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ABSTRACT

Introduction: The objective of this study was to
conduct a retrospective analysis to understand
the patient profile, treatment patterns, health-
care resource utilization, and cost of atopic
dermatitis (AD) of patients eligible for targeted
therapy in Taiwan.
Methods: A retrospective, claims-based analysis
was undertaken using Taiwan’s National Health
Insurance Research Database from 01 January
2014 to 31 December 2017. Patients aged
C 2 years and with at least one diagnosis code

for AD during 2015 were identified. Patients
with comorbid autoimmune diseases were
excluded. Enrolled AD patients were categorized
using claims-based treatment algorithms by
disease severity and their eligibility for targeted
therapy treatment. A cohort of targeted ther-
apy-eligible patients was formed, and a matched
cohort using patients not eligible for targeted
therapy was derived using propensity score
matching based on age, gender, and the Charl-
son Comorbidity Index (CCI). Treatment pat-
terns, resource utilization, and costs were
measured during a 1-year follow-up period.
Results: A total of 377,423 patients with AD
were identified for this study. Most patients had
mild AD (84.5%; n = 318,830) with 11.9%
(n = 45,035) having moderate AD, and 3.6%
(n = 13,558) having severe AD. Within the
58,593 moderate-to-severe AD patients, 1.5%
(n = 897) were included in the targeted therapy-
eligible cohort. The matched cohort consisted
of 3558 patients. During the 1-year follow-up
period, targeted therapy-eligible patients uti-
lized antihistamines (85.5%), topical treatments
(80.8%), and systemic anti-inflammatories
(91.6%) including systemic corticosteroids
(51.4%) and azathioprine (59.1%). During the
first year of follow-up, targeted therapy-eligible
patients (70.5%; 7.01 [SD = 8.84] visits) had
higher resource utilization rates and frequency
of AD-related outpatient visits compared with
the matched cohort (40.80%; 1.85 [SD = 4.71]
visits). Average all-cause direct costs during
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1-year follow-up were $2850 (SD = 3629) and
$1841 (SD = 6434) for the eligible targeted
therapy and matched cohorts, respectively. AD-
related costs were 17.7% ($506) of total costs for
the targeted therapy eligible cohort and 2.2%
($41) for the matched cohort.
Conclusions: AD patients eligible for targeted
therapy in Taiwan experienced high resource
and economic burden compared with their
non-targeted-therapy-eligible counterparts.

Keywords: Atopic dermatitis; Taiwan claims
data; Retrospective analysis

Key Summary Points

The objective of this study was to conduct
a retrospective analysis to understand the
patient profile, treatment patterns,
healthcare resource utilization, and cost of
AD patients eligible for targeted therapy in
Taiwan.

Taiwan’s National Health Insurance
Research Database (NHIRD), a population-
based claims database covering[ 99% of
Taiwan’s population was used in this
analysis. The NHIRD records all entries for
claims for reimbursement of medical
services and materials.

Targeted therapy-eligible AD patients in
Taiwan experienced high resource and
economic burden compared with their
non-biologic-eligible counterparts.

Though\1% of patients with AD are
eligible for targeted therapy in Taiwan, an
unmet need exists for these patients
because they have significant resource
utilization and cost burden compared
with those not eligible for targeted
therapy.

INTRODUCTION

Atopic Dermatitis (AD) is a chronic inflamma-
tory skin disease characterized by frequent flares
of eczematous lesions associated with severe
itching [1]. Although the exact pathophysiol-
ogy remains unclear, it is understood that there
is a misdirected immune reaction, and interac-
tions between environmental factors and
genetic predisposition enter into the determin-
ism of AD [2, 3].

The global prevalence of AD has been esti-
mated to range between 2% and 20%, with
significant age and regional variations [4].

AD has the highest disease burden among
skin diseases, as measured by disability-adjusted
life-years (DALY) [5]. The global DALY rate for
patients with AD was reported at 121 in 1990,
and remained similar in 2017 at 123 [5]. Studies
have reported an elevated risk of many comor-
bidities including major depression, any
depressive disorder, and anxiety disorders [6–8].
A cross-sectional study in the USA demon-
strated that patients with AD reported higher
proportions of having only fair/poor overall
health (25.8% versus 15.8%), being somewhat/
very dissatisfied with life (16.7% versus 11.4%),
and lower mental and physical health scores
compared with those without AD [9]. In addi-
tion, a claims database analysis in the USA
reported patients with AD had higher health-
care resource utilization, including emergency
room (ER) visits, outpatient visits, and phar-
macy prescriptions, and increased mean total
per patient costs than non-AD controls [10].

Though there is currently no cure for AD, the
American Academy of Dermatology (AAD) rec-
ommend topical corticosteroids (TCs) as the
mainstay of antiinflammatory therapy [11].
Topical calcineurin inhibitors (TCI) are recom-
mended as a second-line therapy for short-term
and noncontinuous chronic treatment of non-
immunocompromised AD patients who have
failed to respond to other topical prescription,
or when they are not recommended [11]. The
European guidelines for the treatment of AD
recommend TCs and TCI for both flare man-
agement and long-term proactive therapy [12].
The European guidelines also suggest the use of
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systemic immunosuppressants in severe refrac-
tory cases, and biologicals as an option [12].

The Taiwanese Dermatological Association
recommends emollients, TCs, antihistamines,
and therapeutic patient education as first-line
treatment options for AD in their 2020 con-
sensus statement [13]. Second-line options
include TCI, burst use of systemic corticos-
teroids, phototherapy, and topical and systemic
antibiotics. Lastly, third-line treatments are
systemic immunomodulatory agents, antisep-
tics, and alternative medicine.

The objective of this study was to describe
the patient profile, treatment utilization,
healthcare resource utilization, and direct costs
of AD patients eligible for targeted therapy in
Taiwan.

METHODS

Data Source

Taiwan’s National Health Insurance Research
Database (NHIRD), a population-based claims
database covering[99% of Taiwan’s popula-
tion was used in this analysis. The NHIRD
records all entries for claims for reimbursement
of medical services and materials. As an insur-
ance claims database, it does not include clini-
cal information such as laboratory test results,
physical examination findings, or diagnostic
testing. However, basic demographic informa-
tion such as the age and gender of patients can
be determined.

The database includes reimbursement data
for outpatient, inpatient, ambulatory, and
pharmacy claims that are accompanied by
International Classification of Diseases, Ninth
Revision (ICD-9) or Tenth Revision (ICD-10)
codes and the amount (New Taiwan dollar,
NT$) of the claims. Additionally, the dates of
the inpatient visit, outpatient visit, or hospital
admission/discharge are recorded. Pharmacy
orders include drug names, strength, dose,
quantity, and date of dispensing. The study was
granted an exemption from ethical review by
the Taipei Medical University-Joint Institu-
tional Review Board.

Study Design

This was a retrospective study utilizing data
from 1 January 2014 to 31 December 2017,
which was the last year of available data at the
time of institutional review board submission.
Note that in addition to the typical 2-year lag in
data availability from the NHIRD, data access
was delayed for almost 2 years due to COVID-19
restrictions closing the data centers. There was
an index period running from 1 January 2015 to
31 December 2016 to enroll AD patient in 2015
and to categorize AD patients by disease severity
1 year after the enrollment date in 2015. A pre-
index period spanning 365 days prior to the
enrollment date was also included to examine
the presence of any exclusion diagnoses and
assess patients’ baseline characteristics for the
analysis. Patients enrolled in the study had a
minimum of 1 year of follow-up available (see
Fig. 1).

AD patients enrolled in this study were
classified as having either mild, moderate, or
severe disease during the mandatory 1 year fol-
low-up period. Patients with moderate or severe
disease were evaluated individually to assess
their eligibility for targeted therapy. Patients
were placed into the targeted therapy eligible
cohort based on criteria recommended by local
clinical experts. A cohort of mild, moderate,
and severe patients was matched to the targeted
therapy-eligible cohort.

Patients of all severities not eligible for tar-
geted therapies and the matched cohort were
indexed on the date of their first AD diagnosis
during the index period. The index date for
eligible targeted therapy patients coming from
the severe AD cohorts was the initial date of an
included systemic immunosuppressant (aza-
thioprine, cyclosporine, methotrexate, or
mycophenolate). The index date for eligible
targeted therapy patients from the moderate AD
cohort was the initial date of an included sys-
temic immunosuppressant or phototherapy
during the index period, whichever was initi-
ated first.
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Population

Patients with AD during the index period were
first identified and enrolled in the study if they
fit the following inclusion and exclusion
criteria:

Inclusion Criteria
– C 1 Primary or secondary healthcare claims

for atopic dermatitis (ICD-9-CM codes:
691.8) in 2015.

– Patients with age C 2 years old.

Exclusion Criteria
– Less than 365 days of enrollment in the

NHIRD before or after index date
– Patients with any systemic immunosuppres-

sant treatment for other comorbid autoim-
mune diseases in the 1 year before the first
date of AD diagnosis in 2015 (enrollment
date), including inflammatory bowel disease
(along with ulcerative colitis [ICD-9-CM
codes: 556 or 564.1] and Crohn’s disease
[ICD-9-CM codes: 555]), lupus erythemato-
sus (ICD-9-CM codes: 710), rheumatoid
arthritis (ICD-9-CM codes: 714), psoriatic
arthritis (ICD-9-CM codes: 696.0 or 696.1),
psoriasis (ICD-9-CM codes: 696.1), ankylos-
ing spondylitis (ICD-9-CM codes: 720.x),
and non-infectious uveitis (ICD-9-CM codes:
364.04), or having undergone organ trans-
plantation (ICD-9-CM codes: V42).

AD patients enrolled into the study were
divided into one of three subgroups based on
disease severity, using an algorithm previously

developed by Cho et al. [8]. Severe AD patients
included AD patients meeting one of the fol-
lowing criteria in the 1-year period post-index
date (1) C 3 claims for systemic immunosup-
pressants or systemic corticosteroids, or (2) C 3
claims for superpotent TCs (i.e., clobetasol)
combined with C 3 claims for phototherapy.
Non-severe AD patients were classified as mod-
erate if they met any of these criteria during the
1-year follow-up period: (1) C 1 claim for sys-
temic corticosteroids, (2) C 3 claims for super-
potent TCs, or (3) C 1 claim for phototherapy.
Patients who neither met the criteria for severe,
nor those for moderate AD were labeled as mild
patients. Note that mild patients eligible for
targeted therapies in the follow-up period were
excluded.

Furthermore, a cohort of moderate-to-severe
patients that would be eligible for targeted
therapy for AD was developed. Moderate
patients were included as eligible for targeted
therapy if they had used any systemic
immunosuppressant for AD for 1–89 days and/
or C 6 claims for phototherapy during the
12 months after enrollment date. Severe
patients were deemed eligible targeted therapy
patients if they received a systemic immuno-
suppressant for AD for C 90 days during the
1-year follow-up period after the enrollment
date.

Lastly, a cohort of AD patients who were not
eligible for targeted therapy was developed and
included patients with mild, moderate, or sev-
ere AD that did not meet the criteria for targeted
therapy at any point during the follow-up per-
iod. These patients were then matched with AD

Fig. 1 Study timeline
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patients who were eligible for targeted therapy
to compare the disease burden in a 1 (eligible
targeted therapy) to 4 (non-eligible targeted
therapy) ratio using propensity score methods
based on age, gender, and Charlson Comor-
bidity Index (CCI) scores.

Measurement

Demographics were described at the index date,
and clinical characteristics (comorbidities) were
described during the 365-day pre-index period
for all included cohorts. Demographics inclu-
ded age and gender, and clinical characteristics
included comorbidities within the Charlson
Comorbidity Index (CCI) [14] and other
comorbidities commonly associated with AD
[10]. Patients were considered to have a
comorbidity if they had C 1 inpatient or C 3
ambulatory claim(s) associated with the
comorbidity’s diagnostic code(s) during the pre-
index period. The diagnosis codes for the indi-
vidual components of the CCI and the other
comorbidities are included in the Supplemen-
tary Material (S1. Table 1).

Treatment utilization during the 1-year fol-
low-up period was also measured for the
patients who were eligible for targeted therapy
and the matched cohort. Classes of medications
and therapies included antihistamines, topical
treatments, systemic antiinflammatory thera-
pies, systemic antibiotics, phototherapy, and
traditional Chinese medicine. Within topical
treatments, corticosteroids, calcineurin inhibi-
tors, and antibiotics were examined individu-
ally. Systemic antiinflammatory therapies
included corticosteroids, azathioprine, cyclos-
porine, methotrexate, and mycophenolate.
Patients were classified as having been on a
medication if they had one or more pharmacy
claims during the follow-up period. The codes
for these medications and therapies can be
found in the Supplementary Material (S1.
Table 2).

Healthcare resource utilization and direct
medical costs were also measured during the
mandatory 1-year follow-up period for targeted
therapy-eligible and the matched cohorts.
Healthcare resource utilization included only

AD-related resources and was measured for
hospital admission, hospital days, outpatient
visits, and emergency room visits. Healthcare
resource utilization was measured as the per-
centage of patients with one or more claims,
and the average number of visits/days were
reported for patients with at least one claim
during follow-up. Direct costs, which were all
costs reimbursed by the National Health Insur-
ance Administration, were measured as both all-
cause and AD-related. AD-related costs were
broken down into medication (pharmacy) and
non-medication costs, as well as inpatient,
outpatient, and emergency room costs. All costs
were converted from TWD to USD using an
exchange rate of 1 TWD = 0.036 USD.

Statistical Analysis

. Descriptive analyses were conducted to
describe patient profile, treatment utilization,
healthcare resource utilization, and direct costs.
In the analyses of continuous variables,
descriptive statistics were presented for the
number of observations, mean and standard
deviation (SD). In the analyses of categorical
variables, descriptive statistics including fre-
quencies and percentages were tabulated. Test-
ing for statically significant differences without
multiplicity adjustments was done between the
eligible targeted therapy and matched cohorts
using Student t-tests for continuous variables
and Chi-square tests for categorical variables.
All analyses were performed using SAS 9.4 soft-
ware (SAS Institute, Cary, NC, USA).

RESULTS

Patient Characteristics

There were a total of 379,745 Taiwanese
aged C 2 years with AD claims for reimburse-
ment in the database in 2015 (Fig. 2). Of these
patients 377,423 (99.4%) were enrolled in the
study as they did not meet any of the exclusion
criteria. Enrolled AD patients were primarily
categorized as suffering from mild AD
(n = 318,830; 84.5%), followed by moderate
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(n = 45,035; 11.9%), and severe AD (n = 13,558;
3.6%). Patients aged 2–18 years accounted for
34.1% of all AD patients included in the study.
The percentage of patients aged 2–18 years was
lower within severe AD patients (27.9%) com-
pared with mild (34.1%) and moderate (32.9%).

The eligible targeted therapy cohort included
897 patients, in which there were 629 patients
with severe AD and 268 with moderate AD The
matched cohort consisted of 3588 patients non
eligible for targeted therapy.

Patient demographics and clinical charac-
teristics (comorbidities) stratified by AD severity
are presented in Table 1. The mean age of
patients increased from 33.6 (SD = 23.7) years
in mild patients to 35.8 (SD = 24.5) years in
moderate, and 38.6 (SD = 24.7) years in severe
patients. Patients were mostly female in the
cohort of all AD patients (54%), mild patients
(55%), and moderate patients (51%). Demo-
graphics and clinical characteristics for the eli-
gible targeted therapy and matched cohorts are
presented in Table 2. The eligible targeted

therapy cohort had an average age of 34.8
(SD = 19.0) years and were mostly male (61%),
which was in-line with the matched cohort
(age: 34.9 (SD = 19.2) years; male: 61.4%).

Of the AD-related atopic comorbidities
measured (asthma, allergic rhinitis, allergic
conjunctivitis, and urticaria), all had a higher
prevalence in eligible targeted therapy patients
compared with the matched cohort. Eligible
targeted therapy patients also had higher
prevalence of ocular disorder, and viral, fungal,
and bacterial infection than the matched
cohort.

Treatment Utilization

Treatment utilization by class during the 1-year
follow-up period was mostly greater in moder-
ate and severe AD patients than in mild AD
patients (Table 3). Antihistamines were utilized
by 21.9% of patients with mild AD compared
with 88.7% and 97.2% of moderate and severe
patients, respectively. Topical corticosteroid

Fig. 2 Patient selection
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utilization was highest (74.4%) in patients with
moderate AD, followed by patients with severe
AD (65.7%) and mild AD (16.6%). In line with

the patient severity definitions, the largest dif-
ference in utilization rates across the severities
was observed in systemic antiinflammatory

Table 1 Patient demographics of AD patients by severity at index date

All AD patients
(n = 377,423)

Mild patients
(n = 318,830)

Moderate
patients
(n = 45,035)

Severe
patients
(n = 13,558)

N % N % N % N %

Demographics

Age

Mean (SD) 34.0 23.9 33.6 23.7 35.8 24.5 38.6 24.7

Median (IQR) 32 12–53 31 11–52 32 14–56 36 17–59

2–18 years 126,657 34 108,198 34 14,701 33 3758 28

[ 18 years 244,996 65 205,361 64 29,936 66 9699 72

Gender

Male 168,038 45 138,882 44 21,555 48 7601 56

Female 203,615 54 174,677 55 23,082 51 5856 43

Clinical characteristics

Charlson Comorbidity Index, mean (SD) 0.2 0.8 0.2 1.6 0.6 1.2 0.7 1.3

Contact dermatitis 59,907 15.87 3,3072 10.37 19,864 44.11 6971 51.42

Inflammatory diseases

Asthma 18,447 4.89 10,584 3.32 5581 12.39 2282 16.83

Allergic rhinitis 40,780 10.80 25,054 7.86 11,851 26.32 3875 28.58

Allergic conjunctivitis 32,300 8.56 19,738 6.19 9727 21.60 2835 20.91

Urticaria 18,874 5.00 10,638 3.34 5959 13.23 2277 16.79

Rhinosinusitis 1882 0.50 1110 0.35 574 1.27 198 1.46

Ocular disorder

Glaucoma 2468 0.65 1425 0.45 750 1.67 293 2.16

Cataracts 7872 2.09 4279 1.34 2673 5.94 920 6.79

Hypertensive disorder

Essential hypertension 21,358 5.66 11,901 3.73 7057 15.67 2400 17.70

Hypertensive heart disease 5305 1.41 2962 0.93 1770 3.93 573 4.23

Ischemic heart disorder

Angina pectoris 1936 0.51 1034 0.32 667 1.48 235 1.73

Other forms of chronic ischemic heart disease 4875 1.29 2660 0.83 1633 3.63 582 4.29

Dermatol Ther (Heidelb) (2022) 12:2547–2562 2553



corticosteroids, which were utilized by 96.5% of
severe AD patients, 64.6% of moderate AD
patients, and 1.1% of mild AD patients. Lastly,
traditional Chinese medicine utilization was
similar across severities, with severe patients
having the highest utilization rate (5.4%) fol-
lowed by mild (4.6%) and moderate patients
(4.3%). Supplementary Table 3 (S1. Table 3)
presents the treatment utilization stratified by
patients aged 2–18 years, and those over
18 years. As in the non-stratified analysis,
medication usage increases by severity across
most treatments, and the most common treat-
ments were antihistamines and topical treat-
ments. There were some differences across the
age cohorts: for most patients across all severi-
ties, treatment utilization was greater for those
aged 2–18 years versus those over 18 years old;
for moderate and severe patients, most patients
using traditional Chinese medicines were aged
2–18 years, with the utilization rate higher than

those above 18 years. Corticosteroids are pre-
ferred in the oral form versus the intravenous
(IV) form for both those aged 2–18 years and
those over 18 years old.

During the 1-year follow-up period, eligible
targeted therapy patients had significantly
higher utilization rates of most treatments,
including antihistamines (85.5% versus 46.4%;
p\0.0001), topical treatments (80.8% versus
36.6%; p\ 0.0001), systemic antiinflammatory
medications (91.6% versus 19.1%; p\ 0.0001),
and phototherapy (17.1% versus 0.6%;
p\0.0001) compared with the matched cohort
because of the definition of the cohorts during
patient selection (Table 4).

Of patients that used topical treatments in
the eligible targeted therapy cohort, 74.8% uti-
lized corticosteroids and 22.4% utilized cal-
cineurin inhibitors, whereas in the matched
cohort, 35.2% utilized corticosteroids and less
than 10% utilized calcineurin inhibitors. The

Table 1 continued

All AD patients
(n = 377,423)

Mild patients
(n = 318,830)

Moderate patients
(n = 45,035)

Severe patients
(n = 13,558)

N % N % N % N %

Psychiatric disorder

Depression 3281 0.87 1825 0.57 1081 2.40 375 2.77

Anxiety 10,862 2.88 6164 1.93 3541 7.86 1157 8.53

Sleep disorder 3860 1.02 2131 0.67 1278 2.84 451 3.33

Episodic mood disorders 1771 0.47 956 0.30 616 1.37 199 1.47

Attention-deficit/hyperactivity disorder 963 0.26 646 0.20 239 0.53 78 0.58

Viral infection

Eczema herpeticum 150 0.04 93 0.03 45 0.10 12 0.09

Molluscum contagiosum 46,266 12.26 27,774 8.71 14,184 31.50 4308 31.77

Fungal infection

Candidiasis of skin and nails 362 0.10 211 0.07 114 0.25 37 0.27

Dermatophytosis 13,851 3.67 7463 2.34 4835 10.74 1553 11.45

Bacterial infection

Impetigo contagiosum 1182 0.31 624 0.20 393 0.87 165 1.22

Staphylococcus aureus infection 264 0.07 150 0.05 84 0.19 30 0.22
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most frequently utilized systemic antiinflam-
matory medications were azathioprine (59.1%),
corticosteroids (51.4%), and methotrexate
(43.1%) among the targeted therapy eligible
cohort.

Healthcare Resource Utilization

AD-related healthcare resource utilization was
higher for the eligible targeted therapy than the
matched cohort during the 1-year follow-up

period (Fig. 3). A greater percentage of eligible
targeted therapy patients had one or more
claims for an AD-related hospital admission
(3.3% versus 0.2%; p\0.0001), emergency
room visit (1.5% vs. 0.2%; p\0.0001), or out-
patient visit (70.5% vs. 40.8%; p\ 0.0001)
compared with the matched cohort.

Among the users of the measured resources,
average AD-related frequency of use in hospital
admission, ER visits, and outpatient visits was
numerically higher for the eligible targeted

Fig. 3 Percentage of patients with resource utilization during follow-up

Fig. 4 Direct healthcare costs during the 1-year follow-up period: A all-cause direct costs; B AD-related direct costs
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Table 2 Baseline patient demographics and clinical characteristics of the targeted therapy eligible and matched cohorts

Eligible targeted therapy patients
(n = 897)

Matched cohort
(n = 3588)

p-Value

N % N %

Demographics

Age

Mean (SD) 34.8 19.0 34.9 19.2 0.9365

Median (IQR) 30 20–48 30 20–48

2–18 years 189 21 756 21

[ 18 years 703 78 2812 78

Gender 1.0000

Male 546 61 2204 61.4

Female 346 39 1384 38.6

Clinical characteristics

Charlson Comorbidity Index, mean (SD) 0.6 1.3 0.6 1.3 1.0000

Contact dermatitis 530 59.09 869 24.22 < 0.0001

Inflammatory diseases

Asthma 131 14.60 391 10.90 0.0020

Allergic rhinitis 272 30.32 604 16.83 < 0.0001

Allergic conjunctivitis 144 16.05 382 10.65 < 0.0001

Urticaria 115 12.82 253 7.05 < 0.0001

Rhinosinusitis 10 1.11 33 0.92 0.5917

Ocular disorder

Glaucoma 28 3.12 36 1.00 < 0.0001

Cataracts 50 5.57 104 2.90 < 0.0001

Hypertensive disorder

Essential hypertension 102 11.37 339 9.45 0.0836

Hypertensive heart disease 17 1.90 86 2.40 0.3696

Ischemic heart disorder

Angina pectoris 11 1.23 34 0.95 0.4538

Other forms of chronic ischemic heart disease 15 1.67 74 2.06 0.4536
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therapy patients compared with the matched
cohort (Table 5). The average number of hos-
pital admissions was 2.59 (SD = 2.92) for eligi-
ble targeted therapy patients compared with
2.14 (SD = 1.07) in the matched cohort. Out-
patient visits were markedly higher for the eli-
gible targeted therapy cohort, with 9.97
(SD = 9.03) compared with 4.53 (SD = 6.53) for
the matched cohort.

Direct Costs

The average all-cause direct costs during the the
1-year follow-up period were $2850 (SD = 3629)
and $1841 (SD = 6434) for the eligible targeted
therapy and matched cohorts, respectively. AD-
related costs were $506 (17.7% of total all-cause

costs) for the targeted therapy eligible cohort
and $41 (2.2%) for the matched cohort (Fig. 4).

For both the eligible targeted therapy and
matched cohorts, AD-related outpatient costs
dominated total AD-related costs, with 93.6%
($473) and 94.5% ($38) of AD-related costs,
respectively (Fig. 4). The distribution of costs
between AD-related inpatient and emergency
room was similar between the cohorts.

When total AD-related costs were divided by
medication compared with non-medication,
there was a striking difference in the distribu-
tion between the cohorts. Targeted therapy eli-
gible patients averaged 56.8% of AD-related
costs in AD-related medication compared with
only 32.6% for the matched cohort.

Table 2 continued

Eligible targeted therapy patients
(n = 897)

Matched cohort
(n = 3588)

p-Value

N % N %

Psychiatric disorder

Depression 25 2.79 72 2.01 0.1507

Anxiety 59 6.58 195 5.43 0.1854

Sleep disorder 21 2.34 77 2.15 0.7207

Episodic mood disorders 14 1.56 40 1.11 0.2734

Attention-deficit/hyperactivity disorder * – * – –

Viral infection

Eczema herpeticum * – * – –

Molluscum contagiosum 187 20.85 610 17.00 0.0070

Fungal infection

Candidiasis of skin and nails 5 0.56 5 0.14 0.0176

Dermatophytosis 128 14.27 234 6.52 < 0.0001

Bacterial infection

Impetigo contagiosum 19 2.12 16 0.45 < 0.0001

Staphylococcus aureus infection * – * – –

Bold values show significance at P B 0.05
p-Value calculated using Student t-tests for continuous variables and Chi-Square tests for categorical variables
* B 2 Patients
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DISCUSSION

This study evaluated the demographics,
comorbidities, treatment utilization, healthcare
resource utilization, and costs of AD patients in
Taiwan eligible for targeted therapy over a
1-year period. To the authors’ knowledge, this is
the first study to identify AD patients eligible for
targeted therapy in Taiwan and to compare
their treatment utilization and resource use/-
costs over time with non-targeted therapy eli-
gible AD patients.

The prevalence of moderate and severe AD
patients was 11.9% and 3.6%, respectively. The
percentage of moderate-to-severe patients eligi-
ble for targeted therapy was estimated to be

0.24% of all AD patients based on the criteria
recommended by local clinical experts.

There were subtle differences among the
demographic variables in this analysis, another
recent analysis using the NHIRD in Taiwan [8],
and an analysis of AD patients in Japan [15].
The mean age of AD patients was younger in the
analysis by Cho et al. (25.11 versus 34 years in
this analysis and 34.15 years in the Japanese
analysis). However, the percentage of all AD
patients being male was 44.5% in this analysis,
46.8% in Cho et al. [8], and 55.0% in the Japa-
nese analysis. There were also differences in
asthma rates (4.89% versus 1.99%) and allergic
rhinitis rates (10.8% versus 1.72%) in our study
versus that of Cho et al. [8]

Table 3 Treatment utilization during 1-year follow-up period of AD patients by severity at index date

All AD patients
(n = 377,423)

Mild AD patients
(n = 318,830)

Moderate AD
patients
(n = 45,035)

Severe AD patients
(n = 13,558)

N % N % N % N %

Antihistamines 123,004 32.6 69,887 21.9 39,938 88.7 13,179 97.2

Topical treatments 95,324 25.3 52,929 16.6 33,487 74.4 8908 65.7

Corticosteroids 91,346 24.2 49,849 15.6 32,834 72.9 8663 63.9

Calcineurin inhibitors 3996 1.1 1847 0.6 1342 3.0 807 6.0

Antibiotics 14,606 3.9 7015 2.2 5472 12.2 2119 15.6

Systemic antiinflammatory therapy 46,088 12.2 3495 1.1 29,132 64.7 13,461 99.3

Corticosteroids 45,567 12.1 3399 1.1 29,089 64.6 13,079 96.5

Oral 44,319 11.7 3315 1.0 28,228 62.7 12,776 94.2

Intravenous 2484 0.7 146 0.0 1204 2.7 1134 8.4

Azathioprine 851 0.2 66 0.0 127 0.3 658 4.9

Cyclosporine 263 0.1 28 0.0 35 0.1 200 1.5

Methotrexate 555 0.1 33 0.0 57 0.1 465 3.4

Mycophenolate 4 0.0 0 0.0 0 0.0 4 0.0

Systemic antibiotics 33,660 8.9 16,767 5.3 12,071 26.8 4822 35.6

Phototherapy 772 0.2 38 0.0 264 0.6 470 3.5

Traditional Chinese medicine 17,218 4.6 14,530 4.6 1955 4.3 733 5.4

* B 2 Patients
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The distribution of all AD patients by disease
severity was similar in this analysis compared
with the Cho et al. analysis, which used the
same algorithm. There was a slightly higher

percentage of patients with mild AD (84.5%
versus 73.3%) in our analysis, which led to
smaller groups of moderate (11.9% versus
19.3%) and severe patients (3.6% versus 7.4%).

Table 4 Treatment utilization during 1-year follow-up period for the eligible targeted therapy and matched cohorts

Eligible targeted therapy patients
(n = 897)

Matched cohort
(n = 3588)

P-value

N % N %

Antihistamines 767 85.5 1665 46.4 \ 0.0001

Topical treatments 725 80.8 1314 36.6 \ 0.0001

Corticosteroids 671 74.8 1263 35.2 \ 0.0001

Calcineurin inhibitors 201 22.4 66 1.8 \ 0.0001

Antibiotics 206 23.0 211 5.9 \ 0.0001

Systemic antiinflammatory therapy 822 91.6 685 19.1 \ 0.0001

Corticosteroids 461 51.4 680 19.0 \ 0.0001

Oral 434 48.4 643 17.9 \ 0.0001

Intravenous 114 12.7 61 1.7 \ 0.0001

Azathioprine 530 59.1 7 0.2 \ 0.0001

Cyclosporine 129 14.4 5 0.1 \ 0.0001

Methotrexate 387 43.1 6 0.2 \ 0.0001

Mycophenolate 3 0.3 0 – –

Systemic antibiotics 230 25.6 513 14.3 \ 0.0001

Phototherapy 153 17.1 20 0.6 \ 0.0001

Traditional Chinese medicine 82 9.1 201 5.6 \ 0.0001

p-Value calculated using Chi-Square tests

Table 5 Healthcare resource utilization among resource users during 1-year follow-up

Eligible targeted therapy patients
(n = 894)

Matched cohort (n = 3573) p-Value

Mean SD Mean SD

Hospital admissions 2.59 2.92 2.14 1.07 0.6979

Hospital days 9.14 10.79 10 6.45 0.8415

Emergency room visits 1.15 0.38 1.00 0.00 0.2986

Outpatient visits 9.97 9.03 4.53 6.51 \ 0.0001

p-Value calculated using Student t-test
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These differences could potentially be explained
by the inclusion criteria of AD definition. In our
study we included patients who had one claim
with AD diagnosis in 2015, whereas in the pre-
vious study by Cho et al., patients were inclu-
ded if they had at least two AD diagnoses or one
AD diagnosis with one diagnosis of generalized
dermatitis in 2010. These differences could also
be explained by the use of the full database in
our analysis compared with the one million
patient sample in the Cho et al. study. There
were many consistencies observed between
these two studies, such as an increase in the
proportion of adults for moderate and severe
cases compared with mild cases, and a greater
percentage of male patients in the moderate
and severe cohorts compared with the mild
cohort.

However, this small number of patients rep-
resents a significant burden to the healthcare
system compared with their non-eligible coun-
terparts. Targeted therapy-eligible patients were
more likely to use each class of medication than
the matched cohort. Targeted therapy-eligible
patients also utilized resources at greater rates
and frequency than the matched cohort, and
had AD-related direct costs that were 12.5 times
higher. This elevated level of resource utiliza-
tion suggests that targeted therapy-eligible
patients had a higher disease burden and are in
need of effective therapies.

Our analysis included sensitivity analysis
around subgroups of different age groups: less
than 18 years old versus 18 years and older. The
higher use of both topical and systemic antibi-
otics in children and adolescents suggest a
higher infection rate in that age group. Tradi-
tional Chinese medicine is driven by the under
18 years age group in moderate-to-severe
patients, which might be because parents
choose to avoid adverse events associated with
Western medicine. The previous study by Lee
et al., using Taiwan’s NHIRD and the same cri-
teria defining disease severity, demonstrated
that AD patients with higher disease severity
incurred higher outpatient, medication, and
total costs [16]. While our study did not include
designations for controlled versus uncontrolled
AD, the results were consistent with the litera-
ture in that the targeted therapy-eligible

patients, which may be similar to uncontrolled
patients, had a higher economic burden than
the matched cohort.

As this analysis is the first of its kind to
examine the incremental burden of targeted
therapy-eligible AD patients compared with
non-targeted therapy-eligible AD patients, the
results have important implications for stake-
holders. While there were no targeted therapies
for AD available in Taiwan during the time-
frame of this study, this analysis shows a large
incremental resource and cost burden for tar-
geted therapy-eligible patients. The reimburse-
ment and implementation of effective
medications to treat these patients is desper-
ately needed as the prevalence of AD increases
in Asia [17].

As with all retrospective claims-based analy-
ses, there are several limitations to this study.
First, the study is subject to miscoding in the
dataset and thus misdiagnosis. Furthermore,
without clinical information, the reliance on
ICD codes can also lead to misdiagnosis. Sec-
ond, the algorithms for disease severity and
targeted therapy eligibility are based on claims
rather than clinical outcomes and may not be
representative of commonly utilized disease
activity and severity metrics used in clinical
practice. Additionally, the algorithm developed
to identify patients eligible for targeted therapy
has not been previously used or validated in the
literature. Lastly, the target therapy eligibility
algorithm to evaluate the eligibility of patients
during 2015 and 2016, when no targeted ther-
apies were available. The reimbursement
guidelines had not yet been published during
this timeframe. The publication of these guide-
lines could have changed the care patterns of
moderate-to-severe AD patients, and this anal-
ysis may not be representative of the current
number of patients and treatment patterns, and
future studies may reflect more accurately cur-
rent regulations and practices.

CONCLUSIONS

Less than 1% of patients with AD eligible for
targeted therapy in Taiwan were considered in
this analysis. However, an unmet medical need
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exists in the treatment paradigm for these
patients, and they carry a significant resource
utilization and cost burden compared with their
counterparts not eligible for targeted therapy.
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