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ABBREVIATIONS 33 

ACQ Asthma Control Questionnaire 

AQLQ-S Asthma Quality of Life Questionnaire with Standardised Activities  

ATS American Thoracic Society 

BMI Body Mass Index 

ERS  European Respiratory Society 

FBC Full Blood Count 

FeNO Fraction exhaled Nitric Oxide 

FEV1 Forced Expiratory Volume in one second  

FVC Forced Vital Capacity 

IgE Immunoglobulin E 

IL Interleukin  

LABA Long Acting Beta Agonist 

SD Standard Deviation 
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SUPPLEMENTAL INTRODUCTION 35 

Biological therapies for asthma target specific pro-inflammatory pathways associated with Type 2 36 

inflammation, characterised by eosinophilic infiltration of the airways.[1-5] However, identifying potential 37 

responders is problematic due to logistical problems obtaining direct evidence of eosinophilic airway 38 

inflammation via bronchoscopy or sputum induction, which are time consuming, labour intensive, require 39 

specialist facilities and expose the patient to risk. An alternative is to use non-invasive biomarkers, which 40 

could potentially identify patients likely to respond to monoclonal antibody therapy as well as monitor 41 

disease activity once on treatment.  42 

 43 

Peripheral blood eosinophils, Fractional exhaled Nitric Oxide (FeNO), serum periostin and serum 44 

Immunoglobulin E (IgE) are all markers of Type 2 inflammation in asthma. Peripheral blood eosinophils, 45 

FeNO and serum periostin are predictors of response to treatment with monoclonal antibody therapy directed 46 

against IgE,[2] IL4 receptor-alpha (IL4-Rα),[3] IL-5[6] and IL-13.[4,5] Blood eosinophil levels are used to 47 

determine eligibility for reimbursement for monoclonal antibody therapy directed against IL-5,[7] and 48 

monoclonal antibody therapy directed against IgE is indicated in patients within a target serum IgE range.[8] 49 

Knowledge of the time course changes of these biomarkers during and after a severe exacerbation of asthma 50 

would have clinical utility in patient management and treatment guidance. 51 

 52 

The objective of this study was to describe the time course of the changes of blood eosinophils, FeNO, serum 53 

periostin and serum IgE for up to 12 weeks after a severe exacerbation of asthma. We hypothesised that the 54 

time course of any changes in response to the exacerbation and/or its treatment may differ between the 55 

biomarkers. 56 

57 
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METHODS 58 

This cohort study recruited 34 adults aged between 18 and 75 years, from Wellington Hospital Emergency 59 

Department and participating General Practitioners in the Greater Wellington Region. Participants presented 60 

within 24 hours of commencing systemic corticosteroid therapy for a severe exacerbation of asthma. A 61 

severe exacerbation was identified in accordance with the American Thoracic Society (ATS) and European 62 

Respiratory Society (ERS) criteria,[9] requiring the use of systemic corticosteroids (tablets, suspension or 63 

injection), or an increase from a stable maintenance dose, for at least three days or a hospitalisation or 64 

Emergency Department visit because of asthma requiring systemic corticosteroids. Courses of 65 

corticosteroids separated by more than a week were treated as separate severe exacerbations. Participants 66 

were excluded if they had a severe exacerbation in the three months before recruitment or were on systemic 67 

corticosteroids for longer than 24 hours. Other exclusion criteria included scenarios that could theoretically 68 

be expected to affect periostin levels such as pregnancy, hospital admission (for a condition other than 69 

asthma), surgery requiring general anaesthetic, bone fracture, or dental surgery occurring within three 70 

months of enrolment.[10]  71 

 72 

Ethical approval was given by the New Zealand Health and Disability Ethics Committee (13/NTB/191). The 73 

trial was prospectively registered with the Australia New Zealand Trial Registry (ACTRN12614000443695). 74 

Written informed consent was obtained from all participants prior to any study procedures being undertaken.  75 

76 
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Study Procedures 77 

At the first visit, participants attended the Medical Research Institute of New Zealand (MRINZ) outpatient 78 

facility and completed written informed consent; a General Health Questionnaire; Asthma Control 79 

Questionnaire-5 (ACQ-5) and Asthma Quality of Life Questionnaire with Standardised Activities (AQLQ-80 

S); measurement of Body Mass Index (BMI), Forced Expiratory Volume in one second (FEV1) and Forced 81 

Vital Capacity (FVC), FeNO and blood samples for measurement of full blood count (FBC) with white 82 

blood cell differentials, creatinine, urea and electrolytes, serum IgE and serum periostin. Further visits were 83 

scheduled one, two, four, eight and 12 weeks after commencing systemic corticosteroids, with repeat 84 

measurements undertaken as outlined in the study plan (Table S1). If a participant suffered a further 85 

exacerbation after enrolment into the study, this was treated as a new exacerbation for the purposes of 86 

analysis. 87 

 88 

Table S1: Schedule of Procedures 89 

Visit No. 1 2 3 4 5 6 

Time Point Day 1 Week 1 

3 days 

Week 2 

3 days 

Week 4 

3 days 

Week 8 

3 days 

Week 12 

3 days 

Written informed consent X      

Enrolment X      

Measurement of BMI X      

General Health Questionnaire X      

ACQ-5 X     X 

AQLQ X     X 

Periostin sample X X X X X X 

FBC sample X X X X X X 

IgE sample X X X X X X 

FeNO X X X X X X 

Spirometry (FVC + FEV1) X X X X X X 

90 
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Lung function and FeNO 91 

Spirometry was performed with measurement of FEV1 and FVC using a Masterscreen Pneumo 92 

(Masterscreen Version 2·0, Carefusion, Hoechberg, Germany) in accordance with ATS guidelines.[11] 93 

FeNO was measured with an online nitric oxide monitor (NiOX, Aerocrine AB, Solna, Sweden) as per ATS 94 

guidelines.[12]  95 

 96 

Blood samples 97 

The FBC with white cell differential (Sysmex platform, Mundelein, USA), creatinine, urea and electrolytes 98 

and serum IgE (Roche, Cobas 501, NZ) were performed immediately in a local laboratory.  For serum 99 

periostin, blood samples were coagulated, centrifuged and serum aliquots stored at -80oC, prior to analysis.  100 

Serum periostin levels were measured using the Elecsys® Periostin immunoassay (Roche Diagnositics, 101 

Penzberg, Germany).[13] Apart from the first blood sample, which was taken within 24 hours of the 102 

participant taking systemic corticosteroids, all blood was drawn independently of when daily medication was 103 

taken.  104 

 105 

Study Power 106 

The sample size of 34 participants had 80% power, with a type 1 error rate of 5%, to detect a paired 107 

difference in periostin of 0·5 standard deviations. This arbitrary difference was used as the clinically 108 

meaningful change in serum periostin was uncertain. The study was not powered to detect a pre-specified 109 

paired difference in the other Type 2 biomarkers.  110 

 111 

Statistical Methods 112 

For the purposes of analysis and data description, severe exacerbation onset was marked as the day of 113 

commencement of systemic corticosteroids and denoted as ‘week zero’.  For participants who had multiple 114 

severe exacerbations over the course of the study, time was based on the number of weeks after the most 115 

recent severe exacerbation so that participants with multiple severe exacerbations have multiple week zero 116 

data-points and shorter subsequent follow-up periods than those with only one severe exacerbation.  117 

 118 
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FeNO, serum periostin and serum IgE have strongly skewed distributions and normality assumptions, for 119 

analyses for these variables, were better met on a logarithm transformed scale. The exponent of a difference 120 

in logarithms can be interpreted as a ratio of geometric means. Mixed linear models were used to compare 121 

the reference 12 week biomarker measurement with those at each previous visit, under the assumption that 122 

biomarker levels would return to their previous stable levels after the severe exacerbation by the end of the 123 

study, providing there were no further severe exacerbations. A type I error rate of 0·05 and associated 95% 124 

confidence intervals are shown, for individual statistical tests. 125 

 126 

SAS 9·4 was used. 127 

128 



8 

 

[Thorax: Letter OLS 02 Feb 2018] 

RESULTS 129 

The flow of participants is shown in Figure S1. A total of 34 participants enrolled in the study as described in 130 

Table S2. The mean age of participants was 39 years. At enrolment, participants’ mean FEV1 was 80% 131 

predicted and the mean ACQ-5 score was 3·7. Participants were taking an average of 450µg of fluticasone 132 

propionate-equivalent per day with 26/34 (76%) on a concurrent long-acting beta agonist (LABA). The 133 

average length of systemic corticosteroid prescription was 10·9 days (range one to 28 days) with participants 134 

taking an average dose of 36mg of prednisone per day (range 20 to 60mg per day). Most participants had a 135 

single severe exacerbation over the 12 weeks (25/34, 74%), with six, two and one participant having a two, 136 

three and four severe exacerbations, respectively resulting in 43 exacerbations in total. 137 

Table S2: Description of participants at enrolment 138 

Continuous Variable Mean (SD) Median (IQR) Min to Max 

Age (years) N=34 39·3 (16·7) 35 (26 to 53) 18 to 70 

BMI (kg/m2) N=34 34·2 (10·8) 30·8 (27·1 to 38·6) 20·2 to 67·8 

FEV1 (L) N=32 2·2 (0·9) 2·0 (1·5 to 2·8) 0·8 to 4 

FEV1% predicted N=32 77·9 (35·1) 75·2 (45·4 to 102) 20·7 to 149·4 

FVC (L) N=32 3·3 (1·1) 3·4 (2·5 to 3·9) 1·4 to 5·6 

FEV1/FVC (%) N=32 0·6 (0·1) 0·7 (0·6 to 0·7) 0·4 to 0·9 

ACQ-5 N=34 3·7 (1·2) 3·8 (3 to 4·6) 1·6 to 5·8 

ICS* (µg) N=34 450·7 (463·3) 400 (200 to 500) 0 to 2000 

Periostin (ng/L) N=34 54·6 (21·5) 48·6 (42·2 to 62·6) 31·8 to 154·5 

Eosinophil count (x109/L) N=33 0·07 (0·12) 0·01 (0 to 0·05) 0 to 0·46 

IgE (U/L) N=32 660·3 (862·5) 341·5 (122·5 to 816) 4 to 3274 

FeNO (ppb) N=32 48·0 (46·1) 33·5 (18 to 56) 7 to 195 

Categorical Variable N/34 (%) 

Atopy 27 (79·4) 

Female 23 (67·7) 

Current Smoker 4 (11·8) 

European 19 (55·9) 

Maori 9 (26·5) 

Samoan 2 (5·9) 

Other 4 (11·8) 



9 

 

[Thorax: Letter OLS 02 Feb 2018] 

*Fluticasone-propionate equivalent dose. SD=standard deviation; IQR=interquartile range; min to max=minimum to maximum range; BMI = body 139 

mass index; FEV1=forced expiratory volume in one second; FVC=forced vital capacity; FeNO=fractional exhaled nitric oxide; µg= microgram; ng= 140 
nanogram; ml= millilitre; L= litre 141 

142 
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Peripheral blood eosinophils 143 

Changes in peripheral blood eosinophils are shown in Figure 1a (Research Letter). Mean (SD) peripheral 144 

blood eosinophils at week zero was 0·07 (0·12) x109/L, which was significantly lower than at week 12, mean 145 

0·33 (0·21) x109/L, difference (95% CI) 0·25 (0·15 to 0·36) x109/L, P<0·001 (Table 1: Research letter). 146 

From week one, there were no significant differences in blood eosinophils compared with measurements 147 

taken at week 12.  148 

 149 

FeNO 150 

The change in FeNO over the 12 week study period is shown in Figure 1b (Research Letter). The median 151 

(range) FeNO at week zero was 32 (7 to 195) ppb, similar to week 12, when the median (range) FeNO was 152 

33 (10 to 188) ppb. The FeNO was about 30% lower at weeks one, two and four, with medians of 22, 23 and 153 

23 ppb, respectively however these differences were not significant (Table 1: Research letter). There were no 154 

significant differences in FeNO after week four compared with week 12. 155 

 156 

Serum Periostin 157 

The change of serum periostin over the 12 week study period is shown in Figure 1c (Research Letter). The 158 

median (range) serum periostin at week zero was 48·9 (31·8 to 154·5) ng/ml, similar to week 12, when the 159 

median (range) was 50·9 (35·3 to 98·3) ng/ml. At week one, the serum periostin level was lower than at 160 

week 12, with a median (range) of 45·9 (24·9 to 146·7) ng/ml, ratio of geometric mean periostin (95% CI) 161 

0·86 (0·82 to 0·92), P<0·001 (Table 1: Research letter). There were no significant differences in serum 162 

periostin after week four compared with week 12. 163 

 164 

Serum IgE 165 

The change of serum IgE over the 12 week study period is shown in Figure 1d (Research Letter). Serum IgE 166 

levels were highest at week zero when the median (range) was 339 (4 to 3274) U/L, compared to week 12, 167 

when the median (range) was 249 (3 to 2451) U/L, ratio of geometric mean IgE (95% CI) 1·32 (1·22 to 168 

1·43), P<0·001 (Table 1: Research Letter). After week two, serum IgE levels were not significantly different 169 

from week 12. 170 
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Lung function 171 

The mean (SD) FEV1 percent predicted at week zero was 77·9 (35·1)%, significantly lower than at week 12, 172 

when the mean (SD) was 90.4 (35)%, difference (95% CI) 13.2 (8 to 18.3)%, P<0·001. After one week there 173 

was no significant difference in FEV1 percent predicted when compared with 12 weeks after the 174 

exacerbation. (Table S2). 175 

 176 

Table S2: Comparison of FEV1 % predicted values with Week 12 177 

Week 
Least squares mean 

(95% CI) 

Week 12 Comparison (95% 

CI) 
P value 

0 79·1 (65·3 to 93·0) 13·2 (8·0 to 18·3) <0·001 

1 87·8 (73·5 to 102·1) 4·5 (-0·6 to 9·7) 0·083 

2 90·5 (76·6 to 104·5) 1·8 (-3·5 to 7·0) 0·51 

4 88·1 (74·2 to 102·1) 4·2 (-0·9 to 9·2) 0·11 

8 88·1 (74·0 to 102·2) 4·2 (-1·3 to 9·6) 0·13 

12 92·3 (78·2 to 106·4)   

 178 

179 
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SUPPLEMENTAL DISCUSSION 180 

This study found that the time course of the changes in peripheral blood eosinophils, FeNO, serum periostin 181 

and serum IgE all varied during and after treatment for a severe exacerbation of asthma. Peripheral blood 182 

eosinophils were the first to fall after treatment with systemic corticosteroids (within 24 hours), followed by 183 

serum periostin (after one week), and FeNO (after two weeks). In contrast the initial serum IgE measurement 184 

was higher than the reference week 12 value.  All the biomarkers achieved a relatively stable level within 185 

four weeks after the start of a severe exacerbation, indicating there is a four week period during and after a 186 

severe exacerbation where biomarker measurements are influenced by the event and its treatment. This is of 187 

clinical relevance if these biomarkers are to be used to guide patient management and treatment guidance.  188 

 189 

Peripheral blood eosinophils were almost fully suppressed within 24 hours of commencing systemic 190 

corticosteroids for an exacerbation, with a mean value of 0·07x109/L, compared with the week 12 191 

measurement of 0·33x109/L. It is likely that their levels were suppressed by treatment with systemic 192 

corticosteroid, an effect which has been observed within five hours in non-asthmatic adults, with levels 193 

returning to pre-treatment levels within 24 hours of stopping corticosteroid therapy.[14,15] This latter 194 

observation is consistent with our finding that blood eosinophil levels did not differ from the reference week 195 

12 measurements after week two, as the average length of the course of corticosteroids was 11 days. In the 196 

UK, one of the current criteria for reimbursement of mepolizumab, a monoclonal antibody directed against 197 

IL-5, is a blood eosinophil count of greater than 0·3x109/L.[16] In our cohort, there were 12/29 (41%) with 198 

week 12 measurements who would have met this criteria, compared with only 3/34 (9%) at the initial 24 199 

hour measurement. The marked suppression of blood eosinophils during systemic corticosteroid treatment 200 

for an exacerbation of asthma suggests that reference should not be made to blood eosinophil levels taken 201 

during this period, for the purpose of assessing potential response to monoclonal antibody therapy directed 202 

against IL-5.  203 

 204 

There was a trend for FeNO levels to fall by about 30% at week one, where they remained at this level until 205 

week four. This is consistent with previous studies which demonstrated that FeNO is suppressed by 206 

treatment with both inhaled[17,18] and systemic corticosteroids.[19] In steroid naïve, mild asthmatics 207 
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inhaled corticosteroids have been shown to cause a dose-dependent fall in FeNO of up to 30% one week 208 

after the start of treatment,[17] similar to the effect in severe asthmatics on high dose ICS treated with 209 

systemic corticosteroids.[19] In the study of mild asthmatics, FeNO levels returned to baseline two weeks 210 

after stopping ICS treatment, a time course similar to our findings in relation to systemic corticosteroid 211 

treatment. The use of FeNO is not currently recommended as a predictor of response to monoclonal antibody 212 

therapy directed against IL-5 or IgE. However, FeNO is a useful maker of responsiveness to inhaled 213 

corticosteroid therapy,[1] and reference to values taken within four weeks of a severe exacerbation may 214 

underestimate the potential benefit of an increase in maintenance inhaled corticosteroid dose. 215 

 216 

There was a modest 10% fall in serum periostin at weeks one and two, similar in magnitude to the response 217 

seen previously to treatment with inhaled[20] and systemic[21] corticosteroids in adults with stable asthma. 218 

In randomised controlled trials of monoclonal antibody therapies, periostin levels greater than the sample 219 

median have been shown to predict responsiveness to therapies directed against IL-13[5], IL-4Rα [3] and 220 

IgE[2]. In our study, serum periostin was suppressed in the first four weeks compared with the median 221 

baseline level of 50·9 ng/ml at week 12 Therefore it would be preferable not to use serum periostin levels 222 

measured in the first four weeks after an exacerbation of asthma for predicting responsiveness to the 223 

monoclonal antibody therapies mentioned above. 224 

 225 

A different pattern was observed with serum IgE, which was about 25% higher at week zero before falling to 226 

the reference level at week two. There are a number of potential mechanisms that might contribute to this 227 

pattern. Firstly it may relate to the use of systemic corticosteroids which cause a paradoxical stimulation of 228 

polyclonal IgE release from B-lymphocytes,[22] an effect which has been demonstrated in asthmatics in 229 

vivo.[23] Alternatively high dose beta-agonist therapy administered in the exacerbation may have increased 230 

IgE production through stimulation of IL-4.[24] Another possibility is that IgE levels were elevated as a 231 

result of allergen exposure which may have contributed to some of the exacerbations.[25] Although IgE 232 

levels are not predictive of response to anti-IgE therapy,[8] a total serum IgE range of between 30 and 233 

700U/L[26] or 30 and 1500U/L[27] is required before initiating treatment in the UK and EU respectively. As 234 



14 

 

[Thorax: Letter OLS 02 Feb 2018] 

a result, a delay of at least two weeks after treatment for an exacerbation is preferred to assess for potential 235 

eligibility for anti IgE therapy in asthma. 236 

 237 

The different time courses of the changes in biomarkers was not surprising, due to their different nature, 238 

ranging from a specific protein, antibody and cell in circulating blood to an expired gas. The biomarkers 239 

have different pathways for synthesis and migration between vascular and tissue compartments, lifespans 240 

and responses to steroid treatment. 241 

 242 

Our study has some methodological limitations. Firstly, a clinically important change in the different Type 2 243 

biomarkers has not been determined, although this does not affect the main conclusions of the study. 244 

Additionally, it was designed to detect a difference in serum periostin and it is likely that the sample size was 245 

too small to detect a meaningful change with respect to FeNO, which has greater intra-participant variability 246 

compared with periostin (mean coefficient of variation of 19·8% vs 5·0%).[4] We have carried out a large 247 

number of statistical tests and some of the statistically significant associations may be a result of Type 1 248 

error rate inflation. Baseline measurements of the Type 2 biomarkers and lung function during a stable 249 

disease phase prior to the exacerbation were not obtained, as enrolment was dependent on the participant 250 

having started systemic corticosteroids for a severe exacerbation. We therefore compared all periostin levels 251 

to those taken 12 weeks after the exacerbation under the assumption that levels would have returned to 252 

normal by then. As no previous research has been conducted assessing the variability of Type 2 biomarkers 253 

during an exacerbation, further robust clinical studies are required to corroborate our findings. Finally, the 254 

underlying cause of the asthma exacerbations were heterogeneous. Different triggers (viral, allergen or 255 

bacterial) can initiate different inflammatory cascades,[28] but this study was not powered to analyse the 256 

difference in response between these sub-groups.  257 

 258 

In conclusion, peripheral blood eosinophils, FeNO, serum periostin and serum IgE all have different time 259 

courses and magnitude of change during and following treatment for a severe exacerbation of asthma. These 260 

findings provide further evidence in support of their heterogeneity in asthma and suggest that  a delay of up 261 
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to four weeks following a severe exacerbation is required if these biomarkers are used to determine 262 

eligibility for, or predicting responsiveness to, monoclonal antibody therapy. 263 

 264 

265 
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FIGURE LEGENDS: 335 

Figure S1: Flow of participants through the study  336 

 337 


