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Abstract 

Background: In clinical trials, the two anti-IL-5 monoclonal antibodies (mAbs, mepolizumab and 

reslizumab) that are approved to treat severe eosinophilic asthma, reduce exacerbations by 

approximately 50-60%. 

Objective: To observe response to anti-IL-5 mAbs in real-life clinical setting, and to evaluate 

predictors of sub-optimal response.  

Methods: In four Canadian academic centres, pre-defined clinical end-points in 250 carefully 

characterized moderate-to-severe asthmatics were collected prospectively to assess response 

to the two anti-IL-5 mAbs. Sub-optimal responses was determined based on failure to reduce 

maintenance corticosteroid (MCS) or asthma symptoms scores (ACQ) or exacerbations, in 

addition to persistence of sputum/blood eosinophils. Worsening in suboptimal responders 

were assessed based on reduced lung function by 25% or any increase in MCS/ACQ. A 

representative sub-set of 39 patients were evaluated for inflammatory mediators, 

autoantibodies and complement activation in sputum (by ELISA) and for immune-complex 

deposition by immunostaining formalin-fixed paraffin-embedded sputum plugs. 

Results: Sub-optimal responses were observed in 42.8% (107/250) patients treated with either 

mepolizumab/reslizumab. Daily prednisone requirement, sinus disease, and late-onset asthma 

diagnoses were the strongest predictors of sub-optimal response. Asthma worsened in 13% 

(34/250) of these patients. Majority (79%) of them were prednisone-dependent. Presence of 

sputum anti-eosinophil peroxidase immunoglobulin (Ig)G was a predictor of sub-optimal 

response to an anti-IL-5 mAb. An increase in sputum C3c (marker of complement activation) 

and deposition of C1q-bound/IL-5-bound IgG were observed in the sputa of those patients who 

worsened on therapy, suggesting an underlying autoimmune-mediated pathology. 

Conclusion: A significant number of patients who meet currently approved indications for anti-

IL5 mAbs show sub-optimal response to them in real-life clinical practice. Monitoring blood 

eosinophil count is not helpful to identify these patients. The concern of worsening of 

symptoms associated with immune-complex mediated complement-activation in a small 

proportion of these patients highlights the relevance of recognizing airway autoimmune 

phenomena and this requires further evaluation.  



Introduction 

Targeting the Interleukin (IL)-5 signaling pathway is now an established therapeutic strategy for 

patients with severe asthma whose severity is predominantly driven by eosinophils. 

Mepolizumab and Reslizumab are neutralizing monoclonal antibodies (mAbs) directed against 

IL-5, while Benralizumab is an afucosylated mAb directed against the IL-5 receptor [1]. All three 

molecules effectively deplete blood eosinophil levels and, on average, reduce exacerbations by 

approximately 50-60% [2-4].  There could potentially be a number of reasons why the response 

is not more impressive. These include (i) selection of patients based on peripheral blood 

eosinophil counts that may not always be associated with airway eosinophilia [5, 6], (ii) 

inadequate dosing that may not suppress airway eosinophil [7], (iii) IL-5 not being the dominant 

cytokine driving eosinophilia [8], and (iv) airway autoimmune mechanisms (reported in the 

airways of up to one third of patients with eosinophilic asthma [9]) that may interfere with the 

effects of the biologics [7, 10]. Local autoimmune response may interfere when IL-5 in the 

airway (which is a predictor of response to anti-IL5 therapies [7]) is not adequately neutralized 

by anti-IL-5 mAb and instead, when in a zone of equivalence with the antigen [11] may form IL-

5-anti-IL-5 heterocomplexes with endogenous IgG autoantibodies and consequently activate 

the complement pathways [12]. This could lead not to just sub-optimal response, but 

potentially worsening of asthma. These phenomena would not be observed with benralizumab 

(since it is not directed against the antigen, IL-5, rather against the receptor), and therefore this 

paper does not report clinical responses to benralizumab. 

 

The primary objective of our study was to examine the prevalence and clinical predictors of 

sub-optimal response and worsening of asthma in a real world setting in 250 patients with 

moderate-to-severe asthma from four Canadian university hospitals who were prescribed 

mepolizumab or reslizumab based on best clinical practice and national regulatory guidelines. 

The secondary objective was to examine the molecular predictors, including autoimmune 

responses, in those patients who were sub-optimal responders. In a smaller, but 

representative, sub-set of patients with available sputum samples, we assessed inflammatory 

mediators (cytokines and released eosinophil products). We autoantibodies, immune complex 



formation/deposition and complement activation. Finally, this study was not designed to test 

the superiority of one mAb over other, but only to report the rate of response to anti-IL-5 mAbs 

based on patient-related outcomes routinely used by clinicians in a pragmatic real-world 

scenario.   Some of the results of this analysis were reported previously in the form of an 

abstract [13]. 

 

Methods: 

Study patients and collection of clinical data 

Mepolizumab or reslizumab were prescribed as an add-on therapy in severe asthmatics (adult) 

with significant eosinophilia (blood and/or sputum), inadequately controlled despite treatment 

with a high dose inhaled corticosteroid (ICS) plus another controller (equivalent to the Asthma 

GINA 4 and 5 criteria) (https://ginasthma.org/), according to the Health Canada prescription 

guidelines. Mepolizumab was available in Canada for patients as early as January 2016 whereas 

reslizumab was available approximately 12 months later. All the initial prescriptions were 

mepolizumab. When both drugs were available, prescriptions of the anti-IL-5 therapy was at 

the physician’s discretion; dependent on the patient’s insurance coverage and logistical 

considerations of administering subcutaneous vs intravenous dosing. Forced expiratory volume 

in one second (FEV1) and ACQ-5[14] were obtained as a part of routine follow-up in the 

respective clinical centres. In 160 subjects, sputum was induced and processed[15] as a part of 

routine clinical assessment. Fractional exhaled nitric oxide (FeNO) was not routinely collected 

as part of clinical assessment except in patients who could not produce sputum. This data is not 

included in the manuscript. The clinical data were collected prospectively as and when the 

patients were routinely followed in their respective clinics, from the time when they were 

started on the adjunct anti-IL-5 therapy (pre-treatment value or baseline) until the database 

was locked or they were taken off the treatment due to inadequate/optimal response 

(between November 2015 and January 2019) (post-treatment values). For n=250 patients who 

were included in the final analysis (Figure 1) any additional data (refer to Table 1/3 for list of 

clinical parameters) were collected as a part of retrospective chart review with ethical 

permission from the respective local ethics board. Matched pre- and post-treatment sputum 

https://ginasthma.org/


for n=39 (with adequate volume) for molecular analysis was available at the McMaster site 

(Figure 1) and all experimental procedures were reviewed and approved by the Hamilton 

Integrated Research Ethics Board.  

 

Steroid reduction strategy 

After three doses of the anti-IL-5 mAb (i.e. 3 months), the maintenance dose of steroid was 

reduced by 5 mg every month, and asthma control was assessed with 3-month follow-up visits. 

For patients on long term (>2 years) high doses maintenance prednisone (>15-20 mg), tapering 

was halted at 5mg/day, and then tested for adrenal insufficiency before completely weaning 

them off. For patients maintained on high dose ICS (>1500mcg of fluticasone propionate 

equivalent), the tapering was done at 500 mcg (reduction by 1 puff bid every clinic visit). Asthma 

control during steroid tapering was monitored every 3 months by ACQ, sputum and spirometry. 

 

Assessment of response to anti-IL-5 mAb therapy 

Sub-optimal response (NR) to therapy was determined by one of the three clinical criteria 

(failure to reduce maintenance corticosteroid by 50%, failure to reduce ACQ ≤ 1.5, failure to 

reduce exacerbations by 50%) + persistence of sputum eosinophils >3% or blood eosinophils 

≥400 cells/µL after at least 4 months of treatment (adapted from a previous study [7]). Without 

a biological criterion (reduction in eosinophilia), presence of any two of the above three clinical 

criteria were accepted as designating a NR status. Worsening on treatment was defined as 

patients identified as NR to have further one of the following criteria, viz., reduction in FEV1 

from pre-treatment baseline by 25% and/or any increase in maintenance corticosteroid and/or 

increase in ACQ by 0.5 (minimal clinically important difference). For steroid sparing strategy 

please refer to the online supplement. 

 

Assessment of inflammatory markers 

Th2 cytokines and mediators were evaluated using Discovery assay (Eve Technologies, AB, CA), 

as previously described[9, 16], while eosinophil peroxidase (EPX) as a measure of airway 

eosinophil activity was assessed using ELISA[17, 18]. Anti-EPX IgG[9] and immunoglobulin (Ig)-



bound C1q (using ELISA, Abcam #ab170246) were detected in the sputa along with C3c, a 

marker of complement activation (HyCult Biotech, #HK368-01). Detailed methodology for 

detection and quantification of immune complexes in the paraffin-embedded formalin-fixed 

sputum plugs is given in the online repository. 

 

Statistical analysis: 

Detailed information on statistical analysis and strategies are provided in the online repository 

for both clinical and experimental cohorts reported here. Briefly, we calculated descriptive 

statistics of demographic and baseline clinical characteristics within groups of responders and 

suboptimal responders to anti-IL-5 therapy.  Means and standard deviations (SD) were used to 

summarize continuous variables, while frequencies and percentages were used to summarize 

categorical variables.  From the logistic regression models, we reported the odds ratio and 95% 

confidence interval (CI) associated with each clinical predictor (detailed method in online 

repository). For the molecular end-points, Kruskal Wallis test with Dunn’s multiple comparison 

was used between responders (R), sub-optimal or non-responders (NR) and those who 

worsened (WR). GraphPad Prism version 8 (La Jolla, CA, USA) was used for statistical analysis 

and generation of plots. 

 

Results: 

Study patients (recruitment and inclusion into analysis) 

Based on the recent consensus statement by Buhl et al [19] that severe eosinophilic asthmatics 

prescribed biologics should receive treatment for at least four months, in the principal analysis 

we included 250 patients (out of 289) with at least 4 injections of either 

reslizumab/mepolizumab. The baseline demographic data for these 250 patients (Figure 1) 

stratified by their response to anti-IL-5 mAb therapies is provided in Table 1. In addition, the 

baseline data distribution between the four academic sites and baseline demographics for 148 

patients who had at least 12 injections is provided in supplementary table E1 and E2. 

 

Patient response to anti-IL-5 mAb treatment: Sub-optimal response 



Forty three % patients showed  sub-optimal response to anti-IL-5 mAbs (Table 1). Further, for 

148 patients who received at least 12 months of therapy or more, the rate of sub-optimal 

response, 42.5% (63), was comparable (Chi-square, df: 0.002,1; P=0.96). The clinical variables 

determined to designate clinical response are stratified based on the treatment groups in Table 

2 (sub-group analysis: Table E4).  

(i) In ICS-dependent asthma: frequency of sub-optimal response 

The proportion of patients with sub-optimal response was 33% (36/109) in 109 patients 

maintained on daily high-dose ICS (median dose 1500 mcg of fluticasone equivalent), with 20 

patients failing to reduce exacerbations by 50%, and 12 failing to reduce at all (or documented 

an increase). 

 (ii) In OCS-dependent asthma: frequency sub-optimal response 

Out of 141 OCS-dependent asthmatics (median daily dose - 10 mg), 50.3% showed inadequate 

response to either of the prescribed anti-IL-5 mAbs, with 51.2% (62/119) non-response to 

mepolizumab and 41% (9/22) to reslizumab (Figure 1).  Out of the 141 OCS-dependent patients 

who showed a sub-optimal response to anti-IL-5 therapy, approximately 37 (26%) could not 

reduce their OCS dose at all, and 51 (32.6%) failed to reduce it by 50%. The rate of NRs in the 

OCS-group was higher than those maintained on ICS only (Chi-square, df =7.4, 1; z = 2.6; 

P=0.008). The mean reduction of OCS in the responders was 74.3% compared to 12.2% in the 

suboptimal group (P<0.0001). 

 

Patient response to anti-IL-5 mAb treatment: Worsening of symptoms 

Thirty-four patients (13.6%) worsened while on prescribed anti-IL-5 mAbs (Table 2), of whom 

27 (79%) were maintained on daily prednisone. Based on the three criteria for designating 

worsening, (i) 12 (35.2%) showed an increase in ACQ (median increase by 0.8 points); (ii) 14 

(41.1%) had their maintenance corticosteroid dose increased (median increase in prednisone by 

7.5 mg, ICS by 500 mcg/daily); (iii) eleven (32.3%) recorded a fall in FEV1 by 25% (median fall of 

31.2%, min – 25%, max - 59%). The mean FEV1 (%predicted) post-treatment recorded for 11 

patients was 50.1±18 (877 ± 385 mL). Finally, only three patients were designated as 

‘worsened’ based on >1 of the 3 clinical criteria.   



 

Clinical predictors for sub-optimal response to anti-IL-5 treatment 

Use of daily prednisone (Odds ratio: 1.92; 95% CI: 1.15, 3.22), dose of prednisone (Odds ratio 

1.04; 95% CI: 1, 1.08) and presence of sinus disease (Odds ratio: 1.88; 95% CI: 1.13, 3.14) could 

independently, in a univariate analysis predict ‘sub-optimal’ response to an anti-IL-5 mAb (Table 

3). This is further reflected in the baseline difference (Table 1) for OCS (P=0.02) and sinus 

disease (P=0.02) between the two response groups (Table 1). A multivariate regression model 

(Table 3) showed that there was an increased possibility of a sub-optimal response in late-onset 

asthmatics (Odds ratio: 4.5; 95% CI: 1.14, 17.79) with evidence of sinus disease (Odds ratio: 

3.47; 95% CI: 1.23, 9.78) and/or atopy (Odds ratio: 3.28; 95% CI: 1.11, 9.68). In the OCS-

dependent group (n=141), sub-group analysis revealed ~28-fold increase in risk of sub-optimal 

response (Odds ratio: 27.87; 95% CI: 1.3, 599.25) if patient has adult onset asthma, and 12.66-

fold risk (Odds ratio: 12.66; 95% CI: 2.17, 74.02) with evidence of sinus disease.  

 

Molecular mechanisms underlying inadequate response to anti-IL-5 treatment  

For molecular investigations, a smaller subset of prototype patients was recruited with clinical 

characteristics representative of the larger clinical cohort of 250 patients (Table E3). 

 (i) Assessing eosinophil-associated inflammatory mediators as fluid phase markers 

An increase in sputum IL-5 was noted in the mepolizumab sub-optimal responders’ post-

treatment (Figure 2, P=0.04), indicating inadequate neutralisation of the antigen. Univariate 

analysis showed a significant predictive value only for GM-CSF (Table 4, Estimate -6.3, SE 2.9, 

p<0.03). However, the absolute values (Figure 2d) are predominantly below the lower limit of 

detection and hence the role of GM-CSF remains inconclusive.  As depicted in Figure 2g, 

sputum levels of EPX were unremarkable at baseline and were not computed to be a predictor 

of sub-optimal response (Table 4, Odds: 0.97, 95% CI 0.77 -1.22, P = 0.8).   

 

(ii) Assessing autoimmune-mediated inflammation (fluid phase) 

Anti-EPX IgG was used as a marker of localised autoimmunity[7, 9] (Figure 3a). There was an 

elevated anti-EPX IgG in the airways (P=0.03) of patients who failed to respond adequately to 



mepolizumab (Figure 3). Additionally, in mepolizumab-treated patients who showed worsening 

of symptoms, both C1q-IgG and C3c levels were significantly elevated from baseline (Figure 3).  

Commensurate with the distribution plots for all inflammatory markers assessed (Figure 2, 3), a 

multivariate regression analysis confirmed baseline anti-EPX IgG levels (at 1:2 titer) to be a 

predictor for sub-optimal response to an anti-IL-5 mAb (Estimate: -1.77; Standard error: 0.7; z 

value -2.2; P=0.02) (Table 4, S3).  

 

(iii) Assessing in situ immune-complex deposition in fixed sputum plugs 

Figure 4 details the co-localisation of C1q-IgG and IL-5 IgG in the airways of patients who sub-

optimally responded to mepolizumab; this was not done in reslizumab since there was no 

evidence of C1q-IgG or C3c in their sputa (Figure 3). The absolute values of the differential cell 

count for the respective sputum samples (from which the plug was selected for embedding) 

have been given. As is evident, there is no particular increase in a cell-type which limits us to 

the assessment of whether there is a particular cell associated with the C1q-IgG/IL-5 IgG co-

localisation. A significant correlation (r=0.8, P<0.0001) between the IL-5+IgG+/C1q+IgG+ dual-

positive cells indicates a mutually inclusive event (Figure 4c, representative image in Figure S3).  

 

Discussion: 

We report sub-optimal response in a population of moderate-to-severe eosinophilic asthmatics 

to adjunct anti-IL-5 mAb treatment (107/250; 42.8%). In addition, we report a novel 

observation of worsening of asthma in 13.6% (34/250) of patients with “eosinophilic asthma” 

on anti-IL-5 neutralizing mAbs. Oral corticosteroid dependence, late onset of asthma, and sinus 

disease were the strongest predictors of sub-optimal response. Presence of autoimmune 

responses in the airways, formation of heterocomplexes and complement activation 

contributed to the worsening of asthma.  

 

The response rate to anti-IL-5 mAb therapies reported in this study is consistent with the Phase 

III clinical trials [2-4] and real-life cohort studies. [20-24].  However, the criteria used in our 

study and the other observational studies were different and therefore it is challenging to 



contrast our data with the other publications. Unlike our study, the other observational studies 

do not provide any insight into mechanisms of poor response. Our investigations reveal that 

sub-optimal responders to both anti-IL-5 therapies had increased baseline anti-EPX IgG levels. 

Furthermore, anti-EPX IgG was observed to be the only molecular factor that could predict a 

possible non-response to anti-IL-5 mAbs (Table 4). A significant positive correlation between 

EPX levels and anti-EPX IgG (r=0.45, P=0.02) suggested an ongoing autoimmune response that 

sustains the ongoing eosinophilic activity, and the events remain uncurbed despite the high 

dose corticosteroid therapy and additional anti-IL-5 mAb. The clinical indicators for non-

response to anti-IL-5 therapy (e.g., OCS use and sinus disease) further reflects a population that 

is prone to localised autoimmune inflammation as reported in recent studies[9],[25]. This 

phenomenon is localised to the airways as there was no increase noted in the systemic markers 

of autoimmune responses (viz., ANA or anti-neutrophil cytoplasmic antibodies, rheumatoid 

factors or complement activation). C-reactive protein, a marker of acute inflammation, was 

unremarkable between the pre-treatment and post-treatment levels (Pre-Rx median 2.3, IQR 

5.5;  Post-Rx median 3.9, IQR 8.9; P=0.36). 

 

These autoantibodies, being of the IgG subtype, can bind to complement (C1q). In the event 

that the drug is inadequate for the target antigen [11], there may be immune complexes 

formed with the IgG1 mAb as well as the IgG autoantibodies, forming hetero-immune 

complexes (for example, IL-5-IgG/EPX-anti-EPX IgG), bound to the six heads of a C1q molecule 

[26]. C1q activation can either induce the complement cascade or heighten inflammation by 

recruiting immune cells via FcR receptors without binding other complement factors [27]. 

Increased anti-EPX IgG, C3c and C1-q/IgG levels in the fluid phase, along with C1q-IgG/IL-5-IgG 

dual-positive cells (in the sputum plugs, Fig E4 for representative pre- vs post- mepolizumab 

image), strongly suggest an autoimmune-triggered immune-complex mediated pathology in the 

patients who worsened on mepolizumab. Worsening on reslizumab could not be conclusively 

linked to a similar pathology due to limited sample size.  The three reported cases of worsening 

(representative image of low/no immune complex deposition is given in Figure E5) is unlikely to 



be mediated by immune-complex-mediated complement activation, possibly because 

reslizumab has an IgG4 backbone which does not bind (C1q) complement [28].  

 

We also tested the hypothesis that poor response might have been due to IL-5 not being the 

dominant driver of eosinophilia in these patients. Evidence from sputum transcriptomics data 

from the U-BioPred study [29] strongly suggest that in addition to IL-5, other cytokines related 

to innate lymphoid cell group 2 biology such as IL-33, thymic stromal lymphopoietin (TSLP), and 

IL-13 may be mediators/contributors of eosinophilia. However, except for GM-CSF, none of the 

other cytokines related to eosinophil biology were predictors of sub-optimal response. We 

believe that IL-5 is indeed the dominant cytokine in the severe eosinophilic patients as we 

observed an increase in sputum IL-5 in the patients who showed inadequate responses to 

mepolizumab (Figure 2a), indicative of poor neutralisation of target antigen, and perpetuation 

of ongoing eosinophilic inflammation. Finally, in patients who worsened (indicated as red 

symbols in Figure 2c) there was an increase in IL-13 in the sputa which agrees with the cytokine 

signature we previously reported for asthmatics with sputum autoantibodies [9]. 

 

Finally, absolute blood eosinophil counts, currently recommended to be the best biomarker for 

prescribing anti-IL-5 mAb treatment, is not supported by our current observation in a dataset of 

250 patients. Indeed, post-treatment blood eosinophils were elevated (400 cells/µL) in only 

8% of the sub-optimal responders (Table 2). On the contrary, 76% of the 67 sub-optimal 

responders with available airway inflammometry data (Table 2), showed increased sputum 

eosinophils ≥3%, indicating unsuppressed airway eosinophilia. Further, 68.6% of these patients 

had sputum eosinophils despite normalisation of blood eosinophils. These further agree with 

previous reports on discordance between blood and sputum eosinophils [5], and the former to 

be an inadequate biomarker for monitoring therapeutic response to anti-IL-5 mAbs [7, 30, 31], 

particularly in the prednisone-dependent asthmatics as depicted in Table 2. In similar 

prospective real-life studies  baseline blood eosinophil levels were not predictive of response to 

mepolizumab [20, 21, 32]. Although fractional exhaled nitric oxide (FeNO) correlates with 



airway eosinophilia in steroid-naïve patients, it is not helpful to monitor response to therapies 

with anti-IL5 mAb [33] and therefore, it was not routinely measured in this study.  

 

Although this study is one of the largest detailed description of clinical responses to anti-IL5 

mAbs, we acknowledge the limitation due to incomplete data collection of a few variables in 

about a third of patients, particularly sputum cytology, as this is not part of routine clinical 

assessment in all academic centres. We have attempted to address this in our statistical 

analysis outlined in the online supplementary. A second limitation is the low numbers of 

patients who were on reslizumab and therefore the current study does not attempt to make 

any direct comparisons between the clinical efficacies of the two mAb therapies. However, 

even with the limited samples, we were able to establish that the underlying factors leading to 

inadequate response and/or worsening for these two anti-IL-5 mAbs appear to be different. 

Finally, although we speculate that under-dosing may be responsible for the sub-optimal 

response to the anti-IL-5 mAbs, we have not provided pharmacokinetic data to support this 

hypothesis. Validated assays of mAb concentrations in airway secretions are not commercially 

available and we were not able to obtain these assays from the manufacturers of the said 

therapeutic molecules. 

 

In summary, we report a significant prevalence of sub-optimal response to the two currently 

approved anti-IL-5 neutralizing mAbs in moderate-to-severe asthmatics associated with blood 

and/or sputum eosinophilia. This is unlikely to be due to IL-5 not being the dominant cytokine in 

perpetuating eosinophilia. Indirect evidence suggests that inadequate neutralization of IL-5 in 

the airways may be relevant. More importantly, we report the presence of an alternate 

inflammatory event, viz., airway autoimmunity, that may compromise anti-IL-5 treatment 

efficacy, and in some leads to worsening of symptoms via immune-complex mediated injury. 

Clinicians ought to be mindful of this possibility while prescribing anti-IL-5 mAb therapy to 

asthmatics who are prednisone-dependent, with late onset asthma diagnosis, evidence of a 

sinus disease, and therefore likely to have a higher burden of IL-5 in their airways.  
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Table 1: Patient demographics stratified as per response to anti-IL-5 mAb treatment 

Clinical parameters for patients included 

in analysis (n=250) 

Responders 

Total = 143 

Non-responders 

Total = 107 

 

 

 

p-value# 

Observed 

sample 

size 

Statistic 

Observed 

sample 

size 

Statistic 

Male, n (%) 143 77 (54) 107 54 (50) 0.688 

Age (years) 143 57 ± 13.9 107 54 ± 12.6 0.119 

BMI (kg/m2) 134 29.0 ± 6.1 104 29.1 ± 6.1 0.840 

Oral corticosteroids (prednisone), n (%) 143 71 (50) 107 70 (65) 0.018* 

Dose of prednisone (mg/daily) 71 11.3 ± 6.8 70 13.8 ± 10.1 0.087 

Duration of prednisone (years) 45 6.55 ± 5.32 55 8.01 ± 7.1  0.245 

Asthma onset in adulthood, n (%)  112 90 (80) 90 80 (89) 0.145 

Inhaled corticosteroid (mcg/daily) (range) 143 
1500 

(1000,3000) 
107 

1500 (1000, 

3000) 

0.653 

Baseline FEV1 % of predicted 141 66.8 ± 18.8 106 64.9 ± 20.0 0.452 

Previous biologic use, n (%)  141 54 (38) 106 52 (49) 0.118 

Lymphopenia, n (%) 137 70 (51) 106 63 (59) 0.244 

Atopy, n (%) 103 55 (53) 84 55 (65) 0.128 

Presence of Sinus Disease, n (%) 141 65(46) 107 66 (62) 0.021* 

Pre Blood Eos (x109/L) 140 0.56 ± 0.54 107 0.57 ± 0.72 0.909 

Sputum Eos Pre (% of total cell count) 91 21.7 ± 22.7 69 18.7 ± 19.5 0.376 

Exacerbations in preceding year (mean± 

SD) 
143 2.154 ± 1.9 107 2.4 ± 2 

0.324 

Exacerbations in preceding year (median, 

range) 
143 2 (0, 12) 107 2, (0, 9) 

0.354 

# Two-sided t-test p-value for continuous variables, chi-square test for dichotomous variables. 

*indicates significant difference. Data is presented as mean ± SD unless otherwise mentioned. 

Pre = pre-treatment baseline values; Eos – eosinophils. N.B. Observed sample size indicates the 



data available for each variable across sites. Atopy was assessed as positive skin prick test to 

common aeroallergens, or specific IgE positivity in the sera. Sinus disease is defined as 

physician-reported or CT evidence of chronic sinusitis with or without polyps. Inhaled 

corticosteroid dose is presented as fluticasone propionate equivalent. 

N.B. Out of the 250 patients, 55 were recruited from the McGill University Health Centre, 88 

from the Firestone Institute for Respiratory Health, St. Joseph’s Healthcare (McMaster 

University), 47 from Sacré-Coeur hospital of Montreal, and 60 from Centre de recherche de 

l'Institut universitaire de cardiologie et de pneumologie de Québec (Université Laval), were 

included in the final analysis.  

  



 

Table 2. Distribution of clinical variables determining non-response to biologics  

Clinical variables  

Sub-optimal response 

to anti-IL-5 mAb 

 

Total = 107 (42.8%)$ 

Sub-optimal response 

in ICS-dependent 

patients 

 

Total = 38 (15.2%)$ 

Sub-optimal response 

in OCS-dependent 

patients 

 

Total=69 (27.6%)$ 

 

Observed 

sample 

size 

Statistic 

 

 

Observed 

sample 

size 

Statistic Observed 

sample size 

Statistic 

Median length of treatment, months 

(max, min) 
107 14 (4-59) 

38 12 (4-55) 69 15 (4-58) 

Worsening on treatment, n (%) 250 34 (13.6) 38 7 (18.4) 69 27 (53.6) 

Stratifying contributing factors for ‘sub-optimal’ response: clinical criteria 

Failure to reduce MCS < 50%, n (%) 70  55 (78.5) 38 36 (94.7) 69 54 (78.3) 

MCS dose reduction =0%,or increase, n (%) 70 26 (36.1) 38 26 (68.4)  69 39 (56.5) 

Failure to reduce ACQ below 1.5, n (%)  71 61 (85.9) 20 19 (99) 52 49 (94.2) 

Failure to reduce exacerbations by 50%, n 

(%) 
105 66 (62.8) 

38 20 (52.6) 69 46 (66.6) 

Failure to reduce exacerbations =0%, or 

any increase, n (%)  

105 49 (46) 38 12 (31.5) 69 37 (53.6) 

Increase in exacerbations, n(%) 105 28 (26.6) 38 6 (15.7) 69 22 (31.8) 

Stratifying contributing factors based on biological criteria (sub-optimal response) 

Sputum eos ≥ 3%, n (%) 67 51 (76.1) 18 16 (88.8) 50 40 (80) 

Blood eos ≥ 0.4, n (%) 99 8 (8.0) 32 12 (37.5) 67 12 (17.9) 

Criteria for worsening in addition to sub-optimal response  

Increase in ACQ > 0.5, n (%) 34 12(35.2) 7 2 (28.5) 16 10 (62.5) 

Increase in MCS, n (%) 34 14(41.1) 7 5 (71.5) 27 9 (33.3) 



Reduction in FEV1  25%, n (%) 34 11 (32.4) 7 0 27 12 (44.4) 

Median length of treatment,  

months (max, min) 

34 11 (4-26) 7 10 (4,22) 27 23 (4, 30) 

$ %age based on total number of patients assessed for response; *MCS = maintenance 

corticosteroids; Observed sample size is based on data available/collected per variable. N.B. NR 

(sub-optimal response) population includes the WR (worsening) sub-population. 

  



Table 3: Clinical predictors for non-response to anti-IL-5 treatment  

Clinical 

Variables (pre-

treatment 

values) 

Odds Ratio 

(95% CI) 

Odds Ratio 

(95% CI) $ 

Odds Ratio 

(95% CI) ** 

Odds Ratio 

(95% CI) 

Univariate 

Analysis 

n=250 

Multivariate 

Analysis 

n=133 

Multivariate sub-

group Analysis 

(patients on OCS) 

n=141 

Multivariate sub-

group Analysis  

(patients with 

sputum analysis) 

n=119 

Male vs Female 0.87 (0.53, 1.44) 0.69 (0.25, 1.89) 0.25 (0.05, 1.16) 0.69 (0.25, 1.89) 

Age (per year 

increase) 

0.99 (0.97, 1.01) 0.97 (0.93, 1.01) 0.91 (0.84, 0.99) 0.97 (0.93, 1.01) 

BMI (per unit 

increase) 

1 (0.96, 1.04) 0.89 (0.81, 0.98) 0.89 (0.79, 1) 0.89 (0.81, 0.98) 

Smoking status 

Never smoker vs 

Ex-smoker 

1.33 (0.79, 2.25) 3.03 (0.98, 9.36) 1.38 (0.21, 8.91) 3.03 (0.98, 9.36) 

Smoker vs Ex-

smoker 

1.39 (0.47, 4.14) 4.45 (0.41, 48.49) 2.23 (0.09, 53.33) 4.45 (0.41, 48.49) 

Corticosteroid use 

OCS vs ICS 1.92 (1.15, 3.22) 2.61 (0.86, 7.93) NA 2.61 (0.86, 7.93) 

Prednisone dose 1.04 (1, 1.08) - 1.06 (0.96, 1.18) 1.06 (0.96, 1.18) 

Duration of 

prednisone  

1.04 (0.97, 1.11) - - 1.1 (0.96, 1.26) 

Additional clinical parameters 

Onset of 

asthma, 

Adulthood vs 

childhood 

1.96 (0.88, 4.39) 4.5 (1.14, 17.79) 27.87 (1.3, 599.25) 4.5 (1.14, 17.79) 

Pre-blood 1.03 (0.68, 1.56) 1.27 (0.47, 3.44) 1.0 (0.34, 2.97) 1.27 (0.47, 3.44) 



eosinophil (per 

unit increase)  

Previous biologic 

use 

1.55 (0.93, 2.58) 1.5 (0.56, 4.05) 0.73 (0.17, 3.09) 1.5 (0.56, 4.05) 

Lymphopenia 1.4 (0.84, 2.34) 0.79 (0.28, 2.19) 0.16 (0.03, 0.93) 0.79 (0.28, 2.19) 

Atopy 1.66 (0.92, 3.01) 3.28 (1.11, 9.68) 3.22 (0.76, 13.67) 3.28 (1.11, 9.68) 

Presence of 

Sinus Disease 

1.88 (1.13, 3.14) 3.47 (1.23, 9.78) 12.66 (2.17, 74.02) 3.47 (1.23, 9.78) 

Baseline FEV1 

%Predicted (per 

unit increase) 

0.99 (0.98, 1) 0.97 (0.94, 1) 0.97 (0.93, 1.01) 0.97 (0.94, 1) 

Sputum Eos Pre 

(per unit 

increase) 

1.96 (0.88, 4.39) NA NA 0.99 (0.97, 1.01) 

N.B. Results highlighted in bold font indicates clinical variable that may predict inadequate 

response to a prescribed anti-IL-5 treatment  

$ MUHC site did not have sputum data while Laval site did not have prednisone duration data 

collected. To include these sites in the multivariate analysis, we did not add “pre-sputum eos” 

or “prednisone duration” as independent variables in the second column. The multivariate 

analysis was done in those patients with complete dataset available for all remaining 13 

variables. 

** To allow MUHC site patient dataset into the regression analysis, this set of analysis did not 

include sputum eos as an independent variable 

    



Table 4: Molecular predictors for non-response to anti-IL-5 treatment 

Variables at 

baseline (pre-

treatment) 

Univariate Analysis 

n=39 

 Multivariate Analysis$ 

 n=39 

Odds ratio (95% CI) p-value Odds ratio (95% CI) p-value 

1. Markers for autoimmune responses (sputum) 

Anti-EPX IgG 0.14 (0.02-0.56) 0.0122* 0.18 (0.03-0.69) 0.0254* 

Anti-MARCO IgG 0.80 (0.26-2.17) 0.670  -  - 

C1q-Ig 0.89 (0.76-1.00) 0.0919  -  - 

C3c 1.01 (0.99-1.04) 0.2454  -  - 

2. Eosinophilopoietic cytokines and mediators (sputum) 

EPX 0.97 (0.77-1.22) 0.764  -  - 

IL-3 

5.92 (8.88E-07-

2.39E+07) 0.817  -  - 

IL-4 0.72 (0.15-1.42) 0.520  -  - 

IL-5 0.70 (0.34-1.02) 0.184  -  - 

IL-9 2.61 (0.08-113.27) 0.550  -  - 

IL-13 0.27 (0.03-1.20) 0.167  -  - 

GM-CSF 0.002 (3.25E-06-0.29) 0.0286* 0.002 (1.89E-06 – 0.71) 0.0610 

IL-33 0.99 (0.33-2.39) 0.98  -  - 

TSLP 0.06 (3.15E-06-239.35) 0.540  -  - 

TARC 0.99 (0.93-1.04) 0.8158  -  - 

*Indicates significant variables that may predict inadequate response to anti-IL-5 treatment 

$ Multivariate analysis with all variables with P<0.05 as per individual univariate analysis of 

independent variables. For further details on the model, intercept, standard error and beta 

coefficients, refer to Supplementary Table S3 

  



Figures with legends: 

Figure 1: Consort diagram: Patient recruitment for analysis of clinical and molecular predictors 

are given. 289 patients were recruited from 4 Academic Centres: Centre 1 = McGill University 

Health Centre, Montreal; Centre 2 = Firestone Institute for Respiratory Health, Hamilton, ON; 

Centre 3 = Sacré-Coeur Hospital of Montreal, Montreal; Centre 4 = Centre de recherche de 

l'Institut universitaire de cardiologie et de pneumologie de Québec, Laval. ICS = inhaled 

corticosteroid; OCS = oral corticosteroid; R = responder; NR = non-responder or suboptimal 

response; WR = worsened. 

 

Figure 2: Airway assessment of eosinophilopoetic cytokines and mediators pre- and post- 

treatment with anti-IL-5 mAbs: The pre-, post-treatment and the delta change post-treatment 

from baseline are plotted for (a) IL-5, (b) IL-3,(c) IL-13, (d) GM-CSF, (e) IL-33, (f) TSLP detected 

using Discovery multiplex assay (Eve Technologies, AB, Canada), done in duplicate. Values are 

stratified based on response (R) and sub-optimal (non) response (NR). Dotted lines indicate 

individual lower limit of detection on the validated luminex platform for pre-treatment plots. 

(g) Sputum eosinophil peroxidase (EPX) levels, marker of ongoing airway eosinophil activity, are 

plotted using similar stratification strategy. Red symbols indicate individual patients who 

worsened on the drug as per the clinical criteria. Kruskal Wallis with Dunn’s multiple correction. 

P<0.05 is considered significant. Rx = treatment 

 

Figure 3: Markers of autoimmune responses pre- and post-treatment with anti-IL-5 mAbs: 

Sputum anti-EPX IgG levels are plotted for patients with adequate sample volume available pre- 

and post-treatment with mepolizumab/reslizumab. Anti-EPX IgG absolute values (1:2 titer, cut-

off threshold indicated by dotted line) in the sputum (a) prior to anti-IL-5 therapy is plotted 

stratified on treatment type and the individual clinical response; differences in absolute values 

obtained from deducting post-treatment values from Pre-treatment values are plotted for (b) 

both treatment types and (c) those treated with mepolizumab only. Values are stratified based 

on response (R), sub-optimal or non-response (NR), and worsening (WR) on the respective 

treatment. Immune complex mediated increase in inflammatory status was assessed by 



detecting airway levels of (d,e,f) C1q bound to immunoglobulin (Ig) fraction of sputum and 

(g,h,i) free C3c in sputum supernatants (marker of complement activation) and are plotted 

using similar stratification strategy. Red symbols indicate individual patients who worsened on 

the drug as per the clinical criteria. Reslizumab cohort was not separately plotted due to low n 

numbers. Kruskal Wallis with Dunn’s multiple correction. P<0.05 is considered significant. N.B. 

The post-values reported for NRs (reslizumab) is n=5, as compared to the pre-treatment group 

(n=6), due to low sample volume from one patient which was inadequate for the end-point 

assessment. All plotted data points are mean of n=2 duplicate values. 

 

Figure 4: Immune complex mediated worsening of patients post Mepolizumab therapy: 

Immune complex deposition in the airways assessed by immunostaining formalin fixed, paraffin 

embedded (FFPE) sputum plug sections with (i) rabbit anti-human C1q antibody (secondary 

antibody: Anti-rabbit AlexaFluor 488, visualised in the green channel) and mouse anti-human 

IgG (Anti-mouse AlexaFluor 546, red channel), and (ii) rabbit anti-human IL-5 antibody (Anti-

rabbit AlexaFluor 488, green) and anti-human IgG(red). Co-localisation (yellow) of C1q (green) - 

IgG (red), and IL-5 (green) - IgG (red) on matched patient (sputum plug biopsy) slides were 

scanned and assessed using Cellular Analysis on the HALO™ Platform. Values are represented as 

a percentage of total number of cells screened. As a background control, the percentage of dual 

positive cells in the secondary control slide (no primary antibody added) was subtracted from 

the total number counted in the stained slides. Yellow hot-spots or dual positive cells indicating 

co-localisation are plotted for (a) IL-5+ IgG+ cells (b) C1q+ IgG+ cells. Values are stratified based 

on the treatment response to mepolizumab, where response (R), sub-optimal or non-response 

(NR), and worsening (WR). (c) Correlation between IL-5+ IgG+ and the C1q+ IgG+ cells (i.e. 

indicative of immune complexes). For all the FFPE sputum plugs, remaining sputum was 

processed for a differential count and are plotted:  (d) absolute sputum eosinophil counts, 

where red symbols indicate sputum with high salivary contamination that were not deemed fit 

for sputum differential count, but showed many free eosinophil granules, indicative of 

continual eosinophil activity; (e) absolute sputum neutrophil counts, (f) absolute sputum 

macrophage counts, where blue symbols indicate sputum with high salivary contamination that 



were not deemed fit for sputum differential count, and therefore the values on the graph is 

non-representative of the definite airway numbers. (g) Representative micrographs of patient 

samples based on response to mepolizumab is given for C1q-IgG staining. DAPI (blue) is used 

for staining the nuclei. Please refer to supplementary Figure E1 for reference to visualisation 

and method validation. 

  



 

  



 



 
  



 

 



Online Repository 

 

Journal: European Respiratory Journal  

 

Title: Sub-optimal treatment response to anti-IL-5 monoclonal antibodies in severe 

eosinophilic asthmatics with airway autoimmune phenomena 

 

Authors:  

Manali Mukherjee1,2*, David Felipe Forero3, Stephanie Tran4, Marie-Eve Boulay5, Mylène 

Bertrand5, Anurag Bhalla1,, Jay Cherukat1,2, Hajar Al-Hayyan1,2, Anmar Ayoub1, Spencer Revill1, 

Tanvi Javkar1, Katherine Radford1,2, Melanie Kjarsgaard1,2, Chynna Huang1,2, Anna Dvorkin-

Gheva1, Kjetil Ask1,2, Ronald Olivenstein6 , Nandini Dendukuri7, Catherine Lemiere4, Louis-

Philippe Boulet5, , James G. Martin6, and Parameswaran Nair1,2* 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Online Methods: 

Immunoprecipitation and detection of C1q-bound Ig 

To achieve an optimum signal-to-noise ratio and counteract interferences from unknown 

soluble fractions (and endogenous peroxidases themselves), the total immunoglobulin from 

sputum supernatants (the cell-free soluble fraction of the processed sputum) were 

immunoprecipitated using Pierce™ Protein A/G Agarose (Thermo Fisher Scientific, MA, USA). 

100 µL of sputum supernatant was optimised for 30 µL of resin slurry suspended in 100 µL 

binding buffer (0.1 M Sodium phosphate, 0.15 NaCl, pH 7.4). The 200 µL suspension was 

incubated on a rotator at 4˚C for an hour to allow thorough mixing of the protein beads and the 

sputum Igs. The beads were washed thrice with a high salt buffer (500 mM KCl, 0.1% Triton-

X100, 20 mM Tris, pH 7.4) and eluted with 0.1 M Glycine, HCl (pH 2.60). An equal volume of 1M 

Tris (pH7.4) was added to neutralize. A 2-fold dilution was maintained for all samples by 

keeping the elution volume constant at 200 µl. 30 uL was used per well in duplicates to assess 

bound C1q using a commercial ELISA kit (Abcam #ab170246). Since the secondary detection 

antibodies supplied in kit are biotinylated, BluePhos® Microwell Phosphatase Substrate System 

(KPL Inc.) was used for colour development. 

 

Immunostaining of formalin fixed embedded (FFPE) sputum plugs 

Sputum plugs selected under the inverted microscope (100-150 mg in weight) were formalin 

fixed overnight, and paraffin embedded at the core histology unit (St Joseph’s Healthcare). 

Sectioned slides were treated successively with xylene and then with 100%, 90%, 80%, 70%, 

50% alcohol for de-paraffination. Post antigen retrieval, 1% BSA-PBS was used for blocking non-



specific sites. The slides were incubated with anti-human IgG (1:1000) or anti-human C1q or 

anti-human IL-5 antibody (1:500) overnight at 4oC, in a humidifying chamber. The slides were 

next incubated for 1hr at room temperature with 100-200uL of goat anti-mouse IgG AlexaFluor 

546/goat anti-rabbit AlexaFluor 488 (1:1000). Slides were then washed, mounted with Prolong 

Gold DAPI and scanned using Olympus VS120-ASW v2.9 slide scanner. Routine haematoxylin 

and eosin (H&E) staining was done for quality control for each FFPE sputum plug slide.  

 

Imaging systems and HALO Image Quantification/Colocalization  

For image generation, both groups (IL5-IgG and C1q-IgG) sputum slides were scanned with 

(Olympus VS120-ASW v2.9 slide scanner)*; first at 2x objective for a quick overview image to 

determine the scanning areas of interest and avoid scanning empty spaces to minimize 

scanning time at the higher magnification level, and to prevent photo-bleaching by 

overexposure to fluorescent light. Then using Hamamatsu ORCA-Flash 4.0 scientific CMOS 

Camera on the slide scanner to scan selected areas of interest at 40x objective for 

Immunofluorescent channels: DAPI channel (Blue) for cytonuclear stain, FITC channel (Green) 

for IL5/C1q stains, and TRITC channel (Red) for IgG stain at exposure times of 100ms, 300ms 

and 400ms respectively (refer to supplementary figure E1).  HALO quantification software** 

(v2.3.2089.52) for digital histology and pathology provided by Indica Labs was used to analyze 

all sections of stained sputum samples. Sputum sample images for each stain (IL5-IgG and C1q-

IgG) were opened and tiled accordingly in the software using the “Tile All” tab.   

 



For algorithm set up and image analysis FISH v1.1 module was used. The contrast was adjusted 

for the negative control image to the level of only extreme signals remain for an accurate 

depiction of true signals (sputum background signals induce false positives). The view settings 

are then saved, and all other images are set to the same standard as the negative control. The 

same procedure is followed regarding cell detection and stain detection setup; everything is set 

according to the negative control, and analysis on all other images follows suit. Cell detection 

algorithm is set by fine-tuning according to DAPI channel as the nuclear dye. Then FITC channel 

detection algorithm is established and completed while the cellular detection is active. The 

same process is repeated with TRITC channel detection algorithm. All algorithms are properly 

tuned to accurately detect all 3 stains individually, and then Combined Multi-Probe Detection is 

established with the cytonuclear channel algorithm to detect cell count and both probe 

algorithms (FITC “green”+ TRITC “red”) for positive signals and colocalization “yellow” detection 

are applied and used to analyze the other images related to the experiment group  (refer to 

supplementary figure E2).  

 

Cellular areas were annotated using the “Pen Tool”. To ensure trustworthy data, high-density 

areas have been excluded from the analysis using the “negative selection tool” as these areas 

of high-cellular density can be difficult for HALO™ to detect and analyze due to cells overlapping 

with each other, as well as the equally high sputum volume that tends to hold onto all stains. 

The initial validations used random selection of fields to assess repeatability within the same 

sample. The observer was blinded to the sample identity. Annotated regions are saved on each 

tissue file and all settings are then saved, and the analysis is run on images by selecting the 



algorithm of choice and selecting “Analyze”. Analysis time varies with the type of algorithm and 

size of the image being analyzed. Data is then extracted and downloaded as a Microsoft Excel 

file.   

 

Statistical strategies for assessing predictors of sub-optimal response to anti-IL-5 mAbs 

(clinical cohort) 

All data collected from four academic centres were de-anonymized and shared for analysis 

between the centres. Descriptive statistics to evaluate demographic and baseline clinical 

characteristics between responder groups were conducted for diverse clinical parameters 

collected from all four centres.  Means and standard deviations were used to summarize 

continuous variables, while frequencies and percentages were used to summarize categorical 

variables.  We fit univariate and multivariate logistic regression models to estimate the 

association between different characteristics and the probability of response to anti-IL-

5 therapy. The primary multivariate model included predictors that were available in at least 

70% of patients. In the subset of patients who received oral corticosteroids (OCS), we fit a 

second multivariate model which additionally included dose and duration of prednisone use as 

predictors. The purpose of this analysis was to explore if there was an interaction between any 

of the predictors and the requirement for OCS. Data on sputum eosinophils was available only 

in 64% of the total patient data collected. We fit an additional multivariate model in the subset 

of patients in which sputum (pre-treatment values) was added as a variable to the primary 

multivariate logistic regression model. From the logistic regression models, we reported the 



odds ratio and 95% confidence interval associated with each predictor. All regression models 

were generated using the R software (URL https://www.R-project.org/).  

 

Statistical strategies :experimental cohort 

We calculated descriptive statistics using column statistics on GraphPad Prism version 8, and 

did further comparison with the clinical cohort to assess if the small subset was representative 

of the large clinical cohort. Means and standard deviations were used to summarize continuous 

variables, while frequencies and percentages were used to summarize categorical 

variables.   For the molecular end-points, Kruskal Wallis test with Dunn’s multiple comparison 

was used between responders (R), sub-optimal or non-responders (NR) and those who 

worsened (WR). GraphPad Prism version 8 (La Jolla, CA, USA) was used for statistical analysis 

and generation of plots.  To investigate molecular predictors to clinical response using 

univariate and multivariate regression models we adopted the following strategy due to the 

smaller sample size. The baseline (pre) values for all detected cytokines, mediators, 

autoantibodies and complement markers were independently assessed in a univariate 

regression analysis, followed by fitting the variables with P<0.05 into a multiple regression 

model, to generate possible predictor(s) for the observed non-response in some patients. All 

regression models were generated using the R software (URL https://www.R-project.org/).  

  

https://www.r-project.org/)
https://www.r-project.org/)


Table E1: Clinical parameters and response to Anti-IL-5 mAbs across four 

Canadian academic centre 

Variables 

(Total n=250) 

Centre 1 

Total=55 

Centre 2 

Total=88 

Centre 3 

Total=47 

Centre 4 

Total=60 

Sampl

e Size 

Statisti

c 

Sample 

Size 

Statisti

c 

Sample 

Size 

Statisti

c 

Sampl

e Size 

Statisti

c 

(a) Clinical parameters for patients included in analysis 

Male, n (%) 55 23 (42) 88 55 (63) 47 18 (38) 60 35 (58) 

Age (years) 55 54  ± 

15.0 

88 54  ± 

13.0 

47 59  ± 

12 

60 56  ± 

12 

BMI (kg/m2) 53 27.9  ± 

7.3 

88 30.1  ± 

5.1 

37 28.9  ± 

7.2 

60 28.8  ± 

5.4 

Oral 

corticosteroids 

(OCS), n (%) 

55 29 (53) 88 65 (74) 47 22 (47) 60 25 (42) 

Asthma onset in 

adulthood, n 

(%) 

22 19 (86) 86 70 (81) 46 40 (87) 48 41 (85) 

Pre Blood Eos 

(x109/L) 

54 0.77  ± 

0.8 

87 0.51  ± 

0.6 

42 0.6  ± 

0.5 

48 0.38  ± 

0.4 

Previous 

biologic use, n 

(%)  

52 20 (38) 88 43 (49) 47 17 (36) 60 26 (43) 

Lymphopenia, n 

(%) 

53 16 (30) 88 57 (65) 42 22 (52) 60 38 (63) 

Atopy, n (%) 29 17 (59) 87 46 (53) 42 31 (74) 29 16 (55) 

Presence of 

Sinus Disease, 

n (%) 

54 22 (41) 87 57 (66) 47 10 (21) 60 42 (70) 

FEV1 % Pre 53 63.2  ± 

18.3 

88 65.7  ± 

17.1 

47 62.3  ± 

20.6 

59 71.9  ± 

21.5 

Sputum Eos Pre 

(% of total cell 

1 35 ± 

NA 

88 18.5  ± 

19.8 

43 20.9  ± 

21.9 

28 25.3  ± 

25.2 



count) 

(b) Among patients who received OCS 

Dose of 

prednisone 

(mg/daily) 

29 13.3  ± 

9.2 

65 13.1  ± 

8.5 

22 9.8  ± 

10.1 

25 12.68  

± 7.0 

Duration of 

prednisone 

(years) 

25 6.4  ± 

4.8 

65 7.5  ± 

6.1 

15 7.8  ± 

9.12 

0 NA 

(c) Response to anti-IL-5 Rx across the sites 

Mepolizumab, n 

(%) 

55 55 

(100) 

88 63 (71) 

* 

47 47 

(100) 

60 57 

(95)* 

Responder, n 

(%) 

30 (55) 43 (49) 32 (68) 38 (63) 

Data is presented as mean ± SD unless otherwise mentioned. Pre = pre-treatment baseline 

values; N.B. Observed sample size indicates the data available for each variable across sites. 

Centre 1 = McGill University Health Centre, Montreal; Centre 2 = Firestone Institute for 

Respiratory Health, Hamilton, ON; Centre 3 = Sacré-Coeur Hospital of Montreal, Montreal; 

Centre 4 = Centre de recherche de l'Institut universitaire de cardiologie et de pneumologie de 

Québec, Laval 

*remaining percent of patients were treated with reslizumab 

 

  



Table E2: Patient demographics stratified as per response to anti-IL-5 mAb 

treatment (minimum 12 injections) 

Clinical parameters for patients 

included in analysis (n=148) 

Responders 

Total = 85 

Suboptimal 

responders 

Total = 63 

 

 

 

p-

value# 

Observe

d 

sample 

size 

Statistic 

Observe

d 

sample 

size 

Statistic 

Male, n (%) 85 48 (56) 63 30 (48) 0.688 

Age (years) 85 57 ± 13.4 63 57 ± 12.4 0.749 

BMI (kg/m2) 81 28.9 ± 6.8 61 29.2 ± 6.2 0.970 

Oral corticosteroids (prednisone), n 

(%) 
85 42 (49) 63 42 (67) 

0.036* 

Dose of prednisone (mg/daily) 42 10.8 ± 6.2 42 
12.9 ± 

10.2 

0.071 

Duration of prednisone (years) 26 
6.27 ± 

5.05 
30 8.79 ± 6.9  

0.932 

Asthma onset in adulthood, n (%)  62 50 (81) 48 43 (90) 0.198 

Baseline FEV1 % of predicted 83 
65.8 ± 

18.0 
62 

65.6 ± 

21.0 

0.820 

Previous biologic use, n (%)  83 32 (39) 63 32 (51) 0.140 

Lymphopenia, n (%) 81 40 (49) 62 36 (58) 0.302 

Atopy, n (%) 43 24 (56) 33 23 (70) 0.217 

Presence of Sinus Disease, n (%) 85 41 (48) 63 33 (52) 0.618 

Pre Blood Eos (x109/L) 77 
0.59 ± 

0.62 
61 

0.57 ± 

0.71 

0.440 

Sputum Eos Pre (% of total cell 

count) 
51 

23.1 ± 

22.4 
31 

23.1 ± 

19.6 

0.701 



Baseline exacerbation frequency 

(median, range) 
83 2 (0, 12) 61 2 (0,8) 

0.066 

Two-sided t-test p-value for continuous variables, chi-square test for dichotomous variables. *indicates 

significant difference. Data is presented as mean ± SD unless otherwise mentioned. Pre = pre-treatment 

baseline values; Eos – eosinophils. N.B. Observed sample size indicates the data available for each 

variable across sites. Atopy was assessed as positive skin prick test to common aeroallergens, or specific 

IgE positivity in the sera 

N.B. Out of the 250 patients, 55 were recruited from the McGill University Health Centre, 88 from the 

Firestone Institute for Respiratory Health, St. Joseph’s Healthcare (McMaster University), 47 from Sacré-

Coeur hospital of Montreal, and 60 from Centre de recherche de l'Institut universitaire de cardiologie et 

de pneumologie de Québec (Université Laval), were included in the final analysis.  

  



Table E3: Comparative demographics for clinical (n=250) and experimental cohort (n=39)  

Clinical parameters  

Clinical Cohort Molecular 

Investigation Cohort 

P value 

n=250 n=39 

Male, n (%) 131 (52) 27 (66) 0.09 

Age (years) 55.7±13 54.6±14 0.63 

BMI (kg/m2) 29.14±6 30.3±5 0.27 

Dose of prednisone (mg/daily) $ 10 (7.5, 15) 10 (5,15) 0.14 

Duration of prednisone (years) $ 5 (3, 36) 5 (3,10) 0.95 

Asthma onset in adulthood, n 

(%)^  

170 (84) 29 (66) 0.14 

Inhaled corticosteroid (mcg/daily) 

(range) $ 

1500 (1000,2000) 1250 (1000, 2000) 0.12 

FEV1 % of predicted 66.2±19 65.8±16 0.91 

Previous biologic use, n (%)     

Lymphopenia, n (%)^ 133 (54) 22 (56) 0.84 

Atopy, n (%) 110 (44) 14 (36) 0.27 

Presence of Sinus Disease, n (%) 127 (51) 20 (51) 0.17 

Blood Eos (x109/L) $ 0.4 (0.2, 0.7) 0.4 (0.2, 0.6) 0.23 

Sputum Eos (% of total cell count)  

$ 

13.5 (3, 29) 14 (5, 30.5) 0.89 

# Two-sided t-test p-value for continuous variables, chi-square test for dichotomous variables. 

*indicates significant difference. Data is presented as mean ± SD unless otherwise indicated. $ Data is 

presented as median and IQR – interquartile range (25%, 75%); Pre = pre-treatment baseline values; Eos 

– eosinophils. Atopy was assessed as positive skin prick test to common aeroallergens, or specific IgE 

positivity in the sera. Inhaled corticosteroid dose is presented as fluticasone propionate equivalent. ^ 

percentages are calculated based on the observed sample size: adult onset of asthma, n=202; 

lymphopenia, n=243 

  



Table E4. Distribution of clinical variables determining non-response to biologics (minimum 12 

injections) 

Clinical variables  

Sub-optimal 

response to anti-

IL-5 mAb 

 

Total = 63 

(42.6%)$ 

Sub-optimal 

response in ICS-

dependent 

patients 

 

Total = 21 

(14.2%)$ 

Sub-optimal 

response in OCS-

dependent 

patients 

 

Total=42 (28.4%)$ 

 

Observe

d 

sample 

size 

Statisti

c 

 

 

Observe

d 

sample 

size 

Statisti

c 

Observ

ed 

sample 

size 

Statistic 

Median length of treatment, 

months (range) 
63 

20 (12-

58) 

21 20 (12-

55) 

42 20 (12-

58) 

Worsening on treatment, n (%) 148 
19 

(12.8) 

21 3 (2.0) 42 16 

(10.8) 

Stratifying contributing factors for ‘sub-optimal’ response: clinical criteria 

Failure to reduce OCS by 50%, n 

(%) 
42  

26 

(61.9) 

- - (-) 42 26 

(61.9) 

OCS dose reduction = 0%, n (%) 42 
16 

(38.1) 

- - (-) 42 16 

(38.1) 

Failure to reduce ACQ below 1.5, 

n (%)  
37 

30 

(81.1) 

9 8 

(88.9) 

28 22 

(78.6) 

Failure to reduce exacerbations 

by 50%, n (%) 
62 

28 

(45.2) 

20 6 

(30.0) 

42 22 

(52.4) 

Failure to reduce exacerbations 

=0%, or any increase, n (%)  

62 24 

(38.7) 

20 4 

(20.0) 

42 20 

(47.6) 

Increase in exacerbations, n (%) 62 16 20 3 42 13 



(25.8) (15.0) (31.0) 

Stratifying contributing factors based on biological criteria (sub-optimal response) 

Sputum eos ≥ 3%, n (%) 31 
26 

(83.9) 

7 6 

(85.7) 

24 20 

(83.3)  

Blood eos ≥ 0.4, n (%) 56 3 (5.3) 17 1 (5.9) 39 2 (5.10) 

Criteria for worsening in addition to sub-optimal response  

Increase in ACQ ≥ 0.5, n (%) 19 
10 

(52.6) 

3 2 

(66.7) 

16 8 (50.0) 

Increase in MCS, n (%) 19 
6 

(31.6) 

3 1 

(33.3) 

16 5 (31.2) 

Reduction in FEV1≥25%, n (%) 19 
5 

(26.3) 

3 0 (0) 16 5 (31.2) 

Median length of treatment,  

months (range) 

19 18 (12-

30) 

3 20 (14-

22) 

16  17.5 

(12-30) 

 

  



Table E5 Regression analysis of all molecular variables assessed in n=39 patients treated with 

anti-IL-5 

Univariate analyses 

Variables  Estimate Std. Error z value Pr(>|z|) 

Anti-EPX -1.9449 0.7761 -2.506 0.0122 

Anti-MARCO -0.2256 0.5286 -0.427 0.67 

C1q.Ig -0.11826 0.07016 -1.686 0.0919 

C3c 0.0124 0.01068 1.162 0.2454 

EPX -0.03383 0.11259 -0.3 0.764 

IL.4 -0.3315 0.5157 -0.643 0.52 

IL.5 -0.3591 0.2705 -1.328 0.184 

IL.9 0.9578 1.6025 0.598 0.55 

IL.13 -1.323629 0.956755 -1.383 0.167 

GMCSF -6.3338 2.8932 -2.189 0.0286 

IL.33 -0.01462 0.45838 -0.032 0.975 

TSLP -2.752 4.494 -0.612 0.54 

TARC -0.005965 0.025608 -0.233 0.8158 

Multivariate analysis with variables showing P<0.05 above (n=39) 

Variables  Estimate Std. Error z value Pr(>|z|) 

(Intercept) 2.0428 0.9793 2.086 0.037 

GMCSF -6.0404 3.2239 -1.874 0.061 

Anti-EPX -1.7328 0.7751 -2.236 0.0254 

Multivariate analysis with all variables with P<0.05 as per individual univariate analysis of 

independent variables. 

  



Figure legends: 

Figure E1: Steps for visualisation immunostained sputum plug biopsy sections and preparing 

it for HaloTM analysis: The steps for visualisation and developing the cellular probe algorithm is 

given stepwise: (a) the entire slide on which the sputum is found is scanned at 2X as a quick 

overview. This is done to determine where exactly to scan at high mag so as to not waste time 

scanning empty space and prevent photo bleaching as a result of over-exposure to fluorescent 

light. 3 randomly sized areas of sputum, approx. 4-15mm2, are scanned at 40X for DAPI, FITC 

and TRITC, at exposure times of 100ms, 300ms and 400ms, respectively. (b)  Once the sample 

areas are scanned, there are loaded onto HaloTM for analysis using the cellular detection 

algorithm. (c)  Some areas, however, are over-populated with cells such that discerning the 

number of cells proves too difficult for both the naked eye as well as HALO™. (d) Thus, in order 

to preserve data-integrity, these areas, marked by yellow arrows, are excluded from analysis.  

 

Figure E2: Validating multi-probe algorithm for cellular detection of co-localised immune 

targets on sputum plug biopsy slides: Establishing accurate cell detection using (a) DAPI (b) 

immune-targets in the FITC (green) channel, (c) immune target in the TRITC (red) channel. First, 

the cellular detection is set based on the DAPI for accuracy (see examples of under-detection, 

over-detection and accurate detection for the same section). Thereafter FITC is set up based on 

the DAPI-algorithm of cellular detection. Once the detection settings are complete, any FITC+ 

cells will turn green. The same process is repeated with TRITC channel (c). With the HALOTM 

algorithm properly fine-tuned to detect all three stains individually, they are combined into a 

multi-probe algorithm to detect any co-localisation (d). When both TRITC and FITC are 

detected, the cell turns yellow to indicate co-localisation. The number of such dual stain 

positive cells are counted by the software, and expressed as a percentage of the total number 

of DAPI+ cells screened. 

 

  



Figure E3: Validation of FFPE sputum plug biopsy for assessing immune complex activation: 

This is the first report of using formalin fixed paraffin embedded sputum plug sections for 

assessing immune complex deposition in the airways via immunostaining methods and 

subsequent quantification. The hematoxylin and eosin (H&E) staining shows numerous 

eosinophils and free eosinophil granules (blue arrows) which corroborates the sputum 

differential of 31.8% eosinophils and many (semi quantitative rank) free granules. The serial 

sections of the FFPE sputum plug unfortunately does not maintain the exact cellular position 

since it lacks the architecture of a tissue. However, it is apparent that similar areas on these 

‘serial’ sections identified manually and quantified by the HaloTM shows comparable high dual 

positive cell counts for the two independent staining of C1-q-IgG and IL-5 IgG.  The fluid phase 

analysis of the sputum records increased C1q-IgG and C3c levels (measured by ELISA) indicative 

of immune-complex mediated complement activation. This further corroborates the significant 

strong correlation between the two staining patterns reported in the main manuscript (r=0.8, 

P<0.0001). 

 

Figure E4: Immune complex deposition post Mepolizumab treatment: Matched samples 

obtained from a representative patient, shows detectable C1-q-IgG dual positive cells increased 

after 8 injections of Mepolizumab. The sample is obtained from patient who was assessed to 

have sub-optimal response to mepolizumab (but not worsening) and baseline evidence of local 

autoimmune responses. 

 

Figure E5: Effect of reslizumab on immune complex mediated inflammation: Matched samples 

obtained from representative patient, pre- and post Reslizumab treatment shows undetectable 

C1-q-despite inadequate clinical response. In accordance, the fluid phase analysis of C1-q-IgG 

and C3c in the same sputa samples (ELISA) showed unremarkable values, indicating that the 

non-response to the drug was not through a mechanism of complement activation.  

  



 

  



 

  



 

  



 

  



 


