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Purpose: The status of dupilumab self-injection at home is not well understood. We therefore aimed to identify the barriers to 
adherence to dupilumab self-injection.
Patients and Methods: This non-interventional open-label study was conducted between March 2021 and July 2021. Patients with 
atopic dermatitis, bronchial asthma, and chronic rhinosinusitis with nasal polyps receiving dupilumab, from 15 sites, were requested to 
complete a self-administered questionnaire regarding the frequency and effectiveness of dosing as well as their use and satisfaction 
with dupilumab. Barriers to adherence were assessed using the Adherence Starts with Knowledge-12.
Results: We included 331 patients who used dupilumab for atopic dermatitis (n = 164), chronic rhinosinusitis with nasal polyps (n = 102), 
and bronchial asthma (n = 65). The median efficacy of dupilumab scored 9.3 on the visual analog scale. Overall, 85.5% of the patients self- 
injected dupilumab, and 70.7% perfectly complied with the established injection dates. The pre-filled pen was significantly superior to the 
conventional syringe in terms of usability, operability, ease of pushing the plunger, and patient satisfaction. However, the pre-filled pen 
caused more pain during self-injection than did the syringe. Multivariate logistic regression analysis showed that adherence decreased with 
longer dupilumab treatment duration (p = 0.017) and was not associated with age, sex, underlying disease, or device type. There was 
a difference in responses related to “inconvenience/forgetfulness” between the good and poor adherence groups.
Conclusion: The pre-filled dupilumab pen was superior to the syringe in terms of usability, operability, ease of pushing the plunger, 
and satisfaction. Repetitive instructions are recommended for preventing poor adherence to dupilumab self-injection.
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Introduction
Allergic diseases have become a major health problem in modern society, with an increasing incidence worldwide 
because of considerable changes in sanitation, lifestyle, and diet.1,2 The global incidence rates of atopic dermatitis (AD), 
adult bronchial asthma (BA), and chronic rhinosinusitis are approximately 3%,3 15%,4 and 12%,5 respectively. In 
addition to frequent hospitalizations and unscheduled hospital visits due to disease exacerbations, people with allergic 
diseases are forced to bear a substantial economic burden, reduced quality of life due to symptoms, time loss and medical 
expenses incurred by regular hospital visits, and reduced work productivity.6 Although treatments for allergic diseases 
have improved over time, numerous patients remain refractory to treatment. In such instances, biologics have been 
reported to be effective7–9 and can be considered an innovative treatment method.6

Symptomatic management of allergic diseases often requires not only oral medications, but also a combination of oral 
medications and topical medications (for AD), inhalants (for BA), nasal sprays (for chronic rhinosinusitis), and other 
local anti-allergy medications. However, topical medications are more laborious to administer than oral medications, and 
patients may experience difficulty in following instructions, leading to poor adherence. In a study by Storm et al, one- 
third of patients with psoriasis and eczema attending a dermatology clinic did not have their prescriptions refilled.10 On 
the other hand, in a study conducted by Braido et al, approximately half of the patients with BA did not use their inhalers 
correctly.11 Furthermore, because poor adherence greatly diminishes treatment effectiveness,12,13 improving adherence is 
important for preventing exacerbation and managing symptoms.

The Adherence Starts with Knowledge-12 (ASK-12) is a 12-item questionnaire designed to assess patient-specific 
behaviors and barriers related to treatment adherence.14 The ASK-12 is a shortened version of the ASK-20, with fewer 
questions to increase ease of use in a clinical setting. In addition, questions specific to oral medications have been 
eliminated and the shortened version can be used for various drug dosage types, including topical, inhaled, nasal, and 
injectable medications.15

Additionally, a patient’s affinity with the administration device, such as satisfaction with inhalers for BA, affects 
adherence.16 Pain at the site of self-injection plays an important role in adherence to treatments involving self- 
administration of injectable medications, such as in diabetes and rheumatoid arthritis.17,18 Home self-injection is now 
also possible for allergic diseases, with dupilumab for AD, BA, and chronic rhinosinusitis with nasal polyps (CRSwNPs); 
omalizumab for BA and chronic urticaria; and mepolizumab for BA and eosinophilic granulomatosis with polyangiitis.

There are three methods for dupilumab administration: self-injection syringe, syringe with an aid device, and pre- 
filled pen (Figure 1).19 The syringe and pre-filled pen are filled with 300 mg (2 mL) of dupilumab and utilize a 27-gauge 
needle measuring 13 mm. The needle of the pre-filled pen is inserted subcutaneously at a depth of 6 mm. With the pre- 
filled pen, dupilumab is injected at a fixed rate when the button is pressed. The aid device secures the injection site to the 
body and conceals the needle.

Figure 1 Injection devices. (A): Pre-filled syringe; (B): Aid device; (C) Pre-filled pen.
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Few real-world reports have been published on the impact of the device and disease characteristics on adherence to 
dupilumab self-injection. Thus, this study aimed to identify barriers to adherence by using the ASK-12 and an original 
questionnaire for investigating adherence to and satisfaction with self-injection of dupilumab.

Materials and Methods
Ethics Statements
This study was performed in accordance with the principles stated in the Declaration of Helsinki and was approved by 
the Nippon Medical School Tama Nagayama Hospital Ethical Review Committee (ethical review approval number: 681), 
and permission to conduct the study was obtained from each participating institution. Informed consent was obtained 
from each participant enrolled in this study.

Study Design and Patients
This non-interventional open-label study was conducted between March 2021 and July 2021 in 10 hospitals (> 200 beds) 
and five clinics of cooperating facilities. Patients with AD, BA, and CRSwNPs attending these facilities, who used 
dupilumab during the study period according to the Japanese guidelines for their respective diseases,20,21 who were aged 
12 years or older, and who answered the Japanese version of the ASK-12 as well as 20 additional questions were 
included in this study. Patients with missing answers to any question were excluded, and those who could not read the 
questionnaires (eg, foreigners) were not asked to participate.

Questionnaires
The self-reported ASK-12 questionnaire consisted of queries regarding “inconvenience/forgetfulness” (Q1–3), “health 
beliefs” (Q4–7), and “behavior” (Q8–12). Answers were scored using a five-point Likert scale. Scores for Q1–7 ranged 
from 1, indicating “strongly disagree”, to 5, indicating “strongly agree.” For Q8–12, the scale for frequency ranged from 
1 point for “never”, to 5 points, for “in the last week.” The total ASK-12 score ranged from 12 to 60 points. The 20 
additional questions consisted of five categories: (1) frequency and effectiveness of dupilumab administration; (2) history 
of self-injection; (3) whether patients self-injected, how they self-injected, if they delayed self-injection, and the 
scheduling of self-injection; (4) self-injection devices used and patients’ satisfaction with them; and (5) open-ended 
statements about dissatisfaction with the devices and areas of improvement. Questions about the self-injection devices 
were asked using a visual analog scale (VAS; score range, 0–10) for operability, ease of pushing the plunger, pain, and 
fear of self-injection using the device. Regarding the device size and ease of gripping, both scores were set on a 5-point 
scale, from 1 for “very small” and “very hard to grip”, 3 for “just right”, and 5 for “very large” and “very easy to grip.” 
For usability and satisfaction, a 5-point scale was also set, where 1 indicated “very dissatisfied” and 5 indicated “very 
satisfied.”

Statistical Analysis
Data are presented as median and interquartile range. The Mann–Whitney U-test was used to compare continuous data 
between two groups, whereas the Kruskal–Wallis test was used to compare data among three groups. Post hoc Bonferroni 
adjustment was applied. Fisher’s exact and chi-square tests were used to compare categorical data between groups. 
Spearman’s rank correlation coefficient was used to assess correlations between the VAS score and duration of treatment.

Multiple logistic regression analysis was performed using SPSS Statistics for Mac OS, version 27.0 (IBM 
Corporation, Armonk, NY, USA). A p-value < 0.05 (two-tailed) was set as the level for statistical significance.

Results
In this study, 375 patients were enrolled, and 331 patients (164 with AD, 65 with BA, and 102 with CRSwNPs) were 
analyzed after excluding 44 patients with missing information (Table 1). Overall, 38.4% of the enrolled patients were 
female, and the median age was 47.0 years. In patients with AD, BA, and CRSwNPs, the median subjective efficacies of 
dupilumab, expressed as VAS scores, were 9.4, 9.1, and 9.2, respectively, which were all favorable, without significant 
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differences among diseases. The median duration of dupilumab use was 364.0 days, and there was a slight correlation 
between duration of dupilumab use and its efficacy (p = 0.0271, r = 0.1215) (Figure 2). The injection frequency was 
significantly higher in the AD than in the BA group (p = 0.0037). The proportion of patients who self-injected was 
13.3%. The median total score on each ASK-12 was 30.0 for all three diseases, with no significant differences between 
diseases (p = 0.6184).

The background characteristics of patients who self-injected dupilumab are shown in Table 2. Self-injection was 
performed by 85.5% of patients. Among patients with a history of self-injection, 97.7% chose or continued to self-inject 
dupilumab. There was no relationship between age and the choice or continuation to self-inject. Overall, 70.7% of the 
patients were adherent (never forgot an injection). The adherence rate in the AD group was 59.4%, which was 
significantly lower than that in the other two groups (p = 0.0002) (Table 2). Injection was delayed for < 2 weeks in 
95.2% of patients (n = 80), 2–4 weeks in 3.6% (n = 3), and > 2 months in 1.2% (n = 1). Worsening of symptoms due to 
delayed injection occurred in 11.9% (< 2 weeks: 8 AD patients; 1 BA patient; 2–4 weeks: 1 CRSwNP patient) and 
became severe in 1.2% (> 2 months: 1 AD patient) of the participants (data not shown).

Table 1 Patient Characteristics

All Patients (n = 331) AD (n = 164) BA (n = 65) CRSwNPs (n = 102) p-value

Sex, female: male, n 127:204 46:118a 36:29 45:57 0.0002
Age, years (median, [IQR]) 47.0 (37.0–55.0) 41.0 (31.0–49.0)b 53.0 (45.0–63.0) 51.0 (43.3–61.5) <0.0001

Efficacy of dupilumab, VAS 

(median, [IQR])

9.3 (8.2–10.0) 9.4 (8.2–10.0) 9.1 (8.1–10.0) 9.2 (8.2–9.9) 0.7762

Duration of dupilumab use, days 

(median, [IQR])

364.0 (238.0–690.0) 593.5 (272.5–799.8)b 507.0 (245.0–653.0) 272.5 (209.5–348.8) <0.0001

Interval of injection, weeks 
(median, [IQR])

2.0 (2.0) 2.0 (2.0) 2.0 (2.0)b 2.0 (2.0) 0.0037 
(vs AD)

Self-injection history, n, (%) 44 (13.3) 17 (10.4) 14 (21.5) 13 (12.7) 0.0789
Total ASK-12 score (median, [IQR]) 30.0 (27.0–33.0) 30.0 (28.0–34.0) 30.0 (7.0) 30.0 (6.0) 0.6184

Note: aChi-square test, bKruskal–Wallis test. 
Abbreviations: AD, atopic dermatitis; BA, bronchial asthma; CRSwNPs, chronic rhinosinusitis with nasal polyps; IQR, interquartile range; ASK-12, Adherence Starts with 
Knowledge-12; VAS, visual analog scale.

Figure 2 Correlation of visual analogue scale (VAS) score with the efficacy and duration of dupilumab use. p = 0.0271, r = 0.1215.
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Figure 3 shows the preferred injection sites for dupilumab, the type of device used, and the number of days that the 
device was used. Multiple responses were allowed for the injection site. The abdomen was the most common injection 
site (81.7%, 254/311), followed by the thigh (16.1%, 50/311) (Figure 3A and B). Overall, the pre-filled pen was the most 
used device (61.5%, 174/283). The syringe was most frequently used in the AD group (47.1%, 65 cases), whereas the 
pre-filled pen was most frequently used in the BA group (44.9%, 62 cases) and CRSwNP group (78.7%, 70 cases), 
showing significant differences in terms of the type of instrument used and disease (p < 0.001, chi-square test; data not 
shown). The median duration of dupilumab use was significantly shorter in patients using the pre-filled pen than in those 
using other forms (272.5 days; vs syringe, p < 0.0001; vs syringe with an aid device, p = 0.0006) (Figure 3C).

As shown in Figure 4, patients were asked to rate the operability of self-injection, ease of pushing the plunger, pain, 
and fear of self-injection using a VAS. The pre-filled pen was significantly superior to the syringe in terms of ease of 
operability (9.1 vs 8.0, p < 0.0001) and pushing the plunger (9.1 vs 7.0, p < 0.0001); however, it was significantly inferior 
in terms of pain (5.1 vs 3.4, p = 0.0193). Among participants who self-injected, 24.4% (69/283) completed the free text 
field. Of these participants, 30.4% (21/69) stated that the rapid injection speed caused the pain associated with using the 

Table 2 Characteristics of Patients Who Self-Inject Dupilumab

All Patients (n = 283) AD (n = 138) BA (n = 56) CRSwNPs (n = 89) p-value

Sex ratio, female: male, n 106:177 38:100a 29:27 39:50 0.0022
Age, years (median [IQR]) 46.0 (37.0–55.0) 41.0 (31.0–48.8)b 53.0 (44.8–62.3) 51.0 (43.0–58.0) <0.0001

Duration of dupilumab 

use, days (median [IQR])

352.0 (234.0–691.0) 604.0 (276.0–803.3) 451.0 (254.0–653.5)b 267.0 (198.0–333.0)b <0.0001 

(vs AD) 0.0016 
(vs CRSwNP)

Interval of injection, 

weeks (median [IQR])

2.0 (2.0) 2.0 (2.0) 2.0 (2.0)b 2.0 (2.0) 0.0061 (vs AD)

Adherence, n (%) 200 (70.7) 82 (59.4)b 43 (76.8) 75 (84.3) 0.0002

Total ASK-12 score 

(median, [IQR])

30.0 (27.0–33.0) 30.0 (5.0) 30.0 (7.0) 30.0 (6.0) 0.7859

Note: aChi-square test, bKruskal–Wallis test. 
Abbreviations: AD, atopic dermatitis; BA, bronchial asthma; CRSwNPs, chronic rhinosinusitis with nasal polyps; IQR, interquartile range; ASK-12, Adherence Starts with 
Knowledge-12.

Figure 3 Graphs showing (A) self-injection site, (B) injection device, and (C) duration of dupilumab use. **** p < 0.0001, ***p = 0.0006.
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pre-filled pen (data not shown). There were no significant differences in terms of the device’s size or ease of gripping. 
The pre-filled pen was significantly superior to the syringe in terms of usability (4.0 [4.0] vs 4.0 [3.0–4.0], p = 0.0003) 
and satisfaction (4.0 [4.0] vs 4.0 [3.0–4.0], p = 0.0001) (Figure 5).

As shown in Table 3 and Table 4, the ASK-12 scores were analyzed separately for the good adherence group (200 
patients), who did not miss a dose, and for the poor adherence group (83 patients), who missed or delayed a dose at least 
once. The total ASK-12 score was significantly higher in the poor adherence group than in the good adherence group (p < 
0.0001) (Table 3). Significant differences in responses to Q1, 2, 3, 8, and 9 were found between the groups. Further 

Figure 4 Evaluation of each device. (A) Operability; (B) Ease of pushing the plunger; (C) Pain; (D): Fear of self-injection. The pre-filled pen fared significantly better in terms 
of operability and ease of pushing the plunger, but fared significantly worse in terms of pain. **** p < 0.0001, ***p < 0.001, *p = 0.0193.

Figure 5 Evaluation of each device. (A) Size; (B) Grip; (C) Usability; (D) Patient satisfaction. The pre-filled pen fared significantly better in terms of usability and patient 
satisfaction. (C) ***p = 0.0003, (D) ***p = 0.0001.
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comparison of clinical characteristics revealed that the poor adherence group included younger participants (43.0 vs 47.0 
years, p = 0.0047), used dupilumab for a longer duration (585.0 vs 319.5 days, p < 0.0001), more frequently used 
a syringe (syringe, 41.0% vs syringe with an aid device, 9.6% vs pre-filled pen, 49.4%, p = 0.0267), and more commonly 
included patients with AD (AD group, 67.5% vs BA group, 15.7% vs CRSwNP group, 16.9%, p = 0.0002) (Table 4). The 
VAS scores for pain related to self-injection did not differ significantly between the groups.

Multiple logistic regression analysis was performed for age, sex, duration of dupilumab use, disease, and type of 
device used, to explore factors associated with non-adherence (Table 5). The use of an aid device was excluded from 
the analysis due to the small number of patients who used such devices. The analysis showed that a longer duration of 
dupilumab use was associated with poor adherence (odds ratio, 1.002; 95% confidence interval: 1.000–1.004, p = 
0.017). Patients also managed their injection schedules in various ways, including using smartphones and home and 

Table 3 The Scores of ASK-12 Items in Patients with Good or Poor Dupilumab Adherence

ASK-12 Items† Dupilumab Adherence p-value

Good (n = 200) Poor (n = 83)

#1. I just forget to take my medicine some of the time. 2.0 (1.0–3.0) 4.0 (2.0–4.0) <0.0001

#2. I run out of my medicine because I do not get refills on time. 1.0 (1.0) 1.0 (1.0–2.0) 0.0015
#3. Taking medicines more than once a day is inconvenient. 3.0 (1.0–4.0) 3.0 (2.0–4.0) 0.0023

#4. I feel confident that each one of my medicines will help me. 4.0 (4.0–5.0) 4.0 (4.0–5.0) 0.3149

#5. I know if I am reaching my health goals. 4.0 (4.0–5.0) 4.0 (4.0–5.0) 0.8781
#6. I have someone whom I can call with questions about my medicines. 4.0 (3.0–4.3) 4.0 (4.0) 0.6104

#7. My doctor/nurse and I work together to make decisions. 4.0 (4.0–5.0) 4.0 (4.0) 0.4591

#8. Taken a medicine more or less often than prescribed? 1.0 (1.0–2.0) 2.0 (1.0–4.0) <0.0001
#9. Skipped or stopped taking a medicine because you did not think it was working? 1.0 (1.0) 1.0 (1.0–2.0) 0.0016

#10. Skipped or stopped taking medicine because it made you feel bad? 1.0 (1.0) 1.0 (1.0) 0.3538

#11. Skipped, stopped, not refilled, or taken less medicine because of the cost? 1.0 (1.0) 1.0 (1.0) 0.1569
#12. Not had medicine with you when it was time to take it? 1.0 (1.0–2.0) 1.0 (1.0–2.0) 0.0618

Total ASK-12 score 29.0 (26.8–32.0) 32.0 (30.0–35.5) <0.0001

Notes: †The Japanese version of ASK-12 was used in this study. All values are described as median (interquartile range). Adapted with permission from Matza LS, Park J, 
Coyne KS, Skinner EP, Malley KG, Wolever RQ. Derivation and validation of the ASK-12 adherence barrier survey. Ann Pharmacother. 2009;43(10):1621–1630.15 

Abbreviation: ASK-12, Adherence Starts with Knowledge-12.

Table 4 Comparison of Clinical Characteristics Between the Good and Poor Adherence Groups

Dupilumab Adherence p-value

Good (n = 200) Poor (n = 83)

Sex ratio, female: male, n 69:131 37:46 0.1380

Age, years (median [IQR]) 47.0 (37.0–57.0) 43.0 (35.0–49.5) 0.0047
Duration of dupilumab use, days (median [IQR]) 319.5 (198.0–610.5) 585.0 (487.5) <0.0001

Pain, VAS score (median [IQR]) 5.0 (1.8–7.1) 5.0 (2.5–4.0) 0.5284

Syringe, n (%) 54 (27.0) 34 (41.0) 0.0267
Syringe with an aid device, n (%) 13 (6.5) 8 (9.6)

Pen, n (%) 133 (66.5) 41 (49.4)

AD, n (%) 82 (41.0) 56 (67.5) 0.0002
BA, n (%) 43 (21.5) 13 (15.7)

CRSwNPs, n (%) 75 (37.5) 14 (16.9)

Note: All values are described as median (interquartile range). 
Abbreviations: AD, atopic dermatitis; BA, bronchial asthma; CRSwNPs, chronic rhinosinusitis with nasal polyps; IQR, 
interquartile range; VAS, visual analog scale.
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work calendars (Figure 6A). The good adherence group used multiple, rather than single methods to manage their 
schedules (p = 0.0015) (Figure 6B).

Discussion
Patients with AD, BA, and CRSwNPs reported therapeutic efficacy with dupilumab. The injection intervals were longest 
in the AD group and shortest in the BA group. The pre-filled pen was most frequently used (61.5%). Although the pre- 
filled pen caused more pain than the syringe-type device, it was superior in terms of usability and satisfaction. In the 
good adherence group, 70.7% of patients self-injected without missing a dose, showed different responses to the 
“inconvenience/forgetfulness” questions in the ASK-12, and used other methods by which they managed their injection 
schedules, as compared with patients in the poor adherence group. Multivariate logistic regression analysis illustrated that 
long-term use of dupilumab was associated with decreased adherence; however, decreased adherence was not associated 
with age, sex, underlying disease, or type of device used.

Dupilumab is a biological agent that inhibits interleukin (IL)-4 and IL-13, using an IL-4 receptor alpha antibody, and 
has been reported to improve symptoms and decrease the frequency of exacerbations in patients with severe AD, BA, and 
CRSwNP.7–9 In Japan, healthcare insurance has covered dupilumab use since April 2018 for AD, and since March 2019 
for BA, with self-injection devices and corresponding aid devices available since May 2019. Since March 2020, 
dupilumab has been accepted as indicated for CRSwNPs, and in November 2020, the pre-filled pen became available 
as an alternative to the syringe-type device. In this study, patients with AD, BA, and CRSwNP did not significantly differ 
in their assessment of their treatment responses to dupilumab, with a high median VAS score of 9.3 for the three diseases. 
The r-value for the correlation between the number of days of treatment and the rated treatment effect was 0.1215, 

Table 5 Multivariate Logistic Regression Analyses of Factors for 
Poor Adherence

Odds Ratio (95% CI) p-value

Age 0.987 (0.956–1.1018) 0.987

Sex 0.756 (0.280–2.043) 0.581

Duration of dupilumab use 1.002 (1.000–1.004) 0.017
AD 1.739 (0.481–6.295) 0.399

BA 2.376 (0.520–10.864) 0.264

CRSwNPs 0.545 (0.193–1.538) 0.252
Syringe 0.550 (0.128–2.370) 0.422

Pen 0.398 (0.084–1.892) 0.247

Abbreviations: CI, confidence interval; AD, atopic dermatitis; BA, bronchial 
asthma; CRSwNPs, chronic rhinosinusitis with nasal polyps.

Figure 6 Schedule management for self-injection. (A) Smartphones and calendars at home or work were often used to manage self-injection schedules. (B) The poor 
adherence group used one method for managing self-injection, whereas the good adherence group used multiple management methods (**p = 0.0015).
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indicating that patients were aware of the effect of dupilumab from the beginning of its use, and that awareness of the 
effect slowly increased along with continued treatment. For AD and BA, the dosing interval for dupilumab is 2 weeks. 
However, we found that dosing intervals were extended in clinical practice, particularly in AD cases. The high cost of 
dupilumab may cause patients to extend dosing intervals as long as symptoms do not flare. A prolonged dosing interval is 
associated with the formation of neutralizing antibodies; therefore, patients should avoid extending the dosing interval at 
their discretion, without the agreement of their physicians.22

Overall, 61.5% of patients used the pre-filled pen, which was reportedly more painful to use than the syringe. 
However, it was superior to the syringe in terms of ease of operation, pushing the plunger, and usability. There was no 
significant difference in the fear of injection among users of a syringe with a visible needle during injection, a syringe 
with an aid device that conceals the needle, and a pre-filled pen with no visible needle. This result suggests that the pain 
during injection is not psychological. A syringe allows the users to adjust the injection rate by themselves, whereas the 
pre-filled pen uses a constant injection rate, and 30.4% of the respondents noted in the free text that the rapid injection 
rate was the cause of the pain following injection. Since there is currently only one type of pre-filled dupilumab pen, we 
believe that a type with a slower speed should be manufactured and its use compared.

Tischer et al reported that ease of grip correlated with ease of injection.23 Although there was no difference in the 
device size and ease of gripping in our study, the pre-filled pen was the most satisfactory according to the participants, 
because of its operability and ease of pushing the plunger. In insulin therapy for diabetes, use of a pre-filled pen was 
reported to improve adherence and thus to provide better glycemic control than a syringe.24 In patients with BA, patient- 
preferred inhalers are recommended when selecting a device.25 Hence, we believe that patients should be able to choose 
whether the injection device is in the form of a pen or syringe.

In this real-world study, 70.1% of the participants were in the good adherence group for dupilumab use. Elsewhere, 
consistent use of dupilumab for AD at 12 months was reported to be 77.3%.26 Adherence to omalizumab for BA 
treatment was previously reported to range from 47% to 91%.12,27–29 In a randomized controlled trial and field study 
conducted by Caminati et al, the dropout rate for omalizumab for BA was examined and found to be up to 45.5%, with 
a lack of therapeutic efficacy being the main reason for treatment discontinuation.30 Our validation revealed that patients 
treated with dupilumab experienced high treatment efficacy, which we believe contributed to their high adherence.

The total ASK-12 score was significantly higher in the poor adherence group than in the good adherence group, 
particularly for Q1–3, which are related to “inconvenience/forgetfulness.” It was also clear that patients with good 
adherence managed their injection schedules through multiple ways. We believe that confirming and suggesting methods 
for schedule management during outpatient care may improve adherence. Moreover, our study revealed that pain during 
self-injection did not play a role in adherence. However, a previous study on adherence in patients with rheumatoid arthritis 
reported that injection-site pain and skin perception affected patient adherence.31 In contrast, in this study, pain related to 
injection with the pre-filled pen did not appear to have an impact on adherence. Because comparison of the good and poor 
adherence groups showed that multiple factors, such as age, duration of dupilumab use, syringe use, and prevalence of 
patients with AD, were involved, multiple logistic regression analysis was conducted to explore factors related to non- 
adherence, in addition to analyzing the risk factors among these multiple factors. Dupilumab was approved for different 
diseases at different times, and the pre-filled pen was only adopted later on. The results showed that the duration of 
dupilumab use was a factor in poor adherence. Therefore, similar to the inhalation instructions given to BA patients, giving 
patients regular instructions and reminders of dupilumab self-injection by physicians and pharmacists are important.32,33

Age and sex were not factors associated with poor adherence in this study; however, a decrease in adherence among 
young-onset patients has been reported for inhaled steroids for severe BA and for self-injection for diabetes.16,34,35 

Therefore, when examining young-onset patients, it is advisable to consider that adherence may decrease in future.
This study had several limitations. First, the epidemiological incidence of each disease and the respective disease 

rates in this study did not match. This may be due to the proportion of patients with severe disease and the fact that other 
biologics have been marketed for BA prior to dupilumab. Second, the questionnaire was self-administered; therefore, it 
was unclear whether the prescribing physician instructed the patients to extend the dosing interval, permitted the 
extension after patient request, or if it was done at the discretion of the patient. Moreover, the results of the self- 
administered questionnaire lacked objective evaluation. Finally, data in this study were obtained from patients who felt 
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that dupilumab was effective and continued to use it. Previous studies indicated that most patients improved within <1 to 
2 months after treatment, but some showed gradual improvement of the disease after this period.7,9,36 Moreover, it is 
possible that patients in whom dupilumab was not efficient enough were not included in this study. In future, develop-
ment of injection pens that cause less pain may improve adherence to self-injection, with a reduced patient burden.

Conclusion
In this study, a pre-filled pen was superior to a syringe in terms of usability, operability, ease of pushing the plunger, and 
patient satisfaction for self-injection of dupilumab for allergic conditions. Furthermore, it is likely that poor adherence to 
dupilumab self-injection could be prevented by repetition of instructions.

Abbreviations
AD, atopic dermatitis; ASK-12, Adherence Starts with Knowledge-12; BA, bronchial asthma; CRSwNPs, chronic 
rhinosinusitis with nasal polyps; IL, interleukin; VAS, visual analog scale.
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