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Abstract

Background

Recommended management of attacks of hereditary angioedema (HAE) due to C1 esterase
inhibitor (C1-INH) deficiency (C1-INH-HAE) includes therapy with exogenous C1INH.
Thrombotic/thromboembolic events (TEE) have been reported with plasma-derived C1INH, but
so far none with recombinant human C1INH (thC1INH). This phase III, randomized, placebo
(saline)-controlled study evaluated the safety of rhC1INH 50 IU/kg for the treatment of acute

attacks in 74 C1-INH-HAE patients.

Methods

Monitoring for TEE and assessment of risk of deep vein thrombosis (DVT) by the Wells
Prediction Rule were performed, and levels of fibrin degradation products (plasma D-dimers)
were assessed before study drug administration (Baseline), two hours and seven days post-

treatment.

Results

Plasma D-dimer levels were elevated in 80% of the patients (median [25“‘—75th percentiles]: 2149
[480-5105] pg/L; normal <250 pug/L), and were higher in patients with submucosal (abdominal,
oropharyngeal-laryngeal) attacks (3095 [890-10000] pg/L; n=29) compared with subcutaneous
(peripheral, facial) attacks (960 [450—4060] pg/L; n=35). Median plasma D-dimer levels were
comparable across treatment groups at baseline (1874 [475-4568] pg/L rhC1INH; 2259 [586—
7533] pg/L saline) and two hours post infusion (2389 [760—-4974] pug/L thC1INH; 2550 [310—

8410] pg/L saline); median plasma D-dimer levels decreased by Day 7 in both groups (425 [232-
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3240] pg/L rhC1INH; 418 [246-2318] pg/L saline). No increased risk of DVT was identified,

nor any TEE reported in thC1INH treated or controls.

Conclusion
Elevated plasma D-dimer levels were associated with acute C1-INH-HAE attacks, particularly
with submucosal involvement. However, rhC1INH therapy was not associated with thrombotic

events.
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Introduction

Activation of the contact-kinin pathway in patients with hereditary angioedema (HAE) due to C1
esterase inhibitor (C1INH) deficiency (C1-INH-HAE) results in bradykinin generation, vascular
leakage, accumulation of watery fluid in the tissues and edema formation (1). Additionally, when
Factor XII (FXII) becomes activated (FXIlIa) in vitro, particularly in the absence of its main
serine-protease inhibitor- C1INH, FXIla and kallikrein may activate plasminogen, resulting in
plasmin formation. Plasmin is the principal enzyme that degrades stable fibrin lattices (2).
Moreover, plasmin facilitates the cleavage of high molecular weight kininogen by kallikrein,
thus increasing bradykinin generation and edema formation (3). Plasminogen activation by FXIIa
may be due to the high homology of FXII and tissue plasminogen activator (tPA), a major
fibrinolysis initiator (4), and to similarity in their catalytic sites (both are inhibited by corn

trypsin inhibitor - CTI) (5). In addition, endothelial cell activation has been shown to be
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associated with elevated FXII-dependent fibrinolytic activity (6) and plasminogen activation is
triggered by bradykinin-stimulated release of tPA from the surface of endothelial cells (7).
Indeed, high levels of procoagulant and fibrinolytic activity have been demonstrated in C1-INH-
HAE patients during acute attacks and remissions (8-11). In clinical practice, elevated plasma
D-dimers are considered biomarkers of extensive thrombosis but are also elevated in certain non-

pathologic conditions (12).

Despite evidence of extensive activation of both coagulation-contact and fibrinolytic systems,
relatively low rates of spontaneous thromboembolic events (TEEs) have been reported in patients
with C1-INH-HAE. However, recent reports of TEE during treatment with commercially-
available human plasma-derived C1 inhibitor (pdC1INH) products have raised concerns. Up to
ten confirmed and seven possible cases of TEE have been associated with the use of pdC1INH
(Cinryze®) in both controlled clinical trials and in post-marketing studies; of which five were
considered serious (13). Similarly, TEE have been associated with recommended and off-label
high-doses of another pd C1INH - Berinert® (14). Animal studies have also supported a potential

risk of thrombosis from intravenous administration of pdC1INH products (15).

Recombinant C1INH (thC1INH, conestat alfa, Ruconest®) is a novel product homologous to
human C1INH and produced in transgenic rabbits (16). To date, no TEE has been observed
following repeated treatments with thC1INH in 250 patients with over 1000 administrations (17-
21). Furthermore, animal studies have corroborated lack of thrombotic risk, including a no-
observed-adverse-effect level of 2,000 [U/kg/day, in a 14-day repeated dose toxicity study in

cynomolgus monkeys (22).
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Here, we present results of a clinical study where plasma D-dimers were measured in C1INH-
HAE patients during acute attacks and after treatment with thC1INH, and evaluate their utility as

a biomarker of fibrinolytic activity and potential probe of disease activity.

Materials and methods

Patients and study design

Seventy-five patients participated in a randomized, double-blind, placebo controlled study to
evaluate the efficacy and safety of thC1INH compared with saline, for the treatment of acute
angioedema attacks in patients with C1-INH-HAE (http://www.clinicaltrials.gov; identifier

NCTO01188564).

Patients (age >13 years), with a laboratory-confirmed diagnosis of C1-INH-HAE, were
randomized (3:2) to receive an intravenous injection of rhC1INH (50 IU/kg for patients <84 kg,
or 4200 IU for patients >84 kg) (17) or saline. One patient randomized to the rhC1INH group
was withdrawn at the discretion of the investigator, did not receive study medication, and has not
been included in the current analysis (Safety population, N=74). Thirteen patients in the saline
treatment group received thC1INH as rescue medication for acute attacks. For all analyses, these
patients are included in the saline summaries up until the time they received rescue medication,

and are included in the thC1INH summaries afterward.

C1-INH-HAE patients with peripheral (extremities), abdominal, facial, or oropharyngeal-

laryngeal attacks were eligible for thC1INH treatment if the onset of attack was less than 5 hours

prior to presentation to the clinic. Overall severity of the attack was rated by the patient to be =50
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mm on a Visual Analog Scale (VAS, markings made on a 0-100mm horizontal line represent the
severity/intensity of each item) (17). For patients with multiple eligible attack locations, the
primary attack location was defined as the location with the highest VAS score at baseline. All
patients provided written informed consent. The study was approved by the local Institutional

Review Board at each site.

Thrombotic risk assessments

All randomized patients were clinically monitored for TEE including deep vein thrombosis
(DVT) and pulmonary embolism (PE). The risk of DVT was also assessed by using the Wells
prediction rule (23). Patients with an increase in D-dimer levels were to be clinically evaluated

for the possible development of TEE, including ultrasound examination as indicated.

Plasma sample collection
For determination of D-dimer levels in the plasma, citrated blood samples were collected at
baseline (i.e., prior to intravenous injection of study medication or placebo), at two hours and at

Day 7 (after the attack resolved) following intravenous injection of study medication or placebo.

Plasma D-dimer measurement

This was a multicenter study where separated plasma samples were sent immediately to local
laboratories for measurement of plasma D-dimer levels, according to standard protocols. D-
dimer levels were measured by two Latex-based turbidometric immunoassays: Hemos-IL D-

Dimer HS (Instrumentation Labs, Bedford MA, USA) and Innovance D-Dimer (Siemens AG,
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Erlangen, Germany). Results in FEU (Fibrinogen Equivalent Units) were converted to DDU (D-

Dimer units). Values of <250 pg/L were considered normal in the final analysis.

Statistics

Data were analyzed using SAS software version 9.3. All data were summarized by descriptive
statistics using the Safety population. Descriptive statistics for continuous variables include the
mean, standard deviation, median, interquartile range (25th and 75™ percentiles), and range
(minimum and maximum values); categorical variables were presented as counts (n) and
percentages (%). Plasma D-dimer levels were summarized and presented by time point (baseline,
2 hours, and Day 7 post-treatment), and treatment group, based on anatomical location
(submucosal versus subcutaneous) and baseline severity (moderate: VAS between 50 and 75
mm; severe >75 mm) at the primary attack location. The Wilcoxon Rank-Sum test was used to
compare medians for plasma D-dimer levels in patients presenting with submucosal versus

subcutaneus attacks.

Results

Patient demographics

Seventy-four patients presenting with eligible acute attacks were randomized and received either
50 IU/kg rhC1INH (N=43) or saline (N=31). Patient disposition, key demographics, and HAE
attack frequency and severity of the eligible attack were similar between groups (Table 1).
Attack severity at baseline, as rated by the patients using a 100 mm VAS scale, was similar in
both groups (group means: 73.5 mm [rthC1INH] vs. 77.3 mm [saline]). The most common

primary attack locations were peripheral and abdominal, and were similar in the thC1INH and
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the saline groups (peripheral: 44% rhC1INH and 45% saline; abdominal: 37% rhC1INH and

39% saline).

Thrombotic or Thromboembolic Adverse Events
There were no reports of thrombotic or thromboembolic adverse events in patients treated with

rhC1INH or placebo.

Risk of deep vein thrombosis

Wells scores were available for 39 of 43 rhC1INH-treated patients and 30 of 31 saline-treated
patients. None of the patients were identified as having an increased risk for DVT based on these
scores (23). Ultrasounds performed on two patients (1 thC1INH and 1 saline) were normal in

both abdomen and lower extremities with no evidence of DVT.

Plasma D-dimer levels

Median plasma D-dimer levels were elevated in the patients at baseline (2149 [IQR: 480-5105]
pg/L, normal range <250 ng/L) (Table 2), with 51 of 64 patients (79.7%) having levels above
normal. D-dimer levels continued to increase in all patients two hours after treatment with either
rhC1INH or saline, to a median level of 2469 (643—-5827) ug/L. By Day 7 post-treatment, D-
dimer levels in both treatment groups regressed towards near-normal levels. Median plasma D-
dimer levels were not statistically different between the groups at two hours (p=0.8706) and Day
7 (p=0.9753) after treatment with either rhC1INH or saline (Figure 1), suggesting that treatment

with rhC1INH did not influence plasma D-dimer production in C1-INH-HAE patients.
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There were 15 submucosal (abdominal, oropharyngeal-laryngeal) attacks and 21 subcutaneus
(facial, peripheral) attacks treated with thC1INH; 14 submucosal and 14 subcutaneus attacks
were treated with saline (Table 3 and Figure 2). Median plasma D-dimer levels were at least
three-fold higher at baseline (p=0.0274) and two hours post-treatment (p=0.0126) in patients

with submucosal attacks compared to patients with subcutaneus attacks.

Overall, median baseline plasma D-dimer levels were similar in patients with moderate (1674
[593-5241] pg/L) and severe (2320 [260-5550] ug/L) attacks (Table 4). Of note, severe attacks
treated with rhC1INH did tend to have lower plasma D-dimer values (280 [109-925] ug/L) by

Day 7 than those treated with saline (560 [273-4056] pug/L; p=0.1323, not significant).

Sixty-four patients reported single site attacks and ten reported multiply affected site attacks. At
baseline and at two hours, median plasma D-dimer levels were higher in patients with multiple
affected locations than in patients with single locations. By Day 7, D-dimer levels had returned

to near-normal for both groups (Figure 3).

Discussion

In the absence of normal inhibition by C1INH, kinin-contact pathway activation is accelerated,
resulting in bradykinin generation and tissue edema (1). Additionally, increased fibrinolytic
activity has been demonstrated in patients during HAE attacks and even in remissions (8-11, 24-
25). Moreover, activation of coagulation may give rise to prothrombin fragments F1+2, factor
Vlla and thrombin, with similar activation observed during HAE attacks (10, 11). In a recent

study by van Geffen et al. (25) activated and ‘non-activated’ plasma (taken during attacks and

This article is protected by copyright. All rights reserved.



remissions) were studied in C1-INH-HAE patients. Interestingly, F1+2, thrombin, and
fibrinolysis markers (PAP, D-dimers) were significantly elevated during attacks as compared to
remissions and healthy controls. Despite this, spontaneous TEE has been rarely reported in HAE
patients, implying that fibrin degradation occurs in the absence of increased thrombotic risk (11,

24).

The therapeutic use of pdC11INH is generally considered safe, although concerns have been
recently raised regarding the risk for TEE for other C1INH’s (13-14). Some events were possibly
related to very high off-label doses of pdC1INH (i.e., in Capillary-leak syndrome) but others
occurred during therapy for HAE with recommended doses (13). Therefore, thrombogenicity
might have been related to the C1INH protein itself, any impurities in the preparation, its
production process, batch-to-batch heterogeneity, delivery systems, or patient factors. For
example, human plasma products such as therapeutic immunoglobulins, may carry
prothrombotic risk, as increased amidolytic activity of kallikrein and FXIa contaminants has
been recently demonstrated by Etscheid et al. (26). In view of these reports and the lifelong need
for large amounts of pdC1INH for both on-demand and prophylactic purposes, potential risks

should be reassessed.

Since recombinant C1INH (Ruconest®, rhC1INH) is the newest on the market, its potential
thrombogenic risk was recently investigated by Relan et al. (27). This study demonstrated that
although coagulation and fibrinolysis pathways were indeed activated during acute attacks,
treatment with rhC1INH had little or no effect on other coagulation markers, suggesting that it

does not exert prothrombotic activity in vivo (16, 22).
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The present study focused on plasma D-dimers because these are considered a reliable and
sensitive index of thrombosis in vivo and indicative of a dynamic process of thrombus formation
and lysis (12). In clinical practice, D-dimers are elevated in various thrombotic conditions,
including venous thromboembolism, disseminated intravascular coagulation, and
cerebrovascular accidents (28). However, D-dimers have also been shown to be elevated in

conditions without clinical evidence for thrombosis (29-31).

Despite such limitations, plasma D-dimers are regarded as useful laboratory markers for the
diagnosis of thrombotic conditions (12). Our study corroborates other studies, which have
suggested that, despite elevated plasma D-dimers at baseline and during attacks, C1-INH-HAE
patients are not at increased thrombotic risk (24, 25, 27). This seemingly paradoxical situation,
where activation of the contact coagulation (i.e., via factor XI), kinin pathway and fibrinolytic
systems does not lead to increased thrombosis, is reconciled by the observation that while FXII-
driven fibrin formation is important for pathologic thrombus formation, it has no important
function in fibrin formation during normal hemostasis (26). In this context it is of interest that
bradykinin B2 receptor-deficient mice (a rodent model of HAE) are protected from thrombosis
(33). Furthermore, there is recent evidence for a dichotomy between bradykinin formation by
activated contact system and lack of pro-coagulant activity in both human and rodent systems
(34). Maas et al. have shown that activation of FXII by misfolded proteins or heparin, initiate
contact system activation without triggering the intrinsic (FXIIa/FXIa dependent) coagulation
pathway, while activation by naturally occurring polyanions (i.e., polyphosphates released by
microorganisms or platelets) triggers fibrin formation in a FXII dependent manner (32, 34). We

propose that in C1-INH-HAE patients subclinical formation of fibrin degradation products (i.e.,
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D-Dimers) may reflect a disturbed balance between coagulation and fibrinolysis. Recently,
Koning et al. (11) have shown that there is no preferential activation of the contact over the
intrinsic coagulation system in C1-INH-HAE, and proposed that the absence of thrombotic
complications is due to other regulatory mechanisms controlling the coagulation and fibrinolysis

cascades (11).

Our results do show higher plasma D-dimer levels in C1-INH-HAE patients during attacks, as
compared to remission, i.e., at seven days after the attack, which may imply that this parameter
might be suitable as a biomarker of disease activity, so much desired in this intermittent disease.
Such changes were especially prominent in submucosal-type attacks (abdominal, oropharyngeal-
laryngeal) as compared with skin involvement, which may indicate an organ specific association.
The contact system can assemble on endothelial surfaces, where C1INH is less capable of
inactivating FXII and kallikrein, which may enhance local contact system activity (34). It seems
plausible that the extent of endothelial involvement or vascular permeability changes (35) may
have contributed to the differences observed in this study, since more extensive attacks at

multiple locations were also associated with higher D-dimer levels.

Evidently, the administration of thC1INH does not reduce elevated D-dimer levels (which
remained high in the saline-treated cohort as well), suggesting that the major source of ongoing
coagulation in C1-INH-HAE is unrelated to activation of the intrinsic pathway, and thrombus
formation does not necessarily follow after Factor XII activation (32, 34). This indicates that the
major source of plasmin activity responsible for D-dimer formation in C1-INH-HAE, is

unrelated to the Factor XII-dependent intrinsic pathway, which is in line with in vivo studies
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demonstrating that the large majority of plasminogen activation is attributable to tPA and uPA
(6). The source of increased plasma D-dimers in C1-INH-HAE patients is presently unknown.
We can only speculate that local fibrin lattice formation and stabilization may be related to
several factors, such as extensive endothelial hyper-permeability, vascular leakage, extravascular

tissue-factor or a systemic inflammatory process.

We recognize that the main limitation of this study is that it represents the results of a single
treatment, whereas in real-life situation C1-INH-HAE patients undergo repeated treatments with

multiple doses of C1INH.

In conclusion, based on the analyses of this cohort, as well as other RCT's and clinical
experience (17-21), we suggest that thC1INH does not carry an increased pro-thrombotic risk.
Moreover, this study indicates that increased plasma D-dimer levels are strongly associated with
acute C1-INH-HAE attacks. The value of measuring plasma D-dimers in the decision-making

process of C1-INH-HAE treatment needs to be evaluated by RCT's specifically designed for this

purpose.

Acknowledgements
The authors acknowledge Reshma Shringarpure, PhD, formerly of Santarus, for writing portions
of the manuscript. Pharming provided the data and statistical analyses. Santarus/Salix assisted

with the editing and submission.

This article is protected by copyright. All rights reserved.



Author Contributions

A. Reshef contributed data for interpretation, to the interpretation of the data, and wrote the
original manuscript and further versions. A. Zanichelli and H. Longhurst contributed to the
clinical study and to the interpretation of the data. A. Relan contributed to the design of the trial
and to the interpretation of the data. C. E. Hack contributed to the interpretation of the data. All
authors contributed to the drafting or revision of the manuscript and provided final approval of

the manuscript for submission.

Funding Statement
Supported by Pharming Technologies BV, Leiden, The Netherlands, and Santarus, Inc., a wholly
owned subsidiary of Salix Pharmaceuticals, Inc.

Conflicts of Interest

A. Reshef has received research funding, travel grants and speaker honorariums from the
following companies: Dyax, CSL Behring, Shire, Pharming, Cephalon, Teva. Advisor and
speaker for Shire HGT.

A. Zanichelli has received funding to attend conferences and other educational events, acted as
medical advisor or speaker and participated in clinical trials with the following companies: CSL
Behring, Shire, Sobi and ViroPharma.

H. Longhurst has received funding to attend conferences and other educational events, acted as
medical advisor or speaker, received donations to her departmental fund, received financial and
other assistance with patient care projects and/or participated in clinical trials with the following
companies: Biocryst, CSL Behring, SOBI Biovitrum, Shire, Dyax, ViroPharma.

A. Relan is an employee and shareholder of Pharming Technologies BV.

C. E. Hack has received consultancy fees from Pharming Technologies in the past.

This article is protected by copyright. All rights reserved.



References

1.

Kaplan AP. Enzymatic pathways in the pathogenesis of hereditary angioedema: the role of
C1 inhibitor therapy. J Allergy Clin Immunol 2010;126:918-925.

Kluft C, Trumpi-Kalshoven MM, Jie AFH, Veldhuyzen-Stolk EC. Factor XII-dependent
fibrinolysis: a double function of plasma kallikrein and the occurrence of a previously
undescribed factor XII- and kallikrein-dependent plasminogen proactivator. Thromb
Haemost 1979;41:756-773.

Kleniewski J, Blankenship DT, Cardin AD, Donaldson V. Mechanism of enhanced kinin
release from high molecular weight kininogen by plasma kallikrein after its exposure to
plasmin. J Lab Clin Med 1992;120:129-139.

Stavrou E, Schmaier AH. Factor XII: what does it contribute to our understanding of the
physiology and pathophysiology of hemostasis & thrombosis. Thromb Res 2010;125:210-
215.

Nielsen VG. Corn trypsin inhibitor decreases tissue-type plasminogen activator-mediated
fibrinolysis of human plasma. Blood Coagul Fibrinolysis 2009;20:191-196.

Levi M, Hack CE, de Boer JP, Brandjes DP, Biiller HR, ten Cate JW. Reduction of contact
activation related fibrinolytic activity in factor XII deficient patients. Further evidence for
the role of the contact system in fibrinolysis in vivo. J Clin Invest 1991;88:1155-1160.
Brown NJ, Gainer JV, Stein CM, Vaughan DE. Bradykinin stimulates tissue plasminogen
activator release in human vasculature. Hypertension 1999;33:1431-1435.

Waage Nielsen E, Thidemann Johansen H, Hggasen K, Wuillemin W, Hack CE, Mollnes
TE. Activation of the complement, coagulation, fibrinolytic and kallikrein-kinin systems

during attacks of hereditary angioedema. Scand J Immunol 1996;44:185-192.

This article is protected by copyright. All rights reserved.



10.

11.

12.

13.

14.

15.

16.

Cugno M, Hack CE, de Boer JP, Eerenberg AJ, Agostoni A, Cicardi M. Generation of
plasmin during acute attacks of hereditary angioedema. J Lab Clin Med 1993;121:38-43.
Cugno M, Cicardi M, Bottasso B, Coppola R, Paonessa R, Mannucci PM, et al. Activation
of the coagulation cascade in Cl-inhibitor deficiencies. Blood 1997;89:3213-3218.
Konings J, Cugno M, Suffritti C, ten Cate H, Cicardi M, Govers-Riemslag JWP. Ongoing
contact activation in patients with hereditary angioedema. PLoS One 2013;8:e74043.
Bates SM. D-dimer assays in diagnosis and management of thrombotic and bleeding
disorders. Semin Thromb Hemost 2012;38:673-682.

Gandhi PK, Gentry WM, Bottorff MB. Thrombotic events associated with C1 esterase
inhibitor products in patients with hereditary angioedema: investigation from the United
States Food and Drug Administration adverse event reporting system database.
Pharmacotherapy 2012;32:902-909.

German Medical Profession’s Drugs Committee. Severe thrombus formation of Berinert®
HS. Deutsches Arzteblatt 2000:97:A-1016. Available at:
http://www.aerzteblatt.de/archiv/22549/Arzneimittelkommission-der-deutschen-
Aerzteschaft-Schwerwiegende-Thrombenbildung-nach-Berinert-HS. Accessed January 12,
2015.

Horstick G, Berg O, Heimann A, Gotze O, Loos M, Hafner G, et al. Application of C1-
esterase inhibitor during reperfusion of ischemic myocardium: dose-related beneficial
versus detrimental effects. Circulation. 2001;104:3125-3131.

van Veen HA, Koiter J, Vogelezang CJIM, van Wessel N, van Dam T, Velterop I, et al.
Characterization of recombinant human C1 inhibitor secreted in milk of transgenic rabbits.

J Biotechnol 2012;162:319-326.

This article is protected by copyright. All rights reserved.



17.

18.

19.

20.

21.

22.

23.

Zuraw B, Cicardi M, Levy RJ, Nuijens JH, Relan A, Visscher S, et al. Recombinant human
Cl-inhibitor for the treatment of acute angioedema attacks in patients with hereditary
angioedema. J Allergy Clin Immunol 2010;126:821-827.e14.

Reshef A, Moldovan D, Obtulowicz K, Liebovich I, Mihaly E, Visscher S, et al.
Recombinant human C1 inhibitor for the prophylaxis of hereditary angioedema attacks: a
pilot study. Allergy 2013;68:118-124.

Riedl MA, Bernstein JA, Li H, Reshef A, Lumry W, Moldovan D, et al. Recombinant
human Cl-esterase inhibitor relieves symptoms of hereditary angioedema attacks: phase 3,
randomized, placebo-controlled trial. Ann Allergy Asthma Immunol 2014;112:163-169.
Farrell C, Hayes S, Relan A, van Amersfoort ES, Pijpstra R, Hack CE. Population
pharmacokinetics of recombinant human C1 inhibitor in patients with hereditary
angioedema. Br J Clin Pharmacol 2013;76:897-907.

Riedl MA, Levy RJ, Suez D, Lockey RF, Baker JW, Relan A, et al. Efficacy and safety of
recombinant C1 inhibitor for the treatment of hereditary angioedema attacks: a North
American open-label study. Ann Allergy Asthma Immunol 2013;110:295-299.

European Medicines Agency. Ruconest EPAR. (EMEA summary for the public). Available
at: http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-
_Public_assessment_report/human/001223/WC500098546.pdf. Accessed November 25,
2013.

Wells PS, Anderson DR, Rodger M, Ginsberg JS, Kearon C, Gent M, et al. Derivation of a
simple clinical model to categorize patients probability of pulmonary embolism: increasing

the models utility with the SimpliRED D-dimer. Thromb Haemost 2000;83:416-420.

This article is protected by copyright. All rights reserved.



24.

25.

26.

27.

28.

29.

30.

31.

Cugno M, Zanichelli A, Bellatorre AG, Griffini S, Cicardi M. Plasma biomarkers of acute
attacks in patients with angioedema due to C1-inhibitor deficiency. Allergy 2009;64:254-
257.

van Geffen M, Cugno M, Lap P, Loof A, Cicardi M, van Heerde W. Alterations of
coagulation and fibrinolysis in patients with angioedema due to C1-inhibitor deficiency.
Clin Exp Immunol 2012;167:472-478.

Etscheid M, Breitner-Ruddock S, Gross S, Hunfeld A, Seitz R, Dodt J. Identification of
kallikrein and FXIa as impurities in therapeutic immunoglobulins: implications for the
safety and control of intravenous blood products. Vox Sang 2012;102:40-46.

Relan A, Bakhtiari K, van Amersfoort ES, Meijers JCM, Hack CE. Recombinant C1-
inhibitor: effects on coagulation and fibrinolysis in patients with hereditary angioedema.
BioDrugs 2012;26:43-52.

Adam SS, Key NS, Greenberg CS. D-dimer antigen: current concepts and future prospects.
Blood 2009;113:2878-2887.

von Kinel R, Bellingrath S, Kudielka BM. Association of vital exhaustion and depressive
symptoms with changes in fibrin D-dimer to acute psychosocial stress. J Psychosom Res
2009;67:93-101.

Tita-Nwa F, Bos A, Adjei A, Ershler WB, Longo DL, Ferrucci L. Correlates of D-dimer in
older persons. Aging Clin Exp Res 2010;22:20-23.

Dindo D, Breitenstein S, Hahnloser D, Seifert B, Yakarisik S, Asmis LM, et al. Kinetics of

D-dimer after general surgery. Blood Coagul Fibrinolysis 2009;20:347-352.

This article is protected by copyright. All rights reserved.



32. Maas C, Govers-Riemslag JWP, Bouma B, Schiks B, Hazenberg BPC, Lokhorst HM, et al.
Misfolded proteins activate factor XII in humans, leading to kallikrein formation without
initiating coagulation. J Clin Invest 2008;118:3208-3218.

33. Shariat-Madar Z, Mahdi F, Warnock M, Homeister JW, Srikanth S, Krijanovski Y, et al.
Bradykinin B2 receptor knockout mice are protected from thrombosis by increased nitric
oxide and prostacyclin. Blood 2006;108:192-199.

34. de Maat S, de Groot PG, Maas C. Contact system activation on endothelial cells. Semin
Thromb Hemost 2014;40:887-894.

35. Kajdécsi E, Jani PK, Csuka D, Varga LA, Prohaszka Z, Farkas H, et al. Endothelial cell
activation during edematous attacks of hereditary angioedema types I and II. J Allergy Clin

Immunol 2014;133:1686-1691.

This article is protected by copyright. All rights reserved.



Tables

Table 1. Patient demographics and baseline characteristics for safety population

rhC1INH Saline
(N=43) (N=31)
Female (%) 65 61
Caucasian (%) 95 97
Age at screening (y)
Mean (SD) 39.1 (12.63) 41.4 (15.38)
Range 17 -67 18 — 69
HAE attacks/y
Mean (SD) 25 (23.9) 31(27.2)
Range 0-143 3-111
Use of prophylactic maintenance 21 [49] 15 [48]
therapy (n [%])
Primary attack location (n [%])"
Peripheral 19 [44] 14 [45]
Abdominal 16 [37] 12 [39]
Facial 6 [14] 2 (6]
Oropharyngeal-laryngeal 2 [5] 3 [10]
Overall severity VAS score at baseline
for primary attack location (mm)*
Mean (SD) 73.5 (14.13) 77.3 (12. 61)
Range 50 - 100 49 - 100

“ For patients with >1 eligible attack location, the primary attack location was defined as
the eligible location with the highest Overall Severity VAS score at baseline.

HAE, hereditary angioedema; rhC1INH, recombinant human C1 esterase inhibitor; VAS,
Visual Analog Scale.
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Table 2. D-dimer levels over time in safety population

Percentage of Patients
with D-dimer levels

Time point D-Dimer Levels (ug/L) >250 pg/L”
Baseline
Mean (SD) 4211 (5622)
Median (25" — 75" percentile) 2149 (480 — 5105) 070
Range 6 — 24634
N 64
2 hours after treatment’
Mean (SD) 4421 (5740)
Median (25" — 75™ percentile) 2469 (643 — 5827)
Range 9 — 5827 83.8%
N 68
Day 7 after treatment’
Mean (SD) 1842 (2867)
Median (25" — 75" percentile) 425 (241 — 3240)
Range 1 -14250 73.4%
N 64

“Normal D-dimer levels are <250 pg/L.
" Thirteen patients who originally received saline solution subsequently received
rhC1INH as rescue medication. These patients are included in the saline solution
summaries up until the time they received rescue medication, and included in the

rhC1INH summaries afterwards.
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Table 3. D-dimer levels in HAE patients with submucosal versus subcutaneous locations of

the eligible attack

Time point /
Anatomical Location”

rhC1INH
(N=43)

Saline
(N=31)

Total
(N=74)

Baseline, pg/L
Submucosal’
Subcutaneous”

p-value

2 hours, pg/L
Submucosal
Subcutaneous

p-value

Day 7, ug/L
Submucosal
Subcutaneous

p-value

3095 (250-8676)
1000 (500-4060)
0.2050

4100 (1030-7731)
1080 (730-4260)
0.1771

768 (266—4250)
376 (150-1400)
0.1958

3055 (1700-11350)
899 (260-3800)
0.1029

5470 (2550-12500)
835 (310-2200)
0.0308

418 (245-2614)
453 (246-2318)
0.9581

3095 (890-10000)
960 (450-4060)
0.0274

4100 (1030-12140)
1070 (600-4100)
0.0126

454 (266-4250)
376 (168-1400)
0.2699

Values are presented as median (25"-75" percentiles).
“ Anatomical location represents the primary attack location (see Methods for description).
i Submucosal=Oropharyngeal-laryngeal, abdominal. No urogenital attacks were reported.

¥ Subcutaneous=Peripheral, facial.
HAE, hereditary angioedema; rhC1INH, recombinant human C1 esterase inhibitor.
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Table 4. D-dimer levels by severity at the primary attack location

Moderate Severe
n (G50mm,<75mm)° , (=75mm)’
Baseline, pug/L 24 1674 (593-5241) 39 2320 (260-5550)
2 hours, pg/L. 27 2000 (656-5884) 40 2678 (615-5840)
Day 7, ug/L 26 1025 (382-3770) 37 300 (150-1250)

Values are presented as number of patients who had D-dimer levels at each
time point and as median (25"-75™ percentiles).

* Severity is based on the overall VAS score at each visit at the primary
attack location.

VAS, visual analog scale.

Figure Legend

Figure 1. D-dimer (median, 25", 75™ percentile) levels over time in HAE patients treated
with rhC1INH or saline.

rhC1INH, recombinant human C1 esterase inhibitor.
Figure 2. D-dimer levels over time in HAE patients with submucosal versus subcutaneous
locations of the eligible attack.

rhC1INH, recombinant human C1 esterase inhibitor; SC, subcutaneous; SM, submucosal.

Figure 3. D-dimer levels over time in patients with multiple versus single affected locations.
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Figure 3.
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