
Computational modelling prediction
and clinical validation of impact of
benralizumab on airway smooth muscle
mass in asthma

To the Editor:

Asthma is a heterogeneous condition characterised by chronic inflammation and airway remodelling.
T2-mediated airway inflammation, characterised by interleukin (IL)-4, IL-5 and IL-13, has been the recent
focus of pharmacotherapy, with a host of targeted biologic agents now available to clinicians [1]. The
anti-IL-5 receptor agent, benralizumab, causes depletion of eosinophils and basophils via antibody-
dependent cell-mediated cytotoxicity in blood; however, the mechanism of action in the tissue is
uncertain. Benralizumab has reduced exacerbations and improved lung function in clinical trials.

Airway remodelling describes structural changes including goblet cell hyperplasia, subepithelial matrix
deposition, neoangiogenesis of bronchial vasculature and increased airway smooth muscle (ASM) mass,
which can result from both cellular hypertrophy and hyperplasia [2]. ASM mass predicts airflow
limitation, and is associated with reduced luminal area on computed tomography scan [3]. We showed
recently that there was reduction in ASM mass in a prospective, randomised, placebo-controlled trial of
the prostaglandin D2 antagonist fevipiprant, through reduced myofibroblast recruitment in concert with
attenuation of eosinophilic inflammation [4]. A novel approach, integrating an agent-based computational
model [5], clinical trial results and in vitro data was employed to provide insight into these mechanisms.
The computational model was based on airway cell interactions, with perturbations in the interactions in
order to recapitulate the changes observed following epithelial injury in health and disease. This approach
allows us to simulate the airway remodelling in severe asthma, providing a “virtual patient” model.

We hypothesised that this computational model could be applied to predict the impact of benralizumab
on the ASM bundle in asthma and that benralizumab reduces ASM mass. To test this hypothesis, we
aimed to evaluate the effect of benralizumab upon ASM mass through analysis of bronchial biopsies
obtained from previous clinical trials and to validate the computational model.

Bronchial biopsies were obtained from subjects with eosinophilic asthma participating in a previous phase
1 multicentre randomised double-blind placebo-controlled trial to determine the safety and tolerability of
benralizumab [6]. In the trial, patients were randomised to a single intravenous dose, or three monthly
subcutaneous doses, of benralizumab or placebo.

Formalin-fixed, paraffin-embedded 4-μm sections were evaluated from 15 subjects receiving benralizumab
and 10 subjects receiving placebo, pre- and post-treatment. Four subjects had biopsies available from two
follow-up visits; the time average change was derived for these subjects (n=54). Immunostaining for
α-smooth muscle actin was performed using Autostainer Link 48 (Agilent, Santa Clara, CA, USA) with
appropriate isotype controls. Morphological analysis was performed on scanned sections using the Axio
Scanner and AxioCam HRc digital camera (Carl Zeiss, Jena, Germany). ZEN 2012V 2.3 desk software was
used to perform image analysis on total ASM, epithelium and lamina propria areas. The percentage of
ASM mass was presented as the mean of at least two replicates from two different sites. All morphometry
measurements and counting were performed by one observer, blinded to participant identification,
treatment allocation and study visit. Comparisons were then made within-group before and after treatment
allocation and between interventions. Numbers of eosinophils in the lamina propria pre- and
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FIGURE 1 Airway smooth muscle (ASM) mass in asthma is reduced by benralizumab. a) Airway eosinophils
(absolute per high-power field (HPF)) for individual subjects used in the benralizumab study.
b) Representative photomicrograph of a bronchial biopsy from a subject with asthma in the benralizumab
trial, showing increased ASM: i) isotype control (IC) and ii) brown-stained α-smooth muscle actin (SMA); scale
bars=100 μm. c) ASM mass, measured by percentage α-SMA-positive area, in bronchial biopsies from
asthmatic subjects before treatment (Pre) and after treatment (Post) with benralizumab (n=15) or placebo
(n=10). A two-tailed paired t-test was used for within-group comparisons (p=0.021 and p=0.648), and a
two-tailed unpaired t-test was used to compare the difference in ASM mass observed after treatment with
benralizumab to that seen in the placebo group (p=0.475). d) Myofibroblast count in lamina propria as
measured positive stained cells in mm2 in bronchial biopsies from asthmatic subjects before treatment (Pre)
and after treatment (Post) with benralizumab (n=15) or placebo (n=10). A two-tailed paired t-test was used for
within group comparisons (p=0.045 and p=0.890), and a two-tailed unpaired t-test was used to compare the
difference in ASM mass observed after treatment with benralizumab to that seen in the placebo group
(p=0.202). e) Correlation between change in myofibroblast number in the lamina propria and absolute change
in ASM mass as a percentage of the total biopsy area (benralizumab n=15, placebo n=10; Spearman r (95%
CI) −0.09 (−0.48–0.33); p=0.663).
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post-treatment were obtained from the original trial. GraphPad Prism (version 7.0; GraphPad, San Diego,
CA, USA) was used for statistical analysis. p<0.05 was considered statistically significant.

The number of eosinophils in the lamina propria decreased significantly following treatment with
benralizumab (66.4% reduction) and compared with the placebo group (88% post-treatment reduction in
eosinophils relative to placebo) (figure 1a). Based on mechanism of action, in parallel with the observed
mean change in eosinophil number in the lamina propria the model predicted that benralizumab would
have had a pro-apoptosis efficiency of 47%, with a corresponding consequent 29% relative reduction in
ASM mass.

A representative photomicrograph of a bronchial biopsy from an asthmatic subject at baseline, demonstrating
an increase in ASM mass is shown in figure 1b. The absolute percentage ASM mass (mean±SEM) decreased
significantly after treatment with benralizumab (−4.1±1.6%, p=0.021; n=15), while there was no significant
change in those who received placebo (−1.8±3.7%, p=0.648; n=10). The mean difference (95% CI) between
groups was not significant (−2.6%, −10.0–4.8%; p=0.475) (figure 1c). The mean relative percentage
reduction in ASM mass following treatment with benralizumab versus placebo was 29%, consistent with
the prediction generated by our computational model.

Additionally, in the benralizumab group, there was a reduction in the number of tissue myofibroblasts
(−23.4±10.8, p=0.048; n=15), with no significant change observed in the control group (−1.7±12.1,
p=0.890; n=10). The mean difference (95% CI) between groups was not significant (−21.7, −55.8–12.4;
p=0.202) (figure 1d). No correlation was observed between the change in number of myofibroblasts in the
lamina propria and the change in ASM mass as a percentage of the total biopsy area (benralizumab n=15,
placebo n=10, Spearman r, 95% CI −0.09, −0.48–0.33; p=0.663) (figure 1e).

ASM cells do not express IL-5R, and therefore the effects of benralizumab upon ASM mass are likely to be
an indirect effect of reducing eosinophilic inflammation. The reduction in eosinophils in the bronchial
biopsies following benralizumab was substantial, but perhaps less than might be predicted by the
mechanism of action, possibly due to additional factors promoting eosinophil survival in tissue.
Transcription growth factor (TGF)-β has been implicated in airway remodelling as a potent controller of
fibroblast/myofibroblast function through production of extracellular matrix proteins [7] and has been
highlighted as a key effector in promoting ASM proliferation and migration [8]. Eosinophils constitute the
majority of TGF-β-expressing cells in asthmatic lungs [9]. Therefore, the reduction in ASM observed in
response to benralizumab may relate to reduced levels of airway TGF-β or other important growth factors
or chemokines. This possibility warrants further investigation in future trials.

One limitation of this study is its sample size. Although we have studied the only available bronchial
biopsy material obtained in a placebo-controlled trial of benralizumab, the number of subjects is small,
and thus our failure to show a difference between benralizumab and placebo upon ASM mass might be
due to underpowering. Future trials will need to consider larger numbers of subjects that undergo multiple
biopsies. The study duration is short and further effects on airway remodelling might have been observed
with a longer trial period. Notwithstanding these limitations, the similar results from the computational
model and the clinical trial are remarkable and do validate the utility of the model in predicting the
impact of interventions upon airway remodelling in a “virtual patient”.

In summary, we demonstrate that benralizumab leads to a reduction in ASM mass in asthma, which can
be predicted using a computational modelling approach.
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