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Abstract
Background: Sublingual immunotherapy (SLIT) often has low adherence rates.

Objective: To provide effective support for SLIT continuation, we investigated potential predictors of SLIT adherence
through a prospective analysis of patient characteristics. We excluded evaluation of treatment effect and symptoms
during treatment, aiming instead to identify predictors of later dropout or insufficient adherence due to indolence or
forgetfulness using only information obtained at initial examination.

Methods: We provided patients with a questionnaire and monitored self-reported adherence once every 6 months. Cas-
es of dropout for clear reasons were excluded, but cases of dropout or insufficient adherence to SLIT for indolence or
forgetfulness were included.

Results: Fifty-three patients receiving SLIT were assessed. Nine patients dropped out after providing a clear reason.
Thirty-four patients maintained good adherence. Seven patients continued SLIT but with insufficient adherence, while
three patients discontinued SLIT for unclear reasons (indolence or forgetfulness) and these ten individuals were clas-
sified as the poor-adherence group. Univariate analysis and multivariate logistic regression analysis of the good-ad-
herence and poor-adherence groups showed age to be a significant predictor of SLIT adherence. Based on analysis of
a receiver operating characteristic curve, age < 40.5 years was selected as the optimal cutoff value for predicting poor
adherence to SLIT.

Conclusion: To prevent treatment SLIT discontinuation on account of indolence or forgetfulness, the necessity of long-
term treatment continuity should be communicated clearly prior to commencing treatment, especially for patients un-

der 40 years of age.
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Low adherence rates represent a considerable problem for the
success of long-term treatments.

SLIT is self-administered by patients without medical su-
pervision. Home administration removes one of the major
obstacles to adherence because it does not require the patient
to attend a physician’s office for treatment, unlike subcutane-
ous immunotherapy (SCIT). However, SLIT adherence varies
widely, with dropout rates ranging from 49% to 82% of pa-
tients prescribed three years of SLIT."** Therefore, if clinicians
could predict SLIT adherence to medication prior to com-
mencing treatment: (i) correct guidance to patients can be
given; and (ii) appropriate patients can be selected for SLIT.

To provide effective support for continued treatment, we
investigated potential predictors of SLIT adherence through a
prospective analysis of patient characteristics.

Unlike previous reports, our study did not simply analyze
reasons for dropout. Instead, we attempted to predict dropout
or insufficient adherence due to indolence or forgetfulness
using information available prior to commencing treatment.
Therefore, we excluded evaluation of treatment effect and
symptoms during treatment, aiming to identify predictors us-
ing only information obtained at initial examination.

Methods
Participants and study procedure

This was a prospective observational study registered in
the UMIN clinical trial registry website (UMIN000015652).
We recruited 53 adults (all aged > 20 years) who started SLIT
for JCP from November 2014 to August 2016 at Saitama Med-
ical University Hospital. The study was carried out over more
than two pollen seasons.

Ethics statement

The study protocol was approved by the Institutional Re-
view Board of Saitama Medical University Hospital (IRB
No.14086). Written informed consent was obtained from all
patients.

SLIT protocol

Patients received a standardized JCP extract (Cedartolen®
Sublingual Drops; Torii Pharmaceuticals, Tokyo, Japan). In the
SLIT protocol for JCP' the patient receives escalating doses
for 2 weeks, beginning with 0.2 mL of JCP extract [200 Jap-
anese allergy unit (JAU)/mL] and increasing by 0.2 mL every
second day up to 1.0 mL at 200 JAU/mL. Thereafter, treat-
ment is switched to 0.2 mL of JCP extract (2000 JAU/mL) and
increases similarly until reaching the maintenance dose of 1.0
mL (2000 JAU/mL). Starting from the third week, patients
receive a daily maintenance dose of 1.0 mL of JCP extract at
2000 JAU/mL.

The SLIT protocol has been described previously. Patients
attempted to take the medication for the first time after a
description of SLIT had been given by a physician or nurse.
After ascertaining if early side effects (30 min) had occurred,
questionnaires were handed out to patients. For patients who
discontinued treatment, we asked them their reasons for do-
ing so by telephone.

Questionnaire
Questions on patient characteristics

Questions on patient characteristics were divided broadly
into three sections:

1) Sexuality, age, age at disease onset, disease duration.

2) Time required to visit the hospital; distance to the hos-
pital; ease of visiting the hospital; regularity of sleep
schedule and waking up at a certain time; regularity
of eating breakfast; child care or family care; hobbies;
alcohol consumption; tobacco smoking; marital sta-
tus; highest level of education attained; annual income;
profession; medical history; and current medication
use.

JCP type (sneeze and rhinorrhea/nasal blockage/com-
bined type) and severity (most severe/severe/moderate/
mild) as measured via the Total Nasal Symptom Score.

Questions on level of understanding of treatment
In this section, patients were asked to answer ten ques-

tions with “yes”, “no” or “don’t know”:

Q1: SLIT should be taken every day.

Q2: SLIT has no side effects.

Q3: SLIT must be stopped when receiving dental treat-
ment or if mouth ulcers develop.

Q4: SLIT can be resumed immediately even after a wash-
out period of > 1 month.

Q5:  Alcohol can be consumed immediately after SLIT.

Q6: Exercise should not be performed immediately be-
fore or after SLIT.

Q7: SLIT can resolve mite allergy as well as JCP.

Q8: SLIT can resolve JCP completely in all patients.

Q9: SLIT can be used in combination with other

medications during JCP season.
Q10: SLIT is complete after 1 year.

Questions on personality traits

We assessed personality traits using the Neuroticism—
Extraversion-Openness-Five Factor Personality Inventory
(NEO-FFI).” The inventory consists of 60 items, including 12
items for each of the five domains (neuroticism, extraversion,
openness, agreeableness and conscientiousness).

Questions on medication adherence

We monitored self-reported adherence to SLIT once every
6 months. Patients answered questions regarding the previous
6 months by stating how often they took their medication:

Q1: Every day.

Q2: Almost every day.

Q3: 5 days/week.

Q4: About 3-4 days/week
Q5: Only 1-2 days/week
Q6: Sporadically.

Q7: Treatment discontinued.
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Definitions

“Dropout” was defined as stopping treatment and never
resuming it. “Insufficient adherence” was defined as self-ad-
ministration of SLIT at a frequency of any of: 5 days/week,
about 3-4 days/week, only 1-2 days/week, or sporadically.
“Sufficient adherence” was defined as self-administration of
SLIT every day or almost every day.

Statistical analyses

Quantitative variables were expressed as means * stan-
dard deviations. Normality of the data was verified using the
Shapiro-Wilk test. The Mann-Whitney U-test and unpaired
Student’s t-test were used to assess differences between two
groups. Pearson’s chi-squared test or Fishers exact test were
used to assess associations between two categorical variables.
Multivariable logistic regression analysis was used to evaluate
the combined effects of risk factors. Variables with p < 0.10 in
univariate analysis were included in the multivariable logistic
regression model-building process; p < 0.05 was considered
statistically significant. Odds ratios (ORs) are presented with
95% confidence intervals (CIs). All statistical analyses were
performed using SPSS v24.0 (IBM, Armonk, NY, USA).

+

Results

Fifty-three patients (25 males and 28 females; mean age,
48.0 = 14.3 years) formed the study cohort. Nine patients
dropped out because of a definite reason (e.g., early side ef-
fects, moving out of the area, or no effect of SLIT). The pa-
tients who moved out of the area were forced to change
their living location relatively early after treatment initiation.
Therefore, it was not possible to periodically confirm adher-
ence thereafter, and it is unclear whether treatment adherence
was sufficient. We think that it is necessary to exclude these
individuals at this time. The single patient reporting no ef-
fect of SLIT was an 82-year-old man. At first we thought that

Table 1. Characteristics of the study cohort (44 patients)

Male, number (%)
Age (years), mean + SD
Age at JCP onset (years), mean + SD
Duration of JCP (years), mean + SD
Ease of visiting hospital, number (%)
not difficult
slightly difficult
very difficult
Regular sleep schedule, number (%)
Regular breakfast consumption, number (%)
Children or family care, number (%)

Alcohol consumption, number (%)

he should be excluded from treatment because of his ad-
vanced age, but he was very hopeful that SLIT might be of
help. However, he complained that his nasal discharge re-
mained regardless of SLIT. We assumed that his nasal dis-
charge was not solely due to cedar pollen, and might have
other physiological explanations related to advanced age.
Within a year, this patient dropped out after losing interest in
SLIT and we therefore excluded him from our analyses.

Thirty-four patients maintained good adherence to SLIT,
and we classified them as the “good-adherence group”. Seven
patients continued SLIT despite insufficient adherence and
three cases discontinued SLIT for unclear reasons (indolence
or forgetfulness). Together, these ten patients formed the
“poor-adherence group”. We then made comparisons between
the good-adherence group (n = 34) and the poor-adherence
group (n = 10).

Patient characteristics

We analyzed the 12 items which received appropriate re-
sponses in our questionnaire (sex; age; age at disease onset;
disease duration; ease of visiting the hospital; regularity of
sleep schedule and waking up at a certain time; regularity of
breakfast consumption; child care or family care; alcohol con-
sumption; tobacco smoking; JCP type; JCP severity).

Univariate analysis of patients in the good-adherence and
poor-adherence groups showed that age was associated with
SLIT adherence (Table 1). Multivariate logistic regression
analysis using the three factors attaining p < 0.1 in univari-
ate analyses revealed that age (OR 0.89, 95%CI 0.81-0.97; p
= 0.011) remained a significant predictor of SLIT adherence.
Based on analyses of a receiver operating characteristic (ROC)
curve, age < 40.5 years was selected as the optimal cutoff val-
ue for predicting poor adherence to SLIT. The sensitivity and
specificity were 60.0% and 82.4%, respectively, with an overall
area under the ROC curve (AUC) of 0.766 (Figure 1).

Good adherence Poor adherence ?P
n=34 n=10
15 (44.1) 3(30.0) 0.34
514+114 39.8+11.3 0.01
24.8+10.4 214+94 0.39
263+11.4 19.9 £12.5 0.15
0.06
14 (43.8) 7 (77.8)
15 (46.9) 1(1L.1)
3(9.4) 1(11.1)
28 (82.4) 8 (80.0) 0.59
30 (88.2) 8(80.0) 0.42
8(23.5) 4 (40.0) 0.26
14 (43.8) 6 (60.0) 0.30
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Table 1. (Continued)

Tobacco smoking, number (%)
Type of JCP, number (%)
sneezing and rhinorrhea
nasal blockage
combined type
Severity of JCP, number (%)
mild
moderate

Very severe or severe

Good adherence Poor adherence

n =34 n=10
1(3.1) 1 (10.0) 0.42
0.07

9 (26.5) 0(0.0)

5(14.7) 3(30.0)

20 (58.8) 7 (70.0)
0.35

3(8.8) 2 (20.0)

5(14.7) 1(10.0)

26 (76.5) 7 (70.0)

JCP: Japanese cedar pollinosis
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Figure 1. Analysis of receiver operating characteristic
(ROC) curve for age as a predictor of SLIT adherence.

Age < 40.5 years was selected as the optimal cutoft value for
predicting poor adherence to SLIT. The sensitivity and speci-
ficity were 60.0% and 82.4%, respectively, with an overall area
under the ROC curve (AUC) of 0.766.

Level of understanding of treatment

The mean number of correct answers to the questionnaire
was 8.3 + 1.5 in the good-adherence group and 8.1 + 2.4 in
the poor-adherence group. This difference was not statistically
significant (p = 0.67).

Personality traits

There was no significant difference in five-dimensional NEO
-FFI scores between the good-adherence and poor-adherence
groups (Table 2).

Table 2. NEO-FFI scores (mean + SD) of study participants

Good adherence Poor adherence ?P
n=34 n=10
Neuroticism 52.9+19.5 49.3 +14.7 0.6
Extraversion 52.2+11.6 47.3+£10.3 0.24
Openness 53.0£8.5 51.9 +£10.2 0.73
Agreeableness 49.5+10.4 54.4 + 8.4 0.19
Conscientiousness 50.3+8.3 47.7£7.2 0.37

NEO-FFI, Neuroticism-Extraversion-Openness-Five Factor Personality In-
ventory

Discussion

Adherence to medication is crucial for all types of long-
term treatments. SLIT is convenient for patients because treat-
ment is self-administered and safe,® but serious challenges re-
garding adherence remain.

In a 2011 Italian study,” > 50% of patients discontinued
SLIT during the first year; by the second year, only 28% re-
mained on treatment, and this figure declined to 13% in the
third year. In a German study of SLIT for pollinosis,” 47% of
patients discontinued SLIT during the first year; by the sec-
ond year, only 26% remained on treatment, and this figure de-
clined to 16% in the third year. In a study in the Netherlands,?
only 7% of patients remained on SLIT by the third year of
treatment.

In Japan, an extract for SLIT for JCP became available
commercially in 2014. Most patients visited our hospital with
the hope of receiving treatment around the same time as SLIT
became available for JCP in Japan. Consistently, their symp-
toms were not sufficiently alleviated by drug treatment alone,
so they were enthusiastic to receive SLIT for JCP. However,
before starting SLIT, we always made sure to carefully ex-
plain SCIT and SLIT. Patients started treatment after having
carefully considered which treatment they wished to receive.
Several years have passed since SLIT for JCP was started to
be used in clinical practice, and it is beginning to appear that
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treatment continuation rates are very high in Japan. Yuta and
colleagues’ reported on 133 patients undergoing SLIT for
JCP. They found that 3.1% of patients discontinued treatment
during the first year, and 4.1% did so in the second year.

Moreover, in 2016, Yuta and co-workers' reported that
treatment outcomes using a visual analog scale (VAS), a face
scale, and the Total Nasal Symptom Score were improved sig-
nificantly in patients whose SLIT adherence was over 70% or
75%. An adherence rate of 70% is equivalent to taking medi-
cation 5 days/week, so instructing patients not to forget their
medication more than once or twice per week is important.
However, Yuta and colleagues also pointed out that adherence
rates reported using a questionnaire were 13.5% higher than
those measured using prescription monitoring, so the limita-
tions of our study include the method used to investigate ad-
herence (a questionnaire).

Another limitation of our study was the loss to follow up
of patients who moved out of the area, which may have intro-
duced selection bias into the results.

A further limitation of our study was that the number of
cases was quite small. The reason for the small sample size is
that this was a prospective study at a single institution, and
SLIT for JCP has been used in Japan for only a short peri-
od starting in 2014. Only 33 cases have been followed over
time in other single-institution studies" in Japan, and even in
multi-institutional research,'? the sample size is 356 cases in
total. Compared with other countries, Japanese patients have
very low dropout rates from SLIT. Therefore, the number of
individuals with poor adherence to SLIT studied here was un-
avoidably quite small.

In conducting this study, we considerably discussed the
definition of adherence. Considering the high continuation
rates in Japan and the purpose of our study, we needed to
distinguish patients who dropped out for clear reasons and
those who dropped out because of indolence or forgetfulness.
Although there have been some retrospective investigations
of dropout reasons in previous Japanese and international
reports, our prospective study examined whether it was pos-
sible to predict adherence from information obtained at the
patient’s initial visit. We believe that this represents a novel
hypothesis. Our conclusions were that relatively young pa-
tients under the age of 40.5 years tended to have inadequate
adherence due to indolence or forgetfulness. Other studies
investigating adherence to medications for chronic diseases
(including immunotherapy) have reported differences in treat-
ment adherence associated with patient age.**"'¢ In reports
from Japan, age and occupation have both been reported
to be strongly associated with low adherence to treatment.'s
Moreover, Hashimoto and colleagues reported that adher-
ence rates were lower in employed persons.”” Even though
these patients may be willing to start treatment, it may not
be continued, perhaps because younger individuals are often
busy with labor, child care and other responsibilities. With
this in mind, we believe that more efficient SLIT treatment
can be achieved.

Conclusions

To prevent treatment SLIT discontinuation on account of
indolence or forgetfulness, the necessity of long-term treat-
ment continuity should be communicated clearly prior to
commencing treatment, especially for patients under 40 years
of age.
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