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Most patients with chronic wounds fail to heal in a reasonable period of time. Despite considerable advances in
elucidating the molecular basis of wound repair, attempts at developing new therapies have been disappointing. In
fact, in the few studies where cytokine growth factors have been efficacious, their effect has been dramatically less
thanwould have been predicted fromanimal studies. We hypothesize that platelet-derived growth factor-BB, a growth
factor associated with wound healing, when produced in large quantities within the wound bed due to adenovirus
mediated gene overexpression by the cells of the wound bedwill dramatically enhancewound healing. Simply stated,
we plan to insure the delivery of the growth factor by using gene therapy techniques so that cells locally involved in
the wound healing process will temporarily increase their production of platelet-derived growth factor-BB. We present
the first step in the series of human investigations to test this hypothesis which is a phase I clinical trial. Our proposed
study is designed to assess local and systemic toxicity, and the feasibility of using the maximum tolerated dose of
H5.020CMV.PDGF-b associated with in vivo platelet-derived growth factor-BB gene transduction via an intraulcer
injection of H5.020CMV.PDGF-b in patients with a diabetic insensate foot ulcer. (WOUND REP REG 2000;8:480–493)

Lower extremity ulcers are a serious complication of BB), has been approved for use on diabetic insensate
foot ulcers and its effect on healing wounds is moderate.diabetes mellitus. In the past few years there have been

considerable advances in elucidating the molecular basis No other cytokine has been shown to be efficacious.
Why the effect of cytokine growth factors in healingof wound repair and many potential agents have been

examined for vulnerary activity. Many of these newly human chronic wounds has been disappointing is not
well described. It is possible that in the human trialsdescribed agents are cytokines and their effect on wound

healing in preclinical animal studies has been impressive. cytokine growth factors have not been efficiently deliv-
ered to the cells needed to heal the wound.However, attempts at developing new human therapies

have been disappointing. To date only one cytokine We propose to improve the efficacy of a cytokine
growth factor for the treatment of human chronicgrowth factor, platelet-derived growth factor (PDGF-
wounds by gene transfer of PDGF-BB into the cells in-
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volved in wound healing. To this end, we will use an has been dramatically less than would have been pre-
dicted from animal studies. The proposed phase I clinicaladenovirus vector that is capable of efficiently transduc-

ing post-mitotic cells. We selected PDGF-BB because it trial will focus on the use of the cytokine growth factor
PDGF-BB. This growth factor works dramatically in ani-is a potent chemoattractant and mitogen for many of the

cells involved in wound repair and has already been mal studies and has recently been shown to have a mod-
est effect in humans with diabetic foot ulcers, a type ofshown to be safe and moderately effective for the treat-

ment of diabetic insensate foot ulcers. In addition, pre- chronic wound. PDGF-BB will be produced in the wound
by cells in the wound as a result of PDGF-BB gene over-clinical studies have shown that the effect of PDGF-

BB is dramatically enhanced when it is produced in the expression induced by adenoviral gene transfection. Sim-
ply stated, we plan to insure the delivery of growth factorwound bed after it is applied using an adenoviral vector

(PDGF-B/Ad5) as compared to its wound healing effects by using gene therapy techniques to insure that cells
involved in the wound healing process locally increasewhen PDGF-BB is applied topically. We believe that this

unique and innovative approach, using gene therapy in- the production of PDGF-BB. We will investigate the acute
safety of this technique and its effect on diabetic footduced production of PDGF-BB and good wound care,

will dramatically augment wound healing. The following ulcers.
protocol is the first step in testing our hypothesis. It is
a phase I study designed to determine the safety and

INTRODUCTIONbiologic feasibility of using this therapy.
This proposed trial was presented in December of Lower extremity ulcers are a serious complication of

diabetes mellitus. More than 16 million people in the US1999 to the Office of Biotechnology Activities of the Na-
tional Institutes of Health (aka RAC [Recombinant DNA have diabetes mellitus and 15% of them can expect to

develop a foot ulcer at some point in their life.1–7 TheAdvisory Committee]). It was the first such study pre-
sented to and registered with the RAC that uses a gene annual incidence of foot ulcers in community-based stud-

ies on diabetics is between 2 and 3% with a prevalence oftherapy approach to investigate a human chronic wound.
This study was well received by the RAC reviewers 4–10%.2,4 For hospitalized patients, data from the 1983–90

National Hospital Discharge survey indicates that 6% of(Minutes of Symposium and Meeting, Recombinant DNA
Advisory Committee December 8-10, 1999 http:// all diabetics were coded on hospital discharge as having

a lower extremity ulcer.2 While only 4% of the populationwww4.od.nih.gov/oba/1299rac.pdf). The study and con-
sent form has received appropriate approvals from the has diabetes mellitus, 46% of those admitted to a hospital

with a foot ulcer had diabetes and half of all lower ex-local institutional review boards at the University of
Pennsylvania, Wistar Institute, and Children’s Hospital tremity amputations in hospitalized patients occurred

in diabetics.4,8–10 Diabetics admitted to the hospital withof Philadelphia. However, final Food and Drug Adminis-
tration (FDA) Investigational New Drug approval has not lower extremity ulcers were, on average, hospitalized

longer than diabetics who were hospitalized and did notyet been received. The FDA Investigational New Drug
application has been prepared and will be formally sub- have ulcers.8–10 Finally, it has been well established that

those with a lower extremity amputation have a dimin-mitted as soon as all the well-publicized FDA ‘‘clinical
hold’’ issues concerning gene therapy research at the ished quality of life, increased health costs, often have

many concomitant medical ailments, are more likely toUniversity of Pennsylvania have been rectified. This is
expected to occur before the end of summer 2001. have the contralateral limb amputated than those without

an amputation, and are more likely to die within the next
five years than those who have not had an amputa-

CLINICAL PROTOCOL SUMMARY tion.8,9,11–17

This is an exciting time for clinicians interested inDespite considerable advances in elucidating the molecu-
lar basis of wound repair, attempts at developing new treating patients with chronic wounds. In the past few

years, newer surgical techniques and several novel bio-therapies have been disappointing. In general, as com-
pared to standard care, new therapies based on recently technology-based treatment modalities have been pro-

posed to treat patients with diabetic foot ulcers.18–21 Inelucidated mechanisms of wound repair have shown
modest improvements in the overall number of individu- fact, this is especially true for patients with diabetic neu-

ropathic foot ulcers. For this complication of diabetes,als with a treated healed chronic wound. In fact, in the
few studies where cytokine growth factors have been in just the past two years the FDA has approved two

very different therapies. One therapy is a skin substituteefficacious, the efficacy as compared to standard care
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that is expected to be available in the first quarter of keep it from healing. Off loading is a term used to describe
many different techniques used to prevent the foot and2001.18 The other is recombinant human PDGF

(rhPDGF), which was the first growth factor approved wound from being repeatedly traumatized. Several de-
vices exist and are commonly used including contact cast,for the treatment of a human chronic wound;19,20 Both of

these treatments were evaluated specifically in diabetics crutches, wheel chairs, and special footwear.1,19,20,33,28,37,43

This type of standard care has been used as the standardwith neuropathy and sufficient lower limb arterial blood
flow.18–20 care arm in several recent randomized clinical trials and

was recently discussed in a consensus statement from the
American Diabetes Association;18–20,28,43Diabetic foot ulcer

There are many etiologic pathways for the development With the advent of biotechnology several new treat-
ments have been introduced. These products include top-of a diabetic foot ulcer.22 The majority of these pathways

include some combination of lower limb arterial insuffi- ical rhPDGF, skin substitutes, topical collagen, electric
stimulation, cold laser, topical platelet releasate, and hy-ciency, lower limb diabetic neuropathy, and local trauma.

In fact, for the past several years it has been hypothesized perbaric oxygen;18–21,44–56 However, only a few treatments
have received FDA approval for the treatment of a lowerthat individuals with diabetes develop foot ulcers due to

two basic problems, an inability to protect their feet from extremity chronic wound, namely a cultured skin substi-
tute and rh PDGF.18–20 However, even with the advent ofthe physical trauma of daily living due to neuropathy,

or insufficient arterial blood flow to the foot.5,10,23–27 In these new products, success in treating diabetic neuro-
pathic foot ulcers is dismal. Approximately 33% of thegeneral, about 20% of diabetics with foot ulcers primarily

have inadequate arterial blood flow, about 50% primarily patients in the standard care arms of clinical trials will
heal by 20 weeks of care while approximately 43% of thehave diabetic neuropathy, and about 30% are afflicted

with both conditions.2,10,22 Inadequate arterial blood flow individuals that receive one of the new products will heal
by 20 weeks of care.18–20is primarily treated by a variety of surgical techniques

that improve blood flow. Surgical techniques have im-
proved remarkably in the past 10 years.28–32 Individuals PDGF— Wound effects

The use of PDGF as an agent to augment wound healingwho lack protective sensation and have adequate arterial
blood flow to their foot will be called diabetics with a is based on several lines of evidence. Early in the inflam-

matory phase of wound healing during the incorporationneuropathic foot ulcer in this proposal.18,23

Therefore, the treatment of a diabetic with a foot of a platelet into the fibrin plug, platelets release the
contents of their alpha granules. Since PDGF is presentulcer begins with a work-up that should be focused on

determining if there is adequate lower extremity arterial in the alpha granules of platelets, it is present early in
the wound reparative process and in large quantities.51,52perfusion.1,18,19,21,33-37 In general, a limb is considered to

have arterial blood flow adequate for healing, if TcP02 > PDGF is also secreted by several other types of cells
active in wound repair such as: macrophages, endothelial30–40 mm of Hg, which is a measure of local blood

oxygenation, or an ankle brachial index is greater than cells, fibroblasts, and keratinocytes.53,54 In fact, in the
presence of PDGF macrophages are stimulated to pro-0.80, which is a measure of blood pressure in the lower

limb, or if a palpable dorsal pedal or posterior tibial pulse duce and secrete transforming growth factor-�, vascular
endiothelial cell growth factor, and more PDGF. Trans-can be appreciated.6,23,28,38,39 All patients should also be

evaluated for lower limb sensation. This is often done forming growth factor-� and vascular endiothelial cell
growth factor are also believed to be important in woundusing Semmes-Weinstein 5.07 (10-gram) monofilament or

a Biosthesiometer applied to several different sites on the healing. In vivo PDGF has been shown to be an important
mitogen for fibroblasts and stimulates fibroblasts to pro-foot.37,40,41 The Semmes-Weinstein 5.07 filament is more

frequently used in the clinical setting and correlates well duce extracellular matrix.51,52,55 Finally, PDGF and PDGF
receptors are found in wounds and in cells actively in-with Biosthesiometer measurements.40–42 It has been

shown in the past that an inability to perceive 10 g of volved in wound repair.56,57

Several studies have also indicated that PDGF, whenpressure correlates with an inability to perceive enough
sensation to protect the foot from ulceration.25,37 To treat applied to the wounds of animals, increases the rate with

which the wounds heal and increases the strength of thethe neuropathic wound most experts extensively débride
the wound, use a moist dressing, and then provide a healed wound (scar). The studies have generally applied

PDGF topically in a liquid or gel formulation. The applica-device so that the wound no longer bears pressure or is
physically traumatized. It is the very act of walking and tion of PDGF to the surface of a wound does not mimic

its release from platelets, macrophages, and fibroblasts.bearing weight on the foot that causes the ulcer and may
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In fact, a recent study has indicated that insensate dia- deleted. Thus, the dl7001 adenoviral vector containing
growth factor cDNA at the E1 region can usually onlybetic foot ulcers do best in an environment in which they

are frequently débrided.34 Applying a growth factor in a replicate in 293 human embryonic kidney cells.59 Replica-
tion-deficient Ad5 is safe for use in immunodeficientliquid or gel might not insure availability to the ‘‘wound

healing’’ cells in the wound; however, a few human stud- animals.60 Thus, replication-deficient adenoviruses ap-
pear ideally suited to enhance growth factor gene expres-ies have shown that topical administration of PDGF may

favorably augment wound-healing.1 Indeed, human sion. Their potential limitations, i.e., the induction of a
strong antiviral immune response,61 in fact, may enhancewound healing studies using all topically applied growth

factors have not shown as dramatic an improvement as the wound healing inflammatory response. Unlike other
potential applications of adenoviral mediated gene ther-would have been expected from the animal studies. One

can speculate that the lack of improvement is likely to apy, limited duration of high level transgene expression
is all that shall be necessary to achieve the desired effectbe related to a problem with delivery rather than to an

inherent difference between the wound repair mecha- of healing otherwise nonhealing wounds. In addition,
the loss of transgene expression allows resolution ofnisms of humans and other animals.

It is our contention that in order for a cytokine to inflammation and the wound to proceed to remodeling.
In summary, by inducing PDGF-B gene overexpres-work effectively in repairing a neuropathic diabetic foot

ulcer it needs to be used in a situation where the foot sion of ‘‘wound healing cells,’’ ample quantities of PDGF-
BB will be available in the wound bed in diabetic footulcer is being effectively treated and the cytokine needs

to be effectively delivered during the appropriate time ulcer patients. The combination of gene therapy-induced
production of PDGF-BB and a limb compression bandageframe to cells that are involved in wound repair. In other

words, a system of cytokine delivery needs to be devel- should dramatically augment wound healing in diabetic
foot ulcer patients. This phase I study is designed tooped that allows for the continuous application of the

cytokine to keratinocytes, fibroblasts, and endothelial determine acute safety and to begin to estimate the effect
of this therapy.cells.

Adenovirus vector
GENERAL INVESTIGATIONAL PLANWe propose to overcome the challenge of cytokine deliv-

ery for the treatment of a diabetic foot ulcer by using an It is our hypothesis that induction of PDGF-B gene over-
adenovirus vector for gene transfer of PDGF-BB into expression in cells in the bed of a diabetic insensate
the cells involved in wound healing. The application of foot ulcer will enhance wound healing dramatically. All
adenoviral mediated gene transfer to the problem of im- patients will receive standard care, which is petroleum
paired wound healing is a new approach to wound heal- jelly, gauze, wound debridement, and the use of special
ing. It is a novel application and, potentially, a clinically shoes and crutches.28,34 This hypothesis has not been
important application of gene therapy. In other gene ther- tested in humans. Therefore, we propose a standard
apy applications, limitations of adenoviral mediated gene three-six Phase I dose escalation scheme escalating as
transfer include the subject’s inflammatory response to high as 5 � 108 particles per ulcer of H5.020CMV.PDGF-

adenovirus and the limited duration of transgene expres- b to determine the maximum tolerated dose (MTD) of
sion. However, in our preliminary studies these ‘‘limita- intraulcer application of H5.020CMV.PDGF-b.
tions’’ have proven beneficial in the setting of wound
healing. Objectives

The primary objectives of this study are: to evaluate theWe have focused our efforts on adenoviruses instead
of other chemical, physical, or biological gene transfer acute safety of an intraulcer injection of H5.020CMV.

PDGF-b, both local and systemic, thereby determiningtechniques because of several unique features of this
system. Adenoviruses infect all human skin cells at more the recommended dose of intraulcer H5.020CMV.PDGF-

b; and to evaluate the biologic feasibility of an intraulcerthan 95% efficiency in vitro, are nonlytic, and do not
induce apparent phenotypic changes in infected cells.58 injection of H5.020CMV.PDGF-b in patients with insen-

sate diabetic foot ulcer.Adenoviruses remain episomal and rarely integrate into
the human genome.59 Gene expression in human skin The secondary objectives are to determine if ex-

pected changes in clinical wound characteristics andgrafted to SCID mice and in mouse skin lasts for at
least 2 weeks. Adenoviruses have been constructed with changes in cellular and molecular repair mechanisms are

evident after the local secretion of PDGF-BB is induceddeletions of the E1 gene region (the transforming region)
and the E3 gene region (the immune modulatory region) by H5.020CMV.PDGF-b intraulcer injection.
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Trial design when reduced. Serum-free supernatants of transduced
WM239A cells maximally stimulated NIH-3T3 mouse fi-This is an open-label, ascending dose, single arm study

of H5.020CMV.PDGF-b given as an intraulcer injection broblasts (assessed by a 4-hour pulse of 1uCi of [H3]-
thymidine) at a dilution of 1 : 40–1 : 320. The mitogenicin patients with a diabetic insensate foot ulcer.

The primary endpoint is to evaluate the safety and activity of culture supernatant from transduced cells was
abolished with neutralizing anti-PDGF-B antibody. Indetermine the MTD (if � 5 � 108 particles/ulcer) for the

intraulcer application of H5.020CMV.PDGF-b. contrast, antibodies to the unrelated monocyte chemoat-
tractive protein-1 had no effect. Similarly, supernatantsSecondary endpoints will be improvements in clini-

cal wound characteristics and wound cellular character- from cultures of cells transduced with a control
adenovirus (LacZ) had no mitogenic activity. Based onistics. The clinical wound characteristics to be assessed

will include wound size, wound granulation tissue and standard curves of rh-PDGF induced proliferation
H5.020CMVPDGF-B transduced cells produced PDGF-wound pain. The cellular characteristics to be assessed

will include specific stains or probes for adenovirus vec- BB at 7.5 �g/ml/5 � 105 cells over 72-hour period. These
studies confirm that H5.020CMVPDGF-B induces the pro-tor, PDGF-BB, PDGF-AA, PDGF-receptor � and �, MAC-

3, Ki-67, CD-31, CD-45, collagen type I, fibronectin, and duction of PDGF-BB and that the PDGF-BB produced is
identical biologically and biochemically to native andcounts for the total number of macrophages, neutrophils,

and eosinophils. recombinant PDGF-BB.
Additional studies on H5.020CMVPDGF-B showed

that it induces fibroblasts to produce matrix by increas-Chemical, biological, and physical characteristics
The PDGF-B gene was obtained by Dr Meenhard Herlyn ing the fibroblast production of collagens and fibronec-

tin. Fibroblasts transfected by H5.020CMVPDGF-B alsofrom Dr B. Westermark, University Hospital, Uppsala,
Sweden. A 1.2 kilobase fragment, a Pst I/Eco RI fragment change their biological phenotype by dramatically

upregulating the fibronectin receptor VLA-5. The in-of the cDNA clone, which encodes the entire open read-
ing frame, was isolated. This gene was then subcloned creased production of fibronectin coupled with the in-

creased VLA-5 receptor permits the fibroblasts tointo the pSL301 transfer plasmid, cut with Not I. The
transfer plasmid pSL301 was provided by the Institute proliferate and anchor independently in a semisolid

media. When grown in monolayer the pattern of cellfor Human Gene Therapy at the University of Pennsylva-
nia. The pSL301 plasmid provides a CMV immediate early morphology and organization of H5.020CMVPDGF-B in-

duced growth resembles the lack of contact inhibition.CMV promoter and SV40 poly A region.
The selected vector, labeled H5.020CMV PDGF-B, This effect of H5.020CMVPDGF-B is primarily due to an

increase in fibroblast produced matrix. Thus, the trans-underwent three rounds of plaque purification, ensured
by southern blotting and western blots of expressed pro- formed fibroblast phenotype results from changes in ma-

trix formation and matrix receptor expression.tein. The final plaques were subjected to protein analyzes
to assess the level of PDGF-B protein expression. The
selected vector clone was amplified from one plate of Induction of endogenous PDGF production by

H5.020CMVPDGF-B in human skin293 cells through successive concentrations of cells to
a final level of 200 � 150mm plates (approximately 2 � In order to assess the biologic activity of our vector in

human skin in vivo we used human skin grafted to the109 cells). A Master Seed Stock of the final lysate was
prepared from the infected 200 plates of 293 cells. backs of RAG-1 mice.62 The human skin was injected intra-

dermally with either PDGF/Ad5 or LacZ/Ad5 as a control.
Grossly the grafts treated with H5.020CMVPDGF-B be-Preclinical animal studies

The biologic activity of the adenoviral PDGF vector cameraisedandhyperemicwithin threedays. Immunohis-
tochemistry was performed with anti-PDGF antibody towas confirmed in vitro by two fibroblast prolifera-

tion assays.62,63 First, fibroblasts transduced using determine the expression of PDGF in control and PDGF/
Ad5 treated skin. In controls, injection of LacZ/Ad5 hadH5.020CMVPDGF-B showed an increase in proliferation.

Second, when fibroblasts were exposed to supernatant no effect on PDGF expression. In contrast, skin injected
with the H5.020CMVPDGF-B exhibited intense brown im-of WM239A human melanoma cells (which lacks consti-

tutive PDGF-B expression) that had been transfected munoperoxidase staining for PDGF throughout the der-
mis. Interestingly, although keratinocytes do not expresswith the adenovirus containing the PDGF-B gene they

were highly stimulated. Secreted PDGF-BB dimer mi- PDGF receptors skin injected with PDGF/Ad5 showed
marked proliferative changes in the epidermis suggestinggrated on Western blots in the 30–35 kDa range in the

nonreduced form and monomeric PDGF-B at the 15 kDa that activated fibroblasts produce mitogens for keratino-
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cytes. Of note, wounds in the human skin grafted to SCID tion in their foot, and have adequate arterial blood flow.
These principles were used to develop the inclusion andmice treated with H5.020CMVPDGF-B are much more

likely to close than those treated with vector control exclusion criteria.
(LacZ/Ad5).

Number of participants
Effect of H5.020CMVPDGF-B vector on the impaired The total number of subjects entered into the study will
wound healing of diabetic mice be dependent on the number of subjects who develop
In order to evaluate the utility of the induction of endoge- DLT (dose limiting toxicity) and the number of dose
nous PDGF over-expression in wound healing we used escalations. This trial has a three-six design and four
a genetically diabetic mouse model of impaired wound dose levels. Therefore, the number of subjects required
healing.63 The homozygous db/db mice are genetically for this study could range from 9 to 24.
diabetic developing obesity, insulin resistance, severe hy-
perglycemia (glucose > 400), resembling adult onset dia- Duration of treatment
betes mellitus in which wound healing is markedly We anticipate being able to enroll 17 patients per year
delayed. Using heterozygous db/–mice as controls, 6-mm (i.e., 1–2 per month). All subjects at a given dose level
excisional wounds were made on the flanks of each ani- must complete all evaluations before escalating to the
mal. Excisional wounds in homozygous db/db mice were next level. Therefore, it is anticipated that it could take
treated either with H5.020CMVPDGF-B or vehicle alone. as long as 34 months to complete this phase I study.
At 10 days post wounding the H5.020CMVPDGF-B
wounds completely healed, but the vehicle treated Inclusion criteria
wounds did not heal. Histology of these wounds confirms 1. Subject must be unable to perceive 10 g of pressure
the H5.020CMVPDGF-B treated wounds fully healed. The exerted by a Semmes-Weinstein 5.07 monofilament
vehicle treated wounds were not healed and, histologi- in the peri-ulcer area.23,36

cally, few signs of re-epithelialization were present on 2. Subject must have received appropriate care for at
the ulcer bed. least 6 weeks without improvement in wound size

3. The size of the study wound must be between 1 andIschemic rabbit ear model of impaired wound
less than 10 cm2, after it was been sharply débridedhealing
per method of Steed et al.,34 as measured by acetateIn order to evaluate the ability of H5.020CMVPDGF-B
trace and planimetry.endogenous over-expression of PDGF to overcome se-

4. The wound must be located on the midfoot or theverely impaired wound healing we used excisional
forefoot (i.e., The mid-arch distal towards toes. Thiswounds in ischemic rabbit ears.62,64 Two of the three
is the area of the foot most efficiently off loaded byarteries supplying the rabbit ear were ligated to induce
the method to be used in this study).ischemia. Six-mm excisional wounds were then created

5. For subjects with more than one wound that meetdown to and including removal of the perichondrium of
criteria 3 and 4, one wound will be randomly selectedthe ear cartilage. In the rabbit model there was no wound
and treated with H5.020CMV.PDGF-b.contraction. For these ischemic wounds to heal they

6. Patient must have a palpable posterior tibial or dor-must completely granulate and re-epithelialize from the
sal pedal pulse of the effected limb and either aperiphery of the wound. Removal of the underlying peri-
transcutaneous oxygen measurement in the affectedchondrium prevents the bed of the excisional wound
foot of greater than 30 mmHg or an ankle brachialfrom contributing to wound healing. In ischemic exci-
index � 0.90.23,24,39

sional ear wounds treated with vehicle alone there was
7. WBC � 3500/mm3, platelets < 1,000,000/mm3, andvirtually no healing observed in the wounds at 7 days.

hemoglobin > 10.0 g%.In marked contrast, wounds treated with 1 � 108 plaque
8. Signed informed consentforming units (PFU) injected intradermally showed com-
9. Subject age must be greater than 18.plete wound healing by 7 days. Wounds treated with

10. If of childbearing potential, the subject must agreeLacZ/Ad5 or 5 �g of PDGF-BB protein were no different
to use a medically approved barrier method of birththan control wounds.
control.

PARTICIPANT CRITERIA Exclusion criteria
1. Subject with any active cancer other than a nonmela-The patient population to be investigated in this study

has diabetes mellitus, a foot ulcer, lack protective sensa- tomatous skin cancer. If cancer is in remission, sub-
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Table 1. Dose escalation schedulejects will be excluded unless the remission has
Dose Number ofextended for at least 10 years.
level patients PFU/ulcer* Particles/ulcer2. Subjects with life expectancy of less than 6 months.
1 3–6 1 � 107 5 � 1083. Liver function tests (alanine transaminase, aspartic
3 3–6 5 � 107 2.5 � 109transaminase, alkaline phosphatase and bilirubin)
3 3–6 1 � 108 5 � 109greater than 1.5x upper limit of normal for the refer-
4 3–6 5 � 108 2.5 � 1010ence lab.
*1 PFU � 50 virus particles.4. Serum creatinine of greater than 3.0 mg/dl.

5. Hemoglobin A1C > 10%.
6. Patients with intercurrent organ damage or medical

problems that will jeopardize their ability to partici- dose will be escalated to the next higher dose. However, if
pate in this study or to heal their wound. more than one of six experience DLT (i.e., any of the

7. Pregnant or lactating females. A pregnancy test will additional subjects), then the MTD will be declared and
be performed on each fertile premenopausal female the next lower dose will be the recommended dose for
prior to entry into the study. Treatment may not begin future trials. This pattern of administration will be re-
until the result of the pretreatment pregnancy test peated for all subsequent dose levels. In the unlikely
is ascertained. event that the initial dose is the MTD, then the subsequent

8. Any requirement for systemic corticosteroids or im- doses will be adjusted so that they are one-half log units
munosuppressives, or history of corticosteroid or of PFU less than the initial dose. Furthermore, if, when
immunosuppressive use in the 4 weeks previous to the MTD is declared, only three subjects have been
study entry. treated at the next lowest dose, then three additional

9. Evidence of viral hepatitis infection by presence of subjects will be treated to insure that no more than one
hepatitis B surface antigen or hepatitis C antibody. in six experience DLT before it is declared the recom-

10. Patient refusal to use or inability to successfully use mended dose.
a off loading device.

11. Any concurrent medical illness that be exacerbated Toxicity
Each patient will be monitored closely for clinicallyby H5.020CMV.PDGF-b administration.

12. Chronic osteomyelitis, as determined by plain film, adverse reactions resulting from treatment from
H5.020CMV.PDGF-b. The toxicity will be graded ac-affecting the area of the target ulcer.

13. Uncontrolled infection or cellulitis involving the af- cording to the National Cancer Institute’s Common
Toxicity Criteria Scale. Patients will be monitored forfected ulcer.
three broad classes of toxicity. First, it is anticipated
that there may be local toxicity from the injection of

TRIAL DRUG AND TREATMENT H5.020CMV.PDGF-b including redness, swelling, pain,
and increased warmth at the injection site. Second, pa-After the subject has been evaluated, the treatment will
tients will be closely monitored for the development ofconsist of a single 1 ml intraulcer administration of
clinical symptoms of systemic toxicity, in particular,H5.020CMV.PDGF-b in the wound parallel to the wound
signs and symptoms suggesting autoimmune disease oredge. Equal volumes of H5.020CMV.PDGF-b will be in-
allergic reactions. In addition, evidence for adenoviraljected covering a total path of 4 cm of wound perimeter
infection will be evaluated through history and physicalor the full wound perimeter, whichever is smaller.
examination. Serology for adenovirus will be obtained
at baseline, day 28, week 6, and month 3. Clinical signsDosing schedule

Subjects will receive only one dose. The dose level ad- and symptoms of active adenoviral syndromes include
coryza, pharyngitis, tonsillitis, bronchitis, pneumonia,ministration is summarized in Table 1. This study will

use a standard three-six Phase I dose escalation scheme. conjunctivitis, or diarrhea. Patients with clinical symp-
toms suggestive of adenoviral infection will be cultured.Therefore, three subjects will be treated at the lowest

dose. If zero of three experience DLT, then the dose will Both local (wound) and systemic toxicity will be
graded. Local toxicity will be graded as follows: erythemabe escalated and three new subjects will be treated at

the next higher dose. If one of three of the subjects at and induration less than 2 cm from the edge of the wound
equals grade 1; erythema and induration greater than 2a dose experience DLT, then three more, for a total of

six, will receive that dose. Of the six subjects who receive cm from the edge of the wound and/or ulcer enlargement
of > 15% of the baseline wound area equals grade 2;the lower dose, if only one of six experience DLT then the
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painful (> 33% increase in pain score) enlargement of erythrocyte sedimentation rate (ESR), and rheuma-
toid factor (RF).ulcer greater than 25% of the baseline measured wound

area equals grade 3; and permanent dysfunction related 5. Serologic tests for adenovirus: neutralizing antibody
and western blot analyzes for evidence of previousto local toxicity equals grade 4. First, patients will not

be considered to have local DLT unless they have grade adenovirus infection. The majority of patients will
be seropositive. Positive serology will not exclude a2 toxicity. Second, patients will be closely monitored for

the development of systemic toxicity. Systemic toxicity patient from participation in the trial.
6. Hepatitis B and C serologic testing.will be graded according to the National Cancer Insti-

tute’s Common Toxicity Criteria. An isolated increase in 7. Electrocardiogram (EKG).
ulcer related pain in response to this single intraulcer
injection will not be a form of DLT, but will be treated Treatment

1. This safety trial will be 28 days long.appropriately with an increase in the subject’s opiate
analgesia.65,66 2. The primary wound will be locally débrided of fibrin

and necrotic debris as described in Steed et al.34 TheSystemic DLT is defined as any vector-related grade
2 or greater toxicity on the National Cancer Institute’s wound will be traced and photographed. Either

4-mm biopsy or debridement will occur at day 3 andCommon Toxicity Criteria, with the exceptions outlined
below. For elevated liver function tests (i.e., alanine tra- day 28. This will be repeated at day 3 and day 28.

3. The safety of intraulcer injection of H5.020CMV.naminase or aspartate transaminase), DLT of these blood
chemistries must be a grade 2 for greater than 48 hours. PDGF-b will be assessed at four dose levels.

4. The total dose of H5.020CMV.PDGF-b will be in 0.1However, any liver function test grade 4 will be consid-
ered DLT. Conversion of patients to antinuclear-antibody cc of fluid. This solution has a viscosity similar to

saline. The dose will be injected 0. 5 cm from thepositivity or rheumatoid factor positivity will be consid-
ered Grade 2 toxicity. Any clinical evidence of autoim- edge of the wound covering 4 cm of total wound

perimeter using a 27-gauge tuberculin syringe.mune disease is defined as Grade 2 toxicity. For
hypertension, DLT will be considered any grade 3 for an 5. Subjects who develop fever or headache may be

given 650 mg of acetaminophen by mouth every 4individual who has no history of treatment for hyperten-
sion and was normotensive before the administration of hours.

6. All subjects will receive a dressing change everydayH5.020CMV.PDGF-b. For an individual currently receiv-
ing therapy, DLT will be defined as any individual requir- post administration of H5.020CMV.PDGF-b.

7. Cohorts of up to 6 patients each will be treated ating a new emergent blood pressure lowering agent. The
final exception is for fever. DLT for fever will be defined each dose level.

8. All questions to be asked of the subjects are listedas any grade 2 that is not responsive to 650 mg of acet-
aminophen administered every 6 hours. in the CRF. No quality of life questionnaires will be

used.

Post treatment (acute)TRIAL METHODS
1. Subjects will continue to use the special shoe andOnce a subject has been identified, the principal investi-

crutches. The wound dressing will be changed daily.gator will discuss the study with the patient and verbally
2. Tests and evaluations will be performed during eachassess whether the subject could be a candidate for this

visit according to Table 2.study based on the inclusion and exclusion criteria. If it
3. Wound traces and photographs will be obtainedappears that they could be a candidate, then they will

weekly.be asked to sign a consent form. Once the consent has
4. Biopsy specimens will be placed in Michele’s me-been signed the following pretreatment and baseline

dium. The tissue will then be evaluated with immuno-evaluations will be conducted:
chemical techniques directed at the efficacy and
duration of H5.020CMV.PDGF-b transduction. Evalu-1. History, physical examination, including documenta-

tion of all measurable disease. ations will include specific stains or probes for Ade-
novirus vector, PDGF-BB, PDGF-receptor a and b,2. Height and weight.

3. Laboratory profile: CBC with differential, platelet MAC-3, Ki-67, CD-31, CD-45, collagen type I, fibronec-
tin, and counts for the total number of macrophages,count, chemistry panel, thyroid function studies

(baseline and day 28 only), and urinalysis. neutrophils, and eosinophils.
5. The post treatment part of the study will terminate4. Autoimmune tests: Antinuclear antibody (ANA),
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Table 2. Frequency for obtaining study parameters

Days 2 Week 6 and Month 6 and

Study parameter Baseline Day 1** and 3 Day 7 Day 14 Day 21 Day 28 month 3 month 12

History, Physical Exam, and X X* X X X X X X X
Vital Signs

Weight X X X X X X X

CBC@ X X X X X X X X

Chemistry Panel �, UA X X X X X X X X

Pregnancy Test # X X

Autoimmune Tests X X X X X

EKG X

Ulcer Measurements � X X X X X X X X X

Hepatitis Serology X

Ulcer Biopsy ^ X X X

Serological Test X X X
Adenovirus and Anti-PDGF

Antibodies

Photograph X X X X X X X

� Serum laboratory studies will include Quantitative PCR for PDGF, the transgene, and viral particles, electrolytes, BUN, Cr, ALT, AST, �GT, Alk Phos, LDH,
Billirubin, TP, albumin, Ca, PO4, adenoviral shedding AFU assay (blood and urine), and thyroid function tests (baseline and day 28 only). No labs drawn on day 2
@ CBC includes differential and platelets
# Only women of child-bearing potential
^ Wound biopsy, not done on day 2
� Wound measurement includes length, width, and computer-based planimetry
*During the GCRC admission vital signs will be obtained at baseline, 15 minutes, 6 hours after injection of H5.020CMV.PDGF-b therapy, and then every shift
**Day 1—injection of H5.020CMV.PDGF-b

28 days after the intraulcer injection of H5. examination will occur at days 0, 2, 7, 14, 21, 28; week
6; and months 3, 6, and 12 (see Table 2).020CMV.PDGF-b.

Post treatment surveillance (long term) Vital signs
1. Post study surveillance of the participants will con-

Vital signs (e.g., blood pressure, pulse rate, respiratory
tinue at six weeks, and 3, 6, and 12 months post

rate, temperature, pain assessment) will be obtained at
H5.020CMV.PDGF-b therapy.

baseline, 15 minutes, and 6 hours after injection of
2. At the six-week and three-month clinic visit a physi-

H5.020CMV.PDGF-b therapy. There after vital signs will be
cal examination, history, wound assessment and

performed every shift while the subject is admitted to the
query about adverse events will be recorded. In addi-

General Clinical Research Center, and during every study
tion blood will be obtained to monitor hematology,

visit. An assessment of ulcer related pain using a 1–10
clinical chemistries and serology to PDGF-BB.

scale will be conducted as part of the vital signs.65,66 If the
3. At the six month and 12 month clinic visit a physical

pain measurement increases by more than 33%, subjects
examination, history, wound assessment and query

will receive appropriate medication for their pain.
about adverse events will be recorded.

Safety laboratory test
The investigator will examine subjects on days 1, 2, andCLINICAL AND LABORATORY
3 with special emphasis on the foot ulcer. A history andDuring most of this study, the subject will reside at home.
physical, CBC, complete chemistry panel, and urinalysis,They will be encouraged to maintain their normal diet
will be done per Table 2. Biopsies will also be obtainedand activity levels compatible with ulcer nonweight bear-
on days 1, 7, and 28. For a full set of tests to be performeding. During the 3 days that the subject resides in the
(see Table 2).General Clinical Research Center they will receive a nor-

In addition, as secondary measures of effect, themal hospital diet and have activity levels compatible with
patient’s wound area and wound perimeter will be evalu-ulcer nonweight bearing.
ated at all visits in this study. Comparison of the change
in wound size will be estimated by comparing woundHistory and physical examinations

A full history and physical exam will occur at the baseline size estimates from day 1 and the current wound mea-
surement.visit and on day 28. An abbreviated history and physical
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For long-term safety considerations, subjects will be cations of this treatment can include: cellulitis, foot and
leg pain, ulcer pain, new wounds, enlarging wound, am-examined during the post-trial surveillance period (week

6; months 3, 6, and 12). A subject’s medical records may putation. loss of balance, and contact dermatitis.
Skin biopsies are commonly performed. Potentialbe requested from the Healthcare providers for those

subjects who develop illnesses that may have been as a adverse events included cellulitis, bleeding, scarring, and
nonhealing.result of H5.020CMV.PDGF-b.

Venipuncture is commonly performed. Blood studies
Research laboratory tests will require between 10 and 15 milliliters of blood per
Prior to the application of H5.020CMV.PDGF-b, the study day evaluation. Adverse events include dizziness,
wound will be debrided per Steed et al.34 The biopsy will bruising, bleeding, phlebitis, and cellulitis.
be obtained when indicated in Table 2 using standard
technique. Hemostasis will be obtained using compres- Gene therapy
sion. At day 7 post treatment with H5.020CMV.PDGF-b, This is the first time H5.020CMV.PDGF-b has been in-
a second wound biopsy will be obtained. This biopsy jected into human wounds. It is therefore impossible to
will occur in the injection site quadrant that is most distal anticipate all of the adverse reactions that could occur.
from the first biopsy site. A final biopsy will occur at day Topically applied PDGF-BB was recently approved by
28. This biopsy will occur midway between the second the FDA for the treatment of foot ulcers in individuals
biopsy and the first biopsy site. Evaluations of biopsy with diabetes. The package insert for topical PDGF-BB
material will include specific stains or probes for Adeno- (generic name-Becaplermin, trade name-Regranex)
virus vector, PDGF-BB, PDGF-receptor � and �, MAC-3, states that the frequency of infection, cellulitis, osteomy-
Ki-67, CD-31, CD-45, collagen type I, fibronectin, and elitis, mortality, cardiovascular, respiratory, musculo-
counts for the total number of macrophages, neutrophils, skeletal, and central and peripheral nervous system
and eosinophils. disorders was similar between those receiving topical

PDGF-BB and those who did not receive topical PDGF-
BB. Topically applied PDGF-BB was also felt not to

RISKS AND BENEFITS OF PARTICIPATION change cells such that they could become mitogenic or
This is a Phase I study. H5.020CMV.PDGF-b has not pre- carcinogenic. Finally those who used topical PDGF-BB
viously been used on humans. H5.020CMV.PDGF-b has did not develop antibodies against PDGF-BB.
not been previously used for the treatment of foot ulcers. H5.020CMV is a type of adenovirus, which is one of
It is therefore impossible to know all of the risks or the viruses that causes the common cold. As expected,
benefits, and it is possible that treatment of a wound if inhaled, adenovirus can cause the symptoms of a com-
with H5.020CMV.PDGF-b could cause the wound to dete- mon cold or flu. H5.020CMV or similar adenoviruses have
riorate. However, the virus has been used in humans in been administered to more than 50 study subjects at
other gene therapy experiments and the topical applica- the Hospital of the University of Pennsylvania. The side-
tion of the growth factor PDGF was recently approved effects that have been noted are low grade fevers, rash,
for use by the FDA for the treatment of individuals with and abnormalities in liver function tests. These abnor-
diabetic foot ulcers. The purpose of this study is to deter- malities may persist for a few days but have always re-
mine if this therapy is safe. The risks for the study are turned to baseline.
due to procedures/tests and from the gene therapy It should also be noted that a patient with a metabolic
(H5.020CMV.PDGF-b). disorder that was enrolled in a gene therapy trial at the

University of Pennsylvania and received an adenovirus
Procedures/tests gene vector via a hepatic vein injection died. This pa-
Because the H5.020CMV.PDGF-b will be injected into the tient’s death may have been related to complications of
foot ulcer, risks from the injection could include: pain the administration of the adenovirus gene vector.
from the intraulcer injection of H5.020CMV.PDGF-b, local
but controllable bleeding from the injection sites, celluli-
tis, and wound pain in wound areas directly involved with

ADVERSE EVENT REPORTING ANDthe infiltration. The potential exists that the wound may
PARTICIPANT WITHDRAWALSget worse and that cellulitis of the limb might occur.

Standard care with petroleum jelly gauze, wound Adverse Event: An adverse event (AE) or adverse drug
experience is defined as any medical problem experi-debridement, and nonweight bearing has been used for

many years and are generally considered safe.28 Compli- enced by a study participant that is not a benefit to
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the participant whether or not considered intervention- In order to facilitate timely reporting of SAEs to the
FDA by the Sponsor, clinical research staff must contactrelated by the investigators.

Serious Adverse Event: Serious adverse event (SAE) the Sponsor immediately and Fax: the completed AE
Report Form and initial SAE Report Form prior to therefers to any adverse event or adverse drug experience

that occurs at any dose that results in any of the follow- close of the following business day. It is important to note
that all serious and unexpected AEs must be reported toing:

1. Any fatal event the Sponsor, regardless of the intervention-related as-
sessment. In addition, the Principal Investigator is re-2. Any life threatening event (in the opinion of the in-

vestigator, the participant is at immediate threat of sponsible for complying with local Institution’s IRB
regulations regarding SAE reporting.death)

3. Any event that causes a significant disability/inca- When reporting fatal, life-threatening, or serious and
unexpected AEs, the research center personnel shouldpacity (substantial disruption of a person’s ability to

conduct normal life functions) be prepared to provide as much of the following informa-
tion as is available at the time:4. Any event which requires previously unscheduled in-

patient hospitalization or prolongs hospitalization
1. Subject initials and identification number5. Any event that causes a congenital anomaly or birth
2. Investigator and primary physician’s name (if differ-defect

ent)6. Any event in the judgment of the physician that does
3. Protocol title and numbernot fulfill a criterion listed above but jeopardizes the
4. Subject’s date of birth, sex, and ethnicitypatient may be considered an SAE when based on
5. Total number of gene instillationsappropriate medical judgment. In addition, any event
6. Concurrent medications, including dose, route of ad-that may require medical or surgical intervention to

ministration, and duration of therapyprevent one of the outcomes listed in the definition
7. Information regarding the event, including the fol-may also be considered an SAE.

lowing details:Treatment-emergent Adverse Event: A treatment-
Descriptionemergent adverse event is defined as any adverse event
Date of onset and end date (if appropriate)not present prior to gene instillation or any event already
Whether hospitalization or prolonged hospitalizationpresent that worsens in either intensity or frequency
was requiredfollowing gene instillation.
Treatment required for the AEBaseline-emergent Adverse Event: A baseline-emer-
Treatment outcomegent adverse event is defined as any adverse event
Investigator’s determination of relationship to thewhich occurs or worsens during the screening process
gene instillation(after informed consent) before gene instillation on
Whether the AE is life-threateningday 1.

Expedited reportsEliciting and recording adverse events
AEs are recorded on the FDA-style AE case report form.Reporting of adverse events will be accomplished by
The form is continuously updated as events happen. Thecollecting information on adverse experiences during the
AE form is faxed to the Sponsor in no later than 48 hoursscreening process and at scheduled follow-up visits. In
after the onset of the event.order to avoid bias in eliciting AEs, participants will be

asked ‘‘Have you had any changes in your health since
last visit?’’ All AEs (serious and nonserious; treatment- Subject withdrawal
emergent and baseline-emergent) must be recorded on Subjects will be withdrawn from the study for any of the
the AE Report Form and also the SAE Report Form if following reasons:
applicable.

Sponsor must provide a written report of all serious 1. Subject wishes to withdraw from the trial.
2. Subject develops serious concurrent illness unre-and unexpected AEs to the FDA within 15 calendar days

of the event. If the event is a death or life-threatening lated to diabetic foot ulcer.
3. Subject is not compliant with study rules and proce-and unexpected, the FDA must be notified by telephone

or fax within seven calendar days, followed by the writ- dures (e.g., attendance at visits within the appro-
priate time frame).ten reports within 15 days of the event.
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PARTICIPANT RECRUITMENT AND RETENTION will receive this compensation within two months after
full completion of the study.Study subjects will be recruited from patients seen at the

Cutaneous Ulcer Center at the University of Pennsylvania
and from the practices of other participating physicians

STATISTICAL CONSIDERATIONSwho work at the University of Pennsylvania. It is antici-
The MTD for this trial will be defined as the highest dosepated that 15 patients per year will be recruited for this
that is equal to or less than 5 � 108 particles per ulcer ofstudy. All subjects will be given an IRB approved consent
H5.020CMV.PDGF-b in which zero or one of six subjectsform. The study will be discussed with them in detail
demonstrates DLT as defined in section 5.3. It is recog-prior to their agreeing to participate in the study. The
nized, as has been true in other studies using adenovirusprincipal investigator will also inform them that their
vectors that the MTD may not be reached in this trial atparticipation is voluntary. If they decide not to participate
the range of doses proposed. In this case, the highesttheir decision will not affect their current care or rela-
dose of 5 � 108 particles per ulcer will be recommendedtionship with their health care provider.
for future trials.Formally to enter a recruited patient, the investigator

This study will use a standard three-six dose escala-will contact the study nurse or the Sponsor. The following
tion scheme. For example, three subjects will be treatedinformation will be requested:
at the dose level 1. If zero of three experience DLT, then

1. Patient name and study number. the dose will be escalated and three new subjects will
2. All patient eligibility requirements will be verified. be treated at the next higher dose. If one of three of the
3. Signed informed consent. subjects at dose level 2 experience DLT, then three more
4. Confirmation of dose level assignment. for a total of six will receive the lowest dose. Of the six

subjects who receive the dose level 2, if only one of six
Participant retention experience DLT, then the dose will be escalated to the
The subject is not required to enter this study. Their dose level 3. However, if more than one of six experience
participation is voluntary and they may withdraw from DLT (i.e., any of the additional subjects or two of the
this study at any time. Withdrawal from this study will original three at dose level 2) then the MTD will be
not prejudice present or future care by the investigators, declared as dose level 1 and this dose will be used in
collaborators, or any other health care provider at the future trials. This pattern of administration will be re-
University of Pennsylvania Medical Center. peated for all subsequent dose levels until MTD is de-

Since this a novel treatment, subjects will be closely clared. In the unlikely event that more than two subjects
monitored initially as an inpatient and then as an outpa- experience DLT at dose level 1, then the subsequent
tient. Since subjects with diabetic foot ulcers are very doses will be adjusted so that they are one-half log units
infrequently hospitalized, this close follow-up could be of PFU less than dose level 1. Furthermore, if when 2
viewed as a barrier to participation. Furthermore, the subjects experience DLT, only three subjects had been
inclusion and exclusion criteria will limit subject partici- treated at the next lowest dose, then three additional
pation to those with wounds that are unlikely to heal. subjects will be treated to insure that no more than one
Wounds of this size range comprise about 40% of all in six experience DLT before it is declared the MTD or
individuals with diabetic foot ulcers. recommended dose.

The operating characteristics of this design are
shown in Table 3. This table provides the probability ofFinancial considerations

There will be no cost to the subject for care related to escalation to the next highest dose for each underlying
true DLT rate. For example, for a toxicity that occursthe study. In the event of an injury resulting from research

procedures, the cost for medical treatment, in excess of in 10% of subjects, there is a greater than 90% chance
probability of escalating. Conversely, for a common tox-that covered by a third party payer (insurance) will be

provided without cost to the subject by the Hospital of icity, which occurs at a rate of 70%, the probability of
escalating is less than 5%. Another important consider-the University of Pennsylvania, but financial compensa-

tion for injury is not available. ation is the probability of failing to observe a toxicity in
a Phase I study using a sample size design of three-six.Subjects who complete the full study will receive a

stipend of 100 dollars to help defray the costs incurred This is shown in Table 4. For example, with six patients,
the probability of failing to observe toxicity, which occurfor their participation in the study (e.g., transportation

to the study site and parking at the study site). Subjects at least 40% of the time is less than 5%.
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Table 3. True underlying DLT rate at a given dose level

10% 20% 30% 40% 50% 60% 70% 80% 90%

Probability of dose escalation 0.91 0.71 0.49 0.31 0.17 0.08 0.03 0.01 0.001

Table 4. Probability of failing to observe DLT

n 10% 20% 30% 40% 50% 60% 70% 80% 90%

3 0.73 0.51 0.34 0.22 0.13 0.064 0.027 0.008 0.001

4 0.53 0.26 0.12 0.047 0.004 <0.001 <0.001 <0.001 <0.001
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