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What is already known about this topic? C1 inhibitor (C1-INH) is a first-line treatment for long-term hereditary
angioedema (HAE) attack prevention.

What does this article add to our knowledge? Subcutaneous fixed-dose plasma-derived C1-INH liquid is safe and
effective in HAE prophylaxis.

How does this study impact current management guidelines? A fixed-dose, subcutaneously administered, safe, and
effective prophylactic treatment may improve patients’ experience.
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Abbreviations used

AE- A
dverse event
AUC- A
rea under the plasma concentration-time curve

AUC0-96- A
rea under the plasma concentration-time curve

from time zero to last measurable concentration

AUC0-t- A
rea under the plasma concentration-time curve

from time zero extrapolated to the end of the dosing
interval tau
C1-INH- C
1 esterase inhibitor

C1-INH-HAE- H
ereditary angioedema with C1 inhibitor deficiency
CI- C
onfidence interval

Cmax- M
aximum observed plasma concentration

Cmin- M
inimum observed plasma concentration
eCRF- E
lectronic case report form

HAE-H
ereditary angioedema

ICH- In
ternational Council for Harmonisation

IRT- In
teractive response technology

ISR- In
jection site reaction

IV- In
travenous

LS- L
east squares
NNA- N
ormalized number of attacks

PD- P
harmacodynamics
pdC1-INH- P
lasma-derived C1 esterase inhibitor

PK- P
harmacokinetics

SAE- S
erious adverse event

SC- S
ubcutaneous

SD- S
tandard deviation
TEAE- T
reatment-emergent adverse event

Tmax- T
ime of maximum observed plasma concentration
BACKGROUND: Hereditary angioedema (HAE) with C1
inhibitor deficiency (C1-INH) is characterized by swelling of
subcutaneous and/or submucosal tissues.
OBJECTIVE: To evaluate efficacy/safety of fixed-dose subcu-
taneous plasma-derived C1-INH (pdC1-INH) liquid for HAE
attack prevention (NCT02584959).
ETHODS: Eligible patients were ‡12 years with ‡2 monthly
attacks prescreening or preelong-term prophylaxis. In a partial
crossover design, 80% of patients were randomized to placebo or
pdC1-INH liquid for 14 weeks and crossed over from active to
placebo or vice versa for another 14 weeks. The remainder were
randomized to pdC1-INH liquid for 28 weeks. The primary
efficacy endpoint was normalized number of attacks (NNA)
versus placebo. Key additional endpoints were the proportion of
patients achieving NNA reduction ‡50%, attack severity, num-
ber of attack-free days, and safety.
RESULTS: Seventy-five patients were randomized and 58 (77%)
completed the study. Mean age 41 years; 88% HAE type I. Least-
squares means of NNA were reduced from 3.9 with placebo to
1.6 with pdC1-INH (from day 1; P < .0001). Most patients had
‡50% NNA reduction with pdC1-INH (from day 1, 78%). A
total of 8.8% of placebo-treated patients were attack-free and
5.3%, 22.8%, and 63.2% had mild, moderate, and severe attacks,
respectively; 37.5% of pdC1-INHetreated patients were attack-
free and 8.9%, 26.8%, and 26.8% had mild, moderate, and se-
vere attacks, respectively. Treatment-emergent adverse event
rates were similar between groups (52% vs 56% for pdC1-INH
crossover vs placebo, respectively).
CONCLUSIONS: Fixed-dose subcutaneous pdC1-INH liquid
was superior to placebo in preventing HAE attacks and
demonstrated a favorable safety profile. � 2019 The Authors.
Published by Elsevier Inc. on behalf of the American Academy of
Allergy, Asthma & Immunology. This is an open access article
under the CC BY license (http://creativecommons.org/licenses/
by/4.0/). (J Allergy Clin Immunol Pract 2019;7:1610-8)

Key words: Hereditary angioedema; Subcutaneous; Fixed-dose;
Liquid; SAHARA study; Long-term prophylactic treatment

Hereditary angioedema with C1 inhibitor deficiency (C1-
INH-HAE) is a rare genetic disease caused by SERPING-1
gene mutations, resulting in a deficiency (type I) or dysfunction
(type II) in the C1 esterase inhibitor (C1-INH) protein.1

Worldwide the prevalence of diagnosed cases is approximately
1.5 per 100,000 (equivalent to approximately 1 in 67,000).2

C1-INH regulates the key components of the kallikrein-kinin
cascade; C1-INH deficiency is thus an important underlying
factor in HAE pathogenesis.3 Dysregulated activation of the
contact system leads to uninhibited production of the vasodilator
bradykinin, which promotes vascular permeability and subse-
quently causes local tissue swelling and pain.1,3

C1-INH-HAE manifests as swelling of subcutaneous or sub-
mucosal tissues,4 including the gastrointestinal tract, extremities,
and upper airways.4,5 Attacks occluding the upper airway can
cause death by asphyxiation.6 Symptoms recur with unpredict-
able frequency and intensity throughout patients’ lives, often in
the absence of triggers or prodromes.6,7 C1-INH-HAE nega-
tively impacts patients’ physical health and emotional well-being
(both during and in between attacks), limits education and work
opportunities, and hinders participation in social activities.6,8-11

For many patients, long-term prophylaxis of HAE attacks is a
lifelong requirement.12 The treatment approach should be
individualized based on disease frequency, severity, impact on
daily life, and patient preference.13 The need to begin or
continue long-term prophylaxis should be re-evaluated at each
patient visit.13 C1-INH is recommended as a first-line therapy
for the prevention of HAE attacks.13 The intravenous (IV)
plasma-derived nanofiltered C1-INH concentrate Cinryze (C1
Esterase Inhibitor [Human], Shire Services BVBA, Brussels,
Belgium [EU]; Shire ViroPharma Inc., Lexington, Mass) has an
established long-term safety and efficacy profile for the
prophylactic treatment against HAE attacks in patients with
C1-INH-HAE.14-17

Pharmacodynamic (PD) findings from a double-blind, ran-
domized study evaluating the treatment of acute HAE attacks
with IV-administered, plasma-derived nanofiltered C1-INH
demonstrated significant increases (P < .0001) versus placebo
in antigenic C1-INH levels (between-treatment difference
9.2 [95% confidence interval (CI), 5.3-13.2]) and functional
C1-INH levels (between-treatment difference 37.2 [95% CI,
29.2-45.3]) during the first 4-hour postadministration observa-
tion period. However, significant differences between groups were
not noted in C4 values (�0.2 [95% CI,�2.4 to 2.0; P ¼ .86]).16

Pharmacokinetic (PK) findings from a randomized, open-label
PK study demonstrated a nonedose-proportional increase with
a single dose (1000 U) versus double dose (1000 U, followed by a
second 1000 U dose 1 hour later) of IV-administered, plasma-
derived nanofiltered C1-INH in maximum plasma concentration
(mean maximum observed plasma concentration [Cmax]; from
0.31 � 0.20 U/mL at baseline to 0.68 � 0.08 U/mL with the
single dose, and from 0.33 � 0.20 U/mL at baseline to
0.85 � 0.12 with the double dose).18

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
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On a long-term basis, IV administration poses various chal-
lenges, particularly for patients in whom peripheral vein access is
difficult.19 The subcutaneous (SC) administration route is a
more convenient and feasible alternative for long-term
prophylaxis.13

Findings from the phase 3 COMPACT study demonstrated
significantly favorable efficacy versus placebo with weight-based,
SC-administered, human plasmaederived C1-INH (Haegarda;
CSL Behring GmbH, Marburg, Germany) in patients with
C1-INH-HAE.20 This agent was recently approved for routine
prophylaxis against HAE attacks in adolescent and adult
patients.21 The phase 3 SAHARA study (SubcutAneous pro-
pHylactic C1-INH for hereditARy Angioedema) evaluated a
fixed-dose, ready-to-use, SC-administered plasma-derived C1-
INH liquid (pdC1-INH liquid [SHP616]) for the prophylactic
treatment of patients with C1-INH-HAE.

METHODS

Study overview
Patients were enrolled from 33 sites in North America and

Europe. Screening began December 17, 2015, and the last patient
completed treatment on July 24, 2017.

Study design
The SAHARA study was a randomized, double-blind, placebo-

controlled trial (ClinicalTrials.gov NCT02584959). Patients were
randomized in a 2:2:1 ratio to receive pdC1-INH liquid or placebo
in partial crossover sequences over two 14-week treatment periods as
follows: pdC1-INH liquid in period 1, crossover to placebo in
period 2; placebo in period 1, crossover to pdC1-INH liquid in
period 2; or continuous pdC1-INH liquid for 28 weeks (to evaluate
long-term safety). The actual treatment sequence for each patient
was determined by a randomization schedule automatically assigned
using interactive response technology (IRT). Patients were stratified
by whether they received versus did not receive long-term prophy-
laxis with C1-INH at the time of enrollment.

This study followed the International Council for Harmonisation
(ICH) of Good Clinical Practice and the Declaration of Helsinki. All
applicable local ethical and legal requirements were met and patients
provided informed consent and assent. Procedures were compliant
with ICH guidelines, requirements of the local institutional review
board (IRB) or independent ethics committee (IEC), and state and
local law. The IRB or IEC approved all protocols and protocol
amendments, informed consent and assent forms, patient recruit-
ment, and relevant supporting information.

Patients
Patients were screened within 21 days before randomization.

Eligible patients were �12 years of age (or �18 years in Germany
and Israel); had a diagnosis of HAE type I or II and functional C1-
INH level <50% of normal; experienced an average of �2.0 HAE
attacks per month during the 3 consecutive months before use of
long-term prophylactic treatment or before screening (no time limit
provided); and were willing to receive treatment with icatibant for
acute attacks (for patients �18 years old).

Adults receiving prophylactic IV C1-INH at doses >1000 IU
every 3 or 4 days (or weekly dose >2000 IU) or adolescents
currently receiving C1-INH for prophylaxis were excluded. How-
ever, no restrictions were imposed regarding the lack of response to
prior C1-INH therapy. Additional exclusions were the presence of
an HAE attack within 2 days before the first dose of study drug in
treatment period 1; receipt of any C1-INH therapy or blood product
for HAE treatment or prevention within 3 days before the first dose
of study drug in treatment period 1; history of hypercoagulability or
other predisposition for thromboembolism; or diagnosis of the ac-
quired angioedema or known presence of antieC1-INH antibodies.

Treatments and visits
For each of the two 14-week treatment periods, patients received

fixed-dose (2000 IU) pdC1-INH liquid or placebo in a double-blind
manner via SC injection in the abdomen twice weekly (every 3 or 4
days), with no washout between treatment periods. pdC1-INH
liquid was supplied in clear glass vials containing 1000 IU C1-
INH in 2 mL sterile liquid. Placebo was supplied in the identical
2-mL presentation (including excipients) without the C1-INH
protein. Two vials of each agent (4 mL) were required per each
respective dose. No reconstitution was needed.

During both treatment periods, pdC1-INH liquid or placebo was
administered at the study site on dosing visits 1, 8, 16, 24, and 28.
The remaining doses were administered at various locations by
qualified personnel or home health professionals, or by the patient or
their caregivers (after appropriate training). Compliance was captured
either by the site personnel or patient or home health professional,
depending on whether the injection was administered at the study site
or at home. For self-administered doses, date and time of injection,
and dose completion (complete vs partial administration quantity)
were captured in a dedicated electronic case report form (eCRF) in-
tegrated in the electronic diary. In addition, the principal investigator,
study site personnel, or qualified home health professional ensured
that all documentation (including receipt, storage, dispensing, loss/
damaged, and return of used/unused product) was complete. Post-
treatment visits occurred 1 week (�1 day) and 1 month (�2 days)
after the last dose of study drug in treatment period 2 for follow-up
safety assessments. When possible, all patients who discontinued the
study completed the follow-up safety visits. Each patient participated
in the study for approximately 9 months.

Per protocol, for the treatment of acute attacks, patients �18
years old were to receive icatibant as first-line therapy. For patients
�12 to <18 years old, or for those who continued to require the
treatment of an acute attack after receiving icatibant, other standard-
of-care therapy was to be provided per locally approved product
information, including plasma-derived and recombinant C1-INH or
ecallantide.

Blinding
All study site personnel, patients, home-care providers, and the

sponsor were blinded to treatment sequence. To maintain blinding,
PK and PD findings were kept in strict confidence by the independent
external laboratory performing the analyses until study unblinding. A
limited number of study sponsor representatives responsible for the
IRT and product labeling were unblinded to treatment assignment to
review drug accountability on an ongoing basis.

Study endpoints

The prespecified primary endpoint was monthly normalized
number of HAE attacks (NNA) during a treatment period, starting
from day 1. This was expressed as follows: NNA ¼ 30.4 days �
(number of attacks during treatment period/days of treatment
period). NNA was analyzed using a linear mixed-effect model. The
mean treatment difference for pdC1-INH liquid versus placebo was
estimated with 95% CIs. The analysis of NNA in a treatment period
included data from weeks 1 to 14. The null hypothesis to be tested
was that NNA with pdC1-INH liquid was greater than or equal to

http://ClinicalTrials.gov


TABLE I. Patient demographics, baseline characteristics, and historical HAE attack characteristics*

Characteristic†

Crossover 2000 IU

pdC1-INH/placeboz (n [ 60)

Continuous 2000 IU

pdC1-INH (n [ 15) Total (N [ 75)

Mean (SD) age, yx 40.6 (14.1) 44.4 (16.4) 41.3 (14.6)

Female, n (%) 44 (73.3) 8 (53.3) 52 (69.3)

White, n (%) 57 (95.0) 15 (100.0) 72 (96.0)

Mean (SD) weight, kg 83.1 (26.7) 87.9 (26.5) 84.0 (26.5)

HAE type I, n (%) 52 (86.7) 14 (93.3) 66 (88.0)

Received HAE therapy during last 12 mo, n (%) 54 (90.0) 14 (93.3) 68 (90.7)

Received LTP with C1-INH or androgens any time before screening, n (%) 30 (50.0) 8 (53.3) 38 (50.7)

Received LTP until randomization, n (%) 15 (25.0) 6 (40.0) 21 (28.0)

C1-INH 9 (15) 4 (26.7) 13 (17.3)

Oral androgens 6 (10) 2 (13.3) 8 (10.7)

No treatment 45 (75.0) 9 (60.0) 54 (72.0)

Location of HAE attacks during 3 consecutive mo before screening, n (%)k

Gastrointestinal/abdominal 53 (88.3) 11 (73.3) 64 (85.3)

Extremity or peripheral 48 (80.0) 11 (73.3) 59 (78.7)

Genitourinary 20 (33.3) 4 (26.7) 24 (32.0)

Facial 18 (30.0) 6 (40.0) 24 (32.0)

Upper airway 15 (25.0) 2 (13.3) 17 (22.7)

C1-INH, C1 esterase inhibitor; HAE, hereditary angioedema; LTP, long-term prophylaxis; pdC1-INH, plasma-derived C1 esterase inhibitor; SD, standard deviation.
*Based on patients in the safety set (all patients who received �1 dose of study drug).
†The baseline value was the last observation before or on the first dose date of treatment period 1.
zTotal combined dosages of both 2000 IU pdC1-INH liquid/placebo and placebo/2000 IU pdC1-INH liquid sequences.
xAge was reported at the date of informed consent.
kEach patient was counted only once per category in typical location of attacks. Patients could have been counted more than once if their typical attack involved multiple
locations.

J ALLERGY CLIN IMMUNOL PRACT
VOLUME 7, NUMBER 5

LUMRY ETAL 1613
NNA with placebo. Patients in crossover sequences with �1 post-
baseline observation were analyzed for efficacy.

Key prespecified secondary endpoints included (1) the proportion of
patients achieving a �50% reduction in NNA during the pdC1-INH
liquid treatment period relative to the placebo period (ie, clinical
response) fromday 1, (2)NNAexcludingfirst 2weeks of each treatment
period, and (3) the proportion of patients achieving a�50% reduction
inNNAwith pdC1-INH liquid relative to placebo, excluding the first 2
weeks of each treatment period. Exclusion of the first 2 weeks of
treatment reflects the effect of intervention versus placebo at a steady
state. For the responder analyses, the null hypothesis was that the pro-
portion of patients achieving a�50% reduction inNNA is�0.2 (using
the lower limit of the 95% CI as the threshold).

Additional prespecified secondary endpoints included the pro-
portion of patients achieving a �50%, �70%, �90%, and 100%
reduction, as well as reduction to <1 NNA during a treatment
period relative to pretreatment assessment. Severity of HAE attacks,
monthly normalized attacks requiring acute treatment, and monthly
number of attack-free days were also evaluated. Categories for
maximum attack severity per treatment period included no, mild,
moderate, and severe symptoms. Cumulative attack severity was
defined as the sum of maximum symptom severities recorded for
each HAE attack in a treatment period for each patient. Cumulative
daily severity was defined as the sum of all daily severities in a
treatment period for each patient, with daily severity defined as the
maximum severity across all anatomic locations in a given day for the
corresponding attack. Patient-reported outcomes were also assessed
but are not reported here.

The safety/tolerability, immunogenicity, and occurrence of in-
jection site reactions (ISRs) were also assessed. Injection sites were
evaluated on predefined site visits by qualified site personnel for
erythema and swelling and the presence of cutaneous pain, burning
sensation, itching/pruritus, and warm sensation. The diameter of
any erythema or swelling was measured to obtain severity grading.
Patient experience with self-administration of pdC1-INH liquid was
also evaluated. ISRs were not assessed during home administration.
These cases were captured only if they met the threshold for a serious
adverse event (SAE).

PK/PD of functional C1-INH binding activity, plasma C1-INH
antigen levels, and complement C4 concentrations in study patients
were exploratory endpoints, including area under the plasma
concentration-time curve (AUC), Cmax, time of maximum observed
plasma concentration, and minimum observed plasma concentration
(Cmin).

Assessments
Patients recorded HAE symptoms and their experience with

self-administration using electronic diaries. Investigators
completed an eCRF for each attack, including date and time of
onset and complete resolution of symptoms and characterization,
location, and severity of swelling. Adverse events (AEs) were
recorded from the screening phase through 7 days after the last
dose of study drug. Also, all SAEs occurring through 30 days after
the last dose of study drug were reported. Additional safety as-
sessments included vital signs, clinical laboratory measurements
(eg, biochemistry, complement testing), and electrocardiograms.
Patients were monitored for the development of C1-INH anti-
bodies and, if present, were further evaluated for neutralizing an-
tibodies. ISRs were recorded in the eCRF for local tolerability after
SC administration.

Serial predose blood samples were collected at baseline and during
select treatment visits (specified in Table E1, available in this article’s
Online Repository at www.jaci-inpractice.org) to determine plasma
concentrations of C1-INH antigen, functional C1-INH binding

http://www.jaci-inpractice.org
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FIGURE 1. Normalized number of HAE attacks during treatment periods. Based on the full analysis set from the crossover sequences,
consisting of all patients in the safety set who received �1 postbaseline (eg, randomization) primary efficacy assessment. CI, Confidence
interval; HAE, hereditary angioedema; LS, least squares; NNA, normalized number of attacks; pdC1-INH, plasma-derived C1-INH; SD,
standard deviation. †Reflects the entire study period. zReflects the steady state period.
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activity, and plasma complement C4 concentrations. Blood sample
collection times for PK/PD assessments are shown in Table E1.
Serum samples were collected before the first dose of study drug on
visit 1a (dose 1 of treatment period 1), visit 1b (dose 1 of treatment
period 2), and throughout both treatment periods for the analysis of
antieC1-INH antibodies.

At various times throughout the study, patients were asked to rate
their overall experience with twice-weekly SC injections. Responses
were entered into the electronic patient diary.
Determination of sample size
The enrollment goal was to randomize �66 patients to ensure

that 54 patients completed both treatment periods (44 for crossover
sequences, 10 for active/active sequence). For the primary efficacy
endpoint (NNA), a sample of 44 patients would provide 90% power
at an alpha level of 0.025 (1-sided) to detect a difference of 1.0
attack per month between active treatment and placebo, assuming a
standard deviation (SD) of the difference of 2.0. For the key sec-
ondary endpoints, 44 patients would provide 90% power to test the
null hypothesis that the proportion of patients achieving �50%
reduction in NNA with pdC1-INH liquid versus placebo is �0.2,
assuming that the true proportion is 0.44 by using a 1-group c2 test
at an alpha level of 0.025 (1-sided).

A safety set of 60 patients ensured that if the true proportion of
any patient with a particular event was �5%, then the probability of
observing �1 event in the safety set was >95%.

Statistical analyses
Statistical analyses were performed using SAS software (SAS

Institute Inc., Cary, NC) Version 9.4. PK analysis was performed
using Phoenix WinNonlin (Certara USA, Inc., Princeton, NJ)
Version 6.3. Continuous variables were summarized using descrip-
tive statistics: n, mean, SD, median, minimum, and maximum.
Categorical variables were summarized by number of patients (n)
and percentage of patients per category.

To control for type 1 error, primary and key secondary endpoints
were tested at the 0.05 significance level in the following prespecified
order: primary endpoint, key secondary endpoint 1, key secondary
endpoint 2, and key secondary endpoint 3. If 1 hypothesis test was
not significant, the significance of all subsequent tests was not to be
assessed. Determination of study success was based solely on results
of the primary endpoint analysis regardless of results for key sec-
ondary endpoints.



0

20

40

60

80

100
P

a
ti
e
n
ts

 (
%

)

77.6

(38/49)

63.3

(31/49)

42.9

(21/49) 34.7

(17/49)

0

20

40

60

80

100

P
a
ti
e
n
ts

 (
%

)

76.6

(36/47)
63.8

(30/47)

44.7

(21/47) 38.3

(18/47)

51yaDmorF1yaDmorF

≥5
0%

 R
ed

uc
tio

n

≥7
0%

 R
ed

uc
tio

n

≥9
0%

 R
ed

uc
tio

n

10
0%

 R
ed

uc
tio

n

≥5
0%

 R
ed

uc
tio

n

≥7
0%

 R
ed

uc
tio

n

≥9
0%

 R
ed

uc
tio

n

10
0%

 R
ed

uc
tio

n

FIGURE 2. Proportion of patients achieving �50%, �70%, �90, and 100% reduction in NNA during treatment periods relative to pla-
cebo periods, from day 1 and from day 15. Clinical response (�50% reduction in NNAvs placebo) was achieved by 77.6% and 76.6% of
patients from days 1 and 15, respectively. Based on the full analysis set from the crossover sequences with patients who had data in both
treatment periods. The proportion of patients achieving a reduction in normalized number of attacks with C1-INH liquid versus placebo
was statistically significant for each category of response (from day 1: �50%, P < .0001; �70%, P < .0001; �90%, P ¼. 0005; 100%,
P ¼.0233; from day 15: �50%, P <.0001; �70%, P <.0001; �90%, P ¼.0002; 100%, P ¼.0058) relative to a predetermined efficacy
threshold of 20%. Error bars represent 95% CI values. CI, Confidence interval; NNA, normalized number of attacks; pdC1-INH, plasma-
derived C1-INH.
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RESULTS
Eighty-one patients were screened, and 75 patients were

randomized (60 for crossover sequence [n ¼ 31 receiving pdC1-
INH liquid in period 1; n ¼ 29 receiving placebo in period 1],
and 15 for continuous pdC1-INH liquid). Fifty-eight patients
(77%) completed the study. The reasons for study discontinu-
ation included patient withdrawal (n ¼ 9), AEs (n ¼ 4),
physician decision (n ¼ 1), lost to follow-up (in a patient who
completed treatment; n ¼ 1), and other (n ¼ 2). One patient
receiving pdC1-INH liquid experienced 2 treatment-emergent
AEs (TEAEs) that led to treatment withdrawal (nausea and
headache). Both events were considered treatment related and
occurred within 24 hours of administration. Two patients
receiving placebo experienced 2 TEAEs leading to withdrawal
(one had cardiac arrest and the other had an HAE attack).
Neither event was considered treatment related. Patient dispo-
sition is shown in Figure E1 (available in this article’s Online
Repository at www.jaci-inpractice.org).

Patients were generally representative of the overall HAE
study population; baseline demographics and clinical character-
istics were well balanced across treatment sequences (Table I).
Mean age was 41.3 years. Most patients were white (96.0%),
female (69.3%), and had HAE type I (88.0%). Most (90.7%)
had received HAE therapy (for acute treatment or prophylaxis)
within the last 12 months. Prophylactic treatment with C1-INH
or androgens was used by 50.7% of patients at any time before
screening, and by 28.0% of patients up until randomization. A
mean of 11.9 attacks occurred within 3 consecutive months
before screening.

Efficacy
Fifty-six and 57 of 60 patients from the crossover sequences

received pdC1-INH and placebo, respectively, and were assessed
for efficacy.

Normalized number of HAE attacks. Regardless of
treatment sequence, least-squares (LS) means of the NNA were
significantly lower for pdC1-INH liquid versus placebo (differ-
ence in LS means, �2.32, both from day 1 and day 15, P <
.0001; Figure 1). There was a median 79.5% reduction in HAE
attacks versus placebo from day 1 (mean [SD] 59.52% [69.06])
and 84.6% from day 15 (mean [SD] 63.48% [58.45]).

http://www.jaci-inpractice.org


TABLE II. Clinical response, cumulative attack severity, and cumulative daily severity* compared with pretreatment

Endpoint PdC1-INH liquid Placebo P value

Clinical response compared with pretreatment

n† 53 55

Achieving �50% reduction, n (%) 41 (77.4) 13 (23.6) < .0001

Achieving �70% reduction, n (%) 35 (66.0) 9 (16.4) < .0001

Achieving �90% reduction, n (%) 22 (41.5) 5 (9.1) < .0001

Achieving 100% reduction, n (%) 18 (34.0) 5 (9.1) .0005

Achieving reduction to <1 NNA, n (%) 33 (62.3) 6 (10.9) < .0001

Cumulative HAE attack severity

n 56 57

Overall LS mean (95% CI) 3.159 (1.856-4.463) 8.041 (6.746-9.336)

Difference in overall LS mean (95% CI) �4.881 (95% CI: �6.113 to �3.649) < .0001

Cumulative daily severity

n 56 57

Overall LS mean for cumulative daily severity 7.492 (2.928-12.056) 19.609 (15.067-24.151)

Difference in overall LS mean (95% CI) �12.117 (95% CI: �15.529 to �8.705) < .0001

CI, Confidence interval; HAE, hereditary angioedema; LS, least squares; NNA, normalized number of attacks; pdC1-INH, plasma-derived C1 esterase inhibitor.
*Based on the full analysis set from the crossover sequences. The full analysis set consists of all patients in the safety set who received �1 postbaseline (eg, randomization)
primary efficacy assessment.
†Patients with pretreatment and post-treatment NNA values.
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Clinical response. The proportion of patients achieving
clinical response with pdC1-INH liquid (�50% reduction in
NNA vs placebo) is shown in Figure 2. Of patients with data in
both treatment periods, 77.6% and 76.6% receiving pdC1-INH
liquid from days 1 and 15, respectively, were clinical responders
(P < .0001).

Clinical response compared with pretreatment. The
proportion of patients who achieved a clinical response relative to
pretreatment assessment was significantly higher with pdC1-
INH liquid versus placebo (Table II). Of 53 patients receiving
pdC1-INH liquid and 55 patients receiving placebo with avail-
able pretreatment and post-treatment NNA values, 77.4% versus
23.6% achieved clinical response, respectively (P < .0001).

Attack severity. Maximum symptom severity for HAE at-
tacks was generally lower for patients receiving pdC1-INH. Se-
vere symptoms were experienced by 26.8% and 63.2% of
patients receiving pdC1-INH liquid versus placebo, whereas
37.5% and 8.8%, respectively, had a maximum attack severity of
0 (ie, no symptoms; Figure 3). The median overall percentage
reduction in normalized cumulative severity for pdC1-INH
liquid versus placebo was 83.3% (95% CI, �97.67
to �74.47; P < .0001); the median overall percentage reduction
in normalized cumulative daily severity was 83.7% (�99.09
to �73.33, P < .0001). Overall LS means are shown in Table II.

On average, patients receiving pdC1-INH liquid had a
significantly greater number of attack-free days versus placebo
(mean [95% CI] 26.788 [25.106-28.470] vs 21.353 [19.681-
23.025]). The difference in overall LS means was 5.435 (95%
CI, 3.981-6.889; P < .0001).

Number of angioedema attacks requiring acute

treatment. Significantly fewer patients receiving pdC1-INH
liquid versus placebo required acute treatment for HAE attacks
(difference in overall LS means, �2.175, 95% CI, �2.750
to �1.599; P < .0001).

The occurrence of HAE attacks, attack severity, and use of on-
demand medications for each patient are depicted in Figure E2
(available in this article’s Online Repository at www.jaci-
inpractice.org).

Safety and tolerability
Seventy-one patients received pdC1-INH liquid and were

assessed for safety. For comparison with placebo, 56 and 57

http://www.jaci-inpractice.org
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TABLE III. TEAEs by system organ class and preferred term occurring in �5% of patients, n (%)*

TEAE, n (%) Crossover arms (n [ 56) Placebo (n [ 57) pdC1-INH liquid overall (n [ 71)
†

Gastrointestinal disorders 7 (12.5) 4 (7.0) 9 (12.7)

Diarrhea 3 (5.4) 0 (0.0) 3 (4.2)

General disorders and administration site conditions 4 (7.1) 4 (7.0) 5 (7.0)

Infections and infestations 20 (35.7) 13 (22.8) 28 (39.4)

Viral upper respiratory tract infection 7 (12.5) 3 (5.3) 11 (15.5)

Upper respiratory tract infection 7 (12.5) 4 (7.0) 7 (9.9)

Injury, poisoning, and procedural complications 1 (1.8) 4 (7.0) 1 (1.4)

Contusion 0 (0.0) 3 (5.3) 0 (0.0)

Investigations 3 (5.4) 3 (5.3) 4 (5.6)

Fibrin D dimer increased 0 (0.0) 2 (3.5) 0 (0.0)

Musculoskeletal and connective tissue disorders 2 (3.6) 3 (5.3) 4 (5.6)

Nervous system disorders 8 (14.3) 7 (12.3) 10 (14.1)

Headache 6 (10.7) 6 (10.5) 6 (8.5)

Respiratory, thoracic, and mediastinal disorders 5 (8.9) 5 (8.8) 5 (7.0)

Epistaxis 3 (5.4) 0 (0.0) 3 (4.2)

Skin and subcutaneous tissue disorders 4 (7.1) 3 (5.3) 4 (5.6)

pdC1-INH, Plasma-derived C1 esterase inhibitor; TEAE, treatment-emergent adverse event.
*Percentages are based on the number of patients in the safety set for each treatment (all patients who received �1 dose of study drug).
†Patients in the active-active sequence (n ¼ 15) received pdC1-INH liquid for 28 weeks.

J ALLERGY CLIN IMMUNOL PRACT
VOLUME 7, NUMBER 5

LUMRY ETAL 1617
patients from the crossover sequences who received pdC1-INH
liquid and placebo, respectively, were evaluated.

TEAEs. A similar proportion of patients receiving pdC1-INH
liquid in crossover sequences and those receiving placebo expe-
rienced TEAEs (51.8% and 56.1%, respectively), treatment-
related TEAEs (7.1% and 7.0%, respectively), and TEAEs
within 24 hours after receiving study drug (12.5% and 12.3%,
respectively). AE-related withdrawals are described above.

The TEAE profile was generally similar for pdC1-INH liquid
and placebo (Table III). Commonly reported TEAEs by
preferred term for pdC1-INH liquid crossover sequence groups
included viral upper respiratory tract infection (12.5%), upper
respiratory tract infection (12.5%), and headache (10.7%).
Overall, no clinically meaningful changes from baseline occurred
in mean biochemistry, hematology, coagulation parameters, or
vital signs. No thromboembolic events, treatment-related SAEs,
or deaths occurred.

Local tolerability. The incidence of ISRs was higher for pa-
tients receiving pdC1-INH liquid (59.2% in the overall group,
58.9% in the crossover groups) than placebo (26.3%). Erythema
was the most commonly reported ISR, occurring more frequently
with pdC1-INH liquid (56.3% in the overall group, 55.4% in
the crossover groups) than placebo (22.8%). However, with both
treatments, most reactions were mild, resolved within 12 hours,
and rarely impacted daily living. No patients discontinued the
study owing to the presence of ISRs.

Immunogenicity. No patients were positive for C1-INH
antibodies before the first dose of study drug (ie, visit 1a), and
no patients developed antieC1-INH antibodies during the
study.

PK and PD

Compared with placebo, functional C1-INH binding activity
levels were higher in the treatment groups, regardless of whether
placebo was administered before or after the active treatment. At
treatment period 2, week 14 (visit 28b), mean exposure for
functional C1-INH binding activity, plasma C1-INH antigen
levels, and plasma complement C4 concentrations (described by
AUC, Cmax, and Cmin) were notably higher in patients receiving
pdC1-INH liquid than placebo, including minimum values of
each exposure parameter (Table E2, available in this article’s
Online Repository at www.jaci-inpractice.org).

Survey on patient experience with administration of

pdC1-INH liquid

Most patients were satisfied/very satisfied with self-
administration (59/64, 92%) and felt that the SC route was a
better option than IV on a long-term basis (57/59, 97%). The
majority of patients who previously received IV therapy for HAE
reported preferring the SC route (43/49, 88%), and 81% (48/
59) viewed the syringe as easy to use. Patients reported achieving
self-administration with confidence within 1 to 2 study visits
(mean [SD] 1.8 [1.7]), and all respondents (59/59) were able to
self-administer without supervision.

DISCUSSION

Long-term prophylactic treatment against HAE attacks is a
life-altering and potentially life-saving modality for many pa-
tients. Plasma-derived, IV-administered lyophilized C1-INH has
historically been the standard of care for ongoing long-term
prophylaxis. An SC ready-to-use liquid formulation may offer a
more convenient treatment option. SAHARA is the first study to
evaluate a fixed-dose, low-volume, SC-administered liquid C1-
INH for prophylactic treatment against HAE attacks. Findings
demonstrate that compared with placebo, treatment with pdC1-
INH liquid SC led to significantly fewer attacks and fewer severe
attacks, higher rates of responders, and higher number of attack-
free days. pdC1-INH liquid has a favorable safety profile; no
safety signals or trends were noted with respect to AEs, clinical
laboratory results, vital signs, or immunogenicity.

Findings from this study add to previously published data
evaluating pdC1-INH for the prophylactic treatment of HAE
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attacks.16,20 In the phase 3 randomized, double-blind, placebo-
controlled crossover study evaluating patients with C1-INH-
HAE, average normalized attack rates and attack severity were
significantly lower and attack duration was significantly shorter
with IV-administered C1-INH versus placebo.16 In the phase 3
COMPACT study evaluating the SC-administered pdC1-INH,
a weight-based dosing strategy provided significant attack rate
reduction versus placebo.20 Head-to-head studies evaluating
long-term prophylactic treatments for C1-INH-HAE have not
been conducted. Findings from our study help to build a con-
tinuum of improved patient care and experience.

Convenience of administration is an important aspect of patient
compliance, especially for ongoing treatment; international treat-
ment guidelines emphasize the need to consider patient preference
when individualizing therapy.8,13 A survey of 47members of theUS
HAE Association evaluated patient experience with IV-
administered C1-INH for on-demand treatment or prophylaxis.22

The majority of participants (62%) who administered treatment
using a peripheral vein reported at least occasional challenges related
to accessing a vein or with the infusion itself, and almost half of
participants (47%) using ports experienced difficulties, including
infection and thrombosis.22 In our study, findings from the patient
experience survey show that pdC1-INH liquid was considered easy
to self-administer. The majority of patients considered the SC route
to be a better long-term option than the IV route. In addition,
pdC1-INH liquid administration volume is low (4 mL; lower than
required with weight-based C1-INH in most patients with HAE),
and reconstitution is not required.

A limitation of this study is the fact that a crossover design
may have a potential carryover effect. This was accounted for by
several sensitivity analyses yielding consistent results (not shown)
and by evaluating the findings starting from both day 1 and 15 of
each treatment period.

CONCLUSIONS
Our findings demonstrate that twice-weekly, fixed-dose, SC-

administered pdC1-INH liquid is an effective, well-tolerated
option for prophylactic treatment against HAE attacks. Given
the heavy burden of illness associated with C1-INH-HAE, the
convenience of a fixed-dose, low-volume, ready-to-use prophy-
lactic treatment option may help improve the patient experience.
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75 enrolled

60 randomized to

crossover sequence 

15 randomized to receive

fixed-dose SC pdC1-INH liquid for 28 weeks

31 received fixed-dose SC 

pdC1-INH liquid

(treatment period 1) 

followed by placebo

(treatment period 2) 

for 14 weeks each

29 received placebo

(treatment period 1)

followed by fixed-dose 

SC pdC1-INH liquid

(treatment period 2)

for 14 weeks each

28 completed treatment period 1
22 completed treatment period 2
22 completed the study
9 discontinued 
3 adverse events 
4 patient decision 
1 physician decision 
1 other reason 

25 completed treatment period 1
24 completed treatment period 2
24 completed the study
5 discontinued 
1 adverse event 
3 patient decision 
1 other reason 

15 completed treatment period 1

13 completed treatment period 2

12 completed the study

3 discontinued

2 patient decision 

1 lost to follow-up

6 failed to meet

randomization

criteria 

81 screened

FIGURE E1. Patient disposition. One patient receiving pdC1-INH liquid experienced 2 TEAEs that led to treatment withdrawal (nausea
and headache). Both events were considered treatment related and occurred within 24 hours of administration. Two patients receiving
placebo experienced 2 TEAEs leading to withdrawal (one had cardiac arrest and the other had an HAE attack). Neither event was
considered treatment related. HAE, Hereditary angioedema; pdC1-INH, plasma-derived C1-INH; SC, subcutaneous.
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FIGURE E2. Occurrence of HAE attacks, attack severity, and use of on-demand medications. The height of vertical bars indicates the
maximum attack severity of each dosing day, and the width indicates attack duration. The red dots indicate acute treatment. The hor-
izontal lines indicate treatment duration. HAE, Hereditary angioedema.
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TABLE E1. Blood sample collection times for PK/PD analyses

Visit/Dose no.

Blood sampling time points*

C1-INH antigen, C1-INH functional, C4

Treatment period 1

1a/Dose 1 Predose 1 (within 15 min)

2a/Dose 2† Predose 2 (within 15 min)

8a/Dose 8 Predose 8 (within 15 min)

16a/Dose 16 Predose 16 (within 15 min)

24a/Dose 24 Predose 24 (within 15 min)

Either 27a or
28a/Dose 27 or 28z

Predose 27 or 28 (within 15 min)
48 h after dose 27 or 28 (�3 h)

Treatment period 2

1b/Dose 1 Predose 1 (within 15 min)

2b/Dose 2† Predose 2 (within 15 min)

8b/Dose 8 Predose 8 (within 15 min)

16b/Dose 16 Predose 16 (within 15 min)

24b/Dose 24 Predose 24 (within 15 min)

28b/Dose 28 Predose 28 (within 15 min)
24 h after dose 28 (�3 h)—optional

sampling time point

48 h after dose 28 (�3 h)
72 h after dose 28 (�6 h)—optional

sampling time point
96 h after dose 28 (�6 h)

Early discontinuation (if applicable) and after treatment

Early discontinuation

1 wk (�1 d)

1 mo (�2 d)

C1-INH, C1 inhibitor; PD, pharmacodynamics; PK, pharmacokinetics.
*The actual date and time of each sample collection were recorded; therefore, the
sampling window is provided for guidance as an approximate value.
†Subjects who self-administered investigational product without supervision were
not required to have a blood sample collected at visit 2a or 2b.
zTo avoid collecting a PK/PD blood sample during the weekend, subjects had the
option for a predose and a 48-hour postdose sample collected at either visit 27a or
28a.

J ALLERGY CLIN IMMUNOL PRACT
VOLUME 7, NUMBER 5

LUMRY ETAL 1618.e3



TABLE E2. PK/PD parameters of functional C1-INH binding activity, plasma C1-INH antigen levels, and plasma complement C4
concentration (visit 28 in period 2)

AUC0-t (mU 3 h/mL) AUC0-96 (mU 3 h/mL) Cmax (mU/mL) tmax (h) Cmin (mU/mL)

C1-INH binding activity

pdC1-INH liquid

N 6 6 6 6 6

Mean (SD) 31,190 (17,389) 31,070 (17,396) 396.20 (273.013) 31.597 (12.7038) 258.15 (138.232)

Median 28,300 28,000 313.0 23.90 257.5

Min 15,400 15,400 200.1 22.90 79.4

Max 63,200 63,200 932.2 48.45 488.1

Placebo

N 3 3 3 3 3

Mean (SD) 13,860 (7268.3) 13,860 (7269.0) 159.50 (82.982) 55.689 (49.4851) 125.90 (62.329)

Median 11,600 11,600 128.1 72.45 99.4

Min 8030 8030 96.8 0.00 81.2

Max 22,000 22,000 253.6 94.62 197.1

AUC0-t (mcg 3 h/mL) AUC0-96 (mcg 3 h/mL) Cmax (mcg/mL) tmax (h) Cmin (mcg/mL)

C1-INH antigen

pdC1-INH liquid

N 6 6 6 6 6

Mean (SD) 6902 (4574.0) 6882 (4586.0) 77.680 (52.4375) 31.656 (24.6912) 65.562 (45.9331)

Median 5110 5050 55.57 23.90 45.84

Min 3970 3970 46.06 0.00 34.01

Max 15,900 15,900 181.22 71.57 154.42

Placebo

N 3 3 3 3 3

Mean (SD) 1849 (426.09) 1849 (426.36) 21.257 (5.1647) 47.578 (47.3106) 17.913 (4.4316)

Median 1830 1830 22.61 48.12 18.57

Min 1440 1440 15.55 0.00 13.19

Max 2290 2290 25.61 94.62 21.98

AUC0-t (mg 3 h/L) AUC0-96 (mg 3 h/L) Cmax (mg/L) tmax (h) Cmin (mg/L)

C4 concentration

pdC1-INH liquid

N 5 5 5 5 5

Mean (SD) 16,780 (895.63) 16,690 (803.60) 200 (30.82) 33.417 (36.5183) 158 (13.04)

Median 17,000 17,000 200 22.92 160

Min 15,600 15,600 170 0.00 140

Max 17,700 17,500 250 72.60 170

Placebo*

N 2 2 2 2 2

Patient A 8840 8840 120 94.62 82

Patient B 2150 2150 27 48.12 18

AUC0-96, Area under the plasma concentration-time curve from time zero to last measurable concentration; AUC0-t, area under the plasma concentration-time curve from time
zero extrapolated to the end of the dosing interval tau, where tau is approximately 84 hours (ie, average of every 3 or 4 days); Cmax, maximum observed plasma concentration;
Cmin, minimum observed plasma concentration; PD, pharmacodynamics; pdC1-INH, plasma-derived C1 esterase inhibitor; PK, pharmacokinetics; SD, standard deviation; tmax,
time of maximum observed plasma concentration.
*For patients receiving placebo, the mean, median, min, and max C4 concentrations were not calculated.
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