
Long-Term Follow-Up Assessment of a Phase 1 Trial
of Angiogenic Gene Therapy Using Direct Intramyocardial

Administration of an Adenoviral Vector Expressing
the VEGF121 cDNA for the Treatment of Diffuse

Coronary Artery Disease

Todd K. Rosengart,1,* Muath M. Bishawi,1 Michael S. Halbreiner,1 Mathew Fakhoury,1 Eileen Finnin,1

Charleen Hollmann,2 Annie Laurie Shroyer,1 and Ronald G. Crystal2

Abstract

On the basis of studies in experimental animals demonstrating that AdVEGF121, an E1 - E3 - serotype 5 ade-
novirus coding the 121 isoform of vascular endothelial growth factor (VEGF), could mediate the generation of
new blood vessels and reverse coronary ischemia, a clinical study of direct myocardial administration of Ad-
VEGF121 was initiated in patients with late-stage, diffuse coronary artery disease. This study provides long-term
(median, 11.8 years) follow-up on these patients. From 1997 to 1999, AdVEGF121 was administered by direct
myocardial injection to an area of reversible ischemia in 31 patients with severe coronary disease, either as an
adjunct to conventional coronary artery bypass grafting (group A) or as minimally invasive sole (MIS) therapy,
using a minithoracotomy (group B). There was no control group; the study participants served as the control
subjects. The 5- and 10-year survival was 10 of 15 (67%) and 6 of 15 (40%) for the group A patients, and 11 of 16
(69%) and 5 of 16 (31%) for group B sole therapy patients, respectively. In comparison, maximal medical therapy in
comparable groups in the literature have a 3- to 5-year survival rate of 52 to 59%. For the survivors, the angina
score for group A was 3.4 – 0.5 at time 0 and 1.9 – 1.0 at last follow-up, and for group B it was 3.4 – 0.6 and 2.0 – 1.1,
respectively. The incidences of malignancy and retinopathy were no greater than that expected for the age-
matched general population. We conclude that adenovirus-mediated VEGF direct myocardial administration to
patients with severe coronary artery disease is safe, and future larger trials are warranted to assess efficacy.

Introduction

Therapeutic cardiac angiogenesis is a strategy of ad-
ministering biologics to induce the growth of coronary

artery collateral vessels to enhance blood flow to the chroni-
cally ischemic myocardium (Schumacher et al., 1998; Symes
et al., 1999; Rosengart et al., 1999c; Simons et al., 2000; Freed-
man and Isner, 2002; Carmeliet, 2003). Most human trials of
cardiac angiogenesis have used direct myocardial transfer of
adenovirus or nonviral vectors encoding a mediator that will
induce angiogenesis, such as one of the isoforms of vascular
endothelial growth factor (VEGF) or fibroblast growth factors
(Laham et al., 1999; Rosengart et al., 1999a,b; Symes et al., 1999;
Vale et al., 2000; Losordo et al., 2002; Kastrup et al., 2005;
Stewart et al., 2006; Mitsos et al., 2012). Nearly all of these trials

had a short-term follow-up, typically less than 1 year (Ro-
sengart et al., 1999a,b; Simons et al., 2000; Sarkar et al., 2001;
Hedman et al., 2003; Yang et al., 2009).

In 1997 we initiated cardiac angiogenesis trials using
direct administration to the wall of the left ventricle of a
serotype 5, E1 - E3 - adenoviral gene transfer vector en-
coding the VEGF121 isoform (AdVEGF121) (Rosengart
et al., 1999a,b). The study population all had severe, diffuse
coronary artery disease, with a Canadian Cardiovascular
Society angina score of III to IV (Rosengart et al., 1999b).
A total of 31 patients were studied in 2 groups; group A
(n = 15) as an adjunct to coronary artery bypass grafting
(CABG) and group B (n = 16) as sole therapy using a mini-
thoracotomy to gain access to the left ventricle (Rosengart
et al., 1999a,b).
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Our study was designed as phase 1/2 evaluations of
short-term (6 months) evaluation of safety and efficacy. The
focus of the present study is to assess what has happened
over a median of nearly 12 years to the 31 patients enrolled in
our study. Together with the 8-year follow-up of cardiac
angiogenesis by Hedman and colleagues (2009), these data
support the concept that direct myocardial adenovirus-
mediated VEGF gene therapy for diffuse coronary artery
disease is safe and that future, randomized placebo-controlled
trials are warranted.

Materials and Methods

Patient selection and study design

Individuals were selected on the basis of their having re-
fractory coronary artery disease and reversible left ventric-
ular ischemia assessed by an independent cardiologist using
rest and stress 99mTc-sestamibi studies, as well as angio-
graphic findings of severe or diffuse disease and/or target
coronaries that were deemed as not bypassable (Rosengart
et al., 1999a,b). Two different treatment protocols were used
for patient subgroups A and B, respectively. In group A
(adjunct-to-CABG group; n = 15), AdVEGF121 was adminis-
tered by direct intramyocardial injection to an ischemic area
of the heart that could not be bypassed because of complete
obstruction or diffuse disease in coronary targets during
conventional, on-pump CABG surgery performed for stan-
dard clinical indications. For group B (minimally invasive
sole therapy [MIS]; n = 16), in patients for whom CABG could
not be carried out because of a lack of suitable coronary
targets, AdVEGF121 was administered by direct intramyo-
cardial injection through a minithoracotomy. In both cases,
ischemic myocardium was identified by 99mTc-sestamibi
nuclear medicine studies and suitability of bypass was de-
termined by the surgeon on the basis of angiographic data.

Study recruitment included both men and women with
ages ranging from 18 to 85 years with FEV1 > 1.2 liters, room
air PO2 > 60 torr, PCO2 < 50 torr, hematocrit > 30%, white
blood cell count < 10,000, blood urea nitrogen < 40 U/liter,
and creatinine < 2.5 mg/dl. Exclusion criteria included indi-
viduals with life-threatening arrhythmias, an ejection frac-
tion < 25% for group A, or an ejection fraction < 30% for
group B (see below for group definitions). Other than the
severity of ischemic heart disease, the study subjects were
typical in their preoperative risk characteristics of other
CABG populations reported in the literature (Rosengart et al.,
1999a,b; Cheng et al., 2006).

The original studies were approved by the Weill-Cornell
Institutional Review Board, and Biosafety Committee, the
National Institutes of Health (NIH) DNA Recombinant Ad-
visory Committee, and the Food and Drug Administration.
The trial was registered through ClinicalTrials.gov (ID
NCT01174095). After the conclusion of the original study, a
follow-up longitudinal study was approved by both the
Stony Brook University and Weill-Cornell Institutional Re-
view Boards.

Vector

The AdVEGF121 vector has been described (Rosengart
et al., 1999a,b; Lee et al., 2000). Briefly, AdVEGF121 (GenVec,
Rockville, MD) is composed of an Ad5 serotype backbone,

with deletions in the E1 and E3 regions. The expression
cassette in the E1 region contains (right-to-left orientation)
the cytomegalovirus early/immediate enhancer/promoter,
an artificial splice sequence, the human VEGF121 cDNA, and
the simian virus 40 (SV40) poly(A)/stop signal. The vector
was produced and stored at - 70�C as previously described
(Patel et al., 1999; Lee et al., 2000). At the time of vector
delivery, the vector was thawed, immediately diluted,
drawn up into a 27-gauge needle (Becton Dickinson, Franklin
Lakes, NJ), and placed into a sterile container for transport to
the operating room.

For group A, the AdVEGF121 vector was administered
directly to the myocardium as 10 subepicardial injections
(100 ll/injection; 10 sites/patient; each site 1 to 1.5 cm apart)
into a single coronary myocardial territory that demon-
strated reversible ischemia. For group A, the CABG proce-
dure was performed via a standard median sternotomy with
vector administered during cardiopulmonary bypass after
graft completion and rewarming. In group A, five dose
groups were evaluated (n = 3 patients per dose group), with
total doses: 4 · 108, 4 · 108.5, 4 · 109, 4 · 109.5, and 4 · 1010

particle units (PU).
For group B, the vector was administered directly to the

myocardium as 10 subepicardial injections (100 ll/injection;
each site approximately 1 cm apart). The vector was injected
through a 4- to 5-cm minithoracotomy with direct visuali-
zation of the region of reversible ischemia. For group B, total
vector dose was 4 · 109 PU/patient.

Follow-up

To initiate this follow-up study, the original research re-
cords of all 31 patients were reviewed. The individuals were
contacted to coordinate their informed (re-) consent and
HIPAA authorization to conduct this longitudinal follow-up.
The follow-up interviews and questionnaires were per-
formed by a research coordinator, including an independent
assessment of the severity of each patient’s symptoms, using
both the Canadian Cardiovascular Society and New York
Heart Association classifications. In addition, a copy of the
patients’ medical records for the period since the index
surgical procedure was reviewed to identify potential treat-
ment-related complications as well as subsequent cardiac-
related events. Deaths reported were verified using the
online Social Security Death Index. Median follow-up time of
survivors was 11.8 years; median survival time for the entire
cohort (with two patients lost to follow-up) was 9.6 years.

Statistical analysis

Follow-up was obtained in 29 (94%) of these patients
with a median follow-up of 11.8 years. Univariate statistical
tests were performed as well as t tests, chi-square tests, and
Kaplan–Meier survival curves, to compare the patient base-
line characteristics and follow-up outcomes. All statistical
analyses were performed with SPSS software version 18.0
(IBM, Somers, NY).

Results

As previously reported, in the first 6-month follow-up
period, there were two perioperative deaths (within 40 days
of the operative procedure), one additional sudden death of
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unknown cause on postoperative day 145 in group A, and no
deaths in group B (Rosengart et al., 1999b). There was no
unexpected morbidity in either group during this initial 6-
month evaluation period. One group A patient underwent
percutaneous coronary intervention (PCI) during the initial
follow-up period, and one group B patient underwent PCI
and subsequent CABG during this interval.

Over the average of the nearly 12-year follow-up period,
cardiac revascularization procedures were performed in a
total of eight patients, including the two in the initial, pre-
viously reported follow-up period (Table 1). Six received
implantable cardioverter defibrillators (ICDs; Table 1). Of the
31 individuals, 1 developed retinopathy. One group A pa-
tient and three group B patients developed malignancies
(prostate cancer, colon cancer, squamous cell cancer of the
head, and breast cancer, respectively). One group A patient
had a small right atrial mass (< 9 mm) noted on an echocar-
diogram 10 years after AdVEGF121 therapy. This did not
change when reevaluated 1 year later. The subject had un-
dergone PCI and ICD, but refused surgical intervention or
biopsy. At the time of this study, 13 years after the Ad-
VEGF121 therapy, this study subject is alive and doing well.

One group B patient underwent heart transplantation 9.5
years after vector administration. The explanted heart was
obtained for postmortem examination, but no evidence of
enhanced angiogenesis was evident in this specimen post-
fixation. In contrast, coronary angiograms of three patients
(one in group A and two in group B) obtained at our insti-
tution 10 years after AdVEGF121 therapy had evidence of a
‘‘tumor blush,’’ suggesting collateral vessel formation in the
treated territory (Fig. 1).

For group A, survival at 5 years was 10 of 15 (67%) and
survival at 10 years was 6 of 15 (40%). Group B survival at 5
and 10 years was 11 of 16 (69%) and 5 of 16 (31%), respec-
tively (Figs. 2 and 3). Of the total of 18 patients known to
have died over the follow-up period, 2 had an unknown
cause of death, 1 died from causes related to breast cancer,
and the remainder (n = 15) died of cardiac-related causes.

Table 1. Adverse Events
a

Group A
(n = 12)b

Group B
(n = 15)b

Total
(n = 27)b

Incidence
in general
population

(%)c

Cancer
Prostate 1 0 1 8
Colon 0 1 1 0.4
Squamous cell

(head/neck)
0 1 1 NA

Breast 0 1 1 3
Total cancer 1 3 4 17
Retinopathy 0 1 1 20d

Cardiac intervention
PCI 3 4e 7
CABG 0 1e 1
ICD 3 3 6
Radiofrequency

ablation
1 0 1

Heart transplant 0 1 1
Stroke 0 1 1
Otherf 1 0 1

CABG, coronary artery bypass grafting; ICD, implantable cardi-
overter-defibrillator; NA, not available; PCI, percutaneous coronary
intervention.

aIncludes data in our original 6-month follow-up report (Rosen-
gart et. al., 1999a).

bNumber of patients with complete follow-up data.
cSEER Cancer Statistics Review, 1975–2009 (Vintage 2009 Popula-

tions), National Cancer Institute. Bethesda, MD, http://seer.cancer
.gov/csr/1975_2009_pops09/, based on November 2011 SEER data
posted 2012 (tabulated incidence corrected to 10-year follow-up
interval and age group).

dNational Eye Institute Data and Statistics (www.nei.nih.gov/
eyedata/pbd3.asp); tabulated on the basis of incidence of diabetes
in cohort population and incidence of retinopathy for diabetics in
database.

eOne individual underwent both PCI and CABG during initial
follow-up.

fRight atrial mass.

FIG. 1. Example of an an-
giogram 10 years after direct
myocardial administration of
AdVEGF121 as sole therapy
(group B). The vector was
administered in the region
outlined by the white box.
The two views show an area
of significant collateralization
distal to the primary occlu-
sion.
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The patients still alive were more frequently male (10
males vs. 1 female were alive at follow-up vs. 11 males and 7
females that had died). The survivors had presented at a
younger age (57 – 9 vs. 63 – 10 years) and had lower inci-
dences of diabetes (36 vs. 61%) and hypertension (64 vs. 88%)
at the time of initial surgery compared with nonsurvivors
(Table 2). Of the 10 patients available for questioning, 5 of 6
living (83%) group A patients and 3 of 4 (75%) living group B
patients (excluding the transplant patient) had a CCS angina
class of I or II (Fig. 4). The baseline CCS angina class in all of
these patients was either class III or IV.

Discussion

The current study represents the longest documented
follow-up of a cohort of individuals having been adminis-
tered a gene transfer vector in vivo. There is only one other
report of long-term follow-up of in vivo gene transfer in the
literature, describing the 8-year follow-up of a cohort of in-
dividuals receiving adenovirus encoding VEGF165 for the

treatment of coronary artery disease (Hedman et al., 2009).
Although not originally designed as a long-term follow-up
study, the current report provides an encouraging safety
profile after a median of 11.8 years after myocardial ad-
ministration of an adenovirus encoding VEGF.

Despite early concerns that direct cardiac adenovirus-
mediated angiogenic gene transfer might invoke deleterious
acute local or systemic adverse responses, there were mini-
mal elevations of markers of inflammation or myocardial
injury after direct vector administration to the heart in this
and other clinical studies (Rosengart et al., 1999c; Simons
et al., 2000; Crystal et al., 2002; Hedman et al., 2003; Stewart
et al., 2006; Gupta et al., 2009; Yang et al., 2009; Mitsos et al.,
2012). Relevant to the VEGF transgene, although there were
theoretical concerns of propensity for malignancy with
VEGF-mediated cardiac gene therapy, no increase in

FIG. 2. Kaplan–Meier 10-year survival data. (A) Group A
adjunct to bypass. (B) Group B, sole therapy.

FIG. 3. Five-year survival rates for groups A and B versus
comparator groups with similar groups of diffuse coronaryartery
disease treated with maximal medical therapy from the literature.

Table 2. Potential Risk Factors for Mortality
a

Alive (n = 11) Dead (n = 18) p Value

Age (yr) 57 – 9 63 – 10 0.1
Range 42–69 43–83

Male:female 10:1 11:7 0.1
CCS Score (%) 0.4

CCS I/II 0 0
CCS III 5 (46%) 12 (67%)
CCS IV 6 (55%) 6 (33%)

Cardiovascular (%)
CHF 2 (18%) 5 (28%) 1.0
Diabetes 4 (36%) 11 (61%) 0.3
Hypertension 7 (64%) 16 (88%) 0.2
Prior CABG 7 (64%) 9 (50%) 0.7
Prior PCI 2 (27%) 2 (17%) 0.7

CABG, coronary artery bypass grafting; CCS, Canadian Cardio-
vascular Society classification; CHF, congestive heart failure; PCI,
percutaneous coronary intervention.

aBaseline demographics for all patients with known survival
status (29 of 31).
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malignancy was seen in the present study cohort compared
with the general population, refuting concerns of tumor
propagation supported by promiscuous neovascularization,
or due to activation of latent oncogenes. The occurrence of
four malignancies over nearly 12 years of follow-up (13%
incidence) in our relatively elderly patient population is not
different from the 17% rate expected for the general popu-
lation at this age (Altekruse et al., 2012). Further, despite the
fact that 52% of our study cohort were diabetics and that 40
to 50% of this population can be anticipated to develop di-
abetic retinopathy (National Eye Institute Data and Statistics;
www.nei.nih.gov/eyedata/pbd3.asp), there was a low inci-
dence (< 5%) of retinopathy observed in our cohort. To-
gether, these findings provide reassurance that concerns
regarding promiscuous neovascularization may be unwar-
ranted, consistent with our expectations that by using lo-
calized cardiac delivery of the angiogenic agent, there was
minimal risk of systemic adverse neovascularization.

The survival over 5 and 10 years of individuals receiving
AdVEGF121 in our cohort was as good as, if not better than,
that seen in large cohorts of similar patients with coronary
artery disease treated with medical therapy. In this regard,
the 69% 5-year survival of our sole therapy group B patients
compares favorably with the 52% 5-year survival of a simi-
lar-risk cohort of individuals randomized to maximal med-
ical therapy in a study of transmyocardial revascularization
(TMR) reported by Allen and colleagues (2004). Likewise, the

5-year survival of our sole therapy cohort exceeded the 59%
3- to 5-year survival of maximal medical therapy patients in
a meta-analysis of randomized controlled TMR trials (Cheng
et al., 2006). Survival in the current study also exceeded the
40% 5-year survival for patients undergoing TMR (Horvath
et al., 2001). Survival in our patient population was not as
great as in the 8-year follow-up of the Kuopio Angiogenesis
Trial (KAT) involving the administration of VEGF via ade-
novirus or plasmid (Hedman et al., 2009). However, that trial
used a patient population likely with a higher survival rate
because of its exclusion of patients with diabetes or unstable
angina and inclusion of individuals with less extensive cor-
onary artery disease and only CCS class II to III angina.

Because our original study design did not include a placebo
control, and given the many confounding variables to out-
come that have ensued over the past 11.8 years, assessments of
the efficacy of our angiogenic treatment strategy are difficult
at best. Nevertheless, in addition to the survival results noted
previously, it is interesting that a number of the sole therapy
group B patients in this study improved from class III/IV to
class I/II angina symptomatology, especially as these changes
appear to have persisted beyond the typical 6-month ‘‘placebo
effect’’ interval (Finniss et al., 2010). Likewise, although anec-
dotal and certainly not probative of persistent treatment-
induced neovascularization, the angiographic evidence of
‘‘tumor blush’’ seen in three of our treated patients is of in-
terest, and reminiscent of the autopsy-documented neo-
vascularization pattern seen in a treated patient from the
‘‘REVASC’’ AdVEGF121 trial (Stewart et al., 2006).

The current study reports the longest known outcomes and
survival results after human in vivo gene transfer from one of
the earliest cohorts of patients to have undergone myocardial
angiogenic gene therapy. Although interpretation of these
data is limited by our lack of more formalized trial design
over this prolonged interval, they nevertheless suggest the
long-term safety of this intervention, even in patients with
late-stage, diffuse critical coronary artery disease. Future
placebo-controlled clinical trials that include a rigorous focus
on long-term event-free survival rates and/or sustained re-
duction of symptoms and health-related quality of life appear
warranted to substantiate these preliminary findings regard-
ing safety, as well as to evaluate the differential treatment
efficacy of gene therapies. In this regard, we are initiating a
new, prospective placebo-controlled randomized trial of direct
adenovirus-mediated angiogenic gene therapy in an attempt
to definitively address this issue (Crystal et al., 2012).
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