
942  |     LETTERS TO THE EDITOR

Sanofi, Mundipharma,and Esteve; nonfinancial support from 
Novartis, GlaxoSmithKline, Teva, Boehringer‐Ingelheim, Menarini, 
Mundipharma, and Esteve; and grants from AstraZeneca, Teva, and 
Chiesi, outside the submitted work. B. G. Cosío reports personal fees 
from Novartis, AstraZeneca, Teva, Boehringer‐Ingelheim, Chiesi, 
Sanofi, and Mundi‐pharma; nonfinancial support from Novartis, Teva, 
Boehringer‐Ingelheim, and Menarini; and grants from AstraZeneca, 
GlaxoSmithKline, Teva, Boehringer‐Ingelheim, and Chiesi, outside the 
submitted work. David Dacal Rivas declares no conflicts of interest.

Luis A. Pérez de Llano1

 David Dacal Rivas1

Borja G. Cosío2,3

1Pneumology Service, Hospital Universitario Lucus Agusti, EOXI Lugo, 
Cervo, Monforte, Spain

2Department of Respiratory Medicine, Hospital Universitario Son 
Espases‐IdISBa, Palma de Mallorca, Mallorca, Spain

3CIBER de Enfermedades Respiratorias (CIBERES), Instituto de Salud 
Carlos III, Madrid, Spain

Correspondence
Luis A. Pérez de Llano, Pneumology Service, Universitary Hospital Lucus 

Augusti, Calle Doctor Ulises Romero, 1, 27003, Lugo, Spain.
Email: eremos26@hotmail.com

ORCID

Luis A. Pérez de Llano  https://orcid.org/0000‐0003‐2652‐6847 

Borja G. Cosío  https://orcid.org/0000‐0002‐6388‐8209 

R E FE R E N C E S

 1. Chapman KR, Albers FC, Chipps B, et al. The clinical benefit of me‐
polizumab replacing omalizumab in uncontrolled severe eosinophilic 
asthma. Allergy. 2019. https ://doi.org/10.1111/all.13850 

 2. Pérez de Llano LA, Cosío BG, Domingo C, et al. Efficacy and safety 
of reslizumab in patients with severe asthma with inadequate re‐
sponse to omalizumab: a multicenter, open‐label pilot study. J Allergy 
Clin Immunol Pract. 2019. S2213‐2198(19)30069‐8. https ://doi.
org/10.1016/j.jaip.2019.01.017.

 3. Schoenhoff M, Lin Y, Froehlich J, et al. A pharmacodynamic model de‐
scribing free IgE concentrations following administration of a recom‐
binant humanized monoclonal anti IgE antibody in humans [abstract]. 
Pharm Res. 1995;12(9 suppl):411.

 4. Lin H, Boesel KM, Griffith DT, et al. Omalizumab rapidly decreases 
nasal allergic response and FcepsilonRI on basophils. J Allergy Clin 
Immunol. 2004;113(2):297‐302.

 5. Mukherjee M, Aleman Paramo F, Kjarsgaard M, et al. Weight‐adjusted 
intravenous reslizumab in severe asthma with inadequate response 
to fixed‐dose subcutaneous mepolizumab. Am J Respir Crit Care Med. 
2018;197(1):38‐46.

 6. Liddament M, Husten J, Estephan T, et al. Higher binding affinity and 
in vitro potency of reslizumab for interleukin‐5 compared with mepo‐
lizumab. Allergy Asthma Immunol Res. 2019;11(2):291‐298.

DOI: 10.1111/all.14048  

Update: Mepolizumab treatment in patients with severe 
eosinophilic asthma and prior omalizumab use

To the Editor,
Over the last two decades, several biologic therapies have emerged 
for the targeted treatment of severe asthma, defined as asthma in‐
adequately controlled by guideline‐recommended treatment with 
high‐dose inhaled corticosteroids (ICS) and bronchodilator thera‐
pies.1 These biologic therapies target specific mechanisms underly‐
ing differing asthma phenotypes. Omalizumab (anti‐immunoglobulin 
E) is indicated for moderate‐to‐severe allergic asthma,2 and me‐
polizumab (anti‐interleukin‐5) is indicated for severe eosinophilic 
asthma.3 Although omalizumab has demonstrated efficacy in clinical 
studies,4 not all patients achieve good disease control with therapy, 
some of these patients may also be eligible for mepolizumab treat‐
ment. Clinical studies have demonstrated that mepolizumab plus 
standard of care (SoC) reduces exacerbation frequency, decreases 
oral corticosteroid (OCS) use, and improves health‐related quality 

of life (HRQoL), asthma control (Asthma Control Questionnaire 
[ACQ]‐5), and lung function versus placebo in severe eosinophilic 
asthma.5‐8

Previously, we performed a post hoc analysis of mepolizumab 
efficacy in patients from SIRIUS (NCT01691508) and MENSA 
(NCT01691521) who had previously received omalizumab treat‐
ment.9 The analysis included patients treated with intravenous (IV) 
mepolizumab; the results of each trial are presented separately due 
to differences in the study populations (eg, SIRIUS patients were 
OCS dependent). The current post hoc meta‐analysis describes the 
efficacy of the approved mepolizumab 100 mg SC dose in patients 
with prior omalizumab use using a pooled data from MENSA and 
MUSCA (NCT02281318), providing a more robust analysis.

MENSA and MUSCA were randomized, double‐blind, phase III 
trials7,8 enrolling patients aged ≥12 years, with ≥2 exacerbations 
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in the prior year requiring systemic corticosteroids (SCS) despite 
treatment with ICS and additional controller medication(s), blood 
eosinophil counts ≥150 cells/μL at screening or ≥300 cells/μL in the 
prior year, and airflow obstruction. MENSA patients received me‐
polizumab 75 mg IV or 100 mg SC, or placebo, every 4 weeks for 
32 weeks. MUSCA patients received mepolizumab 100 mg SC or 
placebo every 4 weeks for 24 weeks. In both studies, treatment was 
additional to stable SoC medication; concurrent omalizumab use was 
excluded (omalizumab use within 130 days of screening was an ex‐
clusion criterion for both studies). Only the approved mepolizumab 
dose, 100 mg SC, was included in this meta‐analysis.

Endpoints assessed included the annualized clinically sig‐
nificant exacerbation rate (asthma worsening requiring SCS, 
emergency department (ED) visit or hospitalization; primary 
endpoint), exacerbations requiring ED visit/hospitalization and 
exacerbations requiring hospitalization; change from baseline 

in prebronchodilator forced expiratory volume in 1s (FEV1), St 
George's Respiratory Questionnaire (SGRQ) total score, and 
ACQ‐5 score; proportions of SGRQ and ACQ‐5 responders (≥4‐
point and ≥0.5‐point reductions from baseline, respectively); and 
change from baseline in blood eosinophil count (secondary end‐
points). Exacerbation endpoints were analyzed using negative 
binomial regression (with logarithm of time on treatment as an off‐
set variable); lung function, HRQoL, and eosinophil counts were 
analyzed with mixed‐model repeated measures. Responder anal‐
yses were analyzed using logistic regression, all including adjust‐
ment for covariates (treatment, baseline OCS therapy [yes vs no], 
region, exacerbations in the prior year [ordinal variable], baseline 
value (where applicable), and baseline percent‐predicted FEV1 (ex‐
cluding lung function analysis). Estimated treatment differences 
were combined across studies using inverse variance‐weighted 
fixed‐effects meta‐analysis.

TA B L E  1   Patient demographics and baseline characteristics

Characteristic

Prior omalizumab use No prior omalizumab use Total

Mepolizumab 
(N = 65) Placebo (N = 67)

Mepolizumab 
(N = 403) Placebo (N = 401)

Prior omalizumab 
use (N = 132)

No prior omalizumab 
use (N = 804)

Age, years, mean (SD) 52.3 (13.1) 51.8 (12.7) 50.0 (14.4) 50.7 (13.7) 52.1 (12.8) 50.4 (14.1)

Female, n (%) 36 (55) 43 (64) 229 (57) 240 (60) 79 (60) 469 (58)

Former smoker, n (%) 22 (34) 21 (31) 99 (25) 112 (28) 43 (33) 211 (26)

Duration of asthma, 
years, mean (SD)

25.2 (15.8) 22.8 (14.3) 19.0 (13.4) 19.0 (14.9) 24.0 (15.1) 19.0 (14.2)

Maintenance OCS use, 
n (%)

42 (65) 29 (43) 74 (18) 82 (20) 71 (54) 156 (19)

Exacerbations in prior year, n (%)

2 33 (51) 28 (42) 215 (53) 245 (61) 61 (46) 460 (57)

3 9 (14) 16 (24) 87 (22) 78 (19) 25 (19) 165 (21)

≥4 23 (35) 23 (34) 101 (25) 78 (19) 46 (35) 179 (22)

Exacerbations in prior year requiring ED visit/hospitalization, n (%)

>1 19 (29) 23 (34) 133 (33) 133 (33) 42 (32) 266 (33)

≥2 8 (12) 13 (19) 71 (18) 59 (15) 21 (16) 130 (16)

Exacerbations in prior year requiring hospitalization, n (%)

>1 15 (23) 21 (31) 87 (22) 82 (20) 36 (27) 169 (21)

≥2 7 (11) 10 (15) 38 (9) 33 (8) 17 (13) 71 (9)

Pre‐BD % predicted 
FEV1, mean (SD)

54.7 (17.98) 55.9 (15.96) 59.6 (16.45) 60.8 (17.01) 55.3 (16.93) 60.2 (16.73)

SGRQ total score, mean 
(SD)

51.2 (18.0) 56.3 (17.7) 47.0 (18.7) 44.9 (19.0) 53.8 (18.0) 46.0 (18.9)

ACQ‐5 score, mean (SD) 2.38 (1.22) 2.78 (1.10) 2.23 (1.16) 2.12 (1.17) 2.58 (1.17) 2.17 (1.16)

Blood eosinophil count, cells/μL,

Geo mean (SD loge) 320 (0.949) 440 (0.817) 310 (0.969) 320 (0.939) 380 (0.895) 320 (0.953)

Median (range) 340 (0‐1800) 390 (0‐3600) 330 (0‐14 000) 350 (0‐3700) 390 (0‐3600) 340 (0‐14 000)

Total IgE, IU/mL, geo 
mean (SD loge)

172.4 (1.16) 204.9 (1.33) 169.7 (1.50) 154.8 (1.51) 188.3 (1.25) 162.0 (1.50)

Abbreviations: ACQ‐5, Asthma Control Questionnaire 5‐point scale; BD, bronchodilator; CI, confidence interval; ED, emergency department; FEV1, 
forced expiratory volume in 1s; IgE, immunoglobulin E; IU, international unit; OCS, oral corticosteroid; SD, standard deviation; SGRQ, St George's 
Respiratory Questionnaire.
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Of 936 patients, 468 received mepolizumab 100 mg SC and 468 
received placebo, with 14% (n = 65 and 67, respectively) in each 
group having previously used omalizumab. As expected, patients 
with prior omalizumab use had more severe disease than those 
without (Table 1). In particular, patients with prior omalizumab use 
tended to be former smokers, had longer asthma duration, reported 
more OCS use and exacerbations, had worse lung function, HRQoL 

and disease control, and higher blood eosinophil counts and immu‐
noglobulin E levels than those with no prior omalizumab use.

Clinically relevant reductions of ≥54% in annualized clinically sig‐
nificant exacerbation rates with mepolizumab versus placebo were 
observed irrespective of prior omalizumab use, consistent with our 
previous analysis (Figure 1A).9 Although studies were 24‐32 weeks 
in duration, an annualized exacerbations rate was calculated and is 

F I G U R E  1   Treatment responses to mepolizumab versus placebo in patients with prior or no prior omalizumab use. ‘n = ‘represents 
the number of patients on mepolizumab and placebo, respectively. Clinically significant exacerbations were defined as asthma worsening 
requiring systemic corticosteroid (intravenously or orally for ≥3 d, or single intramuscular dose), or ED visit or hospitalization; SGRQ 
responders defined as patients with a ≥4‐point improvement in total score; ACQ‐5 responders defined as patients with a ≥0.5‐point 
improvement in score. ACQ‐5, Asthma Control Questionnaire 5‐point scale; CI, confidence interval; ED, emergency department; FEV1, 
forced expiratory volume in 1s; Oma, omalizumab; OR, odds ratio; RR, rate ratio; SGRQ, St George's Respiratory Questionnaire
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presented here; enrollment was over a 1‐year period to address any 
potential seasonal effect. Additionally, mepolizumab reduced the 
frequency of severe events requiring ED visits or hospitalization, or 
hospitalization only, versus placebo. Improvements from baseline in 
FEV1 of 125 mL with mepolizumab versus placebo were observed 
in patients with no prior omalizumab use; there was no change in 
FEV1 in patients with prior omalizumab use (Figure 1B). This reflects 
opposing findings in the two trials; a worsening in FEV1 was seen in 
the prior omalizumab group from the MENSA trial, likely due to low 
patient numbers, in contrast to an improvement in the same group 
from the MUSCA trial (data not shown). As with our previous analy‐
sis,9 mepolizumab improved HRQoL and disease control, as indicated 
by greater reductions in SGRQ and ACQ‐5 scores versus placebo, re‐
gardless of prior omalizumab use (Figure 1C, D). These results were 
further supported by SGRQ and ACQ‐5 responder analyses, in which 
mepolizumab increased the proportion of patients with clinically sig‐
nificant ≥ 4‐point and ≥0.5‐point score improvements from baseline, 
respectively, irrespective of omalizumab use (Figure 1E,F). There was 
a trend for greater SGRQ and ACQ‐5 score improvements in patients 
who had prior omalizumab use versus those without, likely due to the 
former patients’ higher morbidity leading to greater capacity for im‐
provements. However, a limitation of this analysis was the small num‐
ber of patients in the prior omalizumab use group, which resulted 
in large confidence intervals. Finally, mepolizumab reduced blood 
eosinophil counts from baseline by 79% and 81% versus placebo in 
patients with and without prior omalizumab use, respectively.

Overall, these results indicate that mepolizumab 100 mg SC re‐
duced exacerbation frequency and improved HRQoL and asthma 
control (ie, ACQ‐5) versus placebo (added to SoC) in patients with 
severe eosinophilic asthma with and without prior omalizumab use. 
This is consistent with a previous analysis that examined the effect 
of prior omalizumab use in the SIRIUS and MENSA studies sepa‐
rately and included the mepolizumab 75 mg IV dose.9 Together, 
these data suggest that eligible patients are likely to benefit from 
mepolizumab irrespective of their omalizumab therapy history.

In conclusion, this meta‐analysis provides further support for 
mepolizumab treatment benefits in patients with severe eosinophilic 
asthma, irrespective of prior omalizumab use.
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A panel of clinical and biological markers predict difficult‐to‐
treat chronic rhinosinusitis

To the Editor,
Chronic rhinosinusitis (CRS) is recognized as a complex and highly 
heterogeneous disease.1,2 A significant number of patients do not 
respond well to the current anti‐inflammatory agents and surgery‐
centered therapeutic strategies.1‐3 There is an undeniable need for 
studies on predictive factors of CRS treatment outcomes, for the 
purpose of improving personalized and holistic management of CRS. 
Several variables, including asthma, aspirin intolerance, previous 
surgery, preoperative endoscopic score, percentage of eosinophils in 
nasal tissue and blood, and IgE levels, have been reported to corre‐
late with unsatisfying control of CRS.2‐5 However, current evidence 
is limited given to the small sample size and retrospective study 
design of most of the studies, and the contradictory results gener‐
ated.2‐5 According to the European Position Paper on Rhinosinusitis 
and Nasal Polyps 2012 (EPOS 2012),1 patients who do not achieve 
an acceptable level of disease control despite adequate surgery, in‐
tranasal corticosteroid treatment, and up to 2 short courses of an‐
tibiotics or systemic corticosteroids in the last year are considered 
to have difficult‐to‐treat CRS.1 Based on this definition, our recent 
study revealed that up to 30% of Chinese CRS patients demon‐
strated difficult‐to‐treat CRS.3 In this study, we aimed to develop a 
prediction model of difficult‐to‐treat CRS with clinical and biological 
markers in Chinese adults with CRS.

This prospective study was approved by the Ethics Committee of 
Tongji Hospital of Huazhong University of Science and Technology 
and was conducted with written informed consents from all pa‐
tients. CRS was diagnosed according to the EPOS 2012,1 and 343 
patients were enrolled in the training set from September 05, 2011, 

to October 21, 2014, and an independent cohort of 91 patients were 
recruited as the validation cohort from April 10, 2015, to February 
07, 2016. The outcome was determined at 1 year postoperatively, 
and the difficult‐to‐treat CRS and disease control were evaluated ac‐
cording to EPOS 2012.1 The additional information regarding subject 
characteristics, postsurgical treatment and evaluation, detection of 
biological markers in tissues, and statistic methods is summarized in 
Data S1 including Tables S1 and S2.

A total of 79 patients in the training cohort and 17 patients in 
the validation cohort were excluded from the final analysis due to 
lost to follow‐up, incomplete clinical data, and inadequate amount 
of tissues (Figure S1 in Data S1). The demographic and clinical char‐
acteristics of excluded patients and finally analyzed patients in two 
cohorts are summarized in Data S1 including Tables S3‐S5. In the 
training set, 79 (29.92%) of 264 finally analyzed patients were de‐
fined as those with difficult‐to‐treat CRS. The differences in clini‐
cal characteristics and biological markers between difficult and 
non‐difficult‐to‐treat CRS analyzed by between‐group comparisons 
are summarized in Data S1 including Tables S6‐S8. We further de‐
termined the factors associated with difficult‐to‐treat CRS by uni‐
variate regression analysis. In good agreement with between‐group 
comparison analysis results, we found that younger age, female gen‐
der, AR and asthma comorbidity, prior surgery history, the presence 
of nasal polyp and polyp scores, increased nasal obstruction, loss 
of smell, total symptom and overall symptom burden scores and 
bilateral CT and total endoscopic scores, higher blood eosinophil 
counts and percentages and blood lymphocyte counts and mono‐
cyte percentages, higher mucosal eosinophil and neutrophil counts, 
lower numbers of glands, and upregulated mucosal levels of IL‐8, 
G‐CSF, MIP‐1β, and IgG4, and lower mucosal levels of bFGF, IL‐10, 
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