Hereditary angioedema: Validation of the end point time
to onset of relief by correlation with symptom intensity
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ABSTRACT

Time to onset of symptom relief in hereditary angioedema (HAE) is a common primary end point in clinical studies but it has never been
validated by correlation with the course of HAE symptoms. This study was designed as a retrospective validation of the primary end point
for a placebo-controlled phase II/111 study in patients with HAE. Ninety-eight abdominal attacks were treated with 10 or 20 U/kg of a highly
purified C1 esterase inhibitor (C1-INH) concentrate or placebo. The primary end point was the titne to onset of sympton relief, as determined
by the patients. Patients assessed the intensity of the symptoms of pain, nausea, vomiting, cramps, and diarrhea over time. By Spearman
rank correlation, the primary end point was compared with the time to first reduction of (1) any symptom intensity, (2) the sum of symptom
intensity scores, and (3) the intensity of the last symptom present at baseline. The C1-INH, 20 U/kg, and placebo groups were compared
by one-sided two-sample Wilcoxon tests. The time to first reduction in intensity of the last symptom present at baseline had the highest
correlation with the primary end point (r = 0.77). The time to onset of symptom relief and the time to the first reduction in intensity of the
last symptom were significantly shorter for the C1-INH, 20 U/kg, group compared with placebo (p = 0.009 and p = 0.0036, respectively).
The association with the intensity of single symptoms confirmed that the time to onset of symptom relief is an appropriate end point for

assessing the efficacy of C1-INH therapy.

(Allergy Asthma Proc 32:36—42, 2011; doi: 10.2500/aap.2011.32.3404)

ereditary angioedema (HAE) is a rare autosomal-
dominant disorder caused by deficiency (type I)
or dysfunction (type II) of C1 esterase inhibitor (C1-
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INH)."? A third form of HAE (type III), which is the
most rare, is characterized by normal complement lev-
els and may be caused by mutations in the factor XII
gene.> C1-INH, belonging to the serine protease inhib-
itor family, is involved in the regulation of vascular
permeability by inhibition of the complement system,
the contact system, and the intrinsic coagulation sys-
tem.*

Clinically, HAE is characterized by skin swellings,
abdominal pain attacks, and rare episodes of life-
threatening upper airway obstruction.”® HAE attacks
typically worsen during the first 24 hours after onset
and then slowly subside over 24-72 hours.® The fre-
quency of attacks is variable, typically ranging from
one attack per year to weekly attacks in some patients.”

Replacement therapy with i.v. pasteurized C1-INH
concentrate is recommended as first-line therapy for
the treatment of acute attacks of HAE and for short-
term prophylaxis.°™ Berinert (CSL Behring, Marburg,
Germany) is a purified, double virus-inactivated (i.e.,
by two independent steps), human plasma-derived C1-
INH concentrate that replaces the missing or physio-
logically inactive protein and is approved in Europe,
the United States, and Japan for the treatment of acute
HAE attacks.! More than 300,000 treatments using this
product have been administered during >20 years of
use with an excellent safety profile.! Most recently, the
placebo-controlled International Multicenter Prospec-
tive Angioedema C1-INH Trial 1 (LM.P.A.C.T.1) study
established 20 U/kg as a safe and effective dosing
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recommendation for the treatment of acute HAE at-
tacks with C1-INH concentrate.'”

No objective clinical test exists for quantifying the effect
of HAE treatments and most signs and symptoms of an
HAE attack are known only to the patient (such as inter-
nal swelling, stomach cramping, or pain)."" Hence, self-
assessment of the disease state by HAE patients is the
standard parameter in clinical studies. The primary effi-
cacy end point in the LM.P.A.C.T.1 study was the time to
onset of overall symptom relief as determined by the
patients.”” The time from the start of treatment to the
patient-reported onset of symptom relief has been widely
used for the evaluation of HAE therapies (e.g., Waytes et
al.,'*> Kunschak et al.,'> and subsequent studies summa-
rized by Frank') and is accepted by regulators in the
United States'® and Europe.'® However, no validation of
this commonly used end point by correlation of the gen-
eral symptom relief to single symptom characteristics has
been reported to date. It is still unknown whether the
onset of general symptom relief is robustly associated
with single symptom characteristics.

Based on data obtained in the placebo-controlled
ILM.P.A.C.T.1 study, we retrospectively validated the
primary end point by correlation with the course of
predefined symptoms of abdominal HAE attacks. We
compared the time to onset of symptom relief with
(1) the time to the first decrease in intensity of any
symptom, (2) the time to the first decrease of the sum of
intensity scores of all symptoms, and (3) the time to
decrease in intensity of the last symptom present at
baseline.

METHODS

Study Design

IM.P.A.CT.1 was a multinational, parallel-group,
randomized, placebo-controlled, three-arm, double-
blind; phase II/III study conducted between August
2005 and December 2007 to investigate the efficacy and
safety of C1-INH concentrate in the treatment of acute
HAE attacks. The protocol was approved by the inde-
pendent Ethics Committee or Institutional Review
Board at each participating center and written in-
formed consent was obtained from each patient or, in
the case of a minor, from a legally acceptable represen-
tative. The safety of the study was overseen by an
independent data and safety monitoring board.

The efficacy and safety results of this study have
been reported recently.'” Here, we report on a retro-
spective validation of the primary efficacy end point,
i.e., the time to onset of symptom relief, by correlation
with the course of individual symptoms of abdominal
HAE attacks that were prospectively evaluated during
the study.

Patients were included in the study if they had lab-
oratory-confirmed CI1-INH deficiency (type I or II
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HAE), were at least 6 years of age, and were then
treated on presentation of an acute moderate to severe
abdominal or facial attack within 5 hours of the attack
attaining moderate intensity (as assessed by the patient
and confirmed by the investigator). The main exclusion
criteria were a history of hypersensitivity to C1-INH
concentrates, acquired and all other types of angio-
edema, abdominal pain not associated with C1-INH
deficiency, use of pain medication during the current
attack, and treatment with any C1-INH concentrate or
any other drug for acute angioedema, or with fresh
frozen plasma or native plasma, within 7 days before
the start of treatment in the current study. Only ab-
dominal attacks were analyzed for the retrospective
end point validation because predefined symptoms for
these attacks had been evaluated during the study.

Patients were randomized by a centralized, vali-
dated, computerized system and received a single i.v.
infusion of either C1-INH (Berinert), at a dose of 10 or
20 U/kg, or placebo. Each patient was treated for only
a single abdominal or facial attack because it was sus-
pected that patients and physicians were able to dis-
cern the treatment group after the first treatment.

Patients were observed for at least 4 hours after the
start of treatment, after which they could be discharged
from the center if they had reported onset of symptom
relief. After 4 hours, patients who reported insufficient
or no symptom relief could receive a second dose of
double-blind treatment (called “rescue study medica-
tion”) as follows: C1-INH, 20 U/kg, for patients on
placebo; C1-INH, 10 U/kg, for patients on C1-INH, 10
U/kg; and placebo for patients on C1-INH, 20 U/kg.
Open-label C1-INH concentrate could be administered
in emergency situations (i.e., for life-threatening laryn-
geal edema).

Study Outcomes

The primary end point was the time from the start
of treatment to the onset of symptom relief, as de-
termined by the patients” response to a standard
question posed by the investigator. After the start of
treatment, each patient was asked the following
question every 15 minutes for the first 2 hours; every
30 minutes for the next 2 hours; and at 5, 6, 7, 8, 12,
16, 20, and 24 hours after start of administration of
the study medication: “Taking into account all of the
symptoms you experienced with this HAE attack,
are you confident that it is starting to improve?” If
the answer was “yes” for two consecutive time
points, the questioning was stopped. The time of
onset of relief was defined by the time determined at
the first of the two consecutive “yes” responses.

For the primary efficacy analysis in the LM.P.A.C.T.1
study, the time to onset of symptom relief was set to 24
hours (i.e., the poor/failure outcome) if a patient re-
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ceived rescue study medication before the onset of
relief or received narcotic analgesics, antiemetics, or
open-label C1-INH or fresh frozen plasma during the
first 4 hours after treatment, to provide a stringent
analysis (“with imputation of rescue medication”) with
regard to the comparison between treatment groups.'”
In an additional analysis, the time to onset of symptom
relief was evaluated as reported by the patients, ignor-
ing rescue medication (“without imputation of rescue
medication”). Although both analyses were performed
for the validation of the primary end point, the analysis
without imputation of rescue medication was the pri-
mary analysis for the end point validation, because it
accurately reflects the time to overall symptom relief
irrespective of the administration of rescue medication.
Furthermore, this analysis can better be associated
with the course of intensity of the individual symp-
toms as reported by the patients in a real-time setting.
The imputation of the time assessment for treatment
failure plays a role for comparisons between treatment
groups but is irrelevant for the validation of the end
point.

We retrospectively validated the primary end point
by comparison with the course of the predefined indi-
vidual HAE symptoms of pain, nausea, vomiting,
cramps, and diarrhea associated with abdominal at-
tacks. The symptom intensity was assessed by the pa-
tients as none, mild, moderate, or severe (i.e., 0, 1, 2, or
3 for the calculation of the sum of symptom intensity
scores) for up to 24 hours after the start of treatment at
the same time points as the general symptom relief.
Validation end points were (1) the time to the first
decrease in intensity of any symptom present at base-
line, (2) the time to the first decrease of the sum of
intensity scores for all symptoms present at baseline,
and (3) the first decrease in intensity of the last symp-
tom present at baseline. The time to decrease in inten-
sity of the first, the sum of all, or the last symptom was
defined as the first fime point with a decrease that
persisted for at least two consecutive time points.

Statistical Analysis

The efficacy analyses for abdominal attacks in the
LM.P.A.C.T.1 study were based on the intention-to-
treat principle and included all patients who received
any blind study treatment and had an abdominal at-
tack. The patients were analyzed according to the treat-
ment group to which they were randomized.

Spearman rank correlation was used for correlation
of the primary end point with the three validation end
points. The primary end point and the validation end
points were evaluated using the Wilcoxon one-sided
two-sample test for the comparison of the C1-INH, 20
U/kg, group versus placebo. In addition, Hodges-Le-
hman estimates were used to estimate the treatment
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effect. The analysis without imputation of rescue med-
ication was the primary analysis for the end point
validation.

RESULTS

Study Population

A total of 125 patients were randomized in the
LM.P.A.C.T.1 study.'” The treatment grotips were
similar in terms of sex, age, and race or ethnic group.
Most patients (108) had type I HAE. Overall, 98
patients experienced abdominal attacks and 25 pa-
tients experienced facial attacks. The percentage of
patients who received rescue study medication was
considerably higher with placebo (57%) than with
C1-INH, 10 U/kg (33%) or 20 U/kg (19%).

For the retrospective end point validation, only the
98 patients with abdominal attacks were further ana-
lyzed, because predefined individual symptoms asso-
ciated with abdominal attacks (i.e., pain, nausea, vom-
iting, cramps, and diarrhea) were evaluated by the
patients. Thirty-three patients in the placebo group, 31
patients in the C1-INH, 10 U/kg group, group, and 34
patients in the C1-INH, 20 U/kg, group were treated
for abdominal attacks. Most of the patients reported
abdominal pain, cramps, and nausea at baseline, and
the symptoms at baseline were mostly moderate or
severe in intensity (see Fig. 1).

Study Outcomes

Construct validity was evaluated by correlation anal-
ysis of the validation end points with the primary end
point. The validation end point time to first reduction
of intensity of the last symptom present at baseline
showed the highest correlation with the primary end
point (r = 0.77; Table 1). Considerably lower correla-
tions were found for the other two validation end
points (r = 0.60 for the time to first reduction of inten-
sity of a symptom; r = 0.63 for the time to first reduc-
tion in sum of symptom intensity scores). The correla-
tion coefficients were similar for the analysis with
imputation of rescue medication (r = 0.81 for the time
to decrease in intensity of the last symptom; r = 0.65
for the time to first decrease in intensity of a symptom;
r = 0.68 for the time to first reduction in sum of
symptom intensity scores).

The primary end point (i.e., time to onset of symptom
relief) and the validation end points ([1] time to first
decrease in intensity of any symptom, [2] time to de-
crease of the sum of intensity scores for all symptoms,
and [3] time to decrease in intensity of the last symp-
tom) were generally longest in the placebo group or the
C1-INH, 10 U/kg group, and shortest in the C1-INH,
20 U/kg, group (Table 1). Because only the dose of
C1-INH, 20 U/kg, had a significantly shorter time to
onset of symptom relief compared with placebo in the
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LM.P.A.C.T.1 study,'® a further comparison of the pri-
mary end point with the validation end points was
performed only for the C1-INH, 20 U/kg, group:

With C1-INH, 20 U/kg, the largest differences com-
pared with placebo were observed for the primary end
point, i.e., the time to onset of symptom relief, and the
time to first reduction in the intensity of the last symp-
tom (Fig. 2). Significant differences from placebo treat-
ment were observed for the median time to onset of
symptom relief (0.5 hours versus 1.23 hours; p = 0.009)
and the median time to decrease in intensity of the last
symptom present at baseline (0.5 hours versus 1.58
hours, p = 0.0036; Table 1). Similarly, the estimated
treatment effect showed significant improvements for
the primary end point (by 0.44 hours) and the time to
first reduction of intensity of the last symptom (by 0.58
hours). No statistically significant differences between
the C1-INH, 20 U/kg, group and the placebo group
were observed for the other two validation end points
(time to first decrease in intensity of a symptom and
time to first decrease of the sum of intensity scores for
all symptoms). Results for the primary end point and
the three validation end points were similar when an-
alyzed with imputation of rescue medication, as done
for the primary efficacy analysis in the LM.P.A.C.T 1
study; statistically significant differences between the
C1-INH, 20 U/kg, group and the placebo group were
also observed only for the primary end point (p =
0.0093) and the time to decrease in intensity of the last
symptom (p = 0.0015).

DISCUSSION

In this study, we retrospectively validated the end
point time to onset of symptom relief, which was
assessed as the primary efficacy end point in the
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LM.P.A.C.T.1 study,'” as an appropriate disease
measure by correlation with the course of individual
symptoms of abdominal HAE attacks (i.e., nausea,
vomiting, pain, cramps, and diarrhea) that had been
evaluated prospectively during the study.

The onset of symptom relief was strongly correlated
with the time to first reduction of intensity of the last
symptom present at baseline (r = 0.77). Two other
symptom characteristics, i.e., the time to first reduction
of symptom intensity and the time to first reduction of
the sum of symptom intensity scores, were less corre-
lated with the onset of symptom relief (r = 0.60 and r =
0.63, respectively).

Analysis of single acute abdominal attacks showed
that the median time to onset of symptom relief was
significantly shorter with a dose of 20 U/kg of C1-
INH (0.5 hours) than with placebo (1.2 hours). Both
the time to onset of general symptom relief and the
time to first reduction of intensity of the last symp-
tom were significantly shorter in the CI1-INH, 20
U/kg, group compared with the placebo group (p =
0.009 and p = 0.0036, respectively). The time to first
reduction of symptom intensity and the time to first
reduction of the sum of symptom intensity scores
did not show any significant difference between the
placebo group and the C1-INH, 20 U/kg, group. It
should be noted that the validation of the end point
was based on the correlation analysis only. How-
ever, the results for the comparisons between treat-
ment groups were consistent with the correlation
analysis and thus further increase the confidence in
the validity of the end point.

Reliability of the end point of time to onset of
symptom relief could not be formally tested because
the data did not lend themselves to an evaluation of
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Correlation
Coefficient*
0.60
(p < 0.0001)
0.63
(p < 0.0001)
0.77
(p < 0.0001)

hr (95% CI)
—0.442
(-1.1; —0.034)
~0.017
(—0.5; 0.017)
~0.083
(—0.53; 0.017)
~0.583
(-1.7; —0.133)

Hodges-Lehman Estimate

20 U/kg-Placebo

p Value§
0.009
0.173
0.109
0.0036

(n = 34)

0.508
(0.25-5.58)

*Spearman rank correlation with primary end point. All treatment groups were-included.

0.500
(0.17-5.22)
0.500
(0.25-5.22)
0.500
(0.25-5.22)

20 U/kg of C1-INH

1.083
(0.17-6.47)
0.500
(0.25-5:08)
0:500
(0125-5.08)
1.617
(0.25-6.78)

Median Time, hr (range)
(n = 31)

10 U/kg of C1-INH

Placebo
(n = 33)
1.233
(0.20-5.13)
0.467
(0.23-4.67)
0.625
(0.23-4.67)
1.583
(0.25-6.72)

y

Parameter
C1 esterase inhibitor; CI = confidence interval.

scores for all symptoms
Time to decrease in intensity of the last

symptom
Time to decrease of the sum of intensit

Time to first decrease in intensity of a
symptom

Time to onset of symptom relief

#Time to onset of symptom relief as determined by the patients, i.e., without setting the time to 24 hr for patients who received rescue study medication or analgesics,

antiemetics, open-label C1-INH, or fresh frozen plasma after 4 hr.

Table 1 Results of primary and validation analyses for abdominal attacks (intention-to-treat population)
§One-sided two-sample Wilcoxon test; primary analysis.

Primary end point#
Validation end points#

C1-INH

N
o

test-retest reliability, which is one of the limitations
of this retrospective end point validation. Further-
more, a moderate correlation between the primary
end point and the validation end points was to be
expected given that they are not entirely indepen-
dent of each other. However, validity of the primary
end point was indicated by the high correlation with
the time to first reduction in intensity of the last
symptom present at baseline; this correlation was
considerably higher compared with the other two
validation end points.

The onset to symptom relief is widely used as a
clinical end point in HAE treatment. Waytes et al.'?
assessed the overall symptoms with a severity score of
0-3 (0—4 for laryngeal edema) for HAE attacks after
treatment with C1-INH concentrate (25 U/kg) or pla-
cebo. They reported that the mean time from the start
of the treatment to the beginning of improvement was
shorter for the C1-INH infusions than the placebo in-
fusions (55 minutes versus 563 minutes; p < 0.001). In
an intention-to-treat analysis of the same placebo-con-
trolled study by Kunschak et al.,' the primary end
point for HAE attacks, the time to relief of symptoms,
was almost twice as fast after administration of the
C1-INH concentrate compared with placebo (p =
0.007). Other clinical studies also used the time to onset
of symptom relief as the primary efficacy end point for
the treatment of acute HAE attacks."*'” Taken to-
gether, the time to onset of symptom relief is com-
monly used and various clinical studies with C1-INH
concentrate using this end point showed the efficacy in
treating acute HAE attacks,'”'*™'* indicating that the
time to onset of symptom relief is a robust efficacy end
point. However, no validation of this end point by
correlation with the course of associated individual
HAE symptoms has been reported to date.

More recently, Vernon et al.'' developed the treat-
ment outcome score (a composite measure that evalu-
ates symptom change in response to treatment, taking
symptom severity into account) and the mean symp-
tom complex severity score (an arithmetic mean of
symptom severity) to systematically capture the sever-
ity and change of all symptoms of the different ana-
tomic regions. The treatment outcome score was highly
correlated with a global improvement measure (a sin-
gle-item categorical response assessment of overall im-
provement in symptoms completed by the patients) at
4 and 24 hours after treatment (r = 0.90 and r = 0.71,
respectively), while the mean symptom complex sever-
ity score was only moderately correlated with the
global improvement measure at 4 and 24 hours (r =
—0.59). In contrast to our study, Vernon et al.'’ com-
bined five symptom complexes (head /neck, stomach/
gastrointestinal, genital/buttocks, etc.) in the treatment
outcome score and mean symptom complex severity
score, while we focused on individual symptoms of
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Percentage of patients [%)]

—Placebo

----- 20 U/kg C1-INH

0 2 4 6
Time to onset of symptom relief (without imputation of rescue
medication) [hours]

Percentage of patients [%)]

—Placebo

----- 20 U/kg C1-INH

0 2 4 6
Time to first reduction in intensity of the sum of symptoms present
at baseline [hours]

8

100 1

90 -
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30 -
20 -
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Percentage of patients [%]

----- 20U/kg C1-INH

— Placebo

0 2 4 6 8
Time to first reduction in intensity of any symptom present at
baseline [hours]

Percentage of patients [%]

----- 20 U/kg C1-INH

—Placebo

0 2 4 6 8
Time to first reduction in intensity of the last symptom present at
baseline [hours]

Figure 2. Kaplan-Meier curves for patients with abdominal attacks. (A) Time to onset of symptom relief (primary end point without
imputation of rescile medication). (B) Time to first reduction in intensity of any symptom. (C) Time to first reduction in intensity of the sum
of symptoms. (D) Time to first reduction in intensity of the last symptom present at baseline.

abdominal attacks for the comparison with the onset of
overall symptom relief. However, the global improve-
ment measure used by Vernon et al.'! for comparison
with their newly developed outcome measures, al-
though evaluated only at 4 and 24 hours after the start
of treatment, is somewhat similar to our primary end
point, the time to onset of relief taking all symptoms
into account. Both studies clearly indicate that patient-
reported outcome measures are appropriate and accu-
rate for the assessment of treatment effects in HAE.
In conclusion, the high correlation of the time to
onset of relief with the time to first reduction of inten-
sity of the last symptom and the statistically significant
difference for these two parameters when comparing
the C1-INH, 20 U/kg, treatment group with placebo
show that the time to onset of relief, taking all symp-
toms into account, concurs with the time to onset of
relief of the last symptom present at baseline and thus
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is an appropriate and valid end point for assessing the
efficacy of C1-INH treatment.

ACKNOWLEDGMENTS

The authors thank all investigators, subinvestigators, and other
members of the LIM.P.A.C.T.1 study group, whose valuable contri-
butions were essential to the success of this study. They also thank
Silke Jasky-Gamb, Silke Kuhl, and Dirk Spruck for their careful data
management and statistical programming on behalf of Accovion
GmbH, and Dr. Wolfgang Jacob and Christina Wendel for providing
medical writing services to CSL Behring on behalf of Trilogy Writing
& Consulting GmbH.

REFERENCES

1. Bork K. Pasteurized C1 inhibitor concentrate in hereditary an-
gioedema: Pharmacology, safety, efficacy and future directions.
Expert Rev Clin Immunol 4:13-20, 2008.

2. Cugno M, Zanichelli A, Foieni F, et al. Cl-inhibitor deficiency
and angioedema: Molecular mechanisms and clinical progress.
Trends Mol Med 15:69-78, 2009.

41



10.

42

Dewald G, and Bork K. Missense mutations in the coagulation
factor XII (Hageman factor) gene in hereditary angioedema
with normal C1 inhibitor. Biochem Biophys Res Commun 343:
1286-1289, 2006.

Zuraw BL, and Christiansen SC. Pathogenesis and laboratory
diagnosis of hereditary angioedema. Allergy Asthma Proc 30:
487-492, 2009.

Agostoni A, and Cicardi M. Hereditary and acquired Cl-inhib-
itor deficiency: Biological and clinical characteristics in 235 pa-
tients. Medicine (Baltimore) 71:206-215, 1992.

Bowen T, Cicardi M, Bork K, et al. Hereditary angioedema: a
current state-of-the-art review, VII: Canadian Hungarian 2007
International Consensus Algorithm for the Diagnosis, Therapy,
and Management of Hereditary Angioedema. Ann Allergy
Asthma Immunol 100(suppl 2):530-540, 2008.

Gompels MM, Lock R], Abinun M, et al. C1 inhibitor deficiency:
Consensus document. Clin Exp Immunol 139:379-394, 2005.
Bowen T, Cicardi M, Farkas H, et al. Canadian 2003 Interna-
tional Consensus Algorithm for the Diagnosis, Therapy, and
Management of Hereditary Angioedema. ] Allergy Clin Immu-
nol 114:629-637, 2004.

Christiansen SC, and Zuraw BL. Update on therapeutic devel-
opments for hereditary angioedema. Allergy Asthma Proc 30:
500-505, 2009.

Craig TJ, Levy R], Wasserman RL, et al. Efficacy of human
Cl-esterase inhibitor (C1-INH) concentrate compared to pla-

11.

12.

13.

14.

15.

16.

17.

cebo in patients with acute abdominal or facial HAE attacks. ]
Allergy Clin Immunol 124:801-808, 2009.

Vernon MK, Rentz AM, Wyrwich KW, et al. Psychometric
validation of two patient-reported outcome measures to assess
symptom severity and changes in symptoms in hereditary an-
gioedema. Qual Life Res 18:929-939, 2009.

Waytes AT, Rosen FS, and Frank MM. Treatment of hereditary
angioedema with a vapor-heated C1 inhibitor concentrate.
N Engl ] Med 334:1630-1634, 1996.

Kunschak M, Engl W, Maritsch F, et al. A randomized, con-
trolled trial to study the efficacy and safety of C1 inhibitor
concentrate in treating hereditary angioedema. Transfusion 38:
540-549, 1998.

Frank MM. Hereditary angioedema: A current state-of-the-art
review, VI: Novel therapies for hereditary angioedema. Ann
Allergy Asthma Immunol 100(suppl 2):523-529, 2008.

Blood Products Advisory Committee. Briefing document for
Cinryze. Available online at www.fda.gov/ohrms/dockets/ac/
08 /briefing /2008-4355B2-2.pdf; last accessed September 2010.
European Medicines Agency. Report for Firazyr. Available on-
line at www.ema.europa.eu/docs/en_GB/document_library/
EPAR_-_Summary_for_the_public/human/000899/WC500022968.
pdf; last accessed September 2010.

Schneider L, Lumry W, Vegh A, et al. Critical role of kallikrein
in hereditary angioedema pathogenesis: A clinical trial of ecal-
lantide, a novel kallikrein inhibitor. ] Allergy Clin Immunol
120:416-422, 2007. |

January-February 2011, Vol. 32, No. 1



Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



