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Objective: To investigate the present state of adherence to subcutaneous specific immunotherapy (SCIT) in children sensitized to dust
mites, explore the factors contributing to the cessation of SCIT in this demographic, and provide scientific evidence aimed at
improving compliance and efficacy of SCIT in pediatric patients.

Methods: A retrospective analysis was conducted on clinical data of pediatric patients who received treatment at our desensitization
center between January 2017 and December 2023. These children exhibited sensitivity to dust mites and were diagnosed with allergic
asthma, allergic rhinitis, or other allergic diseases, subsequently undergoing SCIT therapy. The fulfillment of the SCIT regimen was
evaluated, and the factors contributing to treatment cessation were analyzed.

Results: A total of 680 children were included in the study. Of these, 424 children (62.35%) successfully completed the entire
treatment regimen (total course >3 years), whereas 256 children (37.65%) chose to discontinue the treatment prematurely (total course
<3 years). The reasons for the cessation of SCIT, ranked from most to least common, included efficacy issues (54.69%), drug
intolerance (18.75%), family-related factors (10.94%), the repercussions of the COVID-19 pandemic (6.64%), influence from other
diseases (6.25%) and various other reasons. The primary reason for discontinuation within the first month was family factors (46.15%),
while within six months, it was drug intolerance (40.82%), and after 6 months, efficacy issues (68.04%) became the leading cause.
Conclusion: The uncertain efficacy and intolerance to the medication predominantly hinder compliance with SCIT in children, while
family factors serve as the main reason for discontinuation within the first month. By enhancing parental comprehension and
awareness of SCIT, standardizing operational protocols, and promptly addressing any adverse reactions, compliance with SCIT
could be significantly improved.
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Introduction

Allergic asthma (AA) and allergic rhinitis (AR) rank as the most prevalent chronic airway allergic diseases in children,
with an increasing incidence that significantly affects pediatric health and imposes considerable financial burdens on
families and society.'” The house dust mite (HDM) stands out as the primary allergen responsible for triggering
respiratory allergies® Indeed, complete avoidance of allergens, particularly HDM, proves to be an elusive goal. While
traditional pharmacological treatments, such as inhaled corticosteroid, continue to be the most commonly prescribed
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therapies for respiratory allergies, the long-term reliance on medication, alongside potential adverse effects and economic
implications, should be carefully considered. Moreover, pharmacological interventions often address only the symptoms,
with many patients experiencing a relapse upon cessation of treatment.

Allergen immunotherapy (AIT) is the sole treatment endorsed by the World Health Organization capable of altering
the natural progression of allergic diseases, providing immune tolerance for many years even after the therapy
concludes.*® Currently, AIT is primarily administered through two routes: subcutaneous immunotherapy (SCIT) and
sublingual immunotherapy (SLIT).” SCIT is the most prevalent and effective AIT modality in clinical practice, requiring
repeated administration of allergen extracts over a duration of 3—5 years to establish immune tolerance.”® The success of
SCIT relies on the regularity allergen extract administration; therefore, adherence to SCIT is crucial for achieving
satisfactory long-term outcomes. Previous studies showed that fewer than 20% of AIT patients persist with the treatment
during the second year of 3 to 5-year therapeutic regimen.”'® In central China, Yang et al'' reported 64.6% of SCIT
patients completed 3 years of treatment. Besides, Lee et al'? reported 19.6% of AIT patients failed to completed 3 years
of treatment in Korea. The adherence rates of AIT vary largely across different regions.

This situation may lead to ineffective treatment, a waste of medical resources, and increased healthcare expenses. The
World Health Organizaon posits that increased adherence could significantly influence the overall health of the popula-
tion, more so than advancements in specific pharmaceutical therapies.'? Hence, there is an urgent need to comprehend the
reasons behind discontinuation at different stages of SCIT in order to bolster adherence and efficacy. The major factors
associated with non-compliance include long duration of AIT, the frequency of injections, perceived efficacy, allergic
reactions during vaccinations, and travel considerations; these factors are influenced by regional differences, health
system structures, and cultural contexts.'*'> While various factors influencing SCIT discontinuation are known, there is
a lack of studies systematically analyzing how the relative importance or prevalence of these factors may vary at different
stages (time points) during the treatment course. Most studies regarding SCIT compliance focuses on adult populations or
general populations (comprising both adults and children); there is a scarcity of robust studies specially targeting
children, both in sample size and duration.'®!” Additionally, compare with the wide application of SCIT in AR and/or
AA, it is currently unclear whether AIT is an effective treatment for patients with AD. Although several studies
demonstrated positive effects of AIT in patients with AD, only a few data sets are available, thereby making reference
value less robust.'®!°

The digital transformation of healthcare sector, including mHealth and Artificial Intelligence, places the patient at the
center of the healthcare system and revolutionizes the practice of medicine, especially in AIT.**?' The European
Academy of Allergy and Clinical Immunology (EAACI) recommends that technology-driven patient-centered care can
greatly improve clinical practice, particularly in the adherence and efficacy of AIT.?* In this study, we utilized an
integrated mobile and web-based platform called e-LinkCare (e-LinkCare, UBREATH®, Hangzhou, China) to facilitate
the comprehensive management of the AIT course. This mobile technology integrates tools for overseeing AIT protocols,
including patient information, injection records, and automated administrative tasks.

Hence, this study aimed to explore the reasons for discontinuation of AIT within a large pediatric cohort from
January 2017 to December 2023 in Hangzhou, China, thereby providing scientific evidence for effective strategies to
improve treatment adherence in children undergoing SCIT.

Materials and Methods

Study Population

Pediatric patients diagnosed with HDM-sensitized AR, AA, or atopic dermatitis (AD) who underwent SCIT at the
Allergy Clinic of the Respiratory Department, Children’s Hospital, Zhejiang University School of Medicine, from
January 2017 to December 2023, were included in this study. Patients who transferred care or were still undergoing
SCIT at the time of analysis due to uncertainty regarding their completion of the full treatment course were excluded. To
enhance the reliability of our findings on reasons for SCIT discontinuation, we focused specifically on patients who had
already concluded their SCIT regimen—whether they completed the full course or not (Figure 1).
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Figure | Flow chart for patient selection.

SCIT was administered to patients with AR and/or AA sensitized to HDM who exhibited uncontrolled respiratory
allergic symptoms, in conjunction with medical therapy and the implementation of avoidance strategies. This treatment
was targeted towards individuals with moderate to severe AR and mild to moderate AA, while those with mild AR and
severe AA were excluded. In detail, moderate-to-severe AR was defined according to the Allergic Rhinitis and its Impact
on Asthma (ARIA) guidelines,”® referring to patients with symptoms that are bothersome and affect daily activities or
sleep. Mild-to-moderate AA was defined based on the Global Initiative for Asthma (GINA) criteria,”* covering patients
with well-controlled or partially controlled asthma on low-to-medium dose inhaled corticosteroids. Given the use of
SCIT for AD remains controversial, we provide SCIT to HDM-sensitized children with AD, following the acquisition of
written consent from their guardians.

This study was conducted in accordance with the Declaration of Helsinki and approved by ethics committee of
Children’s Hospital, Zhejiang University School of Medicine (Ethics Approval No.: 2022-IRB-216). Written informed
consent was obtained from the guardians of all subjects prior to SCIT treatment and the study.

Diagnosing HDM Sensitized AR, AA, and AD

The diagnoses and conventional medical therapies for AR, AA and AD were based on ARIA,>* GINA®* and the expert
consensus statement on the diagnosis and treatment of AD in children in China (2017),%° respectively. Prior to the
initiation of SCIT, all patients underwent serum allergen testing that showed elevated serum immunoglobulin E (sIgE)
levels specific to HDM. This was characterized by serum concentrations of Der p- and/or Der f-sIgE > 0.35 kUA/L,
considered a positive result, including mono-HDM sensitized and mixed sensitized conditions. Mono-HDM sensitization
was defined as being positive only for HDM, with sIgE levels to other inhalant allergens below 0.35 kUA/L. Mixed
sensitization was defined as an elevated HDM sIgE level predominating alongside positive sensitivity to other inhalant
allergens (serum sIgE > 0.35 kUA/L). Additionally, skin prick test revealed positive responses of moderate or greater
intensity to HDM (> ++), confirming sensitization to HDM.

Administration of SCIT and Digital Management System

The standardized HDM-specific SCIT was performed at the allergic clinic of respiratory department. The patients
received subcutaneous injections of the aluminum-formulated Der p Alutard SQ vaccine (ALK-Abello A/S, Horsholm,
Denmark). The treatment protocol followed the recommended up-dosing schedule over a span of 16 weeks, culminating
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in the peak maintenance dose of 100,000 Alutard SQ. Subsequently, this maximum maintenance dose was administered
every 6 weeks for a duration of 3-5 years.?’ Following each administration, patients were monitored in the outpatient
setting for a minimum of thirty minutes to observe and mange any immediate adverse reactions. The grade of systemic
adverse reaction of SCIT refers to the WAO grading standard (2020),¢ with a higher grade indicating greater severity.
Grade 1 is defined as isolated symptoms affecting a single organ system (eg, skin, upper respiratory tract, conjunctiva).
Grade 2 is characterized by multi-organ involvement, including mild asthma (responsive to bronchodilators), gastro-
intestinal symptoms, or uterine cramps. Grade 3 is characterized by severe, unresponsive lower respiratory impairment or
upper airway edema (larynx, uvula, tongue). Grade 4 denotes life-threatening conditions such as respiratory failure or
hypotension (with/without loss of consciousness). Grade 5 represents the fatal outcome of SCIT-related systemic adverse
reactions.

A digital management system designed by e-LinkCare. UBREATH® (Zhejiang Hangzhou, China) was utilized
for the precise and efficient oversight of SCIT patients in the study. An extensive array of information was
documented within this system, including patient demographics (eg. age, gender, allergic diseases, allergens. etc.),
contact information of guardians, enrollment dates, treatment records (including the number of injections,
dosages, times of injection, sites of injection, adverse reactions and subsequent treatments), and completion or
dropout date.

One the one hand, this app system can automatically send injection reminders to guardians of patients who
fail to receive treatment on time throughout the course of treatment. On the other hand, patients who did not
adhere to the recommended scheduled for injections were also monitored weekly by specialized nurses, who
reached out to their guardians to ascertain the reasons for any missed appointments and to document these
incidents. Therefore, the treatment records were accurate and reliable, and the variables included in this study
were complete.

Compliance Assessment Criteria

Treatment adherence was characterized as the receipt of SCIT following the designated treatment regimen for a minimum
duration of three years.”” In present study, a three-month interruption is commonly used to define significant treatment
discontinuation in long-term injection, which aligns with previous study.'"'” Furthermore, in clinical practice, delaying
injections beyond this timeframe can substantially compromise dosing efficacy, necessitate dose re-titration, require
additional hospital visits for dose adjustment, or even involve re-initiation of the treatment regimen. Therefore, patients
experiencing a delay of three consecutive months from their advised treatment schedule and/or whose guardians opted to
terminate the treatment within the three-year SCIT period were categorized as having drop-out, with the reasons for
discontinuation duly documented.?' In this study, children who finished at least 3 years of uninterrupted treatment were
classified within the compliant group, while those who ceased treatment prior to the three-year mark were assigned to the
drop-out group.

Statistical Analysis

All statistical analysis were conducted utilizing SPSS software (version 26.0). All data variables included in this study
were fully recorded with no missing values. Continuous variables of normal distribution (Kolmogorov—Smirnov test)
were expressed as mean and standard deviation, whereas those with non-normal distribution were depicted by median
(M) and interquartile range (IQR). The evaluation of continuous variables was conducted using 2-sample t tests, while
the Mann-Whitney U tests were employed to compare nonparametric variables. To ascertain the association between
categorical variables, the Pearson chi-square test and Fisher’s exact test were used. Bonferroni method was used for
multiple comparison correction. A two-tailed a of 0.05 was established for all tests, with p < 0.05 deemed statistically
significant.
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Results

Baseline Information and Compliance of SCIT (January 2017 and December 2023)
Between January 2017 and December 2023, a total of 1486 pediatric patients underwent HDM-specific SCIT at our
hospital’s respiratory center. Of these patients, 680 completed the treatment (including those who drop-out), while 806
children continued their SCIT throughout the study duration. Among those who concluded the therapy, 256 ceased SCIT
prior to the recommended minimum of three years, whereas 424 successfully completed the SCIT regimen lasting three
to five years. The overall compliance rate of SCIT was 62.35% (424/680).

Excluding the children who were still receiving treatment during the study period and those transferred to another
hospital for SCIT, a total of 680 children were selected for further analysis, divided into compliant group (n=424) and
drop-out group (n=256) based on the aforementioned definitions. No statistically significant differences were observed
between the two groups in terms of gender, age at the onset of SCIT, and place of residence (P > 0.05). The duration of
treatment in the drop-out group was significant shorter than that of compliant group (1305.5 days vs. 469.0 days, p <
0.001). A summary of the demographic characteristics of the patients was listed in Table 1.

In the cohort of individuals who discontinued treatment, 13 patients (5.08%) ceased SCIT in less than 1 month, 18
patients (7.03%) withdrew within 3 months, 31 patients (12.11%) terminated treatment between the third to sixth month,
46 patients (17.97%) discontinued from the sixth to twelfth month, 87 patients (33.98%) exited from the twelfth to
twenty-fourth month, and 61 patients (23.83%) ceased treatment from thetwenty-fourth to the thirty-sixth month.

Efficacy Concerns and Intolerance of SCIT Mainly Affected Compliance

In our study, the factors influencing adherence to SCIT, ranked from highest to lowest, included efficacy concerns (54.69%),
intolerance to SCIT (18.75%), family influences (10.94%), the repercussions of COVID-19 (6.64%), other health conditions
(6.25%), a transition to traditional Chinese medicine (1.17%), and inability to establish contact (1.56%) (Table 2).

For discontinuation stemming from efficacy concerns, 126 children withdrew due to ambiguous treatment
outcomes (the ineffectiveness or minimal impact of SCIT acknowledge by their guardians and medical profes-
sionals), with an average treatment duration of 17.9 months. Interestingly, the remaining 14 children ceased SCIT
treatment simple because their guardians perceived the improvements to be substantial enough to render further
treatment unnecessary; this occurred during the maintenance phase of SCIT, with an average treatment duration of

Table | Children Characteristics of SCIT Treatment

Characteristics Compliant Group | Non-Compliant Group P value
(n=424) (n=256)
Gender, n (%) 0.072* 0.789
Male 294 (69.3%) 175 (68.4%)
Female 130 (30.7%) 81 (31.6%)
SCIT start age (years) 7.0 (6.0-9.0) 7.0 (6.0-9.0) 0.667° 0.505
SCIT start age categories
5-8 years, n (%) 289 (68.2%) 171 (66.8%) 0.934° 0.627
9—12 years, n (%) 124 (29.2%) 75 (29.3%)
>12 years, n (%) Il (2.6%) 10 (3.9%)
Living areas, n (%) 5.760% 0.098
Hangzhou Area 361 (85.1%) 200 (78.1%)
Surrounding Areas of Hangzhou 27 (6.4%) 24 (9.4%)
Other Areas in Province 35 (8.3%) 31 (12.1%)
Out of Province 1 (0.2%) 1 (0.4%)
Treatment duration (days), median (IQR) | 1305.5 (1204-1421) 469.0 (197.8-704) -21.782° <0.001*
Injection numbers, median (IQR) 45 (41-46) 25 (18-30) -21.872° <0.001*

Notes: aChi-square test, bMann-Whitney test, *P < 0.05.
Abbreviations: IQR, 25% to 75% interquartile range.
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Table 2 Distribution of Reasons for Discontinuation of SCIT in

Children
Discontinuation Reasons Patients Percentage (%)
Efficacy Issues 140 54.7
SCIT intolerance 48 18.7
Family Factors 28 1.0
COVID-19 impact 17 6.6
Other diseases 16 6.2
Switch to Chinese traditional medicine 3 1.2
Cannot contact 4 1.6

20.5 months. Among the 48 children who discontinued treatment due to intolerance, 30 patients encountered adverse
reactions (AEs) related to SCIT, with immediate systemic reactions occurring within half an hour after injection (24
cases) being the most prevalent. In total systemic reactions, Grade 1 was recorded 80 times, Grade 2 occurred 6
times and Grade 3 was noted 4 times, all of which were relieved immediately following symptomatic treatment.
Thirteen patients experienced systemic reactions more than three times. Despite adjustments made to reduce the
injection dosage and/or splitting it into two separate injections, they remained intolerant and withdrew from
treatment. Four children who exhibited moderate to severe systemic reactions were administered epinephrine
injections and recovered without severe repercussions; however, their parents opted to discontinue treatment due
to perceived future risks. Additional AEs included delayed systemic reactions (4 cases of asthma attacks occurred
beyond 30 minutes) and local AEs at the injection site (2 cases of injection site swelling exceeding 5 cm in
diameter). Furthermore, 18 children terminated treatment due to exacerbated dermatitis symptoms (including
dermatitis that emerged during the course of treatment).

In this study, grade 1 systemic reactions were frequently observed and had a minimal effect on compliance with SCIT.
Nevertheless, the intensity of adverse reactions exhibited a notable correlation with treatment discontinuation, demon-
strating a statistically significant difference (P < 0.05), as illustrated in Table 3.

Among the factors contributing to dropout rates, 13 cases were attributed to pediatric reasons, with 9 children
relocation for educational purposes and 4 opting to discontinue treatment due to psychological issues during adolescence.
Parent-related factors accounted for 15 cases. Of these, 5 parents deemed the lack of time for transportation and the
prolonged treatment duration as inconvenient. Meanwhile, 2 parents perceived their child’s symptoms as “mild”,
deeming SCIT unnecessary, while 8 parents expressed significant concerns regarding SCIT. For the latter group, 5
cases ceased treatment after just one injection due to disagreements among family members. The influence of the
COVID-19 pandemic and comorbidity on SCIT adherence was minimal, with only 17 patients interrupting their
treatment due to fears of contracting COVID-19, and 8 children maintaining treatment regimens that lasted nearly 3
years. Additionally, 16 children halted their treatment due to the emergence of other diseases during SCIT, including
contraindications for the therapy.

Table 3 Impact of Systemic Adverse Reactions on SCIT Compliance

Systemic Adverse Reaction | Compliant | Non-Compliant P value
(n=424) (n=256)
Occurrence patients 149 (35.1) 75 (29.3) 2.468° 0.116
Occurrence injections 770 (4.2) 274 (4.6) 0.736° 0.391
Grade of injections 0.043¢"
Grade | 752 (97.7) 264 (96.3)
Grade 2 17 (2.2) 6(2.2)
Grade 3 1 (0.1) 4 (1.5)

Notes: *Chi-square test, “Fisher’s exact test, *P < 0.05, Systemic adverse reaction grade refers to the WAO grading

standard, with a higher grade indicates greater severity.
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Figure 2 The reasons for SCIT dropout in children varied at different discontinuation times.

Main Factors for Discontinuing SCIT Varied at Different Cessation Times

In the group of individuals who discontinued treatment, 60 children (23.44%) ceased their therapy during the initiation
phase of SCIT and, while 196 children (76.56%) did so in the maintenance phase. Furthermore, 108 patients (42.19%)
terminated their treatment in the first year, 87 cases (33.98%) in the second year, and 61 cases (23.83%) during the
third year, with the proportion gradually decreasing each subsequent year.

By examining the patterns of drop-out occurrences, we discovered that the predominant factors influencing dropout
varied according to different termination periods. Within the initial month, family-related issue (46.15%) emerged as the
most prevalent reason, whereas intolerance to SCIT (38.71-44.44%) became the principal cause for discontinuation of
therapy during the first to sixth month. For those exceeding six months, concerns regarding efficacy (65.6—70.11%) surfaced
as the primary factor impacting adherence to SCIT, followed by treatment intolerance (15.22-16.10%) (Figure 2).

Impact of Reasons for SCIT on Treatment Adherence in Children

Among the 680 children who successfully completed the SCIT course, the predominant reason for undergoing SCIT was
a combination of AR and AA (n=329, 48.38%), followed by AR (n=305, 44.85%), AA (n=36, 5.29%), and AD (n=10,
1.47%). Notably, all children solely diagnosed with AD who underwent SCIT experienced interruptions in their
treatment, which led to a complete exacerbation of dermatitis symptoms (100%).

The rates of adherence and dropout exhibited considerable variation regarding the reasons for SCIT (p<0.001)
(Table 4). A more in-depth analysis indicated the dropout rate within the AD group was significant elevated in
comparison to the other three groups (100%, p < 0.001 for all, as determined by Fisher’s exact test). Furthermore,
a statistical difference in dropout rates was noted between the AR group and the AA group (43.93% vs. 19.44%, p =
0.005), as well as between the AR group and the AA+AR group (43.93% vs. 31.91%, p = 0.002). Conversely, there was
no notable difference on the dropout rates between the AA group and AA+AR group (19.44% vs. 31.91%, p > 0.05).

Table 4 The Impact of the Reason for SCIT on Treatment Compliance

The Reason for SCIT Total Compliant | Non-Compliant | P value | Adjusted P Value (Bonferroni Correction)
AA AR AA+AR AD
AA 36 (5.3) 29 (80.6) 7 (194) <0.001* - 0.004 0.133 <0.001
AR 305 (44.9) 171 (56.1) 134 (43.9) 0.004 - 0.002 <0.001
AA+AR 329 (48.3) | 224 (68.1) 105 (31.9) 0.133 0.002 - <0.001
AD 10 (1.5) 0 (0) 10 (100) <0.001 <0.001 <0.001 -

Notes: “Fisher’s exact test, *P < 0.05, Bonferroni correction adjusted a = 0.05/6 = 0.0083, AD for SCIT was a exploratory treatment.
Abbreviations: AA, allergic asthma; AR, allergic rhinitis; AA+AR, allergic asthma and allergic rhinitis; AD, atopic dermatitis.
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Discussion

Compliance plays a vital role in maximizing the effectiveness of SCIT, and identifying these determinants can greatly
improve treatment outcomes. Recent studies on SCIT adherence have yield varied findings, influenced by factors such as
geographical location, study methodology, and demographic characteristics. Previous studies examining adherence to
SCIT showed mixed results with adherence rates ranging from 23 to 89%.>7® Between January 2017 and
December 2023, our hospital’s respiratory center administered SCIT to 1486 pediatric patients, with 256 discontinuing
treatment and 424 completing the course, resulting in a compliance rate of 62.35% (424/680), which is comparable to
domestic report'' and higher than most similar studies conducted internationally.”® This moderate compliance rate may
be attribute to the fact that all participants in this research were children, in line with other studies, indicating that SCIT
compliance among children is generally superior to that of adults.***' Some studies have shown that younger patients
often experience improved therapeutic outcomes from SCIT.**** Moreover, parents, as pivotal influence in pediatric care,
frequently exhibit a robust desire and commitment to support their child’s treatment, which may enhance treatment
adherence. Additionally, a significant portion of our center’s patients consisted of younger children, and the early
adoption of digital precision management for allergic diseases likely fostered the increased compliance rates.>*

In this study, a digital management app was applied in the whole course of SCIT treatment, in which the basic
information and treatment records of the patient were recorded in detail and dynamically. Importantly, doctors can
identify which patients have not adhered to their scheduled treatment each week, and the digital system can automatically
send treatment injection reminders to the guardians until the injection is administered. For patients and guardians, if they
are unable to receive the scheduled injection due to unforeseen circumstances, they can submit a leave request and state
the reason on the app. Simultaneously, specialized nurses would call the patient’s guardian whose injections have been
overdue for two weeks, using the contact information on the app, to remind them to complete the treatment on time.
Facilitated by this application, automatic communication and enhanced engagementconnection between doctors and
patients make it easier to monitor treatment and improve adherence.

Our findings in this study reveal that the foremost reasons of discontinuation of SCIT were issues related to efficacy
and drug intolerance, in consistent with conclusions from previous studies.'' The uncertainty expressed by parents
regarding the effectiveness of the treatment emerged as the most important influence on pediatric SCIT adherence. Some
parents perceived the initial treatment as effective during SCIT process, yet later observed a plateau in the therapeutic
benefits, prompting them to unilaterally terminate the therapy when their expectations were not fulfilled. Furthermore,
other parents prematurely ceased the administration of allergy medications, such as anti-histamines and inhaled
glucocorticoids, leading to less optimal outcomes. In this study, 8 children halted treatment during the initial phase
due to doubts surrounding SCIT efficacy, highlight the vital importance of health education prior to initiating SCIT.
Therefore, it is essential to provide parents with realistic expectations regarding SCIT outcomes and emphasize the
necessity of continuing symptomatic medication before embarking on SCIT. Additionally, a declining trend in drop-out
rates was observed over the first, second, and third years of SCIT, which in consistent with clinical practice indicating
that the benefits of SCIT become increasing evident as treatment progresses. Consequently, ensuring compliance during
the first year is particularly crucial.

In contrast to uncertainties regarding efficacy, 14 children (5.47%) in this study discontinued SCIT prematurely
because their parents believed the treatment had already achieved adequate effectiveness. When compared to other
studies, the number and patients of patients terminating for this reason were relatively modest.** This might be attributed
to our center’s ongoing health education and communication with patients and their families throughout the treatment
journey. Nevertheless, this reason for dropout still merits attention. For instance, two children with in our center
concluded SCIT around the second year due to marked improvements, only to recommence treatment six months later
when their allergy symptoms exacerbated. Such occurrences may result in a waste of medical resources and an increased
financial burden on families and society. Therefore, healthcare providers must place significant emphasis on patient
education and maintain close communication during treatment, underscoring the necessity of completing a treatment

course lasting at least three years to secure sustained and long-term benefits.
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The intensity of adverse reactions significantly influences patient adherence to SCIT. Our study found that drug
intolerance, accounting for 18.75%, was the second most pivotal factor contributing to SCIT discontinuation. It is
imperative for specialized practitioners and nursing staff to establish standardize SCIT treatment protocols while
improving comprehensive patient management. Prior to each subcutaneous injection, a comprehensive evaluation of
the child’s condition should be undertaken to proactively address those at elevated risk for adverse reactions. For children
with recurrent adverse reactions, prompt and suitable modifications to the treatment plan and dosage should be
implemented, potentially in conjunction with the introduction of omalizumab.>>=® Adherence to established protocols
during injections, vigilant post-injection monitoring, and effective emergency response measures are essential to prevent
severe adverse reactions.

Previous studies, have pinpointed a range of inconveniences as significant determinants affecting SCIT
adherence.''**” Nonetheless, in our study, only 5 children ceased treatment for this reason. This phenomenon may be
linked to the developed economy and accessible transportation in Zhejiang province, in addition to the abundant
provision of SCIT in local healthcare facilities. Our center proactively offered referral services to assist patients
encountering transportation obstacles. This measure also enabled many children to continue their treatment at nearby
hospitals, thereby minimizing interruptions, especially during COVID-19 pandemic.

Our study also revealed that the rationale behind SCIT influence compliance rates. Children with asthma or with both
a AA and AR exhibited higher adherence levels compared to peers suffering solely from AR, which was rarely
documented in other studies.'""'>® Parents tend to underestimate the detrimental effects of AR, perceiving impact on
growth, daily activities, and educational pursuits as less significant than that of asthma, or they believe that AR symptoms
will as their children mature. Among those who halted SCIT due to uncertainties regarding its effectiveness, the majority
were AR patients, comprising 81 cases (64.27%). Despite numerous national and international guidelines advocating for

SCIT in the management of respiratory allergies instigated by dust mites,*’

not all individuals experience satisfactory
efficacy. Furthermore, SCIT has been incorporated into guidelines for AD, although its effectiveness remains a subject of
debate.'”*® Our center has recently commenced investigation into SCIT for AD; however, the outcomes have not met
expectation. In this study, 10 children who attempted to undergo SCIT for AD improvement discontinued the treatment
midway due to worsening dermatitis following injections. Therefore, clinical decisions pertaining to SCIT for AD
patients should be approached with caution. However, because the AD sample size was relatively small, this finding
should be regarded as merely an exploratory result and necessitates validation in larger cohorts.

This study has some limitations. First, this single-center design may restrict the generalizability of the findings.
Nevertheless, our study included a relatively large sample size and covered an extended timeframe. These features
strengthen the internal validity of our results and provide valuable insights that can inform clinical practice and future
research in similar settings. The assessment of perceived efficacy in this study relied primarily on reports from children
and their parents, rather than on systematically collected symptom/medication scores or biomarker data such as HDM-
sIgE and tIgE levels or lung function tests. This limits our ability to provide more definitive evidence of clinical efficacy.
At the same time, in the context of this real-world study, parents and guardians in China typically observe their children
closely on a daily basis and are highly attentive to changes in their health and well-being. Their concerns regarding
treatment efficacy, though subjective, do reflect meaningful patient-centered outcomes and can offer valuable insights
into real-world persistence and satisfaction with therapy. We plan to incorporate more objective efficacy measures in
future studies to better capture and quantify treatment response. Furthermore, the retrospective design and limited clinical
indicators did not permit multivariable adjustment for potential confounders. Therefore, the associations observed in
univariate analyses should be interpreted as preliminary and warrant confirmation in larger, prospective studies designed
for such modeling. As a single-center study conducted in an urban, relatively affluent pediatric population, our results
may reflect local clinical protocols, socioeconomic factors, and patient demographics that limit generalizability. These
contextual features underscore the need for caution when interpreting the univariate associations observed here. We also
now explicitly position our work as an initial, hypothesis-generating step—one that highlights the importance of
treatment adherence in pediatric SCIT but awaits validation in larger, multi-center cohorts with greater demographic
and clinical diversity. Future prospective studies with larger cohorts are needed to validate these findings and to utilize
robust multivariable models, such as logistic regression or Cox proportional hazards, to identify independent predictors
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of SCIT adherence. Nonetheless, the study is grounded in a substantial real-world cohort of pediatric SCIT interventions,
and the duration of the study is comparatively extensive, thereby yielding valuable insights into the improvement for
SCIT adherence.

Conclusion

Our study demonstrated a moderate compliance rate of SCIT in the pediatric population, and the foremost reasons for
discontinuation of SCIT were issues related to efficacy and drug intolerance. Furthermore, our study demonstrates
distinct phases of dropout reasons, highlighting the need for stage-specific interventions to improve adherence, such as
family counseling at the initiation phase, AE monitoring during dose escalation and expectation management in the
maintenance phase. In an exploratory subgroup analysis, all pediatric patients with atopic dermatitis discontinued SCIT,
suggesting that SCIT may not be suitable for this population. However, given the limited sample size and exploratory
nature of this finding, further investigation is warranted to confirm these observations.
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