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Objective

To summarize the 6-month follow-up of a cohort of patients
with clinically significant coronary artery disease who received
direct myocardial injection of an E1~E3™ adenovirus (Ad)
gene transfer vector (Adg, VEGF121.10) expressing the hu-
man vascular endothelial growth factor (VEGF) 121 cDNA to
induce therapeutic angiogenesis.

Background

Therapeutic angiogenesis describes a novel approach to the
treatment of vascular occlusive disease that uses the adminis-
tration of growth factors known to induce neovascularization
of ischemic tissues.

Methods
Direct myocardial injection of Adg, VEGF121.10 into an area
of reversible ischemia was carried out in 21 patients as an

adjunct to conventional coronary artery bypass grafting (group
A, n = 15) or as sole therapy using a minithoracotomy (group
B,n = 6).

Results

No evidence of systemic or cardiac-related adverse events
related to vector administration was observed up to 6 months
after therapy. Trends toward improvement in angina class and
exercise treadmill testing at 6-month follow-up in the sole
therapy group suggest the effects of this therapy are persis-
tent for =6 months.

Conclusions

This study suggests that direct myocardial administration of
AdgWEGF121.10 appears to be well tolerated in patients
with clinically significant coronary artery disease. Initiation of
phase Il evaluation of this therapy appears warranted.

Therapeutic angiogenesis is a novel experimental stratedgipn of ischemic tissues is accomplished by the administra-
for treating myocardial ischemia in which neovascularization of mediators known as “angiogens” that induce the

formation of blood vessefs? This strategy is based on the
following observations:
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1. The native biologic response to vascular occlusion
involves the formation of collateral vessels that serve
to bypass these obstructions.

Upregulation of the expression of naturally occurring
angiogens and their cognate receptors appears to
underlie the process of collateral vessel formation.
The native process of collateral vessel formation is
characteristically incomplete in relieving ischemia
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secondary to atherosclerotic vascular occlusive disStudy Design
ease”?

Percutaneous transluminal coronary angioplasty and cor- Two groups were evaluated. In group A (adjunct group),

onary artery bypass grafting (CABG), the current interven-the Ads, VEGF121.10 vector was administered during con-

tional therapies for treating atherosclerotic coronary arteryentional CABG surgery by direct intramyocardial injection
disease (CAD), are of limited benefit in patients with severd® an ischemic area that could not be bypassed. In the
or diffuse disease and do not adequately address the issueR§tients in group B (sole therapy), in whom CABG could
restenosis. Therapeutic angiogenesis may therefore be ™t be carried out because there was a lack of suitable
valuable adjunct to conventional interventional strategiedypass graft targets, the vector was administered as a sole
for treating CAD. therapy by direct intramyocardial injection through a
Of the many polypeptide angiogens implicated as cataminithoracotomy to an area of ischemic myocarditfithe
lysts of angiogenesis, vascular endothelial growth factoinclusion criteria for groups A and B included men and
(VEGF), a protein coded by a seven-exon gene localized owomen ages 18 to 85 with demonstrable reversible left
chromosome 6, appears to be one of the most important. lpentricular ischemia, as assessed by rest and stt&%s-
this context, deletion of the VEGF and VEGF receptorsestamibi nuclear medicine studies. Twenty-four-hour
genes in knockout models results in lethal embryonic abolter monitoring was used to exclude patients with life-
normalities, and VEGF has been demonstrated to inducgreatening arrhythmias. Other inclusion criteria included
vigorous collateral vessel formation in several modefs.  oom air R, > 60 torr, Ro, < 50 torr, forced expiratory
One approach to therapeutic angiogenesis is gene theyipiume in 1 second 1.2 L, hematocrit>30%, white blood
apy, a drug-delivery strategy by which the coding sequencegg|| count <10,000, blood urea nitrogerc40 UJL, and
for specific angiogens can be delivered to targeted tiSSUgeatinine<2.5 g/dl. Exclusion criteria included ejection
such as the myocardium to enable cells making up the USSUL, stion <25% for group A and<30% for group B.

to produce and secrete a selected angiogen such aS1en iniecti o

7-9 o - . . en injections of Ad,/VEGF121.10 (10Qul per injec-
VEGF. Replication-deficient recombinant adgnow.rusﬁion; each site 1to 1.5 cm apart) were administered by direct
(Ad) gene transfer vectors have been shown in anima]

models to be particularly advantageous for delivering an_myocardlal injection to both group A and B patients in a

giogens such as VEGF to target tissues such as the myslngle coronary myocardial territory demonstrating revers-

. . 99 . . . .
cardium, in that Ad vectors provide high levels of IocaIizedIqble ischemia by™"Tc-sestamibi perfusion scan with or

expression of the angiogen for approximately 1 to 2 weeks‘,NithO”t adenosine stress. For group A, the CABG procedure

a duration demonstrated in experimental animals to be sufas Performed through a standard median sternotomy, with

ficient to induce angiogenesis but not long enough to evoki1€ vector administered directly to the myocardium during
abnormal blood vessel formatigrio—13 cardiopulmonary bypass, but after rewarming to 36°C after

The present study evaluates the administration af,Ad the completion of bypass grafting. Group A total doses were
VEGF121.10, an E1E3~ Ad vector expressing the 121- increased in half-log increments fromx4 10° particle units
amino-acid form of human VEGF, to patients with clini- (Pu) to 4 10'° pu (n = 3 per dose group). For group B,
cally significant CAD. We have previously reported the the myocardium was reached through a small (4- to 5-cm)
early (30-day) results with this cohort, in which this therapythoracotomy. The vector (total dosex410° pu per patient)
appeared to be well toleraté@i This report summarizes the was injected under direct visualization into the beating heart
6-month results of this phase | trial. into the region of reversible ischemia identified ¥'Tc-

sestamibi scanning.

METHODS

Adg,VEGF121.10 General Safety Parameters

The clinical-grade Ad gene transfer vector Ad . . .
VEGF121.10 (GenVec, Inc., Rockville, MD) is made up of Routlne_ blood parameters |nc|ud|r_19 complete_ blood
an Ad5 serotype backbone, with deletions in the E1 and ES°UNt (White blood count, hemoglobin, hematocrit, and
regions’ The expression cassette in the E1 region contain82t€let count), electrolytes, creatinine, blood urea nitrogen,
(right to left orientation) the cytomegalovirus early/imme- @d lactic dehydrogenase were used as indirect measures of
diate enhancer/promoter, an artificial splice sequence, thdystemic toxicity. With the knowledge that 90% of Ad
human VEGF121 cDNA, and the SV40 polyA/stop signal. Vectors delivered systemically in animal models are taken
Ade VEGF121.10 was produced and stored-at0°C as  Up by the liver, liver function tests were serially evaluated,
previously described**®At the time of vector delivery, the including aspartate transferase, alkaline transferase, biliru-
vector was thawed, immediately diluted, drawn up as 200 bin (total, direct, indirect), alkaline phosphatase, and albu-
in 1-ml insulin syringes with a 27-gauge needle (Bectonmin. Systemic vector-specific parameters included anti-Ad5
Dickinson, Franklin Lakes, NJ), and placed into a sterileneutralizing antibody titers by wild type Ad5, as previously
container for transport to the operating room. described®*’
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general CABG populatio* All coronary territories were
treated in group A, whereas injections in group B were
limited to the left ventricle free wall. Vector administration
was well tolerated in both patient groupsThere were no

Table 1. SERUM PARAMETERS
COMPARING BASELINE TO 6 MONTHS
AFTER SURGERY*

3-Month 6-Month complications or late deaths related to vector administration

Parameter Baseline Follow-Up Follow-Up in either cohort. There have been no additional deaths other
CPK (ug/) 172 + 117 160 =+ 91 115 + 34 than the three orig(i)nally reportéd.Patients A13 (adjunct
BUN (mg/d) 19+5 19+6 0+5 group, dose 4x 10*° pu) and B1 (sole therapy group, dose _
Creatinine (mg/dl) 09 + 0.3 0.9 + 0.1 0.9 + 03 4 x 10° pu) underwent subsequent percutaneous translumi-
Hgb (g/dl) 132 132 12+2 nal coronary angioplasty, and patient B1 underwent subse-
Het (%) 384 384 38=x5 quent CABG on postoperative day 130.
X{Eﬁéé;ﬁ(ﬂ}u 62-2 - ;-8 60=05 513 - 23-1 No abnormalities were found in any blood tests at the
AST (SGOT) (U/L) 50+ 20 B 1744 analysis pgrformed 3 or 6 mont.hs after surgery (Table 1).
Alk Phos (U/L) 81 + 23 81 + 18 84 + 21 Serum anti-Ad5 neutralizing antibody levels had decreased
Bilirubin (mg/dl) 0.8+03 0.6 +0.2 06 *0.2 toward baseline by 6 months (Fig. 1).

CPK, creatinine phosphokinase; BUN, blood urea nitrogen; Hgb, hemoglobin;

Hct, hematocrit; WBC, white blood cell count; ALT, alkaline transferase (SGPT, Cardiac-Related Parameters
serum glutamic pyruvic transferase); AST, aspartate transferase (SGOT, serum

glutamic oxaloacetic transferase); Alk Phos, alkaline phosphatase. In both groups, there were no interval changes in the

* In patients receiving intramyocardial Adsy, VEGF121.10 as sole therapy. electrocardiogram after the perioperative period (Table 2)’
and there was no increase in CPK above baseline values at

Cardiac-Specific Parameters 3 or 6 months of follow-up (see Table 1). Due to the effect

Several parameters were examined at 6 months to assess
the cardiac-specific effects of direct myocardial injection of
AdgVEGF121.10 to compare the previously reported pre-
operative and 1 month posttherapy dtaCreatine phos-

A.Group A (adjunt to CABG)

81920 -

(7]
[
2
; . S 40960 @ 4x108 pu
phokinase (CPK; CPK-MB if the total level of CPK was & 20480 © 4x1095 pu
abnormal) was used as a measure of cardiac toxicity. Evi-3, £120 A 4x109 pu
dence of myocardial ischemia, infarction, or arrhythmia was-§ i.—: 1280 O 4x10%5 pu
assessed by serial electrocardiography. The degree of aiE £ erdl © 4x10% pu
gina was assessed by direct questioning of the patient, using 1601
a 1 to 4 scale according to the Canadian Cardiovasculag 297 od
Society classification? Weekly nitroglycerine intake was F  _101o
similarly determined. & S ;
Exercise tolerance testing was performed according to a o 7 M o2 30 %0 180
modified Bruce protocol® Peak heart rate, peak heart Days after vector administration
rate X peak systolic blood pressure, and ST/HR slope
(maximal rate of change of ST depression with respect to
heart rate, by linear regression) were determined using, B.Group B (sole therapy)
. (]
conventional methodolog¥. T 81920 -
Qo 20480
'*E' 10240 -|
icti 5120
Statistical Analyses § 5560
. . S 1280
The number of patients at each dose in group A=(13) N G0
. . [ i
and the total number of patients in group B€n6) aretoo  £& 3%
small to provide sufficient statistical power to discriminate & ﬁg
. . . . . [Te) T
within the variability of the various parameters that were - fg
assessed. Thus, lack of statistical significance may not necz <10
essarily be interpreted as “no difference.” In this context, < o 7 14 21 30 90 180
the results are presented without formal error estimates and o
are presented in the context of trends suggested by the data. Days after vector administration
Figure 1. Assessment of anti-Ad5 neutralizing antibody titers ~ ' before
RESULTS therapy and after intramyocardial administration of Ads,VEGF121.10.
(A) Patients receiving Adg VEGF121.10 as an adjunct to CABG. (B)
General Outcome Patients receiving Adg VEGF121.10 as sole therapy. Data are pre-

. . . sented as titer™ . Data for group A have been previously reported for the
The demographics and cardiac risk factors of these pas x 108 pu dose =90 days and for all other doses =30 days (Harvey et

tients have been reported previously and were typical of thel 1999').
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rdiac- ific Parameter
Table 2. EVALUATION OF Cardiac Spec ¢ Parameters

ELECTROCARDIOGRAM CHANGES On a theoretical basis, chronic inflammation in response
COMPARING BASELINE TO 6 MONTHS to the Ad gene transfer vector represents the primary long-
AFTER SURGERY* term risk to the heart after direct myocardial administration
New ST-T Wave NewQ New of AdGVVEG_Flzl.lo. prgver, therg was no ewdgnce of
Patient Changes Waves Infarcts Other either chronic myocardial inflammation or necrosis after
therapy, as evidenced by the absence of increases in CPK at
B1 None None No  No 3 and 6 months, and arrhythmias or other abnormalities
B2 None None No  No assessed by electrocardiography.
B3 None None No No [P ; il
‘ Because it is impossible to exclude the possibility of
B4 None None No Change in . N . . .
conductiont CABG-related “watershed” perfusion affecting the region
B5 Inferolateral None No Bradycardia of vector administration in group A patients, analysis of the
ischemia* persistence of cardiac-related efficacy after direct myocar-
B6 None None No  Changein dial administration of the Ag\,VEGF121.10 vector in the
repolarizationt

present study was limited to group B. Although the group B

* In patients receiving intramyocardial Adg, VEGF121.10 as sole therapy. cohort is too small to analyze St&tlStIC&”y, group B patients

T Not in the region of vector administration.

A. Angina class
of CABG, the relation of angina class in group A patients to

the Ads, VEGF121.10 administration cannot be interpreted. 4 7
However, in all six patients in group B in whom no addi-
tional interventional therapies had been performed, there 3 — A

was a decrease in angina classification at 1 and 6 monthﬁ‘_{’
compared to before therapy (Fig. 2A). A corresponding °

persistent decrease in sublingual nitroglycerin use was.g 2 ©
noted in five of the six patients, in the setting of stable g
dosages of other antianginal medications (Fig. 2B). 1 e

Assessment of treadmill exercise in the patients in group
B demonstrated a trend toward a decrease in ST/HR slope, 0 . T Y
suggesting decreased myocardial ischemia at 6 months 0 1 6
compared with baseline (Table 3). The extent of exercise
and BPX HR remained stable. Time after vector administration (months)
DISCUSSION B. Nitroglycerin use

The present study demonstrates that the administration ofx 20 7
an Ad vector delivering the coding sequence of the 121- 2
amino-acid form of human VEGF to the myocardium of £ 151
patients with clinically significant CAD is well tolerated *E
during a 6-month period. Based on the known biologic £ 10 -
activity of VEGF and the limited persistence of transgene §

>

expression produced by this vector, it would appear to be = 5 4
reasonable to conclude, at least based on this small cohortg I
that no adverse effects can be anticipated with this therapy Z

g

Although the number of patients in this study is too small to 07 oame
ensure a similar outcome in larger studies or in general use, ' ' '
and these early results are too preliminary to substantiate 0 1 6
efficacy, the trends in this study of the persistence of ap- Time after vector administration (months)

parently beneficial effects without apparent toxicity 6 Figure 2. Assessment of angina before therapy and 1 and 6 months
months after therapy are encouraging. We conclude thagfter intramyocardial administration of Adg,VEGF121.10 in the sole
direct myocardial administration of Qg;j,VEGFlZl.lO ap- therapy/minithoracotomy group. (A) Canadian Cardiovascular Society

Il tolerated in patients with clinicallv sianif- angina classifications before and 1 and 6 months after Adg,-
pears to be we ,0 ,e,ra_e patients c (_:a y Sig . VEGF121.10 therapy. (B) Sublingual nitroglycerin use assessed on a
icant CAD, and initiation of phase Il evaluation of this weekly basis. Pretherapy and 30-day data have been previously re-

therapy appears warranted. ported (Rosengart et al 1999'%).
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Table 3. EVALUATION OF EXERCISE

TOLERANCE TESTS COMPARING 3.

BASELINE TO 6 MONTHS
AFTER SURGERY*

6-Month 4.
Exercise Tolerance Test Baseline Postop
Duration (min) 5.6 + 2.4t 7.4 261t 5.
SBP X HR X (10° mmHg/min) 141 £2.7¢ 15.0 = 421t
ST/HR slope 7.8 £ 89ttt 4.3 = 2.0ttt

SBP, systolic blood pressure; HR, heart rate; ST, ST segment of electrocardio-

gram. 7.

*In patients receiving intramyocardial Adg, VEGF121.10 as sole therapy (mean
+ SD).
tn=6
ttn=5
=3
tttn 8

9.

demonstrated a trend in improvement in their angina clas-
sification, nitroglycerin use, and some exercise parameters;

these changes were persistent at 6 months. Should simila#-

observations be made in large-scale controlled trials, given
the 1- to 2-week period of transgene expression character-

istic of Ad-mediated gene transfer, these findings suggest;.

that the putative angiogenic effects of this therapy could
persist well beyond the expected interval of VEGF angiogen
expression.

13.

Systemic Parameters

There was no evidence of deterioration of liver function , ,
or any other systemic abnormalities at 6-month follow-up in
any of the treated patients in either group A or group B. This
observation is important because it is theoretically possible,
although inconsistent with the known biology of the Ad
vector, that the activity of the Ag,VEGF121.10 vector
could somehow be delayed or persistent beyond known

expression profiles of the vector. Although administrationie.

of the Ad;,,VEGF121.10 vector to the heart did induce an
increase in anti-Ad neutralizing antibodies in most of the
study population, as previously reportédthese antibody

levels returned toward baseline at 6 months in most patients,

suggesting that repeat administration of this therapy mights.

be possible.

19.
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Dr. M. JupaH FoLkman (Boston, Massachusetts): | think Dr.
Rosengart and his colleagues should be congratulated for a path-
breaking story. They have introduced a new modality for the

1. Rosengart TK, Patel SR, Crystal RG. Therapeutic angiogenesis: prdreatment Qf ischemic heart disease.by engingering the hgart mus-
tein and gene therapy delivery strategies. J Cardiovasc Risk 199%le to continually produce its own private angiogenic protein. The

8:29-40.

key point in the manuscript is that the angiogenic protein does not
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appear to spill over into the main circulation, the procedure is safethe surgical management of perforated necrotizing enterocolitis
with few if any side effects, and myocardial function is improved. (NEC) and midgut volvulus (MGV) with extensive ischemia/
Dr. Rosengart has more than a year’s experience with this verypecrosis in the newborn, an approach which | initiated in 1982 and
new principle. And this puts him in a small club of pioneers, which which | have used and reported upon multiple times sifezl{atr
includes, for example, Jeffrey Isner at St. Elizabeth Hospital inSurg Int1989;4:110-3, 1991,6:313-7, 1997;12:208-10).
Boston, who has treated 20 patients with injection into the myo- Early in this experience, in the 7- to 10-day period following the
cardium of naked DNA for an angiogenic protein VEGF, as usedPD&W operation, reoperation in two cases encountered an unfor-
here, and these patients had no other surgical options. Yet a yegettable massive florid hypervascularity “angiogenesis” which led
later, their scans still show persistent new collateral vessels, anh exsanguination in one case and almost in the other—good
half have become angina-free. A third pioneer in this club isangiogenesis if the surgeon can be persuaded not to mess with it in
Michael Simons at Beth Israel Hospital in Boston, who injects anthis most critical of periods.
angiogenic protein which is different, FGF, into the myocardium This type of good angiogenesis is spontaneous and hypoxia-
through a cardiac catheter in the arm, using also sustained releaassociated rather than induced and therapeutic as in the authors’
polymers. report here. Have the authors looked at hypoxia-associated levels
It is too early to say whether therapeutic angiogenesis of thef VEGF family of molecules in their clinical and experimental
heart will be added to coronary artery bypass surgery or will bemodels of myocardial ischemia in comparison with normal and
added to angioplasty or will ever be used as first-line therapy. Anchonischemic myocardium, as well as after their therapeutic and
Dr. Rosengart has been very understated and guarded in his preéduced VEGF-mediated good angiogenesis?
sentation of this nice data. The laparotomy PD&W approach to severely ischemia/necrotic
I think what can be said is that this advance emerged unpregut which | have initiated and which appears to be associated with
dicted from a broad field of angiogenesis research which began 38 marked hypoxia-triggered elevation in the level of spontaneous
years ago in a pediatric surgery laboratory in a children’s hospitajood angiogenesis/hypervascularity involves a quick midline linea
in an attempt to study tumor angiogenesis, a grant supported by thedba in-and-out laparotomy with extensive Penrose drain drainage
Cancer Institute. of the entire peritoneal cavity, with drains from the undersurfaces
From this field has come another potential therapy for ischemiof both diaphragms running down in a serpentine manner to stab
heart disease reported just this week in the jouiatulation— wound exit sites in both lower quadrants of the abdomen and with
the demonstration in aortas of mice that atherosclerotic plaquéops into the pelvis. A monitoring gastronomy, TPN, and broad-
growth is angiogenesis-dependent, and that treatment with a naspectrum antibiotics complete the initial undertaking. Stoma bags
urally occurring angiogenesis inhibitor endostatin suppresseat Penrose drain exit sites capture fecal fistulas and functiole as
plaque growth by 85%. This is the work of Karen Molton, a factoenterostomies. The peritoneal cavity is rapidly obliterated by
cardiologist in our lab. adhesions and spontaneous good angiogenesis—no peritoneal cav-
So this new finding is not yet ready for clinical application. But ity, no peritonitis! Spontaneous autoanastomosis occurs in approx-
if and when it is, it suggests the possibility of a two-pronged attackimately 70% of the cases and no second operation is needed as the
on ischemic heart disease. In addition to Dr. Rosengart’s elegarRenrose drainage dries up and anal passage of fecal material
work, there may be not only a way to stimulate blood vessels as heesumes. With adherence to the simple but effective formula of
has shown in the heart, but also to turn off angiogenesis in plaqueesect no gut and do no enterostomies, both life and gut may be
growth. saved—and likely with many thanks to the good angiogenesis of
the basic and hypoxia-triggered spontaneous type, which the au-
PreseNTERDR. Topb K. RosenGaRT (New York, New York):  thors have described today for the salvation of ischemia-threatened
Thank you, Dr. Folkman. And please allow me to thank you for myocardium.
your pioneering work that literally has allowed the creation of this Have the authors looked at baseline (spontaneous rather than
entire new field. induced) levels of VEGF and other upregulated molecules, genes,
and receptors such as serotonin, substance P, the BB-dimer of
Dr. THomas C. Moore (Torrance, California): Mr. President, PDGF and others in their experimental acute and chronic models
when | approached you early this morning about discussing thi®f myocardial ischemia, and does their induced therapeutic angio-
important paper and you directed me to our Recorder, Dr. Brennargenesis speed up or augment this baseline level, and to what
it did not occur to me that | would not be the first-listed discussantdegree? In other words, the question is, are you with your approach
When the first-listed discussant arose and turned out to be Judaimply augmenting or speeding up a process which is sort of
Folkman, father of angiogenesis, | was delighted—nonetheless, hehugging along and not doing the job quite well enough?
is a difficult act to follow. In his acceptance last year of the 1998 In Dr. Folkman’s discussion, he mentioned the exciting work of
Flance-Karl Award of this Association, he spoke of some of thethe Jeffrey Isner group in Boston with induced/therapeutic angio-
interesting, new, and expanding observations relating to “theragenesis. In an important 1997 report by this groBpi¢ncel997;
peutic” and induced “good” angiogenesis which had been stimu175:964-7), putative endothelial cell progenitors or angioblasts
lated by his pioneering and most impressive work over the year§CD34-positive mononuclear blood cells) were isolated from hu-
on “bad” (cancer-related) angiogenesis. man peripheral blood by means of magnetic beads coated with
At a national meeting in October 1995, | had the opportunity ofantibody to CD34. Orin vitro culture, these cells differentiated
discussing with Judah the possible, indeed likely, involvement ofinto endothelial cells. They confirmed an endothelial cell-like
a “spontaneous” hypoxia-triggered good angiogenesis relating tphenotype of these cells by documenting expression of ecNOS and
up-regulation the VEGF family of molecules, genes, and receptorshe two VEGF receptors (Flk-1 and KDR). In animal models of
(including the BB dimer of PDGF) to account for the remarkable ischemia, these cells homed to areas of ischemia and were incor-
(almost miraculous) salvage of gut and life associated with the usporated into sites of active angiogenesis. These findings suggested
of the laparotomy “patch, drain, and wait” (PD&W) approach to to them that endothelial cell progenitors of this type may be useful
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for augmenting collateral vessel growth to ischemic tissues (ther- You have chosen to use an adenoviral vector. And we know
apeutic angiogenesis). Have the authors today considered thikere are some built-in limitations to adenoviral vectors, especially
approach or others as an addition to augmenting their excitingin adenoviral vector that is replication-deficient. This was a phase
clinical findings? 1 toxicity trial. Did you ever reach your maximum tolerated dose?
Or was that ever the intent?

Dr. RosencArT. Thank you very much, Dr. Moore. | would say  \ve have talked a lot about efficacy, but of course, efficacy is not
that as Dr. Folkman has taught us, angiogenesis is really a fundgga)ly the endpoint of a phase 1 trial. | noticed that in your sole
mental biological process. And | think one of the reasons why Weherapy group, | believe you used®lpfu. Is that a dose that you

are so hopeful that therapeutic angiogenesis holds promise is thgkiny will be efficacious? Or is that the dose that the FDA allowed
we are simply taking the native angiogenic process and augment

TR . . 0 you use and have you subsequently used a higher dose of
ing it, just as we do with many of our current therapies for a\actor?
nug:n;(;;ar\iglf d\l;ga:sds:u;sr. e number of other investioators hav Also, would you comment on the possibility of using a replica-

y . 9 9 . etion-competent factor, because the efficiency of transduction here
seen the up-regulation of growth factors and receptors in th?ikel is not verv aood. We know that when we trv to transduce
ischemic state. Again | think this highlights the point that what we y ¥y good. y

are doing is simply taking the natural process and augmenting itumors, a'F best we get ?*?0”‘ 10% of the C,e”S trgnsduced. I,DO you
I think there are a number of mediators that can be utilized. wd'ave any idea of the efficiency of transduction with your particular
have utilized VEGF. But certainly there are a large number of trials/€Ctor? And you might comment on how you might improve that.
ongoing right now looking at different mediators to induce this
strategy. Dr. RoseNGART. In animal studies, a dose response is demon-
strable over a viral particle administration range of 4 to 6 logs. We

DRr. ANTHONY A. MEYER (Chapel Hill, North Carolina): | en- have not seen a dose response in the human trials, although
joyed the presentation and have questions about two things. | knowumbers have been very, very small. Our dosing was based on
you looked at neutralizing antibody against the adenovirus. Didherapeutic effects in animal studies. Toxicity was demonstrated
you look at neutralizing antibody to VEGF which may have beenonly in small-animal models at several logs above that needed for
induced because of the proximity? Also, viral infections known to efficacy.
introduce an autoimmune response—did you look at any evidence In terms of our use of the replication-competent virus, we would
of autoimmune response to myocardium after the injection?  be hesitant to do that, certainly. One of our feelings is that many

of the preclinical studies in which inflammation was seen may, in

Dr. Rosencart We have thought about looking at immune fact, be related to the number of replication-competent particles.
responses to the VEGper se This is human VEGF. And our e think one of the reasons why we do not see inflammation is

thinking going into these studies was that in fact it would not bethat we have extremely low titers of replication-competent parti-
immunogenic. But that is an analysis we intend to do and do havgqq

samples to perform. , , In terms of the extent of transfection, at least in myocardium in
In terms of your second question, we did a large number ofa

wdies | imal models. but certainly that ; valent © nimals, in the tissues that we have looked at we have high levels
SWcles in animal mode's, but certainly that was not quivalent 1 i, ste ction and were able to produce VEGF expression on the
the human experience. We were admonished that it was likely tha}t . - L
. . . : evel of 1 ng per mg of protein, certainly a level that we think is
adenovirus administration to the heart was going to be a cata-

strophic event in terms of myocarditis. very adequate to induce angiogenesis.
In the animal models, again, although it did not approximate the . .
human, there was no evidence of inflammation or micronecrosis DrR. Lazar J. GREENFIELD (Ann Arbor, Michigan): In terms of

In the human studies we looked very, very carefully at CPK Ievels’functlonal significance of the collateral perfusion, were you able to

motion abnormalities by echocardiogram, as well as electrocardiodémonstrate any change on cardiac scans?
graphic changes, and in none of the patients—and now we have )
treated over 30 patients—in none of these instances have we seenPR- ROSENGART We have looked at perfusion scans, echocar-
any evidence of myocarditis, either in patients with high preoper_diograms, and actually wall motion on the perfusion scans. There
ative antibody levels or low levels. Thirty patients still remains aiS €vidence of improvement of wall motion in these studies. It is
small study, but certainly that has been very encouraging to us. difficult to assess these small changes in the clinical setting, so we
are hesitant to present that data until further analysis. In animal
Dr. LARRY R. Kaiser (Philadelphia, Pennsylvania): | enjoyed studies, using an ameroid constrictor in pigs, in fact, we were able
the paper very much. | have a couple of specific questions for yoto induce very significant improvement in function, regional wall

regarding some of the techniques. motion with this therapy.



