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KEY PO INT S

l This is the first trial
to evaluate the
clinical utility of
Glu-plasminogen in
children and adults
with congenital
plasminogen
deficiency.

l Glu-plasminogen
achieves physiological
levels of plasminogen
activity coinciding
with improved clinical
efficacy and disease
management.

Congenital plasminogen deficiency is caused by mutations in PLG, the gene coding for
production of the zymogen plasminogen, and is an ultrarare disorder associated with
abnormal accumulation or growth of fibrin-rich pseudomembranous lesions on mucous
membranes. Left untreated, these lesions may impair organ function and impact quality
of life. Plasminogen replacement therapy should provide an effective treatment of the
manifestations of congenital plasminogen deficiency. An open-label phase 2/3 study of
human Glu-plasminogen administered IV at 6.6 mg/kg every 2 to 4 days in 15 patients
with congenital plasminogen deficiency is ongoing. Reported here are data on 14 patients
who completed at least 12 weeks of treatment. The primary end point was an increase
in trough plasminogen activity levels by at least an absolute 10% above baseline. The
secondary end point was clinical success, defined as ‡50% improvement in lesion number/
size or functionality impact from baseline. All patients achieved at least an absolute
10% increase in trough plasminogen activity above baseline. Clinical success was observed
in all patients with clinically visible (conjunctiva and gingiva), nonvisible (nasopharynx,
bronchus, colon, kidney, cervix, and vagina), and wound-healing manifestations of the dis-

ease. Therapeutic effects were rapid, as all but 2 lesions resolved or improved after 4 weeks of treatment. Human
Glu-plasminogen was well tolerated in both children and adults. This study provides critical first evidence of the
clinical utility of ongoing replacement therapy with human Glu-plasminogen for the treatment of children and adults
with congenital plasminogen deficiency. This trial was registered at www.clinicaltrials.gov as #NCT02690714. (Blood.
2018;131(12):1301-1310)

Introduction
Congenital plasminogen deficiency (also referred to as type I
plasminogen deficiency, plasminogen deficiency, or hypo-
plasminogenemia) is an ultrarare autosomal-recessive dis-
order of the fibrinolytic system whose primary manifestation
is the development of abnormal extravascular accumulation
or growth of fibrin-rich, woody (ligneous) pseudomembranous
lesions on mucous membranes throughout the body.1-3 Ligneous
conjunctivitis (LC) appears to be the most common clinical
manifestation and is characterized by inflamed, woody growths
on the conjunctival membranes that, if left untreated, can result
in visual impairment or blindness.4,5 Other disease manifestations
may be observed in the central nervous system (eg, congenital
occlusive hydrocephalus), ears, nasopharynx, oral cavity (eg,
ligneous gingivitis or tonsillitis), and respiratory, gastrointestinal,
and genitourinary tracts.1-3,5 Abnormal wound healing and infertility
have also been reported.1,6,7 Although most affected patients
survive into adulthood, the disease appears to be most severe
in infants and children, where manifestations can lead to death,

blindness, respiratory failure due to bronchial obstruction, or
complications from hydrocephalus.3,5,8,9 Absent from these mani-
festations is the observance of thrombosis.2-7 Congenital plasmin-
ogen deficiency can impact self-image, quality of life, and ability to
achieve full potential in school and/or work.

Congenital plasminogen deficiency is caused by mutations in
PLG, the gene coding for the production of the zymogen
plasminogen, with resultant decrease in antigenic and functional
levels.3,5 A large epidemiologic study performed in blood do-
nors in the United Kingdom demonstrated an observed rate of
heterozygous (asymptomatic) plasminogen deficiency of 25 out
of 9611 patients (0.26%).10 Based on these data, the theoretical
prevalence of homozygous or compound heterozygotes is
1.6 affected individuals per million population.1,5

The zymogen plasminogen is activated to plasmin by either
tissue-type plasminogen activator or urokinase-type plasmino-
gen activator and serves as the pivotal enzyme in the fibrinolytic
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pathway involved in both intravascular and extravascular lysis
of fibrin in addition to its role in wound healing, cell migration,
tissue remodeling, angiogenesis, and embryogenesis.11,12

Plasminogen is primarily synthesized in the liver, although other
areas include adrenal glands, kidney, brain, testis, heart, lung,
uterus, spleen, thymus, gastrointestinal tract, and cornea.13,14

There are 2 main forms of native plasminogen, one with glutamic
acid at its N terminus (Glu-plasminogen) and one with lysine at its
N terminus (Lys-plasminogen).15 Glu-plasminogen has a longer
half-life than Lys-plasminogen (2 to 2.5 days vs 0.8 days, re-
spectively, in healthy subjects) and is the predominant (.95%)
form of circulating native plasminogen.12 Upon binding to a fibrin
clot, Glu-plasminogen is cleaved and converted into the more
readily activated Lys-plasminogen.11,12 Plasminogen (human) is a
highly purified Glu-plasminogen derived from human plasma. It is
being developed as an IV replacement therapy for children and
adults with congenital plasminogen deficiency.

Currently, there is no specific replacement therapy approved for
the treatment of congenital plasminogen deficiency. As such,
treatment options have been limited to nonspecific therapies
and interventions (including surgery), all of which have proved
to be less than optimal.1,5,16,17 There are several reports of the
systemic use of Lys-plasminogen in patients with LC in which
clinical success was described in patients who achieved plas-
minogen activity trough levels between 7% and 20% above
baseline.7,18-20 Lys-plasminogen is not available and represents a
limited treatment option because of its relatively short half-life as
compared with Glu-plasminogen.

A multinational, multicenter, open-label, phase 2/3 study
(2002C011G) evaluating the pharmacokinetics (PK), effective-
ness, and safety of human Glu-plasminogen was initiated in
patients with congenital plasminogen deficiency and is ongoing.
Data on 14 patients who completed at least 12 weeks of
treatment are reported to evaluate whether replacement ther-
apy with human Glu-plasminogen (1) increases trough plas-
minogen activity levels by at least an absolute 10% above
baseline (primary outcome) and (2) improves the clinical mani-
festations of the disease (secondary outcome).

Patients and methods
Participants
Children (2 to,18 years of age) and adults (18 to 80 years of age)
with a documented history of lesions and symptoms consistent
with a diagnosis of congenital plasminogen deficiency and
a plasminogen activity level #45% were eligible for study in-
clusion. Patients who received exogenous plasminogen (ocular or
IV), such as laboratory grade plasminogen, fresh frozen plasma,
or plasminogen (human) within 2 weeks of the screening visit were
excluded.

Study design and treatment
This is an ongoing open-label study with a 21-day screening
period (for eligibility) and 3 treatment segments (Figure 1).
Patients were given human Glu-plasminogen at 6.6 mg/kg ad-
ministered as a 10- to 30-minute IV infusion every second, third,
or fourth day based upon individual PK. Patients will be treated
for 48 weeks in Norway or until product licensing or study ter-
mination by the sponsor (whichever is later) in the United States.

The dosing intervals were investigator determined based upon
individual patient plasminogen activity PK curves, obtained
from patients who received study drug in the 6-mg/kg cohort
of the previous phase 1 study (2002C005G) or from new-to-
study patients who received study drug on day24 of the current
study (segment 1). The study drug underwent manufacturing
process characterization after the start of the phase 2/3 study,
with subsequent target dose change from 6 mg/kg to 6.6 mg/kg
without change to study product. To determine the dosing in-
terval, investigators selected the approximate longest time point
that the patient’s plasminogen activity trough level remained an
absolute 10% above baseline, taking into account known vari-
ability in plasminogen activity assay measurements of 63%. For
example, if a patient’s plasminogen activity was 25% above
baseline at 48 hours, 12% above baseline at 72 hours, and,10%
above baseline at 96 hours, then the patient was to be dosed
every second day due to the assay variability at 72 hours. After
the initial 12 weeks of treatment (segment 2), patients had the
option to continue treatment of another 36 weeks (segment 3) or
longer or withdraw from the study. In segment 3, patients started
with the same dose and frequency as in segment 2, with the
investigator having the option to modify the dosing schedule
based on clinical response and plasminogen activity trough levels.

The planned sample size was at least 10 patients who received
12 weeks of treatment, with no formal sample size calculation
due to disease rarity. Data analysis is conducted in stages.
An interim analysis was performed after 14 patients completed
12 weeks of treatment (segments 1 and 2); the data cutoff date
of this analysis was 1 April 2017. The second analysis will be
performed when all patients have either completed the week 48
visit or have withdrawn consent and completed the final safety
visit (segment 3), with a planned data cutoff date in April 2018.
The final analysis will be performed when all patients have
completed the final safety visit.

Study outcomes
The primary outcome of the interim analysis was the number and
percentage of patients who achieved target trough plasminogen
activity levels, defined as an increase of individual plasminogen
activity trough level by at least an absolute 10% above baseline
for at least 3 measurements in 12 weeks. Primary end point
success was defined as at least 80% of evaluable patients
achieving target trough plasminogen activity levels. Plasmino-
gen activity was presented by individual patients and summa-
rized descriptively. Standard PK parameters, including area
under the concentration–time curve from time 0 to the last
measured time point (AUC0-t) and terminal half-life (t1/2) were
calculated using noncompartmental analysis and baseline-
adjusted plasminogen levels derived from segment 1 data
and data collected at the end of segment 2. PK data were
summarized descriptively using mean and standard deviation
(SD). The secondary outcome of the interim analysis was the
overall clinical success in the number and size of lesions or
change in organ function at week 12 as compared with baseline
assessments. Secondary end point success was defined as
50% of patients with clinically visible or other measurable lesions
achieving $50% reduction in lesion number and/or size or im-
proved organ function (eg, improvement in forced expiratory
volume in 1 second [FEV1]) from baseline. Other secondary
outcomes included the Clinical Global Impression-Global Im-
provement (CGI-I) Scale, which captures the clinician’s impression
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of the patient’s disease improvement over time21,22; a quality-of-
life assessment using the American Chronic Pain Association
Quality of Life Scale,23 with the investigator (or designee) asking
questions to either the patient ($12 years of age) or the parents of
the patient (,12 years of age); and safety. Safety included adverse
events, clinical laboratory tests, antiplasminogen antibodies, vital
signs, and virology. The investigators collected adverse events
in an unsolicited manner, which were graded by severity and
assessed for causality.

No formal statistical analyses were performed on study out-
comes due to the small sample size and known high disease
variability; therefore, all data were summarized descriptively.

Study procedures
Blood samples for plasminogen activity/antigen and D-dimer
levels were collected at screening, baseline (day24 for patients
treated in segment 1; day 0 for patients who directly entered
segment 2); prior to dosing at weeks 2, 4, 6, 8, 10, and 12;
and prior to dosing every 12 weeks thereafter. Blood samples for
plasminogen activity/antigen and D-dimer were collected im-
mediately prior to plasminogen (human) administration and
postdose between 5 and 15 minutes and at 6, 24, 48, 72, and
96 hours on day 24 and at week 12. Plasminogen activity was
measured using a commercially available chromogenic assay
(STA-Stachrom Plasminogen, Diagnostica Stago, Inc.), with a
normal reference range of 70% to 130% and a coefficient of
variation of ;3%. Plasminogen antigen was measured using a
commercially available enzyme-linked immunosorbent assay
(Human Plasminogen Total Antigen ELISA Kit, Cell Sciences),
with a normal reference range of 6 to 20 mg/dL and a coefficient
of variation of;8%. Plasminogen activity/antigen analyses were
performed centrally byMachaon Diagnostics (Oakland, CA). The
investigators evaluated the clinical manifestations of congenital
plasminogen deficiency and defined these as either clinically
visible or nonvisible lesions. Clinically visible lesions of the eyes
and gingiva andmanifestations of abnormal wound healing were
imaged and analyzed via digital photography, with each pho-
tograph including a millimeter scale to measure length and
width. Clinically visible lesions that were too small to measure

using the millimeter scale were described as nonmeasurable. The
investigators assessed clinically visible lesions at baseline; weeks
4, 8, and 12 and every 12 weeks thereafter; and at 30 days after
the last dose of study drug. Nonvisible lesions of the nasopharynx,
lungs, abdomen, kidney, colon, cervix, and vagina could be
assessed per investigator’s discretion by medical imaging studies
(eg, computed tomography, magnetic resonance imaging, ul-
trasound), functional assessments (eg, spirometry, audiogram,
oximetry), or report of clinical symptoms. The investigators
assessed nonvisible lesions at baseline and at their discretion
thereafter. The CGI-I Scale and quality-of-life assessment were
performed at the same time as the visible lesion assessment. The
investigators assessed adverse events, clinical laboratory tests,
and antiplasminogen antibodies at the same time as the visible
lesion assessment. A screening enzyme-linked immunosorbent
assay was used to detect antiplasminogen antibodies; this test
was performed centrally byMachaonDiagnostics. Vital signs were
measured at each visit. Virology was measured every 12 weeks.

Study oversight and review
The study was designed, performed, and sponsored by Prometic
Biotherapeutics Inc. (Rockville, MD). The protocol was approved
by the institutional review board (St Vincent’s Hospital, Indian-
apolis, IN) or ethics committee (REC South-East A, Oslo, Norway)
at each study center. The study was conducted in accordance
with the ethical principles that have their origin in the Declaration
of Helsinki and are consistent with the International Conference
on Harmonization Tripartite Guidelines for Good Clinical Practice.
All patients provided written informed consent, with assents
obtained from children between the ages of 7 and ,18 years.
The sponsor collected and analyzed thedata in conjunctionwith the
authors, who had full access to the data. The sponsor’s responsible
Medical Officer (third author) vouches for the accuracy of the data
and analyses, and all authors vouch for the fidelity of this report.

A Safety Monitoring Committee composed of the sponsor’s re-
sponsible Medical Officer (third author), medical monitor, and
pharmacovigilance officer, as well as an independent medical
monitor reviewed the safety data biweekly during the first 12
weeks and periodically thereafter for the remainder of the study.

Segment 1 Segment 2 Segment 3

Screening

≤ 21 days Day -4 Week 1
Day 0

Week 12 Week 48 End of Study

Interim Analysis Final AnalysisNew patients only

Treatment: Glu-Plasminogen IV Infusion

Single-dose
6.6 mg/kg
PK profile

Safety

Repeat-dose
6.6 mg/kg every 2-4 days

Primary PK end point
Secondary efficacy end point, Safety

Extended Treatment
6.6 mg/kg every 2-4 days
Primary efficacy end point

Secondary end points, Safety

Figure 1. Study schematic of the open-label, phase 2/3 trial of humanGlu-plasminogen in children and adultswith congenital plasminogen deficiency. This is an ongoing
open-label study with a 21-day screening period (for eligibility) and 3 treatment segments. Patients were given humanGlu-plasminogen at 6.6 mg/kg administered as a 10- to 30-
minute IV infusion every second, third, or fourth day based upon individual PK in segments 1 and 2. In segment 3, patients started with the same dose and frequency as in
segment 2, with the investigator having the option to modify the dosing schedule based on clinical response and plasminogen activity trough levels. Patients will be treated for
48 weeks in Norway or until product licensing or study termination by the sponsor (whichever is later) in the United States.
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Results
Study participants
Between May 2016 and November 2016, 14 patients (5 children
and 9 adults) with congenital plasminogen deficiency were
enrolled at 2 sites. An interim analysis was conducted after all
14 patients received at least 12 weeks of treatment and were
eligible for the primary and secondary outcomes of the interim
analysis. All 14 patients were eligible for safety. Historical dis-
ease characteristics are listed in supplemental Table 1 (available
on the Blood Web site), and baseline characteristics are sum-
marized in Table 1. All patients had plasminogen activity levels
#45% and $1 mutations in PLG (supplemental Table 2). All but
3 patients (3, 5, and 11) presented with clinical manifestations
of the disease, with LC as the most common.

PK
All 14 patients achieved target trough plasminogen activity
levels ($ absolute 10% above baseline) across the initial 12-week
treatment period (Table 2). These target trough levels were
maintained at all visits, except for week 10 (in patient 1, who
missed 12 days of treatment because of a cluster of adverse
events of severe intensity that occurred after the 20th infusion
[week 8]) and week 2 (in patient 14, who missed 1 day of
treatment). Five patients had 1-day delays in dosing, which
decreased trough plasminogen activity levels at 6 visits (patient

2 at week 12, patient 10 at week 8, patient 12 at week 8, patient
13 at weeks 8 and 12, and patient 14 at week 8), although target
trough levels were still maintained at these visits.

Individual dosing intervals were established using individual
plasminogen activity PK curves generated at study onset.
Summaries of these curves are presented in Figure 2 for the
first and week 12 doses of study drug. Physiological levels of
plasminogen activity (70% to 130%) were observed in both
children and adults immediately after the first dose and were
sustained for ;24 hours after dosing (Figure 2A). After 12 weeks,
physiological levels in children and adults were sustained for
;48 hours after dosing (Figure 2B).

Mean 6 SD t1/2 was 34.2 6 12.1 hours after the first dose and
slightly longer (40.367.9 hours) atweek12.Mean6SD t1/2 in adults
was 32.4 6 13.1 hours after the first dose and 38.5 6 7.1 hours
after 12 weeks. Themean6SD t1/2 in children was 37.3610.8 hours
after the first dose and 43.4 6 9.1 hours after 12 weeks. Taking
these results together, steady state was most likely reached in
all patients after 2 weeks of study drug administration. Mean 6

SD AUC was 3063 6 808 hours 3 % after the first dose that
increased to 4797 6 933 hours 3 % after 12 weeks; this change
corresponded to an accumulation ratio of ;1.5. Although some
interpatient variability was observed, PK parameters were gener-
ally similar between children and adults.

Table 1. Summary of baseline characteristics

Parameter Adults (n 5 9) Children (n 5 5) Combined (N 5 14)

Age, y
Mean (SD) 31.9 (7.56) 10.8 (5.26) 24.4 (12.39)
Median 33.0 11.0 24.0
Min, max 20, 42 5, 16 5, 42

Sex, n (%)
Male 3 (33) 1 (20) 4 (29)
Female 6 (67) 4 (80) 10 (71)

Baseline plasminogen activity, n (%)
0% to 10% 3 (33) 0 3 (21)
11% to 20% 1 (11) 2 (40) 3 (21)
21% to 30% 3 (33) 3 (60) 6 (43)
31% to 40% 1 (11) 0 1 (7)
41% to 45% 1 (11) 0 1 (7)
.45% 0 0 0

Site of clinical manifestations, n (%)
Any* 8 (89) 3 (60) 11 (79)
Conjunctiva 6 (67) 2 (40) 8 (57)
Gingiva 3 (33) 0 3 (21)
Abnormal wound healing 3 (33) 0 3 (21)
Bronchus 2 (22) 0 2 (14)
Colon 0 2 (40) 2 (14)
Cervix 2 (22) 0 2 (14)
Vagina 0 2 (40) 2 (14)
Nasopharynx 1 (11) 0 1 (7)
Kidney 1 (11) 0 1 (7)
Multisystem 6 (67) 3 (60) 9 (64)

Max, maximum; min, minimum.

*Three patients (2 children and 1 adult) had no clinical manifestations at baseline.
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Plasminogen antigen levels behaved similarly to plasminogen
activity levels, although there was greater interpatient variability.

Three patients with extremely low plasminogen activity levels
(,5%) and large disease burden had clinically significant ele-
vations in D-dimer, starting shortly after initial treatment and
lasting up to 6 weeks in duration. These elevations were tem-
porally associated with treatment response (reduction or reso-
lution of lesions).

Clinical outcomes
An overall success rate of 100% was achieved in all patients with
clinically visible and/or nonvisible manifestations of congenital
plasminogen deficiency assessed at baseline. A total of 9 pa-
tients had 23 clinically visible lesions, which consisted of
9 measurable lesions in the conjunctiva and 14 nonmeasurable
lesions (lesions that were no longer measurable using the mil-
limeter scale) in the conjunctiva and gingiva (Table 3). Patient 6
had 7 nonmeasurable lesions, patient 12 had 4 measurable and
nonmeasurable lesions, and patient 14 had 4 nonmeasurable
lesions; these subjects had the lowest plasminogen activity at
baseline (,5%). All 23measurable and nonmeasurable lesions of

the conjunctiva and gingiva resolved or improved by week 12,
with 12 resolving (Figure 3) and 9 improving by week 4, 15 re-
solving and 7 improving by week 8, and 18 resolving and
5 improving by week 12. This response was sustained
through the initial 12 weeks of treatment and, for 13 of these
lesions, through at least 24weeks of treatment (for those patients
who had 24-week data as of the data cutoff date of the for this
analysis). Two visible lesions (conjunctiva) were in a 5-year-old
girl (patient 8) whose disease burden was the largest among all
assessed patients (total size of 125 mm2). These lesions de-
creased in size by over 90% at week 4, with 1 lesion completely
resolving at week 8 and the other lesion decreasing in size by
over 98% at week 12 to a point where it was no longer mea-
surable using the millimeter scale. By week 24, this latter lesion
resolved completely. Three patients had 8 manifestations of
abnormal wound healing (acne, wounds, scars, and palmar/plantar
warts), with 6 showing improvement by week 4 and all 8 showing
improvement by week 12.

A total of 7 patients had 10 nonvisible lesions at baseline, with
sites including nasopharynx, bronchus, kidney, colon, cervix, and
vagina (Table 3); of these, 7 lesions in 4 patients were assessed

Table 2. Trough plasminogen activity levels after treatment with plasminogen (human)

Patient
Age
(y)

Prescribed
infusion

interval (d)

Plasminogen activity (%)* Plasminogen
activity trough
levels ‡ absolute

10% above
baseline

Screening Baseline†

Trough levels

Wk 2 Wk 4 Wk 6 Wk 8 Wk 10 Wk 12
Any

occurrence
‡3

times

1 39 3 26 29 57‡ 58 52 61 30§ 48 5 Yes

2 35 2 29 43 72 81 78 79 83 63|| 6 Yes

3 16 4 30 28 55 52 42 53 49 55 6 Yes

4 24 3 32 28 49 61 62 55 56 53 6 Yes

5 20 3 18 22 45 44 44 41 39 45 6 Yes

6 37 2 ,5 ,5 50 63 60 64 62 70 6 Yes

7 24 3 26 31 58 46 58 67 57 62 6 Yes

8 5 3 23 22 41 51 38 34 43 34 6 Yes

9 16 3 24 20 55 44 64 63 57 64 6 Yes

10 11 3 18 17 53 55 51 32|| 50 50 6 Yes

11 6 3 36 29 39 49 52 59 54 61 6 Yes

12 33 3 ,5 ,5 19 33 46 26|| 44 53 6 Yes

13 33 4 15 15 38 47 61 38|| 45 30|| 6 Yes

14 42 2 4 ,5 14|| 24 38 22|| 44 41 5 Yes

*Plasminogen activity normal range is 70% to 130%.

†Baseline is day 24 for patients starting treatment in segment 1 and day 0 for patients starting treatment in segment 2.

‡Unscheduled at week 3.

§Lower trough plasminogen activity level was due to a 12-day interruption of seek 8 dosing due to a cluster of predominantly severe adverse events that occurred immediately after the
patient’s 20th infusion.

||Lower trough plasminogen activity level due to a 1-day delay in the next planned dose of study drug.

THERAPY FOR CONGENITAL PLASMINOGEN DEFICIENCY blood® 22 MARCH 2018 | VOLUME 131, NUMBER 12 1305

D
ow

nloaded from
 http://ashpublications.org/blood/article-pdf/131/12/1301/1405457/blood806729.pdf by guest on 30 Septem

ber 2024



by the investigator at the time of the interim analysis. All
7 nonvisible lesions resolved or improved by week 24, with
2 (nasopharynx and bronchus) resolved by week 4, 2 (colon and
vagina) resolved and 2 (bronchus and renal) improved by week
12, and 1 (cervix) resolved by week 24. For the latter bronchus
lesion, spirometry testing showed .75% improvement in FEV1

between baseline (46.7%) and week 4 (91.4%), week 8 (89.0%),
and week 12 (89.3%).

No new lesions were observed, and no lesions recurred in pa-
tients as of the data cutoff date for this interim analysis. More-
over, none of the patients required surgical intervention or
initiation of adjunctive therapy for their disease.

CGI-I scores were either much or very much improved in all
14 patients, and quality-of-life scores were excellent in all but
1 patient. The remaining patient (patient 14) had a quality-of-life
score of 5 at week 12; this is the same patient who had extensive
disease burden and low plasminogen activity (,5%) at baseline.
Further treatment is planned for this patient.

Safety
Plasminogen (human) was well tolerated in both children and
adults at the time of the interim analysis. There were no deaths or
serious adverse events, and no patient permanently discontinued

treatment due to an adverse event. Two patients had adverse
events of severe intensity, including 1 patient with a history of
anxiety who had a cluster of severe adverse events (nausea, fa-
tigue, arthralgia, back pain, dizziness, paresthesia, and flushing)
after her 20th infusion that coincided with an episode of anxiety
temporally related to a motor vehicle accident involving her child.
The severe adverse events resolved after temporary treatment
discontinuation without re-emergence with restart of therapy. The
other patient had severe back pain that resolved 3 days later.
Headache and nasopharyngitis were the most common adverse
events in both children and adults (Table 4).

Several patients had adverse events (eg, epistaxis, hematuria,
and dysmenorrhea) and/or laboratory abnormalities (eg, blood
in urine and elevated D-dimer levels) consistent with physiologic
study drug activity, specifically increased fibrinolytic capacity
with lesion dissolution. Minor bleeding events of hemorrhage
(eye, skin, uterine, and vaginal), epistaxis, hematuria, cervical,
and oral discharge occurred in a few patients in areas near the
lesion sites or associated with urinary excretion. No additional
analyses were performed on any of these secretions. These find-
ings are consistent with abnormal urinalysis findings of blood and
protein in urine, which became macroscopic with urinary tract
lesion lysis. Gross hematuria was not persistent or continuous.

In addition, there were no clinically significant findings for vital
signs or viral testing. Antiplasminogen antibodies were not
detected in any patient.

Discussion
Replacement therapy with human Glu-plasminogen consistently
increased plasminogen activity levels and improved the clinical
symptoms of children and adults with congenital plasminogen
deficiency. Upon administration, physiological levels of plas-
minogen activity were achieved and maintained for ;24 hours
after the first dose and for ;48 hours after the week 12 dose.
During this period, mean plasminogen activity AUC0-t increased
;1.5-fold. Moreover, target trough plasminogen activity levels
were achieved and sustained across the course of the treatment
period. The rare instances where trough levels were not main-
tained were due to changes in infusion intervals (patients 1, 2, 10,
12, 13, and 14; Table 2), emphasizing the importance of main-
taining the prescribed dosing intervals. These findings coincided
with overall clinical success in the resolution or improvement of
lesions associated with congenital plasminogen deficiency.

Most patients in this study had significant disease history and
burden. All but 1 patient had LC, with most patients having
multisystem manifestations. In most patients, the first clinical
manifestation occurred during infancy or early childhood. This
finding is consistent with the literature3,5,19 and may partly be
associated with a higher general susceptibility to external irri-
tants (eg, dust, local infections, small foreign bodies, and minor
injuries after scratching) and higher vulnerability of the mucous
membranes at this early age.5 Moreover, such irritants and/or
vulnerability may initiate or serve to perpetuate local inflammation
and formation of ligneous lesions on other mucous membranes.5

Once triggered, the clinical manifestations of congenital plas-
minogen deficiency can persist for several months to years, the
duration likely dependent on the endogenous plasminogen levels
and/or susceptibility for further injury.5 In this study, prior clinical
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Figure 2. Mean plasminogen activity levels after the first and week 12 doses of
plasminogen (human). (A) Mean plasminogen activity levels after the first dose of
plasminogen (human) in 14 patients with hypoplasminogenemia; this includes
6 patients (1 child and 5 adults) who received a single 6-mg/kg dose in the phase 1
study (2002C005G) and 8 patients (4 children and 4 adults) who received a single
6.6-mg/kg dose in the phase 2/3 study. (B) Mean plasminogen activity levels after the
week 12 dose of 6.6 mg/kg plasminogen (human) in the same 14 patients.

1306 blood® 22 MARCH 2018 | VOLUME 131, NUMBER 12 SHAPIRO et al

D
ow

nloaded from
 http://ashpublications.org/blood/article-pdf/131/12/1301/1405457/blood806729.pdf by guest on 30 Septem

ber 2024



manifestations ranged in duration from 1 to 42 years, with themost
extensive disease histories observed in patients with plasminogen
activity ,5%.

Study participant’s disease histories also provide important in-
sight into the limitations of prior treatment options. Although
surgical removal of pseudomembranes provides an acute
treatment effect, its effectiveness is limited by lesion regrowth
likely triggered by the procedure itself.1,5 This finding is most

evident in patients who had undergone multiple surgical pro-
cedures prior to study enrollment. One patient with a plas-
minogen activity level ,5% had a history of at least 18
conjunctival surgeries and at least 43 laryngoscopies and/or
bronchoscopies to remove airway lesions. Other treatment
options (plasminogen-containing and non–plasminogen-containing
eye drops and/or systemic fresh frozen plasma infusion) appeared
less than optimally effective, as disease burden recurred or persisted
despite their use.

Table 3. Clinical response to plasminogen (human)

Patient* Sex
Age
(y) Lesion site

Lesion assessment

Baseline Wk 4 Wk 8 Wk 12 Wk 24

1 F 39 Left eye 10 mm 3 2 mm Resolved Resolved Resolved Resolved
Right eye 10 mm 3 2 mm Resolved Resolved Resolved Resolved
Cervix Present Not assessed Not assessed Not assessed Not assessed

2 M 35 Left eye 15 mm 3 5 mm Resolved Resolved Resolved Resolved

4 F 24 Upper gingiva Nonmeasurable† Resolved Resolved Resolved Resolved
Bronchus Present Resolved Resolved Resolved Resolved

6 F 37 Left eye Nonmeasurable Resolved Resolved Resolved Resolved
Right eye Nonmeasurable Resolved Resolved Resolved Resolved
Gingiva (5 locations) Nonmeasurable Resolved Resolved Resolved Resolved
Right nares Present‡ Resolved Resolved Resolved Resolved
Bronchus Present Not assessed Not assessed Improved Improved
Renal Present Not assessed Not assessed Improved Improved

7 F 24 Cervix Present Not assessed Not assessed Not assessed Resolved

8 F 5 Right eye, lower lid 10 mm 3 5 mm 1 mm 3 1 mm Resolved Resolved Resolved
Right eye, upper lid 15 mm 3 5 mm 5 mm 3 2 mm 5 mm 3 2 mm Nonmeasurable§ Resolved
Vagina Present Not assessed Not assessed Not assessed Not assessed

9 F 16 Colon Present Not assessed Not assessed Resolved Resolved
Vagina Present Not assessed Not assessed Resolved Resolved

10 F 11 Left eye 5 mm 3 3 mm Resolved Resolved Resolved Resolved
Colon Present Not assessed Not assessed Not assessed Not assessed

12 M 33 Left eye 4 mm 3 4 mm 3 mm 3 2 mm Resolved Resolved NA
Right eye 4 mm 3 4 mm 2 mm 3 2 mm Resolved Resolved NA
Lower gingiva Nonmeasurable Improved Improved Improved NA
Upper gingiva Nonmeasurable Improved Improved Improved NA
Acne|| Nonmeasurable Improved Improved Improved NA
Wounds/scars, hands|| Nonmeasurable Improved Improved Improved NA
Plantar warts, feet|| Nonmeasurable Improved Improved Improved NA
Palmar warts, hands|| Nonmeasurable Improved Improved Improved NA

13 F 33 Left eye 4 mm 3 3 mm 2 mm 3 2 mm 1.5 mm 3 1.5 mm Resolved NA
Scar, right shoulder|| Nonmeasurable Unchanged Unchanged Improved NA
Scar, right underarm|| Nonmeasurable Unchanged Unchanged Improved NA

14 F 42 Left eye Nonmeasurable Improved Improved Resolved NA
Right eye Nonmeasurable Improved Improved Resolved NA
Lower gingiva Nonmeasurable Unchanged Improved Improved NA
Upper gingiva Nonmeasurable Unchanged Improved Improved NA
Tumors, wrists|| Nonmeasurable Improved Improved Improved NA
Palmar warts, hands|| Nonmeasurable Improved Improved Improved NA

F, female; M, male; NA, not available.

*Patients 3, 5, and 11 did not have lesions present at baseline.

†Clinically visible lesions that were too small to measure using the millimeter scale were described as nonmeasurable.

‡Lesion in the right nares was not accessed via photography; therefore, it was considered a nonvisible lesion.

§Size of lesion decreased by 98% at week 12 to a point where it was no longer measurable using the millimeter scale.

||Manifestations representing abnormal wound healing due to congenital plasminogen deficiency.
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In the literature, clinical success was observed in several patients
with LC who achieved plasminogen activity trough levels 7% to
20% above baseline following systemic Lys-plasminogen.7,18-20

The concept of plasminogen replacement therapy as a treatment
of clinical manifestations of congenital plasminogen deficiency is
supported by these historical reports. This study evaluated the
native circulating and longer half-life form of plasminogen, Glu-
plasminogen. The drug substance is derived from human plasma
collected from healthy North American donors through a process
that incorporates purification, concentration, filtration, pH, and
buffer exchange steps, as well as affinity chromatography, solvent/
detergent treatment, and nanofiltration to remove viruses.

Despite the extensive morbidity of enrolled patients, a signifi-
cant clinical effect was evident as early as 4 weeks as 14 visible
lesions in the conjunctiva and gingiva resolved by at least 90% in
size (100% overall success rate), with 12 of these lesions dis-
appearing. Of the 2 remaining visible lesions, 1 resolved at week
8 and 1 was no longer measurable at week 12 (this lesion re-
solved at week 24); these lesions occurred in a young child
whose baseline disease burden was the largest among all pa-
tients assessed in the interim analysis. Moreover, 9 lesions
showed improvement by week 4. This clinical effect persisted
through 12 weeks and for all of these lesions through 24 weeks
(for those patients who had 24-week data as of the data cutoff
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Figure 3. LC before and after replacement therapy
with plasminogen (human). (A) Left eye lesion for pa-
tient 2 at day 0, prior to administration of plasminogen
(human). The subject received plasminogen (human) at
an IV dose of 6.6 mg/kg every second day. (B) Complete
resolution of the left eye lesion after 4 weeks of treat-
ment with plasminogen (human).

Table 4. Adverse events in the safety population

Adverse event*

Patient population, n (%)

Adults (n 5 9) Children (n 5 5) Combined (N 5 14)

Headache 4 (44) 2 (40) 6 (43)

Nasopharyngitis 3 (33) 2 (40) 5 (36)

Abdominal pain, upper 1 (11) 3 (60) 4 (29)

Nausea 3 (33) 1 (20) 4 (29)

Diarrhea 2 (22) 1 (20) 3 (21)

Cough 0 3 (60) 3 (21)

Rhinorrhea 2 (22) 1 (20) 3 (21)

Dyspepsia 1 (11) 1 (20) 2 (14)

Vomiting 1 (11) 1 (20) 2 (14)

Sinusitis 2 (22) 0 2 (14)

Urinary tract infection 1 (11) 1 (20) 2 (14)

Epistaxis 2 (22) 0 2 (14)

Back pain 2 (22) 0 2 (14)

Pain in extremity 2 (22) 0 2 (14)

Hematuria 2 (22) 0 2 (14)

Dysmenorrhea 1 (11) 1 (20) 2 (14)

Adverse events were coded by version 18.0 of the Medical Dictionary for Regulatory Activities using preferred terms.

*Shown are events that occurred in $2 patients as of the data cutoff date for the interim analysis, regardless of the relationship to the study drug.
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date of the interim analysis). Improvement was also seen for the 8
manifestations of abnormal wound healing. A similar effect was
also observed for other disease manifestations, as 7 nonvisible
lesions in the nasopharynx, bronchus, kidney, colon, cervix, and
vagina either completely resolved or improved. Moreover, in a
patient with chronic bronchial lesions, spirometry testing dem-
onstrated .75% improvement in FEV1 from week 4 to week 12.
It is important to note that this patient had persistent variable
intrathoracic airways obstruction on the flow volume loop likely
due to chronic tracheal injury, highlighting the need for treatment
at an early age to avoid the permanent consequences of this
disease. The sustainability of this clinical effect without recurrence
of lesions or emergence of new lesions through 48 weeks of
treatment is currently being investigated in the ongoing study.

The physiological role of plasminogen replacement therapy for
the dissolution of mucosal lesions was supported by laboratory
evidence of increased fibrinolysis in 3 patients with clinically
significant elevations in D-dimer temporally related to clinical
response (reduction or resolution of lesions). All 3 patients had
plasminogen activity,5% and large disease burden at baseline.
Similar D-dimer elevations were reported in the Lys-plasminogen
studies.7,19 Dissolution of mucosal lesions may result in minor
bleeding and/or tissue sloughing. Adverse events such as epi-
staxis, hematuria, or dysmenorrhea and/or laboratory abnor-
malities such as blood in urine also provide evidence of the
physiologic activity of plasminogen (human). Such events were
observed in our study.

Plasminogen (human) was well tolerated at the time of the in-
terim analysis, as no patient experienced a serious adverse event
or adverse event that resulted in permanent discontinuation of
study drug. Headache and nasopharyngitis were themost common
adverse events in both children and adults.

In conclusion, this study provides the critical first evidence
of the clinical utility of ongoing replacement therapy with
human Glu-plasminogen for the treatment of children and adults
with congenital plasminogen deficiency. Upon administration,
physiological levels of plasminogen activity are achieved that
temporally coincide with clinical efficacy and improved disease
management. This product represents a pivotal breakthrough in
the treatment of this very rare coagulation deficiency and an
important therapeutic advance for affected patients who have

suffered under the burden of their disease due to lack of an
available efficacious therapy.
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