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A phase | study of recombinant human
C1 inhibitor in asymptomatic patients
with hereditary angioedema

Martijn B. A. van Doorn, MD,? Jacobus Burggraaf, MD, PhD,? Tijtje van Dam, MSc,?
Anke Eerenberg,® Marcel Levi, MD, PhD, Cornelis E. Hack, MD, PhD,° Rik C.
Schoemaker, PhD,? Adam F. Cohen, MD, PhD,? and Jan Nuijens, MD, PhD®

Leiden and Amsterdam, The Netherlands

Background: Hereditary angioedema (HAE) is a congenital
disorder with recurrent attacks of localized swelling of
submucosal tissue, subcutaneous tissue, or both caused by a
deficiency of the plasma protein C1 inhibitor (C1 esterase
inhibitor [C1INH]).

Objective: We sought to evaluate the effects of recombinant
human C1INH (rhC1INH) isolated from the milk of transgenic
rabbits in 12 asymptomatic patients with HAE.

Methods: rhC1INH was intravenously administered at doses
of 6.25 to 100 U/kg on 2 occasions.

Results: thC1INH appeared safe and was well tolerated. The
course of functional C1INH in plasma showed a full initial
recovery (dose-normalized maximum concentration of about
0.02 U/mL/U/kg) and a dose-dependent clearance of rhC1INH.
After infusion of rhC1INH at 100 U/kg, a clearance of
approximately 13 mL/min, a half-life of approximately 3 hours,
and a volume of distribution of approximately 3 L were
observed. Infusion at this dose led to functional C1INH levels in
plasma of at least twice the normal level for about 2 hours and
greater than 0.4 U/mL for about 9 hours. rhC1INH displayed
dose-dependent biologic activity by increasing the C4 level,
which was about 2-fold at 12 hours after rhC1INH at 100 U/kg,
and decreasing levels of cleaved C4.

Conclusion: The observed safety profile and biologic activity
of rhC1INH warrants further clinical studies to assess its
efficacy in treating HAE attacks. (J Allergy Clin Immunol
2005;116:876-83.)
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Abbreviations used
C1INH: CI esterase inhibitor
C4b/c: C4b, C4bi, or C4c
Chnax: Maximum concentration
Chin: Minimum concentration
ECG: Electrocardiography
HAE: Hereditary angioedema
PD: Pharmacodynamics
PK: Pharmacokinetics
rhC1INH: Recombinant human C1 inhibitor
Tiax: Time of maximum concentration
Tmin: Time of minimum concentration

The clinical syndrome of hereditary angioedema (HAE)
and acquired angioedema results from a deficiency of
functional C1 esterase inhibitor (ClINH),l’2 which regu-
lates the activation of the classical and lectin pathway of
complement, as well as the contact system. Episodes of
angioedema in subcutaneous tissue, submucosal tissue, or
both in patients with HAE have been attributed to the
release of the vasoactive peptides bradykinin and C2-
derived kinin caused by recurrent (uncontrolled) activa-
tion of these systems.”® The median plasma level of
functional C1INH in patients with HAE is about 20% of
the level found in healthy individuals (ie, less than the
level of 40% of normal [0.4 U/mL)),” which is considered
a critical level to control excessive activation of the
classical route of complement.6 Indeed, levels of C4,
C2, or both, which are substrates of activated C1, are
typically low in asymptomatic patients with HAE.

Angioedema attacks are debilitating and might limit
patients in their normal daily life." Abdominal attacks often
cause severe pain resembling abdominal emergencies, and
attacks occurring in the larynx might lead to asphyxiation.
Therefore many patients use oral maintenance therapy with
attenuated androgens’® or antifibrinolytic agents.” This
reduces the frequency and severity of attacks but is not
or is only partially effective in the treatment of attacks.’”
Moreover, both types of maintenance treatment are associ-
ated with serious side effects.®'! As an alternative, prophy-
lactic treatment with C1INH has been proposed.'*'*

Severe angioedema attacks can be successfully treated
with intravenous infusion of plasma-derived C1INH.> 17
However, availability of this drug is limited, and it
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TABLE I. Administration schedule of rhC1INH

Dose (U/kg), Dose (U/kg),

Group study period 1 Washout study period 2

A 6.25 25.0

B 12.5 50.0

C 25.0 100

D 50.0 100

carries a small risk of transmission of human pathogenic
viruses."!”

Production of recombinant human C1INH (thC1INH)
with transgenic rabbits was started to optimize the treat-
ment options in patients with HAE. A stable pharmaceu-
tical product containing highly purified thC1INH with
less than 20 ppm contaminants was prepared. thC1INH is
highly similar to human plasma-derived C1INH, except
for differences in glycosylation.18 Preclinical studies
indicated that thC1INH at high doses was safe.

This article describes the first administration of
rhC1INH in human subjects. The study was performed
in symptom-free patients with HAE and investigated the
safety and tolerability, as well as the pharmacokinetics
and biologic effects, of thC1INH.

METHODS

The study protocol for this open-label dose-escalation study was
approved by the Medical Ethical Committee of the Leiden University
Medical Centre and performed according to the principles of the
International Conference on Harmonisation and Good Clinical
Practice and the Helsinki Declaration. Twelve subjects with a typical
medical history of HAE with functional C1INH and C4 levels of less
than 40% of normal and less than 300 wg/mL, respectively, who were
symptom free for a period of at least 2 weeks before the administra-
tion of rhC1INH were included in the study. Patients receiving
maintenance therapy continued their medication during the study.

Exclusion criteria included a history of administration of phar-
maceuticals derived from rabbits; a history of anaphylaxis or severe
allergies to food, proteins, and/or drugs; a history of allergic reactions
to C1INH concentrates or rabbit protein; the presence of anti-C1INH
antibodies or acquired angioedema; and pregnancy, breast-feeding,
or current intention to become pregnant.

The patients were divided into 4 groups of 3 patients each
(Table I), and each patient was given 2 doses of thC1INH (15-minute
intravenous infusion), with a washout period of at least 5 weeks.
Continuation of dosing and dose escalation was decided after each
dose had been administered to a group of 3 patients.

Study medication

An overview of the properties of thC1INH in comparison with
plasma-derived C1INH is provided in Agostoni et al.'® The various
comparative analyses showed a lower degree of glycosylation in
rthC1INH: about 21% and 28% of the molecular mass of thC1INH
and plasma-derived C1INH (approximately 67 and 73 kd on MALDI-
TOF mass spectroscopy), respectively, is due to carbohydrate
structures. N-linked glycan profiling indicated that most of the
N-linked complex structures of thC1INH were monosialylated.'®
Differential glycosylation does not affect the activity of thC1INH
in vitro because the inhibitory potency of thC1INH toward target
proteases Cls, kallikrein, Factor XIa, and Factor XIIa, as well as that
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against plasmin and thrombin, was comparable with that of plasma-
derived C1INH (detailed experimental procedures will be published
separately). hC1INH is consistently produced as an active and intact
molecule with purity exceeding 99.98% and containing no detectable
amounts of cleaved thC1INH, endogenous rabbit C1INH, and rabbit
milk proteins.

Blood sampling and measurements

During each study period, blood samples for functional C1INH,
antigenic C1INH, C4, and C4b, C4bi, or C4c (C4b/c) assays were
drawn at screening (at approximately 30 days, 14 days, or both before
the administration of rhC1INH), at 25 minutes and 5 minutes before
dosing, at 16 and 30 minutes from the start of administration, and at
1,2,4,8,12, 16,24, 48, and 96 hours and 22 days after dosing. Blood
samples for anti-C1INH antibody testing were taken at screening and
before dosing (—25 minutes) and at days 7, 22, and 90 after drug
administration.

Tolerability assessment consisted of frequent measurements of
vital signs, 12-lead electrocardiographic (ECG) recording, blood and
urine sampling for routine laboratory tests, and adverse event
assessments.

Sample handling and assays

Blood samples for C1INH, C4, and anti-C1INH antibody assays
were kept at room temperature and centrifuged at 2000g for 10
minutes within 30 minutes of collection. Plasma samples were stored
at —70°C until analysis. Plasma levels of functional C1INH were
determined with a chromogenic assay (Berichrome assay; Dade-
Behring, Marburg, Germany) by reference to pooled normal plasma.
One unit of C1INH activity (functional C1INH) was defined as the C1
esterase inhibiting activity present in 1 mL of pooled normal plasma.
Normal values of functional C1INH in healthy volunteers varied
between 0.76 and 1.33 U/mL. One milligram of rhC1INH corre-
sponds with 6 U of functional C1INH. C1INH antigen and antigenic
C4 plasma concentrations were determined by using nephelometry
with commercially available polyclonal antisera. Normal values of
antigenic C1INH and C4 of healthy volunteers ranged from 150 to
350 pg/mL and from 732 to 1951 nM (150-400 pg/mL), respec-
tively. C4 activation products were determined with an ELISA, as
previously described.”® Because the ELISA does not discriminate
between C4b, C4bi, or C4c, the products detected in the assay are
referred to as C4b/c (in healthy volunteers <8 nM). C1INH, C4, and
C4b/c assays were performed at the Department of Immunopathology
at Sanquin Research, The Netherlands. Immunogenicity analyses
consisted of testing for anti-C1INH antibodies of IgM, IgG, and IgA
subclasses, for antibodies neutralizing C1INH activity as well as for
antibodies against rabbit milk protein (details of these assays will be
published separately). Anti-C1INH antibodies were tested against
rhC1INH or plasma-derived C1INH (only during screening).

Pharmacokinetic and pharmacodynamic
analysis

Maximum concentration (Cy,,,) above baseline (average of 2
predose values) was derived directly from the concentration-time
profiles. The time span in which the functional C1INH concentration
exceeded 0.4 U/mL was determined by using linear interpolation. The
pharmacokinetic parameters of functional CIINH were determined
by using a 1-compartment model with a constant infusion rate to
account for the endogenous concentrations estimated within the
model.?! Calculations were performed by using nonlinear mixed-
effect modeling, as implemented in NONMEM Version V software
(GloboMax LLC, Hanover, Md) with first-order conditional estima-
tion throughout. Although nonlinear mixed-effect modeling itself
provides estimates of the population average parameters and the
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FIG 1. Time profiles of mean functional C1INH (in units per milliliter) in the distinct dosage groups. The SD in
the highest dosage group (100 U/kg) is indicated by a bar. The dotted horizontal line indicates the 0.4 U/mL

level.

TABLE Il. Summary of model-independent pharmacokinetic parameters of functional C1INH in each dose group

Dose (U/kg) N Baseline (U/mL) Ciax (U/mL) Dose normal C,.x (U/mL/U/kg) Time above 0.4 U/mL (min)
6.25 3 0.15 (0.04) 0.32 (0.11) 0.0275 (0.01354) 9.1 (0)

12.5 3 0.22 (0.11) 0.47 (0.14) 0.0201 (0.00300) 55.3 (22.6)

25 6 0.23 (0.10) 0.76 (0.12) 0.0213 (0.00319) 206.6 (150.3)

50 6 0.18 (0.12) 1.36 (0.31) 0.0236 (0.00468) 314.5 (210.3)

100 6 0.14 (0.08) 2.46 (0.22) 0.0232 (0.00198) 549.7 (215.2)

Time above 0.4 U/mL: time span in which the functional CIINH concentration exceeded 0.4 U/mL. SDs are shown in parentheses.

associated between-subject variability in these parameters, NONMEM
also provides so-called empiric Bayesian estimates, which are individ-
ual estimates conditional on the previously obtained population
information. These empiric Bayesian estimates allow the generation
of individual predicted profiles and allow an initial assessment of, for
instance, dose dependence of pharmacokinetics (PK) parameters.>'

Because the initial analysis indicated possible nonlinear kinetics,
likely caused by a saturable elimination mechanism, an additional
model assuming Michaelis-Menten elimination was also applied.
This model provided estimates of V.., Michaelis-Menten constant,
volume of distribution, and endogenous infusion rate of functional
C1INH.

Because baseline C4 concentrations were highly variable between
subjects, these concentrations were first normalized by expressing
them as the percentage change from baseline for each individual,
where baseline (average of values at 25 and 5 minutes before dosing)
was set at 100%. C4 was characterized by baseline, C,,.x, and time of
maximum concentration (T,,,,) (obtained after the first 4 hours)
and additionally by minimum concentration (C,,;,) and time of

minimum concentration (Ty,,). C4b/c was summarized by using
baseline, C;,, and T,

The relationship of PK and pharmacodynamics parameters with
dose was investigated by using the Jonckheere-Terpstra nonpara-
metric test for ordered differences among classes with 2-sided exact
P values. This nonparametric test for trend with dose was used because
variability for some parameters tended to fluctuate markedly with in-
creasing dose, making regression or ANOVA techniques unsuitable.

Analyses were performed with SAS for Windows V8.2 (SAS
Institute, Inc, Cary, NC).

RESULTS

The study population consisted of 8 male and 4 female
subjects. All subjects completed the study. The adverse
events reported in the course of this study were graded mild
or moderate, except for one severe HAE attack. None of the
adverse events were considered related to the study drug.
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TABLE lll. Summary of model-dependent pharmacokinetic
parameters (empiric Bayesian estimates) of functional
C1INH in each dose group (initial model)

Initial model

Clearance Volume Half-life
Dose (U/kg) N (mL/min) (L) (min)
6.25 3 71.4 (10.2) 2.75 (1.03) 28.0 (13.4)
12.5 3 59.5 (11.8) 3.29 (0.62) 40.1 (13.7)
25 6 33.9 9.7) 3.50 (0.85) 73.1 (13.7)
50 6 22.8 (7.3) 3.03 (0.79) 93.7 (8.5)
100 6 12.7 (2.5) 3.10 (0.72) 172.1 (36.1)

SDs are shown in parentheses.
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TABLE IV. Summary of model-dependent pharmaco-
kinetic parameters (empiric Bayesian estimates) of
functional C1INH in each dose group (Michaelis-Menten
elimination)

Michaelis-Menten elimination

Endogenous
infusion

Dose (U/kg) N  Viax (U/min) Volume (L) rate (U/min)
6.25 3 48.4 (0.92) 3.20 (0.224) 11.3 2.31)
12.5 3 50.5 (3.01) 3.53 (0.308) 13.1 (4.39)
25 6 48.8 (6.10) 3.57 (0.753) 13.8 (4.39)
50 6 46.9 (14.97) 3.12 (0.784) 13.1 (7.66)
100 6 39.8 (3.98) 3.22 (0.758) 10.7 (3.36)

The Michaelis-Menten constant (K,,,) was estimated at 0.57 U/mL, with an
interindividual variability of 0% indicating that the analysis is incapable of
distinguishing different values for this parameter between subjects. SDs are
shown in parentheses.

TABLE V. Summary of model-independent pharmacodynamic parameters of C4

Tmax Tmin
Dose (U/kg) N Baseline (nmol/L) Cmax (%) (min) Cmin (%) (min)
6.25 3 800.0 (491.07) 127.9 (2.82) 640.0 (138.56) 94.7 (6.24) 70.0 (45.83)
12.5 3 479.7 (192.51) 121.4 (10.87) 640.0 (138.56) 93.7 (4.93) 25.3 (8.08)
25 6 736.8 (349.27) 142.0 (24.58) 640.0 (195.96) 88.3 (9.77) 35.3 (20.11)
50 6 538.7 (184.37) 175.5 (81.93) 640.0 (123.94) 80.0 (2.05) 35.3 (20.11)
100 6 510.9 (202.48) 201.0 (89.14) 720.0 (0.00) 76.3 (4.30) 50.3 (39.53)

C v, Maximum concentration; 7,,,,, time of maximum concentration; C,,;,, minimum concentration; T,,;,, time of minimum concentration. SDs are shown in

parentheses.

No clinically significant increases in anti-C1INH or
anti-rabbit milk protein antibodies were observed, and
none of the patients showed evidence of antibodies
neutralizing C1INH activity. Vital signs, ECG results,
and routine laboratory parameters were virtually un-
changed.

Pharmacokinetics of rhC1INH

The profiles of functional C1INH showed a dose-
dependent increase in C, (P < .0001) and the time
span in which the functional CI1INH concentration
exceeded 0.4 U/mL (P < .0001, Fig 1 and Table II).
After dosing at 100 U/kg, the functional C1INH level
remained greater than 0.4 U/mL for 9.2 = 3.6 hours
(Table II). Dose-normalized C.x appeared constant
(P = .48, Table II), indicating dose proportionality, but
the standard PK analysis showed that clearance and
elimination half-lives were dependent on dose (Table I
and III). Therefore the profiles were also analyzed by
using a l-compartment model assuming Michaelis-
Menten elimination. This showed that the data could be
adequately described and revealed dose-independent es-
timates of V,,.x, Michaelis-Menten constant (0.57 U/mL),
volume of distribution, and endogenous infusion rate
(Table I'V). All results and considerations presented in this
article on the pharmacokinetics of rhC1INH are based on
the assay of functional C1INH in plasma (ie, on the
detection of Cl1 esterase inhibiting activity in plasma).

Results and analyses obtained from the assay of C1INH
antigen were similar to those obtained through the detec-
tion of functional C1INH and therefore were not consid-
ered of sufficient interest to be presented here.

Pharmacodynamics of rhC1INH

After infusion of rthC1INH, an initial dose-dependent
decrease in mean normalized C4 concentration was
observed (P < .0001; Table V), followed by a dose-
dependent increase (P = .0034, Fig 2). The response was
highly variable within dosage groups and is summarized
in Table V. The C4 peak levels occurred at approximately
12 hours after infusion and thereafter gradually decreased
to baseline levels. At the 100 U/kg dose, a maximal
increase of 201% = 89% was observed.

An immediate dose-dependent decrease of C4b/c
concentration was observed (P < .0001; Table VI). In
addition, the duration of C4b/c decrease appeared dose
dependent (Fig 3). Figs 4 and 5 illustrate the inverse
relationship between functional C1INH and C4b/c. After
infusion of thC1INH at 6.25, 12.5, 25, 50, and 100 U/kg,
the lowest mean C4b/c levels of 56.7, 28.7, 17.8, 7.1, and
2.2 nM coincided with mean functional C1INH levels of
0.32, 0.41, 0.76, 1.35, and 2.27 U/mL, respectively (Figs
1 and 3). Although clear immediate C4b/c reductions were
observed after the infusion of thC1INH at all dosages,
C4b/c levels in the normal range were, with few excep-
tions, only observed when the functional C1INH levels
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FIG 2. Time profiles of mean normalized C4 antigen (in percentages) in the distinct dosage groups. The SD in
the highest dosage group (100 U/kg) is indicated by a bar.

TABLE VI. Summary of model-independent pharmaco-
dynamic parameters of C4b/c

Baseline Chnin Tomin
Dose (U/kg) N (nmol/L) (nmol/L) (min)
6.25 3 128.0 (48.59) 48.3 (24.79)  30.7 (25.40)
12.5 3 78.8 (24.83)  20.6 (15.25) 35.3 (22.48)
25 6  103.5 (62.00) 159 (9.73) 25.7 (17.73)
50 6 107.4 (58.51) 5.3 (1.90) 40.3 (39.63)
100 6 99.9 (30.80) 1.9 (0.39) 95.0 (39.87)

C nin, Minimum concentration; 7 ,,;,, time of minimum concentration. SDs are
shown in parentheses.

were in the normal range or higher (Figs 3 and 5). Thus a
normal or increased functional C1INH concentration
prevents cleavage of C4 (ie, the formation of C4b/c).

DISCUSSION

This is the first clinical study with any form of
recombinant C1INH. Twelve asymptomatic patients
with HAE received 2 escalating intravenous doses of
rhC1INH to characterize its pharmacokinetics and bio-
logic effects. thC1INH appeared safe and was well
tolerated because no drug-related adverse events or clin-
ically significant changes in ECG results, vital signs, and
laboratory parameters were observed. All subjects were
exposed to thC1INH on 2 occasions without evidence of
allergic-hypersensitivity reactions or clinically significant
antibody responses to thC1INH.

The pharmacokinetics of rhCI1INH revealed dose
proportionality for C,,,x and for the time span in which
the functional C1INH level was greater than 0.4 U/mL
(Fig 1 and Table II). After the infusion of thC1INH at 100
U/kg, functional C1INH levels in plasma remained greater

than 0.4 U/mL for about 9 hours (Figure 1 and Table II).
Activation of the cascade systems releasing inflammatory
mediators responsible for the generation of edema is
thought to be sufficiently controlled, with functional
C1INH levels exceeding 0.4 U/mL. No HAE attacks
are observed with functional C1INH levels exceeding
approximately 0.4 U/mL.%°

Furthermore, rhCI1INH showed a dose-dependent
clearance, most likely caused by a saturable mechanism
of elimination, and its half-life was approximately 3 hours
after administration of thC1INH at 100 U/kg (Table III).
The half-life of thC1INH appeared reduced compared
with that of human plasma-derived C1INH, which report-
edly is at least 24 hours.">'®?** This is probably related
to differential glycosylation of the 2 C1INH species.19
The presence of oligomannose and hybrid type N-linked
glycans and a low degree of sialylation in rhCI1INH
results in the exposure of terminal galactose groups,
mannose groups, or both, which are recognized and bound
by specific receptors, most notably on hepatocytes.>” Thus
uptake of thC1INH by hepatic galactose and mannose
receptors likely represents the major clearance pathway of
native thC1INH. A minor portion of rhC1INH in asymp-
tomatic HAE® might clear through receptors specific for
serpin-enzyme complexes.*®

Functional C1INH is assumed to indirectly affect C4
levels through inhibition of C1 esterase, which can cleave
C4 into C4b/c. Recombinant C1INH displayed biologic
activity in the patients through a dose-dependent increase
in C4 antigen and an immediate and dose-dependent
decrease in C4b/c concentration (Tables V and VI and
Figs 2 and 3). C4 peak concentrations at 12 hours after
infusion of rhCI1INH at 100 U/kg in this study in
asymptomatic patients with HAE were similar to the
increase seen in C4 concentrations after administration of
plasma-derived C1INH at 25 U/kg to patients with acute
HAE attacks. '® Furthermore, a number of studies reported
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FIG 3. Time profiles of mean C4b/c (in nanomoles per milliliter) in the distinct dosage groups during the first
8 hours after infusion. The SD in the lowest dosage group (6.25 U/kg) is indicated by a bar.

— A — Cl1 inhibitor — W — C4b/c
3.00 — 300
2.50 - ﬂ
ZF\T - 240
—_ \
3 LA
£ \l
= 2.00F "\
g | 180 @
5 g
E 150 ’g
S 2
— 120 &
[=}
2 100 \
o -
~] -
60
0.50 S
- i\ - - 'F -----------------------
A— T X
0.00 ] | 1 | 1 | 1 | 0
12 16 20 24

Time (hours)

FIG 4. Mean (SD) functional C1INH and C4b/c time profiles in the 100 U/kg dosage group.

a similar lag time (ranging from 6-24 hours) between
C1INH administration and C4 increases in patients with
HAE.>'32223 The late increase in C4 concentration
therefore seems to be a common phenomenon after the
administration of C1INH, likely reflecting the rate of
de novo C4 synthesis.

The immediate dose-dependent inhibition of C4 cleav-
age after the administration of thC1INH (Fig 3) coincided

with initial dose-dependent decreases in C4 levels (Fig 2).
In our experience polyclonal antibodies often contain
antibodies against epitopes not present on the native
antigen.’*?”® Polyclonal anti-C4 antibodies used in the
antigenic C4 assay might have a lower affinity for native
than for cleaved C4. Consequently, underestimation of
total C4 levels at normal or increased functional C1INH
levels when cleavage of C4 is inhibited (Fig 1 and 5) might
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FIG 5. Scatterplot of all C1INH and C4b/c concentrations. The levels of individual functional C1INH in all serial
plasma samples collected from patients with HAE who received rhC1INH at escalated doses between 6.25 and
100 U/mL were plotted against the corresponding plasma C4b/c concentrations.

explain the initial dose-dependent decreases in C4 levels
after administration of thC1INH.

The time profiles and inverse relationship of functional
C1INH and C4b/c (Figs 1, 3, 4, and 5) show that cleavage
of C4 occurs once the functional C1INH concentration is
reduced. At baseline, a highly variable but significant
proportion of total C4 is present in the cleaved form (Table
V and VI). Although the sharp decrease of C4b/c concen-
tration after the administration of C1INH provides clear
evidence for the biologic activity of thC1INH, it cannot be
excluded that a major proportion of C4b/c in patient’s
plasma might be derived from in vitro cleavage of C4
(ie, after blood collection). If it is assumed that the sudden
decrease in C4b/c concentration after the administration of
rhC1INH (Fig 3) reflects only in vivo inhibition of C4
cleavage and a rapid clearance of cleaved C4, this would
imply a very short half-life of C4b/c (<1 min), as well as a
very high de novo C4 synthesis rate to arrive at the high
predose C4b/c levels. The administration of thC1INH at
doses yielding normal or increased functional C1INH
levels would then have to result in almost instant massive
increases in C4. In contrast, initial dose-dependent de-
creases of C4 and late dose-dependent limited increases in
C4 were observed. On the basis of the inverse relationship
of functional C1INH and C4b/c and with the latter
representing the sum of C4 cleaved in vivo and in vitro,
it is concluded that the assay of C4 in plasma remains the
most straightforward parameter for in vivo biologic activ-
ity of C1INH.

In conclusion, the findings from this study warrant
clinical studies investigating the efficacy and safety of
rhC1INH in symptomatic patients with HAE. It is con-
ceived that an adequate dosage of rhC1INH will provide
functional C1INH levels for a sufficiently long period to
halt the progression of edema and allow its resolution.
These studies will provide information of the minimum

requirements for level and duration of reconstitution with
rhC1INH to achieve optimum efficacy in symptomatic
patients with HAE.
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