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Background: Asthma-chronic obstructive pulmonary disease (COPD) overlap
(ACO) represents a heterogeneous phenotype with diagnostic challenges and
variable responses to biologic therapies. Omalizumab, an anti-IgE monoclonal
antibody, is effective in allergic asthma but shows limited efficacy in ACO,
necessitating mechanistic insights into treatment heterogeneity. This study
aims to compare the 20-week omalizumab efficacy between ACO and non-
ACO asthma patients and to assess how differing ACO diagnostic criteria affect
Th2-inflammatory biomarker dynamics and clinical outcomes.

Methods: We retrospectively analyzed the clinical data of asthma patients who
received omalizumab therapy at our hospital between March 2024 and January
2025. All enrolled patients had a documented asthma diagnosis according to
the Global Initiative for Asthma (GINA) guidelines. Participants were categorized
into ACO and non-ACO asthma groups based on two distinct criteria. The
ACO-A group was defined by a prior diagnosis or self-reported history of COPD
superimposed on asthma. The ACO-B group required a post-bronchodilator
(BD) forced expiratory volume in one second to forced vital capacity ratio (post
BD FEV,/FVC) < 0.7 and a smoking history of >10 pack-years in addition to the
asthma diagnosis. Serological, airway inflammatory, and pulmonary function
biomarkers related to asthma were measured and comparatively analyzed.
Results: A total of 74 patients were enrolled, of whom 25 were ACO-A, 49 were
non-ACO-A, 11 were ACO-B, and 63 were non-ACO-B. Patients with ACO
exhibited poorer baseline lung function and higher smoking exposure than
those with asthma alone. While both groups showed increased asthma control
test (ACT) scores, the non-ACO-A group displayed decreased fractional exhaled
nitric oxide (FeNO) and eosinophil (EOS) (all p < 0.001) and increased serum total
IgE, pre-BD FEV,%predicted, post-BD FEV,%predicted, and post-BD FEV,/FVC
(all p < 0.001). Changes in serum total IgE, FeNO, and pre-BD FEV,%predicted
(all p < 0.05) were greater in the non-ACO-A group than in the ACO-A group.
Conclusion: Our findings demonstrate that the Th2-high inflammatory
endotype, rather than the ACO diagnostic label, is the primary predictor of
omalizumab response. Prioritizing direct assessment of Th2 inflammation over
the ACO definition can better guide biologic therapy.
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1 Introduction

Asthma-chronic obstructive pulmonary disease (COPD) overlap
syndrome (ACOS) is characterized by the presence of multiple clinical
features of both asthma and COPD (1). This term was formally
established in the 2015 joint report by the Global Initiative for Asthma
(GINA) and the Global Initiative for Chronic Obstructive Lung
Disease (GOLD) (2). However, the term “syndrome” implied a single
disease entity, which was later recognized as an oversimplification of
the complex and heterogeneous nature of these overlapping conditions
(3). In 2017, the American Thoracic Society (ATS) and the National
Heart, Lung, and Blood Institute (NHLBI) have further refined ACOS
as ACO to emphasize that it is not a single disease but a cluster of
phenotypes driven by distinct underlying mechanisms (3). These
documents highlighted a pragmatic diagnostic framework for ACO,
defined by a history of asthma, significant smoking exposure, and
persistent airflow obstruction, while acknowledging the need for
individualized assessment.

Key clinical manifestations of ACO include persistent airflow
obstruction, mixed inflammatory patterns, and concurrent symptoms
of both disorders (4). The pathophysiology of ACO involves an
interplay between neutrophilic inflammation and Th2-driven
eosinophilic inflammation, with elevated Th2 cytokines (e.g., IL-4,
IL-5, IL-13) promoting IgE production, eosinophil recruitment, and
airway hyperresponsiveness (5-7). This Th2-inflammation contrasts
with the neutrophilic inflammation typical of COPD, yet overlaps with
the Th2 signature of asthma, contributing to diagnostic and
therapeutic complexity.

Although a standardized diagnostic framework for ACO is
currently lacking, core diagnostic criteria typically integrate key
features of both conditions. The diagnostic approach often differs
based on whether the patient is initially assessed from an asthma or a
COPD perspective. For patients with a primary diagnosis of COPD,
features suggestive of ACO include a documented history of asthma,
particularly with onset before age 40, a significant bronchodilator
(BD) response evidenced by an increase in forced expiratory volume
in one second (FEV,) of at least 15%, or the presence of airway hyper-
responsiveness. Conversely, in patients with diagnosed asthma, the
diagnosis of ACO usually requires a significant smoking history of at
least 10 pack-years together with persistent airflow limitation
demonstrated by a post-BD FEV, / forced vital capacity (FVC) ratio
below 0.7 (8-10).

The reported prevalence of ACO varies widely, likely due to
differences in diagnostic criteria (9). Previous studies indicate that the
combined prevalence of ACO in the general population, asthma
patients, and COPD patients is 2.0, 26.5, and 29.6% respectively (11).
Moreover, ACO patients experience a higher disease burden, reduced
health-related quality of life, and more frequent and severe
exacerbations compared to those with isolated COPD or asthma (8,
12, 13). Management of ACO typically follows a stepwise or escalating
regimen based on symptom progression and clinical worsening,
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similar to asthma or COPD, with pharmacological interventions
primarily involving inhaled glucocorticoids (ICS) and bronchodilators
(14). Nevertheless, a significant proportion of patients with ACO and
severe asthma exhibit poor or absent response to glucocorticoid
therapy, a condition often referred to as steroid resistance (15, 16).
This resistance considerably limits the efficacy of conventional anti-
inflammatory regimens, underscoring the need for alternative
therapeutic strategies. In this context, biologics that target specific
inflammatory pathways have gained increasing importance as
potential treatment options for this challenging patient subgroup (17).

Omallizumab, an anti-IgE monoclonal antibody, has been
approved for the treatment of allergic asthma in patients sensitized to
perennial allergens and IgE levels between 30 and 700 kU/L (18).
Previous studies have shown that omalizumab reduces acute asthma
exacerbations, improves Asthma Control Test (ACT) scores, and
decreases neutrophil counts (19). A long-term retrospective analysis
further indicated that 12 months of omalizumab treatment
significantly improved lung function and reduced airway
inflammation in patients with severe asthma (20).

However, most omalizumab efficacy studies have focused on
populations, with limited investigations in ACO cohorts (21, 22).
Emerging evidence suggests that Th2-inflammatory biomarkers may
predict the responses to biologics like omalizumab (23, 24), though
their utility in ACO remains debated due to confounding neutrophilic
inflammation. This retrospective cohort study aimed to evaluate the
therapeutic efficacy of omalizumab in non-ACO asthma and ACO
patients, while offering new insights into clinical management of ACO.

2 Materials and methods
2.1 Study design and patients

This retrospective cohort study was conducted at Shanghai Tenth
People’s Hospital, China. A cohort of patients with asthma was
enrolled to investigate the efficacy of omalizumab in ACO and
non-ACO asthma subgroups. All participants had a documented
diagnosis of asthma for several years. The diagnostic criteria for
asthma in this study follow the GINA recommendations. All patients
received omalizumab treatment between March 2024 and January
2025 at our institution. Participants with asthma were stratified into
two mutually exclusive ACO subgroups based on distinct definitions.
ACO-A was defined by: (1) an additional diagnosis of COPD; or (2)
a self-reported history of COPD, while ACO-B required both: (1) a
post-BD FEV,/FVC < 0.7; and (2) a smoking history of > 10 pack-
years. Accordingly, the non-ACO-A and non-ACO-B groups
comprised asthma patients not meeting the respective ACO criteria
(Figure 1). We cautiously noted that there may be heterogeneity in
clinical manifestations and pathophysiological mechanisms between
non-ACO-A and non-ACO-B group of patients. The purpose of
establishing these groups is to compare its clinical characteristics and
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Total restrospective cohort of asthma patients
(N=74)
(1) Previous confirmed diagnosis of asthma following the
Global Initiative for Asthma (GINA) criteria;
(2) Received Omalizumab treatment during the study period.

ACO-B criteria
(1) a post-bronchodilator
FEV1/FVC<0.7; AND (2) a
smoking history of 2 10

ACO-A criteria
(1) an additional diagnosis
of COPD; OR (2) a self-
reported history of COPD.
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FIGURE 1

Diagram of research process and patients grouping.

outcomes with patients who meet the ACO diagnostic criteria. The
study was approved by the Ethics Committee of Shanghai Tenth
People’s Hospital (No. SHSY-IEC-5.0/24 K196/P01).

2.2 Covariates

Baseline demographic and clinical characteristics, including age,
sex, age at initial asthma diagnosis, body mass index (BMI), smoking
history, current therapy, comorbidities, number of acute
exacerbations during one month, ACT scores, eosinophil (EOS)
count, serum total IgE, fractional exhaled nitric oxide (FeNO), and
lung function test indicators, were collected and analyzed. In asthma
management, EOS counts are key biomarkers for assessing
inflammation endotypes and predicting treatment responses to
biologics. To evaluate the relationship between Th2 inflammation
levels and therapeutic outcomes, patients were stratified into
subgroups using thresholds of 150 cells/uL for EOS counts, which
are recommended thresholds by GINA for identifying Th2
inflammation in asthma. “Acute exacerbation” is defined as an acute
worsening of patients’ baseline respiratory symptoms (such as
dyspnea, cough, or sputum production) that necessitates additional
medical treatment. Lung function parameters included
pre-bronchodilator forced expiratory volume in one second (pre-BD
FEV,%predicted), post-bronchodilator forced expiratory volume in
one second (post-BD FEV,%predicted), the post-bronchodilator
forced expiratory volume in one second to forced vital capacity ratio

(post-BD FEV,/FVC), and BD reversibility.

2.3 Statistical analysis

Numerical variables are presented as mean with standard
deviation (SD) for approximately normally distributed data, or as
median with interquartile range (IQR) for non-normally distributed
data. Comparison of numerical variables before and after treatment
within each subgroup was conducted using paired t test (the difference
conforms to a normal distribution) or the Wilcoxon signed rank test
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(the difference conforms to a non-normal distribution). Wilcoxon test
and Student’s ¢-test were used for group comparisons. Categorical
variables were presented as frequencies and percentages, and the
chi-square test and Fisher’s exact test were used for comparisons
between the two groups. An analysis of covariance (ANCOVA) was
performed to compare outcomes for ACO-A versus non-ACO-A,
adjusting for baseline age, which differed significantly between the
groups. All analyses were performed using the R software (version
4.4.1), SPSS (version 26.0) and GraphPad Prism (version 9.5.0). All
significance tests were two-tailed, and p values < 0.05 were considered
statistically significant.

3 Results
3.1 Baseline participant characteristics

A total of 74 asthma patients were recruited in this study,
including 25 in the ACO-A group and 49 in the non-ACO-A group,
as well as 11 in the ACO-B group and 63 in the non-ACO-B group.
The patient evaluation and grouping scheme are summarized in
Figure 1. Compared to the non-ACO-A group, the ACO-A group was
significantly older [69.00 (63.00-73.00) vs. 55.00 (38.00-66.00),
P <0.001], and had lower pre-BD FEV,%predicted (44.04 + 14.14 vs.
77.71+18.43, p<0.001), lower post-BD FEV,%predicted
(49.56 + 15.36 vs. 84.03 + 18.68, p < 0.001) and lower post-BD FEV,/
FVC [68.80 (61.00-72.30) vs. 98.60 (86.90-103.70), p < 0.001].
Similarly, the ACO-B group showed significantly lower pre-BD
FEV,%predicted (42.95 + 16.65 vs. 70.42 + 22.01, p < 0.001), lower
post-BD FEV %predicted (47.96 + 17.17 vs. 76.65 + 22.52, p < 0.001)
and lower post-BD FEV,/FVC [61.10 (53.80-70.05) vs. 93.20 (84.30-
103.40), p <0.001] compared to patients in non-ACO-B group.
Overall, the ACO groups included significantly more smokers than
the non-ACO groups (p <0.001). Current therapy also differed
significantly between ACO and non-ACO groups. Additional details
are listed in Table 1.

3.2 Changes in multiple biomarkers and
lung function after 20 weeks of
omalizumab treatment in ACO and
non-ACO asthma patients

Changes in treatment methods, monthly acute exacerbations,
ACT scores, serum total IgE, and EOS count at baseline and after
20 weeks of omalizumab therapy were analyzed in ACO and non-ACO
asthma patients, as detailed in Tables 2, 3. The number of patients
receiving intravenous corticosteroid therapy significantly decreased
in the entire cohort (all p < 0.001). The proportion of patients with no
acute exacerbations during the first month significantly increased in
the ACO-A (p < 0.001), non-ACO-A (p < 0.001), ACO-B (p = 0.002),
and non-ACO-B groups (p <0.001). ACT scores also increased
significantly in the ACO-A [22.00 (20.00-23.00) vs. 17.00 (16.00-
20.00), p < 0.001], non-ACO-A [22.00 (20.00-22.00) vs. 19.00 (17.00—
21.00), p < 0.001], ACO-B [23.00 (19.00-23.50) vs. 18.00 (17.00—
20.00), p < 0.001], and non-ACO-B groups [22.00 (20.00-22.50) vs.
18.00 (17.00-21.00), p < 0.001].
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TABLE 1 Baseline characteristics in ACO and non-ACO asthma patients with omalizumab treatment.

Variables Total (n = 74)
Sex 0.215 0.202
Female 40 (54.05) 11 (44.00) 29 (59.18) 4(36.36) 36 (57.14)
Male 34 (45.95) 14 (56.00) 20 (40.82) 7 (63.64) 27 (42.86)
Age (years) 63.00 (42.50-69.75) 69.00 (63.00-73.00) 55.00 (38.00-66.00) <0.001 69.00 (65.00-70.50) 62.00 (41.00-68.00) 0.068
Age at diagnosis (years) 49.00 (36.25-63.75) 54.00 (38.00-65.00) 45.00 (36.00-63.00) 0.407 59.00 (41.50-64.00) 48.00 (36.00-63.50) 0.616
BMI (kg/m?) 23.90 (22.00-26.60) 23.70 (21.50-25.20) 24.20 (22.40-26.90) 0.258 24.10 (19.90-25.95) 23.90 (22.20-26.55) 0.438
Smoking #<0.001 #<0.001
Never 55 (74.32) 12 (48.00) 43 (87.76) 0 (0.00) 55 (87.30)
Former 9 (12.16) 5(20.00) 4(8.16) 4(36.36) 5(7.94)
Current 10 (13.51) 8 (32.00) 2(4.08) 7 (63.64) 3 (4.76)
Current therapy 0.010 0.004
ICS-LABA 38 (51.35) 8 (32.00) 30 (61.22) 3(27.27) 35 (55.56)
IVGC 22(29.73) 13 (52.00) 9(18.37) 8(72.72) 14 (22.22)
Neither 14 (18.92) 4(16.00) 10 (20.41) 0 (0.00) 14 (22.22)
Comorbidities
Hypertension 22(29.73) 11 (44.00) 11 (22.45) 0.055 4(36.36) 18 (28.57) 0.870
Diabetes mellitus 10 (13.51) 7 (28.00) 3(6.12) 0.025 2(18.18) 8 (12.70) 0.990
Tumor 4(5.41) 3(12.00) 1(2.04) 0.212 2(18.18) 2(3.17) 0.103
Coronary heart disease 8(10.81) 3(12.00) 5(10.20) 1.00 1(9.09) 7 (11.11) 1.000
Allergic rhinitis 11 (14.86) 2 (8.00) 9(18.37) 0.314 2(18.18) 9 (14.29) 1.000
Acute exacerbations during 1 month (times) #0.215 #1.000
0 6(8.11) 2(8.00) 4(8.16) 1(9.09) 5(7.94)
1-3 60 (81.08) 18 (72.00) 42 (85.71) 9 (81.82) 51 (80.95)
>4 8(10.81) 5(20.00) 3(6.12) 1(9.09) 7 (11.11)
ACT scores 20.00 (17.00-22.75) 20.00 (16.00-23.00) 20.00 (18.00-22.00) 0.605 20.00 (17.00-21.00) 20.00 (17.00-23.00) 0.302
Laboratory findings
EOS (/uL) 240.00 (120.00-440.00) 170.00 (100.00-420.00) 250.00 (140.00-440.00) 0.394 130.00 (60.00-43.00) 250.00 (140.00-430.00) 0.189
EOS group (/ul) 0.129 0.041
<150 24 (32.43) 11 (44.00) 13 (26.53) 7 (63.64) 17 (26.98)
(Continued)
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The data is presented in the form of mean + standard deviation (normal distribution) and median (1st Quartile-3rd Quartile) (non normal distribution). P values between two subgroups were derived from the Student’s t test (for normally distributed variables), Mann—

Whitney test (for non-normally distributed variables) and chi-square test or fisher exact test (for categorical variables).

“For Fisher exact test.

ACO, asthma-chronic obstructive pulmonary disease overlap; ICS, inhaled corticosteroid; LABA, long-acting beta-agonist; IVGC, intravenous glucocorticoid; ACT, asthma control test; EOS, eosinophil; FeNO, fractional exhaled nitric oxide; Pre-BD FEV, pre-

bronchodilator forced expiratory volume in 1 s %; Post-BD FEV, post-bronchodilator forced expiratory volume in 1 s %; Post-BD FEV,/FVC, post-bronchodilator forced expiratory volume in 1 s/forced vital capacity ratio.

10.3389/fmed.2026.1738610

Following 20 weeks of omalizumab treatment, the proportion of
individuals with EOS counts of >150 cells/uL showed a significant
decrease from baseline in both the non-ACO-A (p <0.001) and
non-ACO-B (p = 0.001) groups. Both the ACO-A and ACO-B groups
showed a significant decrease in FeNO levels [ACO-A: 29.00 (22.00-
36.00) to 22.00 (13.50-29.00), p = 0.044; ACO-B: 24.00 (22.00-47.00)
to 18.00 (16.00-23.00), p=0.029]. Concurrently, pre-BD
FEV,%predicted improved in both groups (ACO-A: 44.04 + 14.14 to
47.47 £11.95, p=0.035; ACO-B: 42.95 +16.65 to 48.77 + 11.54,
p =0.017), and the ACO-B group also showed an increase in post-BD
FEV,%predicted (47.96 + 17.17 to 54.01 + 12.20, p = 0.037). Serum
total IgE [1320.00 (494.00-2380.00) vs. 431.00 (227.00-1020.00),
p <0.001], pre-BD FEV,%predicted (85.89 + 9.49 vs. 77.71 + 18.43,
p <0.001), post-BD FEV,%predicted (93.72 £ 10.76 vs. 84.03 + 18.68,
p<0.001), and post-BD FEV,/FVC [100.10 (96.80-108.60) vs. 98.60
(86.90-103.70), p < 0.001] were significantly elevated relative to
baseline in the non-ACO-A group, while FeNO significantly decreased
[14.00 (8.00-22.00) vs. 30.00 (19.00-73.00), p<0.001]. In the
non-ACO-B group, patients also showed significantly lower FeNO
[15.00 (8.00-26.00) vs. 33.00 (20.00-61.00), p < 0.001], higher serum
total IgE [664.00 (263.00-2380.00) vs. 431.00 (232.50-1053.45),
p =0.001], pre-BD FEV,%predicted (77.85 + 19.18 vs. 70.42 + 22.01,
p <0.001), post-BD FEV,%predicted (84.87 + 20.62 vs. 76.65 + 22.52,
p<0.001) and post-BD FEV,/FVC [99.45 (87.72-107.47) vs. 93.20
(84.30-103.40), p = 0.003] compared to baseline. Figures 2, 3 illustrate
the changes in these indicators before and after omalizumab treatment
in the ACO-A, non-ACO-A, ACO-B, and non-ACO-B groups.

We further examined changes in EOS count, serum total IgE,
FeNO level, pre-BD FEV,%predicted, post-BD FEV,%predicted,
post-BD FEV,/FVC and reversibility from baseline to 20 weeks post-
treatment in each subgroup. Details are presented in
Supplementary Table 1. Notably, changes in serum total IgE and FeNO
were more pronounced in the non-ACO-A group than in the ACO-A
group (all p< 0.05). To assess the relationship between Th2
inflammatory levels and treatment outcomes, subgroup analyses were
conducted and the details were showed in Supplementary Table 2. The
subgroup with baseline EOS counts > 150 cells/pL demonstrated a
more pronounced reduction in EOS (p < 0.001) and FeNO (p = 0.012),
alongside a greater increase in IgE (p = 0.003).

3.3 Comparison of post-treatment
outcomes between ACO and non-ACO
asthma patients

Comparative analysis of the corresponding subgroups after
20 weeks of omalizumab treatment is also summarized in Tables 2, 3.
The non-ACO-A group demonstrated significantly higher pre-BD
FEV,%predicted, post-BD FEV,%predicted and post-BD FEV,/FVC
compared to the ACO-A group (all p <0.001). A similar trend was
observed between the non-ACO-B and ACO-B groups (all p < 0.001).
Given the baseline age disparity between the ACO-A versus
non-ACO-A groups, an ANCOVA adjusting for age was conducted to
assess differences in outcomes between them. The adjusted results,
presented in Table 4, confirmed that pre-BD FEV,%predicted,
post-BD FEV,%predicted and post-BD FEV,/FVC remained
significantly higher in the non-ACO-A group than in the ACO-A
group after treatment (all p < 0.001).
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TABLE 2 Comparative effectiveness of omalizumab: Within-group changes from baseline and between-group differences post-treatment in ACO-A and non-ACO-A asthma patients.

Variables ACOA (n = 25) non-ACOA (n = 49)
Baseline Omalizumab Baseline Omalizumab
Therapy < 0.001 #<0.001 #0.057
ICS-LABA 8 (32.00) 3(12.00) 30 (61.22) 9(18.37)
IVGC 13 (52.00) 3(12.00) 9(18.37) 0 (0.00)
Neither 4(16.00) 19 (76.00) 10 (20.41) 40 (81.63)
Acute exacerbations during 1 month (times) #<0.001 #<0.001 1.000
0 2(8.00) 21 (84.00) 4(8.16) 42 (85.71)
1-3 18 (72.00) 4(16.00) 42 (85.71) 7 (14.29)
>4 5(20.00) 0 (0.00) 3(6.12) 0 (0.00)
ACT scores 17.00 (16.00-20.00) 22.00 (20.00-23.00) <0.001 19.00 (17.00-21.00) 22.00 (20.00-22.00) <0.001 0.822
Laboratory findings
EOS (/uL) 170.00 (100.00-420.00) 200.00 (80.00-280.00) 0.541 250.00 (140.00-440.00) 120.00 (60.00-210.00) <0.001 0.274
EOS group (/uL) 0.777 <0.001 0.129
<150 11 (44.00) 12 (48.00) 13 (26.53) 31(63.27)
>150 14 (56.00) 13 (52.00) 36 (73.47) 18 (36.73)
Serum total IgE (UI/mL) 437.00 (242.00-1050.00) 469.00 (212.00-1071.00) 0.134 431.00 (227.00-1020.00) 1320.00 (494.00-2380.00) <0.001 0.068
FeNO (ppb) 29.00 (22.00-36.00) 22.00 (13.50-29.00) 0.044 30.00 (19.00-73.00) 14.00 (8.00-22.00) <0.001 0.097
Lung function test
Pre-BD FEV, (%pred) 44.04 £ 14.14 47.47 £11.95 0.035 77.71 £ 18.43 85.89 +9.49 <0.001 <0.001
Post-BD FEV, (%pred) 49.56 +15.36 53.03 + 12.33 0.062 84.03 +18.68 93.72 +10.76 <0.001 <0.001
Post-BD FEV/FVC (%) 68.80 (61.00-72.30) 67.60 (58.85-75.25) 0.828 98.60 (86.90-103.70) 100.10 (96.80-108.60) <0.001 <0.001
Reversibility (%) 11.72 (4.19-23.45) 13.85 (6.77-20.82) 0.874 8.76 (2.22-12.73) 7.3 (4.4-11.73) 0.429 0.066

The data is presented in the form of mean + standard deviation (normal distribution) and median (1st Quartile-3rd Quartile) (non normal distribution). P values of characteristics before and after omalizumab treatment were derived from the paired  test (the
difference conforms to a normal distribution), the Wilcoxon signed rank test (the difference conforms to a non-normal distribution) and chi-square test or fisher exact test (for categorical variables). P values between two subgroups were derived from the Student’s t test

(for normally distributed variables), Mann-Whitney test (for non-normally distributed variables) and chi-square test or fisher exact test (for categorical variables).

“For Fisher exact test.

ACO, asthma-chronic obstructive pulmonary disease overlap; ICS, inhaled corticosteroid; LABA, long-acting beta-agonist; IVGC, intravenous glucocorticoid; ACT, asthma control test; EOS, eosinophil; FeNO, fractional exhaled nitric oxide; Pre-BD FEV, pre-
bronchodilator forced expiratory volume in 1 s %; Post-BD FEV, post-bronchodilator forced expiratory volume in 1 s %; Post-BD FEV,/FVC, post-bronchodilator forced expiratory volume in 1 s/forced vital capacity ratio.
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TABLE 3 Comparative effectiveness of omalizumab: Within-group changes from baseline and between-group differences post-treatment in ACO-B and non-ACO-B asthma patients.

Variables ACO-B (n =11) non-ACO-B (n = 63)
Baseline Omalizumab Baseline Omalizumab
Therapy < 0.001 <0.001 0.504
ICS-LABA 3(27.27) 1(9.09) 35 (55.56) 11 (17.46)
IVGC 8 (72.73) 1(9.09) 14 (22.22) 2(3.17)
Neither 0 (0.00) 9(81.82) 14 (22.22) 50 (79.37)
Acute exacerbations during 1 month (times) #0.002 #<0.001 1.000
0 1(9.09) 9(81.82) 5(7.94) 54 (85.71)
1-3 9(81.82) 2(18.18) 51 (80.95) 9 (14.29)
>4 1(9.09) 0 (0.00) 7 (11.11) 0 (0.00)
ACT scores 18.00 (17.00-20.00) 23.00 (19.00-23.50) <0.001 18.00 (17.00-21.00) 22.00 (20.00-22.50) <0.001 0.518
Laboratory findings
EOS (/uL) 130.00 (60.00-430.00) 100.00 (50.00-170.00) 0.469 250.00 (140.00-430.00) 130.00 (70.00-260.00) 0.003 0.087
EOS group (/uL) 1.000 0.001 0.041
<150 7 (63.64) 8 (72.73) 17 (26.98) 35 (55.64)
>150 4(36.36) 3(27.27) 46 (73.02) 28 (44.44)
Serum total IgE (UI/mL) 608.00 (270.50-718.50) 642.00 (362.00-1071.00) 0.677 431.00 (232.50-1053.45) 664.00 (263.00-2380.00) 0.001 0.307
FeNO (ppb) 24.00 (22.00-47.00) 18.00 (16.00-23.00) 0.029 33.00 (20.00-61.00) 15.00 (8.00-26.00) <0.001 0.177
Lung function test
Pre-BD FEV, (%pred) 42.95 +16.65 48.77 £11.54 0.017 70.42 +22.01 77.85 +19.18 <0.001 <0.001
Post-BD FEV, (%pred) 47.96 + 17.17 54.01 + 12.20 0.037 76.65 + 22.52 84.87 + 20.62 <0.001 <0.001
Post-BD FEV/FVC (%) 61.10 (53.80-70.05) 62.60 (58.25-70.65) 0.833 93.20 (84.30-103.40) 99.45 (87.72-107.47) 0.003 <0.001
Reversibility (%) 9.26 (2.52-28.51) 16.37 (7.03-18.18) 1.000 9.32(3.32-14.82) 7.74 (4.90-12.19) 0.575 0.195

The data is presented in the form of mean + standard deviation (normal distribution) and median (1st Quartile-3rd Quartile) (non normal distribution). P values of characteristics before and after omalizumab treatment were derived from the paired  test (the

difference conforms to a normal distribution), the Wilcoxon signed rank test (the difference conforms to a non-normal distribution) and chi-square test or fisher exact test (for categorical variables). P values between two subgroups were derived from the Student’s t test

(for normally distributed variables), Mann-Whitney test (for non-normally distributed variables) and chi-square test or fisher exact test (for categorical variables).

“For Fisher exact test.

ACO, asthma-chronic obstructive pulmonary disease overlap; ICS, inhaled corticosteroid; LABA, long-acting beta-agonist; IVGC, intravenous glucocorticoid; ACT, asthma control test; EOS, eosinophil; FeNO, fractional exhaled nitric oxide; Pre-BD FEV, pre-
bronchodilator forced expiratory volume in 1 s %; Post-BD FEV, post-bronchodilator forced expiratory volume in 1 s %; Post-BD FEV,/FVC, post-bronchodilator forced expiratory volume in 1 s/forced vital capacity ratio.
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FIGURE 2
Changes in laboratory test indicators and FeNO of ACO and non-ACO asthma patients before and after 20 weeks treatment with omalizumab.
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TABLE 4 Comparison of post-treatment outcomes between ACO and non-ACO asthma patients.

Variables Omalizumab
ACO-A (n = 25) non-ACO-A (n = 49)
ACT scores 21.33 +£0.49 21.22 £0.34 0.029 0.965
Laboratory findings
EOS (/uL) 250.00 + 50.00 180.00 £ 30.00 1.637 0.205
Serum total IgE (UI/mL) 707.84 +261.96 1530.69 + 195.51 5.997 0.018
FeNO (ppb) 32.10 +5.28 20.51 +4.13 2.795 0.101
Lung function test
Pre-BD FEV, (%pred) 49.49 £2.27 84.69 + 1.72 145213 <0.001
Post-BD FEV, (%pred) 55.50 +2.47 92.16 +1.94 127.450 <0.001
Post-BD FEV,/FVC (%) 67.71 £ 2.68 102.46 £ 2.10 97.291 <0.001
Reversibility (%) 13.49 +2.03 8.65 + 1.59 3313 0.075

The data is presented in the form of adjusted mean + standard deviation. P values between two subgroups were derived from the ANCOVA test (adjusted for age).
ACO, asthma-chronic obstructive pulmonary disease overlap; ACT, asthma control test; EOS, eosinophil; FeNO, fractional exhaled nitric oxide; Pre-BD FEV, pre-bronchodilator forced
expiratory volume in 1's %; Post-BD FEV/, post-bronchodilator forced expiratory volume in 1 s %; Post-BD FEV,/FVC, post-bronchodilator forced expiratory volume in 1 s/forced vital

capacity ratio.

4 Discussion

In this retrospective cohort study, we primarily aimed to compare
treatment responses to omalizumab over 20 weeks between asthma
patients with and without ACO. To account for diagnostic
heterogeneity, our study incorporated two distinct ACO criteria, with
the analysis of their impact constituting an exploratory aim. The
differential treatment responses observed between ACO and
non-ACO patients highlight the clinical challenge of applying asthma-
related biological therapies to ACO, particularly when Th2-driven
inflammation coexists with non-Th2 inflammatory pathways.

The clinical profile of ACO patients provides a tangible reflection
of this pathophysiological complexity. The baseline characteristics of
ACO patients, characterized by poorer lung function and a higher
proportion of smokers compared to those with non-ACO asthma,
provide a crucial context for interpreting the differential responses to
omalizumab observed in our study. These pre-existing differences
suggest that the distinct pathophysiology of ACO may underlie its
modified response to Th2-targeted therapy.

As an anti-IgE monoclonal antibody, omalizumab inhibits IgE from
binding to its receptor on mast cells and basophils, thereby preventing
their activation, reducing the release of cytokines such as IL-5, and
suppressing eosinophil recruitment and activation (25). This mechanism
underpins its targeted anti-inflammatory effect in Th2-high driven
disease. A recent long-term retrospective study defined reductions in
FeNO and EOS counts as integral components of a “complete response”
to biologics in severe asthma (20). Our observations are in alignment
with this definition, demonstrating a significant decrease in both
biomarkers following omalizumab treatment, which reflects the core
biological mechanism of omalizumab in targeting Th2 inflammation
(26). Furthermore, our subgroup analysis based on baseline peripheral
blood EOS counts provided deeper insights, revealing that the
magnitude of eosinophilic inflammation was a pivotal determinant of
the treatment response to anti-IgE therapy. Specifically, patients with
baseline blood EOS counts >150 cells/pL demonstrated a significantly
stronger treatment response to omalizumab compared to those with
values below this threshold. This suggests that assessing eosinophilic
inflammation may hold greater predictive value for omalizumab
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responsiveness than the broad syndromic classification of ACO alone,
underscoring a personalized, biomarker-driven approach. Consequently,
our findings add to the body of evidence supporting the role of EOS and
FeNO as potential biomarkers for identifying patients likely to benefit
from omalizumab treatment (27-32). However, the predictive value of
FeNO and EOS as standalone biomarkers remains limited (25, 33).
Therefore, identifying more robust biomarkers to predict omalizumab
efficacy remains an ongoing priority. This endeavor has expanded to
include candidates such as serum periostin, a downstream marker of
IL-13 activity (34), dynamic changes in total IgE levels early in treatment
(35), and markers of eosinophilic inflammation in the upper
airways (36).

In addition to exploring new candidates, our findings call for a
re-evaluation of classic biomarkers, particularly total IgE, in the
context of treatment. Our study observed a significant increase in
serum total IgE levels in non-ACO asthma patients after omalizumab
initiation, a finding that contrasts with certain previous reports (37).
This apparent discrepancy can be explained by its mechanism:
omalizumab binds to free IgE, forming large, stable complexes that are
detected in standard assays, leading to a transient elevation in
measured total IgE during early treatment—even as bioactive free IgE
declines substantially (30, 37, 38). Thus, the observed rise in total IgE
does not indicate treatment failure but rather reflects expected
pharmacological activity. Consequently, serum total IgE proves to be
a suboptimal short-term efficacy biomarker for omalizumab (39, 40).

Beyond the monitoring of biomarkers, the evaluation of
therapeutic response should prioritize tangible clinical improvements,
such as symptom control and reduced exacerbation frequency. In our
study, both ACO and non-ACO groups showed improved symptom
control and reduced exacerbations. However, longitudinal
improvement in biomarkers and lung function was observed only in
the non-ACO group, a finding consistent with the Australian Xolair
Registry report that omalizumab improved quality of life but not lung
function in ACO patients (41). This underscores that for ACO
patients, the primary treatment goal may not be to reverse lung
function decline but to maintain disease stability and reduce the
burden of life, an objective supported by a decrease in exacerbation
rates and hormone use. This is corroborated by a post hoc analysis of
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the PROSPERO trial, which found both groups experienced
improvements in ACT scores and exacerbation rates (42). Therefore,
although omalizumab demonstrates lower efficacy in ACO than in
non-ACO patients, it remains a viable therapeutic option for symptom
management in this population (43, 44).

The observed heterogeneity in treatment response underscores the
importance of how ACO is defined. Our exploratory analysis using two
distinct diagnostic criteria provided further insight. The significant
differences in longitudinal changes of FeNO, IgE and pre-BD FEV,%pred
between groups under criterion A, but not under criterion B, suggest that
these criteria may select for patient populations with differing underlying
inflammatory endotypes. Criterion A, with its emphasis on clinical
history, might better identify an “asthma-dominant” ACO phenotype,
characterized by a stronger Th2 component, which is consequently more
responsive to Th2-targeted therapy like omalizumab. In contrast,
criterion B, which incorporates fixed airflow limitation and smoking
history, might capture a “COPD-dominant” ACO phenotype where
non-Th2 inflammatory pathways such as neutrophilic inflammation play
a more dominant role, explaining the attenuated response. This supports
the concept of ACO as an umbrella term for mixed inflammation (45),
encompassing subtypes like smoking asthmatics (SA) and COPD with
eosinophilia (COPD-e) (46). Consequently, the Th2 inflammatory
endotype and its associated biomarkers (e.g., EOS, FeNO) are more
informative predictors of omalizumab responsiveness than the broad
syndromic classification of ACO itself (47). Therefore, in clinical practice,
evaluating a patient’s individual inflammatory burden may hold greater
value for biologic selection than the specific ACO definition used.

This study provides a multidimensional comparison of
omalizumab efficacy in ACO versus non-ACO asthma, stratified
by two diagnostic criteria. However, several limitations should be
considered. Firstly, the retrospective design, limited sample size,
and short follow-up duration constrain the generalizability and
assessment of long-term outcomes. Secondly, the use of the fixed-
ratio (FEV,/FVC < 0.70) for ACO-B classification, while clinically
pragmatic, may less accurately define airflow limitation compared
to the lower limit of normal (LLN). Finally, the absence of
functional validation (e.g., bronchoscopic biopsies) limits causal
inferences from biomarker correlations. Consequently, future
research requires larger longitudinal cohorts to validate diagnostic
criteria and confirm response durability, incorporate free IgE
measurements to clarify the significance of post-treatment total
IgE elevation, and employ direct tissue sampling to mechanistically
link Th2 inflammation reduction to clinical improvement.

5 Conclusion

Our study clearly indicates that the presence of a Th2-high
inflammatory endotype—not the specific ACO diagnostic label—is
the key predictor of omalizumab response. While all patient groups
experienced clinical benefits from omalizumab, including reduced
exacerbations and improved symptom control, the degree of
improvement in biomarkers and lung function was most pronounced
in non-ACO asthma patients and those identified by the COPD
history-based ACO criterion, which effectively selects for a stronger
Th2 phenotype. Prioritizing direct assessment of Th2 inflammation,
rather than relying on the ACO definition, provides a better guide for
selecting biologic therapy.

Frontiers in Medicine

10.3389/fmed.2026.1738610

Data availability statement

The original contributions presented in the study are included in
the article/Supplementary material, further inquiries can be directed
to the corresponding authors.

Ethics statement

The studies involving humans were approved by the Ethics
Committee of Shanghai Tenth People’s Hospital, China (Protocol No.
SHSY-IEC-5.0/24 K196/P01). The studies were conducted in accordance
with the local legislation and institutional requirements. The Ethics
Committee/Institutional Review Board waived the requirement of written
informed consent for participation from the participants or the
participants’ legal guardians/next of kin because this study involved only
anonymous retrospective data analysis with no patient intervention.

Author contributions

HS: Formal analysis, Validation, Writing - original draft, Data
curation, Writing - review & editing, Conceptualization. YG:
Writing - original draft, Writing - review & editing, Data curation.
YW: Conceptualization, Data curation, Writing - original draft. LC:
Data curation, Writing - original draft, Formal analysis. BG: Writing -
original draft, Formal analysis, Data curation. XS: Writing — original
draft, Data curation, Conceptualization. FS: Writing — review &
editing, Data curation, Conceptualization. SX: Writing - original
draft, Conceptualization, Funding acquisition, Data curation.

Funding

The author(s) declared that financial support was received for this
work and/or its publication. This work was supported by the National
Natural Science Foundation of China (82272673), Program for
Research-Oriented Physicians of Shanghai Tenth People’s Hospital
(2023YJXYSC007), and Fundamental Research Funds for Central
Universities (22120240288).
Acknowledgments

We would like to thank all patients who participated in this study.

Conflict of interest
The author(s) declared that this work was conducted in the

absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative Al statement

The author(s) declared that Generative AI was not used in the
creation of this manuscript.

frontiersin.org


https://doi.org/10.3389/fmed.2026.1738610
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Sun et al.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure accuracy,
including review by the authors wherever possible. If you identify any
issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated

References

1. Postma, DS, and Rabe, KF. The asthma-COPD overlap syndrome. N Engl ] Med.
(2015) 373:1241-9. doi: 10.1056/NEJMral411863

2. Barrecheguren, M, Esquinas, C, and Miravitlles, M. The asthma-chronic obstructive
pulmonary disease overlap syndrome (ACOS): opportunities and challenges. Curr Opin
Pulm Med. (2015) 21:74-9. doi: 10.1097/MCP.0000000000000118

3. Woodruff, PG, van den Berge, M, Boucher, RC, Brightling, C, Burchard, EG,
Christenson, SA, et al. American Thoracic Society/National Heart, Lung, and Blood
Institute asthma-chronic obstructive pulmonary disease overlap workshop report. Am
] Respir Crit Care Med. (2017) 196:375-81. doi: 10.1164/rccm.201705-0973WS

4. Levy, ML, Bacharier, LB, Bateman, E, Boulet, LP, Brightling, C, Buhl, R, et al. Key
recommendations for primary care from the 2022 global initiative for asthma (GINA)
update. NPJ Prim Care Respir Med. (2023) 33:7. doi: 10.1038/s41533-023-00330-1

5. Hikichi, M, Hashimoto, S, and Gon, Y. Asthma and COPD overlap pathophysiology
of ACO. Allergol Int. (2018) 67:179-86. doi: 10.1016/j.alit.2018.01.001

6. Fouka, E, Papaioannou, Al Hillas, G, and Steiropoulos, P. Asthma-COPD overlap
syndrome: recent insights and unanswered questions. J Pers Med. (2022) 12:708. doi:
10.3390/jpm12050708

7. Milne, S, Mannino, D, and Sin, DD. Asthma-COPD overlap and chronic airflow
obstruction: definitions, management, and unanswered questions. J Allergy Clin
Immunol Pract. (2020) 8:483-95. doi: 10.1016/j.jaip.2019.10.044

8. Leung, C, and Sin, DD. Asthma-COPD overlap: what are the important questions?
Chest. (2022) 161:330-44. doi: 10.1016/j.chest.2021.09.036

9. Barczyk, A, Maskey-Warzechowska, M, Gérska, K, Barczyk, M, Kuziemski, K,
Sliwinski, P, et al. Asthma-COPD overlap-a discordance between patient populations
defined by different diagnostic criteria. J Allergy Clin Immunol Pract. (2019)
7:2326-2336.e5. doi: 10.1016/j.jaip.2019.04.022

10. Bourdin, A, Suehs, CM, Marin, G, Vachier, I, Matzner-Lober, E, Chanez, P, et al.
Asthma, COPD, and overlap in a national cohort: ACO on a gradient. J Allergy Clin
Immunol. (2018) 141:1516-8. doi: 10.1016/j.jaci.2017.11.049

11. Hosseini, M, Almasi-Hashiani, A, Sepidarkish, M, and Maroufizadeh, S. Global
prevalence of asthma-COPD overlap (ACO) in the general population: a systematic
review and meta-analysis. Respir Res. (2019) 20:229. doi: 10.1186/s12931-019-1198-4

12. Hardin, M, Cho, M, McDonald, ML, Beaty, T, Ramsdell, J, Bhatt, S, et al. The
clinical and genetic features of COPD-asthma overlap syndrome. Eur Respir J. (2014)
44:341-50. doi: 10.1183/09031936.00216013

13. Ekerljung, L, Mincheva, R, Hagstad, S, Bjerg, A, Telg, G, Stratelis, G, et al.
Prevalence, clinical characteristics and morbidity of the asthma-COPD overlap in a
general population sample. ] Asthma. (2018) 55:461-9. doi: 10.1080/
02770903.2017.1339799

14. Maselli, DJ, Hardin, M, Christenson, SA, Hanania, NA, Hersh, CP, Adams, SG,
et al. Clinical approach to the therapy of asthma-COPD overlap. Chest. (2019)
155:168-77. doi: 10.1016/j.chest.2018.07.028

15. Camiolo, MJ, Zhou, X, Oriss, TB, Yan, Q, Gorry, M, Horne, W, et al. High-
dimensional profiling clusters asthma severity by lymphoid and non-lymphoid status.
Cell Rep. (2021) 35:108974. doi: 10.1016/j.celrep.2021.108974

16. Pilia, MF, Espejo-Castellanos, D, Romero-Mesones, C, Mufioz-Gall, X, and
Ojanguren-Arranz, I. Glucocorticoid treatment in severe asthma. Semin Respir Crit Care
Med. (2025) [Online ahead of Print]. doi: 10.1055/a-2746-4469

17. Sagayaraj, MJ, Panneerselvam, S, Jeganathan, HR, and Theivendren, P. Advances
in asthma-COPD overlap treatment: a comprehensive review of therapeutic approaches.
Respir Med. (2025) 250:108542. doi: 10.1016/j.rmed.2025.108542

18. Brusselle, GG, and Koppelman, GH. Biologic therapies for severe asthma. N Engl
] Med. (2022) 386:157-71. doi: 10.1056/NEJMra2032506

Frontiers in Medicine

11

10.3389/fmed.2026.1738610

organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or claim
that may be made by its manufacturer, is not guaranteed or endorsed
by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fmed.2026.1738610/
full#supplementary-material

19. Lampalo, M, Stajduhar, A, Rnjak, D, Safi¢ Stani¢, H, and Popovi¢-Grle, S.
Effectiveness of biological therapy in severe asthma: a retrospective real-world study.
Croat Med J. (2025) 66:3-12. doi: 10.3325/cm;.2025.66.3

20. Basagana, M, Martinez-Rivera, C, Padrd, C, Garcia-Olivé, I, Martinez-Colls, M,
Navarro, J, et al. Clinical characteristics of complete responders versus non-complete
responders to omalizumab, benralizumab and mepolizumab in patients with severe
asthma: a long-term retrospective analysis. Ann Med. (2024) 56:2317356. doi:
10.1080/07853890.2024.2317356

21. Akenroye, AT, Segal, JB, Zhou, G, Foer, D, Li, L, Alexander, GC, et al. Comparative
effectiveness of omalizumab, mepolizumab, and dupilumab in asthma: a target trial
emulation. ] Allergy Clin Immunol. (2023) 151:1269-76. doi: 10.1016/j.jaci.2023.01.020

22. Agache, I, Beltran, ], Akdis, C, Akdis, M, Canelo-Aybar, C, Canonica, GW, et al.
Efficacy and safety of treatment with biologicals (benralizumab, dupilumab,
mepolizumab, omalizumab and reslizumab) for severe eosinophilic asthma. A
systematic review for the EAACI guidelines - recommendations on the use of biologicals
in severe asthma. Allergy. (2020) 75:1023-42. doi: 10.1111/all.14221

23. Cosio, BG, Dacal, D, and de Pérez Llano, L. Asthma-COPD overlap: identification
and optimal treatment. Ther Adv Respir Dis. (2018) 12:1753466618805662. doi:
10.1177/1753466618805662

24. Shao, KM, and Bernstein, JA. Asthma-chronic obstructive pulmonary disease
overlap: the role for allergy. Immunol Allergy Clin N Am. (2022) 42:591-600. doi:
10.1016/j.iac.2022.04.002

25. Nagase, H, Suzukawa, M, Oishi, K, and Matsunaga, K. Biologics for severe asthma:
the real-world evidence, effectiveness of switching, and prediction factors for the
efficacy. Allergol Int. (2023) 72:11-23. doi: 10.1016/j.alit.2022.11.008

26.Ramirez-Jiménez, F,  Pavon-Romero, GF  Veldsquez-Rodriguez, JM,
Lépez-Garza, MI, Lazarini-Ruiz, JE Gutiérrez-Quiroz, KV, et al. Biologic therapies for
asthma and allergic disease: past, present, and future. Pharmaceuticals (Basel). (2023)
16:270. doi: 10.3390/ph16020270

27. Bhutani, M, Yang, WH, Hébert, ], de Takacsy, EF, and Stril, JL. The real world effect
of omalizumab add on therapy for patients with moderate to severe allergic asthma: the
ASTERIX observational study. PLoS One. (2017) 12:e0183869. doi: 10.1371/journal.
pone.0183869

28. Mansur, AH, Srivastava, S, Mitchell, V, Sullivan, J, and Kasujee, I. Longterm clinical
outcomes of omalizumab therapy in severe allergic asthma: study of efficacy and safety.
Respir Med. (2017) 124:36-43. doi: 10.1016/j.rmed.2017.01.008

29. Niven, RM, Saralaya, D, Chaudhuri, R, Masoli, M, Clifton, I, Mansur, AH, et al.
Impact of omalizumab on treatment of severe allergic asthma in UK clinical practice: a
UK multicentre observational study (the APEX II study). BMJ Open. (2016) 6:e011857.
doi: 10.1136/bmjopen-2016-011857

30. Pianigiani, T, Alderighi, L, Meocci, M, Messina, M, Perea, B, Luzzi, S, et al.
Exploring the interaction between fractional exhaled nitric oxide and biologic treatment
in severe asthma: a systematic review. Antioxidants. (2023) 12:400. doi: 10.3390/
antiox12020400

31. Zhang, XY, Simpson, JL, Powell, H, Yang, IA, Upham, JW, Reynolds, PN, et al. Full
blood count parameters for the detection of asthma inflammatory phenotypes. Clin Exp
Allergy. (2014) 44:1137-45. doi: 10.1111/cea.12345

32. Hoshino, Y, Soma, T, Uchida, Y, Shiko, Y, Nakagome, K, and Nagata, M. Treatment
resistance in severe asthma patients with a combination of high fraction of exhaled nitric
oxide and low blood eosinophil counts. Front Pharmacol. (2022) 13:836635. doi:
10.3389/fphar.2022.836635

33. Casale, TB, Luskin, AT, Busse, W, Zeiger, RS, Trzaskoma, B, Yang, M, et al.
Omalizumab effectiveness by biomarker status in patients with asthma: evidence from
PROSPERO, a prospective real-world study. J Allergy Clin Immunol Pract. (2019)
7:156-164.e151. doi: 10.1016/j.jaip.2018.04.043

frontiersin.org


https://doi.org/10.3389/fmed.2026.1738610
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fmed.2026.1738610/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fmed.2026.1738610/full#supplementary-material
https://doi.org/10.1056/NEJMra1411863
https://doi.org/10.1097/MCP.0000000000000118
https://doi.org/10.1164/rccm.201705-0973WS
https://doi.org/10.1038/s41533-023-00330-1
https://doi.org/10.1016/j.alit.2018.01.001
https://doi.org/10.3390/jpm12050708
https://doi.org/10.1016/j.jaip.2019.10.044
https://doi.org/10.1016/j.chest.2021.09.036
https://doi.org/10.1016/j.jaip.2019.04.022
https://doi.org/10.1016/j.jaci.2017.11.049
https://doi.org/10.1186/s12931-019-1198-4
https://doi.org/10.1183/09031936.00216013
https://doi.org/10.1080/02770903.2017.1339799
https://doi.org/10.1080/02770903.2017.1339799
https://doi.org/10.1016/j.chest.2018.07.028
https://doi.org/10.1016/j.celrep.2021.108974
https://doi.org/10.1055/a-2746-4469
https://doi.org/10.1016/j.rmed.2025.108542
https://doi.org/10.1056/NEJMra2032506
https://doi.org/10.3325/cmj.2025.66.3
https://doi.org/10.1080/07853890.2024.2317356
https://doi.org/10.1016/j.jaci.2023.01.020
https://doi.org/10.1111/all.14221
https://doi.org/10.1177/1753466618805662
https://doi.org/10.1016/j.iac.2022.04.002
https://doi.org/10.1016/j.alit.2022.11.008
https://doi.org/10.3390/ph16020270
https://doi.org/10.1371/journal.pone.0183869
https://doi.org/10.1371/journal.pone.0183869
https://doi.org/10.1016/j.rmed.2017.01.008
https://doi.org/10.1136/bmjopen-2016-011857
https://doi.org/10.3390/antiox12020400
https://doi.org/10.3390/antiox12020400
https://doi.org/10.1111/cea.12345
https://doi.org/10.3389/fphar.2022.836635
https://doi.org/10.1016/j.jaip.2018.04.043

Sun et al.

34. Feng, M, Meng, L, and Yao, Y. Diagnostic value of FeNO, periostin, IL-4, and ECP
in patients with acute exacerbation of bronchial asthma. Am ] Med Sci. (2025)
370:245-50. doi: 10.1016/j.amjms.2025.05.005

35. Le, M, McCaffrey, T, Gao, L, and Saini, S. Biopredictors for omalizumab response
in patients with chronic spontaneous urticaria. J Allergy Clin Immunol Pract. (2025)
[Online ahead of Print]. doi: 10.1016/j.jaip.2025.11.029

36. Shim, JS, Kim, H, Kwon, JW, Park, SY, Kim, S, Kim, BK, et al. Impact of biologics
on nasal symptoms in severe asthmatics: findings from the PRISM study. Allergy Asthma
Immunol Res. (2025) 17:709-25. doi: 10.4168/aair.2025.17.6.709

37.Li, N, Cao, L, Zhang, M, Fei, C, and Deng, J. Response to omalizumab as an add-on
therapy in the treatment of allergic asthma in adult Chinese patients-a retrospective
study. Vaccine. (2022) 10:2068. doi: 10.3390/vaccines10122068

38. Guntern, P, and Eggel, A. Past, present, and future of anti-IgE biologics. Allergy.
(2020) 75:2491-502. doi: 10.1111/all.14308

39. Tajiri, T, Matsumoto, H, Gon, Y, Ito, R, Hashimoto, S, Izuhara, K, et al. Utility of
serum periostin and free IgE levels in evaluating responsiveness to omalizumab in
patients with severe asthma. Allergy. (2016) 71:1472-9. doi: 10.1111/all.12922

40. Korn, S, Haasler, I, Fliedner, F, Becher, G, Strohner, P, Staatz, A, et al. Monitoring
free serum IgE in severe asthma patients treated with omalizumab. Respir Med. (2012)
106:1494-500. doi: 10.1016/j.rmed.2012.07.010

41. Maltby, S, Gibson, PG, Powell, H, and McDonald, VM. Omalizumab treatment
response in a population with severe allergic asthma and overlapping COPD. Chest.
(2017) 151:78-89. doi: 10.1016/j.chest.2016.09.035

Frontiers in Medicine

12

10.3389/fmed.2026.1738610

42.Hanania, NA, Chipps, BE, Griffin, NM, Yoo, B, Igbal, A, and
Casale, TB. Omalizumab effectiveness in asthma-COPD overlap: post hoc analysis of
PROSPERO. ] Allergy Clin Immunol. (2019) 143:1629-1633.e2. doi: 10.1016/j.
jaci.2018.11.032

43. de Pérez Llano, L, Dacal Rivas, D, Marina Malanda, N, Plaza Moral, V, Gullon
Blanco, JA, Munoz-Esquerre, M, et al. The response to biologics is better in patients with
severe asthma than in patients with asthma-COPD overlap syndrome. ] Asthma Allergy.
(2022) 15:363-9. doi: 10.2147/JAA.S338467

44. Shim, JS, Kim, H, Kwon, JW, Park, SY, Kim, S, Kim, BK, et al. A comparison of
treatment response to biologics in asthma-COPD overlap and pure asthma: findings
from the PRISM study. World Allergy Organ J. (2023) 16:100848. doi: 10.1016/j.
Wwaojou.2023.100848

45.Dasgupta, S, Ghosh, N, Bhattacharyya, P, Roy Chowdhury, S, and
Chaudhury, K. Metabolomics of asthma, COPD, and asthma-COPD overlap: an
overview. Crit Rev Clin Lab Sci. (2023) 60:153-70. doi: 10.1080/10408363.2022.
2140329

46.de Llano, LP, Cosio, BG, Iglesias, A, de Las Cuevas, N, Soler-Cataluia, JJ,
Izquierdo, JL, et al. Mixed Th2 and non-Th2 inflammatory pattern in the asthma-COPD
overlap: a network approach. Int ] Chron Obstruct Pulmon Dis. (2018) 13:591-601. doi:
10.2147/COPD.S153694

47. Pérez-de-Llano, L, and Cosio, BG. Asthma-COPD overlap is not a homogeneous
disorder: further supporting data. Respir Res. (2017) 18:183. doi: 10.1186/
512931-017-0667-x

frontiersin.org


https://doi.org/10.3389/fmed.2026.1738610
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1016/j.amjms.2025.05.005
https://doi.org/10.1016/j.jaip.2025.11.029
https://doi.org/10.4168/aair.2025.17.6.709
https://doi.org/10.3390/vaccines10122068
https://doi.org/10.1111/all.14308
https://doi.org/10.1111/all.12922
https://doi.org/10.1016/j.rmed.2012.07.010
https://doi.org/10.1016/j.chest.2016.09.035
https://doi.org/10.1016/j.jaci.2018.11.032
https://doi.org/10.1016/j.jaci.2018.11.032
https://doi.org/10.2147/JAA.S338467
https://doi.org/10.1016/j.waojou.2023.100848
https://doi.org/10.1016/j.waojou.2023.100848
https://doi.org/10.1080/10408363.2022.2140329
https://doi.org/10.1080/10408363.2022.2140329
https://doi.org/10.2147/COPD.S153694
https://doi.org/10.1186/s12931-017-0667-x
https://doi.org/10.1186/s12931-017-0667-x

	Comparative effectiveness of omalizumab in asthma-COPD overlap vs. asthma: a retrospective cohort study
	1 Introduction
	2 Materials and methods
	2.1 Study design and patients
	2.2 Covariates
	2.3 Statistical analysis

	3 Results
	3.1 Baseline participant characteristics
	3.2 Changes in multiple biomarkers and lung function after 20 weeks of omalizumab treatment in ACO and non-ACO asthma patients
	3.3 Comparison of post-treatment outcomes between ACO and non-ACO asthma patients

	4 Discussion
	5 Conclusion

	Acknowledgments
	References

