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Abstract 53 

Background: Sublingual immunotherapy (SLIT) is safe and effective but compliance is 54 

problematic. We evaluated dropout and compliance among adults (20 years of age) and adolescents 55 

(<20 years of age) for Japanese cedar pollen extract (JCPE), an aqueous  SLIT approved in 2014 in 56 

Japan. 57 

Methods: Administrative claims data on 1,236 Japanese patients, 846 adults (mean age, 43.0 years; 58 

41.8% female) and 249 adolescents (mean age, 14.1 years; 36.6% female), with JCPE prescription 59 

between October 2014 and June 2016 were reviewed. Adults and adolescents were divided according 60 

to the year they started SLIT (1- and 2-year cohorts) to calculate dropout and compliance and 61 

identify associated factors using multivariate Cox and linear regression models. 62 

Results: In 1- and 2-year adult cohorts, dropout rates were 13.5% and 22.1% and compliance rates 63 

were 92.8% and 88.8%, respectively. Adolescents had higher dropout and lower compliance. 64 

Patients 40-59 years of age had a lower dropout risk than patients 20-29 years of age. Dropout 65 

hazard ratios (95% CI) in 1- and 2-year cohorts were 0.26 (0.12-0.58) and 0.40 (0.17-0.93) in 66 

patients 40-49 years of age and 0.32 (0.14-0.75) and 0.35 (0.13-0.92) in patients 50-59 years of age, 67 

respectively. Younger age contributed to lower compliance in 1- and 2-year  adult cohorts (p=0.001 68 

and p=0.02, respectively). Systemic steroidal medication history and male gender were positively 69 

associated with compliance in adults but not in adolescents. 70 
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Conclusion: High dropout rate was associated with younger generations. Compliance in adults, but 71 

not in adolescents, was associated with age, systemic steroidal medication history, and gender. 72 

 73 

  74 
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Introduction 75 

Sublingual immunotherapy (SLIT) is an allergen-specific immunotherapy used to treat a range of 76 

environmental allergies and asthma.1–4 SLIT has a lower risk of severe adverse events such as 77 

systemic allergic reaction as compared with that of subcutaneous immunotherapy (SCIT), thereby 78 

allowing more patients to undergo treatment at home.5 79 

In contrast, self-management is needed for SLIT administration whereas SCIT is managed by a 80 

physician’s office. Consequently, SLIT adherence is poorly monitored, resulting in a higher dropout 81 

rate and lower compliance as compared to those in SCIT in a real clinical setting.6–9 The rates of 82 

dropout within 3 years range between 14% and 93%, but there are large differences among the 83 

calculation methods or study designs.8–15 Apparently, the dropout rates are lower in randomized 84 

controlled trials (RCTs) than in observational studies; in a meta-analysis, the RCT composite 85 

dropout rate was reported as 12%.10 86 

SLIT compliance has also been investigated in observational studies. Reported compliance 87 

varied among studies, partly because of differences in the calculation methods. In the Netherlands 88 

and Spain, the compliance rates ranged from around 50% to more than 90%.9,16 Malet et al. reported 89 

that the proportion of adult patients with good compliance (> 80%) was 78.1% over 1 year according 90 

to real-world data in Spain.16 91 

In Japan, the first aqueous SLIT drug, standardized Japanese cedar (JC) pollen extract 92 
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(Cedartolen®, Torii Pharmaceutical Co., Ltd., Tokyo), was approved and available on the market in 93 

October 2014. Japan adopts a universal healthcare system and standardized JC pollen extract (JCPE) 94 

is covered by Japanese health insurance. In Japan, JC pollen is the most common pollinosis-causing 95 

antigen, affecting more than two million JC pollinosis patients, a number that increases every 96 

year.17–19 Large JC pollen quantities are scattered far from trees in a short annual period, most 97 

commonly peaking during April.19,20 Typically, SLIT is initiated before the JC pollen season. 98 

In a randomized clinical trial (RCT) of JCPE treatment conducted in Japan, dropout rates in the 99 

first and the second year were reported to be 2.4% and 8.7%, respectively.21 This dropout rate is low 100 

and similar to that reported in a systematic SLIT review, showing approximately 14% patient 101 

dropout in the first year.10 However, such low rates might be different from the real-world situation 102 

because observational studies are thought to more accurately reflect the actual clinical situation in 103 

comparison with RCTs. 104 

Patient dropout and SLIT compliance are affected by factors such as patient characteristics 105 

(e.g. age), therapy-related factors (e.g. effectiveness), and the healthcare environment in each 106 

country (e.g. hospital visiting frequency, financial burden, insurance coverage).16 The SLIT 107 

compliance between adults and children is controversial. Some studies found better compliance in 108 

adults than in children, but the others found the opposite8,10,15,16 Typically, children younger than 12 109 

years of age have a good compliance, which might be due to the influence of their caregivers, but 110 
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compliance in adolescents is the same or less than in adults. It is reported that adolescents and adults 111 

have similar reasons for dropout and low SLIT compliance.816 Generally, insurance coverage has a 112 

strong influence on compliance in a real-world setting.22–24 The low dropout and favorable 113 

compliance of JCPE in Japan, compared with similar studies in other countries, are therefore likely 114 

to be attributable to the availability to all patients of the Japanese universal health insurance system. 115 

However, JCPE is a remedy that needs to be used throughout the entire year including during 116 

asymptomatic periods, for at least 3 to 5 years, which may worsen dropout and compliance rates. 117 

Therefore, actual patient dropout rates and SLIT compliance with JCPE immunotherapy are not clear 118 

in the real world. 119 

To develop countermeasures for appropriate SLIT in seasonally allergic patients, it is important 120 

to investigate the actual situation independently of patient health insurance status. Japan is ideal for 121 

such a study because of its universal insurance system where patient copayment is constant. 122 

Therefore, we investigated SLIT patient dropout and a SLIT compliance in a real-world setting using 123 

claims data from throughout Japan. 124 

  125 
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Methods 126 

Study design and data source 127 

This study was a retrospective cohort study conducted using data from the largest commercial claims 128 

database in Japan created by Japan Medical Data Center Co. Ltd. (JMDC).25 Since 2005, this 129 

database has accumulated more than 3 million individual claims of enrollees and their family 130 

members associated with the health insurance of the Japanese universal health care system. Although 131 

there is the National Database of Health Insurance Claims and Specific Health Checkups of Japan 132 

(NDB) launched by the Japanese government in 2009, it is not commonly used because of the 133 

stringent criteria for obtaining access, whereas the JMDC is user-friendly and well-organized. Thus, 134 

JMDC has been used for various types of epidemiological studies. 26 This database is sourced from 135 

the Japanese union-managed health insurance system and mainly includes salaried workers of 136 

medium to large scale companies and their dependents. All data were completely anonymized and 137 

de-identified. The main elements in the database are patient demographic information, medical claim 138 

date, pharmacy claims, and reimbursement cost. Clinical diagnoses present in the database are coded 139 

under the International Classification of Diseases, 10th Revision (ICD-10) classification,27 with drug 140 

prescription information coded according to the Anatomical Therapeutic Chemical (ATC) 141 

classification.28 The data period was from January 1, 2012, to June 30, 2016. 142 
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This study was approved by the Ethics Committee of Kyoto University School of 143 

Medicine (Approval number, R0938). Because all data were anonymized, the informed consent of 144 

patients was not required based on Japanese ethical guidelines for medical and health research 145 

involving human subjects. 146 

 147 

Exposure 148 

JCPE is prescribed in three dosage forms – a 200 U/mL spray bottle, a 2,000 U/mL spray bottle and 149 

2,000 U/mL pack (1 mL) to be taken once a day. JCPE must be prescribed by a suitably trained 150 

physician. Patients are treated over 2 phases—an induction phase with sequentially increased doses 151 

administered over a 2-week period and a maintenance phase. For the 2-week induction phase, a 200 152 

U/mL bottle and a 2,000 U/mL bottle are prescribed. Then, the maintenance phase starts and 2,000 153 

U/mL packs are prescribed. Patients take one pack (1 mL) once per day during the maintenance 154 

phase. 155 

 156 

Eligible Patients 157 

Patients with data from at least one complete prescription of JCPE (ATC code “V01AA05”) from 158 

October 2014 to June 2016 were considered for the study. Exclusion criteria were the lack of 159 
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prescription data for the initial 200 U/mL bottle (induction phase) or the initial 2000 U/mL pack 160 

(maintenance phase). 161 

 162 

Study cohort 163 

All eligible patients were analyzed for age and SLIT initiation date distribution. The analysis of 164 

patient dropout and compliance, which was the focus of the study, was performed separately for 165 

adults (age, 20 years) and adolescents (age, <20 years), because of reported differences in SLIT 166 

compliance between adults and children.816  167 

The patients were divided into three cohorts according to the initial date of the induction phase. 168 

(1) SLIT2014, from October 2014 to April 2015; (2) SLIT2015, from May 2015 to April 2016; and 169 

(3) SLIT2016, from May 2016 to June 2016. SLIT2015 (1-year of SLIT) and SLIT2014 (2-year of 170 

SLIT) were used for the patient dropout and compliance analysis, whereas SLIT2016 was not used 171 

because of the short observation period. 172 

 173 

Definition of dropout and SLIT compliance 174 

Dropout was defined as a gap of more than 56 days between the last prescription date of the 2,000 175 

U/mL pack and the last recorded observation date. This definition was derived from a two-fold 176 

prescription period. Typically, JCPE users should have a monthly visit to the clinical office to obtain 177 
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the 2,000 U/mL pack prescription containing 28 individual units that last for 28 days. We defined the 178 

proportion of days covered (PDC) as a surrogate for SLIT compliance, which is the ratio between 179 

the number of days that the patient remained in the maintenance phase and the number of 2,000 180 

U/mL packs prescribed. The number of days in the maintenance phase was calculated by 181 

determining the number of days between the first and the last 2,000 U/mL pack prescription date and 182 

the number of 2,000 U/mL packs prescribed at the last date. 183 

 184 

Study Outcomes and follow-up 185 

Study outcomes were dropout rate and SLIT compliance during the SLIT treatment phase. These 186 

outcomes were observed in each eligible patient from the initiation date of the treatment to June 30, 187 

2016. 188 

 189 

Investigated variables 190 

The factors we examined were sex, age, a concurrence of asthma, Charlson Comorbidity Index 191 

(CCI), and history of systemic steroid usage during cedar pollen season.29 Asthma concurrence was 192 

defined as any patient diagnosed with asthma (ICD-10 code J45 and J46) and prescribed inhalant 193 

glucocorticoids (ATC code “R03BA”). Patients were defined as having a history of systemic steroid 194 

use if they were prescribed systemic corticosteroids (ATC code “H02A” and “H02B”) during the JC 195 
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pollen season before commencing SLIT. CCI was calculated using ICD-10 codes with associated 196 

weighting corresponding to the severity of the comorbid condition of interest. We used the patient 197 

data starting from January 2012 to calculate these factors. 198 

 199 

Statistical methods 200 

Patient distribution and characteristics 201 

Patient age and date of initiation of the JCPE induction phase were specified and distributions 202 

calculated using data from the entire SLIT eligible cohort (including adults and children). Patient 203 

characteristics and investigated variables were described for the SLIT adult and adolescent cohorts  204 

and each of the selected subgroups (SLIT2014, SLIT2015, and SLIT2016). All variables were 205 

assessed using descriptive statistics. 206 

 207 

Factors related to dropout 208 

Kaplan-Meier curves of the time to dropout during the maintenance phase were plotted for cohorts 209 

associated with variables that were investigated in the study. The mean duration of the maintenance 210 

phase and the dropout rate were calculated. To investigate the association between dropout and the 211 

investigated variables, univariate and multivariate Cox regression models were developed using each 212 

variable (sex, age, concurrence of asthma, CCI, and history of systemic steroid usage; age was 213 
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excluded from the adolescents’ analysis). The models were fitted separately using the SLIT2014 and 214 

SLIT2015 cohorts to investigate differences in dropout rates during the first year of SLIT (1-year 215 

SLIT) and the second year of SLIT (2-year SLIT). The hazard ratio (HR) and 95% confidence 216 

interval (CI) were calculated for each variable. 217 

 218 

Factors related to SLIT compliance 219 

Mean SLIT compliance was calculated for each cohort. The factors associated with compliance were 220 

investigated using linear regression. In this model, the objective variable was SLIT compliance rate, 221 

with the explanatory variable adjusted to all investigated variables (sex, age, concurrence of asthma, 222 

CCI, and history of systemic steroid usage). The standard partial regression coefficient (’), the 223 

regression coefficient () with standard error (SE), and 95% CI were calculated for each variable.  224 

SAS9.4 (SAS Institute Inc., Cary, NC) was used for statistical analysis. A two-sided p-value of 225 

≤ 0.05 was deemed to represent statistical significance. 226 

  227 
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Results 228 

Patient characteristics 229 

A total of 1,236 patients were prescribed JCPE during the study period. We excluded 50 patients 230 

with no initial data in the induction phase and 91 patients who withdrew from treatment before 231 

commencing the maintenance phase (Figure 1). The patient’s age at the induction phase showed a 232 

bimodal distribution. The first peak was around 12 years old and the second around 30 years old 233 

(Figure 2A). After excluding patients, 1095 patients were eligible for the study (Figure 1). There 234 

were 271 adults and 50 adolescents in SLIT2014 cohort, 505 adults and 175 adolescents in 235 

SLIT2015 cohort, and 70 adults and 24 adolescents in SLIT2016 cohort. There were no missing data 236 

in this study. 237 

Most patients initiated the induction phase after May when JC pollen season was concluding 238 

(Figure 2B). The mean age of eligible adult patients was 43.0 years and 41.8% were female. Most 239 

patients were 30 to 59 years of age. The systemic steroid prescription rate was 34% during the JC 240 

pollen season. The proportion of patients with asthma was 3.8% (Table 1). Most of the medical 241 

institutions responsible for patient treatment (94.7%) were clinics. These characteristics were similar 242 

in each cohort. The mean age of eligible adolescent patients was 14.1 years and 36.6% were female. 243 

The mean CCI was 1.4, the systemic steroid prescription rate was 47.8% during the JC pollen 244 
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season, and the proportion of patients with asthma was 8.4% (Table 2). Adolescents had a lower CCI 245 

and a higher proportion of steroid history and asthma complications than adults. 246 

 247 

Dropout 248 

In patients in the 1-year SLIT cohort, the mean duration of the maintenance phase and dropout rate 249 

were 343.7 days and 13.5%, respectively, whereas, in the 2-year SLIT cohort, these parameters were 250 

501.5 days and 22.1%, respectively. Using multivariate Cox regression models for each age group in 251 

the 1-year SLIT cohort (Table 3 and Figure 3A), hazard ratios (HR) relative to patients in their 20s 252 

(95% CI; P value) were 0.69 (0.34-1.37; 0.29) for patients in their 30s, 0.26 (0.12-0.58; 0.001) for 253 

those in their 40s, 0.32 (0.14-0.75; 0.008) for patients in their 50s, and 0.18 (0.04-0.82; 0.027) for 254 

patients aged 60 years or older. Other investigated factors did not show statistically significant 255 

relationships with patient dropout. During the 2-year SLIT, HRs relative to patients in their 20s for 256 

patients in their 40s and 50s were also statistically significant using multivariate Cox regression 257 

models for each age group. The HR (95% CI; P value) were 0.66 (0.30-1.47; 0.31) for patients in 258 

their 30s, 0.40 (0.17-0.93; 0.03) for those in their 40s, 0.35 (0.13-0.92; 0.03) for patients in their 50s 259 

and 0.60 (0.19-1.88; 0.38) for those of 60 or more years of age. In contrast to the 1-year SLIT 260 

cohort, the HRs for patients of 60 or more years of age were not statistically significant. Systemic 261 
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steroid history showed statistically low HR in univariate analysis but no statistical significance in 262 

multivariate analysis (Table 3 and Figure 3B). 263 

 264 

SLIT compliance 265 

SLIT compliance in adults was 92.8% in all patients in the 1-year SLIT cohort and 88.8% in the 2-266 

year SLIT cohort. For the 1-year cohort, age was the only statistically significant factor associated 267 

with compliance (P = 0.001) (Table 4). In this model, increasing age was associated with a greater 268 

rate of SLIT compliance during one year of SLIT. In the 2-year SLIT cohort, sex, age, and systemic 269 

steroid history were statistically significant factors associated with compliance (P = 0.03, 0.02 and 270 

0.04, respectively) (Table 4). Compliance increased in males with age and having a systemic steroid 271 

history increased compliance during 2 years of SLIT. 272 

 273 

Dropout and SLIT compliance in adolescents 274 

In adolescents in the 1-year SLIT, the mean duration of the maintenance phase and dropout rate were 275 

284.7 days and 22.3%, respectively, whereas, in the 2-year SLIT, these parameters were 493.0 days 276 

and 36.0%, respectively. Univariate and multivariate Cox regression analysis did not identify a 277 

statistically significant association between patient dropout and any of the monitored parameters. 278 
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SLIT compliance was 90.5% in the 1-year SLIT cohort and 85.1% in the 2-year SLIT cohort. There 279 

were no statistically significant factors associated with compliance. 280 

 281 
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Discussion 282 

In this study, we investigated patient dropout and SLIT compliance in a retrospective cohort study of 283 

SLIT by JCPE for the treatment of JC pollinosis. The goal of the study was to determine contributing 284 

factors in a real-world clinical setting. Dropout rates lower than those previously reported, as well as 285 

high compliance, were observed in the present study. Patient age, systemic steroid use history, and 286 

sex were factors associated with low dropout rates and high SLIT compliance. 287 

In the one-year SLIT cohort of adults, dropout rate and mean SLIT compliance were 13.5% and 288 

92.8%, respectively, while in the two-year SLIT cohort, the dropout rate was 22.1% and the mean 289 

SLIT compliance 88.8%. The dropout rates are lower and the SLIT compliance rates are higher than 290 

those reported in previous studies from other countries.8,9,14–16 The major determinants associated 291 

with high dropout rates and low compliance during SLIT are known to be lack of efficacy, patient’s 292 

perception of efficacy, cost of treatment, and convenience of administration.16,30 In addition, the 293 

convenience of access to treatment was reported as one of the positive factors for a low dropout rate 294 

of SLIT.9 Therefore, a major reason for low dropout rates in Japan may be due to the accessibility of 295 

clinics or/and the low medical costs for patients in a universal health insurance system. 296 

The patient’s age was associated with SLIT dropout in adults, and the dropout rates in 297 

adolescents were higher than those in adults. Young adult patients (<30 years of age) were found to 298 

be more likely to drop out from the JCPE SLIT regime. Dropout rates of patients in their 40s and 50s 299 
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were relatively low compared with the rates for those in their 20s. This may be associated with lower 300 

average income and a higher likelihood of undergoing changes in the locality and (therefore changes 301 

in attending physician) by patients in their 20s compared with patients in their 40s or 50s. As in the 302 

case of dropout, lower average income might be a major reason for low compliance because the 303 

compliance rate is related to patient age and was seen to improve with age in the first year. The 304 

dropout hazard rate in patients aged 60 years or older was lower than that of patients in their 20s in 305 

the first year, but there was no difference in the second year. As the SLIT duration became longer, 306 

elderly patients might have had problems due to medication cost or a less stable housing situation, 307 

like patients in their 20s, or they might have been more likely to consider that the medication lacked 308 

efficacy. In this study, dropout rates were higher in adolescents than in adults. Although previous 309 

studies reported differences in SLIT compliance between adults and children, the results in children 310 

were inconsistent.816 High compliance was observed in children younger than 12 years of age, which 311 

might be due to the dose management by caregivers. It is also possible that frequent check-ups with 312 

a specialist during the short periods led to better compliance.8 However, adolescents of 15 or more 313 

years of age had high dropout rates because of the complexity of SLIT and the long treatment period. 314 

The same reasons were reported for adults.16 In this study, we found low compliance in pediatric 315 

patients; most of them were 12 years of age or older. Our result on adolescents’ compliance was 316 

similar to that of previous studies.8,16 In Japan, adolescents between 12 and 20 years of age would 317 
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experience a drastic change of their environment within a short period due to an advance in their 318 

education level every three years by advancing through junior high school, high school, and 319 

university. This environment could make it difficult to continue SLIT. 320 

Interestingly, systemic steroid history improved SLIT compliance in the second year in adults, 321 

indicating that patients with more severe allergic rhinitis have better compliance even with long-term 322 

treatment because systemic steroid treatment is only used in severe cases according to the Japanese 323 

guideline for allergic rhinitis.31 Thus, patients with severe disease may tend to continue SLIT. 324 

Indeed, more patients suffering severe symptoms are selected for SLIT than other therapies.32,33 325 

However, steroid history was not associated with SLIT compliance in adolescent patients. This 326 

difference might depend on the patient’s background such as a higher steroid use history in 327 

adolescents. Further studies are needed to the efficacy of SLIT in more severe cases. 328 

The strength of the present study is that it is based on real-world data. Accordingly, the results 329 

are a better reflection of the actual situation than RCTs or other prospective study designs. 330 

Furthermore, because the JMDC database is sourced from a union-managed health insurance system, 331 

we were able to identify all insurance-covered medical records for each patient, even if they visited 332 

multiple hospitals and/or changed the health care provider. Therefore, we were able to evaluate the 333 

dropouts using all insurance-covered medical records in the JMDC database. 334 
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There are four major limitations of this study. Firstly, JMDC data were taken from the 335 

employed population, so the representation of patients aged 65 years and older is low compared to 336 

the general Japanese population. However, JC pollinosis is not an age-related disease, so the 337 

influence of this limitation on our findings might be very small. Secondly, because the JMDC 338 

database does not include the address data of the patients, we could not take into consideration the 339 

degree of scattering of the cedar pollen that may vary between the home addresses of patients in the 340 

cohort. Thirdly, we may underestimate dropout rates and SLIT compliance. We could not directly 341 

measure the SLIT compliance even if the prescription was regularly recorded. And lastly, there may 342 

have been other, yet unknown factors that influence dropout or compliance. 343 

Conclusions 344 

We found a low dropout rate and high compliance of SLIT compared to previous reports from 345 

other countries. Systemic steroid use is associated with better compliance, suggesting that SLIT may 346 

be effective even in patients with severe disease. Age was a factor related to both dropout and 347 

compliance; younger patients tended to have high dropout rates and low compliance. Further studies 348 

are needed to elucidate the reasons for the strong influence of age on dropout and compliance to take 349 

steps that will improve SLIT efficacy. 350 

  351 



 

23 

 

References 352 

 353 

1.  Pleskovic N, Bartholow A, Gentile DA, Skoner DP. The Future of Sublingual 354 

Immunotherapy in the United States. Curr Allergy Asthma Rep. 2015;15(8):1-9. 355 

doi:10.1007/s11882-015-0545-x 356 

2.  Li JT, Bernstein DI, Calderon MA, et al. Sublingual grass and ragweed 357 

immunotherapy: Clinical considerations - A PRACTALL consensus report. J 358 

Allergy Clin Immunol. 2016;137(2):369-376. doi:10.1016/j.jaci.2015.06.046 359 

3.  Jin JJ, Li JT, Klimek L, Pfaar O. Sublingual Immunotherapy Dosing Regimens: 360 

What Is Ideal? J Allergy Clin Immunol Pract. 2017;5(1):1-10. 361 

doi:10.1016/j.jaip.2016.09.027 362 

4.  Pepper AN, Calderón MA, Casale TB. Sublingual Immunotherapy for the 363 

Polyallergic Patient. J Allergy Clin Immunol Pract. 2017;5(1):41-45. 364 

doi:10.1016/j.jaip.2016.06.019 365 

5.  Nelson HS. Subcutaneous immunotherapy versus sublingual immunotherapy: 366 

Which is more effective? J Allergy Clin Immunol Pract. 2014;2(2):144-149. 367 

doi:10.1016/j.jaip.2013.11.018 368 

6.  Leader BA, Rotella M, Stillman L, Delgaudio JM, Patel ZM, Wise SK. 369 



 

24 

 

Immunotherapy compliance: Comparison of subcutaneous versus sublingual 370 

immunotherapy. Int Forum Allergy Rhinol. 2016;6(5):460-464. 371 

doi:10.1002/alr.21699 372 

7.  Pajno GB, Vita D, Caminiti L, et al. Children’s compliance with allergen 373 

immunotherapy according to administration routes [1]. J Allergy Clin Immunol. 374 

2005;116(6):1380-1381. doi:10.1016/j.jaci.2005.07.034 375 

8.  Egert-Schmidt AM, Kolbe JM, Mussler S, Thum-Oltmer S. Patients’ compliance 376 

with different administration routes for allergen immunotherapy in Germany. 377 

Patient Prefer Adherence. 2014;8:1475-1481. doi:10.2147/PPA.S70326 378 

9.  Kiel MA, Röder E, Gerth Van Wijk R, Al MJ, Hop WCJ, Rutten-Van Mölken 379 

MPMH. Real-life compliance and persistence among users of subcutaneous and 380 

sublingual allergen immunotherapy. J Allergy Clin Immunol. 2013;132(2). 381 

doi:10.1016/j.jaci.2013.03.013 382 

10.  Makatsori M, Scadding GW, Lombardo C, et al. Dropouts in sublingual allergen 383 

immunotherapy trials - A systematic review. Allergy Eur J Allergy Clin Immunol. 384 

2014;69(5):571-580. doi:10.1111/all.12385 385 

11.  Antico A. Long-term adherence to sublingual therapy: Literature review and 386 

suggestions for management strategies based on patients’ needs and preferences. 387 



 

25 

 

Clin Exp Allergy. 2014;44(11):1314-1326. doi:10.1111/cea.12362 388 

12.  Kim, Shin Hye; Mun, Sue Jean; Han, Doo Hee; Kim, Joeng-Whun; Kim, Dong-389 

Young; Rhee C-S. Three-Year Follow-up Results of Sublingual Immunotherapy. 390 

Allergy Asthma Immunol Res. 2015;7(2):118-123. doi:10.4168/aair.2015.7.2.118 391 

13.  Wang T, Li Y, Wang F, Zhou C. Nonadherence to sublingual immunotherapy in 392 

allergic rhinitis: a real-life analysis. Int Forum Allergy Rhinol. 2017;7(4):389-393 

392. doi:10.1002/alr.21909 394 

14.  Senna G, Lombardi C, Canonica GW, Passalacqua G. How adherent to 395 

sublingual immunotherapy prescriptions are patients? the manufacturers’ 396 

viewpoint. J Allergy Clin Immunol. 2010;126(3):668-669. 397 

doi:10.1016/j.jaci.2010.06.045 398 

15.  Anolik R, Schwartz AM, Sajjan S, Allen-Ramey F. Patient initiation and 399 

persistence with allergen immunotherapy. Ann Allergy, Asthma Immunol. 400 

2014;113(1):101-107. doi:10.1016/j.anai.2014.04.008 401 

16.  Malet A, Azpeitia A, Gutiérrez D, et al. Comprehensive Study of Patients’ 402 

Compliance with Sublingual Immunotherapy in House Dust Mite Perennial 403 

Allergic Rhinitis. Adv Ther. 2016;33(7):1199-1214. doi:10.1007/s12325-016-404 

0347-0 405 



 

26 

 

17.  Nishihata S, Murata T, Inoue S, et al. Prevalence of Japanese cedar pollinosis in 406 

Tokyo: A survey conducted by the Tokyo Metropolitan Government. Clin Exp 407 

Allergy Rev. 2010;10(1):8-11. doi:10.1111/j.1472-9733.2010.01149.x 408 

18.  Sakashita M, Hirota T, Harada M, et al. Prevalence of allergic rhinitis and 409 

sensitization to common aeroallergens in a Japanese population. Int Arch Allergy 410 

Immunol. 2010;151(3):255-261. doi:10.1159/000242363 411 

19.  Saito Y. Japanese cedar pollinosis: discovery, nomenclature, and epidemiological 412 

trends. Proc Jpn Acad Ser B Phys Biol Sci. 2014;90(6):203-210. 413 

doi:10.2183/pjab.90.203 414 

20.  Ishizaki T, Koizumi K, Ikemori R, Ishiyama Y, Kushibiki E. Studies of 415 

prevalence of Japanese cedar pollinosis among the residents in a densely 416 

cultivated area. Ann Allergy. 1987;58(4):265-270. 417 

http://www.ncbi.nlm.nih.gov/pubmed/3565861. 418 

21.  Okamoto Y, Okubo K, Yonekura S, et al. Efficacy and safety of sublingual 419 

immunotherapy for two seasons in patients with Japanese cedar pollinosis. Int 420 

Arch Allergy Immunol. 2015;166(3):177-188. doi:10.1159/000381059 421 

22.  Bhattacharya J, Vogt WB, Yoshikawa A, et al. The utilization of outpatient 422 

medical services in Japan. J Hum Resour. 1996;31(2):450-476. 423 



 

27 

 

23.  Mann BS, Barnieh L, Tang K, et al. Association between drug insurance cost 424 

sharing strategies and outcomes in patients with chronic diseases: A systematic 425 

review. PLoS One. 2014;9(3):1-8. doi:10.1371/journal.pone.0089168 426 

24.  Despres F, Forget A, Kettani F-Z, Blais L. Impact of patient reimbursement 427 

timing and patient out-of-pocket expenses on medication adherence in patients 428 

covered by private drug insurance plans. J Manag care Spec Pharm. 429 

2016;22(5):539-547. doi:10.18553/jmcp.2016.22.5.539 430 

25.  Kimura S, Sato T, Ikeda S, Noda M, Nakayama T. Development of a database of 431 

health insurance claims: standardization of disease classifications and anonymous 432 

record linkage. J Epidemiol. 2010;20(5):413-419. doi:10.2188/jea.JE20090066 433 

26.  JMDC Claims Database. Available at: 434 

https://www.jmdc.co.jp/en/pharma/database.html. Accessed May 1, 2018. 435 

27.  Classification of Diseases (ICD). Available at: 436 

http://www.who.int/classifications/icd/en/. Accessed February 7, 2018. 437 

28.  ATC/DDD Index 2018. Available at: https://www.whocc.no/atc_ddd_index/. 438 

Accessed February 7, 2018. 439 

29.  Quan H, Sundararajan V, Halfon P, et al. Coding algorithms for defining 440 

comorbidities in ICD-9-CM and ICD-10 administrative data. Med Care. 441 



 

28 

 

2005;43(11):1130-1139. 442 

30.  Incorvaia C, Mauro M, Leo G, Ridolo E. Adherence to Sublingual 443 

Immunotherapy. Curr Allergy Asthma Rep. 2016;16(2):1-5. doi:10.1007/s11882-444 

015-0586-1 445 

31.  Okubo K, Kurono Y, Ichimura K, et al. Japanese guidelines for allergic rhinitis 446 

2017. Allergol Int. 2017;66(2):205-219. doi:10.1016/j.alit.2016.11.001 447 

32.  Migueres M, Fontaine JF, Haddad T, et al. Characteristics of patients with 448 

respiratory allergy in France and factors influencing immunotherapy prescription: 449 

A prospective observational study (Realis). Int J Immunopathol Pharmacol. 450 

2011;24(2):387-400. doi:10.1177/039463201102400212 451 

33.  Horn A, Zeuner H, Wolf H, Schnitker J, Wüstenberg E. Health-Related Quality 452 

of Life During Routine Treatment with the SQ-Standardised Grass Allergy 453 

Immunotherapy Tablet: A Non-Interventional Observational Study. Clin Drug 454 

Investig. 2016;36(6):453-462. doi:10.1007/s40261-016-0388-9 455 

 456 

 457 



 

29 

 

Tables 458 

Table 1. Participant demographics and baseline characteristics in the adult population (age,  20 459 

years) 460 

Characteristics 

Adult all 

N=846 

SLIT 2014 

N=271 

SLIT 2015 

N=505 

SLIT 2016 

N=70 

No. of female patients (%) 354 (41.8) 119 (43.9) 201 (39.8) 34 (48.6) 

Mean age in years (SD) 43.0 (10.4) 43.5 (10.2) 43.1 (10.4) 40.9 (10.3) 

No. of patents in each age group (%)     

20s 75 (8.9) 21 (7.8) 46 (9.1) 8 (11.4) 

30s 259 (30.6) 77 (28.4) 156 (30.9) 26 (37.1) 

40s 279 (33.0) 98 (36.2) 160 (31.7) 21 (30.0) 

50s 176 (20.8) 54 (19.9) 111 (22.0) 11 (15.7) 

≥60 57 (6.7) 21 (7.8) 32 (6.3) 4 (5.7) 

CCI (median) 2.5 (2.0) 2.5 (2.0) 2.6 (2.0) 2.1 (2.0) 

Systemic steroid history (%) 321 (37.9) 92 (34.0) 199 (39.4) 30 (42.9) 

Asthma (%) 32 (3.8) 9 (3.3) 21 (4.2) 2 (2.9) 

Management body, no. of patients (%)     

   Clinic 772 (94.7) 241 (94.9) 465 (94.5) 66 (95.7) 

   University hospital 15 (1.8) 5 (2.0) 9 (1.8) 1 (1.5) 

   Public hospital 4 (0.5) 2 (0.8) 2 (0.4) 0 (0.0) 

SD, standard deviation, CCI, Charlson comorbidity index. 461 

  462 
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Table 2. Participant demographics and baseline characteristics in the adolescent population (age, < 463 

20 years) 464 

Characteristics 

Adolescent 

all 

N=249 

SLIT 2014 

N=50 

SLIT 2015 

N=175 

SLIT 2016 

N=24 

No. of female patients (%) 91 (36.6) 11 (22.0) 70 (40.0) 10 (41.7) 

Mean age in years (SD) 14.1 (1.9) 14.1 (2.1) 14.1 (1.9) 13.9 (2.0) 

CCI (median) 1.4 (1.2) 1.6 (1.3) 1.4 (1.1) 1.0 (1.0) 

Systemic steroid history (%) 119 (47.8) 16 (32.0) 87 (49.7) 16 (66.7) 

Asthma (%) 21 (8.4) 3 (6.0) 16 (9.1) 2 (8.3) 

Management body, no. of patients (%)     

   Clinic 220 (90.9) 41 (89.1) 155 (90.1) 24 (100.0) 

   Public hospital 10 (4.1) 1 (2.2) 9 (5.2) 0 (0.0) 

   Other 12 (5.0) 4 (8.7) 8 (4.7) 0 (0.0) 

SD, standard deviation, CCI, Charlson comorbidity index. 465 
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Table 3. Risk factors associated with dropout during the 1-year and 2-year SLIT maintenance period 466 

 1-year SLIT (SLIT2015)  2-year SLIT (SLIT2014) 

Factors No. of 

patients 

% of 

dropouts 

Univariate analysis  Multivariate analysis  No. of 

patients 

% of 

dropouts 

Univariate analysis  Multivariate analysis 

HR (95% CI) P-value  HR (95% CI) P-value  HR (95% CI) P-value  HR (95% CI) P-value 

All 505 13.5       271 22.1      

Sex                

Male 304 12.8 1   1   152 26.3 1   1  

Female 201 14.4 1.16 (0.72, 1.88) 0.54  1.23 (0.75, 2.01) 0.42  119 16.8 0.59 (0.34, 1.00) 0.052  0.64 (0.37, 1.12) 0.12 

Age 505 13.5 0.96 (0.93, 0.98) 0.0003  - -  271 22.1 0.96 (0.94, 0.99) 0.0068  - - 

Age group                

20s 46 23.9 1   1   21 42.9 1   1  

30s 156 19.2 0.70 (0.35, 1.40) 0.31  0.69 (0.34, 1.37) 0.29  77 27.3 0.62 (0.28, 1.35) 0.23  0.66 (0.30, 1.47) 0.31 

40s 160 8.8 0.29 (0.13, 0.65) 0.0025  0.26 (0.12, 0.58) 0.001  98 17.4 0.35 (0.16, 0.78) 0.01  0.40 (0.17, 0.93) 0.03 

50s 111 9.9 0.35 (0.15, 0.80) 0.013  0.32 (0.14, 0.75) 0.008  54 14.8 0.31 (0.12, 0.80) 0.02  0.35 (0.13, 0.92) 0.03 

≥60 years 32 6.3 0.21 (0.05, 0.94) 0.041  0.18 (0.04, 0.82) 0.027  21 23.8 0.59 (0.20, 1.78) 0.35  0.60 (0.19, 1.88) 0.38 

CCI                

<2.0 193 13.5 1   1   102 25.5 1   1  

≥2.0 312 13.5 1.00 (0.61, 1.63) 0.99  1.27 (0.76, 2.12) 0.37  169 20.1 0.75 (0.45, 1.26) 0.28  0.97 (0.56, 1.68) 0.90 

Systemic 

steroid history 

               

No 306 11.8 1   1   179 26.3 1   1  

Yes 199 16.1 1.42 (0.88, 2.29) 0.15  1.49 (0.92, 2.42) 0.10  92 14.1 0.50 (0.27, 0.92) 0.02  0.55 (0.29, 1.02) 0.056 

Asthma                

No 484 13.6 1   1   262 22.1 1   1  

Yes 21 9.5 0.64 (0.16, 2.63) 0.54  0.65 (0.16, 2.70) 0.55  9 22.2 1.04 (0.25, 4.25) 0.96  1.16 (0.27, 4.90) 0.84 

SLIT, sublingual immunotherapy; CI, confidence interval, HR, hazard ratio; CCI, Charlson comorbidity index.467 
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Table 4. Risk factors associated with compliance during maintenance period 468 

Factors 

1-year SLIT (SLIT2015)  2-year SLIT (SLIT2014) 

’  SE (95% CI) p-value  ’  SE (95% CI) P-value 

Intercept 0 84.39 2.44 (79.59, 89.18) <.0001  0 77.09 6.31 (64.67, 89.51) <.0001 

Sex (Female) 0.01 0.26 1.15 (-2, 2.52) 0.82  -0.14 -6.6 2.93 (-12.37, -0.82) 0.03 

Age 0.15 0.19 0.06 (0.08, 0.3) 0.001  0.15 0.35 0.15 (0.06, 0.64) 0.02 

CCI 0.01 0.06 0.26 (-0.46, 0.58) 0.82  -0.09 -1.09 0.74 (-2.54, 0.36) 0.14 

Systemic steroid history 0.01 0.26 1.16 (-2.01, 2.53) 0.82  0.12 6.2 3.07 (0.16, 12.24) 0.04 

Asthma 0.02 1.43 2.82 (-4.12, 6.98) 0.61  0.02 2.01 8.07 (-13.88, 17.91) 0.8 

SLIT, sublingual immunotherapy; ’, standard partial regression coefficient; , regression coefficient; SE, standard error; CI, confidence interval, CCI, Charlson comorbidity index. 469 

 470 
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Figure and Figure Legends 471 

 472 

Figure 1. Flowchart of the patient selection process. 473 

 474 

 475 

Figure 2. Distribution of patients who started the standardized Japanese cedar pollen extract (JCPE) 476 
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induction phase. A) Age distribution of JCPE patients selected for the study (SLIT all, 1095 477 

patients). B) Distribution of the initiation date of the JCPE induction phase (SLIT adults, 846 478 

patients). 479 

 480 

 481 

Figure 3. Kaplan-Meier curves of the time to dropout during the maintenance phase with age groups 482 

for the 1-year SLIT cohort (A) and the 2-year SLIT cohort (B). 483 

 484 


