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Background

The efficacy of allergen immunotherapy (AIT) in treating pediatric allergy has been clearly demonstrated, however, many patients hesitate to initiate AIT due to weekly hospital visits during the 3-4 months up-dosing phase. Meanwhile, rush immunotherapy (RIT) shortens the duration of the up-dosing phase to 7 days. However, considering that patients receiving RIT are exposed to the allergens during a much shorter period of time and thus may be at a greater risk of systemic reactions, RIT is currently underused, especially in children. This study investigated the utility of combination treatment with RIT plus 1 dose of pretreatment anti-IgE in children with respiratory allergies.



Methods

In this retrospective study, we reviewed records of children with allergic rhinitis (AR) and/or allergic asthma (AA) sensitized to dust mite allergens receiving RIT+1 dose of pretreatment anti-IgE (the RIT group) or conventional immunotherapy (the CIT group) at our hospital from January 2020 to March 2021. Data such as visual analogue scale (VAS) scores, comprehensive symptom and medication score (CSMS), allergy blood test results, adverse reactions, compliance and cost were collected and analyzed.



Results

40 patients in the RIT group and 81 patients in the CIT group were included in this study. Both treatments were well tolerated and patients in the 2 treatment groups had comparable local and systemic reactions. Compared to CIT, RIT + anti-IgE combination led to significantly faster symptomatic improvement as demonstrated by significantly decreased VAS and CSMS starting as early as 1 month after AIT initiation (P<0.05). Nobody dropped out in the RIT group during the 1 year follow-up, while 11 out of 81 patients in the CIT group dropped out (loss rate 13.5%). Thus, the RIT group had a significantly higher compliance rate than the CIT group (P<0.05). Finally, the 2 treatment regimens had comparable cost per patient per injection (P> 0.05).



Conclusions

RIT + 1 dose of pretreatment anti-IgE combination has practical advantages over CIT, including comparable safety, better compliance, and probably a faster onset of clinical efficacy at no additional cost, so it can be an useful regimen for the treatment of Chinese children with respiratory allergies.
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Introduction

Since its first introduction by Noon in the early 1900s (1), allergen immunotherapy (AIT) has been used to treat allergic diseases and its efficacy has been clearly demonstrated, particularly for treating respiratory allergies (allergic rhinitis [AR] and allergic asthma [AA]) (2). However, although the efficacy of AIT has been repeatedly reported by numerous clinical trials and meta-analyses, it remains underused and was used in less than 10% of patients with AR and/or AA worldwide (2). In addition, the proportion of patients completing the 3-year AIT treatment course was as low as 30% of those who initiated the treatment (3). During the initial 3 to 4-month build-up (up-dosing) phase of the conventional subcutaneous AIT, patients need to make weekly hospital visits and this is a major contributor to patients’ reluctance to initiate AIT. Addressing this key factor for low patient compliance is needed to optimize an immunotherapy strategy that could improve patients’ convenience and experience (4). Rush subcutaneous immunotherapy (RIT) with markedly shorter duration of initial build-up phase was introduced in an effort to improve patient convenience and experience, especially during the Coronavirus (COVID-19) pandemic, when minimizing the need for patients to make hospital visits was advised to reduce the risk of spreading the COVID infections. During recent years, there have been several studies on RIT (4–7). Some reports (2, 8) found that RIT had a good safety and efficacy and was well tolerated, especially when administered in combination with anti-IgE (Omalizumab) (9–11),pretreatment of Omalizumab could quickly lessen patients’ adverse reactions to RIT. However, data on combination RIT in pediatric patients are scarce. In the current retrospective real-world study, we compared the efficacy, safety, patients compliance, and cost of RIT + 1 dose of pretreatment anti-IgE with conventional AIT in pediatric patients with mites-induced allergies treated at our center during recent years.



Materials and methods


Patients

This is a single-center, real world, retrospective study performed at the Third Affiliated Hospital of Sun Yat-sen University, Guangzhou, China. This study included all of the patients aged 5 to 16 years with mite-induced AR and/or AA treated with RIT + 1 dose of pretreatment anti-IgE (Omalizumab) or conventional AIT at our hospital from January 2020 to March 2021. Patients with severe asthma were excluded. Diagnosis of asthma and its severity were periodically assessed and reassessed for each patient according to the Global Initiative for Asthma (GINA) Guidelines (7). AR were diagnosed and managed according to the British Society for Allergy and Clinical Immunology (BSACI) guideline (12). All patients took allergen tests to confirm that mites were the only allergens, or, in the case of patients with multiple sensitization, the main allergens of 2 or 3 types of allergens. A patient’s allergy to mites was confirmed when the skin prick test was positive (≥++), or his/her serum level of anti-mite specific IgE (sIgE) was ≥ ++. Finally, all patients took pulmonary function tests to determine whether they had complication(s) of asthma.

Patients were assigned to 2 treatment groups based on the treatment regimen they received: the RIT group received RIT in combination with 1 dose of pretreatment anti-IgE (Omalizumab) and the CIT group received conventional AIT (CIT). Patients in the RIT group were hospitalized and administered with one dose of anti-IgE (Omalizumab) before RIT.

This study was approved by the Ethics Committee of our hospital (The Third Affiliated Hospital of Sun Yat-sen University, Guangzhou, China). All patients provided written informed consent before starting treatment. In addition, all of them also gave written informed consent for publication of this study.



Treatment

To ensure safety, all patents were treated with oral antihistamines before each subcutaneous injection of the allergen shot in the morning, and they were monitored for at least 1 hour after each injection. Mite preparations containing a mixture (1:1) of dermatophagoides pteronyssinus (DP) and dermatophagoides farinae (DF) extracts ® (Allergopharma Joachim Ganzer KG, Reinbek, Germany) were used as allergen shots for subcutaneous immunotherapy in this study. The highest concentration of the mite allergen shot used had an allergenic activity of 5,000 TU/mL. The first maintenance dose was administered on day 7 for patients in the RIT group and on week 14 for patients in the CIT group. After the first maintenance dose, patients entered maintenance phase and were maintained at a dose of 1.0 mL (5,000TU/mL). Detailed RIT and CIT schedules were described in Table 1.


Table 1 | RIT and CIT schedule.



Compared to patients in the CIT group, patients in the RIT group were exposed to a large amount of allergens during a much shorter period of up-dosing phase, therefore, the 7-day up-dosing phase of RIT was conducted in a hospital setting to monitor and timely treat the possible systemic reactions. Patients in the CIT groups received their treatment in our outpatient department. Patients in both the RIT and CIT groups were administered with oral antihistamines according to instruction (Loratadine tablets, 5mg for bodyweight < 30 kg,10mg for≥30 kg) at least 1 hour before each injection of mite allergen shot. In addition, all patients in the RIT group were given a shot of anti-IgE (150mg Omalizumab, Novartis Pharma Stein AG, Stein, Switzerland) subcutaneously at least 1 hour before starting AIT. In addition, peak expiratory flow (PEF) was measured 3 times both before and after each injection using a peak flow meter. If a patient’s mean PEF was higher than 70% but ≤80% of the predicted normal value (5), he/she would be given symptomatic treatment and injections of allergen shot would be given under close observation. If a patient’s mean PEF value was ≤70% of the predicted normal value (5), the patient would stop receiving injections and be given appropriate treatment. The injection would be resumed only after the patient’s PEF value returned to normal (5). All patients were observed at least for 1 hour after the injection. The detailed information about regimen was listed in Table 1.



Treatment efficacy, safety, compliance and cost

Visual analogue scale (VAS) and comprehensive symptom and medication score (CSMS) were used to evaluate treatment efficacy in both groups (13). All patients took VAS and CSMS for 4 times: Week 0 (before treatment, W0), Week 5 (1 month after the start of AIT, injection of first maintenance phase dose for patients receiving RIT, W5), Week 26 (6 months after the start of AIT) and Week 52. Furthermore, peripheral blood samples were collected at Week 0, Week 26 and Week 52 for the purpose of serological tests such as total immunoglobulin G4 (tIgG4), total immunoglobulin E (tIgE), specific IgE (sIgE) (quantitative, mean value of sIgE against Dermatophagoides pteronyssinus [d1] and Dermatophagoides farina [d2]), and eosinophil (EOS) counts. tIgE and sIgE were measured with ImmunoCAP assay,tIgG4 with ELISA kit (Binding Site company, Birmingham, UK) and allergic protein components sIgE (Derf and Derp mite allergen chip method, Thermo Fisher Scientific,Massachusetts, USA), skin prick diagnostic kit (Wolwo Bio-Pharmaceutical Co., Ltd. Huzhou, Zhejiang, China) were also used in this study.

Safety of the treatments was evaluated using rates of local adverse reaction (LR) and systemic adverse reaction (SR), and the types of LR and SR experienced by the patients recorded in the medical record system were retrospectively analyzed. The severity of SR associated with AIT was classified according to the World Allergy Organization grade system (14). When a patient experienced a SR, emergency rescue procedures were activated immediately. Besides, all of the patients were followed up for 1 year.

Patient compliance was evaluated using the drop-off rate, if a patient did not come back for injection for more than 4 weeks during the up-dosing phase or more than 12 weeks during the maintenance phase, he/she was regarded as a drop-out.

The mean cost of each injection (transportation expense, doctor’s service fee, injection fee and observation fee) for each patient was also calculated and analyzed.



Statistical analysis

All statistical analyses were performed using SPSS version 25.0 (IBM Corp, Armonk, NY, USA).Continuous variables were described as means ± standard deviations (SD). T-test was used to compare inter-group continuous variables that had a normal distribution and homogeneous variances, and Wilcoxon test was used to compare inter-group continuous variables that did not meet the conditions for t-test. Categorical variables were expressed as frequency or percentage and chi-square test was used to compare categorical variables between the 2 treatment groups. Fisher’s exact test was used for categorical variables that did not meet the condition of chi-square test. A P value < 0.05 was considered statistically significant.




Results


Patient demographics and baseline characteristics

A total of 121 patients were included in the study. Among them, 40 patients were in the RIT group, including 26 males and 14 females. The RIT group included 32 cases of AR, 6 cases of AA and 2 cases of AR+AA. As for the CIT group, there were 81 patients, including 59 males and 22 females. The CIT group included 64 cases of AR, 6 cases of AA and 11 cases of AR+AA. Patient demographics and baseline clinical characteristics were described in Table 2. The 2 groups had comparable demographics and baseline characteristics including comparable VAS and CSMS scores (p>0.05) (Table 2).


Table 2 | Patient demographics and baseline characteristics.





Safety - adverse reactions

During the first year after initiating AIT, 23 LR events (2.13% of the injections) were observed in 6 (6/40, 15%) patients in the RIT group, and 27 LR events (1.54% of the injections) were observed in 9 (9/70, 12.86%) patients in the CIT group. All LR events in the two treatment groups were immediate and unrelated to the patients’ allergic disease (wheal diameters <5 cm). In the RIT group, 6 SR events (0.56% of the injections, 4 grade I and 2 grade II) were observed in 5 (5/40, 12.5%) patients. As for the CIT group, 8 SR events (0.46% of the injections, 7 grade I and 1 grade II) were observed in 6 (8/70, 8.57%) patients (Table 3). There was no significant difference in rate of adverse reactions between the two treatment groups (p > 0.05) (Table 3).


Table 3 | Adverse reactions in the RIT and CIT groups.





Treatment efficacy - VAS, CSMS, sIgE, tIgE, EOS and tIgG4

VAS and CSMS scores for patients in both groups had a downward trend as treatment continued (Table 4). At Month 1, only patients in the RIT group had significantly reduced VAS and CSMS compared to baseline (t=2.971,7.705; p=0.004,0.001 respectively, p both<0.05),while improvement in VAS and CSMS score for patients in the CIT group was insignificant. In addition, compared to patients in the CIT group, patients in the RIT group had a significantly greater reduction in VAS and CSMS scores than the baseline at months 1 and 6 (month 1 t= -6.298,-6.346;p =0.011,0.000 respectively;month 6 t=-2.108,-4.490;p=0.038,0.000 respectively,p all<0.05), although differences in VAS and CSMS score reduction became insignificant between the 2 groups at month 12 (both p>0.05) (Table 4), suggesting that patients in the RIT group had faster symptomatic improvement than patients in the CIT group (Table 4, Figure 1).


Table 4 | VAS and CSMS improvements for patients in the RIT and CIT groups.






Figure 1 | The comparision of clinical improvement. Patients in the RIT group had significantly greater VAS and CSMS improvements (reductions) from baseline than patients in the CIT group at months 1 and 6, although differences in VAS and CSMS improvement between the 2 groups became insignificant at Month 12.



Patients in RIT and CIT treatment groups had significantly increased tIgE (t= -5.140,-2.983;p=0.000,0.004 respectively) and sIgE levels(t=-4.087,-2.673;p=0.001,p=0.000 respectively) compared to baseline at month 6 (p all<0.05) which then decreased back to a level that is not significantly different from baseline at month 12 (p>0.05) (Table 5). In addition, EOS counts decreased significantly at months 6 and 12 from baseline in RIT (t=2.042,2.630; p= 0.045,0.010 respectively) and CIT groups (t=2.534,3.332; p=0.013,0.001 respectively, p all<0.05), while tIgG4 level in neither group had significant change over the 1 year after AIT initiation (p>0.05) (Table 5). Finally, the differences in levels of tIgE, sIgE, tIgG4 and EOS between the RIT and CIT groups at baseline, months 6 and 12 were not statistically significant (p>0.05) (Table 5).


Table 5 | Hematological parameters for patients in the RIT and CIT groups.





Compliance and cost

A total of 121 patients were included in this study, and they were followed up for 1 year. Nobody dropped out in the RIT group, while 11 patients dropped out in the CIT group (dropout rate 13.5%). Among the 11 patients, 8 were male (8/59 male patients, 13.56%) and 3 were female (3/22 female patients, 13.63%). 7 of the 11 patients dropped out during the up-dosing phase and the remaining 4 dropped out during the maintenance phase. There were significant differences in the compliance between the two treatment groups (x2 =5.975, p=0.015). The reasons for the dropout were as follows: 4 patients found it inconvenient to return to the hospital after they entered middle school, 2 moved away from their residence, 1 felt that he/she was cured, 1 child was unwilling to cooperate anymore, 2 were unwilling to continue as they felt that the treatment had not achieved the expected treatment effect, and 1 was lost to follow-up (Table 6, Figure 2).


Table 6 | Patient compliance in the RIT and CIT groups.






Figure 2 | Reasons for patient drop-out in the CIT group.



The treatment cost of each patient included transportation expenses, drug and doctor’s service fees, injection fees and observation fees, and for patients in the RIT groups, 7-day hospitalization expenses. The mean cost for each patient to receive 1 injection was RMB 325.85 ± 55.21 in the RIT group and RMB 313.93 ± 71.19 in the CIT group, and there was no significant difference between the two groups (t=0.837, p > 0.05).(Table 7).


Table 7 | Treatment cost for patients in the RIT and CIT groups.






Discussion

Recent studies have confirmed the clinical efficacy of CIT in controlling allergy symptoms and reducing the need for medication, as well as in preventing allergic patients from developing new allergic sensitization and preventing asthma development (4, 15–17), however, it is still underused in clinical practice (2, 6, 18), mostly due to the inconvenience associated with weekly hospital visits during the 3-4 months initial build-up phase. In recent years, RIT with its much shortened up-dosing phase has achieved certain breakthroughs. The 2015 International Consensus on AIT (2) recommended RIT as an optimized and optional desensitization regimen, and a number of studies have also demonstrated its effectiveness and safety (19–23). However, most of these studies focused on patients with allergies to allergens such as pollen, grass and venom (19–23), and studies on pediatric patients have been slacking (19). Our previous research (24)found that dust mites were the main allergens in southern China, and that more than 85% of Chinese patients with respiratory allergies were allergic to mite allergens. To assess RIT vs CIT in children with respiratory allergies to mite allergens, the main allergen in southern China, in this retrospective study, we assessed efficacy, safety, compliance and cost of RIT+1 dose of pretreatment anti-IgE combination treatment and CIT in treating Chinese children with respiratory allergies to mite allergen extracts. Such a study could help pediatricians choose a proper AIT regimen for children with allergies to a common allergen in Southern China.

It is necessary to consider safety of any immunotherapy regimens. In our study, no life-threatening systemic reaction or fatal event was observed in any patients, and all of the observed LRs were mild and well tolerated. The incident rates of LRs and SRs observed in the 2 treatment groups had no significant difference, suggesting that, consistent with previous studies (8, 25), RIT+1 dose of pretreatment anti-IgE combination treatment and CIT have comparable safety profiles.

We also found that compared to the CIT group, the RIT group had a significantly greater symptomatic improvement (significantly greater VAS and CSMS score reductions) at months 1 and 6 after AIT initiation. Our finding was similar to those of previous studies (8, 22, 23). It suggested that patients receiving RIT + one dose of pretreatment anti-IgE could have symptomatic relief and improvement more quickly than patients receiving CIT, although the efficacy of the 2 treatments became similar 1 year after AIT initiation. Generally speaking, a faster improvement of allergic symptoms could provide more incentive to patients to overcome the inconvenience of a treatment regimen and to continue the treatment, thus improving patient compliance.

In the current study, patients were exposed to increased amount of allergens as desensitization treatment continued, and their clinical symptoms improved, however, patients in both treatment groups had increased serum tIgE and sIgE levels, suggesting that severity of a patient’s allergy symptom was not always related to his/her serum IgE level, the underlying mechanism of this observation needs to be further explored. Meanwhile, the EOS counts in both groups were significantly lower than baseline after 6 months’ treatment, such decrease seemed to accompany the improvement of the patients’ symptoms, which was consistent with commonly known pathological association between EOS and allergic diseases (26). Studies (27, 28) have shown that AIT could result in the production of blocking IgG/sIgG4 antibodies that can inhibit IgE-dependent activation, and allergen specific(sIgG4)level is related to the efficacy of AIT. However, in China, sIgG4 detection is only applied in research work at present, and has not been applied in clinical practice. In this study, the increase in tIgG4 level was insignificantly after AIT initiation, the short follow-up time and/or the possible lower sensitivity of the tIgG4 than the sIgG4 could potentially affect our results. However, our results regarding tIgG4 could remind clinicians that changes in tIgG4 often does not necessarily reflect AIT efficacy.

Admittedly, the high efficacy and good safety profile of RIT in our study may also be related to the following factors: (1) The high rates of adverse reactions of RIT observed in previous studies were mostly related to uncontrolled asthma attacks (29), while in our study, 80% of the patients receiving RIT were AR patients, with the remaining 20% being patients with AA or AA+AR; (2) The use of 1 dose of pretreatment anti-IgE (Omalizumab) before RIT may be a factor related to the initial high efficacy and safety of patients, Considering that RIT patients were exposed to a large amount of allergens in a short period of time, the 1 dose of pretreatment Omalizumab used in the RIT group might increase patients’ tolerance to the allergens, improve the efficacy and reduce the occurrence of adverse reactions in the RIT group to some extent (11). The higher efficacy of RIT patients at month 6 may be related to the fact that patients receiving RIT were exposed to a higher cumulative dose of allergen agents at that time than patients receiving CIT; (3) The RIT treatment reduced the needs for frequent hospital visits and could save patient’s time during the initial build-up phase, could improve patients’ symptoms quickly and thus patients would be more willing to continue the treatment as they become more optimistic about the treatment efficacy. As a result, the patients in the RIT group had a significantly a higher compliance than patients in the CIT group, and a higher compliance often could lead to a higher treatment efficacy.

Generally speaking, the incidence of adverse reactions in this study was low and well tolerated, combination treatment of RIT and 1 dose of pretreatment anti-IgE can be an useful alternative desensitization program, which is consistent with the recommendation of the international consensus on AIT in 2015 (2). Finally, we also compared the cost of the two treatments. Previous studies have described the use of anti-IgE (Omalizumab) for 2-6 months at the beginning of RIT (9, 26), but the cost associated with continued use of Omalizumab is burdensome especially in developing countries. In this study, we modified the regimen and only used one dose of Omalizumab, and the treatment cost of RIT+1 dose of pretreatment Omalizumab was comparable to CIT. As most of the individuals in RIT group were from out of town, the extra expense associated with the 1 dose of Omalizumab and 7-day hospitalization was offset by the reduced transportation time and cost as the weekly hospital visit associated with the 3-4 month up-dosing phase in the CIT was not needed for patients receiving RIT, this was consisted with the latest study (30).

The study has several limitations. First, it was a single-center study focused on dust mite desensitization, the applicability of RIT+1 dose of pretreatment Omalizumab needs to be further studied. In addition, the current follow-up period is only 1 year, and data on longer follow-up period is needed to fully evaluate the safety and efficacy of RIT + 1 dose of Omalizumab. Finally, this is a retrospective study, a properly randomized, controlled, prospective study with a larger sample size and longer follow-up period is needed to fully assess adverse reactions and its associated risk factors.

In conclusion, in order to improve the application of AIT in patients with allergic diseases, studies searching for a more reasonable and accessible approach of AIT are needed. RIT + one dose of pretreatment anti-IgE has several important practical advantages over CIT, such as comparable safety profile, faster symptomatic improvement, better compliance and no additional cost. Therefore, it can be a useful alternative regimen for the treatment of Chinese children with respiratory allergies.
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RIT, rush subcutaneous immunotherapy+1 dose of anti-IgE combination; CIT, conventional allergen immunotherapy.
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Continuous variables were expressed as means + SD while categorical variables were expressed as N (%) unless otherwise indicated.
Dat least one parent’ education degree was bachelor or above.

#rpatients with other allergens besides allergy to mites.

RIT, rush subcutaneous immunotherapy-+1 dose of anti-IgE combination; CIT, conventional allergen immunotherapy; AR, allergic rhinitis;, AA, allergic asthma;, VAS, visual analogue scale;
CSMS, comprehensive symptom and medication score.
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RIT, rush subcutaneous immunotherapy+1 dose of anti-IgE combination; CIT, conventional allergen immunotherapy.
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Mean cost for each patient to receive 1 injection (RMB), means + SD 325.85 + 55.21 31393 + 71.19 0.837 0.330

RIT, rush subcutaneous immunotherapy+1 dose of anti-IgE combination; CIT, conventional allergen immunotherapy; SD, standard deviation.
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No. vials (ml) (TU) No. vials (ml) (TU)
D1 Up-dosing 1 1 0.1 5 Up-dosing 1 1 0.1 5
phrase 2 1 02 10 phrase

D2 3 1 0.4 20

4 1 0.8 40
D3 5 2 0.1 50

6 2 0.2 100
D4 7 2 0.4 200

8 2 0.8 400
D5 9 3 0.1 500

10 3 0.2 1000
D6 11 3 0.4 2000

12 3 0.6 3000
D7 13 3 1 5000
w2 Maintenance 2 1 02 10
w3  phrase 3 1 04 20
W4 4 1 0.8 40
W5 14 3 1 5000 5 2 0.1 50
W6 6 2 0.2 100
w7 7 2 0.4 200
w8 8 2 0.8 400
w9 9 3 0.1 500
W10 15 3 1 5000 10 3 0.2 1000
W11 11 3 0.4 2000
W12 12 3 0.6 3000
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W14 14 <] 1 5000
W15 16 3 1 5000 Maintenance
W16 phrase
W17
W18 15 3 1 5000

RIT, rush subcutaneous immunotherapy+1 dose of anti-IgE combination; CIT, conventional allergen immunotherapy; D, day; W, week.
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Values were expressed as means + standard deviations.

“Significant change from baseline (p<0.05).

No statistically significant difference in levels of sIgE, tIgE, EOS or tIgG4 between the 2 groups was found at any time point (p>0.05).
RIT, rush subcutaneous immunotherapy+1 dose of anti-IgE combination; CIT, conventional allergen immunotherapy; EOS, eosinophils.
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