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This study evaluated the efficacy and safety of intra-
muscular administration of NV1FGF, a plasmid-based 
angiogenic gene delivery system for local expression of 
fibroblast growth factor 1 (FGF-1), versus placebo, in 
patients with critical limb ischemia (CLI). In a double-
blind, randomized, placebo-controlled, European, 
multinational study, 125 patients in whom revasculariza-
tion was not considered to be a suitable option, present-
ing with nonhealing ulcer(s), were randomized to receive 
eight intramuscular injections of placebo or 2.5 ml of 
NV1FGF at 0.2 mg/ml on days 1, 15, 30, and 45 (total 
16 mg: 4 × 4 mg). The primary end point was occurrence 
of complete healing of at least one ulcer in the treated 
limb at week 25. Secondary end points included ankle 
brachial index (ABI), amputation, and death. There were 
107 patients eligible for evaluation. Improvements in 
ulcer healing were similar for use of NV1FGF (19.6%) 
and placebo (14.3%; P = 0.514). However, the use of 
NV1FGF significantly reduced (by twofold) the risk of all 
amputations [hazard ratio (HR) 0.498; P = 0.015] and 
major amputations (HR 0.371; P = 0.015). Furthermore, 
there was a trend for reduced risk of death with the use 
of NV1FGF (HR 0.460; P = 0.105). The adverse event 
incidence was high, and similar between the groups. In 
patients with CLI, plasmid-based NV1FGF gene transfer 
was well tolerated, and resulted in a significantly reduced 
risk of major amputation when compared with placebo.
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Introduction
Peripheral arterial disease is a progressive illness, and the most 
severe manifestation is termed “critical limb ischemia” (CLI).1 It 
is estimated that each year there are ~500 new cases of CLI per 
million individuals in the USA and Europe.2 These patients expe-
rience chronic ischemic rest pain, ulcers, or gangrene in the lower 
limbs, and have a very poor prognosis. Many will undergo ampu-
tation, and their quality of life has been described as being similar 
to that in patients with critical- or terminal-stage cancer.3–5

The current goals of management of CLI are to relieve ischemic 
pain, heal ischemic ulcers, prevent amputation, reduce cardiovascular 
mortality, and improve the patient’s functioning and quality of life.6,7 
There is no effective pharmacologic therapy available, and treatment 
consists primarily of percutaneous or surgical revascularization. 
However, restenosis rates are high, and peripheral bypass surgery is 
associated with significant morbidity and mortality. Importantly, in 
a considerable proportion of patients (10–15%), revascularization is 
not a suitable option. Of these patients, >40% will require a major 
amputation, and 20% will die within 6 months.5,6

Therapeutic angiogenesis is a novel strategy for the treatment 
of ischemic vascular disease. It uses angiogenic factors to increase 
blood perfusion in ischemic tissues through various mechanisms 
of action.8–23 Gene transfer of fibroblast growth factor 1 (FGF-1) 
has been used successfully to promote angiogenesis.16–18 NV1FGF 
(Centelion SAS, Vitry sur Seine, France) is a novel pCOR DNA 
plasmid–based gene delivery system for local expression of 
FGF-1.24  The pCOR plasmid backbone has several features that 
increase biosafety. These attributes include replication in only a 
narrow host range of laboratory, but not wild type, Escherichia coli 
strains, absence of an antibiotic-resistance gene, and lack of the 
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potentially immunostimulatory sequence motifs found in ColE1 
plasmids.24 Preclinical studies of intramuscular administration of 
NV1FGF have demonstrated that local expression of FGF-1 per-
sists for several weeks. The pharmacological efficacy has been dem-
onstrated based on morphological and functional end points in 
two experimental animal models of hindlimb ischemia, the rabbit 
model25 and the hypercholesterolemic hamster model, that exhibit 
sustained defects in collateral vessels and arteriole formation after 
induction of ischemia.19 Intramuscular administration of pCOR plas-
mid expressing FGF-1 in the rabbit model resulted in a statistically 
significant improvement in the formation of capillaries and collateral 
vessels as well as tissue perfusion in the treated limb. Improvement 
was statistically significant in a dose-dependent manner at all the 
end points when compared with the effects produced by vehicle or 
plasmid controls.25 The angiogenic effect of NV1FGF was confirmed 
in the more severe animal model. The administration of NV1FGF 
in the hypercholesterolemic hamster model of hindlimb ischemia 
significantly enhanced the formation of large conductance vessels as 
well as small resistance arteries in ischemia-injured muscles.19

In an open-label Phase I trial involving 51 patients, single and 
repeated (two) intramuscular doses of NV1FGF in patients with CLI 
were well tolerated.20 In another open-label study, six CLI patients 
who were to undergo planned amputation were administered eight 
intramuscular injections of NV1FGF, four in the calf and four in 
the thigh. Muscle samples collected from the injected sites and from 
distant sites of the amputated legs showed that myofibers of CLI 
patients were capable of being transfected with NV1FGF and of 
expressing NV1FGF-derived messenger RNA and FGF-1 protein. 
NV1FGF-derived FGF-1 expression was localized to the injection 
site and not detected in muscles distant from the injection site. The 
local expression of FGF-1 and the presence of FGF receptors (1–4) 
in ischemic muscles of all the tested patients provide a rationale for 
using NV1FGF in peripheral arterial disease patients.26

This phase II study was designed to evaluate the efficacy and 
safety of NV1FGF versus placebo in CLI patients in whom revas-
cularization was not considered to be a suitable option.

Results
A summary of the patients’ characteristics is shown in Figure 1. 
A total of 205 patients were screened, and 125 patients who met 
the inclusion and exclusion criteria were randomized to NV1FGF 
(n = 59) or placebo (n = 66). In this multinational study, only 
eight of the sites were able to enroll complete blocks, and this 
led to a slight imbalance in numbers between the placebo and 
NV1FGF groups. Randomization to NV1FGF or placebo was 
well balanced (Figure 1).

The modified intention-to-treat (MITT) population included 
107 patients receiving NV1FGF (n = 51) or placebo (n = 56) 
(Figure 1). The rate of study discontinuation was 45.5% of the pa
tients in the placebo group and 30.5% in the NV1FGF group. The two 
main reasons for discontinuation were adverse events and death.

The mean age of the patients was 72 years, and most of the 
patients were men (71%). Other baseline characteristics common 
in this type of population were relatively well balanced between 
the two groups (all P values > 0.1) (Table 1).

The mean aggregate ulcer size (in square centimeters) was sim-
ilar in the two groups, ranging from very small ulcers to extensive 

lesions: mean size of 21.80 cm2 (0.09–148.14) in the placebo group 
and 21.72 cm2 (0.35–483.00) in the NV1FGF group.

Primary end point
Ischemic ulcers. Similar rates of ulcer healing occurred with 
NV1FGF (19.6%) and placebo (14.3%; P = 0.514) (Table 2). There 
were also no differences between the treatment groups in aggre-
gate ulcer size or ulcer depth.

Secondary end points
In addition to the analysis of data from the MITT population, the 
robustness of the findings in relation to the occurrence of amputa-
tion, death, and combined major amputation and death was con-
firmed in the total randomized population (data not shown).

Amputation. The use of NV1FGF reduced by twofold the risk of 
all amputations [hazard ratio (HR) 0.498; P = 0.015] and major 
amputations (HR 0.371; P = 0.015) in the MITT study popula-
tion, as shown in Figure 2a and b, and Table 2. This finding was 
confirmed by post-hoc multivariate analysis (Cox model) of the 
potential influence of prognostic factors for the disease, including 
diabetes status, smoking status, hypertension, prior amputation, 
initial risk of amputation, ankle brachial index (ABI), and trans-
cutaneous oxygen pressure (TcPO2) (Table 3).

Death. There was no statistically significant trend to suggest that 
the use of NV1FGF reduces the risk of death (HR 0.460, P = 0.105; 
Figure 2c and Table 2).

Combined major amputation and death. The risk of combined 
major amputation and death was significantly reduced in the 

Patients screened
N = 205

Patients randomized
N = 125

NV1FGF (N = 59)
Country: N (%)
Belgium: 2 (3.4)

France: 13 (22.0)
Germany: 15 (25.4)

Italy: 13 (22.0)
Switzerland: 11 (18.6)

UK: 5 (8.5)

MITT
N = 51 (86.4%)

Completed
N = 49 (83.1%)

Reason: N (%)
Adverse event: 3 (5.1)

Protocol violation: 1 (1.7)
Consent withdrawal: 0

Lost to follow-up 3 (5.1)
Death: 7 (11.9)*
Other: 4 (6:8)

Reason: N (%)
Adverse event: 9 (13.6)

Protocol violation: 1 (1.5)
Consent withdrawal: 1 (1.5)

Lost to follow-up 3 (5.1)
Death: 13 (19.7)*

Other: 5 (7.6)

Excluded from
MITT N = 8 (13.6%)

Prematurely
discontinued† 

N = 18 (30.5%) Completed
N = 46 (69.7%)

MITT
N = 56 (84.8%)

Excluded from
MITT N = 10 (15.2%)

Prematurely
discontinued† 

N = 30 (45.5%)

Placebo (N = 66)
Country: N (%)
Belgium: 5 (7.6)

France: 12 (18.2)
Germany: 18 (27.3)

Italy: 16 (24.2)
Switzerland: 9 (13.6)

UK: 6 (9.1)

Figure 1  Patient disposition. Completed: MITT patients who had 
received their last injection (visit 5, week 7) even if previous injections 
had been missed. Dagger represents data calculated from randomized 
population. Asterisk represents the number of deaths as a reason for 
discontinuation is lower than the total number of deaths observed in 
the randomized population (placebo, N = 16; NV1FGF, N = 10). This is 
because a patient could discontinue the study for a reason other than 
death (e.g., an adverse event), with death occurring later but before the 
end of the trial. MITT, modified intention-to-treat.
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NV1FGF versus placebo group (HR 0.435; P = 0.009) (Figure 2d 
and Table 2). Kaplan–Meier curves suggested a further increased 
benefit for patients with diabetes relating to reduction in the risk 
of combined major amputation and death, but this additional 
benefit was not statistically significant (Figure 2e).

Hemodynamic parameters. The hemodynamic parameters ABI  
and toe brachial index (TBI) increased marginally over time as com-
pared to baseline values, and were similar in both groups Table 2). 
TcPO2 also increased in both NV1FGF and placebo groups.

Pain. Ischemic rest pain visual analog scale was decreased in both 
NV1FGF and placebo groups. At week 52, the adjusted mean 
change ± SEM from baseline was –10.32 ± 22.83 in the placebo 
group versus –22.28 ± 22.53 in the NV1FGF group.

Adverse events. The safety population included 118 patients 
receiving placebo (n = 61) or NV1FGF (n = 57). The incidence of 
adverse events is reported in Table 4. Patients receiving NV1FGF 
experienced significantly lower rates of severe adverse events 
compared with those receiving placebo (P = 0.025).

Adverse events that occurred in ≥10% of the patients in either 
treatment group were: peripheral edema (placebo 21%, NV1FGF 
28%, P = 0.522), pain in extremity (placebo 15%, NV1FGF 10%, 
P = 0.586), gangrene (placebo 13%, NV1FGF 7%, P = 0.365), ane-
mia (placebo 13%, NV1FGF 5%, P = 0.207), and diarrhea (placebo 
5%, NV1FGF 10%, P = 0.311).

Table 4 also shows the incidences of selected adverse events. 
There was a trend for cardiac events occurring more frequently with 
the use of NV1FGF than with placebo (24.6% versus 11.5%, P = 
0.091), as was the case with renal/urinary events as well (15.8% versus 
8.2%, P = 0.259; renal events were mainly hematuria, clinically not 
relevant). The incidence of potentially angiogenesis-related adverse 
events (neoplasm and retinopathy) was similar between groups 
(cancer and retinopathy were reported in 3/61 and 0/61 patients, 
respectively, in the placebo group and in 3/57 and 1/57 patients, 
respectively, in the NV1FGF group). No impairment of either renal 
or liver functions was observed under treatment in the two groups.

Table 1  Patient demographics and disease status at baseline

 
Placebo group 

(N = 56)
NV1FGF group 

(N = 51) P

Age—years, mean ± SD 73.3 ± 9.8 71.1 ± 10.4 0.249

Male sex 42 (75.0) 33 (64.7) 0.245

Diabetes 28 (50.0) 19 (37.3) 0.185

Hypertension 48 (85.7) 38 (74.5) 0.145

Hyperlipidemia 28 (50.0) 25 (49.0) 0.919

Smoking status

  Nonsmoker 14 (25.0) 16 (31.4)

  Ex-smoker 39 (69.6) 25 (49.0) 0.464

  Current smoker 3 (5.4) 10 (19.6)

Carotid diseasea 17 (30.4) 16 (31.4) 0.910

Coronary artery disease 6 (10.7) 11 (21.6) 0.125

Previous treatment in the  
treated limb

  Amputation 14 (25.0) 10 (19.6) 0.504

  Skin grafting 4 (7.1) 2 (3.9) 0.472

  Angioplasty 22 (39.3) 15 (29.4) 0.284

  Bypass surgery 27 (48.2) 27 (52.9) 0.625

critical limb ischemia  
disease status

Ulcers

  Number per patient 
  (n, min–max) 2.0 (1–5) 1.8 (1–6) 0.379

  Aggregate size—cm2 

  (mean ± SD) 21.8 ± 35.2 21.7 ± 68.7 0.994

  Aggregate size— 
  (min–max) cm2 0.09–148.14 0.35–483.00

Pain visual analog scale—mm 
(mean ± SEM) 47.4 ± 24.5 44.2 ± 30.1 0.552

ankle brachial indexb 

(mean ± SEM) 0.4 ± 0.3 0.4 ± 0.2 0.756

TcPO2—mm Hg (mean ± SD)

  Dorsal surface of the footc 16.3 ± 15.8 21.2 ± 19.1 0.161

  Upper surface of the calfd 41.8 ± 23.2 44.6 ± 25.7 0.581

Abbreviation: TcPO2, transcutaneous oxygen pressure.
Data are presented as percent of patients, mean value ± SD, or mean (minimum–
maximum) as appropriate. Pain visual analog scale: 0 = no pain to 100 = worst pain.
aCarotid disease was defined as a history of stroke or a documented carotid 
stenosis in medical records (degree of stenosis ≥50%); bPatient numbers for 
ankle brachial index are placebo, N = 46; NV1FGF, N = 46; cPatient numbers for 
transcutaneous oxygen pressure at the dorsal surface of the foot are placebo, 
N = 54; NV1FGF, N = 50; dPatient numbers for transcutaneous oxygen pressure 
at the upper surface of the calf are placebo, N = 52; NV1FGF, N = 47.

Table 2 E fficacy of NV1FGF versus placebo in patients with critical 
limb ischemia

 
Placebo 
(N = 56)

NV1FGF 
(N = 51)

Hazard 
ratio P value 

Primary end point

  Complete healing of at least  
  one ulcer selected at  
  baseline at week 25

8 (14.3) 10 (19.6) – 0.514a

Secondary end points over 52 weeks

  Amputation rate

    All 31 (55.4) 19 (37.3) 0.498 0.015b

    Major 19 (33.9) 8 (15.7) 0.371 0.015b

  Death rate 13 (23.2) 6 (11.8) 0.460 0.105b

  Combined major  
  amputation and death rates 

29 (51.8) 14 (27.4) 0.435 0.009b

Hemodynamic parameters at week 25 

  Adjusted mean change from  
  baseline ± SEM

 a nkle brachial index 0.01 ± 0.04 0.05 ± 0.04 – 0.45

  Toe brachial index 0.03 ± 0.02 0.04 ± 0.02 – 0.84

    TcPO2 at the dorsal surface 
    of the foot—mm Hg  
    (mean ± SD)

9.81 ± 3.15 
 

8.55 ± 3.41 
 

– 
 

0.79 
 

Abbreviation: TcPO2, transcutaneous oxygen pressure.
Major amputation was defined as through or above the ankle and significantly 
affecting the functionality of the limb. Minor amputation was defined as below 
the ankle and having little or no effect on the functionality of the limb. One 
patient can have more than one amputation.
aGlimmix model; blog-rank test.
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Discussion
This phase II study is the first double-blind, randomized, pla-
cebo-controlled, multinational trial using a therapeutic angio-
genesis agent in patients with CLI. It was designed to explore the 
effects of the novel plasmid-based gene delivery system NV1FGF 
on recommended2,7 clinical (mortality, amputation, ulcer heal-
ing, pain) and hemodynamic (ABI, TBI, TcPO2) end points. 
Although prevention of amputation is a goal in the management 
of patients with CLI, previous clinical angiogenesis trials have 
not designated amputation as an efficacy end point.9–15,17,20–23 In 
contrast to earlier randomized trials with angiogenic agents, the 
present trial includes multiple administrations of the angiogenic 
agent. This is made possible by the nonimmunogenic profile of 
the drug and the selection of a seriously ill population of patients 
with CLI.

The study led to three main findings. First, the use of NV1FGF 
did not demonstrate a statistically significant improvement in 
ulcer healing. Second, the use of NV1FGF significantly reduced 
the risk of all and major amputations. Third, there was a trend 
(although not statistically significant) toward a decrease in mor-
tality with the use of NV1FGF. The lack of any significant effect 
on ulcer healing may be explained by the great heterogeneity 
and severity of baseline skin lesions. Eligible patients had hetero-
geneous ulcers of various sizes ranging from 0.09 to 148 cm2 in 
the placebo group, and from 0.35 to 483 cm2 in NV1FGF group. 
Similarly, some patients had severe disease with fully necrotic 
distal tissue that would have been impossible to heal, even with 
increased blood flow. Moreover, wound care, which varies widely 
in clinical practice, was not standardized across investigational 
sites. Most important, a significantly higher amputation rate in 
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Figure 2  Kaplan–Meier curves for amputation and death (1-year follow-up). (a) Kaplan–Meier curve of time to first major amputation after baseline 
in the modified intention-to-treat (MITT) population (maximum follow-up 375 days). (b) Kaplan–Meier curve of time to first amputation after baseline in 
the MITT population (maximum follow-up 375 days). (c) Kaplan–Meier curve of time to death after baseline in the MITT population (maximum follow-up  
375 days). (d) Kaplan–Meier curve of time to death or major amputation after baseline in the MITT population (maximum follow-up 375 days). (e) Kaplan–
Meier curve of time to death or major amputation after baseline in the diabetic and non-diabetic subgroup populations of the MITT population (maximum 
follow-up 375 days). Kaplan–Meier survival curves stop at the time the last event occurred. In a–d, dotted lines represent placebo-administered patients, 
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the placebo group influenced the statistical analysis, in that ulcers 
that increased in size were more often censored by amputation in 
the placebo arm. Finally, this trial was insufficiently powered to 
demonstrate a significant difference in complete wound-healing 
between treatment groups, given the sample size.

In this study, NV1FGF significantly reduced the risk of all and 
major amputations, and there was a no statistically significant trend 
toward decrease in mortality. Because major amputation is associ-
ated with high peri-operative mortality, the reduction in amputa-
tions in the NV1FGF arm may have had an impact on mortality 
rates in the trial. A similar benefit was observed for the population of 

patients with diabetes, in respect of all and major amputations. The 
trial missed its primary efficacy end point, but a significantly reduced 
risk for all and major amputations, allowing for the preservation of 
functional limbs in the NV1FGF group is clinically extremely rel-
evant to the management of patients with CLI.6,7

Interestingly, the benefit relating to the amputation rate 
observed with angiogenic therapy in the present study was not 
associated with a benefit in respect of hemodynamic end points 
(ABI, TBI), and no significant differences in these were observed 
between the two groups. These data indicate that ABI and TBI, 
as well as ulcer healing and ulcer size, may not be useful markers 
of NV1FGF efficacy in patients with CLI, in view of the hypoth-
esis that the benefit of NV1FGF may be primarily because of the 
effects at the microvascular level (FGF-1 has been shown to lead 
to arteriole formation and maturation27). However, further stud-
ies in experimental models are needed to explain the mechanisms 
underlying the observed improvements in patient outcomes.

Both placebo- and NV1FGF-treated patients experienced 
a high rate of adverse events (including cardiovascular events), 
reflecting the severity of the underlying disease in this trial. The 
patients’ arterial disease had led to tissue necrosis (ischemic ulcer 
or gangrene), and most of those enrolled had been expected to 
require a major amputation within the subsequent 6 months to 
1 year in the absence of revascularization to improve blood flow. 
In addition, peripheral arterial disease is often associated with 
significant comorbidities such as coronary artery disease, cerebral 
artery disease, diabetes, and renal impairment. Importantly, the 
incidence of adverse events (including potentially angiogenesis-
related adverse events such as cancer and proliferative retinopathy) 
was no higher with the use of NV1FGF treatment than with the 
use of placebo. The rate of occurrence of adverse events that were 
serious or severe enough to result in discontinuation of the study 
was significantly lower in the NV1FGF group than in the placebo 
group, and this may reflect the efficacy of NV1FGF.

These data also confirm the finding from earlier studies that 
NV1FGF is well tolerated.20

Table 3  Multivariate analysis of predictors of the risk of first major 
amputation (Cox analysis)

 N (%)
Hazard ratio 

(95% CI) P value

Treatment (Na)

  Placebo (N = 46) 15 (32.6)

  NV1FGF (N = 45) 7 (15.6) 0.35 (0.13, 0.94) 0.036

Amputation as previous 
peripheral arterial 
disease treatment

  No amputation (N = 72) 17 (23.6)

  Amputation (N = 19) 5 (26.3) 0.92 (0.31, 2.77) 0.889

Diabetic status

  Nondiabetic (N = 54) 13 (24.1)

  Diabetic (N = 37) 9 (24.3) 1.75 (0.66, 4.59) 0.257

Smoking status

  Nonsmokers (N = 26) 2 (7.7)

  Current and  
  ex-smokers (N = 65)

20 (30.8) 6.29 (1.41, 27.95) 0.016

Hypertension

  No hypertension (N = 16) 5 (31.2)

  Hypertension (N = 75) 17 (22.7) 0.48 (0.14, 1.62) 0.234

High risk of amputation

  No high risk of 
  amputation (N = 38)

9 (23.7)

  High risk of amputation 
  (N = 53)

13 (24.5) 1.49 (0.55, 3.99) 0.424

ankle brachial index

  ≥0.4 (N = 41) 3 (7.3)

  <0.4 (N = 50) 19 (38.0) 10.54 (2.96, 37.46) <0.001

TcPO2 dorsal surface 
of the foot (mm Hg)b

  ≥30 (N = 17) 1 (5.9)

  ≥20 and <30 (N = 14) 2 (14.3)

  ≥10 and <20 (N = 21) 5 (23.8) 1.77 (1.05, 2.99) 0.032

  <10 (N = 39) 14 (35.9)   

Abbreviations: ABI, ankle brachial index; CI, confidence interval; TcPO2, 
transcutaneous oxygen pressure.
Multivariate analysis was performed including treatment allocation, diabetic 
status, smoking status, hypertension, prior amputation, initial risk of amputation, 
ABI, and TcPO2.
aN corresponds to the total number of study patients with available data on risk 
factors; brisk is given for an increase of 1 unit.

Table 4  Adverse events of NV1FGF versus placebo in patients with 
critical limb ischemia in the “safety” population (n = 118)a

 
Placebo 
(N = 61)

NV1FGF 
(N = 57) P

All 56 (91.8) 53 (93.0) 1.000

Serious 49 (80.3) 40 (70.2) 0.285

Severe 42 (68.9) 27 (47.4) 0.025

Possibly related to study drug 13 (21.3) 15 (26.3) 0.666

Leading to study discontinuation 10 (16.4) 4 (7.0) 0.156

Selected

  Cardiac 7 (11.5) 14 (24.6) 0.091

  Renal and urinaryb 5 (8.2) 9 (15.8) 0.259

  Neoplasm (all) 5 (8.2) 5 (8.8) 1.000

  Malignant neoplasm 3 3

  Retinopathy 0 1 (1.8) 0.483
aThe “safety” population (n = 118) consists of patients who have received at 
least one injection of the study drug or placebo; bThe majority of renal/urinary 
disorders represented hematuria.
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Previous trials of therapeutic angiogenesis have investigated 
angiogenic recombinant protein, or gene therapy, with FGFs, 
vascular endothelial growth factors, and hepatocyte growth 
factor.9–15,17,20–22 These agents have been generally well tolerated, 
and the results of some studies have suggested therapeutic ben-
efit. In a small open-label trial in patients with CLI, intramuscular 
administration of naked plasmid DNA encoding human vascular 
endothelial growth factor significantly improved ABI and healed 
or improved ulcers in comparison with baseline data.11 An alter-
native method of implanting bone marrow–derived or peripheral 
blood mononuclear cells in the legs of patients with CLI has also 
been investigated and shown evidence of benefit.23,28

The discrepancy between the positive result obtained in this 
study and the negative results in earlier studies of protein or gene 
therapy may be explained by the fact that the use of NV1FGF 
enables re-administration of pCOR plasmid–based therapy. 
Multiple administrations of NV1FGF may allow sustained local 
exposure to the expressed FGF-1 at the site of administration 
compared with the more transient exposure obtained from a 
single administration.

These data indicate that NV1FGF therapy may offer the 
potential for effective management of CLI, and have provided the 
basis for initiation of the phase III study TAMARIS (Therapeutic 
Angiogenesis for the Management of Arteriopathy in a Rando
mized International Study) designed to assess world-wide, in 490 
similar patients, the efficacy of NV1FGF versus placebo with the 
combined end point, amputation or death, as the primary end 
point of the study.

Materials And Methods
The study was designed by the sponsor (Centelion SAS, a wholly owned 
subsidiary of Sanofi-Aventis SA, Paris, France) in collaboration with experts 
in the field of peripheral arterial disease. The sponsor collected the data and 
monitored the conduct of the study. After database lock, statistical analy-
ses were conducted by MDS Pharma Services (Lyon, France). The sponsor 
coordinated writing of the manuscript with a writing committee compris-
ing the first nine academic authors and sponsor authors. The writing com-
mittee had full access to study reports and was actively involved in data 
analysis and interpretation. All the authors approved the final manuscript.

Study design. This was a double-blind, randomized, placebo-controlled, 
parallel-group, multicenter, multinational phase II study, involving 37 
investigational sites in six European countries (Belgium, France, Germany, 
Italy, Switzerland, and the UK). The protocol was approved by the insti-
tutional review board at each center, and the study was conducted in 
accordance with good clinical practices, the Declaration of Helsinki, and 
relevant local regulations. All patients provided written informed consent.

A total of 112 patients were to be randomized, 56 into each group, 
with the aim of verifying the assumption that the success rate for the 
complete healing of at least one ulcer of the treated leg, evaluated in the 
MITT population, would be 30% with NV1FGF versus 8% with placebo 
at week 25. The study would have sufficient power (80%) to detect 
improvement by 22% (15 NV1FGF successes versus 5 placebo successes) 
with a total of 50 patients available for evaluation per treatment group.

Patients. The study enrolled men and women patients aged ≥45 years with 
CLI who presented with nonhealing ulcer(s), and in whom revasculariza-
tion was not considered a suitable option. CLI was defined according to the 
TransAtlantic Inter-Society Consensus document.2 Patients were required 
to show objective evidence of CLI on the basis of both total arterial 

occlusion (by angiography or Doppler) and pressure criteria (resting 
ankle pressure ≤70 mm Hg and/or toe pressure ≤50 mm Hg, and/or TcPO2 
≤20 mm Hg and/or metatarsal pulse volume recording barely pulsatile). 
Signs of healing of the trophic lesions (reduction in ulcer size or depth) 
were required to be absent for ≥2 weeks before the first administration of 
the study drug. All the participants were found unsuitable for revascular-
ization for one or more of the following reasons: (i) there was poor or no 
autologous graft material; (ii) revascularization would result in incomplete 
perfusion of the foot (absence of distal runoff); (iii) there was a high risk 
of failure for technical reasons; (iv) there was a safety risk associated with 
the revascularization procedure; (v) there was a high risk of amputation on 
account of conditions such as gangrene.

Randomization and treatment plan. The patients were screened for eligi-
bility 2–8 weeks before the administration of the study drugs. Blocks of study 
medication for four patients each were allocated to each investigational site. 
The eligible patients were randomized in the order enrolled, between April 
2002 and April 2004, using permuted-block randomization with a block 
size of four. Patients participated in the trial on an outpatient basis.

On each of days 1, 15, 30, and 45, eight intramuscular injections were 
administered in a single leg (four in the calf and four in the thigh), each 
injection containing either 2.5 ml NV1FGF at 0.2 mg/ml (0.5 mg NV1FGF 
per injection; 4 mg per administration) or placebo saline solution. If CLI 
affected both of the patient’s legs, the leg estimated to benefit most from 
the treatment, based on lower hemodynamic parameters (including 
ABI, TBI, and TcPO2) was selected. Because of the diffuse nature of 
CLI-related atherosclerotic lesions, the sites of injection differed at each 
administration, and were selected according to available muscle mass 
while avoiding ulcer locations, and at distance from an artery or main 
nerve according to the investigator’s discretion. Following the 6-week 
double-blind treatment period, the follow up of patients continued up 
to week 52, with assessments at week 13 (±5 days), week 25 (±10 days), 
week 38 (±10 days), and week 52 (±10 days). On clinic visit days during 
the period of administration of the study drug, patients received their 
study drug or placebo after all the assessments had been collected.

A panel of experts, blinded as to study group, assigned patients to 
the MITT population, which included those who (i) had received at least 
two treatment injections (eight injections each) of a study drug, (ii) had 
undergone an evaluation for aggregate ulcer size at baseline and had at 
least one nonhealing ulcer, and (iii) had undergone an evaluation for 
aggregate ulcer size at or after week 5. All patients who had received at 
least one treatment injection were included in the safety population.

End points. The prespecified primary end point in this trial was the inci-
dence of complete healing of at least one ulcer in the treated limb at week 25. 
Ulcer assessments were performed at each visit by clinical assessment (type 
and characteristic of ulcers) and size assessment. A review panel, blinded 
as to intergroup allocation of the patients, comprising three investigators 
and one wound-healing expert, assessed ulcers as “healed” or “not healed”. 
The panel reconciled discordance between the investigator’s assessments 
and the available data. Predetermined secondary end points included 
major and minor amputation (“rate” and “time to”). Major amputation 
was defined as through or above the ankle. Minor amputation was defined 
as below the ankle. Other prespecified secondary assessment variables 
were time to death, and hemodynamic parameters. At each visit, patients 
assessed the ischemic rest pain they had experienced during the previous 
7 days on a subjective 100-mm visual analog scale: 0 mm = “no pain” to 
100 mm = “pain as bad as it could be”.

Safety. Safety assessments included adverse event reporting, physical exam-
inations, vital signs, laboratory tests, ophthalmologic examination, chest 
x-ray, and mammography. An independent Data and Safety Monitoring 
Board was responsible for the continuous independent safety monitoring 
of this trial.
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Statistical analysis. All efficacy and safety analyses were performed in 
the MITT and safety populations, respectively. For both, baseline demo-
graphic and safety data, comparisons between the NV1FGF and placebo 
groups were performed, using a Student’s t-test (the Mann–Whitney rank-
sum test for skewed variables) or a χ2 analysis when appropriate.

The primary end point was compared in the NV1FGF and placebo 
groups, using a generalized linear mixed model and the last-observation-
carried-forward method.29 The main parameters of the model were 
treatment agent, baseline aggregate ulcer size and number, diabetes status, 
smoking status, and country.

Time to event (amputation, death, or combination) was compared 
by Kaplan–Meier analysis and associated log-rank test with censoring at 
day 375. HRs were derived using the Cox model. The robustness of the 
results was assessed by post-hoc sensitivity analysis involving the potential 
influence of disease prognostic factors in Cox analyses.

Statistical significance was defined as P < 0.05.

Acknowledgment
This work was supported by Centelion SAS, Vitry sur Seine, France.

Supplementary Material
Supplementary Data S1. Acknowledgments and additional study 
material.

References
1. 	 Novo, S, Coppola, G and Milio, G (2004). Critical limb ischemia: definition and 

natural history. Curr Drug Targets Cardiovasc Haematol Disord 4: 219–225.
2. 	 Dormandy, JA and Rutherford, RB (2000). Management of peripheral arterial disease 

(PAD). TASC Working Group. TransAtlantic Inter-Society Concensus (TASC). 
J Vasc Surg 31: S1–S296.

3. 	 The I.C.A.I. Group (Gruppo di Studio dell’Ischemia Cronica Critica degli Arti Inferiori) 
(1997). Long-term mortality and its predictors in patients with critical leg ischaemia. 
The Study Group of Criticial Chronic Ischemia of the Lower Exremities. Eur J Vasc 
Endovasc Surg 14: 91–95.

4. 	 Campbell, WB, St. Johnston, JA, Kernick, VF and Rutter, EA (1994). Lower limb 
amputation: striking the balance. Ann R Coll Surg Engl 76: 205–209.

5. 	 Bertelé, V, Roncaglioni, MC, Pangrazzi, J, Terzian, E and Tognoni, EG (1999). 
Clinical outcome and its predictors in 1560 patients with critical leg ischaemia. 
Chronic Critical Leg Ischaemia Group. Eur J Vasc Endovasc Surg 18: 401–410.

6. 	 Second European Consensus Document on chronic critical leg ischemia (1991). 
Circulation 84 (suppl. 4): IV1–IV26.

7. 	 Labs, KH, Dormandy, JA, Jaeger, KA, Stuerzebecher, CS and Hiatt, WR (1999). 
Transatlantic Conference on Clinical Trial Guidelines in Peripheral Arterial Disease: 
clinical trial methodology. Basel PAD Clinical Trial Methodology Group. 
Circulation 100: e75–e81.

8. 	 Folkman, J (1995). Seminars in Medicine of the Beth Israel Hospital, Boston. 
Clinical applications of research on angiogenesis. N Engl J Med 333: 1757–1763.

9. 	 Isner, JM, Pieczek, A, Schainfeld, R, Blair, R, Haley, L, Asahara, T et al. (1996). 
Clinical evidence of angiogenesis after arterial gene transfer of phVEGF165 
in patient with ischaemic limb. Lancet 348: 370–374.

10. 	 Isner, JM, Baumgartner, I, Rauh, G, Schainfeld, R, Blair, R, Manor, O et al. (1998). 
Treatment of thromboangiitis obliterans (Buerger’s disease) by intramuscular 
gene transfer of vascular endothelial growth factor: preliminary clinical results. 
J Vasc Surg 28: 964–973; discussion 73–75.

11. 	 Baumgartner, I, Pieczek, A, Manor, O, Blair, R, Kearney, M, Walsh, K et al. (1998). 
Constitutive expression of phVEGF165 after intramuscular gene transfer promotes 

collateral vessel development in patients with critical limb ischemia. Circulation  
97: 1114–1123.

12. 	Mohler, ER 3rd, Rajagopalan, S, Olin, JW, Trachtenberg, JD, Rasmussen, H, Pak, R et al. 
(2003). Adenoviral-mediated gene transfer of vascular endothelial growth factor in 
critical limb ischemia: safety results from a phase I trial. Vasc Med 8: 9–13.

13. 	 Rajagopalan, S, Mohler, ER 3rd, Lederman, RJ, Mendelsohn, FO, Saucedo, JF, 
Goldman, CK et al. (2003). Regional angiogenesis with vascular endothelial growth 
factor in peripheral arterial disease: a phase II randomized, double-blind, controlled 
study of adenoviral delivery of vascular endothelial growth factor 121 in patients with 
disabling intermittent claudication. Circulation 108: 1933–1938.

14. 	Morishita, R, Aoki, M, Hashiya, N Makino, H, Yamasaki, K, Azuma, J et al. (2004). 
Safety evaluation of clinical gene therapy using hepatocyte growth factor to treat 
peripheral arterial disease. Hypertension 44: 203–209.

15. 	 Simovic, D, Isner, JM, Ropper, AH, Pieczek, A and Weinberg, DH (2001). 
Improvement in chronic ischemic neuropathy after intramuscular 
phVEGF165 gene transfer in patients with critical limb ischemia. Arch Neurol 
58: 761–768.

16. 	Mühlhauser, J, Pili, R, Merrill, MJ, Maeda, H, Passaniti, A, Crystal, RG et al. (1995). 
In vivo angiogenesis induced by recombinant adenovirus vectors coding either for 
secreted or nonsecreted forms of acidic fibroblast growth factor. Hum Gene Ther 
6: 1457–1465.

17. 	 Safi, J Jr., DiPaula, AF Jr., Riccioni, T, Kajstura, J, Ambrosio, G, Becker, LC et al. 
(1999). Adenovirus-mediated acidic fibroblast growth factor gene transfer induces 
angiogenesis in the nonischemic rabbit heart. Microvasc Res 58: 238–249.

18. 	 Tabata, H, Silver, M and Isner, JM (1997). Arterial gene transfer of acidic fibroblast 
growth factor for therapeutic angiogenesis in vivo: critical role of secretion signal in 
use of naked DNA. Cardiovasc Res 35: 470–479.

19. 	Caron, A, Michelet, S, Caron, A, Sordello, S, Ivanov, MA, Delaère, P et al. (2004). 
Human FGF-1 gene transfer promotes the formation of collateral vessels and 
arterioles in ischemic muscles of hypercholesterolemic hamsters. J Gene Med  
6: 1033–1045.

20. 	Comerota, AJ, Throm, RC, Miller, KA, Henry, T, Chronos, N, Laird, J et al. (2002). 
Naked plasmid DNA encoding fibroblast growth factor type 1 for the treatment of 
end-stage unreconstructible lower extremity ischemia: preliminary results of a phase I 
trial. J Vasc Surg 35: 930–936.

21. 	 Shou, M, Thirumurti, V, Rajanayagam, S, Lazarous, DF, Hodge, E, Stiber, JA et al. 
(1997). Effect of basic fibroblast growth factor on myocardial angiogenesis in dogs 
with mature collateral vessels. J Am Coll Cardiol 29: 1102–1106.

22. 	 Lederman, RJ, Mendelsohn, FO, Anderson, RD, Saucedo, JF, Tenaglia, AN, Hermiller, JB 
et al. (2002). Therapeutic angiogenesis with recombinant fibroblast growth factor-2 
for intermittent claudication (the TRAFFIC study): a randomised trial. Lancet  
359: 2053–2058.

23. 	 Tateishi-Yuyama, E, Matsubara, H, Murohara, T, Ikeda, U, Shintani, S, Masaki, H 
et al. (2002). Therapeutic angiogenesis for patients with limb ischaemia by autologous 
transplantation of bone-marrow cells: a pilot study and a randomised controlled trial. 
Lancet 360: 427–435.

24. 	 Soubrier, F, Cameron, B, Manse, B, Somarriba, S, Dubertret, C, Jaslin, G et al. (1999). 
pCOR: a new design of plasmid vectors for nonviral gene therapy. Gene Ther  
6: 1482–1488.

25. 	Witzenbichler, B, Mahfoudi, A, Soubrier, F, Le Roux, A, Branellec, D, Schultheiss, HP 
et al. (2006). Intramuscular gene transfer of fibroblast growth factor-1 using improved 
pCOR plasmid design stimulates collateral formation in a rabbit ischemic hindlimb 
model. J Mol Med 84: 491–502.

26.	 Baumgartner, I, Chronos, N, Comerota, A, Pasquet, J, Dedieu, J, Finiels, F et al. (2004). 
Distribution and expression of FGF-1 transgene in lower limb muscle of individuals 
with severe PAOD. Circulation (suppl.) 110: 111–520; AHA abstract.

27.	 Presta, M, Dell’Era, P, Mitola, S, Moroni, E, Ronca, R and Rusnati, M (2005). Fibroblast 
growth factor/fibroblast growth factor receptor system in angiogenesis. Cytokine 
Growth Factor Rev 16: 159–178.

28. 	Huang, P, Li, S, Han, M, Xiao, Z, Yang, R and Han, ZC (2005). Autologous 
transplantation of granulocyte colony-stimulating factor-mobilized peripheral 
blood mononuclear cells improves critical limb ischemia in diabetes. 
Diabetes Care 28: 2155–2160.

29. 	 Shao, J and Zhong, B (2003). Last observation carry-forward and last observation 
analysis. Stat Med 22: 2429–2441.


	Therapeutic Angiogenesis With Intramuscular NV1FGF Improves Amputation-free Survival in Patients With Critical Limb Ischemia
	Abstract
	Introduction
	Results
	Primary end point
	Ischemic ulcers

	Secondary end points
	Amputation
	Death
	Combined major amputation and death
	Hemodynamic parameters
	Pain
	Adverse events


	Discussion
	Materials And Methods
	Outline placeholder
	Study design
	Patients
	Randomization and treatment plan
	Endpoints
	Safety
	Statistical analysis


	Acknowledgment
	Supplementary Material
	References


