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Background: The coexistence of allergic rhinitis (AR) and allergic asthma poses a significant burden on pediatric health. While
biologics targeting type 2 inflammation have revolutionized treatment, individual responses vary significantly. There is a lack of
practical tools to predict early therapeutic response before initiation. This study aimed to identify key baseline predictors and construct
a nomogram to personalize the prediction of early response to biologics in children with AR and allergic asthma.

Methods: This retrospective cohort study included 246 children (recruited between January 2021 and August 2025) diagnosed with
moderate-to-severe allergic AR and allergic asthma who received biologic therapy (Omalizumab or Dupilumab). Early response was
assessed at 16 weeks based on a composite outcome involving the Asthma Control Test (ACT), visual analog scale (VAS) for nasal
symptoms, and exacerbation history. Independent predictors were identified using LASSO regression and multivariate logistic
regression analysis to build a nomogram. The model’s performance was evaluated using the concordance index (C-index), calibration
curves, and decision curve analysis (DCA).

Results: Of the 246 patients, 164 (66.7%) were classified as early responders. Multivariate analysis identified baseline fractional
exhaled nitric oxide (FeNO), blood eosinophil count (EOS), total IgE levels, comorbidity of atopic dermatitis (AD), and Body Mass
Index (BMI) as independent predictors. The developed nomogram demonstrated good discrimination with a C-index of 0.88 (95% CI:
0.83-0.93) in the training cohort and 0.85 (95% CI: 0.78-0.92) in the validation cohort. Calibration curves showed excellent
agreement between predicted and observed probabilities. DCA indicated significant clinical net benefit across a wide range of
threshold probabilities.

Conclusion: We successfully developed a novel nomogram incorporating baseline type 2 inflammatory endotypes and AD
comorbidity to predict early response to biologics in pediatric patients with allergic asthma and comorbid AR. This tool offers
clinicians a practical method to screen potential “super-responders”, thereby optimizing therapeutic decision-making and resource
allocation.
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Introduction

Allergic rhinitis (AR) and allergic asthma are among the most common chronic respiratory diseases in children, and their
frequent coexistence is explained by the “one airway, one disease” concept. Epidemiological data indicate that up to 80%
of children with allergic asthma suffer from concurrent AR, and children with both comorbid conditions face
a significantly increased risk of emergency department visits and poorer disease control than those with isolated isolated
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allergic asthma.” This comorbidity not only severely impairs the quality of life and lung development of pediatric
patients but also imposes a substantial economic burden on families and healthcare systems.>*

The shared pathophysiology of both conditions is predominantly driven by type 2 (T2) inflammation, characterized by
the activation of T-helper 2 (Th2) cells and type 2 innate lymphoid cells (ILC2s), leading to the release of key cytokines
such as interleukin (IL)-4, IL-5, and IL-13, and the production of immunoglobulin E (IgE).” In recent years, biological
agents targeting these specific pathways—such as Omalizumab (anti-IgE) and Dupilumab (anti-IL-4Ra)—have emerged
as transformative therapies for children with moderate-to-severe allergic diseases who remain uncontrolled despite
standard pharmacotherapy. Clinical evidence confirms that Omalizumab significantly reduces exacerbation rates and
improves lung function in children with moderate-to-severe asthma.® For Dupilumab, a Phase 3 trial in children
demonstrated efficacy in reducing severe asthma exacerbations and improving lung function,” with subsequent analyses
showing significant improvements in asthma control and health-related quality of life for both patients and their
caregivers.® Meta-analyses further support the role of Dupilumab in enhancing pulmonary function and reducing
inflammatory markers in patients with moderate-to-severe asthma.’ These targeted therapies represent a significant
advance in managing severe pediatric allergic respiratory disease.'’

However, significant heterogeneity exists in the therapeutic response to biologics. Not all patients achieve the desired
clinical control; some are “super-responders”, operationally defined as patients who achieve complete symptom control
(eg., Asthma Control Test [ACT] score > 20, visual analog scale [VAS] score < 2) and experience zero exacerbations
during therapy, while others show partial or no response.'' Given the high cost of biological therapies, the potential for
adverse effects, and the requirement for long-term parenteral administration, identifying which children are most likely to
benefit before treatment initiation is a critical unmet clinical need.'? Current guidelines, such as the Global Initiative for
Asthma (GINA) and Allergic Rhinitis and its Impact on Asthma (ARIA), emphasize the importance of “phenotype-
guided therapy”—which refers to tailoring treatment strategies based on a patient’s unique, observable clinical and
biological traits—but lack specific, quantitative tools for individual probability prediction.'*'*

Existing prediction models in this field have limitations. Most focus solely on allergic asthma or severe adult
populations, neglecting pediatric-specific characteristics and the significant impact of multimorbidity.'> Traditional

predictive models have achieved moderate success (C-indices ranging from 0.70 to 0.78) using isolated parameters
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like baseline blood eosinophil count (EOS) or fractional exhaled nitric oxide (FeNO), though recent large-scale analyses
demonstrate that combining these biomarkers significantly enhances prognostic accuracy.'® The role of extra-respiratory
comorbidities, particularly atopic dermatitis (AD), which shares the underlying systemic T2 inflammatory burden, is
often underappreciated in respiratory outcome prediction models.!” Evidence suggests that the “atopic march” pheno-
type, involving skin and airway sensitization, may represent a distinct endotype with higher susceptibility to specific
biologic interventions.'®

Therefore, this study aims to bridge this gap by conducting a retrospective analysis of pediatric patients
with allergic AR and comorbid allergic asthma treated with biologics over the past five years. We hypothesize that
a combination of readily available baseline clinical characteristics—specifically T2 inflammatory biomarkers (FeNO,
IgE, EOS) and comorbidity profiles (AD status, BMI)—can accurately predict early therapeutic response. By integrating
these factors, we sought to develop and validate a visual, easy-to-use nomogram. This tool intends to assist clinicians in
precise decision-making, ensuring that the right patient receives the right treatment at the right time, thereby advancing
the practice of precision medicine in pediatric allergy.

Materials and Methods

Study Design and Population
This retrospective cohort study was conducted at the Department of Allergy and Respiratory Medicine of our hospital.
We screened electronic medical records of pediatric patients diagnosed with allergic rhinitis (AR) and comorbid
bronchial allergic asthma who received biological therapy between January 2021 and August 2025. The study protocol
was approved by the Institutional Ethics Committee of The First Affiliated Hospital of Wannan Medical University
(Yijishan Hospital of Wannan Medical University) (No. 2025053) and was conducted in accordance with the Declaration
of Helsinki. Informed consent was waived due to the retrospective nature of the study, and patient data were anonymized.
The inclusion criteria were as follows: (1) Age between 6 and 18 years; (2) Physician-diagnosed moderate-to-severe
persistent AR and bronchial allergic asthma according to the Global Initiative for Asthma (GINA) and Allergic Rhinitis

19:20 with the asthma phenotype restricted strictly to allergic asthma; (3)

and its Impact on Asthma (ARIA) guidelines,
Documented history of at least one specific allergen sensitization (eg., house dust mites, pollens, molds, or animal
dander) confirmed by serum specific IgE (sIgE > 0.35 kUA/L) or skin prick test (mean wheal diameter > 3 mm compared
with negative control)-often supplemented by molecular component-resolved diagnostics to rule out cross-reactivity,
interpreted in accordance with the updated European Academy of Allergy and Clinical Immunology (EAACI)
standards;*' (4) Initiation of biological therapy (Omalizumab or Dupilumab) due to uncontrolled symptoms despite
optimal pharmacological treatment (eg., persistent symptoms despite treatment with GINA Steps 45 controllers and
daily intranasal corticosteroids combined with antihistamines); and (5) Availability of complete baseline data and follow-
up records for at least 16 weeks post-initiation. Patients were excluded if they had: (1) Concomitant active parasitic
infection; (2) Other significant chronic respiratory diseases (eg., cystic fibrosis, bronchiectasis); (3) Systemic autoim-

mune diseases; or (4) Irregular administration of the biologic agent.

Data Collection and Predictor Variables

Baseline demographic and clinical characteristics were extracted from medical records prior to the first injection.
Demographic variables included age, gender, delivery mode (vaginal vs. cesarean), and family history of allergic
diseases. Anthropometric measurements, specifically Body Mass Index (BMI), were recorded and converted to z-scores
based on age- and sex-specific WHO Child Growth Standards.**?*

We focused on Type 2 (T2) inflammatory endotype markers and comorbidity profiles as potential predictors.
Laboratory indicators included: peripheral blood eosinophil count (EOS) and percentage, serum total Immunoglobulin
E (tIgE), and fractional exhaled nitric oxide (FeNO). All laboratory tests were performed within one week prior to the
initial treatment. Comorbidity data specifically focused on the presence and severity of Atopic Dermatitis (AD), chronic
rhinosinusitis (with or without nasal polyps), and food allergies.
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Disease severity at baseline was assessed using the Visual Analog Scale (VAS) for nasal symptoms (0—10 cm),>*?°
the Total Nasal Symptom Score (TNSS) — a sum of four individual symptom scores (sneezing, rhinorrhea, nasal
congestion, nasal itching) each rated on a 0-3 scale,® and the Rhinoconjunctivitis Quality of Life Questionnaire

(RQLQ).”’

Outcome Definition

The primary outcome was “Early Therapeutic Response”, assessed at 16 weeks (approx. 3 months follow-up window)
after treatment initiation. Based on established criteria and real-world evidence,”® patients were classified as
“Responders” if they met the following composite criteria: (1) A reduction in TNSS of >30% from baseline OR
a decrease in VAS score of >2 points; AND (2) No asthma exacerbations requiring systemic corticosteroids or
hospitalization during the treatment period. Patients failing to meet these criteria were classified as “Non-responders.”

Statistical Analysis

Statistical analyses were performed using R software (version 4.5.1; The R Foundation). Continuous variables were
expressed as mean + standard deviation (SD) or median (interquartile range, IQR) depending on normality, and
categorical variables were presented as frequencies (%). Differences between Responders and Non-responders were
analyzed using the Student’s ¢-test, Mann—Whitney U-test, or Chi-square test as appropriate.

To identify robust predictors and avoid overfitting, we employed the Least Absolute Shrinkage and Selection
Operator (LASSO) regression analysis. Variables with non-zero coefficients in the LASSO model were subsequently
entered into a multivariate logistic regression analysis to determine independent predictors. Odds ratios (ORs) and 95%
confidence intervals (CIs) were calculated.

A nomogram was constructed based on the multivariate logistic regression model. The model’s predictive performance
was evaluated in terms of discrimination (Concordance Index, C-index) and calibration (calibration plots with 1000 bootstrap
resamples). Decision Curve Analysis (DCA) was conducted to assess the clinical utility of the nomogram by quantifying the
net benefit at different threshold probabilities. A two-sided P-value < 0.05 was considered statistically significant.

Results

Baseline Characteristics of the Study Population

A total of 246 pediatric patients met the inclusion criteria and were included in the final analysis. The cohort was
randomly divided into a training set (n = 172) and a validation set (n = 74) at a ratio of 7:3. In the total population, the
mean age was 10.4 + 3.2 years, and 142 (57.7%) were male. The overall early response rate at 16 weeks was 66.7% (164/
246). The baseline characteristics were well-balanced between the training and validation sets (P > 0.05 for all variables).
Detailed demographic and clinical data are summarized in Table 1. A flowchart summarizing the entire study process,

including patient recruitment and model development, is provided in Supplementary Figure S1.

Univariate Analysis of Factors Associated with Therapeutic Response
In the training cohort, we compared the baseline characteristics between the Responder (n = 115) and Non-responder (n = 57)
groups. Univariate analysis revealed that Responders exhibited significantly higher baseline levels of T2 inflammatory
biomarkers compared to Non-responders. Specifically, the median FeNO was higher in Responders (46.5 vs. 24.0 ppb, P <
0.001), as was the blood EOS count (0.55 vs. 0.28 x10°/L, P < 0.001) and total IgE (680 vs. 295 IU/mL, P = 0.004).
Notably, regarding comorbidities, patients with a history of concurrent Atopic Dermatitis (AD) showed a significantly
higher response rate (62.6% in Responders vs. 29.8% in Non-responders, P < 0.001). Conversely, patients with a higher
BMI were less likely to respond to biological therapy (P = 0.021). No significant differences were found regarding
gender, delivery mode, or family history. The detailed univariate analysis results are presented in Table 1.
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Table | Baseline Demographic and Clinical Characteristics of the Study Population in the Training Cohort (n=172)

Characteristics Total (n=172) | Responders (n=115) | Non-Responders (n=57) | P-value
Demographics

Age, years (mean * SD) 104 £ 3.2 105 + 3.1 102 £ 3.4 0.562
Gender, male, n (%) 99 (57.6) 66 (57.4) 33 (57.9) 0.951
BMI, kg/m? (mean # SD) 19.8 £ 4.1 192 £ 3.8 21.0 £45 0.021
Delivery mode, C-section, n (%) 62 (36.0) 40 (34.8) 22 (38.6) 0.623
Family History of Allergy, n (%) 124 (72.1) 85 (73.9) 39 (68.4) 0.441
T2 Inflammatory Markers

FeNO, ppb, median (IQR) 38.5 (22.0-55.0) | 46.5 (32.0-62.0) 24.0 (15.0-35.0) <0.001
Blood EOS count, X10%/L, median (IQR) | 0.46 (0.25-0.72) | 0.55 (0.35-0.80) 0.28 (0.15-0.42) <0.001
Total IgE, IU/mL, median (IQR) 545 (250-920) 680 (380-1150) 295 (150-520) 0.004
Comorbidities

Atopic Dermatitis (AD), n (%) 89 (51.7) 72 (62.6) 17 (29.8) <0.001
Chronic Rhinosinusitis, n (%) 58 (33.7) 41 (35.7) 17 (29.8) 0.443
Food Allergy, n (%) 45 (26.2) 32 (27.8) 13 (22.8) 0.482
Disease Severity

Baseline TNSS (mean * SD) 8215 84+ 14 78+ 1.6 0.015
Baseline VAS (0-10) (mean * SD) 68+ 1.2 69 % |.1 65+ 1.3 0.048
FEV 1%predicted (mean + SD) 842 £ 10.5 835+ 11.0 85.6 £ 9.4 0.210

Notes: Continuous variables are presented as mean + SD or median (interquartile range). Categorical variables are presented as n (%). P-values were
calculated using Student’s t-test, Mann—Whitney U-test, or Chi-square test. Clarification of Bold Text: Bold text within the table (specifically the values
under the “P-value” column and Section Headers) indicates factors that are statistically significant (P < 0.05) in the comparative analyses between the

responder and non-responder cohorts.

Abbreviations: BMI, Body Mass Index; FeNO, fractional exhaled nitric oxide; EOS, eosinophils; IgE, Immunoglobulin E; TNSS, Total Nasal Symptom
Score; VAS, Visual Analog Scale; FEVI, forced expiratory volume in | second.

Predictor Selection and Model Construction

To handle the multicollinearity among clinical variables and select the most impactful features, LASSO regression
analysis was performed. As shown in Figure 1A and B, the partial likelihood deviance was minimized, and five potential
predictors with non-zero coefficients were identified: FeNO, EOS count, Total IgE, Comorbid AD, and BMI.
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Figure | Predictor selection using the Least Absolute Shrinkage and Selection Operator (LASSO) binary logistic regression model. (A) LASSO coefficient profiles of the 12
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Table 2 Univariate and Multivariate Logistic Regression Analysis of Predictors for Early Therapeutic
Response in the Training Cohort

Variables Univariate Analysis Multivariate Analysis

OR (95% CI) P-value | Adjusted OR (95% CI) | P-value
Age (years) 1.03 (0.92-1.15) | 0.562 - -
Gender (Male vs. Female) 0.98 (0.52-1.84) | 0.951 - -
BMI (kg/m?) 0.89 (0.80-0.98) | 0.021 0.86 (0.75-0.98) 0.024
FeNO (per | ppb increase) 1.05 (1.03-1.08) | <0.001 1.06 (1.03-1.09) <0.001
Blood EOS count (20.3 vs. <0.3 x10°/L) | 3.12 (1.65-5.90) | <0.001 2.84 (1.42-5.68) 0.003
Total IgE (per 10 IU/mL increase) 1.0l (1.00-1.02) | 0.004 1.01 (1.00-1.02) 0.045
Comorbid AD (Yes vs. No) 3.94 (2.01-7.75) | <0.001 2.56 (1.28-5.12) 0.008
Baseline VAS Score 1.28 (0.99-1.65) | 0.051 - -

Notes: Variables with P < 0.05 in the univariate analysis or identified by LASSO regression were included in the multivariate model.
Clarification of Bold Text: Bold values indicate variables with statistically significant differences (P < 0.05) in either the univariate or
multivariate logistic regression analyses, which were subsequently included in the predictive nomogram.

Abbreviations: OR, Odds Ratio; Cl, Confidence Interval; AD, Atopic Dermatitis; FeNO, fractional exhaled nitric oxide; EOS,
eosinophils.

These five variables were then incorporated into a multivariate logistic regression analysis. The results demonstrated
that baseline FeNO (OR 1.06, 95% CI 1.03-1.09, P < 0.001), EOS count (OR 2.84, 95% CI 1.42-5.68, P = 0.003), Total
IgE (OR 1.01, 95% CI 1.00—-1.02, P = 0.045), and the presence of Comorbid AD (OR 2.56, 95% CI 1.28-5.12, P = 0.008)
were independent positive predictors of early therapeutic response. Interestingly, BMI was identified as a negative
independent predictor (OR 0.86, 95% CI 0.75-0.98, P = 0.024), suggesting that obesity may attenuate the efficacy of T2-
targeted biologics. The detailed regression results are shown in Table 2.

Development and Validation of the Nomogram
Based on the independent predictors identified above, we constructed a diagnostic nomogram to predict the probability of
early response (Figure 2). In this nomogram, each predictor is assigned a score on a point scale. By summing the scores
for each variable, the total score can be located on the total point scale to determine the estimated probability of response.
The performance of the nomogram was evaluated using the C-index and ROC curves. In the training set, the model
achieved a C-index of 0.88 (95% CI: 0.83-0.93), indicating excellent discrimination. This high performance was
maintained in the validation set with a C-index of 0.85 (95% CI: 0.78-0.92), as illustrated in the ROC curves (Figure 3).
The calibration curves for the probability of response demonstrated good agreement between the nomogram predic-
tion and the actual observation in both the training and validation cohorts (Figure 4). Furthermore, Decision Curve
Analysis (DCA) showed that using this nomogram to predict response provided a greater net benefit than either the “treat
all” or “treat none” strategies across a wide range of threshold probabilities (approximately 15% to 85%), confirming its
clinical utility (Figure 5).

Discussion

In this retrospective cohort study, we successfully developed and validated a novel nomogram to predict early therapeutic
response to biologics in pediatric patients with allergic rhinitis (AR) and comorbid allergic asthma. By integrating
baseline type 2 (T2) inflammatory endotypes (FeNO, EOS, Total IgE) with comorbidity characteristics (Atopic
Dermatitis status and BMI), our model demonstrated robust discrimination (C-index 0.88) and calibration. To our
knowledge, this is one of the first pragmatic tools to incorporate extra-respiratory comorbidities into the prediction of
respiratory biologic response in children, addressing a critical gap in precision medicine.

Our findings confirm that high baseline levels of FeNO, blood eosinophils, and total IgE are strong positive predictors
of therapeutic efficacy for targeted biologics. This aligns with the biological mechanisms of agents like Omalizumab and
Dupilumab, which specifically target the IgE-mediated and IL-4/IL-13 pathways central to type 2 (T2) inflammation.**-*
Elevated baseline biomarkers often indicate a distinct T2-high endotype that is particularly responsive to these therapies.
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Figure 2 Developed nomogram for predicting the probability of early therapeutic response to biologics in pediatric AR and asthma. To use the nomogram, locate the
patient’s value on each variable axis (FeNO, EOS, Total IgE, Comorbid AD, BMI). Draw a vertical line upward to the “Points” axis to determine the score for each variable.
Sum these scores to obtain the “Total Points.” Finally, draw a vertical line downward from the Total Points axis to the “Probability of Response” axis to obtain the individual
predicted probability.
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Figure 3 Receiver Operating Characteristic (ROC) curves of the nomogram. Receiver Operating Characteristic (ROC) curves of the nomogram. The blue solid line
represents the diagnostic performance in the training cohort (AUC = 0.88), and the green dashed line represents the performance in the validation cohort (AUC = 0.85).
The high Area Under the Curve (AUC) values in both cohorts indicate the excellent discrimination capability of the model.

Conversely, patients with low T2 inflammatory markers may have disease driven by neurogenic or mixed-granulocytic
pathways, rendering them less responsive to T2-targeted biologics.>' This evidence reinforces the recent recommenda-
tions from the Global Initiative for Asthma (GINA) and the Allergic Rhinitis and its Impact on Asthma (ARIA) initiative
to phenotype patients before initiating expensive biological therapies.?*~?

A unique and clinically significant finding of our study is that comorbid Atopic Dermatitis (AD) acts as an

independent positive predictor for respiratory outcomes. We observed that children with the “Atopic March” phenotype
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(allergic asthma + AR + AD) had a significantly higher response rate (OR 2.56). This likely reflects a high systemic
inflammatory burden driven by shared cytokines, particularly IL-4 and IL-13, which are pleiotropic mediators in both
skin and airway inflammation, with their blockade being implicated in suppressing the atopic march.*> When systemic
biological therapy suppresses this central pathway, patients experience a “dual-organ” benefit, leading to a more profound

improvement in overall quality of life and symptom scores compared to those with isolated respiratory disease, as

8 https: Journal of Asthma and Allergy 2026:19



Wang et al

evidenced by significant enhancements in both asthma control and quality of life in patients treated for severe AD.** This
suggests that clinicians should view comorbid AD not merely as a burden, but as a marker of high biologic suitability.

Conversely, our model identified higher BMI as a negative predictor of response. This is consistent with emerging
evidence in adults suggesting that “obese asthma” represents a distinct phenotype often characterized by non-T2
inflammation, oxidative stress, and mechanical factors, which are less responsive to current biologics.35 36 In pediatric
populations, obesity promotes a systemic pro-inflammatory state mediated by leptin and IL-6 rather than Th2
cytokines.>” Our nomogram quantifies this negative impact, cautioning clinicians to manage expectations and consider
weight management as an adjunct strategy in obese children receiving biologics.

The clinical utility of our nomogram is highlighted by the Decision Curve Analysis (DCA). The analysis showed that
using the nomogram provides a higher net benefit than treating all patients or treating none across a wide range of
probability thresholds. Practically, this means that for a child with “borderline” indications, the nomogram can help the
physician and family visualize the probability of success. If the calculated probability is low (eg., <30%), alternative
strategies such as allergen immunotherapy (AIT) or investigating alternative diagnoses might be prioritized over
immediate biological therapy.

Our study has several limitations. First, as a retrospective single-center study, selection bias is inevitable Second,
although we included the two most common biologics, we did not stratify the model by specific drug type due to sample
size limitations; however, both drugs target the T2 axis, justifying the pooled analysis. Third, the follow-up period of
16 weeks focuses on early response; long-term remission rates warrant further investigation. Future multi-center
prospective studies are needed to externally validate this tool.

Conclusion

In conclusion, we constructed a practical nomogram based on baseline FeNO, EOS, IgE, AD comorbidity, and BMI to
predict early response to biologics in children with allergic AR and allergic asthma. This tool offers excellent predictive
performance and clinical utility, aiding clinicians in identifying “super-responders” and optimizing resource allocation.
The inclusion of AD status and BMI highlights the importance of a holistic, multimorbidity-focused approach in pediatric
allergy management.
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ACT, Asthma Control Test; AD, Atopic Dermatitis; AR, Allergic Rhinitis; ARIA, Allergic Rhinitis and its Impact on
Asthma; AUC, Area Under the Curve; BMI, Body Mass Index; C-index, Concordance Index; DCA, Decision Curve
Analysis; EOS, Eosinophil count; FeNO, Fractional exhaled nitric oxide; GINA, Global Initiative for Asthma; IgE,
Immunoglobulin E; IL, Interleukin; LASSO, Least Absolute Shrinkage and Selection Operator; ROC, Receiver
Operating Characteristic, RQLQ, Rhinoconjunctivitis Quality of Life Questionnaire; TNSS, Total Nasal Symptom
Score; VAS, Visual Analog Scale.
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