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(57) ABSTRACT 

The present invention has multiple aspects. In particular, in 
one aspect, the present invention is directed to a unit dose 
composition comprising 0.2 tag/kg to 48 tag/kg of an FGF-2 
of SEQ ID NO:2, or an angiogenically active fragment or 
mutein thereof in a pharmaceutically acceptable carrier. In 
another aspect, the present invention is directed to a method 
for treating a human patient for coronary artery disease, 
comprising administering into one or more coronary vessels 
or a peripheral vein of a human patient in need of treatment 
for coronary artery disease a safe and angiogenically effec 
tive dose of a recombinant FGF-2, or an angiogenically 
active fragment or mutein thereof. The single unit dose 
composition of the present invention provides an angiogenic 
effect in a human CAD patient that lasts six months before 
retreatment is required. In another aspect, the present inven 
tion is directed to a method of administration Which opti 
miZes patient’s safety. In this embodiment, ?uids, heparin 
and/or rate of infusion all play a role. In another aspect, the 
present invention is directed to a pharmaceutical composi 
tion comprising a therapeutically effective amount of FGF 
2, alone or in combination With heparin, in a therapeutically 
effective carrier. The magnitude and duration of bene?t Were 
unexpected; in addition bene?t With the IV route Was 
unexpected. 
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Fig. 1A 
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Fig. 2 

Mean rFGF-2 AUC Vs Dose 
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Fig. 3 
Individual Patient rFGF-2 Plasma Clearance Values 
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Fig. 4 
Individual Patient rFGF-2 Dose-Normalized AUC 
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ANGIOGENICALLY EFFECTIVE UNIT DOSE OF 
FGF-2 AND METHOD OF USE 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a continuation application of 
US. application Ser. No. 09/385,114, ?led Aug. 27, 1999, 
the content of Which is herein incorporated by reference in 
its entirety. 

FIELD OF THE INVENTION 

[0002] The present invention is directed to a unit dose 
composition for inducing cardiac angiogenesis in a human 
comprising a therapeutically effective amount FGF-2 or an 
angiogenically active fragment or mutein thereof. The 
present invention is also directed to a method for adminis 
tering a single unit dose composition to a human to induce 
cardiac angiogenesis While minimizing systemic risk to the 
patient. The present invention is useful because the disclosed 
unit dose composition, and method for its administration, 
provide an alternative to angioplasty or surgical intervention 
for the treatment of coronary artery disease (CAD) and 
further provide an adjunct for reducing post myocardial 
infarct (MI) injury in humans. 

BACKGROUND OF THE INVENTION 

[0003] The ?broblast groWth factors (FGF) are a family of 
at least eighteen structurally related polypeptides (named 
FGF-l to FGF-18) that are characteriZed by a high degree of 
affinity for proteoglycans, such as heparin. The various FGF 
molecules range in siZe from 15-23 kD, and exhibit a broad 
range of biological activities in normal and malignant con 
ditions including nerve cell adhesion and differentiation 
[Schubert et al., J. Cell Biol. 104:635-643 (1987)]; Wound 
healing [U.S. Pat. No. 5,439,818 (FiddeS)]; as mitogens 
toWard many mesodermal and ectodermal cell types, as 
trophic factors, as differentiation inducing or inhibiting 
factors [Clements, et al., Oncogene 81311-1316 (1993)]; 
and as an angiogenic factor [Harada,J. Clin. Invest, 94:623 
630 (1994)]. Thus, the FGF family is a family of pluripotent 
groWth factors that stimulate to varying extents ?broblasts, 
smooth muscle cells, epithelial cells and neuronal cells. 

[0004] When FGF is released by normal tissues, such as in 
fetal development or Wound healing, it is subject to temporal 
and spatial controls. HoWever, many of the members of the 
FGF family are also oncogenes. Thus, in the absence of 
temporal and spatial controls, they have the potential to 
stimulate tumor groWth by providing angiogenesis. 

[0005] Coronary artery disease is a progressive condition 
in humans Wherein one or more coronary arteries gradually 
become occluded through the buildup of plaque (atheroscle 
rosis). The coronary arteries of patients having this disease 
are often treated by balloon angioplasty or the insertion of 
stents to prop open the partially occluded arteries. Ulti 
mately, many of these patients are required to undergo 
coronary artery bypass surgery at great expense and risk. It 
Would be desirable to provide such patients With a medica 
ment that Would enhance coronary blood How so as to 
reduce the need to undergo bypass surgery. 

[0006] An even more critical situation arises in humans 
When a patient suffers a myocardial infarction, Wherein one 
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or more coronary arteries or arterioles becomes completely 
occluded, such as by a clot. There is an immediate need to 
regain circulation to the portion of the myocardium served 
by the occluded artery or arteriole. If the lost coronary 
circulation is restored Within hours of the onset of the 
infarction, much of the damage to the myocardium that is 
doWnstream from the occlusion can be prevented. The 
clot-dissolving drugs, such as tissue plasminogen activator 
(tPA), streptokinase, and urokinase, have been proven to be 
useful in this instance. HoWever, as an adjunct to the clot 
dissolving drugs, it Would also be desirable to also obtain 
collateral circulation to the damaged or occluded myocar 
dium by angiogenesis. 

[0007] Accordingly, it is an object of the present invention 
to provide a medicament and a mode of administration that 
provides human patients With cardiac angiogenesis during 
coronary artery disease and/or post acute myocardial infarc 
tion. More particularly, it is a further object of the present 
invention to provide a therapeutic dose of an FGF and a 
mode of administration to humans that provide the desired 
property of cardiac angiogenesis, While minimiZing adverse 
effects. 

[0008] Many of the various FGF molecules have been 
isolated and administered to various animal models of 
myocardial ischemia With varying and often times opposite 
results. According to Battler et al., “the canine model of 
myocardial ischemia has been criticiZed because of the 
abundance of naturally occurring collateral circulation, as 
opposed to the porcine model, Which ‘excels’ in its relative 
paucity of natural collateral circulation and its resemblance 
to the human coronary circulation.” Battler et al., “Intrac 
oronary Injection of Basic Fibroblast Growth Factor 
Enhances Angiogenesis in Infarctea' Swine Myocardium, ” 
JACC, 22(7): 2001-6 (December 1993) at page 2002, col.1. 
HoWever, Battler et al., Who administered bovine bFGF (i.e., 
FGF-2) to pigs in a myocardial infarct model, considered the 
varying results that are obtained from one animal species to 
another, and expressly discloses that the divergent results 
“thus emphasiZ[e] the caution that must be exercised in 
extrapolating results from different animal models.” Battler 
et al., at page 2005, col.1. Further, Battler points out that “the 
dosage and mode of administration of bFGF [i.e., bovine 
FGF-2] may have profound implications for the biologic 
effect achieved.” Battler, et al., at page 2005, col.1. Thus, it 
is a further object of this invention to discover a dosage and 
a mode of administration of a ?broblast groWth factor that 
Would provide for the safe and ef?cacious treatment of CAD 
and/or post MI injury in a human patient. More generally, it 
is an object of the present invention to provide a pharma 
ceutical composition and method for inducing angiogenesis 
in a human heart. 

SUMMARY OF THE INVENTION 

[0009] The Applicants have discovered that administering 
a single unit dose of about 0.2 pig/kg to about 48 pig/kg of 
rFGF-2 or an angiogenically active fragment or mutein 
thereof into one or more coronary vessels (IC) or a periph 
eral vein (IV) of a human patient in need of coronary 
angiogenesis, unexpectedly provided the human patient With 
a rapid and therapeutic coronary angiogenesis that resulted 
in an unexpectedly large increase (i.e., 96 and 100 seconds 
of increase in the mean change from baseline for all groups 
at 2 and 6 months) in the treated patient’s exercise tolerance 
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time (ETT) that persisted for an unexpectedly long duration 
(i.e., 6 months as of this Writing). These changes should 
result in a decreased need for standard revasculariZation 
procedures. By the term “coronary angiogenesis,” as used 
herein, is meant the formation of neW blood vessels, ranging 
in siZe from capillaries to arterioles Which act as collaterals 
in coronary circulation. By Way of comparison, angioplasty 
is considered a therapeutic success if it provides an increase 
in a patient’s ETT of greater than 30 seconds compared to 
the placebo. 

[0010] Accordingly, in one aspect, the invention is 
directed to a unit dose of rFGF-2 comprising a safe and 
therapeutically effective amount of rFGF-2 or an angiogeni 
cally active fragment or mutein thereof. Typically, the safe 
and therapeutically effective amount comprises about 0.2 
pig/kg to about 48 pig/kg of rFGF-2 or an angiogenically 
active fragment or mutein thereof, based upon ideal body 
Weight. In other embodiments, the safe and therapeutically 
effective amount of the unit dose comprises 0.2 pig/kg to 2.0 
pig/kg, greater than 2.0 ug/kg to less than 24 pig/kg, or 24 
pig/kg to 48 pig/kg IC of rFGF-2 or an angiogenically active 
fragment or mutein thereof. In another embodiment, the safe 
and therapeutically effective amount of the unit dose com 
prises 18 pg/kg to 36 pig/kg IV of rFGF-2 or an angiogeni 
cally active fragment or mutein thereof. Expressed in abso 
lute terms, the unit dose of the present invention comprises 
0.008 mg to 7.2 mg, more typically 0.3 mg to 3.5 mg, of 
FGF-2 or an angiogenically active fragment or mutein 
thereof. Asuitable FGF-2 is the rFGF-2 of SEQ ID NO:2 or 
an angiogenically active fragment or mutein thereof. 

[0011] In another aspect, the present invention is directed 
to a method of treating a human patient for CAD or to induce 
coronary angiogenesis therein. The method comprises 
administering into one or more coronary vessels or a periph 
eral vein of a human patient in need of treatment for 
coronary artery disease (or in need of angiogenesis) a safe 
and therapeutically effective amount of a recombinant 
FGF-2 (rFGF-2) or an angiogenically active fragment or 
mutein thereof. Typically, a portion of the safe and thera 
peutically effective amount is administered to each of tWo 
coronary vessels. The safe and therapeutically effective 
amount comprises about 0.2 pig/kg to about 48 pig/kg of 
rFGF-2 or an angiogenically active fragment or mutein 
thereof in a pharmaceutically acceptable carrier. In other 
embodiments, the safe and therapeutically effective amount 
comprises 0.2 pig/kg to 2 pig/kg, >2 pig/kg to <24 pig/kg, or 
24 pig/kg to 48 pig/kg of rFGF-2 an angiogenically active 
fragment or mutein thereof in a pharmaceutically acceptable 
carrier. In absolute terms, the amount of rFGF-2 or angio 
genically active fragment or mutein thereof that is used in 
the above method comprises 0.008 mg to 7.2 mg, more 
typically 0.3 mg to 3.5 mg of rFGF-2 or an angiogenically 
active fragment or mutein thereof. 

[0012] Because FGF-2 is a glycosoaminoglycan (e.g., 
heparin) binding protein and the presence of a glycosoami 
noglycan optimiZes activity and AUC (see FIGS. 3 and 4), 
the IC dosages of RFGF-2 of the present invention typically 
are administered from 0-30 minutes prior to the administra 
tion of a glycosoaminoglycan, such as a heparin. The 
heparin is administered IC or IV, typically IV. Optionally, the 
heparin is combined With the unit dose composition. 

[0013] Because rFGF-2 releases nitric oxide, Which is a 
potent vasodilator, aggressive ?uid management prior to 
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(proactively) and during the infusion is critical to patient’s 
safety. Administration of IV ?uids (e.g., 500-1000 mL of 
normal saline) to establish a Wedge pressure of 12 mm Hg 
prior to infusion and administration of boluses of IV ?uids 
(e.g., 200 mL normal saline) for decreases of systolic blood 
pressure (e.g., <90 mm Hg) associated With infusion opti 
miZed the safety of administration of rFGF-2 by IC or IV 
infusion to human patients. 

[0014] Because EDTA is a potent chelator of calcium that 
is required for normal myocardial contraction and cardiac 
conduction, minimiZing the concentration of EDTA is criti 
cal to patient’s safety. A concentration of EDTA less than 
100zg/ml in the unit dose composition optimiZed the safety 
of administration of rFGF-2 by IC or IV infusion to human 
patients. 

[0015] Because a sudden bolus of rFGF-2 is associated 
With profound hypotension in animals, the rate of infusion is 
critical to patient’s safety. Administration at 0.5 to 2 mL per 
minute, typically 1 mL per minute, optimiZed the safety of 
administration of rFGF-2 by IC or IV infusion to human 
patients. 

[0016] The unexpected magnitude and duration of the 
therapeutic bene?t that Was provided to human patients in 
need of coronary angiogenesis by the unit dose composition 
and method of administration Was seen as early as tWo 

Weeks after the single unit dose Was administered, and 
persisted for 6 months after the single unit dose Was admin 
istered IC or IV, as determined by measuring art-recogniZed 
clinical endpoints such as ETT, the “Seattle Angina Ques 
tionnaire” (SAQ) and MRI of the target areas of the heart. In 
particular, When the ET of 58 human CAD patients Was 
assessed by treadmill at baseline, and at 1 month, 2 months, 
and 6 months after administration of a single unit dose of 
rFGF-2 by IC or IV routes, clinical bene?t Was observed in 
some patients in all dosage groups. See Table 1. Increases in 
exercise capacity appear betWeen 1 and 2 months. The mean 
ETT increased to greater than 60 seconds at 2 and 6 months 
With greater bene?t being seen in the higher dose group 
(24-48 pig/kg) than in the mid (6-12 pig/kg) or loW (0.33-2.0 
pig/kg) dose groups. (See Table 1.) Particularly unexpected 
and unpredicted by animal models, Were the mean increases 
in ETT in human patients of 93.4 and 87.5 seconds that Were 
observed at 2 and 6 months, respectively, post-dosing for 
those patients administered a unit dose of rFGF-2 by IV. 
Even assuming a placebo effect, the mean change from 
baseline for the ETT seconds still alloWed an unexpectedly 
favorable comparison of results With angioplasty. 

[0017] When the quality of life of 48 human CAD patients 
Was assessed by a validated, disease speci?c questionnaire, 
the Seattle Angina Questionnaire (SAQ), at baseline (i.e., 
prior to dosing), and at 2 and 6 months after a single 
receiving a single unit dose of rFGF-2 of the present 
invention by IC or IV routes, the mean change from baseline 
for the 5 scales measured by the SAQ increased in a 
clinically signi?cant manner for all dosage ranges Whether 
administered IC or IV (Tables 2-6). In particular, the ?ve 
scales assessed by the SAQ are exertional capacity, angina 
stability, angina frequency, treatment satisfaction, and dis 
ease perception. Relative to the baseline, the mean score for 
exertional capacity increased by 10.9 to 20.2 at 2 months; 
and by 16.5 to 24.1 at 6 months. For angina stability, the 
mean score increased by 32.1 to 46.2 at 2 months; and by 
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16.7 to 23.2 at 6 months. For angina frequency, the mean 
score increased by 20.0 to 32.9 at 2 months; and by 11.4 to 
36.7 at 6 months. For treatment satisfaction, the mean score 
increased by 8.5 to 19.8 at 2 months; and by 6.3 to 19.8 at 
6 months. For disease perception, the mean score increased 
by 20.2 to 27.8 at 2 months; and by 23.8 to 34.0 at 6 months. 
Generally, a change of 8 points on any scale is considered 
clinically signi?cant. Thus, the observed changes of 85-462 
are clinically signi?cant for each of the ?ve scales that Were 
assessed. Even assuming a placebo effect Whereby a mean 
change from baseline of 14 points is considered clinically 
signi?cant, the results still provide for an unexpectedly 
superior effect at almost all scales that Were assessed. 

[0018] As part of this study, MRI Was also performed on 
33 human patients diagnosed With CAD to assess the effect 
of administering a single unit dose of rFGF-2 on their 
cardiac ejection fraction, regional myocardial function and 
perfusion (delayed arrival Zone). Speci?cally, the patients 
Were administered a single unit dose of 0.33 pig/kg to 48 
pig/kg IC or 18 pig/kg to 36 pig/kg IV of rFGF-2 of SEQ ID 
NO:2. When the 33 human CAD patients Were assessed by 
resting cardiac magnetic resonance imaging (MRI) at base 
line (i.e., prior to treatment), and 1, 2 and 6 months after 
treatment With a single unit dose of rFGF-2 of the invention 
by IC or IV routes, the patients exhibited a highly statisti 
cally signi?cant response to the method of treatment as 
objectively measured by increased target Wall thickening, 
target Wall motion, and target area collateral extent, and by 
decreased target area delayed arrival extent. By Way of 
summary, at 1, 2 and 6 months, the target Wall thickening 
increased relative to baseline at 4.4%, 6.3% and 7.7%, 
respectively; the target Wall motion increased relative to 
baseline at 2.7%, 4.4% and 6.4%, respectively; the target 
area collateral extent increased relative to baseline at 8.3%, 
10.9% and 11.2%, respectively; and the target area delayed 
arrival extent decreased relative to baseline at —10.0%, 
—8.3% and —10.0%, respectively. 

[0019] The above data demonstrates the clinical efficacy in 
humans of the present unit dose composition of rFGF-2 or 
an angiogenically active fragment thereof When adminis 
tered IC or IV in accordance With the present invention. 

BRIEF DESCRIPTION OF THE FIGURES 

[0020] FIG. 1A is a plot of the mean rFGF-2 plasma 
concentration versus time pro?les for eight different doses of 
rFGF-2 (SEQ ID NO:2) administered by IC infusion in 
humans over a 20 minute period. The eight doses of rFGF-2 
presented in FIG. 1A are 0.33, 0.65, 2, 6, 12, 24, 36, and 48 
pig/kg of lean body mass (LBM). 

[0021] FIG. 1B is a plot of the mean FGF-2 plasma 
concentration versus time pro?les for 2 different doses of 
rFGF-2 (SEQ ID NO:2) administered by IV infusion in 
humans over a 20 minute period. The tWo IV doses of 
rFGF-2 in FIG. 1B are 18 and 36 pig/kg. The mean con 
centration-time pro?le folloWing IC administration of 36 
pig/kg rFGF-2 is included for comparison. 

[0022] FIG. 2 is a plot of mean FGF-2 area under the 
curve (AUC) in pg*min/ml corresponding to FIGS. 1A and 
1B. This plot shoWs the dose linearity of systemic rFGF-2 
exposure folloWing IC or IV infusion. The systemic expo 
sure for the IC route is similar to that observed folloWing IV 
administration. 
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[0023] FIG. 3 is a plot of individual human patient FGF-2 
plasma clearance (CL) values as a function of the time of 
heparin administration in “minutes prior to rFGF-2 infusion” 
and shoWs the in?uence of timing of heparin administration 
on rFGF-2 plasma clearance (CL). 

[0024] FIG. 4 is a plot individual human patient FGF-2 
dose normaliZed area under curves (AUCs) as a function of 
the time of heparin administration in “minutes prior to 
rFGF-2 infusion” and shoWs the in?uence of timing of 
heparin administration on FGF-2 AUC. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0025] The Applicants have discovered that a single dose 
of rFGF-2 or an angiogenically active fragment or mutein 
thereof, When administered in a safe and therapeutically 
effective amount into one or more coronary vessels or into 
a peripheral vein of a human patient diagnosed With CAD 
provides the patient With a safe and therapeutically ef?ca 
cious treatment for the patient’s coronary artery disease that 
lasts at least 4 to 6 months, more typically at least six 
months, before a further treatment is needed. This duration 
of the effect and the magnitude of the improvements in ETT, 
SAQ and MRI Were unexpected for a single unit dose of 
medicament. 

[0026] By the phrase “therapeutically effective amount” or 
“safe and therapeutically effective amount” as used herein in 
relation to rFGF-2 is meant an amount of rFGF-2 or an 

angiogenically active fragment or mutein thereof that When 
administered in accordance With this invention, is free from 
major complications that cannot be medically managed, and 
that provides for objective cardiac improvement in patients 
having symptoms of CAD despite optimum medical man 
agement. Thus, acute hypotension that can be managed by 
administration of ?uids, is considered “safe” for the purpose 
of this invention. Typically, the safe and therapeutically 
effective amount of rFGF-2 comprises about 0.2 pig/kg to 
about 48 pig/kg of rFGF-2 or an angiogenically active 
fragment or mutein thereof. A suitable FGF-2 for use in the 
present invention is the rFGF-2 of SEQ ID NO:2 or an 
angiogenically active fragment or mutein thereof. 

[0027] Accordingly, the present invention has multiple 
aspects. In its ?rst aspect, the present invention is directed to 
a unit dose composition for inducing angiogenesis in a 
human patient, the unit dose comprising a therapeutically 
effective (i.e., an angiogenically effective) amount of 
rFGF-2 or an angiogenically active fragment or mutein 
thereof, the amount comprising about 0.2 pig/kg to about 48 
pig/kg of rFGF-2 or an angiogenically active fragment or 
mutein thereof. 

[0028] By the term “unit dose composition” as used herein 
is meant a composition that When administered to a human 
patient in accordance With the method of the present inven 
tion provides a typical human patient in need of angiogen 
esis With an angiogenic effect of signi?cant efficacy so as not 
to require retreatment for at least 4-6 months, typically 6 
months. The unit dose composition of the present invention 
is typically provided in combination With one or more 
pharmaceutically acceptable excipients or carriers. In other 
embodiments of the unit dose composition, a safe and 
therapeutically effective amount comprises about 0.2 pig/kg 
to about 2 pig/kg, about 2 pig/kg to about 24 pig/kg, or about 
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24 ug/kg to about 48 ug/kg of rFGF-2 or an angiogenically 
active fragment or mutein thereof. 

[0029] It is convenient to de?ne the unit dose composition 
of the present invention in more absolute terms that are not 
dependent upon the Weight of the patient to be treated. When 
so de?ned, the unit dose composition comprises from 0.008 
mg to 7.2 mg of rFGF-2 or an angiogenically active frag 
ment or mutein thereof. In this embodiment, the unit dose 
composition contains a suf?cient amount of FGF-2 to 
accommodate dosing any one of the majority of human 
CAD patients, ranging from the smallest patient (e.g., 40 kg) 
at the loWest dosage (about 0.2 ug/kg) through the larger 
patients (e.g., 150 kg) at the highest dosage (about 48 ug/kg). 
More typically, the unit dose comprises 0.3 mg to 3.5 mg of 
rFGF-2 or an angiogenically active fragment or mutein 
thereof. The unit dose composition is typically provided in 
solution or lyophiliZed form containing the above referenced 
amount of rFGF-2 and an effective amount of one or more 

pharmaceutically acceptable buffers, stabiliZers and/or other 
excipients as later described herein. 

[0030] The active agent in the Applicants’ above described 
unit dose composition is a recombinant FGF-2 or an angio 
genically active fragment or mutein thereof. Methods for 
making recombinant FGF-2 are Well-knoWn in the art. The 
recombinant FGF-2 of SEQ ID NO:2 is made as described 
in US. Pat. No. 5,155,214, entitled “Basic Fibroblast 
GroWth Factor,” Which issued on Oct. 13, 1992, and Which 
is expressly incorporated herein by reference in its entirety. 
Moreover, all other references cited herein, Whether occur 
ring before or after this sentence, are expressly incorporated 
herein by reference in their entirety. As disclosed in the ’214 
patent, a DNA of SEQ ID NO:1, Which encodes a bFGF 
(hereinafter “FGF-2”) of SEQ ID NO:2, is inserted into a 
cloning vector, such as pBR322, pMB9, Col E1, pCRI, RP4 
or )t-phage, and the cloning vector is used to transform either 
a eukaryotic or prokaryotic cell, Wherein the transformed 
cell expresses the FGF-2. In one embodiment, the host cell 
is a yeast cell, such as Saccharomyces cerevisiae. The 
resulting full length FGF-2 that is expressed has 146 amino 
acids in accordance With SEQ ID NO:2. Although the FGF-2 
of SEQ ID NO:2 has four cysteines, i.e., at residue positions 
25, 69, 87 and 92, there are no internal disul?de linkages. 
[’214 at col. 6, lines 59-61.] HoWever, in the event that 
cross-linking occurred under oxidative conditions, it Would 
likely occur betWeen the residues at positions 25 and 69. 

[0031] The FGF-2 of SEQ ID NO:2, Which has 146 amino 
acid residues, differs from naturally occurring human FGF-2 
by only tWo amino acid residue. In particular, the amino 
acids at residue positions 112 and 128 of the FGF-2 of SEQ 
ID NO:2 are Ser and Pro, respectively, Whereas in human 
FGF-2, they are Thr and Ser, respectively. In nature, bovine 
FGF-2, like the corresponding human FGF-2 is initially 
synthesiZed in vivo as a polypeptide having 155 amino acid 
residues. Abraham et al. “Human Basic Fibroblast Growth 
Factor: Nucleotide Sequence and Genomic Organization,” 
EMBO J., 5(10):2523-2528 (1986). When the FGF-2 of SEQ 
ID NO:2 is compared to the full length 155 residue bovine 
FGF-2 of Abraham, the FGF-2 of SEQ ID NO:2 lacks the 
?rst nine amino acid residues, Met Ala Ala Gly Ser Ile Thr 
Thr Leu (SEQ ID NO:3), at the N-terminus of the corre 
sponding full length molecule. The recombinant FGF-2 
employed in the present compositions and method Was 
puri?ed to pharmaceutical quality (98% or greater purity) 
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using the techniques described in detail in US. Pat. No. 
4,956,455, entitled “Bovine Fibroblast GroWth Factor” 
Which issued on Sep. 11, 1990 and Which is incorporated 
herein by reference in its entirety. In particular, the ?rst tWo 
steps employed in the puri?cation of the recombinant FGF-2 
of Applicants’ unit dose composition are “conventional 
ion-exchange and reverse phase HPLC puri?cation steps as 
described previously.”[U.S. Pat. No. 4,956,455, citing to 
Bolen et al., PNAS USA 81:5364-5368 (1984).] The third 
step, Which the ’455 patent refers to as the “key puri?cation 
step”[’455 at col. 7, lines 5-6], is heparin-SEPHAROSE® 
af?nity chromatography, Wherein the strong heparin binding 
af?nity of the FGF-2 is utiliZed to achieve several thousand 
fold puri?cation When eluting at approximately 1.4M and 
1.95M NaCl [’455 at col. 9, lines 20-25]. Polypeptide 
homogeneity Was con?rmed by reverse-phase high pressure 
liquid chromatography (RP-HPLC). Buffer exchange Was 
achieved by SEPHADEX® G-25(M) gel ?ltration chroma 
tography. 
[0032] In addition to the 146 residue rFGF-2 of SEQ ID 
NO:2, the active agent in the unit dose of the present 
invention also comprises an “angiogenically active frag 
ment” of FGF-2. By the term “angiogenically active frag 
ment” of FGF-2 is meant a fragment of FGF-2 that has about 
80% of the 146 residues of SEQ ID NO:2 and that retains at 
least 50%, preferably at least 80%, of the angiogenic activity 
of the FGF-2 of SEQ ID NO:2. 

[0033] To be angiogenically active, the FGF-2 fragment 
should have tWo cell binding sites and at least one of the tWo 
heparin binding sites. The tWo putative cell binding sites of 
the analogous human FGF-2 occur at residue positions 
36-39 and 77-81 thereof. See Yoshida, et al., “Genomic 
Sequence of hst, a Transforming Gene Encoding a Protein 
Homologous to Fibroblast Growth Factors and the int-2 
Encodea' Protein,” PNAS USA, 84:7305-7309 (October 
1987) at FIG. 3. The tWo putative heparin binding sites of 
hFGF-2 occur at residue positions 18-22 and 107-111 
thereof. See Yoshida (1987) at FIG. 3. Given the greater 
than 98% similarity betWeen the amino acid sequences for 
naturally occurring human FGF-2 (hFGF-2) and rFGF-2 
(SEQ ID NO:2), it is expected that the tWo cell binding sites 
for rFGF-2 (SEQ ID NO:2) are also at residue positions 
36-39 and 77-81 thereof, and that the tWo heparin binding 
sites are at residue positions 18-22 and 107-111 thereof. 
Consistent With the above, it is Well knoWn in the art that 
N-terminal truncations of the FGF-2 of SEQ ID NO:2 do not 
eliminate its activity in coWs. In particular, the art discloses 
several naturally occurring and biologically active frag 
ments of the FGF-2 that have N-terminal truncations relative 
to the FGF-2 of SEQ ID NO:2. An active and truncated 
bFGF-2 having residues 12-146 of SEQ ID NO:2 Was found 
in bovine liver and another active and truncated bFGF-2, 
having residues 16-146 of SEQ ID NO:2 Was found in the 
bovine kidney, adrenal glands and testes. [See US. Pat. No. 
5,155,214 at col. 6, lines 41-46, citing to Ueno, et al., 
Biochem and Biophys Res. Comm., 138:580-588 (1986).] 
LikeWise, other fragments of the bFGF-2 of SEQ ID NO:2 
that are knoWn to have FGF activity are FGF-2 (24-120)-OH 
and FGF-2 (30-110)-NH2. [US Pat. No. 5,155,214 at col. 6, 
lines 48-52.] These latter fragments retain both of the cell 
binding portions of FGF-2 (SEQ ID NO:2) and one of the 
heparin binding segments (residues 107-111). Accordingly, 
the angiogenically active fragments of FGF-2 typically 
encompass those terminally truncated fragments of FGF-2 
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that have at least residues that correspond to residues 30-110 
of FGF-2 of SEQ ID NO:2; more typically, at least residues 
that correspond to residues 18-146 of FGF-2 of SEQ ID 
N012. 

[0034] The unit dose of the present invention also com 
prises an “angiogenically active . . . mutein” of the rFGF-2 

of SEQ ID NO:2. By the term “angiogenically active . . . 

mutein” as used herein, is meant an isolated and puri?ed 
recombinant protein or polypeptide that has 65% sequence 
identity (homology) to any naturally occurring FGF-2, as 
determined by the Smith-Waterman homology search algo 
rithm (Meth. Mol. Biol. 70:173-187 (1997)) as implemented 
in MSPRCH program (Oxford Molecular) using an affine 
gap search With the folloWing search parameters: gap open 
penalty of 12, and gap extension penalty of 1, and that 
retains at least 50%, preferably at least 80%, of the angio 
genic activity of the naturally occurring FGF-2 With Which 
it has said at least 65% sequence identity. Preferably, the 
angiogenically active mutein has at least 75%, more pref 
erably at least 85%, and most preferably, at least 90% 
sequence identity to the naturally occurring FGF-2. Other 
Well-known and routinely used homology/identity scanning 
algorithm programs include Pearson and Lipman, PNAS 
USA, 85:2444-2448 (1988); Lipman and Pearson, Science, 
222:1435 (1985); Devereaux et al., Nuc. Acids Res., 12:387 
395 (1984); or the BLASTP, BLASTN or BLASTX algo 
rithms of Altschul, et al., Mol. Biol., 215:403-410 (1990). 
Computerized programs using these algorithms are also 
available and include, but are not limited to: GAP, BESTFIT, 
BLAST, FASTA and TFASTA, Which are commercially 
available from the Genetics Computing Group (GCG) pack 
age, Version 8, Madison Wis., USA; and CLUSTAL in the 
PC/Gene program by Intellegenetics, Mountain VieW Calif. 
Preferably, the percentage of sequence identity is deter 
mined by using the default parameters determined by the 
program. 

[0035] The phrase “sequence identity,” as used herein, is 
intended to refer to the percentage of the same amino acids 
that are found similarly positioned Within the mutein 
sequence When a speci?ed, contiguous segment of the amino 
acid sequence of the mutein is aligned and compared to the 
amino acid sequence of the naturally occurring FGF-2. 

[0036] When considering the percentage of amino acid 
sequence identity in the mutein, some amino acid residue 
positions may differ from the reference protein as a result of 
conservative amino acid substitutions, Which do not affect 
the properties of the protein or protein function. In these 
instances, the percentage of sequence identity may be 
adjusted upWards to account for the similarity in conserva 
tively substituted amino acids. Such adjustments are Well 
knoWn in the art. See, e.g., Meyers and Miller, “Computer 
Applic. Bio. Sci, 4:11-17 (1988). 

[0037] To prepare an “angiogenically active mutein” of an 
angiogenic agent of the present invention, one uses standard 
techniques for site directed mutagenesis, as knoWn in the art 
and/or as taught in Gilman, et al., Gene, 8:81 (1979) or 
Roberts, et al., Nature, 328:731 (1987). Using one of the site 
directed mutagenesis techniques, one or more point muta 
tions are introduced into the cDNA sequence of SEQ ID NO: 
1 to introduce one or more amino acid substitutions or an 

internal deletion. Conservative amino acid substitutions are 
those that preserve the general charge, hydrophobicity/ 
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hydrophilicity, and/or steric bulk of the amino acid being 
substituted. By Way of example, substitutions betWeen the 
folloWing groups are conservative: Gly/Ala, Val/Ile/Leu, 
Lys/Arg, Asn/Gln, Glu/Asp, Ser/Cys/Thr, and Phe/Trp/Tyr. 
Signi?cant (up to 35%) variation from the sequence of the 
naturally occurring angiogenic FGF-2 is permitted as long as 
the resulting protein or polypeptide retains angiogenic activ 
ity Within the limits speci?ed above. 

[0038] Cysteine-depleted muteins are muteins Within the 
scope of the present invention. These muteins are con 
structed using site directed mutagenesis as described above, 
or according to the method described in US. Pat. No. 
4,959,314 (“the ’314 patent”), entitled “Cysteine-Depleted 
Muteins of Biologically Active Proteins.” The ’314 patent 
discloses hoW to determine biological activity and the effect 
of the substitution. Cysteine substitution is particularly 
useful in proteins having tWo or more cysteines that are not 
involved in disul?de formation. Suitable substitutions 
include the substitution of serine for one or both of the 
cysteines at residue positions 87 and 92, Which are not 
involved in disul?de formation. Preferably, substitutions are 
introduced at the FGF-2 N-terminus, Which is not associated 
With angiogenic activity. HoWever, as discussed above, 
conservative substitutions are suitable for introduction 
throughout the molecule. 

[0039] The unit dose composition of the present invention 
comprises a safe and an angiogenically effective dose of 
rFGF-2 or an angiogenically active fragment or mutein 
thereof, and a pharmaceutically acceptable carrier. Typically, 
the safe and angiogenically effective dose of the pharma 
ceutical composition of the present invention is in a form 
and a siZe suitable for administration to a human patient and 
comprises 0.2 pig/kg to 48 pig/kg of rFGF-2 or an 
angiogenically active fragment or mutein thereof, (ii) and a 
pharmaceutically acceptable carrier. In other embodiments, 
the safe and angiogenically effective dose comprises 0.2 
pig/kg to 2 pig/kg, >2 pig/kg to <24 pig/kg or 24 pig/kg to 48 
pig/kg of FGF-2 or an angiogenically active fragment or 
mutein thereof, and a pharmaceutically acceptable carrier. 
Expressed in absolute terms for the majority of human CAD 
patients, the unit dose of the present invention comprises 
0.008 mg to 7.2 mg, more typically 0.3 mg to 3.5 mg, of the 
FGF-2 or an angiogenically active fragment or mutein 
thereof. 

[0040] The second recited component of the unit dose 
composition of the present invention is a “pharmaceutically 
acceptable carrier.” By the term “pharmaceutically accept 
able carrier” as used herein is meant any of the carriers or 
diluents that are Well-known in the art for the stabiliZation 
and/or administration of a proteinaceous medicament that 
does not itself induce the production of antibodies harmful 
to the patient receiving the composition, and Which may be 
administered Without undue toxicity. The choice of the 
pharmaceutically acceptable carrier and its subsequent pro 
cessing enables the unit dose composition of the present 
invention to be provided in either liquid or solid form. 

[0041] When the unit dose composition is in liquid form, 
the pharmaceutically acceptable carrier comprises a stable 
carrier or diluent suitable for intravenous (“IV”) or intrac 
oronary (“IC”) injection or infusion. Suitable carriers or 
diluents for injectable or infusible solutions are nontoxic to 
a human recipient at the dosages and concentrations 
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employed, and include sterile Water, sugar solutions, saline 
solutions, protein solutions or combinations thereof. 

[0042] Typically, the pharmaceutically acceptable carrier 
includes a buffer and one or more stabilizers, reducing 
agents, anti-oxidants and/or anti-oxidant chelating agents. 
The use of buffers, stabiliZers, reducing agents, anti-oxidants 
and chelating agents in the preparation of protein based 
compositions, particularly pharmaceutical compositions, is 
Well-known in the art. See, Wang et al., “Review of Excipi 
ents and pHs for Parenteral Products Used in the United 
States, ”J. Parent. DrugAssn., 34(6):452-462 (1980); Wang 
et al., “Parenteral Formulations of Proteins and Peptides." 
Stability and Stabilizers, ” J. Parent. Sci. and Tech., 42:S4 
S26 (Supplement 1988); Lachman, et al., “Antioxidants and 
Chelating Agents as Stabilizers in Liquid Dosage Forms— 
Part 1, ” Drug and Cosmetic Industry, 102(1): 36-38, 40 and 
146-148 (1968); Akers, M. J ., “Antioxidants in Pharmaceu 
tical Products,” J. Parent. Sci. and Tech., 36(5):222-228 
(1988); and Methods in EnZymology, Vol. XXV, ColoWick 
and Kaplan Eds., “Reduction of Disul?de Bonds in Proteins 
with Dithiothreitol,” by Konigsberg, pages 185-188. Suit 
able buffers include acetate, adipate, benZoate, citrate, lac 
tate, maleate, phosphate, tartarate and the salts of various 
amino acids. See Wang (1980) at page 455. Suitable stabi 
liZers include carbohydrates such as threlose or glycerol. 
Suitable reducing agents, Which maintain the reduction of 
reduced cysteines, include dithiothreitol (DTT also knoWn 
as Cleland’s reagent) or dithioerythritol at 0.01% to 0.1% 
Wt/Wt; acetylcysteine or cysteine at 0.1% to 0.5% (pH2-3); 
and thioglycerol at 0.1% to 0.5% (pH 3.5 to 7.0) and 
glutathione. See Akers (1988) at pages 225 to 226. Suitable 
antioxidants include sodium bisul?te, sodium sul?te, 
sodium metabisul?te, sodium thiosulfate, sodium formalde 
hyde sulfoxylate, and ascorbic acid. See Akers (1988) at 
pages 225. Suitable chelating agents, Which chelate trace 
metals to prevent the trace metal catalyZed oxidation of 
reduced cysteines, include citrate, tartarate, ethylenedi 
aminetetraacetic acid (EDTA) in its disodium, tetrasodium, 
and calcium disodium salts, and diethylenetriamine pen 
taacetic acid (DTPA). See e.g., Wang (1980) at pages 
457-458 and 460-461, and Akers (1988) at pages 224-227. 
Suitable sugars include glycerol, trehalose, glucose, galac 
tose and mannitol, sorbitol. A suitable protein is human 
serum albumin. 

[0043] In liquid form, a typical unit dose composition of 
the present invention comprises from about 0.001 mg to 8 
mg, more typically 0.03 to 5 mg rFGF-2 or an angiogeni 
cally active fragment or mutein thereof, dissolved a phar 
maceutically acceptable carrier. A suitable pharmaceutically 
acceptable carrier comprises 10 mM thioglycerol, 135 mM 
NaCl, 10 mM sodium citrate, and 1 mM EDTA, pH 5. A 
suitable diluent or ?ushing agent for the above-described 
unit dose composition is any of the above-described carriers. 
Typically, the diluent is the carrier solution. rFGF-2 or an 
angiogenically active fragment or mutein thereof is unstable 
for long periods of time in liquid form. To maximize stability 
and shelf life of the liquid form, the unit dose composition 
should be stored froZen at —60° C. When thaWed, the 
solution is stable for 6 months at refrigerated conditions. A 
typical unit dose Would comprise about 1-40 ml, more 
typically 10-40 ml, of the above-described composition 
having 0.008-7.2 mg of rFGF-2 or an angiogenically active 
fragment or mutein dissolved therein. Asuitable rFGF-2 for 
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use in the unit dose is the rFGF-2 of SEQ ID NO:2 or an 
angiogenically active fragment or mutein thereof. 

[0044] In another embodiment, the unit dose composition 
is provided in lyophiliZed (freeZe-dried) form. In this form, 
the unit dose of rFGF-2 is capable of being stored at 
refrigerated temperatures for substantially longer than 6 
months Without loss of therapeutic effectiveness. Lyo 
philiZation is accomplished by the rapid freeZe drying (i.e., 
removing Water) under reduced pressure of a plurality of 
vials, each containing the above described liquid form of the 
unit dose of the rFGF-2 of the present invention therein. 
LyophiliZers, Which perform the above described lyophiliZa 
tion, are commercially available and readily operable by 
those skilled in the art. The resulting lyophiliZed unit dose 
composition, in lyophiliZed cake form, is formulated to 
contain Within the resulting lyophiliZed cake one or more of 
the buffers, stabiliZers, anti-oxidants, reducing agents, salts 
and/or sugars described above for the corresponding liquid 
formulation. A lyophiliZed unit dose composition containing 
all such other components need only be reconstituted to a 
knoWn volume or concentration With sterile aqueous diluent 
such as sterile Water, a sterile sugar solution, or a sterile 
saline solution. Alternatively, it could be reconstituted With 
a sterile buffer solution as described above, but lacking a 
chelating agent, such as EDTA. As a lyophiliZed cake, the 
unit dose composition is stable from 6 months to tWo years 
at refrigerated temperatures. Thus, storage of the unit dose 
composition in lyophiliZed form is readily accommodated 
using conventional refrigeration equipment. 

[0045] Because the unit dose composition of the present 
invention is administered via a cardiac catheter or other 
injection device, Which has dead space, it is convenient to 
formulate the vial containing the unit dose composition so 
that it contains about 10-50% more of the rFGF-2 or 
angiogenically active fragment or mutein thereof than is to 
be administered to the patient. For example, When the unit 
dose of the rFGF-2 to be administered is 7.2 mg, the vial is 
optionally formulated to contain up to 50% extra (e.g., a 
total of about 10.8 mg) of rFGF-2 or angiogenically active 
fragment or mutein thereof. The extra solution is suitable for 
?lling the dead space in the delivery equipment. In an 
alternative embodiment that does not alloW for dead space, 
the pharmaceutical composition is loaded in the cardiac 
catheter in front of a pharmaceutically acceptable buffer, 
diluent or carrier, Which is then used to deliver the appro 
priate amount of the one or more dosages to the one or more 
sites in the myocardium that are in need of angiogenesis. 

[0046] As discussed above, the pharmaceutically accept 
able carrier for the above described unit dose composition 
comprises a buffer and one or more stabiliZers, reducing 
agents, anti-oxidants and/or anti-oxidant chelating agents. It 
is also Within the scope of the present invention that the unit 
dose composition contain an amount of a glycosoaminogly 
can (also knoWn as a “proteoglycan” or a “mucopolysac 
charide”), such as heparin, that is effective to bind to the 
FGF-2 and to the endothelial cell receptors so as to enhance 
the angiogenic effectiveness of the FGF-2 or angiogenically 
active fragment or mutein thereof. The amount of heparin 
that is administered is about 10-80 U per kg of patient 
Weight (U/kg), typically about 40 U/kg. Expressed in abso 
lute terms, the total amount of heparin administered to any 
one patient does not exceed 5,000 U. Thus, upon reconsti 
tution, the unit dose composition of the present invention 
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Would not only contain an angiogenically effective amount 
of rFGF-2 or an angiogenically active fragment or mutein 
thereof, it Would also contain from about 10-80 U/kg of 
heparin, typically about 40 U/kg. The typical volume of 
diluent is from about 1 to 40 ml. While larger volumes of 
diluent could be used, such larger volumes Would typically 
result in longer administration times. Depending upon the 
Weight of the patient in kg, a single dose comprising from 
0.2 pig/kg to 48 pig/kg of the rFGF-2 or an angiogenically 
active fragment or mutein thereof is WithdraWn from the vial 
as reconstituted product for administration to the patient. 
Thus, an average 70 kg man that is being dosed at 24 pig/kg 
Would have a suf?cient volume of the reconstituted product 
WithdraWn from the vial to receive an IC infusion of (70 
kg><30 pig/kg) 2100 pg (i.e., 2.1 mg). 

[0047] In its second aspect, the present invention is 
directed to a method for treating a human patient for CAD 
or MI, using the above described unit dose composition. In 
particular, in one embodiment, the present invention is 
directed to a method for treating a human patient for 
coronary artery disease, comprising administering a safe and 
therapeutically effective amount of a recombinant FGF-2 or 
an angiogenically active fragment or mutein thereof to one 
or more, typically tWo, patent coronary vessels or a periph 
eral vein of a human patient in need of treatment for 
coronary artery disease. The human patient in need of 
treatment for coronary artery disease is typically a human 
patient With coronary artery disease Who remains symptom 
atic With angina despite optional medical management. A 
preferred coronary vessel is a coronary artery, although 
grafted saphenous veins and grafted internal mammary 
arteries, as provided by coronary angioplasty, are also suit 
able. Suitable peripheral veins for administering the unit 
dose composition include those peripheral veins found 
throughout the human body that are routinely used by 
treating physicians and nurses for administration of ?uids 
and medicaments. Examples of such veins include the 
cephalic, the median cubital, and the basilic of the arm. 

[0048] When administered as an intracoronary (IC) infu 
sion, the unit dose of rFGF-2 or angiogenic fragment or 
mutein thereof is typically administered Within an hour, 
more typically over a period of about 20 minutes into one or 
more (typically, tWo) patent coronary vessels. When admin 
istered over a tWenty minute period, the unit dose compo 
sition is typically administered at a rate of 0.5 to 2.0 
ml/minute, more typically at about 1 ml/minute. The coro 
nary vessels can be native vessels or grafts, so long as they 
are not occluded. The volume of the unit dose of rFGF-2 or 
angiogenic fragment or mutein thereof is typically 10-40 ml; 
more typically 20 ml. The length of time for infusion of the 
unit dose is not critical and can be shortened or lengthened 
depending on the rate and volume of infusion. 

[0049] When administered as an intravenous (IV) infu 
sion, the unit dose of rFGF-2 or angiogenic fragment or 
mutein thereof is administered typically Within an hour, 
more typically over a 20 minute period, into a peripheral 
vein using a conventional IV setup. When administered over 
a tWenty minute period, the unit dose composition is typi 
cally administered at a rate of 1 ml/minute. 

[0050] In the phase I clinical trial of the above described 
method for treating CAD, a single unit dose composition 
Was administered IC or IV to human patients having CAD 
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Who remained symptomatic With angina despite optional 
medical management. Because the method of the present 
invention induces angiogenesis, the method of the present 
invention provides treatment of the underlying condition in 
CAD or MI and not merely transitory relief from the 
symptoms, such as provided by nitrates. Typically, the safe 
and therapeutically effective amount of the method of the 
present invention comprises 0.2 pig/kg to 48 pig/kg of rFGF-2 
or an angiogenically active fragment or mutein thereof in a 
pharmaceutically acceptable carrier. In other embodiments, 
the safe and therapeutically effective amount comprises 0.2 
pig/kg to 2 pig/kg, >2 pig/kg to <24 pig/kg, or 24 pig/kg to 48 
pig/kg of rFGF-2 or an angiogenically active fragment or 
mutein thereof in a pharmaceutically acceptable carrier. In 
absolute terms, the safe and therapeutically effective amount 
is about 0.008 mg to about 7.2 mg of rFGF-2 or an 
angiogenically active fragment or mutein thereof; more 
typically, 0.3 mg to 3.5 mg of rFGF-2 or an angiogenically 
active fragment or mutein thereof. A suitable rFGF-2 is the 
rFGF-2 of SEQ ID NO:2 or an angiogenically active frag 
ment or mutein thereof. 

[0051] In another aspect, the present invention is also 
directed to a method for inducing angiogenesis in a heart of 
a human patient comprising, administering a single unit dose 
composition of a recombinant FGF-2 or an angiogenically 
active fragment or mutein thereof to one or more coronary 
vessels or to a peripheral vein in a human patient in need of 
coronary angiogenesis, said unit dose composition compris 
ing from about 0.008 mg to 7.2 mg of recombinant rFGF-2 
or an angiogenically active fragment or mutein thereof in a 
pharmaceutically acceptable carrier. More typically, the unit 
dose composition comprises about 0.3-3.5 mg rFGF-2 or an 
angiogenically active fragment or mutein thereof in a phar 
maceutically acceptable carrier. As described above, a single 
unit dose composition containing a therapeutically effective 
amount of an rFGF-2 or an angiogenically fragment or 
mutein thereof is administered to at least one coronary 
vessel of a human patient in need of angiogenesis, using 
standard cardiac catheteriZation techniques already knoWn 
and used in the art for the intracoronary administration of 
medicaments, e.g., thrombolytics, streptokinase, or radio 
opaque dyes or magnetic particles used to visualiZe the 
coronary arteries. By Way of eXample, a coronary catheter is 
inserted into an artery (e.g., femoral or subclavian) of the 
patient in need of treatment and the catheter is pushed 
forWard, With visualiZation, until it is positioned in the 
appropriate coronary vessel of the patient to be treated. 
Using standard precautions for maintaining a clear line, the 
pharmaceutical composition in solution form is adminis 
tered by infusing the unit dose substantially continuously 
over a period of 10 to 30 minutes. Although the pharma 
ceutical composition of the invention could be administered 
over a longer period of time, the Applicants perceive no 
bene?t and a potentially increased risk of thrombosis in 
doing so. Typically, a portion (e.g., one half) of the unit dose 
is administered in a ?rst coronary vessel. Then, the catheter 
is repositioned into a second secondary coronary vessel and 
the remainder of the unit dose is administered With ?ushing 
of the catheter. Using the above-described repositioning 
procedure, portions of the unit dose may be administered to 
a plurality of coronary vessels until the entire unit dose has 
been administered. After administration, the catheter is 
WithdraWn using conventional art knoWn protocols. In the 
phase I clinical trials described herein, therapeutic bene?t 
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was reported by patients as early as tWo Weeks following the 
IC rFGF-2 administration of a single unit dose. Clinically 
signi?cant improvement Was demonstrable by objective 
criterion (ETT and/or SAQ) as early as 30 days folloWing IC 
or IV administration of a single unit dose of the present 
invention, and Was maintained for siX months folloWing 
dosing. In certain patients With progressive CAD disease, it 
may be necessary or appropriate to administer additional 
unit doses of rFGF-2 at siX or 12 month intervals after the 
initial unit dose, to overcome the progression of the CAD 
during that interim period. In some patients With very 
progressive CAD, unit doses of present invention Would be 
readministered at 4 month intervals. In any instance, the 
treating physician Would be able to determine the time, if 
any, for readministration based upon routine assessment of 
the clinical symptoms of the patient. 

[0052] One of the bene?ts of the method of the present 
invention is cardiac angiogenesis. Accordingly, in another 
aspect, the present invention is directed to a method for 
inducing angiogenesis in a heart of a human patient, com 
prising administering into one or more coronary vessels (IC) 
or into a peripheral vein (IV) of a human patient in need of 
coronary angiogenesis, a single unit dose composition com 
prising an angiogenically effective amount of rFGF-2 or an 
angiogenically active fragment or mutein thereof in a phar 
maceutically acceptable carrier. In the above method, the 
angiogenically effective amount comprises about 0.2 pig/kg 
to about 48 pig/kg (or in absolute terms about 0.008 mg to 
about 7.2 mg) of a recombinant FGF-2 or an angiogenically 
active fragment or mutein thereof. More typically, the angio 
genically effective amount comprises about 0.3 mg to 3.5 mg 
of a recombinant FGF-2 or an angiogenically active frag 
ment or mutein thereof. A suitable rFGF-2 for use in the 
above-identi?ed method is the rFGF-2 of SEQ ID NO:2 or 
an angiogenically active fragment thereof. In one embodi 
ment of the above method, the unit dose composition is 
administered IC to patent coronary vessels or IV to a 
peripheral vein. In another embodiment, the unit dose com 
position is administered With heparin as described herein. 

[0053] The above described method for providing coro 
nary angiogenesis is also bene?cial in human patients that 
have undergone a myocardial infarction (MI) in one or more 
coronary arteries. Accordingly, in another aspect, the present 
invention is also directed to a method for treating a human 
patient for an MI comprising, administering into one or more 
coronary vessels or into a peripheral vein of said human 
patient, a single unit dose composition comprising a thera 
peutically effective amount of rFGF-2 or an angiogenically 
active fragment or mutein thereof. In the above method, the 
unit dose composition typically comprises about 0.2 pig/kg 
to about 48 pig/kg (or in absolute terms about 0.008 mg to 
about 7.2 mg) of a recombinant FGF-2 or an angiogenically 
active fragment or mutein thereof in a pharmaceutically 
acceptable carrier. A suitable rFGF-2 for use in the above 
identi?ed method is the rFGF-2 of SEQ ID NO:2 or an 
angiogenically active fragment thereof. 

[0054] In the event of unstable angina or acute myocardial 
infarction, requiring angioplasty, the same doses of rFGF-2 
or angiogenic fragment or mutein thereof that are disclosed 
herein Would also be useful as an adjunct therapy in treating 
those conditions. Accordingly, in another aspect, the present 
invention is directed to an improved method for treating a 
patient for unstable angina or acute myocardial infarction, 
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requiring angioplasty, the method comprising providing 
angioplasty to the patient in need of treatment; the improve 
ment comprising administering into one or more coronary 
vessels or into a peripheral vein of said human patient, a 
single unit dose composition comprising a therapeutically 
effective amount of rFGF-2 or an angiogenically active 
fragment or mutein thereof. In the above method, the unit 
dose composition comprises about 0.2 pig/kg to about 48 
pig/kg (or in absolute terms about 0.008 mg to about 7.2 mg) 
of a recombinant FGF-2 or an angiogenically active frag 
ment or mutein thereof in a pharmaceutically acceptable 
carrier. A suitable rFGF-2 for use in the above-identi?ed 
method is the rFGF-2 of SEQ ID NO:2 or an angiogenically 
active fragment thereof. 

[0055] In any of the above-described methods of the 
present invention, the rFGF-2 or the angiogenically active 
fragment or mutein thereof is associated With release of 
nitric oxide, a recogniZed smooth muscle dilator, Which 
upon administration to the patient causes a sudden drop in 
the patient’s blood pressure. Accordingly, in the methods of 
the present invention, it is preferable to hydrate the patient 
With IV ?uids prior to administering the unit dose of the 
present invention. Moreover, for safety and tolerability of 
the unit dose, aggressive ?uid management during and after 
rFGF-2 administration is also preferred. Finally, it is also 
Within the scope of the above described methods to include 
the step of administering an effective amount of a glyco 
soaminoglycan (also knoWn as a “proteoglycan” or a “muco 
polysaccharide”), such as heparin from 0-30 minutes prior to 
administering the unit dose composition of the present 
invention. Typically, the effective amount of glycosami 
noglycan (such as heparin) that is administered is about 
10-80 U/kg, more typically, about 40 U/kg. HoWever, the 
total amount of heparin administered to any one patient 
immediately prior to dosing generally does not eXceed 5,000 
U. 

[0056] Because EDTA is a potent chelator of calcium 
Which is required for normal myocardial contraction and 
cardiac conduction, minimiZing the concentration of EDTA 
is critical to patient’s safety. A concentration of EDTA less 
than 100:g/ml optimiZed the safety of administration of 
rFGF-2 by IC or IV infusion to human patients. 

[0057] Because a sudden bolus of rFGF-2 is associated 
With profound hypotension in animals, the rate of infusion is 
critical to patient’s safety. Administration at 0.5 to 2 mL per 
minute, typically 1 mL per minute, optimiZed the safety of 
administration of rFGF-2 by IC or IV infusion to human 
patients. 

[0058] A Phase I clinical trial directed to treating human 
patients for CAD by administering a single unit dose com 
position of the present invention Was conducted and is 
described in Examples 1-3 herein. In that trial, siXty-siX (66) 
human patients diagnosed With CAD, Who satis?ed the 
criteria of Example 2 herein, received a single unit dose of 
rFGF-2 in accordance With the method of the present 
invention. Speci?cally, ?fty-tWo human patients Were 
administered a unit dose of 0.33 pig/kg to 48 pig/kg of rFGF-2 
by IC infusion over about a 20 minute period. Fourteen 
human patients Were administered a unit dose of either 18 
pig/kg or 36 pig/kg of rFGF-2 by IV infusion over about a 20 
minute period. The 66 treated patients Were then assessed 
relative to baseline (i.e., prior to treatment With the single 
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unit dose), and again at 1 month, 2 months and 6 months 
after treatment With the single unit dose, using three sets of 
art-recogniZed assessment criteria: 1) changes in their exer 
cise tolerance time (ETT); 2) the Seattle Angina Question 
naire, Which provides an assessment based upon a mixed 
combination of objective and subjective criteria; and 3) the 
measurement of physical changes in the heart as assessed by 
MRI. 

[0059] For ETT of the 66 patients of the Phase I clinical 
trial of Examples 1-3 Was measured at baseline, and at 1 
month, 2 months and 6 months after dosing (With a single 
unit dose composition of the invention) using a Bruce 
treadmill protocol. Subjects Were excluded from the analysis 
if the treadmill protocol Was not the same as used at baseline. 
Therefore, the number of subjects varied over time. In 
addition, any patients Who had emergency revasculariZation 
Were excluded from the analysis. A dose Was considered 
effective if the mean change in ETT from baseline increased 
by greater than 60 seconds. The results of the ETT assess 
ment are provided in Table 1. 

TABLE 1 

Exercise Tolerance Time (ETT) — Ch?ge from Baseline 

Change from Change from Change from 
FGF-2 Baseline at Baseline at Baseline at 

Dose Group One Month TWo Months Six Months 

0.33 to 2.0,ug/kg IC N=8 N=6 N=5 
(N = 16) 45.1 sec 130.0 sec" 60.8 sec 

(10W) (—105 to 180) (19 to 240) (—45 to 210) 
6.0and12/lg/kgIC N=2 N=4 N=2 

(N = 8) —24.0 sec —2.5 sec 6.5 sec 

(mid) (—48 to 0) (—90 to 120) (—0 to 13) 
24.0 to 48.0 ,ug/kg IC N = 18 N = 21 N = 16 

(N = 28) 51.9 sec 107.9 sec" 133.1 sec" 

(high) (—188 to 399) (—30 to 385) (—195 to 386) 
18.0 & 36.0 ,ug/kg IV N = 12 N = 12 N = 12 

(N = 14) 45.1 sec 93.4 sec" 87.5 sec" 

(—75 to 237) (0 to 285) (—60 to 285) 
ALL GROUPS N = 40 N = 43 N = 35 

(N = 66) 45.0 sec 96.0 sec 100.0 sec 

N = number of subjects; mean; (range in seconds); 
"= p < 0.05 

[0060] Referring to Table 1, the mean change from base 
line at one month Was less than 60 seconds for all dose 
groups. HoWever, the percentage of patients stopping their 
treadmill test because of angina decreased in all groups over 
time. At 2 months and 6 months after dosing, the mean 
changes from baseline Were greater in the high dose IC and 
IV groups of patients than in the loW and mid dose IC 
groups. The persistence of increased ETT at 6 months (133.1 
sec and 87.5 sec) in the high dose IC (24-481g/kg) and IV (18 
& 38: g/kg) groups, respectively, Was unexpected. The great 
est mean increases in ETT of 107.9 and 133.1 seconds at 2 
and 6 months, respectively, occurred in the high dose 
(24-481g/kg) IC group. The IV group exhibited signi?cant 
mean increases in ETT of 93.4 seconds and 87.5 seconds, at 
2 months and 6 months respectively, Which Was not pre 
dicted by the rat and pig animal models used herein. Overall, 
the persistence of the effect (increase in ETT) at six months 
and its magnitude for both the IC and IV groups Was Wholly 
unexpected. 

[0061] The 66 human patients of the Phase I clinical trial 
described in Examples 1-3 herein Were also evaluated using 
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the Seattle Angina Questionnaire (SAQ). The SAQ is a 
validated, disease-speci?c, quality of life instrument Which 
assesses the folloWing ?ve scales: 1) “exertional capacity”= 
limitation of physical activity; 2) “disease perception”= 
Worry about MI; 3) “treatment satisfaction”; 4) “angina 
frequency”=number of episodes and sublingual nitroglyc 
erin usage; and 5) “angina stability”=number of episodes 
With most strenuous physical activity. The possible range of 
scores for each of the ?ve scales is 0 to 100 With the higher 
scores indicating a better quality of life. Typically, a mean 
change of 8 points or more betWeen the mean baseline scores 

(ie., before treatment) and the post-treatment scores is 
recogniZed as being “clinically signi?cant.” HoWever, in the 
present analysis, a dose Was considered “effective” if the 
mean change in score from baseline increased by greater 
than 14 points. The reason that 14 Was chosen (instead of 8) 
Was to alloW for the improvement that Was seen in the 

placebo group at 2 months in a clinical trial of another 
groWth factor—VEGF. 

[0062] In performing the SAQ evaluation, the patients 
Were categoriZed according to the same dosage groups that 
Were evaluated for ETT, i.e., 0.33-2.0 pig/kg IC (loW) 6.0 
12.0 pig/kg IC (mid); 24-48 pig/kg IC (high); and 18 and 36 
pig/kg IV. The questionnaire Was administered to subjects in 
each dosage group at baseline (prior to dosing), and at 2 
months and 6 months after being administered a single unit 
dose composition of rFGF-2 in accordance With the method 
of the present invention. 

[0063] The ?rst SAQ scale is “exertional capacity.” The 
data on exertional capacity is summariZed in Table 2 herein. 

TABLE 2 

Exertional Capacity (EC) — Change from Baseline 

FGF-2 Change from Baseline Change from Baseline 
Dose Group at TWo Months at Six Months 

0.33 to 2.0 ,ug/kg IC N = 14 N = 7 

(N = 16) 15.0" (—25 to 53) 23.2" (0 to 53) 
6.0 and 12 ,ug/kg IC N = 7 N = 6 

(N = 8) 20.2" (—14 to 44) 24.1 (—11 to 69) 
24.0 to 48.0 ,ug/kg IC N = 26 N = 23 

(N = 28) 14.6" (—33 to 75) 22.9" (—14 to 75) 
18.0 and 36.0 ,ug/kg IV N = 12 N = 14 

(N = 14) 10.9 (—8 to 67) 16.5" (—19 to 63) 

N = number of subjects; mean (range); 

"p < 0.05 

[0064] As re?ected in Table 2, the change from baseline in 
mean score increased at 2 and 6 months for each of the three 

IC dosage groups and at 6 months for all dosage groups (IC 
and IV). All scores at all dosage levels increased With time 
in going from 2 months to 6 months With the best increases 
(23.2, 24.1, 22.9 and 16.5) relative to baseline being seen at 
6 months post-dosing. 

[0065] The second SAQ scale to be evaluated Was “angina 
stability.” The data summariZing the angina stability is 
presented in Table 3 herein. 



TABLE 3 

Angina Stability AS — Change from Baseline 

FGF-2 Change from Baseline Change from Baseline 
Dose Group at TWo Months at Six Months 

0.33 to 2.0 ,ug/kg IC N = 13 N = 7 

(N = 16) 46.2" (0 to 100) 21.4" (0 to 50) 
6.0 and 12 ,ug/kg IC N = 7 N = 6 

(N = 8) 32.1 "(0 to 50) 16.7 (—25 to 50) 
24.0 to 48.0 ,ug/kg IC N = 27 N = 24 

(N = 28) 34.3" (—25 to 75) 17.7" (—25 to 75) 
18.0 and 36.0 ,ug/kg IV N = 12 N = 14 

(N = 14) 39.6" (0 to 100) 23.2" (0 to 75) 

N = number of subjects; mean (range); 
"= p < 0.05 

[0066] According to Table 3, the change in score for 
angina stability increased relative to baseline at both 2 and 
6 months for each group. The improvements in angina 
stability seen at 2 months after dosing (46.2, 32.1, 34.3 and 
39.6) Were signi?cantly greater than those scores seen at 6 
months (21.4, 16.7, 17.7 and 23.2). However, the scores 
found at both 2 months and 6 months after dosing shoWed 
that all dosages Were found to be effective (>14) in increas 
ing angina stability. Moreover, the magnitude of the 
increases and their duration for 6 months Were unexpected. 

[0067] The third SAQ scale to be evaluated Was “angina 
frequency.” The data summarizing the angina frequency is 
presented in Table 4 herein. 

TABLE 4 

Angina Frequency (AF) — Change from Baseline 

FGF-2 Change from Baseline Change from Baseline 
Dose Group at TWo Months at Six Months 

0.33 to 2.0 ,ug/kg IC N = 14 N = 7 

(N = 16) 279* (-10 to 80) 12.9 (-40 to 50) 
(loW) 

6.0 and 12 ,ug/kg [C N = 7 N = 6 

(N = 8) 329* (0 to 80) 36.7 (-10 to 90) 
(mid) 

24.0 to 48.0 ,ug/kg IC N = 27 N = 24 

(N = 28) 289* (-40 to 80) 25.8" (-30 to 80) 
(high) 

18.0 and 36.0 ,ug/kg IV N = 12 N = 14 

(N = 14) 20.0* (0 to 90) 11.4 (-30 to 60) 
ALL GROUPS N = 60 N = 51 

(N = 66) 27.3 21.4 

N = number of subjects; mean (range); 
"= p < 0.05 

[0068] According to Table 4, the mean patient scores 
(27.9, 32.9, 28.9 and 20.0) for angina frequency increased at 
2 months (relative to baseline) by an effective amount (>14) 
for all dosage groups and for all modes of administration (IC 
or IV). The mean patient scores continued to increase at 6 
months only for the mid dose (6.0-12.0:g/kg) group, sug 
gesting a peak effect at 2 months post-dosing. HoWever, for 
the mid dose (6.0-12.0:g/kg) and high dose (24.0-48.0 :g/kg) 
groups, the changes at 2 months and 6 months Were similar, 
suggesting a persistent effect at 6 months on angina fre 
quency. The third SAQ scale to be evaluated Was “angina 
frequency.” The data summarizing the angina frequency is 
presented in Table 4 herein. 
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[0069] The fourth SAQ scale to be evaluated Was “angina 
frequency.” The data summarizing the angina frequency is 
presented in Table 5 herein. 

TABLE 5 

Treatment Satisfaction TS — Change from Baseline 

FGF-2 Change from Baseline Change from Baseline 
Dose Group at TWo Months at Six Months 

0.33 to 2.0 ,ug/kg IC N = 14 N = 7 

(N = 16) 8.5" (—19 to 31) 6.3 (—25 to 25) 
(loW) 

6.0 and 12 ,ug/kg IC N = 7 N = 6 

(N = 8) 17.9 (—13 to 44) 19.8 (0 to 63) 
(mid) 

24.0 to 48.0 ,ug/kg IC N = 27 N = 24 

(N = 28) 18.8" (—38 to 69) 13.0 (—75 to 63) 
(high) 

18.0 and 36.0 ,ug/kg IV N = 12 N = 14 

(N = 14) 19.8" (—13 to 63) 13.4" (—19 to 56) 

N = number of subjects; mean (range); 
"= p < 0.05 

[0070] According to Table 5, the score for treatment 
satisfaction increased by an effective amount at 2 months for 
the mid and high dose IC groups as Well as the IV group. At 
six months post-dosing, only the score for the mid dose 
group IC had a score that Was greater than 14, suggesting a 
peak effect for treatment satisfaction at 2 months. 

[0071] The ?fth SAQ scale to be evaluated Was “disease 
perception.” The data summarizing the disease perception is 
presented in Table 6 herein. According to Table 6, the scores 
for disease perception increased from baseline to scores of 
20.2-29.2 at 2 months and 23.8-34.0 at 6 months. These 
scores shoWed that administering a single unit dose com 
position in accordance With the method of the present 
invention Was considered to be as effective (or more effec 
tive) at 6 months as at tWo months. These scores suggest a 
persistence of the effectiveness of the method of the present 
invention on disease perception out to six months folloWing 
administration of a single unit dose composition. 

TABLE 6 

Disease Perception DP — Change from Baseline 

Change from Baseline Change from Baseline 
at TWo Months at Six Months Dose Group 

0.33 to 2.0 ,ug/kg 1c N = 14 N = 7 

(N = 16) 29.2* (—8 to 58) 26.2* (0 to 42) 
(loW) 

6.0 and 12 ,ug/kg IC N = 7 N = 6 

(N = 8) 20.2* (—8 to 50) 30.6* (0 to 58) 
(mid) 

24.0 to 48.0 ,ug/kg IC N = 27 N = 24 

(N = 28) 27.8* (-33 to 92) 34.0* (-33 to 100) 
(high) 

18.0 and 36.0 ,ug/kg IV N = 12 N = 14 

(N = 14) 229* (—8 to 92) 23.8* (—8 to 75) 

N = number of subjects; mean (range); 
"p = < 0.05 

[0072] Up to 60 of the human patients of the Phase I 
clinical trial described in Examples 1-3 herein Were also 
evaluated using resting magnetic resonance imaging (MRI) 
scans of their heart. The resting MRI scans Were performed 
on the patients at baseline, and at 1 month, 2 months and 6 
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months after dosing With a single unit dose composition of 
the present invention. The doses Were considered “effective” 
based upon statistical signi?cance (p<0.05). The objective 
criteria assessed by the resting MRI scans are the following: 
(1) ejection fraction; (2) myocardial infarct extent (%); (3) 
normal Wall thickening (4) normal Wall motion (%); (5) 
target Wall thickening (%); (6) target Wall motion (%); (7) 
target Wall area collateral extent (%); and (8) target area 
delayed arrival extent (%). 

[0073] Based upon the resting MRI, no change in “ejec 
tion fraction” Was observed at one month for any one group. 
The mean change from baseline for all groups (n=33) at 1 
month Was an increase of 2.0% (p=0.042). At tWo months, 
the mean change from baseline for the loW dose IC group 
(n=13) Was an increase of 8.1% (p=0.007); and for all groups 
(n=54), the mean change from baseline Was an increase of 
3.8% (p=0.001). At six months, the mean change from 
baseline for the high dose IC group (n=19) Was 5.3% 
(p=0.023); for the IV group (n=3) Was 11.1% (p=0.087); and 
for all groups (n=33) Was 5.7% (p=0.001). 

[0074] Based upon the resting MRI, there Was no statis 
tically signi?cant change in the “myocardial infarct extent” 
(%) for any group, or for all groups in combination at 1 
month, 2 months or 6 months post-dosing. When the normal 
Wall motion (%) and normal Wall thickening Were assessed, 
there Was no statistically signi?cant change from baseline at 
1 month, 2 months or 6 months for any one group. HoWever, 
there Was a statistically signi?cant change from baseline in 
target Wall motion for all groups at one (n=60), tWo (n=54) 
and six (n=33) months, Which Was re?ected as a mean 
increase from baseline of 2.7% (p=0.015), 4.4% (p=<0.001) 
and 6.4% (p<0.001), respectively. HoWever, there Was also 
a statistically signi?cant change from baseline in target Wall 
thickening for all groups at one (n=60), tWo (n=54) and six 
(n=33) months, Which Was re?ected as a mean increase from 
baseline of 4.4% (p=0.015), 6.3% (p=<0.001) and 7.7% 
(p<0.001), respectively. 
[0075] The next criteria assessed by MRI Was “target area 
collateral extent” (%). The mean increase from baseline in 
target area collateral extent for all groups Was highly sta 
tistically signi?cant at one month (n=31), tWo months 
(n=27) and six months (n=16), Wherein the increases Were 
8.3% (p<0.001), 10.9% (p<0.001) and 11.2% (p<0.001), 
respectively. The greatest collateral extent increases Were 
observed for the loW and mid IC doses, i.e., at one month 
(10.4% and 18.3%, respectively), tWo months (14.7% and 
18.0%, respectively) and six months (16.0% and no value 
for mid dose, respectively), Which Was Wholly unexpected. 
At one month, tWo months and six months post-dosing, the 
corresponding % increases in target area collateral extent 
that Were observed for the IC high dose group Were 6.3%, 
8.0% and 9.0%, respectively. 
[0076] The ?nal criteria assessed by MRI Was “target area 
delayed arrival extent” (%). The mean decrease from base 
line in target area delayed arrival extent for all groups Was 
highly statistically signi?cant at 1 month (n=60), 2 months 
(n=54) and 6 months (n=34), Wherein the decreases Were 
—5.8% (p<0.001), —8.3% (p<0.001) and —10.0% (p<0.001), 
respectively. The greatest target area delayed extent 
decreases Were observed for the loW dose IC group, Which 
Was also highly unexpected. 

[0077] Thus, providing CAD patients With a single IC or 
IV infusion of rFGF-2 in accordance With the present 
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invention provided the patients With a statistically signi?cant 
physical improvement as objectively measured by MRI and 
other conventional criteria. 

[0078] Pharmacokinetics and Metabolism 

[0079] The molecular structure of FGF-2 contains a posi 
tively charged tail that is knoWn to bind to proteoglycan 
chains (heparin and heparin-like structures) on cell surfaces 
and on the endothelial Wall of the vasculature. See Mosca 
telli, et al., “Interaction of Basic Fibroblast Growth Factor 
with Extracellular Matrix and Receptors,” Ann. NY Acad. 
Sci., 638:177-181 (1981). 

[0080] The kidneys and liver are the major organs for the 
elimination of rFGF-2. In particular, the kidneys have a 
protein cutoff of about 60 kD and thus retain serum albumin 
(MW 60 kD). HoWever, FGF-2 (146 residues) has a molecu 
lar Weight of about 16.5 kD. Accordingly, renal excretion is 
to be expected. In a radiolabelled biodistribution study of 
commercially available bovine FGF-2 (bFGF-2), both the 
liver and the kidney Were shoWn to contain high counts of 
the radiolabelled bFGF-2 at 1 hour after rv or IC injection. 
In a published study, Wherein another recombinant iodinated 
form of bFGF-2 Was given to rats, the liver Was identi?ed as 
the major organ of elimination. Whalen et al., “The Fate of 
Intravenously Administered bFGF and the E?rect of Hep 
arin,” GroWth Factors, 1:157-164 (1989). It is also knoWn 
that FGF-2 binds in the general circulation to (x2-macroglo 
bulin and that this complex is internaliZed by receptors on 
the Kupffer cells. Whalen et al. (1989) and LaMarre et al., 
“Cytokine Binding and Clearance Properties of Proteinase 
Activated Alpha-2-Macroglobulins,” Lab. Invest., 65:3-14 
(1991). Labelled FGF-2 fragments Were not found in the 
plasma, but they Were found in the urine and corresponded 
in siZe to intracellular breakdoWn products. 

[0081] In preclinical testing, We determined the pharma 
cokinetics of rFGF-2 (SEQ ID NO:2) after intravenous (IV) 
and intracoronary (IC) administration in domestic Yorkshire 
pigs, and after IV administration dosing in Sprague DaWley 
(“SD”) rats. The pig models demonstrated linear pharma 
cokinetics (0.65 pig/kg -20 pig/kg) IC and IV. The terminal 
half-life of the FGF-2 in the pig model Was 3-4 hours. The 
rat models demonstrated linear pharmacokinetics over the 
range of 30-300 pig/kg IV. The terminal half-life of the 
FGF-2 in the rat model Was 1 hour. Both species shoWed 
plasma concentration suggesting a tWo-compartment model. 

[0082] LikeWise, in humans, the FGF-2 plasma concen 
trations after IV and/or IC infusion folloWed a biexponential 
curve With an initial steep slope and considerable decrease 
over several log scales (the distribution phase) during the 
?rst hour, folloWed by a more moderate decline (the elimi 
nation phase). FIG. 1A provides a plasma concentration 
versus time curve shoWing these phases in humans after IC 
administration of rFGF-2 of SEQ ID NO:2 as a function of 
each of the folloWing eight doses: 0.33 pig/kg, 0.65 pig/kg, 2 
#g/kg, 6 #g/kg, 12 #g/kg, 24 #g/kg, 36 #g/kg, and 48 #g/kg 
of lean body mass (LBM). FIG. 1A shoWs the plasma dose 
linearity for the eight doses of rFGF-2 that Were adminis 
tered by IC infusion over a tWenty minute period. FIG. 1A 
also shoWs a biphasic plasma level decline, i.e., a fast 
distribution phase during the ?rst hour, folloWed by an 
elimination phase With an estimated T1 /2 of 5-7 hours. The 
plasma concentrations of FGF-2 of SEQ ID NO:2 Were 
determined by a commercially available ELISA (R&D Sys 
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tems, Minneapolis Minn.) that Was marketed for analysis of 
human FGF-2. The ELISA assay showed 100% cross 
reactivity With the rFGF-2 of SEQ ID NO:2. Other members 
of the FGF family, as Well as many other cytokines, Were not 
detected by this assay. Further, heparin does not interfere 
With the assay. 

[0083] FIG. 1B is a plot of the mean FGF-2 plasma 
concentration as a function of time for 18 pig/kg and 36 
pig/kg rFGF-2 administered IV, as compared to 36 pig/kg 
rFGF-2 administered IC. The plasma concentration versus 
time pro?les in FIG. 1B for the 36 pig/kg doses by the IV and 
IC routes are superimposible. HoWever, a ?rst-pass effect 
With the IC route is not eliminated. 

[0084] FIG. 2 is a plot of mean FGF-2 area under the 
curve (AUC) in pg*min/ml corresponding to FIGS. 1A and 
1B. FIG. 2 shoWs the dose linearity of systemic rFGF-2 
eXposure (AUC) folloWing IC or IV infusion. In particular, 
FIG. 2 shoWs that the systemic eXposure to rFGF-2 folloW 
ing administration by the IC and IV routes is substantially 
similar. 

[0085] FIG. 3 is a plot of individual human patient plasma 
clearance (CL) values (ml/min/kg) as a function of the time 
of heparin administration in “minutes prior to rFGF-2 infu 
sion.”FIG. 3 shoWs the in?uence of timing of heparin 
administration on FGF-2 plasma clearance (CL). Although 
FIG. 3 shoWs that administering heparin up to 100 minutes 
prior to rFGF-2 decreases FGF-2 clearance, the preferred 
time for administering heparin is from 0-30 minutes prior 
the rFGF-2 administration, wherein the effect of the heparin 
on decreasing FGF-2 clearance is greatest. 

[0086] FIG. 4 is a plot OF individual human patient 
rFGF-2 dose normaliZed area under curves (AUCs) as a 
function of the time of heparin administration in “minutes 
prior to rFGF-2 infusion” and shoWs the in?uence of timing 
of heparin administration on rFGF-2 AUC. FIG. 4 shoWs 
that the greatest AUC/dose Was achieved When an effective 
amount of a glycosoaminoglycan, such as heparin, Was 
preadministered Within 30 minutes or less of IC rFGF-2 
infusion, more preferably Within 20 minutes or less of IC or 
IV rFGF-2 infusion. Typically, an effective amount of a 
glycosoaminoglycan is 10-80 U/kg heparin. 

[0087] The mean pharmacokinetic parameters for rFGF-2 
in humans as a function of dosage and mode of administra 
tion are summariZed in Table 8 herein. Referring to Table 8, 
the T1/z for FGF-2 in humans Was determined to range from 
2213.7 hours at loW dose (0.33-2.0 pig/kg) IC to 7.0135 
hours at a dose of 18-36 pig/kg IV; given the limitations of 
the assay, the terminal half-life is estimated at 5-7 hours for 
all groups. The clearances of FGF-2 ranged from 13.2 to 
18.2 L/hour/70 kg man. Finally, the steady state volume 
(VSS)W21S determined to range from 11.31104 L/70 kg man 
to 16.81107 L/70 kg man. 

TABLE 8 

Mean rFGF-2 PK Parameters in Humans 

FGF-Z CL v55 
Dose ,ug/kg N Route (L/hr/70 kg) t1/1(h) (L/70 kg) 

0.3-2 16 IC 18.2 r 13.4 2.2 r 3.7 11.3 r 10.4 

6-12 8 IC 13.2 r 7.3 3.1 r 2.5 12.1 r 4.9 
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TABLE 8-continued 

Mean rFGF-2 PK Parameters in Humans 

Dose ,ug/kg N Route (L/hr/70 kg) t1/1(h) (L/70 kg) 

24-48 28 IC 14.7 r 8.3 6.3 r 1.8 16.8 r 10.7 

18-36 14 IV 13.9 r 7.9 7.0 r 3.5 16.4 r 8.6 

[0088] Although the binding of FGF-2 to heparin-like 
structures is strong (dissociation constant ~2><10_9 M), the 
binding of FGF-2 to a speci?c tyrosine kinase receptor is 
approximately tWo orders of magnitude higher (dissociation 
constant -2><10_11 M). Moscatelli et al., (1991). Thus, With 
out being bound to any theory, the compleXation of rFGF-2 
With a glycosoaminoglycan, such as a heparin, might 
increase signal transduction and mitogenesis, and/or protect 
the rFGF-2 from enZymatic degradation. 

[0089] The examples, Which folloW, provide more details 
on the selection criterion and the Phase I clinical trial that 
gave rise to the data discussed above. 

EXAMPLE 1 

Unit Dose of rFGF-2 Employed in the Phase I 
Clinical Trial 

[0090] The rFGF-2 of SEQ ID NO:2 Was formulated as a 
unit dose and pharmaceutical composition and administered 
to rats, pigs and ultimately to humans in the Phase I clinical 
trial referenced herein. The various formulations are 
described beloW. 

[0091] The rFGF-2 unit dose Was provided as a liquid in 
3 cc type I glass vials With a laminated gray butyl rubber 
stopper and red ?ip-off overseal. The rFGF-2 unit dose 
contained 1.2 ml of 0.3 mg/ml rFGF-2 of SEQ ID NO:2 in 
10 mM sodium citrate, 10 mM monothioglycerol, 1 mM 
disodium dihydrate EDTA (molecular Weight 372.2), 135 
mM sodium chloride, pH 5.0. Thus, in absolute terms, each 
vial (and unit dose) contained 0.36 mg rFGF-2. The vials 
containing the unit dose in liquid form Were stored at 2° to 
8° C. 

[0092] The rFGF diluent Was supplied in 5 cc type I glass 
vials With a laminated gray butyl rubber stopper and red 
?ip-off overseal. The rFGF-2 diluent contains 10 mM 
sodium citrate, 10 mM monothioglycerol, 135 mM sodium 
chloride, pH 5.0. Each vial contained 5.2 ml of rFGF-2 
diluent solution that Was stored at 2° to 8° C. 

[0093] The rFGF-2 pharmaceutical composition that Was 
infused Was prepared by diluting the rFGF-2 unit dose With 
the rFGF diluent such that the infusion volume is 10-40 ml. 
In order to keep the EDTA concentration beloW a preset limit 
of 100 pig/ml, the total infusion volume Was increased to a 
maXimum of 40 ml When proportionately higher absolute 
amounts of FGF-2 Were administered to patients With higher 
body Weights. 

EXAMPLE 2 

Selection Criteria for Patients With Coronary Artery 
Disease for Treatment With rFGF-2 

[0094] The folloWing selection criteria Were applied to 
Phase I patients With coronary artery disease, Whose activi 
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ties Were limited by coronary ischemia despite optimal 
medical management, and Who Were not candidates for 
approved revasculariZation therapies: 

[0095] 
[0096] Male or female, greater than or equal to 18 

years of age 

Inclusion criteria: Subject is eligible if: 

[0097] Diagnosis of coronary artery disease (CAD) 

[0098] Suboptimal candidates for approved revascu 
lariZation procedures, e.g., angioplasty, stents, coro 
nary artery bypass graft (CABG) (or refuses those 
interventions) 

[0099] Able to exercise at least three minutes using a 
modi?ed Bruce protocol and limited by coronary 
ischemia 

[0100] Inducible and reversible defect of at least 20% 
myocardium on pharmacologically stressed thallium 
sestamibi scan 

[0101] CBC, platelets, serum chemistry Within clini 
cally acceptable range for required cardiac catheter 
iZation 

[0102] Normal INR, or if anticoagulated With Cou 
madin, INR<2.0 

[0103] Willing and able to give Written informed 
consent to participate in this study, including all 
required study procedures and folloW-up visits 

[0104] Exclusion criteria: Subject is not eligible if: 

[0105] Malignancy: any history of malignancy Within 
past ten years, With the exception of curatively 
treated basal cell carcinoma 

[0106] Ocular conditions:proliferative retinopathy, 
severe non-proliferative retinopathy, retinal vein 
occlusion, Eales’ disease, or macular edema or fun 
duscopy by ophthalmologist: history of intraocular 
surgery Within six months 

[0107] Renal function: creatinine clearance beloW 
normal range adjusted for age; protein >250 mg or 
microalbumin >30 mg/24 h urine 

[0108] Class IV heart failure (NeW York Heart Asso 
ciation) 

[0109] Ejection fraction <20% by echocardiogram, 
thallium scan, MRI or gated pooled blood scan 

(MUGA) 
[0110] Hemodynamically relevant arrhythmias (e.g., 

ventricular ?brillation, sustained ventricular tachy 
cardia) 

[0111] Severe valvular stenosis (aortic area <1.0 cm2, 
mitral area <1.2 cm2), or severe valvular insuf? 
ciency 

[0112] Marked increase in angina or unstable angina 
Within three Weeks 

[0113] History of myocardial infarction (MI) Within 
three months 

[0114] History of transient ischemic attack (TIA) or 
stroke Within six months 
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[0115] History of CABG, angioplasty or stent Within 
six months 

[0116] History of treatment With transmyocardial 
laser revasculariZation, rFGF-2, or vascular enodot 
helial groWth factor (VEGF) Within six months 

[0117] Females of child-bearing potential or nursing 
mothers 

[0118] Any pathological ?brosis, e.g., pulmonary 
?brosis, scleroderma 

[0119] KnoWn vascular malformation, e.g., AV mal 
formation, hemangiomas 

[0120] Coexistence of any disease Which might inter 
fere With assessment of symptoms of CAD, e.g., 
pericarditis, costochondritis, esophagitis, systemic 
vasculitis, sickle cell disease 

[0121] Coexistence of any disease Which limits per 
formance of modi?ed Bruce protocol exercise stress 
test, e.g., paralysis or amputation of a loWer extrem 
ity, severe arthritis or loWer extremities, severe 
chronic obstructive pulmonary disease (COPD) 

[0122] Participation in clinical trials of investiga 
tional agents, devices or procedures Within thirty 
days (or scheduled Within sixty days of study drug) 

[0123] KnoWn hypersensitivity to rFGF-2 or related 
compounds 

[0124] Any condition Which makes the subject 
unsuitable for participation in this study in the opin 
ion of the investigator, e.g., psychosis, severe mental 
retardation, inability to communicate With study 
personnel, drug or alcohol abuse. 

EXAMPLE 3 

Phase I Clinical Study on Recombinant FGF-2 
(SEQ ID NO:2) Administered to Humans 

[0125] The Phase I CAD trial of this example is an open 
label, dose escalation study of recombinant ?broblast 
groWth factor-2 (rFGF-2) for safety, tolerability and phar 
macokinetics. The study Was conducted at tWo sites: Beth 
Israel Deaconess Hospital (Harvard) in Boston, Mass. and 
Emory University Hospital in Atlanta, Ga. Enrollment is 
complete. Subjects Were treated With a single infusion of 
rFGF-2 on Day 1 and folloWed for 360 days; folloW-up is 
not yet complete in some subjects. 

[0126] The subject population consists of patients With 
advanced CAD Who are exercise limited by coronary 
ischemia and are considered suboptimal candidates for (or 
do not Want to undergo) one of the established revascular 
iZation procedures (e.g., CABG, angioplasty—With or With 
out stent). The major exclusion criteria Were history or 
suspicion of malignancy, uncompensated heart failure or left 
ventricular ejection fraction <20%, renal insuf?ciency or 
proteinuria, and various ocular conditions (e.g., proliferative 
diabetic retinopathy, severe non-proliferative retinopathy). 

[0127] Sixty-six subjects have received rFGF-2 of SEQ ID 
NO:2 in this trial: ?fty-tWo received the rFGF-2 as an IC 
infusion and fourteen received it as an IV infusion. Each 
subject Was observed in the hospital for at least tWenty-four 
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hours, and then followed as an outpatient for 360 days With 
folloW-up visits (Days 15, 29, 57, 180 and 360). At least four 
subjects Were studied at each dose; if no subject experienced 
dose-limiting toxicity as de?ned by the protocol Within six 
days, the dose Was escalated. The drug Was administered as 
a single 20 minute infusion divided betWeen tWo major 
sources of coronary blood supply (IC), using standard tech 
niques for positioning a catheter into the patient’s coronary 
artery (such as already employed in angioplasty) or in a 
peripheral vein (IV). The doses in pig/kg of rFGF-2 admin 
istered IC (and the number of patients) Were 0.33 (n=4), 0.65 
(n=4), 2.0 (n=8), 6.0 (n=4), 12.0 (n=4), 24 (n=8), 36 (n=10) 
and 48 (n=10) of rFGF-2 of SEQ ID NO:2. The doses in 
pig/kg of rFGF-2 administered IV (and the number of 
patients) Were 18.0 (n=4) and 36.0 (n=10) or rFGF-2 of SEQ 
ID NO: 2. 

[0128] Angina frequency and quality of life Was assessed 
by the Seattle Angina Questionnaire (SAQ) at a baseline 
(before rFGF-2 administration) and at 2 months and 6 
months after rFGF-2 administration. Exercise tolerance time 
(ETT) Was assessed by the treadmill test at 1, 2, and 6 
months. Rest/exercise nuclear perfusion and gated sesta 
mibi-determined rest ejection fraction (EF), and resting 
magnetic resonance imaging (MRI) Were assessed at base 
line, and at 1 month, 2 months and 6 months post rFGF-2 
administration. MRI measurements Which Were thought to 
objectively measure changes in % in cardiac function and 
perfusion included: (1) ejection fraction; (2) myocardial 
infarct extent (%); (3) normal Wall thickening (4) normal 
motion (%); (5) target Wall thickening (%); (6) target Wall 
motion (%); (7) target Wall area collateral extent (%); and (8) 
target area delayed arrival extent (%). 

[0129] If one of four subjects experienced dose-limiting 
toxicity (as de?ned by the protocol), four additional subjects 
Were studied at that dose; if none experienced toxicity, the 
dose Was escalated and another group Was studied. The 
maximally tolerated dose (MTD) Was de?ned as the IC dose 
Which Was tolerated by 9/10 subjects, i.e., 36 pig/kg IC. 

[0130] Careful ?uid management pre-infusion Was pre 
scribed using a SWan-GanZ catheter and vital signs Were 
monitored frequently during dosing. Heparin Was adminis 
tered IV prior to the infusion of rFGF-2 in all groups. The 
EDTA concentration Was less than 100 pig/ml in the unit dose 
composition. Volume of study drug administered varied With 
dose and subject’s Weight, and ranged from 10 ml at loWer 
doses to 40 ml at higher doses. 

[0131] Preliminary Results 

[0132] The results presented here are unaudited and are 
based on a third interim analysis for sixty-six subjects With 
six months folloW-up for all groups (1-10) and the serious 
adverse events (SAE) report of Jul. 29, 1999 from Chiron 
Drug Safety. Data collection for the last visit (Day 360) and 
?nal analysis is in progress. 

[0133] The starting dose of 0.33 pig/kg IC Was escalated 
over eight sequential groups to 48 pig/kg IC, at Which dose 
2 of ten subjects experienced dose-limiting toxicity 
(hypotension) as de?ned by the protocol. Hypotension Was 
manageable With ?uids alone in all subjects (no vasopressors 
or assistive devices). At 36 pig/kg IC, only 1 of 10 subjects 
had dose-limiting toxicity Which de?ned this dose as the 
maximally tolerated dose TWo additional groups 
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Were studied by IV infusion; four subjects of half the MTD 
(18 pig/kg) and ten subjects at the MTD (36 pig/kg). 

[0134] Hypotension Was dose-limiting in humans, as pre 
dicted by the animal model in Yorkshire pigs. HoWever, 36.0 
pig/kg rFGF-2 IC Was tolerated in humans; Whereas in pigs, 
20.0 pig/kg rFGF-2 IC caused profound hypotension in one 
of tWo animals. Better tolerability in humans Was attributed 
to aggressive ?uid management and absence of general 
anesthesia. 

[0135] As of Jul. 29, 1999, thirty-three serious adverse 
events (SAEs) have occurred in 24/66 subjects, but Were not 
dose-related. Fifteen (15) SAEs Were considered at least 
possibly related to rFGF-2; Whenever there Was a difference 
betWeen relatedness assigned by the investigator and the 
medical monitor, the more conservative relationship Was 
assigned. SAE’s Were multiple in ?ve subjects: 01103 (0.33 
pg/kg IC), 01106 (0.65 pig/kg IC), 01113 (2.0 pig/kg IC), 
01137 (36.0 pg/kg IV), 02101 (0.65 pig/kg IC). 
[0136] The most frequent treatment-emergent adverse 
events (AEs) on Day 1 Were transient systolic hypotension 
and transient bradycardia. The hypotension Was dose-depen 
dent and occurred more frequently at doses greater than or 
equal to (Z) 24 pig/kg IC; bradycardia Was not dose 
dependent. Other adverse events (AEs) Which Were deemed 
at least possibly related and appeared dose-related occurred 
Within the ?rst several days or Week post infusion and 
included chest pain, shortness of breath, insomnia, anxiety, 
and nausea. These events Were mild to moderate in severity, 
and most did not require speci?c intervention. 

[0137] When administered IC, the drug Was administered 
over approximately 20 minutes as a single infusion divided 
betWeen tWo major sources of coronary blood supply (IC), 
using standard techniques for positioning a catheter into the 
patient’s coronary artery (such as already employed in 
angioplasty). When administered IV, the drug Was admin 
istered as an infusion over 20 minutes into a peripheral vein. 

[0138] The preliminary safety results indicate that serious 
events Were not dose related. Thus far, of the eight IC dosage 
groups, there Were three deaths in the loWer dosage groups, 
i.e., at 0.65 pig/kg (Day 23), at 2.0 pig/kg (Day 57) and at 6.0 
pig/kg (Day 63), and one death in the highest dose group, i.e., 
at 48.0 pig/kg (approximately 4 months post-dosing). Three 
of the deaths Were cardiac; one death Was due to a large B 
cell lymphoma that Was diagnosed three Weeks after dosing 
in the patient in group 4 (6.0 pig/kg) Who patient died at tWo 
months post-dosing. 

[0139] Acute myocardial infarction (MI) occurred in four 
patients, i.e., one patient from each of groups 1 (0.33 pig/kg), 
3 (2.0 pig/kg), 4 (6.0 pig/kg) and 7 (36.0 pig/kg). Multiple MIs 
occurred in tWo patients, i.e., one from group 1 (0.33 pig/kg) 
and one from group 3 (2.0 pig/kg). Emergency revascular 
iZation procedures (CABG or angioplasty With or Without 
stent) Were performed during folloW-up in 4 patients: one 
each from groups 1 (0.33 pig/kg), 3 (2.0 pig/kg), 4 (6.0 
pig/kg), and 7 (36.0 pig/kg). 

[0140] Acute hypotension, seen at higher doses during or 
just subsequent to infusion, Was managed by administration 
of IV ?uids Without need for a vasopressor. The maximally 
tolerated dose (MTD) in humans Was de?ned as 36 pig/kg IC. 
(In contrast, in pigs, the MTD Was 6.5 pig/kg IC.) Doses of 
rFGF-2 up to 48 pig/kg IC Were administered in human 








