonstrated that endomyocardial delivery of JVS-100
was well tolerated. Ninety-six per cent of the patients received
the pre-specified 15 endomyocardial injections of 1 mL/injection,
total 15 mL. As seen in our pre-clinical porcine studies and Phase
I trial,8,10 there was a transient increase troponin I following the in-
jection procedure that decreased over time through 3 days after in-
jection (Table 3). The increase in troponin I was not different
between cohorts. Four patients exhibited small pericardial effusions
without haemodynamic impairment on the post-dosing safety echo-
cardiogram that were resolved by the following day without inter-
vention. No patients demonstrated any evidence of haemodynamic
perturbation or arrhythmia following IP delivery.

Overall results primary endpoint and total
population
The effects of pSDF injections on the primary endpoint composite
score at 4 and 12 months as well as the mean values measured for
cardiac function (Figure 2B, LVEF). Cardiac structure (Figure 2C,
LVESV) and NTproBNP (Figure 2D) are shown at baseline and 4
and 12 months after injection. Consistent with other contemporary
trials testing invasive regenerative strategies in advanced HF pa-
tients,14 we observed a significant improvement in the composite
score in the treated patients (P ≤ 0.001, Figure 2A); however, there
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Table 1 Baseline demographic data for total population by treatment cohort

Parameter Cohort—all patients P-valuea

Placebo 15 mg 30 mg

Patients (n) 31 32 30

Sex (% male) 90.3 87.5 90.0 1.00

NYHA Class III or IV (%)b 71.0b 62.5 70.0 0.76

Diabetic (%) 48.4 34.4 46.7 0.47

CRT (%) 54.8 53.1 43.3 0.64

Age (years) 68+9 65+11 64+7 0.25

BMI 30+5 29+4 31+7 0.16

Years since MI 13+11 10+7 10+9 0.26

LVESV (mL) 158+64 161+63 183+71 0.28

LVEDV (mL) 222+76 219+69 244+79 0.37

LVEF (%) 30+7 28+8 26+8 0.17

NTproBNP (pg/mL) 1260+1373 1144+1005 952+802 0.54

6 MWD (m) 284+98 295+96 308+73 0.58

MLWHFQ 56+17 50+18 46+22 0.14

ACE-I (%) 83.9 78.1 83.3 0.84

b-Blocker (%) 93.5 93.8 96.7 1.00

MRA (%) 48.4 62.5 60.0 0.51

aTwo-sided test comparing all three arms. Fisher’s exact for categorical variables and one-way ANOVA for continuous variables.
bOne patient in the safety population had NYHA class IV.
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was a significant placebo effect such that the primary endpoint of
relative improvement in composite score at 4 months was not
achieved. The median changes at 4 and 12 months in 6 MWD and
MLWHQ were 46+ 59, 44+ 51, 62+ 77 m and 60+ 88, 52+
76, 50+ 77 m and 210.7+ 19.0 points, 29.2+ 21.0 points,
217.0+20.0 points and 212.5+15.3 points, 29.2+ 16 points,
213.2+ 25 points, respectively, for the placebo, 15 and 30 mg
cohorts, respectively.

Left ventricular ejection fraction (Figure 2B) and LVESV (Figure 2C)
demonstrated non-significant improvement, with a trend in median
change from baseline relative to placebo in LVESV at 4 months (P ¼
0.24) and a further separation from median changes seen in the pla-
cebo cohort in LVEF at 12 months in the 30 mg pSDF cohort (P ¼
0.20). Median changes in NTproBNP did not demonstrate clinically
meaningful changes from baseline.

Effect of plasmid stromal cell-derived
factor-1 based on baseline ejection
fraction
Based on our understanding of the mechanisms of action,1,2,5,7 we
pre-specified an analysis of myocardial response to pSDF-1 as a func-
tion of three ranges of baseline EF (low-LVEF ,26%, intermediate
26–31%, and high ≥32%). Baseline demographics for each tertile
are shown in Table 4. With decreasing LVEF between tertiles, there
was an increase in baseline LVESV, and there was no imbalance be-
tween treatment cohorts for LVEF and LVESV within each tertile.

The data in Figure 3 depict change in LVEF by cumulative tertile of
EF at 4 and 12 months after treatment. These data demonstrate that
in the patients with the greatest degree of LV dilation and systolic
dysfunction pSDF-1-induced significant improvement in LVEF. In
the lowest tertile of baseline LVEF (,26%), we observed an abso-
lute increase in EF of 5% (P ¼ 0.22) and 11% (P ¼ 0.01) relative to
placebo at 4 and 12 months, respectively. The data in Figure 4 quan-
tify the changes in composite endpoint, LVESV, and NTproBNP for
the lowest LVEF tertile at 4 and 12 months. In this tertile, there was a
decrease in LVESV of 19 mL (P ¼ 0.38) and 34 mL (P ¼ 0.12) rela-
tive to placebo at 4 and 12 months, respectively. There was an in-
verse relationship between LVEF and change in LVESV such that
the greatest reduction in LVESV was noted in the group with the
lowest LVEF. We observed a trend towards a decrease in
NTproBNP in the 30 mg treatment cohort relative to placebo at
4 and 12 months after treatment (4 months: 2330 pg/mL, P ¼
0.15; 12 months: 2784 pg/mL, P ¼ 0.23).

In a post hoc analysis, we calculated stroke volume based on the
difference between LVEDV and LVESV obtained by echocardiog-
raphy. The data in Figure 5 demonstrate the dose-dependent
changes in stroke volume (mL) in the total population and the first
tertile (EF , 26%) of study subjects. These data demonstrate a non-
significant increase in stroke volume in the total population and a
trend of a dose-dependent increase in stroke volume in the high-risk
cohort relative to placebo (P ¼ 0.09). The findings suggest a differ-
ential effect of pSDF depending on baseline LVEF, with the best re-
sults noted in those with the lowest baseline LVEF.
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Table 2 Number of major adverse cardiac events by patient and treatment cohort

MACE component by
patient*

Heart failure
hospitalization

Death Treated ventricular
tachycardia

Cerebral vascular
accident

Acute coronary
syndrome

n (%) (95% CI)a n (%) (95% CI)a n (%) (95% CI)a n (%) (95% CI)a n (%) (95% CI)a

Placebo total number of
patients with MACE
component

2 (6.5) (0.8, 21.4) 2 (6.5) (0.8, 21.4) 7 (22.6) (9.6, 41.1) 0 (0.0) (0.0, 11.2) 4 (12.9) (3.6, 29.8)

15 mg total number of
patients with MACE
component

4 (12.5) (3.5, 29.0) 1 (3.1) (0.1, 16.2) 3 (9.4) (2.0, 25.0) 1 (3.1) (0.1, 16.2) 4 (12.5) (3.5, 29.0)

30 mg total number of
patients with MACE
component

4 (13.3) (3.8, 30.7) 2 (6.7) (0.8, 22.1) 8 (26.7) (12.3, 45.9) 0 (0.0) (0.0, 11.6) 2 (6.7) (0.8, 22.1)

aExact two-sided 95% confidence interval for percentage of patents with event.
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Table 3 Change in troponin I levels as a function of time after injection procedure in each cohort relative to
pre-injection troponin I level

Mean D from pre-injection as a function of time after injection (ng/mL)

6 h 12 h 18 h 3 days 1 month 4 months

Placebo 3.5+4.7 3.7+12.1 2.8+10.8 0.9+3.6 20.1+0.2 0.0+0.1

15 mg 2.1+2.1 1.1+1.0 0.6+1.0 0.13+0.5 20.1+0.6 20.1+0.5

30 mg 2.7+1.9 1.5+1.2 0.9+0.9 0.2+0.4 20.1+0.3 20.1+0.3
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Special populations
Investigations in diabetic and aged populations suggest that bone
marrow-derived stem cells are less functional than non-diabetic or
young subjects.15 – 17 We wanted to begin to determine if there
was less of a response to pSDF-1 in diabetic or older patients. There-
fore, we compared the change in stroke volume in patients above and
below the median age of the trial (66 years) (Figure 6A), as well as non-
diabetic and diabetic patients (Figure 6B). This post hoc analysis
suggests that aged and diabetic patients appear to be no less respon-
sive to pSDF-1.

Discussion
There has been a significant evolution in identification of specific tar-
get genes that have been shown to play an important role in enhan-
cing myocardial function or stem cell mobilization and homing to the
heart, as well as the development of novel methods for delivery of
these target genes to the heart which are both safe and effect-
ive.1,4,6,7,18 The strategy of delivering substantial quantities of target

gene as an alternative to stem cells for native cardiac repair is based
on the current leading hypothesis that the primary mechanism of
stem cell benefit is a paracrine effect.6,19 This hypothesis is derived
from the observation that transplanted cells do not remain in situ for
more than several days post-delivery, and that the supernatant ob-
tained from cell cultures is as effective as delivery of the cells
alone.20,21 Secreted factors from the cells rather than the cells
themselves, lead to stimulation of native repair.20,22

One gene and ligand pair that has been shown to be critical to
stem cell mobilization and homing is the chemokine SDF-1, and its
ligand receptor, CXCR4, or SDF:CXCR4 axis.23 – 25 Pre-clinical
models confirmed the ability to deliver meaningful quantities of a
DNA plasmid encoding hSDF-1 without the need for any type of
carrier vector. This approach leads to local expression for periods
of over 2 weeks,7,8 a duration comparable with reported cell sur-
vival after implantation in local tissue. These pre-clinical studies
also demonstrated signals of efficacy, with improved cardiac func-
tion in models of myocardial infarction.5

The results of the 17 patient pilot STOP-HF trial with this SDF-1
encoding plasmid suggested clinical benefit without SAEs,10 and led

Figure 2 Effect of stromal cell-derived factor-1 over-expression on structural, functional, and clinical measures in patients with chronic heart
failure. Mean values of (A) composite score, (B) left ventricular ejection fraction (%), (C) left ventricular end-systolic volume (mL), (D) N-terminal
pro BNP (pg/mL) and (D) N-terminal pro BNP at baseline, 4 and 12 months after treatment with placebo (open circles), 15 (grey circles), or 30 mg
(black circles) of JVS-100. Box in (A) represents primary endpoint of trial. P-value represents treated vs. placebo at 4 months.
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to this exploratory Phase II STOP-HF trial in 93 subjects. The cur-
rent study was powered to assess the safety and efficacy of two dif-
ferent doses of JVS-100 and better define the appropriate target
population for subsequent pivotal trials. The intra-myocardial deliv-
ery of SDF in the two doses used in this study did not meet the pri-
mary endpoint of improvement of clinical status based on a
composite endpoint of 6 MWD and MLWHFQ that was designed
based on the findings of the small open-label Phase I study.10

Previous data from our pivotal porcine study suggested that the
benefit of pSDF-1 was more pronounced in hearts with more ad-
vanced cardiac dysfunction as manifested by the lowest baseline
LVEF and highest LVESV.8 Based on this understanding of the mech-
anism of action of the SDF-1:CXCR4 axis and consistent with the
exploratory nature of STOP-HF, we pre-specified an analysis of
the response to pSDF-1 based on tertiles of baseline LVEF. The re-
sults of this analysis suggest a dose-dependent improvement in study
endpoints of change in LVEF and LVESV, which appeared to persist
between 4 and 12 months post-delivery. This observation is surpris-
ing given that the pSDF-1 vector is only expressed for ,1 month in
pre-clinical models of ischaemic HF.7,8

There are several potential mechanisms that explain the greater
response observed in patients with the greatest degree of LV dila-
tion and dysfunction. We have previously demonstrated that the

over-expression of SDF-1 in ischaemic cardiomyopathy leads to sta-
bilization and increased perfusion in the infarct border zone. We
and others have demonstrated that in chronic ischaemic cardiomy-
opathy, cardiac myocytes in the infarct border zone are CXCR4
positive.2,26 CXCR4 expression by cardiac myocytes leads to a
negative inotropic state.27,28 The transient over-expression of
SDF-1 in ischaemic cardiomyopathy has been shown to lead to long-
term down-regulation of cardiac myocyte CXCR4 expression,
re-recruiting the contractile function of the border zone.2 Improve-
ment in border zone cardiac structure and function has previously
been shown to induce global left ventricular remodeling.29 Patients
with greater LV dysfunction are likely to have a greater volume of
myocardial tissue under stress; therefore, a greater demonstrable
response to SDF-1 over-expression as seen in the current study. Re-
gardless of mechanism, these data demonstrate that the cardiac re-
sponse to biological therapies is impacted by the myocardial
substrate being treated.

As stated above, the STOP-HF trial was not powered to observe
changes in HF-related hospitalizations or death. The observed
MACE events in this study suggest that there may be no increase
in MACE with pSDF-1 injections. It is important to note that the de-
gree of LV remodelling we observed has been previously shown to
be associated with significant reductions in HF hospitalizations and
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Table 4 Baseline demographic data by tertile of baseline left ventricular ejection fraction

Tertile of baseline LVEF P-value for equipoise among cohorts within
tertilea

EF < 26 26 ≤ EF < 32 EF ≥ 32 EF < 26 26 ≤ EF < 32 EF ≥ 32

Patients 31 31 31

Sex (% male) 83.9 100 83.9 1.00 1.00 1.00

NYHA Class (%) 67.7 61.3 71.0% 0.24 0.89 0.33

Diabetic (%) 51.6 32.3 45.2 0.32 1.00 0.66

CRT (%) 71.0% 58.1 35.5 1.00 0.39 0.81

Age (years) 65+8 65+11 66+9 0.11 0.91 0.27

BMI 29+6 30+6 30+4 0.67 0.23 0.80

Years since MI 11+9 12+10 9+8 0.55 0.43 0.64

LVESV (mL) 218+71 167+47 116+28 0.88 0.049b 0.70

LVEDV (mL) 268+85 233+63 182+44 0.86 0.046b 0.62

LVEF (%) 19+4 28+2 36+4 0.13 0.07b 0.80

NTproBNP (pg/mL) 1506+1131 1130+1308 725+543 0.31 0.39 0.37

6 MWD (m) 301+97 281+84 305+88 0.43 0.26 0.97

MLWHFQ (points) 53+19 49+19 50+20 0.87 0.24 0.21

ACE-I (%) 71.0 87.2 87.1

b-Blocker (%) 93.7 100 90.2

MRA (%) 70.8 57.6 41.7

26 ≤ EF , 32 tertile

Placebo 15 mg 30 mg

LVESV (mL) 150+41 156+50 195+43

LVEDV (mL) 211+55 215+65 270+58

LVEF (%) 29.3+1.4 27.6+1.8 28.1+1.8

aTwo-sided test comparing all three arms. Fisher’s exact for categorical variables and one-way ANOVA for continuous variables.
bMeans+ SD for significant or borderline significant from 26 ≤ EF , 32 tertile above.
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Figure 3 Effect of stromal cell-derived factor-1 over-expression
on ejection fraction at 4 and 12 months based on baseline ejection
fraction. Data represent change in left ventricular ejection fraction
in box-whisker plots with median and interquartile range and min-
imum and maximum data points. Circles represent individual pa-
tient data points for (open circle) placebo, (grey circle) 15, or
(black circle) 30 mg treatment cohorts. (A) Patients with
EF , 26% at baseline, (B) patients with EF , 32% at baseline, or
(C) patients with EF , 40% at baseline. The variable D represents
the difference between the median in the above-treatment cohort
and placebo.

Figure 4 Effect of stromal cell-derived factor-1 over-expression
on parameters of chronic heart failure in high-risk heart failure pa-
tients. Data represent change in (A) composite endpoint, (B) left
ventricular end-systolic volume, and (C) N-terminal pro BNP in
the first tertile (left ventricular ejection fraction ,26% at baseline)
in box-whisker plots with median and interquartile range and min-
imum and maximum data points. Circles represent individual pa-
tient data points for (open circle) placebo, (grey circle) 15, or
(black circle) 30 mg treatment cohorts. The variable D represents
the difference between the median in the above-treatment cohort
and placebo.
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mortality at 2 years.30 Notably, these observed improvements oc-
curred in patients who were receiving guideline directed therapy in-
cluding ACE-I/ARB, b-blocker, MRA, and cardiac resynchronization
therapy. The fact that patients over 10 years since the last myocar-
dial infarction could be induced to attenuate LV remodelling demon-
strates the therapeutic potential of targeting the myocardial
substrate including the microvasculature. Of note, older and diabet-
ic patients responded positively to the transient over-expression of
SDF-1. These data indicate that while these co-morbidities are asso-
ciated with decreased stem cell function in in vitro assays,31,32 the

stem cells circulating in the blood stream or within the myocardium
appear to remain active, or can be activated by SDF-1. We have pre-
viously demonstrated that the mechanism of action of mesenchymal
stem cells is the release of SDF-1.6 These observations support a
possible mechanism for the recent demonstration that the age of
mesenchymal stem cells does not alter response to engraftment
in chronic HF.33

Limitations
There are limitations of the STOP-HF trial. It is a modest size trial
but under powered for HF events including hospitalizations and
death. Left ventricular volumes were obtained by contrast echocar-
diography whenever possible; while cardiac magnetic resonance
(cMR) may be a more precise method, the requirement to include
implantable cardiac defibrillators ruled out cMR as the primary
mode of imaging.

Conclusion
The primary endpoint of the trial was a composite score of 6 MWD
and MLWHQ. The composite endpoint was significantly increased
in both the control and treated cohorts. As a result, the trial did not
achieve statistical significance on the primary endpoint.

Based on pre-specified analyses the STOP-HF study demon-
strates the potential for the over-expression of SDF-1 by direct en-
domyocardial delivery to improve cardiac performance as suggested
by the significant improvement in ejection fraction, and the trends in
attenuation of LV size and increased stroke volume in the tertile of
patients with the lowest LVEF. These data support the need for fur-
ther investigation of SDF-1 over-expression for the treatment of ad-
vanced HF in larger clinical studies to determine if the benefits in
cardiac structure and function observed in this trial impact the clin-
ical endpoints of HF hospitalizations and death. Furthermore, the
safety and remodelling data from STOP-HF and the fact that

Figure 5 Effect of stromal cell-derived factor-1 over-expression
on stroke volume 12 months after treatment. Mean change in
stroke volume from baseline to 12 months following administra-
tion of placebo or treatment with 15 or 30 mg of JVS-100 in all pa-
tients (open bar) or patients in the first tertile of EF (,26%) at
baseline. Data represent mean+ SD.

Figure 6 Effect of age and diabetes on change in stroke volume in response to stromal cell-derived factor-1 over-expression in chronic heart fail-
ure. Data represent change in left ventricular ejection fraction in patients from the first tertile of baseline left ventricular ejection fraction (,26%) in
box-whisker plots with median and interquartile range and minimum and maximum data points. Circles represent individual patient data points for
(open circle) placebo or (black circle) 30 mg treatment cohorts. (A) Analysis in patients based on median age and (B) analyses of patients based on
presence or absence of diabetes mellitus. The variable D represents the difference between the median in the above-treatment cohort and placebo.

E.S. Chung et al.2236



JVS-100 is a non-viral DNA plasmid, support investigation of
whether there will be greater clinical benefits associated with repeat
administration of the myocardium with SDF-1.
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Shortness of breath and cardiac conduction abnormality caused
by infiltrative cardiomyopathy
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A 43-year-old man presented with dyspnoea on
exertion. Electrocardiography (ECG) showed sinus
bradycardia with second degree atrioventricular
block, and right bundle branch block (Panel A).
An event monitor revealed symptomatic sinus
arrest with a junctional escape rhythm. Echocardi-
ography and cardiac magnetic resonance (CMR)
demonstrated right ventricle (RV) enlargement
and reduced RV function (Panel B; Supplementary
material online, Movies S1 and S2). Late gadolinium
enhancement (LGE) was present in the RV free
wall, the interventricular septum, and subepicar-
dium of the left ventricle (LV) (Panel C). Right heart
catheterization revealed normal right-sided filling
pressures and decreased cardiac output. The
patient underwent electroanatomical mapping-guided RV endomyocardial biopsy (EMB) where regions of low voltage with fractionated
electrograms and late potentials were targeted for biopsy (Panel D, Supplementary material online, Movie S3). Biopsy samples showed
non-necrotizing granulomatous inflammation involving the myocardium consistent with sarcoidosis (Panel E).

Sarcoidosis is a heterogeneous, non-caseating, granulomatous disorder. Non-invasive and invasive tests are required to establish
a diagnosis of cardiac sarcoidosis (CS). Cardiac magnetic resonance and positron emission tomography provide the highest sensitivity
for detection of CS, but CMR findings of mid-myocardial or sub-epicardial LGE appear to be more specific. Endomyocardial biopsy is
recommended to obtain histological diagnosis when there is no histological confirmation from another source. Endomyocardial biopsy
has low sensitivity with high false-negative results from sampling error. In this case, EMB guided by anatomical information from CMR and
electrical voltage mapping localized pathologic myocardial tissue and increased the diagnostic yield of the procedure.
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