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ABSTRACT
Background: Patients with acute peripheral arterial occlusion (aPAO) are candidates for operative
thrombectomy, bypass, or catheter-directed thrombolysis (CDT) using a plasminogen activator. Human
plasma-derived plasmin may offer another CDT option.
Objectives: To evaluate the efficacy, safety, and tolerability of two intrathrombus delivery methods
and two doses of plasmin compared with recombinant tissue plasminogen activator (rtPA) and pla-
cebo in patients with aPAO.
Patients/methods: This was a phase 2, randomized, open-label study of intra-arterial CDT of plasmin
in patients with aPAO. The study used infusion catheters with or without balloon occlusion (BOC) to
evaluate 150mg plasmin (2 and 5h post-infusion) and 250mg plasmin (5 h post-infusion). The efficacy
of plasmin, rtPA and placebo was assessed.
Results: One hundred and seventy-four subjects were enrolled. Overall, the thrombolytic efficacy
(>50% thrombolysis) was 59% (58/99) for 150mg plasmin without BOC, which is comparable to 89%
(8/9) for rtPA without BOC (p¼ 0.149) and 40% (2/5) for placebo control (p¼ 0.648). The thrombolytic
efficacy was 33% of the 250mg plasmin group. There was no difference (p> 0.999) in thrombolytic
efficacy with BOC (59%, 58/99) or without BOC (59%, 17/29). Plasmin-treated groups experienced treat-
ment-emergent adverse events (TEAEs) at 71% (76/107) without BOC and 63% (24/38) with BOC; 78%
(7/9) of the rtPA-treated group and 89% (8/9) of the placebo group had TEAEs. Serious AEs (SAEs)
occurred in 29% (31/107) of the 150mg plasmin group without BOC and 24% (9/38) with BOC. No
SAEs occurred in the 250mg plasmin group.
Conclusions: Plasmin demonstrated less bleeding during catheter-directed administration at 150mg
and 250mg doses compared to rtPA. BOC utilization did not improve efficacy. CDT with plasmin has a
potential thrombolytic benefit in patients presenting with aPAO.
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Introduction

Acute limb ischemia resulting from acute peripheral arterial
occlusion (aPAO) is a limb- and potentially life-threatening
manifestation of peripheral arterial disease1. Patients with
aPAO are candidates for thrombolytic and/or mechanical
removal of clot, and, at times, surgical bypass. Catheter-
directed thrombolysis (CDT) with human plasma-derived
plasmin is a potential new treatment option for aPAO.

Treatment of aPAO patients using recombinant tissue
plasminogen activator (rtPA), is a 2-step process beginning
with CDT followed by definitive correction of any underlying
culprit lesion(s)1. Thrombolysis is intended to eliminate arter-
ial thrombus, re-establish blood flow, and visualize the

underlying vascular lesions responsible for the acute arterial
thrombosis. Subsequent corrective measures, such as angio-
plasty with or without stenting, localized minor open surgical
procedures, or major open surgical procedures (e.g. bypass
graft) are performed. Initial treatment with thrombolysis is
intended to reduce the extent of these corrective measures
such that minor procedures (e.g. angioplasty) can be per-
formed more frequently and major open surgical procedures
less frequently.

When plasmin is administered into a thrombus it is pro-
tected from neutralization by alpha-2-antiplasmin (A2AP),
whereas circulating free plasmin is rapidly inactivated by
A2AP2–4. Plasmin delivered directly into a thrombus via
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catheter should not reach remote, vulnerable hemostatic
plugs, and should not induce the remote bleeding observed
with PAs5–7. CDT with PAs carry a high frequency of major
bleeding complications, ranging from 5.6–11.8%8–10. Thus,
there is a need to study whether plasmin is a safer thrombo-
lytic agent for aPAO. Pre-clinical data suggest that this may
be the case.

In a rabbit model, plasmin did not produce bleeding at
up to 6-times (6mg/kg) the standard thrombolytic dose
(1mg/kg)5. Plasmin-induced bleeding occurred at 8-times the
standard thrombolytic dose, which then only correlated with
depletion of fibrinogen and factor VIII. In contrast, rtPA pro-
duced bleeding in the same model at doses as low as 25%
of the standard dose. Therefore, it is reasonable to conclude
that plasmin has a� 6-fold margin of safety relative to rtPA,
an agent known to cause hemorrhage at therapeutic doses.

The purpose of this study was to evaluate the optimal
catheter delivery technique of 150mg and 250mg doses of
plasmin (human), TAL-05-00018 (Grifols Therapeutics, Inc.,
Research Triangle Park, NC) on the potential effectiveness of

clot dissolution at 2 or 5 h post-treatment with varying rates
of infusion (10–75mL/h), with or without pulsing, with or
without distal balloon occlusion, and infusion of plasmin
more distally vs proximally along the clot length. The safety
and tolerability of the delivery methods were performed
through analyses of bleeding, death, adverse events (AEs),
serious adverse events (SAEs), and abnormal laboratory val-
ues. The efficacy of different doses and methods of delivery
was evaluated using the threshold of >50% thrombolysis.

Methods

Study design

This was a phase 2, multi-center, randomized, open-label
study of plasmin in subjects with angiographically confirmed
acute lower extremity native artery or bypass graft occlusion
(Figure 1). The study was conducted from December 9, 2010
through September 3, 2014 in adult patients from Europe,
South America, and North America. Key inclusion/exclusion

Figure 1. Study schema. Abbreviations. BOC, balloon occlusion catheter; rtPA, recombinant tissue plasminogen activator. aThere was no 2-h arteriogram for
blinded rtPA treatment group E or blinded placebo control group F. bThere was no 5-h arteriogram for plasmin groups D, H, or J. cPost-intervention assessments
were required for all treatment groups. Post-intervention arteriograms were required post-angioplasty. Any additional post-intervention arteriograms, if performed,
were collected. Treatment group A: 5-h infusion at 10mL/h, 150mg plasmin in 75mL, pulse, possible repositioning after 2-h arteriogram without BOC. Treatment
group B: 5-h infusion at 15mL/h, 150mg plasmin in 75mL, pulse, possible repositioning after 2-h arteriogram without BOC. Treatment group C: 5-h infusion
(30mL/h), 150mg plasmin in 150mL, pulse, possible repositioning after 2-h arteriogram without BOC. Treatment group D: 2-h infusion at 35mL/h, 150mg plasmin
in 75mL, pulse, without BOC. Treatment group E: the rtPA dose, volume, and infusion rate were administered according to the clinical judgment of the investiga-
tor. Placebo control group F: the placebo volume matched the equivalent rtPA volume according to the clinical judgment of the investigator. Treatment group G:
5-h infusion at 60mL/h, 150mg plasmin in 300mL, no pulse, no repositioning without BOC Treatment group H: 2-h infusion at 75mL/h, 150mg plasmin in 50mL,
no pulse, without BOC. Treatment group I: 5-h infusion at 30mL/h, 150mg plasmin in 150mL, no pulse, with BOC. Treatment group J: 2-h infusion at 35mL/h,
150mg plasmin in 70mL, no pulse, with BOC. Treatment group M: 5-h infusion at 30mL/h, 250mg plasmin in 150mL, no pulse, with BOC. NOTE: Plasmin groups K
(250mg plasmin, 5-h infusion at 30mL/h) and L (250mg plasmin, 15-h infusion at 30mL/h) were never implemented and, thus, not included in this study schema.
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criteria are in Table 1. Additional details of study drug
administration are described in Supplementary Table S1. A
subject withdrawal was defined as a discontinuation from
the study for any reason.

The primary efficacy outcome was the percentage of sub-
jects with > 50% thrombolysis at the end of treatment. The
study also assessed the safety and tolerability of plasmin.
The 150mg dose was chosen for its safety profile and evi-
dence of thrombolytic activity in a previous study11, which
showed greater thrombolysis at higher doses of plasmin
(125, 150, 175mg). All plasmin doses (25–175mg) were safe
and well tolerated. The objective for groups A–H was to opti-
mize plasmin delivery by comparing six different delivery
regimens (treatment groups A–D, G, H). This portion of the
study included blinded control groups (rtPA treatment group
E and placebo group F). In treatment groups A–H, the study
drug was delivered using a multi-side-hole infusion catheter
with an occluding ball to block the distal end of the infusion
catheter. The administration regimens for 150mg plasmin
delivery in treatment groups without BOC were designed to
examine the effect of different infusion catheter positions (as
catheters have fixed infusion lengths), different plasmin pulse
regimens, and different infusion rates on efficacy and safety.
There was no sample size calculation, as data addressing
optimal treatment delivery were unknown. When a subject
met all inclusion/exclusion criteria, treatment assignment was
done based on a computer-generated randomization sched-
ule. Approximately 100 subjects were planned for randomiza-
tion into one of six treatment groups (A:B:C:D:E:F) in a
2:2:2:2:1:1 ratio. The randomization was stratified by vessel
type (native artery or graft) in order to ensure approximately
equal balance of each presenting vessel type across all treat-
ment groups. Subjects were also stratified by age group
(<65 years old vs �65 years old) to ensure approximately
equal balance of each age group across all treatment groups.
No more than 40 subjects with occluded native artery were
to be included during the enrollment of the first 100 sub-
jects in this study. For groups G and H, �30 subjects were
planned for randomization in a 1:1 ratio. Again, the random-
ization was stratified by vessel type (native artery or graft) in

order to ensure an approximately equal balance of each pre-
senting vessel type across these two treatment groups (G:H).
No additional restrictions were included in the randomization
method.

Plasmin groups I and J evaluated the effects of 150mg plas-
min delivery using the infusion catheter with a BOC to facilitate
the retention of plasmin in the treatment zone. Approximately
30 additional subjects were planned for randomization in a 1:1
ratio, following a similar strategy for groups G and H.

Plasmin group M was added to evaluate a higher dose of
250mg plasmin administered over 5 h with BOC; this arm of
the study was implemented only in the European Union,
where BOC had received Conformit�e Europ�eene Marking.
Treatment group M was exploratory; therefore, its six sub-
jects were not randomized. BOC utilization was intended to
retain plasmin within the clot by restricting blood flow to
maximize the contact of plasmin with the thrombus and to
minimize the risk of inactivation by circulating plasmin inhib-
itors, thus improving thrombolysis.

If complete thrombolysis was not achieved while BOC was
utilized, release of thrombus fragments upon deflation of the
balloon was a potential risk. If distal embolization was sus-
pected, the investigators were to use their clinical judgment
regarding release to standard of care.

An independent Data Monitoring Committee reviewed
safety data throughout the study.

The Central Reading Facility comprised three radiologists,
who performed blinded, retrospective evaluations of arterio-
gram imaging quality, degree of thrombolysis, evidence of
thrombosis, or rethrombosis, and restoration of patency of
the native artery or bypass graft. The readers evaluated suc-
cess of thrombolysis and flow based on arteriography at 2 h
(when available) and at the end of treatment (EOT), relative
to baseline. Readers used categories of: �50%, 51–75%,
76–90%, and >90% thrombolysis. The readers also assessed
the absence of flow at baseline in the affected leg by duplex
ultrasound, and restoration of flow at EOT or post-interven-
tion, day 7, and day 30 ± 3. Each patient’s arteriograms were
reviewed by two radiologists. If the readings agreed, there
was no further review. If the reading of the initial two

Table 1. Key inclusion and exclusion criteria.

Inclusion Eligible patients must:
Be �18 years of age
Have a unilateral acute thrombotic lower limb ischemic event due to thrombosed native artery or bypass graft with symptom onset within 2

weeks of study entry (ie, Society for Vascular Surgery acute ischemic categories I and IIa). Occlusions were required to be �10 cm and con-
firmed by arteriography

Exclusion Patients were excluded if they met any of the following:
Were ineligible for thrombolytic treatment
Had received treatment with a full dose of plasminogen activator (eg, streptokinase, anistreplase, alteplase, reteplase, tenecteplase, or urokinase)

within the prior 48 h, treatment with a glycoprotein IIb/IIIa class of platelet inhibitor (eg, abciximab, eptifibatide or tirofiban) within 5 days
prior to study entry or at any time during the study, or treatment with oral anticoagulants (eg, warfarin, acenocumarol)

Had a history of cardiopulmonary resuscitation in the last year
Had previous systemic or anaphylactoid allergy to contrast agent, streptokinase, or blood products (subjects allergic to shellfish or iodine

were permitted)
Had an active graft infection
Had occlusion occurring within 1 month of synthetic graft placement or 6 months of autologous graft placement
Had a sequential composite graft with dual outflows to correct multiple occlusions
Were deemed by the investigator to be medically unable to tolerate an open vascular procedure
Had a known prothrombotic state (eg, anti-cardiolipin antibody, human immunodeficiency virus [HIV]-associated peripheral vascular disease), a

known contraindication to heparin, hemoglobin <10.0 g/dL, impaired renal function or renal disease, or active cancer except nonmalignant
tumors or basal cell carcinoma

Had a history of stroke or intracranial disease
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radiologists did not agree, the interpretation of the third
radiologist served as the adjudicator.

The intent-to-treat (ITT) population included all enrolled
subjects. The number of subjects in each treatment group
reflected the planned 2:2:2:2:1:1 randomization ratio: A
(n¼ 20), B (n¼ 20), C (n¼ 22), D (n¼ 20), E (n¼ 9), and F
(n¼ 10). Although we were not able to enroll 30 patients for
groups G and H as planned, the ratio for G (n¼ 13) and H
(n¼ 12) did reflect the planned 1:1 randomization ratio.
Groups I (n¼ 23) and J (n¼ 23), with more than 30 planned
subjects, also fulfilled the planned 1:1 randomization ratio.
Given that the number of subjects in each treatment group
of the ITT population and the treated population were simi-
lar, except for groups G (n¼ 12) and H (n¼ 10) in the treated
group, one can assume that the demographic and baseline
characteristics of both populations were similar as well.

The evaluable population included all subjects receiving �
90% of their assigned dose of study drug and having both
baseline and EOT arteriograms. Subjects receiving plasmin
treatment with BOC must have had confirmed cannulation of
the target vessel by post-baseline arteriography and success-
ful BOC inflation.

The safety population included all subjects receiving any
dose of study drug. An AE was defined as any untoward
medical occurrence in a subject or clinical investigation sub-
ject administered a study drug that did not necessarily have
a causal relationship with this study drug. A TEAE (treat-
ment-emergent AE) was an AE that occurred either during
drug administration or after drug administration for the
entire study period, which was 30 days long after the drug
was infused in this trial. An SAE (serious AE) was defined as
any untoward medical occurrence that at any dose resulted
in death, was life-threatening, required in-patient hospitaliza-
tion or prolongation of existing hospitalization, resulted in

persistent or significant disability or incapacity, was a con-
genital anomaly or birth defect, or was an important med-
ical event.

The protocol and informed consent of this study were
approved by the Institutional Review Board and the ethics
committees of all participating centers. All patients or their
legally authorized representatives provided written informed
consent. ClinicalTrials.gov identifier: NCT01222117.

All safety and efficacy analyses provided descriptive statis-
tics. Post-hoc analyses (i.e. Fisher Exact test) were performed
to calculate p-values for the most salient data. Statistical
analyses and data calculations were performed using SAS
version 8.2.

Results

Two hundred and thirty-five patients with aPAO were
screened (Figure 2). Sixty-seven subjects were screen failures;
174 patients were randomized into the study from 43 study
centers in 12 countries (Belgium, n¼ 15; Bulgaria, n¼ 5; Czech
Republic, n¼ 45; Germany, n¼ 3; India, n¼ 4; Peru, n¼ 4;
Poland, n¼ 5; Romania, n¼ 3; Serbia, n¼ 43; Slovakia, n¼ 40;
Ukraine, n¼ 2; US, n¼ 5). Study completion rates (85–100%)
varied among all groups. The subjects evaluable for efficacy
comprised 151 of 174 (86%), and the safety population
included 169 of 174 (97%). Demographic and baseline charac-
teristics of the ITT population are summarized in Table 2.

Efficacy

Overall, 59% treated with 150mg plasmin achieved the pri-
mary efficacy endpoint (>50% thrombolysis at end of treat-
ment) without BOC (58 of 99) and with BOC (17 of 29), in
contrast to 89% (8 of 9) receiving rtPA (p¼ 0.149) and 40%
(2 of 5) receiving placebo control (p¼ 0.648) (Table 3,

Figure 2. Subject disposition. Abbreviations. BOC, balloon occlusion catheter; rtPA, recombinant tissue plasminogen activator. Study was conducted from
December 9, 2010 through September 3, 2014 in 43 study centers located in 12 countries (Belgium, Bulgaria, Czech Republic, Germany, India, Peru, Poland,
Romania, Serbia, Slovakia, Ukraine, and the US). A total of 174 subjects were randomized into the study; 67 subjects were screen failures. There were 107
subjects who received 150mg plasmin without BOC (treatment groups A–D, G, and H), 42 subjects received 150mg plasmin with BOC (treatment groups I and J),
six subjects received 250mg plasmin with BOC (treatment group M), nine subjects in the rtPA treatment group E, and 10 subjects in the placebo control treatment
group F. aOne subject in placebo control group F was not dosed.

46 A. J. COMEROTA ET AL.



Ta
bl
e
2.

D
em

og
ra
ph

ic
s
of

in
te
nt
-t
o-
tr
ea
t
po

pu
la
tio

n.
Pa
ra
m
et
er
s

Pl
as
m
in

gr
ou

ps
a

Co
nt
ro
lG

ro
up

sb

W
ith

ou
t
BO

C
W
ith

BO
C

W
ith

ou
t
BO

C

15
0
m
g

15
0
m
g

25
0
m
g

5-
h

2-
h

5-
h

2-
h

5-
h

A
n
¼

20
B

n
¼

20
C

n
¼

22
G

n
¼

13
D

n
¼

20
H

n
¼

12
Su
bt
ot
al

n
¼
10
7

I
n
¼

23
J

n
¼

19
Su
bt
ot
al

n
¼
42

M
n
¼

6
E

n
¼
9

F
n
¼
10

Se
x
–
n
(%

)
M
al
e

17
(8
5.
0)

17
(8
5.
0)

17
(7
7.
3)

11
(8
4.
6)

13
(6
5.
0)

9
(7
5.
0)

84
(7
8.
5)

16
(6
9.
6)

14
(7
3.
7)

30
(7
1.
4)

5
(8
3.
3)

9
(1
00
.0
)

7
(7
0.
0)

Fe
m
al
e

3
(1
5.
0)

3
(1
5.
0)

5
(2
2.
7)

2
(1
5.
4)

7
(3
5.
0)

3
(2
5.
0)

23
(2
1.
5)

7
(3
0.
4)

5
(2
6.
3)

12
(2
8.
6)

1
(1
6.
7)

0
3
(3
0.
0)

Ag
e
(y
ea
rs
)

M
ea
n
(S
D
)

62
.8

(1
2.
9)

63
.3

(9
.6
)

65
.7

(1
0.
7)

65
.1

(8
.0
)

62
.9

(1
1.
4)

63
.1

(6
.7
)

63
.8

(1
0.
3)

65
.0

(8
.5
)

64
.3

(8
.3
)

64
.7

(8
.3
)

62
.5

(1
1.
5)

65
.0

(5
.8
)

64
.1

(9
.5
)

M
ed
ia
n
(M

in
im
um

,M
ax
im
um

)
63
.0

(3
7,

85
)

65
.0

(4
7,

80
)

66
.0

(4
0,

85
)

64
.0

(5
3,

78
)

64
.0

(3
2,

82
)

61
.5

(5
6,

75
)

64
.0

(3
2,

85
)

64
.0

(4
9,

83
)

63
.0

(5
4,

82
)

64
.0

(4
9,

83
)

65
.0

(4
3,

76
)

63
.0

(5
9,

76
)

63
.5

(5
3,

79
)

W
ei
gh

t
(k
g)

M
ea
n
(S
D
)

76
.2

(1
6.
8)

75
.8

(1
3.
3)

79
.8

(1
7.
5)

78
.6

(1
1.
8)

77
.7

(1
4.
6)

79
.7

(9
.8
)

77
.8

(1
4.
5)

79
.8

(1
4.
6)

75
.5

(1
3.
9)

77
.9

(1
4.
2)

78
.5

(1
5.
1)

76
.7

(1
2.
9)

79
.8

(1
5.
1)

M
in
im
um

,M
ax
im
um

38
,1

10
60
,1

18
45
,1

20
60
,1

00
52
,1

05
54
,9

0
38
,1

20
52
,1

13
51
,9

8
51
,1

13
56
,1

00
58
,9

5
56
,1

00
H
ei
gh

t
(c
m
)

n
¼

19
n
¼

20
n
¼

22
n
¼

13
n
¼

20
n
¼

12
n
¼

10
6

n
¼

23
n
¼

19
n
¼

42
n
¼

6
n
¼

9
n
¼

10
M
ea
n
(S
D
)

17
4.
4
(9
.6
)

17
2.
4
(7
.6
)

17
1.
2
(8
.7
)

17
3.
2
(7
.0
)

16
9.
2
(1
2.
2)

17
4.
9
(9
.6
)

17
2.
3
(9
.3
)

17
3.
8
(6
.8
0)

17
3.
1
(8
.7
5)

17
3.
5
(7
.6
5)

17
1.
5
(8
.4
1)

17
4.
9
(4
.3
)

17
1.
4
(9
.4
)

M
in
im
um

,M
ax
im
um

15
7,

19
2

15
2,

18
9

15
5,

18
8

15
7,

18
2

14
6,

18
7

15
4,

19
0

14
6,

19
2

16
0,

18
6

15
0,

19
0

15
0,

19
0

15
9,

17
9

17
0,

18
3

15
3,

18
5

M
ed
ic
al

hi
st
or
y
–
n
(%

)
Pe
rip

he
ra
la

rt
er
ia
ld

is
ea
se

20
(1
00
.0
)

19
(9
5.
0)

19
(8
6.
4)

12
(9
2.
3)

18
(9
0.
0)

12
(1
00
.0
)

10
0
(9
3.
5)

21
(9
1.
3)

18
(9
4.
7)

39
(9
2.
9)

6
(1
00
.0
)

9
(1
00
.0
)

9
(9
0.
0)

H
yp
er
te
ns
io
n

14
(7
0.
0)

16
(8
0.
0)

19
(8
6.
4)

10
(7
6.
9)

14
(7
0.
0)

8
(6
6.
7)

81
(7
5.
7)

21
(9
1.
3)

13
(6
8.
4)

34
(8
1.
0)

5
(8
3.
3)

8
(8
8.
9)

9
(9
0.
0)

H
yp
er
ch
ol
es
te
ro
le
m
ia

10
(5
0.
0)

5
(2
5.
0)

15
(6
8.
2)

7
(5
3.
8)

8
(4
0.
0)

8
(6
6.
7)

53
(4
9.
5)

17
(7
3.
9)

13
(6
8.
4)

30
(7
1.
4)

6
(1
00
.0
)

7
(7
7.
8)

3
(3
0.
0)

Co
ro
na
ry

ar
te
ry

di
se
as
e

7
(3
5.
0)

4
(2
0.
0)

10
(4
5.
5)

4
(3
0.
8)

5
(2
5.
0)

4
(3
3.
3)

34
(3
1.
8)

8
(3
4.
8)

6
(3
1.
6)

14
(3
3.
3)

1
(1
6.
7)

3
(3
3.
3)

4
(4
0.
0)

D
ia
be
te
s
m
el
lit
us

5
(2
5.
0)

3
(1
5.
0)

7
(3
1.
8)

6
(4
6.
2)

4
(2
0.
0)

5
(4
1.
7)

30
(2
8.
0)

5
(2
1.
7)

4
(2
1.
1)

9
(2
1.
4)

1
(1
6.
7)

0
5
(5
0.
0)

Ce
re
br
al

va
sc
ul
ar

di
se
as
e

1
(5
.0
)

1
(5
.0
)

5
(2
2.
7)

1
(7
.7
)

4
(2
0.
0)

1
(8
.3
)

13
(1
2.
1)

3
(1
3.
0)

2
(1
0.
5)

5
(1
1.
9)

0
0

0
An

y
co
nd

iti
on

ot
he
r
th
an

pr
es
pe
ci
fie
d

10
(5
0.
0)

10
(5
0.
0)

12
(5
4.
5)

6
(4
6.
2)

14
(7
0.
0)

5
(4
1.
7)

57
(5
3.
3)

15
(6
5.
2)

14
(7
3.
7)

29
(6
9.
0)

4
(6
6.
7)

4
(4
4.
4)

5
(5
0.
0)

a T
re
at
m
en
t
gr
ou

p
A
¼

5-
h
in
fu
si
on

(1
0
m
L/
h)
,1

50
m
g
pl
as
m
in

in
75

m
L,
pu

ls
e,
po

ss
ib
le

re
po

si
tio

ni
ng

af
te
r
2-
h
ar
te
rio

gr
am

w
ith

ou
t
BO

C.
Tr
ea
tm

en
t
gr
ou

p
B
¼

5-
h
in
fu
si
on

(1
5
m
L/
h)
,1

50
m
g
pl
as
m
in

in
75

m
L,
pu

ls
e,
po

ss
ib
le

re
po

si
tio

ni
ng

af
te
r
2-
h
ar
te
rio

gr
am

w
ith

ou
t
BO

C.
Tr
ea
tm

en
t
gr
ou

p
C
¼

5-
h
in
fu
si
on

(3
0
m
L/
h)
,1

50
m
g
pl
as
m
in

in
15
0
m
L,
pu

ls
e,
po

ss
ib
le

re
po

si
tio

ni
ng

af
te
r
2-
h
ar
te
rio

gr
am

w
ith

ou
t
BO

C.
Tr
ea
tm

en
t
gr
ou

p
D
¼

2-
h
in
fu
si
on

(3
5
m
L/
h)
,1

50
m
g
pl
as
m
in

in
75

m
L,
pu

ls
e,
w
ith

ou
t
BO

C.
Tr
ea
tm

en
t
gr
ou

p
G
¼

5-
h
in
fu
si
on

(6
0
m
L/
h)
,1

50
m
g
pl
as
m
in

in
30
0
m
L,
no

pu
ls
e,
no

re
po

si
tio

ni
ng

w
ith

ou
t
BO

C.
Tr
ea
tm

en
t
gr
ou

p
H
¼

2-
h
in
fu
si
on

(7
5
m
L/
h)
,1

50
m
g
pl
as
m
in

in
50

m
L,
no

pu
ls
e,
w
ith

ou
t
BO

C.
Tr
ea
tm

en
t
gr
ou

p
I¼

5-
h
in
fu
si
on

(3
0
m
L/
h)
,1

50
m
g
pl
as
m
in

in
15
0
m
L,
no

pu
ls
e,
w
ith

BO
C.

Tr
ea
tm

en
t
gr
ou

p
J
¼

2-
h
in
fu
si
on

(3
5
m
L/
h)
,1

50
m
g
pl
as
m
in

in
70

m
L,
no

pu
ls
e,
w
ith

BO
C.

Tr
ea
tm

en
t
gr
ou

p
M

¼
5-
h
in
fu
si
on

(3
0
m
L/
h)
,2

50
m
g
pl
as
m
in

in
15
0
m
L,
no

pu
ls
e,
w
ith

BO
C.

b
Tr
ea
tm

en
t
gr
ou

p
E
rt
PA

do
se
,v
ol
um

e,
an
d
in
fu
si
on

ra
te

w
as

ad
m
in
is
te
re
d
ac
co
rd
in
g
to

th
e
cl
in
ic
al

ju
dg

m
en
t
of

th
e
in
ve
st
ig
at
or
.C

on
tr
ol

gr
ou

p
F
pl
ac
eb
o
vo
lu
m
e
m
at
ch
ed

th
e
eq
ui
va
le
nt

rt
PA

vo
lu
m
e
ac
co
rd
in
g
to

th
e

cl
in
ic
al

ju
dg

m
en
t
of

th
e
in
ve
st
ig
at
or
.

Ab
br
ev
ia
tio

ns
.B

O
C,

ba
llo
on

oc
cl
us
io
n
ca
th
et
er
;M

in
,m

in
im
um

;M
ax
,m

ax
im
um

;r
tP
A:

re
co
m
bi
na
nt

tis
su
e
pl
as
m
in
og

en
ac
tiv
at
or
;S
D
,s
ta
nd

ar
d
de
vi
at
io
n.

JOURNAL OF DRUG ASSESSMENT 47



Ta
bl
e
3.

Th
ro
m
bo

ly
si
s
(p
rim

ar
y
ef
fic
ac
y
ou

tc
om

e)
at

en
d
of

tr
ea
tm

en
t
co
m
pa
re
d
to

ba
se
lin
e
(e
va
lu
ab
le

po
pu

la
tio

n)
.

Th
ro
m
bo

ly
si
s

Pl
as
m
in

gr
ou

ps
a

Co
nt
ro
lG

ro
up

sb

W
ith

ou
t
BO

C
W
ith

ou
t
BO

C
15
0
m
g

W
ith

BO
C

15
0
m
g

25
0
m
g

5-
h

2-
h

5-
h

2-
h

5-
h

A
n
¼

17
B

n
¼

19
C

n
¼

21
G

n
¼

12
D

n
¼

19
H

n
¼

12
Su
bt
ot
al

n
¼

10
0

I
n
¼

16
J

n
¼

15
Su
bt
ot
al

n
¼

31
M

n
¼

6
E

n
¼

9
F

n
¼

5

En
d
of

Tr
ea
tm

en
t
n
(%

)
16

19
21

12
19

12
99

15
14

29
6

9
5

�5
0

9
(5
6.
3)

10
(5
2.
6)

4
(1
9.
0)

4
(3
3.
3)

10
(5
2.
6)

4
(3
3.
3)

41
(4
1.
4)

4
(2
6.
7)

8
(5
7.
1)

12
(4
1.
4)

4
(6
6.
7)

1
(1
1.
1)

3
(6
0.
0)

>
50

7
(4
3.
8)

9
(4
7.
4)

17
(8
1.
0)

8
(6
6.
7)

9
(4
7.
4)

8
(6
6.
7)

58
(5
8.
6)

c,
d

11
(7
3.
3)

6
(4
2.
9)

17
(5
8.
6)

d
2
(3
3.
3)

8
(8
8.
9)

c
2
(4
0.
0)

c

c5
1–
75

2
(1
2.
5)

4
(2
1.
1)

6
(2
8.
6)

3
(2
5.
0)

4
(2
1.
1)

7
(5
8.
3)

26
(2
6.
3)

3
(2
0.
0)

4
(2
8.
6)

7
(2
4.
1)

0
1
(1
1.
1)

1
(2
0.
0)

�7
6

5
(3
1.
3)

5
(2
6.
3)

11
(5
2.
4)

5
(4
1.
7)

5
(2
6.
3)

1
(8
.3
)

32
(3
2.
3)

8
(5
3.
3)

2
(1
4.
3)

10
(3
4.
5)

2
(3
3.
3)

7
(7
7.
8)

1
(2
0.
0)

76
–9
0

2
(1
2.
5)

2
(1
0.
5)

7
(3
3.
3)

4
(3
3.
3)

5
(2
6.
3)

1
(8
.3
)

21
(2
1.
2)

6
(4
0.
0)

2
(1
4.
3)

8
(2
7.
6)

2
(3
3.
3)

1
(1
1.
1)

0
>
90

3
(1
8.
8)

3
(1
5.
8)

4
(1
9.
0)

1
(8
.3
)

0
0

11
(1
1.
1)

2
(1
3.
3)

0
2
(6
.9
)

0
6
(6
6.
7)

1
(2
0.
0)

N
ot

D
on

e
0

0
0

0
0

0
0

1
1

2
0

0
0

a T
re
at
m
en
t
gr
ou

p
A
¼

5-
h
in
fu
si
on

(1
0
m
L/
h)
,1

50
m
g
pl
as
m
in

in
75

m
L,
pu

ls
e,
po

ss
ib
le

re
po

si
tio

ni
ng

af
te
r
2-
h
ar
te
rio

gr
am

w
ith

ou
t
BO

C.
Tr
ea
tm

en
t
gr
ou

p
B
¼

5-
h
in
fu
si
on

(1
5
m
L/
h)
,1

50
m
g
pl
as
m
in

in
75

m
L,
pu

ls
e,
po

ss
ib
le

re
po

si
tio

ni
ng

af
te
r
2-
h
ar
te
rio

gr
am

w
ith

ou
t
BO

C.
Tr
ea
tm

en
t
gr
ou

p
C
¼

5-
h
in
fu
si
on

(3
0
m
L/
h)
,1

50
m
g
pl
as
m
in

in
15
0
m
L,
pu

ls
e,
po

ss
ib
le

re
po

si
tio

ni
ng

af
te
r
2-
h
ar
te
rio

gr
am

w
ith

ou
t
BO

C.
Tr
ea
tm

en
t
gr
ou

p
D
¼

2-
h
in
fu
si
on

(3
5
m
L/
h)
,1

50
m
g
pl
as
m
in

in
75

m
L,
pu

ls
e,
w
ith

ou
t
BO

C.
Tr
ea
tm

en
t
gr
ou

p
G
¼

5-
h
in
fu
si
on

(6
0
m
L/
h)
,1

50
m
g
pl
as
m
in

in
30
0
m
L,
no

pu
ls
e,
no

re
po

si
tio

ni
ng

w
ith

ou
t
BO

C.
Tr
ea
tm

en
t
gr
ou

p
H
¼

2-
h
in
fu
si
on

(7
5
m
L/
h)
,1

50
m
g
pl
as
m
in

in
50

m
L,
no

pu
ls
e,
w
ith

ou
t
BO

C.
Tr
ea
tm

en
t
gr
ou

p
I¼

5-
h
in
fu
si
on

(3
0
m
L/
h)
,1

50
m
g
pl
as
m
in

in
15
0
m
L,
no

pu
ls
e,
w
ith

BO
C.

Tr
ea
tm

en
t
gr
ou

p
J
¼

2-
h
in
fu
si
on

(3
5
m
L/
h)
,1

50
m
g
pl
as
m
in

in
70

m
L,
no

pu
ls
e,
w
ith

BO
C.

Tr
ea
tm

en
t
gr
ou

p
M

¼
5-
h
in
fu
si
on

(3
0
m
L/
h)
,2

50
m
g
pl
as
m
in

in
15
0
m
L,
no

pu
ls
e,
w
ith

BO
C.

b
Tr
ea
tm

en
t
gr
ou

p
E
rt
PA

do
se
,v
ol
um

e,
an
d
in
fu
si
on

ra
te

w
as

ad
m
in
is
te
re
d
ac
co
rd
in
g
to

th
e
cl
in
ic
al

ju
dg

m
en
t
of

th
e
In
ve
st
ig
at
or
.C

on
tr
ol

gr
ou

p
F
pl
ac
eb
o
vo
lu
m
e
m
at
ch
ed

th
e
eq
ui
va
le
nt

rt
PA

vo
lu
m
e
ac
co
rd
in
g
to

th
e

cl
in
ic
al
ju
dg

m
en
t
of

th
e
In
ve
st
ig
at
or
.

c In
co
nt
ra
st

to
th
e
59
%

(5
8/
99
)
tr
ea
te
d
w
ith

15
0
m
g
pl
as
m
in

w
ho

ac
hi
ev
ed

>
50
%

th
ro
m
bo

ly
si
s,
th
er
e
w
as

no
st
at
is
tic
al
ly

si
gn

ifi
ca
nt

di
ffe

re
nc
e
be
tw
ee
n
th
e
89
%

(8
/9
)
re
ce
iv
in
g
rt
PA

(p
¼
0.
14
9)

an
d
th
e
40
%

(2
of

5)
re
ce
iv
in
g
pl
ac
eb
o
co
nt
ro
l(
p
¼
0.
64
8)
.

d
Th
er
e
w
as

no
st
at
is
tic
al
ly
si
gn

ifi
ca
nt

di
ffe

re
nc
e
(p
>
0.
99
9)

in
>
50
%

th
ro
m
bo

ly
si
s
be
tw
ee
n
th
e
ab
se
nc
e
(5
9%

,5
8/
99
)
an
d
pr
es
en
ce

(5
9%

,7
/2
9)

of
BO

C.
Ab

br
ev
ia
tio

ns
.B

O
C,

ba
llo
on

oc
cl
us
io
n
ca
th
et
er
;r
tP
A,

re
co
m
bi
na
nt

tis
su
e
pl
as
m
in
og

en
ac
tiv
at
or
.

48 A. J. COMEROTA ET AL.



Figure 3). Thirty-three per cent (2 of 6) of the group treated
with 250mg plasmin with BOC achieved >50% thrombolysis.
BOC did not improve efficacy (59% [58 of 99] without BOC
vs 59% [17 of 29] with BOC, p> 0.999). Of note, 19% (4 of
21) of plasmin group C (5-h infusion at 30mL/h without
BOC) and 13% (2 of 15) of plasmin group I (5-h infusion at
35mL/h with BOC) demonstrated >90% thrombolysis. Eighty-
one per cent (17 of 21) of plasmin group C achieved >50%
thrombolysis, in contrast to 40% (2 of 5) in the placebo con-
trol group. The results support an infusion rate of 30mL/h
and longer infusion duration (5 h) in administering plasmin
for the treatment of aPAO.

The rtPA dose administered to group E was based on the
clinical discretion of the investigators. Analysis of rtPA dose
data indicated that four subjects in group E received almost
the full physician-prescribed dose within 5 h, which was a
much shorter duration than the anticipated 24- to 48-h infu-
sion12. Sixty-seven per cent (6 of 9) of rtPA-treated subjects
achieved >90% thrombolysis after 5 h of infusion (Table 3).

An ad hoc analysis correlating vessel patency and thromb-
olysis at EOT was performed in the 150mg plasmin groups,
using thrombolysis and patency assessments of the investi-
gators. The frequency of vessel patency was similar in groups
without and with BOC (41%, 41 of 100 vs 42%, 16 of 38,
respectively), suggesting that BOC does not provide add-
itional benefit. In the 250mg plasmin group with BOC, 33%
(2 of 6) achieved patency. Overall, 93% (38 of 41) of subjects
who had patency restored achieved >50% thrombolysis. In
the 150mg plasmin groups without BOC, 66% (66 of 100)
achieved >50% thrombolysis. Of those 66 subjects achieving
>50% thrombolysis, 58% (38) achieved patency. In

comparison, 34% (34 of 100) achieved �50% thrombolysis,
and only 9% (3 of 34) regained patency. Results in rtPA treat-
ment group E were consistent with observations in the plas-
min groups. All six subjects (100%) in rtPA group E, who
regained patency, had >50% thrombolysis. In the placebo
group F, one subject had a patent vessel at EOT but did not
achieve >50% thrombolysis. These results suggest that the
subjects who achieved >50% thrombolysis at EOT were
more likely to regain patency.

Safety

One hundred and forty-five subjects were treated with
150mg plasmin; six subjects were treated with 250mg plas-
min. Safety was evaluated through analyses of major and
minor bleeding events and deaths. AEs and SAEs are listed in
Table 4. Overall, plasmin demonstrated less bleeding during
catheter-directed administration at 150mg and 250mg doses
compared to rtPA. Major bleeding occurred in seven patients
receiving plasmin (4.6%, 7 of 151), one in the rtPA group
(11.1%, 1 of 9, p¼ 0.377 compared to the plasmin-treated
group) and one in the control group (11.1%, 1 of 9,
p¼ 0.377 compared to the plasmin-treated group). There
was one death in the plasmin group (0.7%, 1 of 151), one
death in the rtPA group (11.1%, 1 of 9, p¼ 0.110 compared
to the plasmin-treated group) and one death in the control
group (11.1%, 1/9, p¼ 0.110 compared to the plasmin-
treated group). Minor bleeding occurred in 18.5% (28/151) of
the plasmin group, 33% of the rtPA group (3/9, p¼ 0.3776
compared to the plasmin-treated group) and 33% of the
control group (3/9, p¼ 0.3776 compared to the plasmin-
treated group). There were no unexpected safety concerns.
Ninety-four per cent received � 90% of the planned plasmin
dose. All 38 subjects who received 150mg plasmin with BOC
and six subjects who received 250mg plasmin with BOC
received their entire dose. The TEAE and SAE profiles were
similar across all plasmin groups (Table 4, Supplementary
Tables S2 and S3). There was no difference in TEAE profiles
based on plasmin groups or doses, without or with BOC
(Supplementary Table S2). The proportion of subjects with
adverse drug reactions (ADR, potentially drug-related AEs) in
the 150mg plasmin group without BOC (14%, 15 of 107)
compared favorably to those in the rtPA treatment group E
(22%, 2 of 9) (Table 4). The pattern of TEAEs was diverse and
most occurred in no more than one subject. Most of the
TEAEs were of mild or moderate severity. Several TEAEs
observed in 150mg plasmin-treated subjects with vascular
disorders (with or without BOC) were severe, but were not
unexpected due to the underlying disease. There were no
severe TEAEs in the 250mg plasmin group with BOC. The
overall SAE frequencies by subject in the 150mg plasmin
groups were similar at 29% (31 of 107) without BOC and at
24% (9 of 38) with BOC, compared to 22% (2 of 9) in the
rtPA group E. (Table 4). The placebo control group F had a
high frequency of SAEs (56%, 5 of 9), while no SAEs occurred
in the 250mg plasmin group with BOC. Furthermore, there
was no unexpected SAE (Supplementary Table S3) in the
150mg plasmin groups. According to the investigators,

Figure 3. Percentage of subjects who achieved greater than 50% thrombolysis.
p-values indicate comparisons of the combined ABCDGH group (plasmin-
treated) vs group E (rtPA-treated) and the combined ABCDGH group (plasmin-
treated) vs group F (placebo control).
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TEAEs and SAEs in the plasmin groups were mainly attrib-
uted to interventions for ischemia or existing comorbidities.

The death rate was lower in the 150mg plasmin groups
without BOC (0.93%, 1 of 107) than in the rtPA group E
(11%, 1 of 9) and placebo control group F (11%, 1 of 9)
(Table 4). The one death reported from the plasmin groups
(acute respiratory distress syndrome) was considered not
related to plasmin. None in the plasmin groups with
BOC died.

Fifty-six per cent (5 of 9) of the placebo group F discon-
tinued the study drug prematurely (Table 4); 80% of those
discontinuations were due to ongoing ischemia during the
infusion. In contrast, 6% (6 of 107) of subjects receiving plas-
min without BOC, including three peripheral embolism, one
peripheral ischemia, one anastomotic hemorrhage, one infu-
sion-related reaction (pain), and none with BOC discontinued
study drug. The rate of discontinuation in rtPA-treated sub-
jects was 11% (1 of 9) due to a hematoma.

Plasmin appeared to have a better safety profile than
rtPA with respect to bleeding (Table 4). The rtPA group E
had a higher rate (44%, 4 of 9) of bleeding events relative
to the 150mg plasmin groups without BOC (21%, 22 of
107) or with BOC (21%, 8 of 38) and the 250mg plasmin
group with BOC (33%, 2 of 6). Of note, there was no major
difference in bleeding events across the plasmin groups. In
the 150mg plasmin groups without BOC, one of the five
major bleeding events and one of the 21 minor bleeding
events were attributed by the investigator as related to
plasmin. Ten bleeding events (two major and eight minor
events) occurred in the 150mg plasmin groups with BOC,
and two minor bleeding events occurred in the 250mg
plasmin group with BOC. In the rtPA group E, there were
three minor bleeding events and one major bleeding event
resulting in death.

Treatment with rtPA led to a major drop in A2AP and
fibrinogen (Figure 4) levels at EOT, to 22% and 13% of base-
line, respectively. These changes likely contributed to the
bleeding events in the rtPA treatment group. The drops in
A2AP (43%) and fibrinogen (57%) by plasmin were less
than rtPA.

Review of the laboratory values raised no significant
safety concerns. Immunogenicity testing at baseline and at
day 30 were done in 141 plasmin-treated subjects. All but
one subject in treatment group J (with BOC) were negative
for plasmin antibody. For the subject who tested positive,
additional testing revealed a low plasmin antibody titer with
no measurable neutralizing antibody activity against plasmin.
Plasmin-treated subjects were also monitored for potential
transmission of HAV, HBV, HCV, HIV, or B19V. No treatment-
emergent viral seroconversion was detected by viral nucleic
acid testing or viral serology testing.

Discussion

The pursuit of safer and potentially more effective thrombo-
lytic agents for use in patients with aPAO is a worthy goal.
Randomized trial data have shown that catheter-based deliv-
ery of thrombolytic agents results in improved amputation-
free survival in patients presenting with non-embolic
aPAO8,11. The concern has always been the risk of major and
distant bleeding, which appears to be associated with a sys-
temic coagulopathy induced by PAs.

Safety results revealed plasmin was safe and well toler-
ated at the 150 and 250mg doses, with an improved clinical
safety profile compared to rtPA. There were no unexpected
safety concerns.

Figure 4. Plasma fibrinogen concentrations normalized to baseline value across all visits in plasmin-treated groups without balloon occlusion catheter. p-values
indicate comparisons of the combined ABCDGH group (plasmin-treated, circle symbol) vs group E (rtPA-treated, square symbol) and the combined ABCDGH group
(plasmin-treated, circle symbol) vs group F (placebo control, cross symbol). The superscript letter on each p-value indicates the group to which that
p-value belongs.
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Hematologic parameters, such as A2AP and fibrinogen,
were less affected by plasmin than rtPA, which are likely
related to its safety profile.

The delivery of plasmin using a BOC did not appear to
affect outcome. Since plasmin has great avidity for binding
to fibrin with intrathrombus delivery, the presence or
absence of distal balloon occlusion of the infusion catheter
seems inconsequential. It was possible that some leakage
may have occurred around the balloon and that optimal
positioning of the BOC may not have been achieved consist-
ently due to variations in the locations of the thrombi.
Depending on where a particular thrombus was located, the
study drug may have been drawn away by collateral vessels.
It became apparent during this study that the fixed infusion
lengths of available drug delivery catheters were a major dis-
advantage, as their delivery segments were either too short
or too long to treat existing thrombi. If drug delivery was
more precise, one might expect more effective lysis over a
shorter period of time with less drug, since all of the drug
would be delivered to the thrombus, and the entire length
of the thrombus would be treated from the onset
of infusion.

Results from this study suggest that plasmin has a lower
risk of bleeding events relative to rtPA treatment. Although
the overall occurrences of TEAEs and SAEs in the rtPA group
were comparable to the plasmin groups, subjects receiving
rtPA had a higher incidence of bleeding events, with a rate
that is consistent with published data for alfimeprase
(78%)13. Treatment with rtPA led to decreases in A2AP and
fibrinogen levels at EOT, which likely predisposed to the
bleeding events observed in the rtPA treatment group.
Circulating plasmin inhibitors A2AP and alpha-2-macroglobu-
lin are present in sufficient quantity to neutralize plasmin
which escapes into the bloodstream. Unbound plasmin
entering the systemic circulation during IA infusion is rapidly
inhibited5,6,14. This prevents plasmin from lysing hemostatic
thrombi elsewhere in the body. Previous phase 1 and phase
2 studies indicated that plasmin has an acceptable safety
profile, particularly pertaining to bleeding11,15,16. In contrast,
rtPA acts indirectly by activation of fibrin bound plasmino-
gen, which generates plasmin, the active enzyme that dis-
solves the thrombus. Plasminogen activators that escape
from the clot during IA infusion can be systemically active
and are known to dissolve pathologic and hemostatic
thrombi in remote locations, causing remote site bleed-
ing5,9,13,17–19. Intracranial hemorrhage is a major concern
with rtPA, occurring in 1–2% of aPAO patients17,20.

The catheter-directed TOPAS trial, examining recombinant
urokinase (rUK) at three different doses, reported that com-
plete lysis after 23 h of infusion was achieved in 67%
(2000 IU/min), 71% (4000 IU/min), and 60% (6000 IU/min) of
subjects, respectively18. After 4 h of rUK infusion, complete
clot lysis occurred in 11% (2000 IU/min), 22% (4000 IU/min),
and 20% (6000 IU/min) of subjects, respectively. In the cur-
rent study, the percentage of subjects achieving clinically
relevant levels of thrombolysis with plasmin was comparable
to the TOPAS study. Specifically, 19% of subjects in plasmin
group C (5-h infusion at 30mL/h without BOC) and 13% of

subjects in plasmin group I (5-h infusion at 35mL/h with
BOC) demonstrated > 90% thrombolysis.

The investigators of this study prescribed rtPA dose for
subjects in group E based on their clinical discretion; 67% of
rtPA subjects achieved > 90% thrombolysis after 5 h of infu-
sion. These results are comparable to the TOPAS study,
where 60–71% of subjects achieved > 90% thrombolysis
after 24–48 h of infusion18.

An issue that may require further consideration is plasmin
pH at the site of the thrombus. A neutral pH is required for
plasmin activation; however, the enzyme is acidified to a pH
of 3–4 during the manufacturing stages to prevent autode-
gradation. It is possible that the buffering capacity was not
consistently sufficient in the microenvironment where plas-
min was delivered. It would have been informative to test
the delivery of plasmin in a neutralization buffer to deter-
mine whether a higher pH could improve thrombolytic activ-
ity. Without these data, we can only speculate that plasmin
was at an effective pH for the cases that achieved
thrombolysis.

Limitations

This study had several limitations. Although p-values from
post hoc analyses were provided for some of the data, it
should be noted that the sample size in each treatment arm
was too small to determine whether any of the treatment
and/or delivery methods substantially improved thromboly-
sis. For the placebo group, the Steering Committee of this
study felt the small size of this group was justified on the
basis that an invasive procedure was being performed with
infusion of a placebo solution in patients at high risk of
ongoing severe morbidity. Within each treatment arm, native
vessels and grafts were allowed, which meant that the vol-
ume and position of the clot within the vessel might have
varied from subject to subject. Even with the inclusion crite-
ria that all patients entered were required to have aPAO
symptoms for � 14 days, non-occlusive thrombus often exists
prior to vessel occlusion (and onset of symptoms). Since
non-occlusive thrombus is frequently asymptomatic, it could
have been a confounder. In addition, it is also unknown to
what extent residual clot vs atherosclerotic plaque in native
arteries contribute to vessel obstruction or re-occlusion.

The imprecise delivery of plasmin along the length of the
clot may have compromised its efficacy (e.g. escape of plas-
min outside of the clot or untreated portions of the clot).
Precise delivery of plasmin into the entire thrombus, perhaps
aided by pulsatile infusion, likely would improve results of
plasmin while taking advantage of its safety profile.
Atherosclerotic plaque cannot be dissolved by thrombolytic
agents; therefore, the proportion of thrombolysis may be
under-estimated by the presence of such plaque. The rtPA
comparator group was confounded by the differences in
treatment practices (e.g. dose and duration) across multi-
national study centers.
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Conclusion

The results of this study indicate a favorable safety profile of
plasmin at 150 and 250mg doses relative to rtPA treatment,
suggesting a potential benefit for plasmin in aPAO. Plasmin
appeared to have a lower risk of bleeding events compared
to rtPA and potentially a lower frequency of potentially
drug-related AEs. Although the optimal delivery method for
plasmin has not been determined, the best result (81% in
plasmin group C) was observed with an infusion rate of
30mL/h over 5 h. Adding BOC did not improve thrombolytic
efficacy of plasmin, and increasing the dose from 150 to
250mg did not improve outcomes. Because of the thrombo-
lytic potential of plasmin and its promising safety profile, fur-
ther optimization of plasmin treatment is warranted.
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