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R E S E A R C H  L E T T E R

Effectiveness of lanadelumab for preventing hereditary 
angioedema attacks: Subgroup analyses from the HELP study

To the Editor:
Hereditary angioedema (HAE) is a rare disease that affects 

1:50,000 people1 and is characterized by unpredictable attacks of 
angioedema affecting the skin and submucosal tissue.1,2  Patients 
with HAE must have medication readily available to treat attacks, 
and may use long-term prophylaxis (LTP) to prevent attacks.1 
Approved therapeutics for LTP include the plasma kallikrein inhib-
itors lanadelumab and berotralstat; C1-inhibitor (C1-INH) replace-
ment; and androgens.

Lanadelumab is approved in numerous countries for the preven-
tion of HAE attacks in patients ≥12 years of age. The recommended 
starting dose is 300 mg every 2 weeks (q2w), but this may be re-
duced to 300  mg every 4  weeks (q4w) if patients are attack-free 
for ≥6  months.3 Lanadelumab inhibits plasma kallikrein, thereby 
preventing the formation of bradykinin and the development of at-
tacks.4 In the phase 3, randomized, double-blind, placebo-controlled 
hereditary angioedema long-term prophylaxis (HELP) Study 
(NCT02586805), lanadelumab significantly reduced the occurrence 
of attacks over a 6-month treatment period in patients ≥12  years 
of age with HAE type 1 or 2.5 Mean attack rates in patients treated 
with subcutaneous lanadelumab 300 mg q2w and 300 mg q4w de-
creased by 86.9% and 73.3%, respectively, versus placebo.

Given the wide heterogeneity in the clinical presentation of 
HAE,2 we evaluated the efficacy of lanadelumab in HELP in prespec-
ified subgroup categories (age, sex, race, weight, body mass index 
(BMI), run-in attack rate, HAE type, geographic region, prior LTP use 
and history of laryngeal attacks). A comparable reduction in attack 
rate among patients with respect to sex, BMI, run-in attack rate and 
prior LTP use was reported previously.5 Here, we report findings for 
age, weight, HAE type and laryngeal attack history. Furthermore, re-
sults from a post hoc analysis that assessed efficacy before reaching 
steady state (days 0–69) and during steady state (days 70–182 as 
determined from the measured lanadelumab half-life of 14 days6) are 
reported for all subgroups.

For the number of investigator-confirmed attacks in each sub-
group separately, each lanadelumab treatment group was compared 
with placebo using a Poisson regression model including the nor-
malized run-in period attack rate and treatment group as covari-
ates, and accounting for potential overdispersion. p-values for the 

comparisons were unadjusted and provided for exploratory pur-
poses. Results are presented from a likelihood ratio test for the 
pairwise interaction of the subgroup with the treatment group using 
a Poisson regression model with fixed effects for treatment group, 
subgroup, subgroup by treatment group, and normalized baseline 
attack rate, and the logarithm of time (days) each patient was ob-
served during the treatment period as an offset variable. Pearson's 
chi-square scaling of standard errors was employed to account for 
potential overdispersion. All lanadelumab mean rate ratios relative 
to placebo are model based and compare the mean number of at-
tacks per month (4 weeks). A ratio <1 indicates fewer attacks in the 
lanadelumab groups, and a ratio ≤0.5 indicates ≥50% reduction in 
attacks when compared with placebo.

A total of 125 patients received at least one dose of treatment 
(n = 28, 150 mg lanadelumab q4w; n = 29, 300 mg lanadelumab q4w; 
n = 27, 300 mg lanadelumab q2w; and n = 41, placebo) and were 
included in the analysis of the overall treatment period. The analysis 
of days 0–69 comprised 125 patients and the analysis of steady state 
comprised 120 patients (5 patients who discontinued before day 70 
were excluded). Patients <18 years of age (n = 10) were excluded 
from the analysis of BMI subgroups.

Lanadelumab at each dose was effective in preventing HAE at-
tacks during the overall treatment period (days 0–182) across the 
majority of subgroups for age, weight, HAE type and laryngeal at-
tack history. For all subgroups with the 300 mg q2w dose, the mean 
rate ratios ranged from 0.069 to 0.377, and ratios for almost all 
subgroups with the 150 mg q2w and 300 mg q4w dose were <0.5 
during the overall treatment period (Figure 1). The effectiveness of 
lanadelumab overall across these subgroups and subgroups for sex, 
BMI, run-in attack rate and prior LTP use was also evident shortly 
after the initiation of treatment, with >50% attack rate reduction 
during days 0–69 for all evaluable subgroups except the subgroup 
with type 2 HAE (ratio 0.58, range 0.15–2.31) (Figure 2). Attack rates 
were further reduced during steady state, with >50% reduction for 
all evaluable subgroups.

For the age subgroup interaction with the 150  mg q4w treat-
ment group, p = .038, and for the history of laryngeal attacks inter-
action with the 300 mg q4w treatment group, p =  .032. However, 
these p-values should be interpreted with caution as they are not 
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adjusted for multiple testing and are exploratory. The interaction of 
the weight subgroup with the 150 mg q4w and 300 mg q4w treat-
ment groups was not estimable as the model was not able to con-
verge with the interaction term in the model. The p-values for all 
interactions during steady state were >.05.

Findings in several categories are notable. Firstly, patients' ages 
ranged from 12 to 73 years in this study, and although there were 
few patients in the <18 years and ≥65 years subgroups, there was a 
reduction in attacks when compared with placebo across age groups. 
Secondly, attack rate reductions were significant at approved doses 
regardless of disease activity, as defined by the frequency of attacks 
during the run-in period.5  Thirdly, lanadelumab was effective re-
gardless of past LTP use; mean rate ratios relative to placebo were 
<0.3 for the overall treatment period,5 <0.5 during days 0–69, and 
<0.3 during steady state, not only for patients who previously used 
C1-INH for LTP but also for patients who did not use LTP. Finally, 
a consistent response across body weight and BMI subgroups at 
approved doses was observed, suggesting that dose adjustment of 
lanadelumab by weight is not required. This is in agreement with a 
pharmacokinetic/pharmacodynamic and exposure-response analy-
sis, which showed that despite higher exposure to lanadelumab in 
patients with lower body weight, intrinsic covariates including age, 
sex and baseline disease activity had no effect on the pharmaco-
kinetic parameters of lanadelumab, and the pharmacodynamic re-
sponse to treatment was comparable across body weight groups.7 
Furthermore, the safety and tolerability of lanadelumab as indicated 

by adverse event profiles5,6 were not affected by weight-dependent 
exposure differences and were consistent across all other subgroups 
(data not shown).

The variability and unpredictability of HAE, and the impact of ex-
ternal factors on the onset of attacks, means that individualized care 
is important and necessitates the evaluation of treatments across pa-
tient and disease characteristics. Although the data were less robust 
for subgroups of extremes of age and weight, owing to small sample 
sizes, this analysis did not identify any specific subgroups with in-
creased or decreased benefit from approved doses of lanadelumab 
treatment, suggesting consistent efficacy of lanadelumab in all pa-
tients receiving HAE prophylactic therapy. Results from other clini-
cal studies, including the HELP open-label extension study8 and an 
ongoing study in patients aged 2 to <12 years,9 will further elucidate 

KEY MESSAGES

•	 Lanadelumab was effective compared with placebo 
in preventing HAE attacks across various patient 
subgroups.

•	 For all subgroups, lanadelumab 300 mg q2w reduced at-
tack rates by >50% during the full treatment period.

•	 Attack reduction was >50% for most subgroups early 
on, with further reductions during steady state.

F I G U R E  1  Reduction in baseline-adjusted HAE attack rate vs. placebo during the overall treatment period (days 0–182) by subgroup. N 
for each overall subgroup category includes patients who received placebo. Mean (95% CI) rate ratios versus placebo are shown for each 
subgroup. *p < .05; **p < .001. HAE, hereditary angioedema; NE, not estimable; q2w, every 2 weeks; q4w, every 4 weeks

0.00 0.25 0.50 0.75 1.00

No (n = 44)

Yes (n = 81)

Type 2 (n = 12)

Type 1 (n = 113)

≥100 kg (n = 21)

75 to <100 kg (n = 42)

50 to <75 kg (n = 59)

<50 kg (n = 3)

≥65 y (n = 5)

40 to <65 y (n = 65)

18 to <40 y (n = 45)

<18 y (n = 10)

150 mg q4w
Age

Weight

HAE type

History of laryngeal
attacks

Lanadelumab/placebo
attack rate ratio

9 0.382 (0.210, 0.694)

1 NE

15 0.132 (0.064, 0.271)

3 0.005 (0, 0.055)

12 0.197 (0.093, 0.419)

0 NE

14 0.197 (0.088, 0.440)

2 0.839 (0.280, 2.514)

25 0.225 (0.136, 0.373)

3 0.641 (0.150, 2.751)

17 0.258 (0.149, 0.447)

11 0.242 (0.012, 0.572)

n Rate ratio (95% CI)

*
**

*

**
**

**

**
*

0.00 0.25 0.50 0.75 1.00

300 mg q4w

Lanadelumab/placebo
attack rate ratio

10 0.197 (0.098, 0.398)

3 0.795 (0.180, 3.502)

16 0.285 (0.177, 0.461)

0 NE

13 0.216 (0.11, 0.421)

1 NE

11 0.260 (0.127, 0.532)

4 0.387 (0.138, 1.085)

27 0.266 (0.172, 0.412)

2 0.399 (0.063, 2.526)

17 0.358 (0.219, 0.583)

12 0.142 (0.063, 0.318)

n Rate ratio (95% CI)

**
**

**
**

**

**
**

0.00 0.25 0.50 0.75 1.00

300 mg q2w

Lanadelumab/placebo
attack rate ratio

20 0.143 (0.075, 0.272)

7 0.120 (0.026, 0.546)

**
**

**
**
**

**

**
*

12 0.155 (0.074, 0.328)

2 0.377 (0.085, 1.675)

13 0.102 (0.044, 0.239)

0 NE

10 0.069 (0.017, 0.275)

0 NE

8 0.160 (0.058, 0.442)

9 0.173 (0.063, 0.471)

n Rate ratio (95% CI)

23 0.122 (0.062, 0.241)

4 0.302 (0.060, 1.510)

F I G U R E  2  Reduction in HAE attack rate versus placebo for patients who received lanadelumab (150 mg q4w, 300 mg q4w or 300 mg 
q2w treatment groups combined) during days 0–69 (A) and during steady state (days 70–182) (B) by subgroup. N for each overall subgroup 
category includes patients who received placebo. Mean (95% CI) rate ratios vs. placebo are shown for each subgroup. *p < .05; **p < .001; 
***the ratio was not estimable in the prior LTP oral and C1-INH + oral subgroups because of the sparseness of the data. BMI, body mass 
index; C1-INH, C1-inhibitor; HAE, hereditary angioedema; LTP, long-term prophylaxis; mo, month; NE, not estimable; q2w, every 2 weeks; 
q4w, every 4 weeks.
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0.00 0.25 0.50 0.75 1.00

No (n = 44)
Yes (n = 76)

No LTP use (n = 55)
Oral therapy and C1-INH (n = 5)

Oral therapy (n = 4)
C1-INH only (n = 56)

≥3 attacks/mo (n = 61)
2 to <3 attacks/mo (n = 22)
1 to <2 attacks/mo (n = 37)

Type 2 (n = 11)
Type 1 (n = 109)

≥30 kg/m2 (n = 34)
25 to <30 kg/m2 (n = 41)

18.5 to <25 kg/m2 (n = 34)
<18.5 kg/m2 (n = 1)

≥100 kg (n = 21)
75 to <100 kg (n = 40)
50 to <75 kg (n = 56)

<50 kg (n = 3)

Male (n = 37)
Female (n = 83)

≥65 y (n = 5)
40 to <65 y (n = 62)
18 to <40 y (n = 43)

<18 y (n = 10)
Age

Sex

Weight

BMI

HAE type

HAE attack rate

Prior LTP use

History of laryngeal attacks

Lanadelumab/placebo
attack rate ratio

31 0.17 (0.09, 0.34)
6 0.45 (0.15, 1.38)

43 0.14 (0.09, 0.22)
3 0 (0, 0.03)

53 0.18 (0.11, 0.27)
30 0.13 (0.06, 0.27)

34 0.15 (0.08, 0.27)
1 NE

33 0.16 (0.09, 0.29)
15 0.21 (0.09, 0.49)

23 0.14 (0.06, 0.34)
0 NE

29 0.18 (0.10, 0.32)
25 0.15 (0.08, 0.29)

74 0.17 (0.11, 0.24)
9 0.32 (0.09, 1.13)

53 0.18 (0.12, 0.28)
30 0.14 (0.07, 0.29)

26 0.27 (0.10, 0.73)
14 0.15 (0.08, 0.29)
43 0.15 (0.10, 0.24)

37 0.19 (0.11, 0.31)

38 0.17 (0.10, 0.30)

n Rate ratio (95% CI)

3 NE***
5 NE***

0.00 0.25 0.50 0.75 1.00

Lanadelumab/placebo
attack rate ratio

31 0.32 (0.19, 0.53)
6 0.48 (0.09, 2.55)

44 0.24 (0.16, 0.37)
3 0.01 (0, 0.17)

54 0.31 (0.21, 0.45)
30 0.22 (0.10, 0.47)

35 0.20 (0.12, 0.34)
1 NE

33 0.30 (0.17, 0.55)
15 0.42 (0.17, 1.02)

23 0.15 (0.06, 0.37)
0 NE

30 0.31 (0.19, 0.49)
25 0.32 (0.17, 0.59)

75 0.27 (0.19, 0.39)
9 0.58  (0.15, 2.31)

54 0.33 (0.23, 0.48)
30 0.20 (0.10, 0.38)

26 0.28 (0.14, 0.59)
14 0.15 (0.07, 0.33)
44 0.33 (0.21, 0.51)

3 NE***
38 0.33 (0.22, 0.51)

5 NE***
38 0.25 (0.14, 0.44)

n Rate ratio (95% CI)

No (n = 44)
Yes (n = 81)

No LTP use (n = 55)
Oral therapy and C1-INH (n = 6)

Oral therapy (n = 4)
C1-INH only (n = 60)

≥3 attacks/mo (n = 65)
2 to <3 attacks/mo (n = 22)
1 to <2 attacks/mo (n = 38)

Type 2 (n = 12)
Type 1 (n = 113)

≥30 kg/m2 (n = 36)
25 to <30 kg/m2 (n = 43)

18.5 to <25 kg/m2 (n = 35)
<18.5 kg/m2 (n = 1)

≥100 kg (n = 21)
75 to <100 kg (n = 42)
50 to <75 kg (n = 59)

<50 kg (n = 3)

Male (n = 37)
Female (n = 88)

≥65 y (n = 5)
40 to <65 y (n = 65)
18 to <40 y (n = 45)

<18 y (n = 10)
Age

(B)

(A)

Sex

Weight

BMI

HAE type

HAE attack rate

Prior LTP use

History of laryngeal attacks
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the impact of patient and disease characteristics on the treatment 
effect of lanadelumab and any need for dosing adjustments in spe-
cific populations.
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