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Objectives:

1. To improve your knowledge of the pathophysiology of Hereditary 
Angioedema (HAE)

2. To summarize the impact of HAE on those that have it

3. To compare the therapeutic options

4. To evaluate future therapies

All are public access 
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During an attack

public access
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After successful treatment of an attack

public access
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Before control

public access
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After control

Tim Craig
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Overview

•Disease state and diagnostic considerations in HAE

•Treatment of HAE

•New Therapies
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Angioedema:
Why Mechanisms Matter

• Angioedema

– Global prevalence is 1% of population experience urticaria and/or 

angioedema

– 25% will have urticaria and or angioedema during their lifetime

– By far most are histamine induced

– Mortality: 0.34 (95% CI 0.31-0.37) per million

– Bradykinin-mediated angioedema results in a disproportionate number 

of deaths relative to other mechanisms

– Effective treatment relies on identifying the underlying cause of 

angioedema

• Hereditary angioedema (bradykinin mediated)

– Prevalence: ~1:50,000

• IgE-dependent allergic reactions

• Direct mast cell release

• Changes in arachidonic acid metabolism within 
mast cells

Mast-Cell Mediated (most cases)

• ACE inhibitors

• Hereditary C1-INH deficiency (HAE)
• Acquired C1-INH deficiency

• Fibrinolytics

Bradykinin Mediated

C1-INH: C1-esterase inhibitor.

• Idiopathic

Unknown Mechanisms

Maurer M, et al. Allergy. 2022;Jan 10. Online ahead of print.
Busse PJ, et al. J Allergy Clin Immunol Pract. 2021;9:132-150.
Proper SP, et al. Allergy Asthma Proc. 2020;41(suppl 1):S3-S7.
Kim SJ, et al. Ann Allergy Asthma Immunol. 2014;113:630-634.
Crochet J, et al. Clin Exp Allergy. 2019;49:252-254.
Aygören-Pürsün E, et al. Orphanet J Rare Dis. 2018;13:73
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Angioedema:
Mast Cell-Mediated Versus Bradykinin-Mediated

Mast Cell Bradykinin

Reaction May be allergic Non-allergic

Mechanism Related to mast-cell activation Increase in vascular permeability

Symptoms Skin and oropharyngeal symptoms predominant

Most common on face (lips and periorbital area)

Abdominal pain, GI symptoms uncommon

Often associated with urticaria, erythema and/or 

pruritus

Swelling occurs in skin and mucous membranes

Any skin surface

Recurrent abdominal pain common

1-3% of attacks involve the upper airway

Associated with erythema marginatum

Urticaria

Duration

Frequently, but not always 

Rapid formation and resolution

None

Slow formation and persists days

Response to

   antihistamines, epi

   and corticosteroids

Sometimes No 

Mortality Usually not life threatening unless in the setting

   of anaphylaxis

Upper airway swelling can cause asphyxiation 

Rapid, appropriate treatment is essential to reduce

   mortalityMaurer M, et al. Clin Rev Allergy Immunol. 2021;61:40-49.
Anderson J, et al. Clin Transl Allergy. 2022;12(1):e12092.
Azmy V, et al. Allergy Asthma Proc. 2020;41(suppl 1):S18-S21.
Maurer M, et al. Allergy. 2022;Jan 10. Online ahead of print.
Busse PJ, et al. J Allergy Clin Immunol Pract. 2021;9:132-150.
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Laboratory Diagnostic Tests of bradykinin induced disease

HAE-I HAE-2 Normal C1-INH
ACE-I 

angioedema

Acquired 
angioedema with 
low C1-inhibitor

Serum C4 Low Low Normal Normal low

C1-INH

Protein

   Function

Low

Low

Normal to 

elevated

Low

Normal

Normal

Normal

Normal

Low

Low

C1q low in 75%

Genetic 

sequencing

Rarely 

needed

Rarely 

needed

Essential
(many mutations not 

yet identified)

NA May be needed in 

rare cases to rule out 

late onset HAE

Maurer M, et al. Allergy. 2022;Jan 10. Online ahead of print.
Busse PJ, et al. J Allergy Clin Immunol Pract. 2021;9:132-150.

C1-INH: C1-esterase inhibitor; NGS: next generation sequencing.
Laboratory results must always be interpreted in conjunction with clinical history.
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Types of HAE
HAE-I HAE-2 Normal C1-INH

Genes 

affected

SERPING1 SERPING1 Coagulation factor XII (HAE-F12)

Plasminogen (HAE-PLG)
Angiopioetin-1 (HAE-ANGPT1)
Kininogen-1 (HAE-KNG1)

Myoferlin (HAE-MYO)
Heparin (HAE-HS3ST6)

Carboxypeptidase (HAE-CPN1)
VEGF-R2 (HAE-DAB21P) 
Other unknown genes

Gene products

affected and 
cause of 
angioedema

C1-INH C1-INH Coagulation factor XII- (bradykinin)

Plasminogen- (bradykinin)
Angiopioetin-1- (vascular leak or bradykinin?)
Kininogen-1- (bradykinin)

Myoferlin- (vascular leak or bradykinin?)
Heparin- (bradykinin?)

CPN1- carboxypeptidase N subunit 1 deficiency        
(bradykinin, anaphylatoxins?) urticaria & angioedema
VEGFR2- (vascular leak or bradykinin?) urticaria & 

angioedema
Other unknown gene products

Bork K, et al. Allergy Asthma Clin Immunol. 2021;17(1):4.
Maurer M, et al. Allergy. 2022;Jan 10. Online ahead of print.
Busse PJ, et al. J Allergy Clin Immunol Pract. 2021;9:132-150.
Denis V. JACI Global Sept 2024 PMID 39239323
D’Apolito M et al. JACI Sept2024 PMID 38823490

SERPING1: serine esterase protease inhibitor G1; C1-INH: C1-esterase inhibitor; HS3ST6: heparin 
sulfate-glucosamine 3-sulfotransferase 6.
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HAE type 1 and 2:
Characterized by Recurrent, Localized, Often Painful Swelling

• Fluid extravasation in deep dermis, subcutaneous, or submucosal tissues

• Skin swelling (non-pitting, generally self-limited)

– Any skin location, but most common: face, hands, feet, genital

– Not accompanied by urticaria or pruritus

– Prodromal symptoms in the majority, with erythema marginatum seen in ~30% 

of patients

• Submucosal tissue swelling

– Upper respiratory tract: potentially life-threatening due to asphyxiation

– GI tract: leads to severe abdominal pain, nausea, and vomiting

Swollen right hand during HAE attack

Erythema marginatum

Maurer M, et al. Allergy. 2022;Jan 10. Online ahead of print.
Busse PJ, et al. J Allergy Clin Immunol Pract. 2021;9:132-150.
Busse PJ, et al. N Engl J Med. 2020;382:1136-1148.
Prematta M, Craig T. All Asthma Proceedings 2009 PMID 19843405
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Mechanism of Angioedema for Type 1 and 2 HAE

FXIIa

Factor XII

Prekallikrein

Plasminogen

Plasmin Bradykinin

Kallikrein

C1rs

C4

C4a

C4b

Bradykinin
ReceptorscuPA

uPA

tPA

HMW
Kininogen

Inactive
Bradykinin
Metabolites

ACE
ACE

Inhibitor

Bradykinin-
Mediated

Angioedema

Busse PJ, et al. N Engl J Med. 2020;382:1136-1148; Riedl MA, et al. J Allergy Clin Immunol Pract. 2024;12:911-918; Smith TD, et al. Ann Allergy Asthma Immunol. 2024:S1081-S1206.

C: complement; C1-INH: C1-esterase inhibitor; F12: coagulation factor XII; scuPA: single-chain urokinase plasminogen activator; uPA: urokinase-type plasminogen activator; tPA: tissue plasminogen
   activator; pd: plasma-derived; HMW: high-molecular-weight; ACE: angiotensin-converting enzyme.

C1-INH

C1-INH

C1-INH

C1-INH

C1-INH
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Contact     
System

Factor 
XII

Factor XIIa

Bradykinin

      Pre-Kallikrein

Kallikrein

HMWK

Vascular Permeability →Angioedema

Bradykinin 
B2  Receptor     
          cGMP

(-)  C1 INH

(-)  C1 INH

-PGI
-Nitric Oxide

2

Effect of C1-inhibitor (C1 INH) on
bradykinin and bradykinin effect on 
the B-2 Bradykinin receptor

Pathophysiology of HAE

Created by T Craig
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Actin stress fibersVE-cadherin

Non stimulated

Stimulated

Increased vascular permeability

From Tiruppathi C, et al. Vascul Pharmacol. 2003;39:173-185.

Bradykinin Effect on Endothelial Cells

Pathophysiology of HAE
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HAE:
Triggers and Patterns of Attacks

• Do most episodes have a known trigger?

• Episodes of HAE attacks

– Frequency is highly variable

• Occur from none to several times a week

• Average from HAE-A is 20 per year, average from EU 16 per 

year

• Many untreated patients have attacks every 1 to 2 weeks

• Most untreated attacks last for 2 to 4 days

– Swelling can occur in one or multiple parts of the body 

during an attack

?

Common Triggers
of HAE Attacks

Azmy V, et al. Allergy Asthma Proc. 2020;41(suppl 1):S18-S21.
Bork K, et al. Allergy Asthma Clin Immunol. 2021;17(1):4.
Maurer M, et al. Allergy. 2022;Jan 10. Online ahead of print.
Busse PJ, et al. J Allergy Clin Immunol Pract. 2021;9:132-150.
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HAE:
Triggers and Patterns of Attacks

• Many episodes do not have a known trigger

• Episodes of HAE attacks

– Frequency is highly variable

• Occur from none to several times a week

• Average from HAE-A is 20 per year, average from EU 16 per 

year

• Many untreated patients have attacks every 1 to 2 weeks

• Most untreated attacks last for 2 to 4 days

– Swelling can occur in one or multiple parts of the body 

during an attack

• Emotional or physical stress

• Trauma

• Surgery

• Infections (colds, flu, etc)

• ACE inhibitors

• Estrogen

Common Triggers
of HAE Attacks

Azmy V, et al. Allergy Asthma Proc. 2020;41(suppl 1):S18-S21.
Bork K, et al. Allergy Asthma Clin Immunol. 2021;17(1):4.
Maurer M, et al. Allergy. 2022;Jan 10. Online ahead of print.
Busse PJ, et al. J Allergy Clin Immunol Pract. 2021;9:132-150.
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Onset of Symptoms

• Symptoms of HAE typically begin in 

childhood and worsen during puberty

• Family history of HAE (75% of cases)

– Autosomal dominant inheritance pattern, 

variable penetrance

• Remaining 25% of cases have no  

family history of HAE

– De novo mutations that subsequently follow 

autosomal dominant inheritance pattern

Kaplan ap, et al. J Allergy Clin Immunol Pract. 2020;8:892–900.
Bork K, et al. Allergy Asthma Clin Immunol. 2021;17(1):4.
Azmy V, et al. Allergy Asthma Proc. 2020;41(suppl 1):S18-S21.
Maurer M, et al. Allergy. 2022;Jan 10. Online ahead of print.
Busse PJ, et al. J Allergy Clin Immunol Pract. 2021;9:132-150.

C1-INH: C1-esterase inhibitor.

~85%
Type 1
(M:F 50:50)

~15%
Type 2
(M:F 50:50)

Distribution of Types of HAE

<1%
Normal
C1-INH
(M:F 1:10)
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Program Overview

•Disease state and diagnostic considerations in HAE

•Treatment of HAE

•New Therapies
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Treatment of HAE: 

Core Principles For All Patients With HAE

Maurer M, et al. Allergy. 2022;Jan 10. Online ahead of print.
Busse PJ, et al. J Allergy Clin Immunol Pract. 2021;9:132-150.

Availability of
Effective On-Demand 

Acute Therapy

Early Treatment to 
Prevent Attack 
Progression

Treatment of Attacks 
Irrespective of the 
Site of Swelling

Incorporation of 
Short-Term 
Prophylaxis 
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FDA-Approved On-Demand Therapeutic Options

Patients
Self 

Administered
Mechanism Potential Adverse Events

Ecallantide ≥12 years of age No (sc) Inhibits plasma kallikrein Uncommon

   Antidrug antibodies, risk
      of anaphylaxis

Icatibant ≥18 years of age*

Down to 2 in EU 

Yes (sc) Bradykinin B2 receptor antagonist Common

   Discomfort at injection site

C1-INH

Plasma-derived Children and 

adults†

Yes (iv) Inhibits plasma kallikrein, coagulation factors Xlla, XIIf 

and Xla, C1s, C1r, MASP-1, MASP-2, and plasmin

Rare

   Anaphylaxis

Recombinant Adolescents and 

adults†

Yes (iv) Inhibits plasma kallikrein, coagulation factors Xlla, XIIf 

and Xla, C1s, C1r, MASP-1, MASP-2, and plasmin

Uncommon

   Risk of anaphylaxis in
   rabbit-sensitized persons

Maurer M, et al. Allergy. 2022;Jan 10. Online ahead of print.
Busse PJ, et al. J Allergy Clin Immunol Pract. 2021;9:132-150.

C1-INH: C1-esterase inhibitor.
MASP-1, -2, mannose-binding lectin-associated serine proteases 1, 2.

*In Europe, approved in ≥2 years of age.
†Also approved in Europe.
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HAE Medications for On Demand Therapy

FXIIa

Factor XII

Prekallikrein

Plasminogen

Plasmin Bradykinin

Kallikrein

C1rs

C4

C4a

C4b

Bradykinin
ReceptorscuPA

uPA

tPA

HMW
Kininogen

Inactive
Bradykinin
Metabolites

ACE
ACE

Inhibitor

Pathway

Effector

Approved On-demand

Approved Long-term prophy 

Investigational

Bradykinin-
Mediated

Angioedema

Busse PJ, et al. N Engl J Med. 2020;382:1136-1148; Riedl MA, et al. J Allergy Clin Immunol Pract. 2024;12:911-918; Smith TD, et al. Ann Allergy Asthma Immunol. 2024:S1081-S1206.

C: complement; C1-INH: C1-esterase inhibitor; F12: coagulation factor XII; scuPA: single-chain urokinase plasminogen activator; uPA: urokinase-type plasminogen activator; tPA: tissue plasminogen
   activator; pd: plasma-derived; HMW: high-molecular-weight; ACE: angiotensin-converting enzyme.

pd/rh C1-
INH

C1-INH

Ecallantide
Icatibant

C1-INH

C1-INH

C1-INH
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*Mary has HAE with low C1-inhibitor (type 1)

*She is scheduled for a “T and A” for sleep disordered breathing.

*Her medications are icatibant for rescue and lanadelumab for 
prophylaxis

?What would you want to do before surgery?

Pre-surgery case
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NormalDuring an Attack

Thanks to M Riedl
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• You would recommend which treatment before 

• A. Pretreat with danazol 200 mg three times a day starting a 
day before surgery

• B. Just continue the lanadelumab

• C. Pretreat with icatibant

• D. Pretreat with C1-inhibitor SQ

• E. Pretreat with C1-inhibitor IV

Which treatment would you recommend before 
surgery?
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HAE Therapies for short term prophylaxis

FXIIa

Factor XII

Prekallikrein

Plasminogen

Plasmin Bradykinin

Kallikrein

C1rs

C4

C4a

C4b

Bradykinin
ReceptorscuPA

uPA

tPA

HMW
Kininogen

Inactive
Bradykinin
Metabolites

ACE
ACE

Inhibitor

Pathway

Effector

Approved On-demand

Approved Long-term prophy 

Investigational

Bradykinin-
Mediated

Angioedema

Busse PJ, et al. N Engl J Med. 2020;382:1136-1148; Riedl MA, et al. J Allergy Clin Immunol Pract. 2024;12:911-918; Smith TD, et al. Ann Allergy Asthma Immunol. 2024:S1081-S1206.

C: complement; C1-INH: C1-esterase inhibitor; F12: coagulation factor XII; scuPA: single-chain urokinase plasminogen activator; uPA: urokinase-type plasminogen activator; tPA: tissue plasminogen
   activator; pd: plasma-derived; HMW: high-molecular-weight; ACE: angiotensin-converting enzyme.

rh and pd 

C1-INH IV

androgens

Tranexamic 

acid

C1-INH

C1-INH

C1-INH
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Maurer M, Allergy. 2022 Jul;77(7):1961-1990
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What dose of IV C1-inhibitor should you use for Pre-
procedural prophylaxis?

Suggested 20 iu/kg of 
plasma derived C1-INH

1 hour before procedure.
Alternative is rcC1-INH.
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How do we determine who needs long term prophylaxis? 

Annals of Allergy Asthma and Immunology  Craig et al 2018



31Maurer M, Allergy. 2022 Jul;77(7):1961-1990
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First-Line Long-Term Prophylactic Therapeutic Options

Patients Approved Initial Dose
Most Common
Adverse Events

C1-INH

Plasma-derived (iv) ≥6 years of age Pediatric: 500 U every 3 to 4 days

Adolescents/adults: 1000 U every 3 to 4 days
(may increase to up to 2500 U)

Headache, nausea, rash, vomiting,

   and fever

Plasma-derived (sc) ≥6 years of age 60 IU/kg twice weekly Injection site reactions, hypersensitivity,

   nasopharyngitis and dizziness

Lanadelumab (sc)

   (plasma kallikrein inhibitor
   monoclonal antibody)

≥2 years of age 300 mg every 2 weeks with adjustment for 

children

Injection site reactions, upper respiratory

   infections, headache, rash, myalgia,
   dizziness, and diarrhea

Berotralstat (oral)

   (plasma kallikrein inhibitor)

≥12 years of age 150 mg qd taken with food Abdominal pain, vomiting, diarrhea, back

   pain, and gastroesophageal reflux disease

Maurer M, et al. Allergy. 2022;Jan 10. Online ahead of print.
Busse PJ, et al. J Allergy Clin Immunol Pract. 2021;9:132-150.

C1-INH: C1-esterase inhibitor.
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HAE Therapeutic Landscape for LTP

FXIIa

Factor XII

Prekallikrein

Plasminogen

Plasmin Bradykinin

Kallikrein

C1rs

C4

C4a

C4b

Bradykinin
ReceptorscuPA

uPA

tPA

HMW
Kininogen

Inactive
Bradykinin
Metabolites

ACE
ACE

Inhibitor

Pathway

Effector

Approved On-demand

Long-term prophy 

Investigational

Bradykinin-
Mediated

Angioedema

Busse PJ, et al. N Engl J Med. 2020;382:1136-1148; Riedl MA, et al. J Allergy Clin Immunol Pract. 2024;12:911-918; Smith TD, et al. Ann Allergy Asthma Immunol. 2024:S1081-S1206.

C: complement; C1-INH: C1-esterase inhibitor; F12: coagulation factor XII; scuPA: single-chain urokinase plasminogen activator; uPA: urokinase-type plasminogen activator; tPA: tissue plasminogen
   activator; pd: plasma-derived; HMW: high-molecular-weight; ACE: angiotensin-converting enzyme.

pd C1-INH 
SQ

pd/rh C1-INH

C1-INH

Lanadelumab
Berotralstat

C1-INH

C1-INH

C1-INH

Tranexamic acid

androgens

androgens
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50% 
reduction
of attacks

C1-INH IV 1000 mg every 3 to 4 days
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Reduction of attacks with SQ C1-inhibitor at 40 and 60 
units per kg twice a week 

Median
95% and 
mean 86% 
reduction
of attacks

Longhurst, Cicard, 
Craig. NEJM 2017
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Reduction of attacks with lanadelumab for prophylaxis

Mean 87% 
reduction
of attacks

Banerji A. 
NEJM 2019
31012909
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Reduction of attacks with berotralstat for LTP

Berotralstat
Once-daily, oral berotralstat for the prevention of HAE attacks; Approved for patients ≥12 years of age

1. Aygören-Pürsün E, et al. J Allergy Clin Immunol. 2020 Feb;145(2):AB107.

2. Zuraw B, et al. J Allergy Clin Immunol. 2020 Oct 21;S0091-6749(20)31484-6.

3. Hwang JR, et al. Immunotherapy. 2019;11(17):1439-4.
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-0.5

0.5

1.5

2.5

3.5 BCX7353 110 mg BCX7353 150 mg

(Day 1-28)         (Day 29-56)        (Day 57-84)        (Day 85-112)     (Day 113-140)    (Day 141-168)

51
58

2527

50

1510
23

8

0

20

40

60

80

100

BCX 110 BCX 150 Placebo

Responder 

Analysis

Reduction in HAE attack rate, %

BCX7353 110 

mg

(n=41)

BCX7353 150 

mg

(n=40)

Placebo

(n=39)

≥50       ≥70      ≥90 ≥50       ≥70      ≥90 ≥50       ≥70      ≥90

P=0.021
P=0.005

P=0.002

50% of subjects in the BCX7353 

150-mg group experienced a 
≥70% reduction in HAE attack 

rates from baseline

Safety outcomes, n (%)

BCX7353 110 mg
(n=41)

BCX7353 150 mg
(n=40)

Placebo
(n=39)

General abdominal pain 4 (9.8) 9 (22.5) 4 (10.3)

Vomiting 4 (9.8) 6 (15.0) 1 (2.6)

Diarrhea 4 (9.8) 6 (15.0) 0

Back pain 1 (2.4) 4 (10.0) 1 (2.6)

47% reduction 
of attacks
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Rationale for New HAE Therapies

• Improve treatment of HAE patients

– Increased efficacy 

– Increased safety +/-

– Reduction in treatment burden

– Longer lasting prophylactic treatments 

– Oral medications 

– RNA interference therapies

– Gene therapies

– Hopefully, improved accessibility 

Fijen LM, et al. Clin Rev Allergy Immunol. 2021;61:66-76.
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HAE:
Investigational Agents in Late-Stage Clinical Development

Mechanism Patients Description

Sebetralstat (PO)

    Kalvista

Plasma kallikrein inhibitor Adolescents/adults KONFIDENT: on-demand therapy

Garadacimab (sc)

   CSL-B

Human anti-factor XIIa

   monoclonal antibody 

≥12 years of age Studies 3001 and 3002: long-term prophylaxis

Donidalorsen (sc)

   Ionis

Ligand-conjugated antisense

   oligonucleotide to reduce
   prekallikrein production

≥12 years of age OASIS-HAE: long-term prophylaxis

ADX-324

   ADARx

Short interfering RNA (siRNA) prevents 

pre-kallikrein production

Navenibart (sc)

   Astria

IgG1 with modified FC and inhibits plasma 

kallikrein

> 18 fears of age LTP with infrequent dosing

Deucrictibant (PO)

   Pharvaris

Selective B2-receptor antagonist ≥18 years of age

≥18 years of age
RAPIDe-1: dose-ranging for acute treatment

HAE CHAPTER-1: dose-ranging for long-term prophylaxis

NTLA-2002 (iv)

   Intellia

CRISPR/Cas9 editing of KLKB1 ≥18 years of age Phase 1/2 dose-escalation study for long-term prophylaxis

BMN 331 (iv)

   BioMarin

AAV5-based, gene therapy ≥18 years of age HAErmony-1 (phase 1/2): dose-escalation study for

   long-term prophylaxis

ClinicalTrials.gov.

CRISPR: clustered regularly interspaced short palindromic repeats.
Cas-9: CRISPR-associated protein 9.
KLKB1: kallikrein B1.
AAV: adeno-associated virus.
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HAE Therapeutic Landscape:
Current and Emerging Options

FXIIa

Factor XII

Prekallikrein

Plasminogen

Plasmin Bradykinin

Kallikrein

C1rs

C4

C4a

C4b

Bradykinin
ReceptorscuPA

uPA

tPA

HMW
Kininogen

Inactive
Bradykinin
Metabolites

ACE
ACE

Inhibitor

Pathway

Effector

Approved On-demand

Approved Long-term prophy 

Investigational

Bradykinin-
Mediated

Angioedema

Busse PJ, et al. N Engl J Med. 2020;382:1136-1148; Riedl MA, et al. J Allergy Clin Immunol Pract. 2024;12:911-918; Smith TD, et al. Ann Allergy Asthma Immunol. 2024:S1081-S1206.

C: complement; C1-INH: C1-esterase inhibitor; F12: coagulation factor XII; scuPA: single-chain urokinase plasminogen activator; uPA: urokinase-type plasminogen activator; tPA: tissue plasminogen
   activator; pd: plasma-derived; HMW: high-molecular-weight; ACE: angiotensin-converting enzyme.

C1-INH

Deucrictibant

Donidalorsen
NTLA-2002

ADX-324

Sebetralstat
Navenibart

C1-INH

C1-INH

C1-INH

Garadacimab
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43
• HAE attack frequency and severity are significantly lower for garadacimab 

vs placebo in pivotal Phase 3 (VANGUARD) study 

• Garadacimab is not authorized or available for sale anywhere. The information presented here is based on garadacimab pivotal Phase 3 (VANGUARD) and OLE studies. CSL Behring recommends the use of its products only as directed in the 
approved product label.
*The patient showing an atypical response to garadacimab has a complex medical h istory and ongoing medical conditions; these include musculoskeletal and connective tissue d isorders ( i.e., fibromyalgia and osteoporosis), vascular disorders (i.e. hypertension), 
respiratory disorders (i.e., allerg ic rhinitis), gastrointestinal disorders (i.e ., gastric polyps, hiatus hernia), and neoplasms. HAE, hereditary angioedema; 
OLE, open-label extension; q1m, once monthly. 1 . Craig TJ et al.  Lancet 2023; 401:1079–1090 and supplementary appendix. 

T Craig, Lancet 2022
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Monoclonal 87% reduction of attacks 
with a single monthly injection 
against F12a
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Donidalorsen SQ injection every 4 to 8 weeks 
mRNA inhibitor of prekallikrein

 According to Trial Group and Patient.

Fijen LM et al. N Engl J Med 2022;386:1026-1033

Placebo

Active therapy

81% reduction of attacks at q 4 weeks
55% reduction of attacks at q 8 weeks

Rield M 2024
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Navenibart SQ Monoclonal  Expected to Sustain Exposure Above Target 
Threshold with Both Q3 and Q6 Month Dosing; against Kallikrein

90-95 % reduction of attacks 
depending on the cohort with SC 
injection every 3 to 6 months

EADV Sept 25-28 2024
Netherlands
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Durable HAE attack reductions observed in all patients after a 
single dose of NTLA-2002; Crispr removes prekallikrein

Longest 
attack free 

duration post 
NTLA-2002 

(months)
SCREENING

PERIOD PRIMARY OBSERVATION PERIOD POST-PRIMARY OBSERVATION PERIOD

Historic 
monthly attack 

rate prior to 
screening
(months)

WK 16

Administration of
NTLA-2002

-42 -28 -14 0 14 28 42 56 70 84 98 112 140 168 196 224

Weeks 1-16 Months 4-16

Days -56 252 280 308 336 364 392 420 448

ATTACK SEVERITY:      Mild      Moderate      Severe    PROPHYLAXIS WITHDRAWAL: 

Pt.

12.3

11.5

13.0

1.9 No concomitant prophylaxis 

14.0

2.2

1

Berotralstat withdrawn at day 113

2
5

 m
g

Danazol withdrawn at day 1512

3

1

2

3

7.5

10.1

8.9

No concomitant prophylaxis16.8

1.9

4.4

No concomitant prophylaxis

Berotralstat withdrawn at day 94

7
5

 m
g

5.9

6.1

6.0

5.8

0.9

0.95
0

 m
g

0.9

1.9

Danazol withdrawn at day 113

Danazol withdrawn at day 115

Stanozolol withdrawn at day 74

No concomitant prophylaxis

1

2

3

4

Abstract AAAAI 2024
98% reduction of attacks
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Oral Deucrictibant for the Prevention of HAE Attacks; 
B2 bradykinin receptor antagonist

Riedl M, et al. J Allergy Clin Immunol. 2024;135. Abstract 031.

Precent reduction of 
attacks
40 mg 85%
20 mg 79%
with once a day oral 
therapy
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Oral Deucrictibant for Treatment of HAE Attacks; 
B2 bradykinin receptor antagonist

• Oral on demand 

therapy for attacks

Bradykinin Meetings, Berlin 
GR, 

Sept 2024
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Oral Sebetralstat for Acute HAE Attacks; inhibits kallikrein

Oral on demand therapy for attacks
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Oral Sebetralstat for Acute HAE Attacks; inhibits kallikrein
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• MS is a 41 yo female

• Abd symptoms of pain started 2011

• Facial swelling started in 2012

• She failed fexofenadine 180 bid

• Genetic testing for F12 gain of function and biochemical test for HAE were normal

• 2012-17 swelling ceased but returned 2017 with tongue swelling and generalized body swelling

• Since antihistamines did not work in

• 2017 an allergist administered IV p-C1-INH which helped and was diagnosed as having HAE type 3

• FH Dad was adopted

• SC C1-INH, berotralstat, lanadelumab failed to be beneficial

• She now administers r-C-1-INH twice a day 4200 units , takes berotralstat 150 daily, and uses IV C-1-INH 
1500 iu almost daily for rescue through a port. 

• She has had DVTs times 2 including 1 arm DVT, and has 4 different ports, 1 port infection

• Depression

• Intubated twice despite therapy

• Additional dose of rc-C1-INH or p-C1-INh resolves her swelling in minutes almost immediate.

• EpiPen helps symptoms if all else fails

• She is free of symptoms only 5 days a month

• She was seen in a HAE referral center and told she has HAE with normal C1-INH 
from a yet undetected gene defect
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Types of HAE

HAE-I HAE-2 Normal C1-INH

Genes 

affected

SERPING1 SERPING1 Coagulation factor XII (HAE-F12)

Plasminogen (HAE-PLG)
Angiopioetin-1 (HAE-ANGPT1)
Kininogen-1 (HAE-KNG1)

Myoferlin (HAE-MYO)
Heparin (HAE-HS3ST6)

Carboxypeptidase (HAE-CPN1)
VEGF-R2 (HAE-DAB2P) 
Other unknown genes

Gene products

affected and 
cause of 
angioedema

C1-INH C1-INH Coagulation factor XII- (bradykinin)

Plasminogen- (bradykinin)
Angiopioetin-1- (vascular leak vs bradykinin?)
Kininogen-1- (bradykinin)

Myoferlin- (vascular leak vs bradykinin?)
Heparin- (bradykinin?)

CPN1- carboxypeptidase N subunit 1 deficiency        
(bradykinin, anaphylatoxins?) urticaria & angioedema
VEGFR2- (vascular leak?) urticaria & angioedema

Other unknown gene products

Bork K, et al. Allergy Asthma Clin Immunol. 2021;17(1):4.
Maurer M, et al. Allergy. 2022;Jan 10. Online ahead of print.
Busse PJ, et al. J Allergy Clin Immunol Pract. 2021;9:132-150.
Denis V. JACI Global Sept 2024 PMID 39239323
D’Apolito M et al. JACI Sept2024 PMID 38823490

SERPING1: serine esterase protease inhibitor G1; C1-INH: C1-esterase inhibitor; HS3ST6: heparin 
sulfate-glucosamine 3-sulfotransferase 6.
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HAE nC1-INH diagnosis:
       *Genetic testing
If negative
      *Family history
      *Fail antihistamines
      *Possibly omalizumab,         

epi, corticosteroid, 
cyclosporin  
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What dose of antihistamines?

Minimal use of omalizumab!

What dose of omalizumab?

Why so little genetic testing?

From this survey they estimated between 
1230-1332 patients in the USA with HAEnC1
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What is a response to HAE specific 
drugs?

How long does it take on-demand 
therapy to work?

How do you assess response to 
LTP?

Takeda did a study on these 
patients with lanadelumab and 
the result was no difference on 
placebo or lanadelumab
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43 of 120 
patients did not 
respond to 
antihistamines
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In histamine 
non-responders 
chronic 
spontaneous 
angioedema 
omalizumab is 
effective when 
compared to 
placebo
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61% of patients that did not respond to 
300 every month responded to up-dosing 
of omalizumab
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Oral Sebetralstat for Acute HAE Attacks; inhibits kallikrein

Can you predict 
response to HAE 
medications with 
one dose?
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Takeda study in HAE-n-C1INH

Expanded Access for the Prevention of Acute 
Attacks of 1) Hereditary Angioedema (HAE) in 
Children and 2) Non-histaminergic Angioedema 
With Normal C1-Inhibitor (C1-INH) in Teenagers 
and Adults

No difference in response between those on 
lanadelumab and placebo

Results were never published

ClinicalTrials.gov



66

Omalizumab up to 600 
every 2 weeks

Max dose of 
antihistamines

Genetic testing
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• In the past we focused on treating attacks.

• Now we focus on preventing attacks.

• Newer medications in development seem to have increase efficacy and 
less burden

• My suspicion is that we are approaching a “relative cure” for HAE and we 
need better guidelines that focus on who should be on prophylaxis, and 
which agent is most appropriate for specific populations.

• For HAE-nl-C1INH, if genetic negative, patients should fail max dose of 
antihistamines and max dose of omalizumab 

• Most importantly, we need to increase access for patients in low and 
middle-income countries to these therapies 
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Thank you from Allergy, Asthma and Immunology 
Penn State University, Hershey, PA, USA

Timothy Craig
tcraig@psu.edu

717-635-5909

mailto:tcraig@psu.edu
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