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Conclusions  
• The data were well described by the final model.
• Relevant covariates for describing asthma exacerbations were identified.
• An astegolimab treatment effect was included, which should be considered

when using this model to predict asthma exacerbations for other drugs.
• This work demonstrated the utility of a population-RTTE approach to

characterize exacerbation hazard in severe asthma patients.

Background
• Early-stage asthma trials focus on changes in biomarkers, spirometry, or

diaries/questionnaires instead of asthma exacerbations.
• These early-stage endpoints will be treated as (baseline and/or time-

varying) covariates, in this work.
• Identification of relevant covariates that predict asthma exacerbations could

inform decision-making for subsequent clinical trials.
• If the relationship between relevant predictors and exacerbations were to be

quantified, it would allow predictions of exacerbations from early-stage data.
Objective: To describe longitudinal asthma exacerbations, as a function of
baseline and time-varying covariates

Figure 2. Forest plot of predicted change in hazard for different baseline covariate
values, based on FREM. The red dot and blue triangle are the predicted difference in
hazard vs the mean subject for the 5th and 95th percentile, respectively for continuous
covariates. The green squares show the predicted difference in hazard for categorical
covariates, compared to the reference category. The error bars represent 90% CI based
on parameter uncertainty. The illustrated change in hazard represents the univariate
effect (as if no other covariates were known). ACQ-5: asthma control questionnaire 5;
AQLQ(S): standardized asthma quality of life questionnaire.

Subcutaneous dose, 
astegolimab (Q4W)

Number of 
subjects

Number of asthma 
excacerbation events

Astegolimab Ctrough
at week 52 

Placebo 127 92 0 µg/mL
70 mg 127 58 6.00 µg/mL
210 mg 126 61 23.1 µg/mL
490 mg 122 50 52.3 µg/mL
All 502 261 19.9 µg/mL

Table 1. Number of individuals and exacerbations with summary of mean Ctrough at end of treatment

• A repeated time-to-event (RTTE) model for asthma exacerbations was
developed in NONMEM 7.3 assisted by PsN [1].

• Data were from the Zenyatta study (GB39242, NCT02918019, Table 1),
investigating astegolimab (MSTT1041A, a mAb targeting the IL-33 receptor,
ST2) for 52 weeks.

• Asthma exacerbations were defined as new or increased asthma symptoms
that resulted in treatment a) with systemic corticosteroids for ≥3 days and/or
b) requiring hospitalization/emergency department visit.

• Different hazard distributions were explored for the base model.
• Models were selected based on difference in OFV (dOFV), RSEs and

diagnostics.
• Full random effects modeling (FREM) [2] was used to explore 20 baseline

covariates.
• Stepwise covariate modeling (SCM) was used to explore 9 time-varying

covariates (Figure 1). Following SCM, astegolimab exposure was explored.
• A Markovian element and presence of increased hazard in relation to clinic

visits (i.e. a ‘visit effect’ where asthma exacerbations were detected) were
investigated.

Results
• A Weibull distribution described the baseline hazard (Table 2).
• Exacerbation history and symptom score were the most influential baseline

covariates (Figure 2).
• Diary-based symptom score (dOFV=83.7), diary-based short-acting rescue

medication use (dOFV=33.5) and forced expiratory volume in 1 second
(FEV1, dOFV=14.9) were selected as significant time-varying covariates.

• Astegolimab exposure was not significant at p=0.05 (dOFV=2.1) but was
included as a conservative measure. Exposure could not be determined as
clinically irrelevant, given the effect size (on top of its effect on the time-
varying covariates) of 28.3% lower hazard, implemented as a step function
(at Ctrough≥LLOQ).

• The final model described the observed data well (Figure 3).
• A Markovian element of lower hazard following an asthma exacerbation

event was included, with a time-dependent return to the baseline hazard.
• A visit effect predicted higher hazard just prior to a visit, during a visit or when

overdue for a visit.

Figure 3. Posterior predictive check (PPC) for difference in mean-weighted exacerbation
rate (ER) for active arms vs placebo. Black line=observed change in ER. Red
bars=distribution of difference in ER for 1000 simulated studies. Dashed, red lines=95%
CI of difference in ER (simulations). Solid red line=50th percentile difference in ER
(simulations).

Covariate Mean/reference

Baseline eosinophils 190 cells/µL

Baseline soluble ST2 12 ng/mL

Baseline PEF 290 L/min

Baseline FeNO (ppb) 29 ppb

Baseline % FEV1 of normal 59%

Baseline ACQ5 2.8

Baseline AQLQ(S) 4.3

Sex Female

Age 52 years

Height 170 cm

Weight 79 kg

Region Asia, C and E Europe or 
Latin America

Race White

BMI 28 kg/m2

Exacerbation history 1.4 /year

Ethnicity Not Hispanic or Latino
IL1RL1 Positive
Baseline diary-based 
symptom score 3.8

Baseline diary-based short-
acting rescue medication use 0.64

Baseline diary-based 
nighttime awakenings 0.54

Figure 1. Observed changes in time-varying covariates vs time until next
exacerbation. Solid lines are loess smooths (the grey areas = 95% confidence
intervals [CI] of smooth). The plot includes measurements from patients with more
than one exacerbation. Any measurements during the first 32 days were excluded.

Ratio refers to the ratio of the subject’s value at baseline. ∆:
absolute change from baseline, PEF: peak expiratory flow; SYM:
diary-based symptom score; AWAK: diary-based nighttime
awakenings; RELI: diary-based short-acting rescue medication
use; AQLQ(S): standardized asthma quality of life questionnaire;
FeNO: fractional exhaled nitric oxide; FEV1: forced expiratory
volume in 1 sec; EOS: eosinophils; sST2: soluble ST2

Table 2. Parameter estimates of the final model, not including FREM parameters

Parameter Definition Unit Value RSE 
(%)

h6 months

Baseline hazard for a typical placebo 
subject at 6 months after start of 
treatment

year-1 0.472 19

Weibullshape
Shape parameter to account for a 
time-varying baseline hazard 0.322 23

θRO Coefficient for the visit effect 0.641 20

θ∆RELI

Coefficient for the effect of the 
absolute diary short-acting rescue 
medication use change from baseline 
(summarized as a 4-day average)

1.54 18

θ∆SYM

Coefficient for the effect of the 
absolute diary symptom score change 
from baseline (summarized as a 4-day 
average)

0.357 16

θRFEV1

Coefficient for the effect of ratio of 
forced expiratory volume in 1 sec vs 
baseline

-1.98 24

t½Markov
Half-life for the recovery of the hazard 
after an exacerbation weeks 3.21 48

θE-R,step

Coefficient for the step function 
exposure-response based on trough 
concentration

-0.333 59

IIVHazard
Log-normal inter-individual variability 
in hazard CV 1.30 11
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