
Figure 2: Representation of the HAE virtual patient population capturing patient variability in the propensity for acute attacks represented by frequency and severity
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FXII = factor XII; HAE = hereditary angioedema; PKa = plasma kallikrein.

*Lanadelumab is approved as prophylaxis to prevent attacks of HAE in patients ≥12 years of age in the United States and for the routine prevention of attacks in 
patients ≥12 years of age in Canada.9,10 Lanadelumab also was approved in the European Union, Australia, and Brazil for the routine prevention of recurrent attacks 
of HAE in patients ≥12 years of age,11-13 and in Switzerland for the long-term prevention of attacks of HAE in patients ≥12 years of age.14
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RationaleRationale
	■ Hereditary angioedema (HAE) is a rare inherited disorder characterized by recurrent episodes (also called attacks) of severe swelling of the skin and mucous membranes.

■ Unopposed contact system activation leads to excess plasma kallikrein (PKa) activity and, subsequently, increased bradykinin, a key mediator of HAE attacks.
■ PKa inhibitors reduce contact system activation and have been approved or are in development for HAE.
■ Lanadelumab, a fully human monoclonal antibody inhibitor of PKa (half-life of ~14 days) approved for HAE prophylaxis in several regions,* reduced attack

rates at 300 mg administered every 2 weeks (q2wks) for 26 weeks by ~87% compared with placebo in the phase 3 HELP Study (NCT02586805).1 

	■ We sought to understand the impact of target binding kinetics, pharmacokinetics, and treatment adherence on maintaining HAE disease control with lanadelumab 
versus small molecule PKa inhibitors (half-life of 20 hours) in development for HAE prophylaxis via a quantitative systems pharmacology (QSP) approach.2-5

MethodsMethods
■ A mechanistic biological model of HAE was developed using QSP that incorporated critical components of the contact system and a virtual HAE patient

population (Figures 1 and 2).
■ Cleaved high molecular weight kininogen pharmacodynamic biomarker data and clinical outcomes from lanadelumab clinical studies were used to verify the

model within an acceptable range (Figures 3–5).
■ The verified model was used to evaluate the impact of various drug-related factors on HAE disease outcome, including binding potency, treatment

adherence (assessed via virtual patient populations by QSP modeling), and half-life (Figures 6–9). 

ResultsResults
Model development
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ConclusionsConclusions
■ A QSP model of excess contact system activation coupled with virtual population of patients with HAE was developed to quantitatively

describe the dynamic interactions of the contact factors and PKa inhibitors. The model successfully captures the clinical outcomes of
lanadelumab in virtual patients with HAE.

	■ The model was applied to investigate the role of target binding and pharmacokinetics and showed that drugs with long half-lives (>2 weeks)
had ≥2-fold improved efficacy versus those with short half-lives (20 hours).

■ For small molecules with short half-lives, the model suggested that the more missed doses, the higher the HAE attack occurrence.
■ Drug development programs address noncompliance and nonpersistence via the development of drugs that require less frequent dosing

and demonstrate longer half-lives.

Model qualification

Model application
Role of target binding kinetics and pharmacokinetics Impact of treatment nonadherence in patients

Figure 6: Monthly attack rates for 150 mg QD oral small molecule PKa inhibitors with different Ki values
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Ki = inhibition constant; PKa = plasma kallikrein; QD = once-daily.

In the absence of 
plasma protein 
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QD dose, the binding 
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<0.3 nM) to effectively 
suppress attacks.

Figure 8: Example pharmacokinetics of drug X 150 mg QD and bradykinin profiles with a nonadherence rate of 20%
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HAE = hereditary angioedema; QD = once daily.

Nonadherence for daily dosing of  
drug X could negatively impact the 
suppression of HAE attacks because 
each missed dose would reduce drug 
coverage and make the patient more 
prone to HAE attacks.

Figure 7: Efficacy of drugs with shorter half-lives (20 hours)
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Figure 1: QSP model of in vivo contact system activation
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Figure 3: QSP model approximated observed %PKa inhibition data from  
phase 1a (NCT01923207) and phase 1b (NCT02093923) lanadelumab studies
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Figure 4: QSP model approximated observed %HKa levels from the phase 3 
lanadelumab study (NCT02586805)
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HKa = cleaved high molecular weight kininogen; q2wks = every 2 weeks; QSP = quantitative systems pharmacology. 

Median %HKa (57%) modeled in 1000 virtual patients approximately matched previous reports.6

Figure 5: QSP model prediction of monthly HAE attack rates in 1000 virtual patients approximated observed attack rates from the phase 3 lanadelumab study (NCT02586805)
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Model suggests that drugs with shorter half-lives and 
weaker binding affinity have higher HKa and attack 
rates (≥2-fold greater) compared with lanadelumab 
(half-life of ~14 days) at 300 mg q2wks dosing.

Impact of treatment 
nonadherence in patients
■ Pharmacology adherence rates

to daily oral therapy in the
real-world setting report an 80%
mean adherence, with a range
of ~65–90%.8 

■ Nonadherence was studied for
drugs with shorter half-lives
(drug X) using population
simulations with an assumed
average of occurrence of
nonadherences (random missing
dose) of 20% for a virtual patient
population (ie, 6 missed doses in
a 30-day month).

Figure 9: Simulated numbers of monthly attacks during treatment of drug X 150 mg QD with different nonadherence rates
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The monthly attack profiles 
showed that the more missed 
doses, the higher the HAE 
attack occurrence. Simulations 
showed 6–8 days of randomly 
missed doses out of 4 weeks 
daily dosing could translate to  
a ~2-fold efficacy decline. At 
≥50% missed dose scenario, 
treatment with drug results in 
marginal efficacy.
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■ Frequency (f): number of attack events for
a patient was randomly simulated from Poison
distribution, with an average of 2.2 attacks
per month.

■ Severity (S): severity of attack was modeled
as an increase in FXII auto-activation. The
increase of FXII auto-activation (assumed
normal distribution) was sampled so that the
bradykinin levels during attack are in line with
literature range.6

■ Simulated HAE attacks occurred when
bradykinin levels exceeded a predefined
threshold plasma concentration in patients
with HAE (20 pM).7 


