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Background: The identification of predictive biomarkers for subcutaneous immunotherapy (SCIT) is of great importance for
improving its clinical efficacy. This study aims to construct a nomogram predicting the efficacy of SCIT and to evaluate the predictive
value of Der p 1 and Der p 2 for SCIT response.

Methods: This study included children with allergic rhinitis (AR) and/or asthma (AS) who received house dust mite (HDM) SCIT at
Shenzhen Children’s Hospital between 2021 and 2024. Baseline characteristics and laboratory data were retrospectively collected
before SCIT. The sIgE to HDM components were measured in children’s serum before SCIT. The efficacy of SCIT was assessed with
VAS scores. Potential predictors for the efficacy of HDM SCIT were identified with logistic regression analysis. A nomogram
predicting the efficacy of HDM SCIT was constructed and internally validated.

Results: Among the 209 children who were successfully followed up after one year of treatment, 166 (79%) responded to HDM SCIT,
while 43 (21%) were non-responders. Logistic regression analysis identified that Der p (1+2) sIgE, the Der p (1+2) sIgE/tIgE ratio and
asthma as predictors of HDM SCIT efficacy. A nomogram predicting the efficacy of HDM SCIT was developed by incorporating the
three predictors. The nomogram achieved an AUC of 0.80 (95% CI=0.72-0.87) and a C-index of 0.80 (95% CI=0.72-0.87). At
a cutoff value of 43.87kU /L, Der p (1+2) sIgE achieved an AUC of 0.75, superior to tIgE and the Der p (1+2) sIgE/tIgE ratio.
Conclusion: The Der p 1 and Der p 2 were predictors of HDM SCIT. Der p (1+2) sIgE outperformed both the Der p (1+2) sIgE/tIgE
ratio and tIgE in predicting the efficacy of HDM SCIT. A nomogram incorporating Der p (1+2) sIgE, the Der p (1+2) sIgE/tIgE ratio
and asthma was developed for the visual and quantitative prediction of HDM SCIT efficacy.
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Introduction

House dust mites (HDM), including Dermatophagoides pteronyssinus (Der p) and Dermatophagoides farinae (Der f), are
a primary source of inhalant allergens causing allergic rhinitis (AR) and asthma (AS)."? Allergen immunotherapy (AIT)
is a disease-modifying treatment that induces long-term immunologic tolerance by administering gradually increasing
doses of the causative allergen. Among AIT modalities, subcutaneous immunotherapy (SCIT) has the longest history and
most extensive evidence base, demonstrating its capacity to not only alleviate symptoms but also to potentially prevent
the progression of allergic disease and the development of new sensitizations.>* This foundational role has established
SCIT as a cornerstone in the management of moderate-to-severe allergic conditions inadequately controlled by conven-
tional medications. However, SCIT has a slow onset of action, incurs relatively high costs, and demonstrates suboptimal
efficacy in some patients. It is important to identify effective biomarkers for early distinction of patients likely to respond
to SCIT.
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With the rapid advancement of component-resolved diagnosis (CRD) technology, studies have revealed that HDM is
actually composed of various distinct mite allergen components.” The World health organization and international union of
immunological societies (WHO/IUIS, https://www.allergen.org) have identified more than 40 types of mite allergen compo-

nents. The heterogeneity of HDM sensitization patterns across regions, which is driven by factors such as local climate,
disease profiles, and allergen exposure levels-these factors influence both mite species prevalence and dominant allergenic
component-may have implications for the efficacy of SCIT and the underlying pathogenic mechanisms.® The majority
(>50%) patients are sensitized to major HDM allergen components, including Der p 1, Der p 2, Der f 1, Der f 2, and Der p 23.
In contrast, a subset (10-50%) of patients is sensitized to minor components, such as Der p 5, Der p 7, and Der p 10.”* Since
standardized vaccines of HDM are typically rich in Der p 1, Der p 2, Der f 1, and Der f 2, other HDM components are
relatively low or absent.” Given the variability in HDM component sensitization profiles among individuals, evidences suggest
that patients sensitized to Der p 1, Der p 2, Der f 1, and Der f 2 derive the greatest clinical benefit from SCIT.'%!!

The Immunotherapy Group of the European Academy of Allergy and Clinical Immunology (EAACI) has identified seven
key biomarkers for monitoring and forecasting the efficacy of SCIT. Among these biomarkers, the IgE family, which includes
total IgE (tIgE), specific IgE (sIgE), and the sIgE/tIgE ratio, is widely acknowledged as a reliable indicator for predicting the
efficacy of SCIT.'? Serum sIgE is an immunoglobulin produced by the immune system in response to specific allergens,
primarily synthesized by B cells with the assistance of T cells. Upon re-exposure to the corresponding allergen, sIgE binds to
the allergen to form immune complexes, which subsequently activate downstream effector cells. This activation triggers the
release of inflammatory mediators, leading to the onset of allergic reactions.'>'* Di et al found that the sIgE/IgE ratio
measured before SCIT in patients sensitized to grass, pollen, or HDM was closely correlated with its clinical efficacy (r=0.72,
P<0.001)."> Moreover, the area under the curve (AUC) was 0.97 (P<0.05), indicating that as predictive biomarkers, the serum
sIgE/IgE ratio could effectively predict the clinical efficacy of SCIT, with performance superior to that of serum tIgE and
sIgE."® Li et al reported that in children undergoing SCIT, serum tIgE and the sIgE/tIgE ratio were significantly associated with
treatment efficacy. In predicting clinical outcomes of SCIT, the area under the ROC curve (AUC) for tIgE was 0.77 (95% CI,
0.70-0.83), demonstrating better predictive performance compared to the sIgEAIgE ratio and sIgE levels alone.'®

Currently, there is a lack of nomograms to predict immunotherapy response using HDM components in the children
population studied. Therefore, this study intends to investigate the relationship between major HDM components and the
efficacy of HDM SCIT. By collecting relevant clinical data from patients during SCIT, we seek to identify independent
factors that can effectively predict the therapeutic outcome of HDM SCIT. Furthermore, a nomogram prediction will be
constructed to provide a visual and quantitative tool for forecasting the efficacy of SCIT in HDM sensitized children,
thereby offering valuable reference and guidance for predicting treatment response in this population.

Materials and Methods

Patients

This was a retrospective study. We included children with AR and/or AS who were received HDM SCIT at Shenzhen
Children’s Hospital between August 2021 and January 2024. Inclusion criteria were as follows: (i) the diagnoses of AR and
AS was defined according to the Allergic Rhinitis and its Impact on Asthma (ARIA) guideline,'” (ii) patient’s allergic
symptoms were consistent with HDM monosensitization, (iii) allergic status was confirmed by the skin prick test (SPT) and
measurement of serum sIgE for Der p or Der f, (iv) age 5 to 15 years old, with normal development, (v) met the SCIT
enrollment criteria: patients with moderate-to-severe allergic asthma or allergic rhinitis who had inadequate symptom control
despite optimal pharmacotherapy and allergen avoidance,'® (vi) signed the informed consent form. Exclusion criteria were as
follows: (i) previous and/or current use of biologics (eg, omalizumab, dupilumab), (ii) previous use of allergen-specific
immunotherapy (ASIT) for HDM, (iii) acute-phase symptoms of AR or AS, (iv) sensitization to allergens other than Der p and
Der f, including pollens and fungi, (v) moderate-to-severe specific dermatitis, (vi) other chronic diseases.

HDM Standardized Allergen Vaccines

SCIT was administered using HDM standardized allergen vaccines produced by either ALK-Abelld (Denmark) or
Allergopharma (Germany). The vaccine of ALK-Abell6 (Denmark) consists of full allergens with 100% Der p. The
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vaccine of ALK-Abell6 is available in four concentrations: No.1 (100 SQ-U/mL), No.2 (1000 SQ-U/mL), No.3 (10000
SQ-U/mL) and No.4 (100000 SQ-U/mL). The treatment process comprised two distinct phases: the dose escalation phase
and the maintenance phase. According to the ALK-Abellé product manual, the dose escalation phase lasted 15 weeks
with weekly subcutaneous injections. Preparations No.l, No.2, and No.3 were administered sequentially, each injected
three times at gradually increasing doses. Preparation No. 4 required six injections, with the dose escalating to 1.0 mL
(100,000 SQ-U) or the maximum tolerated dose. During maintenance, a 1.0mL dose of injection of Preparation No.4 was
administered every 4 to 6 weeks. The vaccine of Allergopharma (Germany) consisted of a combination of full allergens
with 50% Der p and 50% Der f. The vaccine of Allergopharma was available in three concentrations: No.1 (50 TU/mL),
No.2 (500 TU/mL) and No.3 (5000 TU/mL). The treatment process comprised two distinct phases: the dose escalation
phase and the maintenance phase. According to the Allergopharma product manual, the dose escalation phase lasted
15 weeks with weekly subcutaneous injections. Preparations No.l and No.2 were administered sequentially, each injected
four times at gradually increasing doses. Preparation No.3 required seven injections, with the dose escalating to 1.0 mL
(5000 TU/mL) or the maximum tolerated dose. During maintenance, a 1.0 mL dose of injection of preparation No.3 was
administered every 4 to 6 weeks.

During SCIT, if a patient exhibited symptoms or signs of vaccine intolerance, the physician could reduce the dose and
reschedule the next injection per the product manual. To prevent adverse reactions, anti-allergic medications were
administered before each SCIT injection.

Subjective Efficacy Evaluation of HDM SCIT

Patient’s subjective symptoms were assessed using the visual analogue scale (VAS).' The scale employs a 10cm straight
line with opposite ends labeled “Comfort” and “Discomfort” respectively. Respondents marked their current symptom
intensity perception on the VAS scale. VAS scores were calculated by measuring the distance (in cm/mm) from the
“Comfort” starting point to the participant’s mark. The higher the VAS score, the more severe the symptoms. The VAS
was assessed at baseline and 12 months after SCIT. Responders to SCIT were defined as individuals who demonstrated at
least a 30% improvement in their VAS scores from the baseline after 12 months of undergoing SCIT."”

Objective Efficacy Evaluation of AR and AS

According to the EAACI, combined symptom and medication score (CSMS) was used to evaluate the objective efficacy
of patients with AR, basing on a weight equal to the total daily symptom score (dSS) and the total daily medication score
(dMS).?° The dSS was the sum of all individual symptoms divided by the number of symptoms, the dSS range being 0 to
3 (the maximum score is 3). The dMS ranged from 0 to 3, increasing with the intensity of the drug. The CSMS is the sum
of dSS (range 0-3) and dMS (range 0-3). CSMS values were in the range of 0—6. In patients who, in addition to AR, had
AS, a childhood asthma control test (C-ACT) that consisted of 7 questions (4 child-reported and 3 caregiver-reported) in
relationship to asthma control in the previous 4 weeks was conducted.?' The scores could range from 0 (worst control) to
27 (total control). The CSMS and the C-ACT score were assessed at baseline and 12 months after SCIT.

Collection of Clinical Indicators

Peripheral blood samples were collected retrospectively. Baseline information collected included age, sex, height, weight,
diagnosis, family history of allergies, passive smoking history, and asthma diagnosis. Laboratory indicators collected included
eosinophils (Eos), basophils (Baso), fractional exhaled nitric oxide (FeNO), forced vital capacity (FVC), forced expiratory
volume in one second (FEV1), FEV1/FVC, maximum midexpiratory flow (MMEF), maximal expiratory flow at 75%, 50%,
and 25% of vital capacity (MEF75%, MEF50%, MEF25%). These indicators were collected before SCIT initiation.

Detection of Serum tIgE and slgE

Serum tIgE and sIgE to Der p and Der f were measured with ImmunoCAP (Thermo Fisher Scientific Inc, Sweden)
according to the manufacturer’s instructions. Serum sIgE to Der p 1, Der p 2, Der p 10, and Der p 23 was measured by
NOVEOS IgE test (HYCOR Biomedical, America) according to the manufacturer’s instructions. Serum tIgE and sIgE
levels were quantified for all samples by certified technicians. Serum levels of tIgE and sIgE were expressed in kU /L.
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The measurable range for tIgE was 2.00 to 5000.00kU /L, and values exceeding 5000.00kU /L were assigned a value of
5000.00kU /L. The measurable range for sIgE to Der p, Der f, Der p 1, Der p 2, Der p 10, and Der p 23 was 0.10 to
100.00kU /L, and values exceeding 100.00kU /L were assigned a value of 100.00kU /L. The level of sIgE=0.35kU /L
was considered positive. sIgE concentrations were quantified and classified into grades 0—6 based on the criteria of China
Consensus Document on Allergy Diagnostics: Grade 0 (<0.35kU4/L), Grade 1 (0.35kU /L =sIgE<0.70kU /L), Grade 2
(0.70kU /L =sIgE<3.50kU s/L), Grade 3 (3.50kU /L =sIgE<17.50kU /L), Grade 4 (17.50kU 4/L =sIgE<50.00kU /L),
Grade 5 (50.00kU 5/L =sIgE<100.00kU /L) and Grade 6 (SIgE= 100.00kUA/L)."

Technology Roadmap

In this study, patients receiving HDM SCIT were followed up via the questionnaire survey. Baseline information,
laboratory indicators and serum samples of eligible patients were collected, and the efficacy of HDM SCIT was evaluated
using the VAS score. The distribution of serum HDM components in patients was analyzed, and a nomogram was
constructed via logistic regression analysis. The model was validated using ROC curve, DCA and HL test (Figure 1).

Patients who underwent
SCIT (n=314) Discovering chronic diseases (n=1)

Transfer to other hospitals (n=1)

Patients with failed | .
| Poor compliance (n=15)
follow-up (n=105)

Use of biologics (n=19)

Loss to follow up (n=69)

Baseline information, laboratory

indicators, and serum samples

Eligible patients Collect
(n=209)
VAS score from baseline after 12
VAS |>30% months of SCIT
Responder Non-responder Distribution characteristics of HDM
(n=166) (n=43) components

‘ Logistic regression ‘

H{ ROC ‘
Validation
‘ Nomogram ’—H{ DCA ‘

> Calibration curve/HL test l
Figure | Flowchart for constructing a nomogram.

Notes: VAS|230%, responders to SCIT were defined as individuals who demonstrated at least a 30% improvement in their VAS scores from the baseline after 12 months of
undergoing SCIT.

Abbreviations: SCIT, Subcutaneous immunotherapy; VAS, Visual analogue scale; CSMS, Combined symptom and medication score; HDM, House dust mite; ROC, Receiver
operating characteristic curve; DCA, Decision curve analysis; HL test, Hosmer—Lemeshow test.
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Statistical Analysis

All data were processed via SPSS 27.0 (IBM, Armonk, NY, USA) and R software. Most data were not normally
distributed (Shapiro-Wilks test: most P values are less than 0.05), therefore continuous variables were presented as
median with interquartile range (IQR). Categorical variables were presented as percentages. The Author Proof
Photograph y test or the Mann—Whitney test was used to compare differences between groups. To assess the variables
associated with the efficacy of SCIT, we employed univariate logistic regression analysis. Variables with P<0.05 in
univariate analysis were entered into a multivariable logistic regression model. The predictive model was then assessed
using a forward conditional selection procedure, eliminated variables with an exit threshold set at P=0.05. Odds ratios
(ORs) with 95% confidence intervals (CI) and P values were calculated. A nomogram was constructed to predict the
efficacy of HDM SCIT. Bootstrap method was used to verify the model. The discriminatory ability of the nomogram was
assessed by the area under the receiver operating characteristic curve (AUC). An AUC value closer to 1.0 than to 0.5
indicated better model performance. Model calibration was evaluated by calibration curves and the Hosmer-Lemeshow
(HL) test. The clinical utility of the prediction model was assessed through decision curve analysis (DCA). Statistical
significance for all analyses was defined as a two-sided p-value<0.05.

Results

Patients’ Baseline Information, Laboratory Indicators and Serum IgE Levels

Among the 314 children who received HDM SCIT, efficacy was successfully evaluated in 209 patients (67%) after
one year of treatment. Among the evaluated children, 166 (79%) responded to HDM SCIT, while 43 (21%) were non-
responders. Detailed reasons for follow-up failure were provided (Figure 1). In the 209 successfully followed-up
children, the age range was 5 to 15 years and the body mass index (BMI) range was 13.89 to 31.76 kg/m*. The
prevalence of asthma was higher in responders than in non-responders. After 1 year of SCIT, the CSMS and VAS scores
of the responders decreased significantly compared to the non-responders (P<0.05). There was no statistically significant
difference in the C-ACT scores (£>0.05). Children who were responsive to HDM SCIT demonstrated significantly higher
serum IgE levels of Der p 1 sIgE, Der p 2 sIgE, Der p (1+2) sIgE, tIgE, Der p sIgE, and Der f sIgE than non-responsive
children did (P<0.05). These responsive children also showed significantly higher ratios of Der p 1 sIgE/tIgE, Der p 2
sIgE/tIgE, Der p sIgE/tIgE, and Der p (1+2) sIgE/tIgE than non-responsive children (P<0.05). No statistically significant
differences were detected in laboratory indicators, Der p 10 sIgE, Der p 23 sIgE, or the Der f sIgE/tIgE ratio (Table 1).

Sensitization Prevalence and Distribution Characteristics of HDM Components
Among the 209 patients, all (100%) showed IgE reactivity to HDM extracts (Der p and Der f). Sensitization to specific
Der p components was distributed as follows: Der p 1 (96%), Der p 2 (88%), Der p 23 (56%), and Der p 10 (9%). There
were significant differences in sensitization prevalence among Der p components (y°=416.62, P<0.001). The sIgE levels
to Der p (98%), Der f (98%), Der p 1 (94%), and Der p 2 (86%) were predominantly in grades 3, 4, 5, and 6
[Supplementary Table 1].

Comparison of Serum IgE in Children with AR and/or AS

In children with AR, the sIgE levels to Der p, Der f, Der p 1, and Der p (1+2), as well as tIgE, were significantly lower
than those in children with AR and AS (P<0.05). However, the sIgE levels to Der p 2, Der p 10, and Der p 23 in children
with AR were lower than those in children with AR and AS, but the difference was not significant (P>0.05)
[Supplementary Table 2].

Logistic Regression Analysis of Predictors Associated with SCIT Responders

To identify the predictors of SCIT efficacy, the variables that showed statistically significant differences (P<0.05) in
Tables 1 were included in univariate and subsequent multivariate logistic regression analyses (Forward conditional
method). Three predictors were identified, namely asthma (OR=3.11, P=0.007), Der p (1+2) sIgE (OR=1.02, P<0.001),
and the Der p (1+2) sIgE/tIgE ratio (OR=1070.48, P=0.001) (Table 2).
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Table 1 Comparison of Baseline Information, Laboratory Indicators and Serum IgE Levels Between

Responders and Non-Responders

Responder (n=166) Non-responder (n=43) | ZIy* value | P value
Median (Q/, Q3) Median (Q/, Q3)

Gender (Male/female) 112/54 32/11 0.77% 0.38
ALK-Abellé/Allergophama 80/86 25/18 1.35° 0.25
Age (years) 7.38 (6.00, 9.75) 7.50 (6.00, 9.21) -0.07° 0.94
BMI (kg/m?) 15.70 (14.18, 18.02) 15.15 (14.26, 17.70) -0.51° 0.6l
Family history of allergies (n, %) 122 (73%) 29 (67%) 0.62% 0.43
Asthma (n, %) 75 (45%) 9 (21%) 10.16” 0.004
Passive smoking history (n, %) 27 (16%) 8 (19%) 0.13* 0.71
VAS at baseline 10.00 (8.50, 10.00) 10.00 (9.25, 10.00) -0.13° 0.90
VAS after | year 3.00 (2.10, 4.00) 9.00 (7.75, 10.00) -10.02° <0.001
CSMS at baseline 3.00 (2.17, 3.50) 2.67 (2.17,3.25) -1L17° 0.24
CSMS after | year 1.67 (0.54,2.83) 3.17 (2.50,3.50) —5.48° <0.001
C-ACT at baseline® 25.50 (24.00,27.00) 24.00 (22.00,26.00) -1.72° 0.09
C-ACT after | year® 27.00 (27.00,27.00) 27.00 (25.50,27.00) -1.61° 0.11
Eos (x10°/L) 0.50 (0.34, 0.67) 0.38 (0.26, 0.65) -1.72° 0.09
Baso (x10%/L) 0.02 (0.01, 0.04) 0.02 (0.01, 0.04) -0.17° 0.87
FeNO (ppb) 20.00 (14.50, 30.00) 21.50 (12.00, 34.00) -0.04° 0.97
FvC 97.82 (90.60, 106.65) 96.32 (90.15, 107.35) -0.37° 0.71
FEVI 96.40 (87.59, 106.96) 98.00 (91.31, 103.78) -0.67° 0.50
FEVI/FVC 99.35 (92.42, 104.64) 100.08 (95.80, 104.93) -1.05° 0.29
MMEF 79.54 (60.63, 97.46) 83.60 (66.75, 104.28) -1.20° 0.23
MEF75% 93.24 (79.53, 108.38) 96.00 (89.00, 106.81) —1.49° 0.14
MEF50% 80.02 (59.93, 92.9¢) 81.20 (68.93, 95.90) -1.14° 0.25
MEF25% 64.13 (47.02, 83.20) 69.70 (54.69, 81.52) -1.07° 0.28
Der p | sIgE (kUa/L) 39.11 (19.70, 85.65) 12.04 (5.90, 28.29) —4.59° <0.001
Der p 2 slg (kUa/L) 66.17 (34.48, 100.00) 13.67 (0.13, 69.66) —4.43° <0.001
Der p 10 sIgE (kUa/L) 0.10 (0.10, 0.10) 0.10 (0.10, 0.13) -0.74° 0.46
Der p 23 sIgE (kUa/L) 1.40 (0.10, 9.23) 1.13 (0.10, 5.07) -0.78" 0.44
Der p (1+2) sIgE (kUa/L) 102.69 (55.64, 168.87) 27.68 (8.73, 106.20) -5.04° <0.001
tigE (kUA/L) 553.50 (315.75, 1012.50) | 264.00 (118.50, 866.00) -2.69° 0.007
Der p sIgE (kUp/L) 64.00 (38.30, 100.00) 25.70 (12.00, 74.70) —4.50° <0.001
Der f slgkE (kUa/L) 90.00 (47.80, 100.00) 40.00 (25.50, 92.20) —4.10° <0.001
Der p | slgE /tIgE 0.06 (0.04, 0.10) 0.05 (0.02, 0.05) -2.80° 0.004
Der p 2 slgE /tIgE 0.10 (0.06, 0.16) 0.06 (0.01, 0.12) -3.11° 0.002
Der p slgE /tIgE 0.10 (0.07, 0.14) 0.08 (0.04, 0.15) -2.02° 0.04
Der f slgE /tigE 0.12 (0.08, 0.19) 0.1'1 (0.05, 0.22) —0.64° 0.53
Der p (1+2) slgE/tigE 0.17 (0.10, 0.25) 0.1'1 (0.21, 0.40) -327° 0.001

Notes: a;(z value; bz value; In the C-ACT score, the number of responder was 74, while the number of non-responder was 9.

Abbreviations: BMI, Body mass index; VAS, Visual analogue scale; CSMS, Combined symptom and medication score; C-ACT,
Childhood asthma control test; EOS, Eosinophils; Baso, Basophils; FeNO, Fractional exhaled nitric oxide; FVC, Forced vital capacity;
FEVI, Forced expiratory volume in one second; MMEF, Maximum midexpiratory flow; MEF75%, MEF50%, MEF25%, Maximal expiratory
flow at 75%, 50%, and 25% of vital capacity.

Nomogram Prediction

Based on logistic regression results, three variables were selected to construct a nomogram for predicting the efficacy of
HDM SCIT, including Der p (1+2) sIgE, the Der p (1+2) sIgE/tIgE ratio, and asthma (Figure 2). A higher total
nomogram score indicated a greater likelihood that HDM SCIT would be effective. For example, for a patient with
serum Der p (1+2) sIgE level of 200 kU s/L, a Der p (1+2) sIgE/tIgE ratio of 0.04, and no asthma, the nomogram score
for SCIT efficacy was 63.2 points, which corresponded to a predicted probability of effective SCIT of 83.70%.
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Table 2 Candidate Predictors for SCIT Efficacy on Logistic Regression Analyses

Variables Univariate Analysis Multivariate Analysis
P value OR (95% CI) P value OR (95% CI)

Asthma 0.005 3.1 (1.41-6.90) 0.007 3.42 (1.40-8.34)

Der p (1+2) slgE <0.001 1.02 (1.01-1.02) <0.001 1.01 (1.01-1.02)

Der p (1+2) slgE/tlge | <0.001 1070.48 (17.16-66,793.03) 0.001 1637.34 (19.37-138,413.12)

Der p | sigE <0.001 1.02 (1.01-1.04)

Der p 2 sIgE <0.001 1.02 (1.01-1.03)

tigk 0.38 1.00 (1.00-1.00)

Der p slgE <0.001 1.02 (1.01-1.04)

Der f slgk <0.001 1.02 (1.01-1.03)

Der p | sIgE/tigE 0.03 10,616.96 (3.00-37,525,365.23)

Der p 2 slIgE/tigE 0.002 3872.73 (18.71-801,657.23)

Der p slgE/tigE 0.08 127.44 (0.53-30,446.01)

Bootstrap method (B=1000) was used to verify the model [Supplementary Table 3]. DCA indicated that the
nomogram offered significant net benefit. This net benefit was occurred across at threshold probabilities between 24%
and 91% (Figure 3A). For the nomogram, the calibration curve showed no significant difference between the predicted
and actual probabilities of effective SCIT (y*=15.48, df=8, P=0.051>0.05) (Figure 3B). The nomogram achieved an AUC
of 0.80 (95% CI=0.72—0.87) and a C-index of 0.80 (95% CI=0.72-0.87) (Figure 4A).

Predictive Capacity of the Nomogram and of Serum IgE for SCIT Efficacy
We compared the predictive capacity of the nomogram, serum tIgE, serum HDM sIgE for SCIT efficacy using ROC
curves (Figure 4A and B). At a cutoff value of 0.75, the nomogram demonstrated a sensitivity of 80% and a specificity of
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Figure 2 A nomogram model for predicting the efficacy of HDM SCIT.
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65% (AUC=0.80). At a cutoff value of 43.87kU /L, Der p (1+2) sIgE demonstrated a sensitivity of 78% and a specificity
of 63% (AUC=0.75). At a cutoff value of 10%, the Der p (1+2) sIgE/tIgE ratio demonstrated a sensitivity of 84% and
a specificity of 56% (AUC=0.66) (Table 3).

Table 3 Predictive Capacity of the Nomogram and of Serum IgE

AUC | Cutoff value | Sensitivity | Specificity | 95% CI | P value

Nomogram 0.80 0.75 0.80 0.65 0.72-0.87 | <0.001
tigk 0.63 289.00 0.79 0.54 0.53-0.74 0.007
Der p (1+2) slgkE 0.75 43.87 0.78 0.63 0.65-0.85 | <0.001
Der (1+2) slgE/tigE | 0.66 0.10 0.84 0.56 0.57-0.76 0.001
Der p sIgE 0.72 26.20 0.89 0.54 0.62-0.82 | <0.001
Der f slgk 0.70 45.40 0.79 0.58 0.60-0.79 | <0.001
Der p | sIgkE 0.73 12.07 0.87 0.51 0.64-0.82 | <0.001
Der p 2 sIgE 0.72 19.74 0.84 0.58 0.62-0.81 | <0.001
Der p slgE/tIgE 0.60 0.05 0.87 0.42 0.49-0.71 0.04
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Discussion

Although SCIT was currently the only disease-modifying treatment for allergic diseases, its clinical application remained
limited due to suboptimal efficacy in some patients, high costs, and a prolonged treatment duration.”? >* Therefore, the
identification of biomarkers to accurately predict the efficacy of HDM SCIT held significant clinical importance. This
study analyzed the relationship between serum sIgE to HDM components and the efficacy of HDM SCIT in patients. We
explored the predictive value of Der p 1 and Der p 2 for SCIT efficacy and developed a nomogram to predict it visually
and quantitatively.

Consistent with some studies, Der p 1, Der p 2, and Der p 23 were identified as the major sensitizing HDM
components in patients with AR and/or AS, demonstrating sensitization rates exceeding 50%.>2>° In this study, over
90% of the patients were sensitized to Der p 1 and Der p 2, indicating that the current HDM SCIT targeting these
components may be appropriate for most children. However, some patients exhibited sensitization only to Der p 10 and
Der p 23, suggesting a potentially reduced therapeutic response to HDM SCIT. This indicated that variations in
sensitization profiles to HDM components among patients highlighted the clinical significance of component-resolved
diagnostics for predicting SCIT efficacy. Additionally, the SCIT response rate was 79% in our study, below the 90%
threshold. This observation indicates that while HDM component profiles contribute to outcomes, the efficacy of HDM
SCIT is also modulated by other factors independent of allergen sensitization patterns.?’

To explore potential clinical predictors as comprehensively as possible, we conducted a thorough and detailed investigation of
209 pediatric patients’ baseline information, laboratory indicators and serum IgE levels. This study encompassed involves
multiple combinations of major HDM components (Der p 1 and Der p 2) to investigate the relationship between HDM
components and the efficacy of SCIT. Furthermore, we employed various analysis approaches to identify the key predictors
and develop the prediction model. Through between-group comparison and logistic regression analysis, we successfully
identified asthma, Der p (1+2) sIgE, and the Der p (1+2) sIgE/tIgE ratio as the top-ranked variables. Furthermore, we constructed
the nomogram for the efficacy of HDM SCIT. By incorporating these three markers into a prediction model, we achieved a higher
predictive value for responders compared to using single parameters alone. The model demonstrated good predictive capability,
with a C-index of 0.80, AUC of 0.80, sensitivity of 80%, and specificity of 65%. The calibration curve indicated good accuracy,
with observed probabilities in good agreement with the predicted probabilities (HL test, P>0.05). Decision curve analysis
suggested that the nomogram had clinical utility for predicting the efficacy of HDM SCIT.

Importantly, compared with the existing models,?® >

the predictive indicators used in our nomogram were easily accessible in
clinical practice and had high accuracy, which was helpful for rapid prediction of SCIT effects. For example, Wang et al used
arandom forest algorithm to identify the sIgE/tIgE ratio, TFR/TFH2 cell ratio, and CD23+BSM frequency as key biomarkers for
predicting the efficacy of SCIT. Furthermore, they developed a prediction model for SCIT efficacy using these biomarkers, and

this model showed excellent predictive performance with an AUC of 0.90.*

However, the study employed flow cytometry to
detect the relevant biomarkers, limiting its current widespread application in clinical settings. Liu et al proposed combining
therapeutic effect within 8 weeks with the sIgE/tIgE ratio to predict long-term HDM SCIT efficacy. However, this model achieved
only moderate predictive performance (AUC=0.69) and required post-treatment data, preventing pre-treatment efficacy
prediction.”!

In clinical practice, when sIgE levels of HDM exceed 0.70kU /L with associated allergic symptoms, HDM SCIT may be
considered.'”> However, the specific efficacy of SCIT requires further evaluation. Currently, studies predicting the efficacy of
HDM SCIT are mostly focused on Der p sIgE and tIgE. Liu et al demonstrated that a Der p sIgE/IgE ratio= 12.6% effectively
predicted the efficacy of sublingual immunotherapy (SLIT), with its predictive performance superior to that of Der p sIgE.>* Tu
et al proposed that the efficacy of HDM SCIT was primarily associated with sIgE. When the sIgE levels of Der p reached or
exceeded 53.86 kU /L, this level could effectively predict the efficacy of HDM SCIT.* These findings suggested that the higher
the sIgE levels were, the greater the likelihood of response to HDM immunotherapy. However, Der p 1 sIgE and Der p 2 sIgE in
relation to the efficacy of HDM SCIT are rarely studied. Whether Der p 1 sIgE and Der p 2 sIgE can serve as biomarkers for
predicting the efficacy of HDM SCIT remains inconclusive.>** Some studies found that Der p 1 sIgE and Der p 2 sIgE
decreased in children with AR undergoing HDM SCIT.*” Furthermore, changes in Der p 1 sIgE and Der p 2 sIgE showed
a significant positive correlation with clinical symptom improvement (P<0.05).*® These findings suggest that Der p 1 sIgE and
Der p 2 sIgE may serve as effective biomarkers for the efficacy of HDM SCIT. Our study discovered that the baseline levels of
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Der p 1 sIgE and Der p 2 sIgE were significantly higher in responders than in non-responders (P<0.05). This implied that patients
with elevated levels of Der p 1 sIgE and Der p 2 sIgE exhibited better responses to HDM SCIT. Thresholds of 43.87 kUA/L for
Der p (1 +2) sIgE effectively predicted the efficacy of HDM SCIT. Moreover, their predictive performance was superior to tIgE,
Der p sIgE and the Der p sIgE/tIgE ratio. Therefore, Der p 1 sIgE and Der p 2 sIgE could serve as biomarkers.

In this study, asthma (AS) was significantly associated with the efficacy of HDM SCIT, suggesting that HDM allergic
children with AS were more likely to respond to the therapy. To date, no prior studies had supported this conclusion. Previous
studies had found that the immune mechanisms of SCIT for AR with and without AS were different.*® Patients with AS might
exhibit a more robust Th2-type immune response,*” which was more responsive to SCIT. Besides, patients with AS often had
higher levels of sIgE to major HDM components (Der p 1 and Der p 2),*'** which correlated with greater clinical benefit from
SCIT. This aligned with our previous finding that HDM SCIT demonstrated better efficacy if the Der p (1+2) sIgE levels
reached or exceeded 43.87 kU,/L. We also noted that asthma-related airway inflammation might enhance dendritic cell
activation and antigen presentation, leading to improved immunological tolerance induction.*?

There were several limitations in our current nomogram. Firstly, the target population of the nomogram was children aged
5to 15 years with AR and/or AS who were monosensitization to HDM only. Therefore, this model should not be extrapolated
to adults, patients with polysensitization, or those who did not have AR and/or AS. Secondly, the nomogram was only
internally validated in a single-center cohort, which might introduce a selection bias. The nomogram required external
validation in randomized, double-blind, placebo-controlled trials with larger sample size to confirm its clinical utility and
generalization. Thirdly, this study used two different immunoassay platforms. Serum tIgE and sIgE to HDM extracts (Der
p and Der f) were measured using the ImmunoCAP system, while sIgE to HDM components (Der p 1, 2, 10, and 23) was
assayed using the NOVEOS platform. While both systems were validated and widely used, inherent differences in assay
principles, calibration, and dynamic ranges might affect the comparability of absolute IgE values. Therefore, our results should
be interpreted with caution, and future studies should consider using a single platform or perform cross-platform validation for

direct comparisons.

Conclusion

In our study, we developed a nomogram to predict the efficacy of HDM SCIT using asthma, Der p (1+2) sIgE, and the
Der p (1+2) sIgE/tIgE ratio in children with AR and/or AS. With clinically accessible predictors, the model demonstrated
robust predictive performance in the validation cohort, and the conclusions drawn from the study were directly supported

by the nomogram’s calibration and discrimination metrics.
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