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ABSTRACT
Purpose: Topical calcineurin inhibitors (TCIs) are an important anti-inflammatory drug for treat-
ing atopic dermatitis (AD). However, those treatment responses are variable. In this study, we
stratified AD patients by patterns of response to remission maintenance therapy (proactive ther-
apy) with topical tacrolimus, a typical TCI. Thereafter, we explored patient features that predict
the success or failure of proactive therapy using TCI (TCI proactive therapy).
Methods: A single-arm open-label clinical study aimed to evaluate the efficacy of TCI proactive
therapy was conducted in 31 patients with AD. Patients were treated with TCS to induce remis-
sion (remission-induction period) followed by daily TCI ointment (0.1% tacrolimus) application
for 4weeks (maintenance therapy period), and twice-weekly application for 12weeks (proactive
therapy period). Based on its results, treatment outcomes were correlated with the patients’ clin-
ical and laboratory findings.
Results: Of the 31 patients enrolled in the study, 21 successfully completed maintenance ther-
apy (TCI responders). Among them, 13 completed (proactive-completed group) and 8 failed pro-
active therapy (proactive-dropout group). At the beginning of maintenance therapy, the serum
IgE level was significantly higher in the TCI responders than in those who failed maintenance
therapy (p¼ 0.049). At the beginning of proactive therapy, the mean-SCORing Atopic Dermatitis
(SCORAD) score was significantly different between the proactive-completed (11.7 ±4.6) and pro-
active-dropout (16.6±4.2) groups (p¼ 0.025). In proactive-dropout group patients, worsened dis-
ease activity correlated well with the elevation of serum lactate dehydrogenase (LDH) and
Thymus and activation-regulated chemokine (TARC) levels and peripheral eosinophil count.
Conclusion: AD patients were stratified into three different response patterns to TCI proactive
therapy. Patients with less involvement of IgE in the pathogenesis and inadequate remission
induction by TCS may not be expected to respond well to TCI proactive therapy.

KEY MESSAGES

� AD patients can be stratified into three types according to their pattern of responsiveness to
TCI proactive therapy.

� The efficacy of TCI proactive therapy is lower in AD patients with lower serum IgE levels.
� TCI proactive therapy should be done after the achievement of adequate remission induction
by TCS.

Abbreviations: AD: Atopic dermatitis; FDA: The U.S. Food and Drug Administration; IgE:
Immunoglobulin E; LDH: Lactate dehydrogenase; TACo: 0.1% tacrolimus ointment; TARC:
Thymus and activation-regulated chemokine; TCI: Topical calcineurin inhibitors; TCS: Topical cor-
ticosteroids; SCORAD: SCORing Atopic Dermatitis.
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Introduction

Atopic dermatitis (AD) is a chronic relapsing inflamma-
tory skin disease characterised by dry skin, eczematous
lesions, and severe pruritus [1]. Its aetiology is multi-
factorial and includes impaired skin barrier function
due to filaggrin mutations, immune abnormalities
such as increased Th2 immune responses, and altera-
tions in the skin’s resident flora [2].

The goals of AD treatment are to reduce skin
inflammation and pruritis, prevent exacerbations,
restore skin barrier function, and minimise therapeutic
risks [3]. The standard treatment approach is the use
of topical anti-inflammatory agents along with skin
moisturisers. The U.S. Food and Drug Administration
(FDA) currently approves the use of corticosteroids,
calcineurin inhibitors, and phosphodiesterase-4 inhibi-
tors [2]. They can be used reactively, (e.g. via daily
application on active eczematous lesions) or pro-
actively, with long-term, intermittent application (e.g.
twice weekly) to maintain remission for the previously
affected areas with subclinical inflammation [4,5]. Of
these agents, topical corticosteroids (TCSs) are the
therapeutic mainstay [6]. However, long-term TCS use
can cause multiple side effects on the skin, such as
acneiform eruptions, skin atrophy, and telangiectasia.

To minimise the side effects of TCS, topical calci-
neurin inhibitors (TCIs) is widely used as an alternative
therapy for more than 20 years [7]. TCIs bind to intra-
cellular FK-506 binding protein 12, forming a complex
that inhibits calcineurin phosphatase activity, thereby
blocking T-cell activation [8]. TCIs also inhibit epider-
mal antigen-presenting dendritic cells, reducing the
immune response to antigens [7]. The FDA has cur-
rently approved the use of two TCIs, tacrolimus and
pimecrolimus [3,4]. TCIs have the same potency as
moderate-strength TCSs and are used to treat mild to
moderate eczema lesions [4]. In AD patients with
recurrent eczema, proactive therapy with TCIs (TCI
proactive therapy) has been recommended as an
effective management therapy [5]. In a randomised
trial involving 257 adult AD patients, proactive therapy
using tacrolimus significantly reduced disease exacer-
bations compared with vehicle treatment [9].
However, treatment was not successful in all patients,
as approximately 20% of those treated with tacrolimus
experienced disease exacerbations within 2weeks of
beginning treatment, and 30.2% of patients discontin-
ued its use. Therefore, the characteristics of AD
patients who benefit from TCI proactive therapy need
to be identified.

In this study, we stratified AD patients who are
more likely or less likely to respond to TCI proactive

therapy and explored patient features that predict its
success or failure. Patients were initially enrolled in the
single-arm open-label clinical study to evaluate the
efficacy of TCI proactive therapy. Thereafter, we ana-
lysed the correlation between those treatment out-
comes and the patients’ clinical and
laboratory findings.

Materials and methods

Prospective clinical study to evaluate the efficacy
of TCI proactive therapy

A single-arm, open-label clinical study was conducted
to evaluate the efficacy of proactive tacrolimus use in
preventing skin rash exacerbation in AD patients who
had already undergone remission-induction therapy
with TCS for active eczematous lesions between April
2013 and January 2015. The study consisted of screen-
ing, remission-induction therapy, maintenance therapy,
and proactive therapy periods. Patients were eval-
uated every 4weeks, and their disease activity was
assessed each time by two dermatologists (H.K. and
T.E.) using the SCORing Atopic Dermatitis (SCORAD;
score range 0–103) index [10]. Primary outcome of this
prospective study was the efficacy of the proactive
treatment, number of disease exacerbations (0 or 1),
and time to the first disease exacerbation. The proto-
col was approved by Keio University School of
Medicine Ethics Committee (Approval Number
20120124), conducted according to all relevant
requirements from the Declaration of Helsinki, and
registered in the UMIN Clinical Trial Registry
(UMIN000017935). Written informed consent was
obtained from all enrolled patients.

The participants were screened from a population
of follow-up patients receiving standard AD treatment
of emollient and TCS application. The inclusion criteria
were the age of at least 18 years, AD diagnosis accord-
ing to diagnostic criteria of Hanifin and Rajka [11] and
history of reactive treatment (i.e. intermittent applica-
tion of anti-inflammatory drugs) with TCS for more
than 6months at Keio University Hospital (Tokyo,
Japan). Patients were excluded if they were pregnant
or trying to conceive, had received systemic cortico-
steroids, immunosuppressants, or had ultraviolet light
treatment 4weeks prior to enrolment, were sensitive
to 0.1% tacrolimus ointment (TACo), or had a severe
coexisting disease or history of malignancy.

During the remission-induction therapy period,
patients applied medium-high to high-potency TCSs
to active skin lesions twice daily (b.i.d.) for 4–8weeks.
The baseline was defined as the first visit more than
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4weeks after the initiation of induction therapy, and
patients with a SCORAD score of less than 20 received
treatment of the subsequent study protocol. In the
maintenance therapy period, patients applied TACo
once daily for 4weeks to the affected skin area and
patients who completed the maintenance therapy

period without lesion exacerbation or severe adverse
events (AEs) began the proactive therapy period.
During this period, patients applied TACo twice weekly
to the affected area for 12weeks (Figure 1(A)). During
the maintenance and proactive therapy periods,
patients could use TCS b.i.d. up to 14 days for any

Figure 1. The study protocol and patient flow diagram. (A) Study protocol. The study consisted of screening, remission-induction
therapy, maintenance therapy, and proactive therapy periods. During the screening period, patients were followed-up with stand-
ard reactive treatment (emollient and TCS application). During the remission-induction therapy period, patients applied medium-
high to high-potency TCS twice daily for 4–8 weeks to the affected area. The baseline was defined as the first visit more than 4
weeks after the initiation of induction therapy, and patients with a SCORAD score of less than 20 moved to the maintenance
period, during which they applied TACo once daily for 4 weeks to the previously affected area. Patients who completed the main-
tenance therapy period without lesion exacerbation or severe adverse events were moved to the proactive therapy period, during
which they applied TACo twice weekly to the previously affected area for 12 weeks. During the maintenance and proactive ther-
apy periods, lesion exacerbation was defined as an increase in the SCORAD score of 1.5-fold compared with baseline. Patients
dropped out if they needed to apply TCS for more than 14 days to flare-up lesions or if they discontinued TACo application by
their own decision because the lesion was worsening. The exacerbated lesions were treated with TCS twice daily until remission
was achieved. (B) Patient flow diagram. All 31 patients enrolled in the study completed the remission-induction period. Among
them, 21 completed the maintenance therapy (TCI responders), while the remaining 10 dropped out (TCI non-responders). Of the
21 TCI responders, 13 completed the proactive therapy (proactive-completed group) and the remaining 8 dropped out (proactive-
dropout group). Of the patients in the TCI non-responders, 6 (19.4%) exhibited a SCORAD score increase of more than 1.5-fold
above baseline at the end of treatment, 2 (6.5%) withdrew at their discretion, and 2 (6.5%) used TCS for more than 14 days by
the end of the maintenance period. In the proactive-dropout group, 6 (19.4%) patients used TCS for more than 14 days, and 2
(6.5%) exhibited a SCORAD score increase of more than 1.5-fold above baseline by the end of treatment.
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transient flare-ups of skin symptoms to maintain
remission. Maintenance and/or proactive therapy was
discontinued if patients met any following exacerba-
tion criterion: 1.5-fold increase in the SCORAD score
compared with baseline, a requirement for TCS appli-
cation for more than 14 days for flare-up lesions, and
the decision of patients themselves to discontinue
TACo application because the lesion worsened. Oral
administration of antihistamines was permitted over
the entire treatment period, given that the type or
dose was not changed.

Laboratory data

Laboratory data analysed in this study were Thymus
and activation-regulated chemokine (TARC), IgE, lac-
tate dehydrogenase (LDH), and the peripheral eosino-
phil count. These were measured at each patient visit.
Levels of TARC, IgE, and LDH were measured using
the Allerport TARC reagent (Shionogi, Osaka, Japan),
ImmunoCAP test (Thermo Fisher Diagnostics, Tokyo,
Japan), and Iatro-LQ LDH rate-II(LSI Medience, Tokyo,
Japan), respectively. The peripheral eosinophil count
was performed using the XN-9000 Haematology
Analyser (Sysmex, Hyogo, Japan).

Statistical analyses

The results are expressed as the mean± standard devi-
ation. The SCORAD scores and biomarker levels (IgE,

TARC, LDH, and peripheral eosinophil count) in each
group were compared using Welch’s t-test.
Adjustments for multiple comparisons were made
using Holm’s method. In all analyses, p< 0.05 was
considered statistically significant. The analyses were
conducted in R (version 3.6.2) [12], and the figures
were created using the ggplot2 package [13].

Results

Efficacy and safety of TCI proactive therapy in the
prospective clinical study

Patient characteristics of the clinical study are sum-
marised in Table 1 (detailed patient information is
summarised in Supplemental Table 1). Of the 31
patients enrolled in this study, 21 (67.7%) completed
the maintenance therapy (TCI responders) and the
remaining 10 (32.3%) dropped out (TCI non-respond-
ers). Of the 21 TCI responders, 13 (41.9%) completed
the proactive therapy (proactive-completed group)
and the remaining 8 (25.8%) dropped out (proactive-
dropout group) (Figure 1(B)). Meantime to disease
exacerbation in TCI non-responders was 24.1 ± 5.1 days
from the start of maintenance therapy, and that in the
proactive-dropout group was 43.8 ± 16.8 days from the
start of proactive therapy (Patient demographics of
the proactive-completed and proactive-dropout
groups are summarised in Table 2, and individual

Table 1. Demographics of the patients at the baseline (n¼ 31).
Factor All (N¼ 31) TCI responders (N¼ 21) TCI non-responders (N¼ 10)

Age (years) 35.1 ± 9.5 35.5 ± 9.6 34.3 ± 9.8
Sex (male), n (%) 21 (67.7) 13 (61.9) 8 (80)
SCORAD 13.1 ± 3.9 13.7 ± 3.7 12.0 ± 4.2
IgE (IU/mL) 4251.3 ± 4217.6 (N¼ 30†) 5126.5 ± 4718.3 (N¼ 20†) 2500.9 ± 2283.1
TARC (pg/mL) 1396.7 ± 1100.5 1469.7 ± 1193.9 1243.6 ± 911.5
LDH (U/L) 228.3 ± 45 233.7 ± 50.5 217.0 ± 29.6
Eosino (/lL) 394.4 ± 244.6 408.0 ± 272.7 365.8 ± 181

mean ± SD.
†Examination of IgE was not performed in 1 patient.
Abbreviations. SCORAD; SCORing Atopic Dermatitis, IgE; Immunoglobulin E, TARC; Thymus and activation-regulated chemokine,
LDH; Lactate dehydrogenase, Eosino; Eosinophil, TCI; Topical calcineurin inhibitors.

Table 2. Demographics of the patients at the start of proactive therapy (n¼ 21).
Factor TCI responders (N¼ 21) Proactive-completed (N¼ 13) Proactive-dropout (N¼ 8)

Age(years), 35.5 ± 9.6 36.5 ± 10.1 31.9 ± 7.9
Sex(male), n (%) 13 (61.9) 6 (46.2) 7 (87.5)
SCORAD 13.6 ± 5 11.7 ± 4.6 16.6 ± 4.2
IgE (IU/mL) 5309 ± 5396.3 (N¼ 20†) 3634.2 ± 2680.5 (N¼ 12†) 7821.3 ± 7465
TARC (pg/mL) 1829.8 ± 1821.2 (N¼ 20†) 902.5 ± 638.8 (N¼ 12†) 3220.8 ± 2162.5
LDH (U/L) 249.8 ± 48.2 (N¼ 20†) 232.3 ± 50.8 (N¼ 12†) 275.9 ± 31.3
Eosino(N) (/lL) 514.9 ± 312.6 (N¼ 20†) 356.8 ± 193.4 (N¼ 12†) 752.1 ± 315.1

mean ± SD.
†Examination was not performed in 1 patient.
Abbreviations. SCORAD; SCORing Atopic Dermatitis, IgE; Immunoglobulin E, TARC; Thymus and activation-regulated chemokine,
LDH; Lactate dehydrogenase, Eosino; Eosinophil, TCI; Topical calcineurin inhibitors.
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patient outcomes are summarised in Supplemental
Table 2).

The mean improvement rate in the SCORAD score
at baseline compared with the beginning of the remis-
sion-induction period was 30.8% in the proactive-com-
pleted group, 24.1% in the proactive-dropout group,
and 12.1% in the TCI non-responders (no significant
difference: adjusted p> 0.05 in all pairwise compari-
sons). The mean SCORAD scores at baseline in the
proactive-completed, proactive-dropout, and TCI non-
responders were 12.7 ± 3.6, 15.3 ± 3.4, and 12± 4.2,
respectively. Although there was no significant differ-
ence among the three groups (adjusted p> 0.05 in all
pairwise comparisons), the proactive-dropout group
had a relatively higher mean SCORAD score (Figure 2).

The mean change in the SCORAD score at the end
of maintenance therapy compared with baseline was a
2.0-fold increase in the TCI non-responders, 0.9-fold
decrease in the proactive-completed group, and 1.1-
fold increase in the proactive-dropout group. The
mean SCORAD score at the start of proactive therapy
was significantly different between the proactive-com-
pleted (11.7 ± 4.6) and proactive-dropout (16.6 ± 4.2)
groups (p¼ 0.025). During the proactive therapy, the
mean SCORAD score in the proactive-completed
group decreased further to 9.8 ± 2.9 but increased in
the proactive-dropout group to 22.4 ± 6.1 (Figure 2,
Supplemental Table 3).

In the overall study population, AEs were observed
in 7 patients (22.6%): 6 (19.4%) during maintenance
therapy and 1 (3.2%) during proactive therapy. The
observed AEs were TACo irritation (n¼ 3, 9.7%), pruri-
tis (n¼ 3, 9.7%), folliculitis (n¼ 2, 6.5%), herpes sim-
plex (n¼ 1, 3.2%), and hand swelling (n¼ 1, 3.2%). No
serious AEs or treatment-related deaths occurred, and
all AEs recovered.

Laboratory findings predicting the efficacy of
0.1% tacrolimus ointment proactive use

To identify laboratory findings that predict the efficacy
of TACo in preventing skin lesion exacerbations, serum
levels of IgE, LDH, TARC, and peripheral eosinophil
count were analysed at the beginning of remission
induction therapy, baseline, and the beginning of pro-
active therapy. These data were subsequently corre-
lated with treatment outcomes.

In the analysis at baseline, mean IgE levels were
significantly different (p¼ 0.049) between TCI respond-
ers (5126.5 ± 4718.3 IU/mL; n¼ 21) and TCI non-res-
ponders, (2500.9 ± 2283.1 IU/mL; n¼ 10). In contrast,
the other laboratory findings did not significantly

differ between the two groups (Figure 3(A),
Supplemental Table 3). In the analysis between pro-
active-completed (n¼ 12; one patient was not assayed
at this visit) and the proactive-dropout (n¼ 8) groups,
LDH (p¼ 0.029), TARC levels (p¼ 0.019), and eosino-
phil count (p< 0.01) significantly differed at the start
of proactive therapy. In contrast, the mean IgE levels
were comparable between both groups (Figure 3(B),
Supplemental Table 5).

Next, we examined the transition of these labora-
tory markers in the proactive-completed and pro-
active-dropout groups. The mean IgE levels of each
group were similar throughout the study, regardless of
treatment regimen or response, and that of the pro-
active-completed group tended to be lower (Figure
4(A)). The mean LDH levels were comparable between
the proactive-completed and proactive-dropout
groups at the baseline. However, the proactive-drop-
out group showed an increase during the mainten-
ance therapy period (Figure 4(B)). The mean
eosinophil count was significantly lower in the pro-
active-completed group (369.8 ± 204.9/lL; n¼ 13) com-
pared to proactive-dropout (606.3 ± 251.9/lL; n¼ 8)
group at the start of remission induction therapy
(p< 0.05). During the remission induction therapy
period, it decreased in both groups. However, the pro-
active-dropout group showed an increase during the
maintenance therapy period (Figure 4(C)). The mean
TARC level tended to be lower in the proactive-com-
pleted group at the start of remission induction ther-
apy. In the proactive-dropout group, it increased
during the remission induction therapy period and fur-
ther increased during the maintenance therapy period,
while it was about the same or decreased in the pro-
active-completed group (Figure 4(D)).

In the further analysis of TCI responders, the suc-
cess rate of TCI-proactive therapy in patients with a
TARC level � 2000 pg/mL at the start of the proactive
therapy was 85.7% (12/14 patients), while no patients
(0/6 patients) with a TARC level >2000 pg/mL suc-
ceeded (Supplemental Figure 2A). The success rate of
patients whose TARC levels decreased during mainten-
ance therapy was 75% (6/8 patients), while patients
whose TARC levels increased was 50% (6/12 patients)
(Supplemental Figure 2B). In particular, all patients
(4/4) with TARC levels that increased by more than
1000 pg/mL failed the proactive therapy.

Discussion

AD shows highly variable clinical manifestations, bio-
markers, and treatment responses depending on the
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Figure 2. Change in the mean SCORAD and mean relative SCORAD scores during the treatment. (A) Changes in the mean
SCORAD score in each treatment group. The mean SCORAD scores at the beginning of the remission-induction period and base-
line did not differ significantly among the three treatment response groups. At the beginning of the remission-induction period,
the mean SCORAD score was 17.9 ± 8.3 in the TCI non-responders, 19.7 ± 7.1 in the proactive-completed group, and 21.2 ± 7.2 in
the proactive-dropout group. At baseline, the mean SCORAD score was 12.0 ± 4.2 in the TCI non-responders, 12.7 ± 3.6 in the pro-
active-completed group, and 15.3 ± 3.4 in the proactive-dropout group (no significant difference: adjusted p> 0.05 in all pairwise
comparisons). At the end of maintenance therapy, the mean SCORAD score was 21.4 ± 5.5 in TCI non-responders, 11.7 ± 4.6 in the
proactive-completed group, and 16.6 ± 4.2 in the proactive-dropout group (significantly different between the proactive-completed
and proactive-dropout group; p¼ 0.025). At the last visit for proactive therapy, the mean SCORAD score was 9.8 ± 2.9 in the pro-
active-completed group and 22.4 ± 6.1 in the proactive-dropout group. (B) Changes in the mean relative SCORAD score in each
treatment response group. The ratio of the SCORAD score at each visit relative to the baseline SCORAD score was calculated for
each patient, and the changes in their mean values are shown. At the beginning of the remission-induction period, the mean rela-
tive SCORAD score was 1.64 in the TCI non-responders, 1.56 in the proactive-completed group, and 1.36 in the proactive-dropout
group. At the end of maintenance therapy, the mean relative SCORAD score was 2.04 in the TACo-dropout group, 0.91 in the pro-
active-completed group, and 1.11 in the proactive-dropout group. At the last visit for proactive therapy, the mean SCORAD score
was 0.82 in the proactive-completed group and 1.4 in the proactive-dropout group.
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patient’s age, genetic background, environmental
stimuli, and disease activity [2]. In particular, treatment
responses may differ among various therapies, even in
patients with similar clinical presentations. For

instance, 28.3% of patients treated with TCI reactive
therapy failed to show a 50% or better improvement
[14]. In a clinical trial of the topical application of crisa-
borole, a phosphodiesterase-4 inhibitor, almost half of

Figure 3. Laboratory marker levels according to the treatment outcome. Serum IgE, LDH and TARC levels, and peripheral eosino-
phil count were analysed at baseline and the beginning of the proactive therapy period. The correlations between these levels
and the clinical outcomes of AD patients after TACo maintenance and proactive therapy were evaluated. (A) Laboratory marker
levels between the TCI responders and TCI non-responders at baseline. The mean serum IgE level was significantly higher
(p¼ 0.049) in the TCI responders (5126.5 ± 4718.3 IU/mL) than in non-responders (2500.9 ± 2283.1 IU/mL). In contrast, the other
biomarkers were not significantly different. The mean LDH level at baseline was 233.7 ± 50.5 U/L in the TCI responders and
217± 29.6 U/L in the TCI non-responders (p¼ 0.257). The mean TARC level was 1469.7 ± 1193.9 pg/ml in the TCI responders and
1243.6 ± 911.5 pg/ml in the TCI non-responders (p¼ 0.566). The mean eosinophil count was 408± 272.7/lL in the TCI responders
and 365.8 ± 181/lL in the TCI non-responders(p¼ 0.614). (B) Laboratory marker levels between the proactive-completed and pro-
active-dropout groups at the start of the proactive therapy period. Mean LDH and TARC levels and eosinophil count significantly
differed between the proactive-completed and proactive-dropout groups. More specifically, the mean LDH level at the start of pro-
active therapy was 232.3 ± 50.8 U/L in the proactive-completed group and 275.9 ± 31.3 U/L in the proactive-dropout group
(p¼ 0.029). The mean TARC level was 902.5 ± 638.8 pg/ml in the proactive-completed group and 3220.8 ± 2162.5 pg/ml in the pro-
active-dropout group (p¼ 0.019). The mean eosinophil count was significantly lower (p< 0.01) in the proactive-completed group
(356.8 ± 193.4/lL) than in the proactive-dropout group (752.1 ± 315.1/lL). In contrast, the mean serum IgE level did not differ sig-
nificantly (p¼ 0.165) between the proactive-completed group (3634.2 ± 2680.5 IU/mL) and the proactive-dropout group
(7821.3 ± 7465 IU/mL).
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the patients failed to achieve a ‘clear’/‘almost clear’
score on the Investigator’s Static Global Assessment
scale [15]. These findings suggest that not all AD
patients benefit from the same treatments; therefore,
treatments should be individualised, and indicators
that can predict the efficacy of each therapy should
be identified.

In this study, we first stratified AD patients by the
response types to TCI proactive therapy in a prospect-
ive clinical study, which showed three different types:
TCI non-responders, proactive-dropout, and proactive-
completed groups. At the baseline, the proactive-drop-
out group had a relatively higher mean SCORAD score.
The other two groups showed similar SCORAD scores
at baseline, but the TCI non-responders showed a
rapid worsening of symptoms after entering the main-
tenance phase, while the proactive-completed group
showed a further decrease in SCORAD scores. These
results suggest that the TCI non-responders include

patients for whom TCI itself was ineffective, the pro-
active-dropout group include patients for whom TCI is
effective but disease activity was inadequately con-
trolled during remission-induction therapy with TCS
and its relapses with prolongation of TCI dosing inter-
val, and the proactive-completed group includes
patients for whom TCI is effective and disease control
is possible with prolonged dosing intervals.

Next, we correlated these outcomes with patients’
clinical and laboratory features to explore findings
that predict the efficacy of TCI proactive therapy. As a
result, a lower IgE level at baseline significantly corre-
lated with the failure of daily TACo application. While
80% of AD patients have an increase in the serum
total IgE level, that in the remaining 20% is normal [1].
These latter patients are considered to have intrinsic
AD, which usually has a relatively late onset, a higher
susceptibility in females, and milder severity.
Immunologically, it is characterised by the absence of

Figure 4. Change in the level of laboratory markers during the treatment. (A) The transition of the mean serum IgE levels. At the
start of remission induction therapy, the mean IgE levels were 3588.3 ± 2962 IU/mL, 7801.4 ± 7736.7 IU/mL, and 5140.5 ± 5447.3 IU/
mL in the proactive-completed, proactive-dropout, and TCI non-responders, respectively (p¼ 0.21; between proactive-completed
and proactive-dropout groups). The mean IgE levels of each group were similar throughout the study, regardless of the treatment
regimen or response. (B) The transition of the mean serum LDH levels. At the start of remission induction therapy, the mean LDH
levels were 227.5 ± 58.3 U/L and 249.6 ± 44U/L in the proactive-completed and proactive-dropout groups, respectively (p¼ 0.34).
During the remission induction therapy period, LDH levels decreased in the proactive-dropout group and slightly increased in the
proactive-completed group. During the maintenance therapy period, LDH levels increased markedly in the proactive-dropout
group while slightly decreasing in the proactive-completed group. (C) The transition of the mean eosinophil count in peripheral
blood. At the start of remission induction therapy, the mean eosinophil count was 369.8 ± 204.9/lL and 606.3 ± 251.9/lL in the
proactive-completed and proactive-dropout groups, respectively (p¼ 0.044). During the remission induction therapy period,
eosinophil count decreased in both proactive-dropout and proactive-completed groups. During the maintenance therapy period,
eosinophil count markedly increased in the proactive-dropout group and slightly increased in the proactive-completed group. (D)
The transition of the mean serum TARC levels. At the start of remission induction therapy, the mean TARC levels were
1068.2 ± 701 pg/mL and 1894.8 ± 947.7 pg/mL in the proactive-completed and proactive-dropout groups, respectively (p¼ 0.056) .
During the remission induction therapy period, TARC levels increased in the proactive-dropout group and about the same in the
proactive-completed group. During the maintenance therapy period, TARC levels further increased in the proactive-dropout group
while decreased in the proactive-completed group.
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specific IgE, lower expression levels of IL-4, IL-5, and
IL-13, and higher expression of interferon-c [16]. On
the other hand, the principal pharmacological action
of tacrolimus in AD is to suppress T-cell activation by
inhibiting IL-4 and IL-5 production, which in turn
reduces IgE production in B cells and mast cells
degranulation. Altogether, the results from those stud-
ies and the present work indicate that TCI is useful for
preventing skin rash exacerbations in AD patients with
intimate involvement of IgE in their pathogenesis.

This study also showed significant differences in
the mean SCORAD score, peripheral eosinophil count,
serum LDH and TARC levels between the proactive-
completed and proactive-dropout groups at the start
of proactive therapy. Those were significantly higher
in a proactive-dropout group at the beginning of pro-
active therapy, and further elevated during the main-
tenance therapy period. SCORAD is the most widely
used evaluation tool by clinicians as an indicator of
disease activity in AD, and its value correlates with the
disease severity [17]. The number of peripheral eosino-
phils, which are produced mainly by IL-5 stimulation,
tends to increase with disease severity [3]. The serum
LDH level reflects tissue damage caused by skin
inflammation, which is associated with disease severity
[3]. The serum TARC level is highly correlated with the
Eczema Area and Severity Index score, which is the
second most widely used tool to evaluate disease
activity following SCORAD, and is now regarded as the
most sensitive clinical biomarker of AD [17,18]. These
findings support that the reason for treatment failure
in the proactive-dropout group was inadequate remis-
sion induction with TCS, resulting in residual inflam-
mation of an intensity that could not be controlled by
the potency of tacrolimus during the maintenance
therapy period.

Although the SCORAD assessment is a good indica-
tor for measuring disease activity in clinical practice,
its value may vary among evaluators because it is a
subjective scale. Therefore, combining SCROAD and
laboratory findings can provide a more accurate pic-
ture of disease activity. Among the laboratory markers
we analysed, the elevation of TARC levels had best
reflected the treatment failure. In the proactive-drop-
out group, the mean TARC, LDH, and eosinophil were
all elevated during the maintenance therapy period,
indicating that those are useful in assessing lesion
exacerbation. On the other hand, only the mean TARC
level showed an increasing trend in the remission
induction period of the proactive-dropout group, sug-
gesting that some of the patients in this group had
subclinical inflammation that had not been adequately

controlled by TCS. Together with the findings that the
success rate of TCI proactive therapy was lower in
patients whose TARC level increased during the main-
tenance therapy, TARC will be the most sensitive
laboratory marker to evaluate the intensity of subclin-
ical inflammation.

This study had several limitations. First, this clinical
study was conducted as a single-arm open-label
design, hence we cannot exclude physician subjectiv-
ity in those outcomes. Second, deviations from the
true outcome values cannot be ruled out as the num-
ber of patients enrolled in this study was small. Third,
exploration of clinical and laboratory findings that pre-
dict the outcome of treatment is based on the results
of a clinical study and those significances are not veri-
fied. Finally, this study included only Japanese AD
patients, and ethnic variations should be considered
when interpreting the results.

In conclusion, this study suggested that patients
with low IgE may have a less response to TCI, and
adequate control of disease activity is an important
factor for the success of TCI proactive therapy.
SCORAD is a useful scale in assessing disease activity,
and when combined with laboratory findings such as
peripheral eosinophil count, serum LDH and TARC lev-
els, it can provide a more accurate assessment of dis-
ease activity and help to determine whether TCI
proactive therapy is indicated.
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