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Utility of serum thymus and activation-regulated
chemokine as a biomarker for monitoring of
atopic dermatitis severity

Janneke Landheer, MD," Marjolein de Bruin-Weller, MD, PhD," Chantal Boonacker, PhD,"
DirkJan Hijnen, MD, PhD," Carla Bruijnzeel-Koomen, MD, PhD," and Heike Rockmann, MD, PhD"
Utrecht, The Netherlands

Background: Serum thymus and activation-regulated chemokine (sTARC) levels reflect disease severity of
atopic dermatitis (AD) in small study populations. It remains unclear whether sTARC is a reliable outcome
measurement for AD severity in heterogeneous AD populations in daily practice.

Objective: We sought to assess the utility of STARC as a biomarker for monitoring AD severity in adults in
daily practice.

Methods: sTARC, clinical skin score (Six Area, Six Sign AD [SASSADD, and body surface area
measurements were collected from all adult patients with AD visiting our clinic between March 2009
and March 2012, at first visit or exacerbation (baseline). In addition, data from short-term and long-term
follow-up visits were collected.

Results: At baseline sTARC levels ranged widely (n = 320; minimum-maximum: 3-50,400 pg/mL) and
STARC and SASSAD or body surface area correlated moderately. In the majority of patients, STARC and

SASSAD or body surface area changed congruently during follow-up.

Limitations: Data were collected retrospectively.

Conclusion: sSTARC may represent a suitable biomarker for monitoring of AD severity in daily practice.
(J Am Acad Dermatol http://dx.doi.org/10.1016/j.jaad.2014.07.031.)

Key words: atopic dermatitis; body surface area; disease severity; follow-up; serum thymus and
activation-regulated chemokine; Six Area; Six Sign Atopic Dermatitis.

topic dermatitis (AD) is a chronic inflamma-
tory skin disease with high prevalence,'”
considerable morbidity, and profound effect
on quality of life.” Treatment options include topical
steroids, topical immunomodulatory agents, ultra-
violet therapy, and systemic immunosuppressive
drugs. The choice of therapy depends on different
factors, such as disease severity, previous treatment
responses, and side effects.’
Assessment of AD disease severity is important for
evaluating therapy effectiveness and is currently

Abbreviations used:

AD: atopic dermatitis

BSA: body surface area

SASSAD:  Six Area, Six Sign Atopic Dermatitis
SCORAD: SCORing Atopic Dermatitis

STARC: serum thymus and activation-regulated

chemokine

determined by clinical disease severity scores. There
are a large number of AD severity scores (eg, SCORing
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AD [SCORAD]; Three Item Score; Eczema Area and
Severity Index; Six Area, Six Sign AD [SASSAD)). These
severity scores weighted measures of the intensity of
clinical lesions and/or the extent of clinically involved
skin expressed as body surface area (BSA).”’
Unfortunately, these scores are subjective, character-
ized by high interobserver and intraobserver variations
and studies comparing validity

and reliability are lacking.””
Disease severity scores are, CAPSULE SUMMARY

therefore, less reliable in
daily practice where different
clinicians may monitor a single
patient.

For these reasons, there is a
need for an  objective
biomarker. To date, several
serum cytokines and chemo-
kines have been suggested
as biomarkers for AD. Serum
thymus  and
regulated chemokine (STARC)
was found to correlate
well with disease severity.” "
Thymus and  activation-
regulated chemokine is pro-
duced by different cell types, including dendritic cells
and endothelial cells."”"” Thymus and activation-
regulated chemokine is a chemoattractant for CCR4 ™"
T cells, which are known to play an important role in the
pathogenesis of AD.'“"® Elevated sTARC levels have
also been described in other skin diseases such as
cutaneous T-cell lymphoma and staphylococcal
scalded skin syndrome. "'

STARC levels were found increased in patients with
AD, but not in healthy control subjects or in patients
with asthma, allergic rhinitis, or both.”'"'” This spec-
ificity within the atopy syndrome makes sTARC an
attractive biomarker for AD. Furthermore, STARC levels
are significantly higher in patients with severe AD
compared with mild or moderate AD.”'* Previously
reported correlation coefficients between sTARC and
disease severity scores (mainly SCORAD or SASSAD)
varied between 0.39 and 0.99,”'”* but were investi-
gated in small study populations”**"****’ predom-
inantly in children.””*** Only a few small studies
investigated sTARC in AD longitudinally.”!'?2%-#%75

The aim of the current study was to validate
STARC as a biomarker for monitoring AD severity in
adult patients in daily practice.

(AD) severity.

METHODS
Patient population

This study is based on information gathered via
the standard treatment protocol for patients with AD

« In small selected study populations,
serum thymus and activation-regulated
chemokine reflects atopic dermatitis

In this large heterogeneous AD
population, serum thymus and level
activation-regulated chemokine levels
and AD severity scores changed
congruently during follow-up.

activation- « In daily practice, serum thymus and
activation-regulated chemokine may
represent a suitable biomarker for
monitoring AD severity.
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visiting our department. sTARC levels, clinical dis-
ease severity score SASSAD,”' and BSA are deter-
mined routinely at baseline (first visit and/or
exacerbation), short-term follow-up, and/or long-
term follow-up visits. Exacerbation is defined as
increased disease severity, requiring escalation of
therapy.””

Medical records of all 579
patients visiting our depart-
ment between March 2009
and March 2012 were
screened. The following
inclusion criteria were used:
(1) diagnosis of AD, accord-
ing to the criteria of Hanifin
and Rajka™; and (2) sSTARC
measurement  and
concomitant SASSAD and
BSA determined at baseline.
Exclusion criteria were: (1)
systemic  immunosuppres-
sive treatment (other than
systemic corticosteroids) in
the 3 months before base-
line; and (2) systemic corti-
costeroids 2 weeks before
baseline. Of the 579 patient files screened, 259
patients were ineligible: 220 (85%) because of use
of systemic immunosuppressive treatment within 3
months before baseline; 10% because of missing
SASSAD and BSA scores at baseline; and 5% because
of another diagnosis.

Follow-up

Short-term follow-up was defined as 1 to 6 weeks,
and long-term follow-up as 7 to 36 weeks after
baseline. In patients with multiple measurements
within the defined periods, an interpolation algo-
rithm was used to determine 1 time point within the
short-term follow-up interval closest to 4 weeks, and
within the long-term follow-up interval closest to 24
weeks.

Measurements

STARC was determined using the human thymus
and activation-regulated chemokine immunoassay
(Quantikine, R&D Systems, Minneapolis, MN)
according to the manufacturer’s instructions. The
reference range in healthy control subjects was 71 to
848 pg/mL.

The compiled data on SASSAD and BSA
were determined by different doctors and nurses,
who were trained in using SASSAD and BSA.
Pearson correlation coefficient between SCORAD
and SASSAD, and between SCORAD and BSA, was
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Table 1. Baseline characteristics
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(A) Total study population

(B) No. of follow-up visits

Baseline only

Baseline + 1 Baseline + 2

Total (n = 320) (n =120) follow-up visit (n = 140) follow-up visits (n = 60)
sTARC, pg/mL, median (IQR) 1733 (696-4742) 1383 (465-2638) 2133 (995-5231) 5444 (2158-8683)
SASSAD (0-108), median (IQR) 26 (18-36) 22 (14-29) 30 (23-39) 33 (24-47)
BSA, %, median (IQR) 40 (24-60) 30 (18-48) 48 (33-60) 63 (42-75)

STARC, SASSAD, and body surface area at baseline: of the total study population (A), differentiated by treatment (B), and by no. of follow-up

BSA, Body surface area; IQR, interquartile range; SASSAD, Six Area, Six Sign Atopic Dermatitis; sSTARC, serum thymus and activation-regulated

visits.

chemokine.
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Fig 1. Distribution of serum thymus and activation-regulated chemokine (sTARC) at baseline
in the total study population (n = 320) (A) and per atopic dermatitis (AD) severity category
(B) presented as basic box plot. AD severity is categorized by Six Area, Six Sign AD (SASSAD)
(<20, 20-40, >40). Box plot: median (middle borizontal bar), interquartile range (IQR) (box), 3
IQR (whiskers), outliers (O), and extremes (*). Differences were analyzed by Mann-Whitney

U test.

r = 0.80 (P < .01 in 55 patients with AD from a
recently published randomized clinical trial.”’

Statistical analyses

Statistical analyses were performed using soft-
ware (SPSS, IBM Statistics for Windows Version 20.0,
IBM Corp, Armonk, NY). Spearman correlation co-
efficients between sSTARC and SASSAD, and between
STARC and BSA, were calculated after logarithmic
transformation of sTARC levels.

This study was approved by the local medical
ethics committee.

RESULTS
Patient characteristics

We included 320 adult patients with AD with a
mean age of 34.8 years (SD 15.2). In all, 40.3% were
male. The median short-term follow-up interval was

3.5 weeks (interquartile range 2.8-4.1) and the
median long-term follow-up interval was 14.6 weeks
(interquartile range 9.6-23.0).

sTARC and disease severity at baseline

The median sTARC level at baseline was 1733
pg/mL (interquartile range 696-4742) (Table D).
Disease severity scores (SASSAD and BSA) were
normally distributed, however, sTARC levels were
not normally distributed and ranged widely
(minimum-maximum: 3-50,400) (Fig 1, A). Table II
shows that 9% (29 of 320) of all patients had sSTARC
levels higher than 10,000 pg/mL, and 30% (99 of 320)
had sTARC levels below the upper reference margin
of 848 pg/mL.

Spearman  correlation  coefficients between
logarithmic transformation of sTARC levels and
SASSAD, and logarithmic transformation of sTARC
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Table II. Patient distribution according to categorized Six
and activation-regulated chemokine at baseline

J AM ACAD DERMATOL

Area, Six Sign Atopic Dermatitis and serum thymus

Mild AD Moderate AD Severe AD
SASSAD SASSAD SASSAD
STARC <20 20-40 >40 Total, n
Low sTARC <848 pg/mL 53* 39 7 99
Intermediate sTARC 849-5000 pg/mL 41 82* 23 146
High sTARC >5000 pg/mL 3 43 29% 75
Total (n) 97 164 59 320

Patient distribution according to categorized SASSAD and sTARC. Study population categorized according to SASSAD score (<20; 21-40;
>40) and sTARC level (<848 pg/mL; 849-5000 pg/mL; >5000 pg/mL). The no. of patients per category at baseline is shown.
AD, Atopic dermatitis; SASSAD, Six Area, Six Sign Atopic Dermatitis; STARC, serum thymus and activation-regulated chemokine.
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Fig 2. Serum thymus and activation-regulated chemokine (sTARC; pg/mL) and Six Area, Six
Sign Atopic Dermatitis (SASSAD) during follow-up (FU). Serum TARC (A) and SASSAD (B) per
individual patient (X2 follow-up group, n = 60) at baseline, short-term (S7) FU, and long-term
(LT) FU are shown. Medians, interquartile range (JQR), and minimum (i72)-maximum (max)

are presented.

levels and BSA, were r 0.48 and r 0.65,
respectively. Patients were divided into 3 groups
based on SASSAD score being mild, moderate, or
severe (Fig 1, B). Median sTARC levels differed
significantly among the 3 SASSAD categories;
however, within each category the range of sTARC
levels remained wide.

Subsequently, sTARC levels were divided into 3
categories: low, intermediate, and high. Distribution
of patients across sSTARC and SASSAD categories was
analyzed (Table ID). In 164 patients (51.3%) sTARC

and SASSAD categories corresponded (eg, low
STARC concentration and mild SASSAD severity). In
all, 146 patients (45.6%) did not correspond and
differed by 1 category. Ten patients (3.1%) did not
correspond and differed even by 2 categories.

Changes in sTARC and disease severity during
follow-up

The frequency of follow-up visits in daily practice
is influenced by multiple factors, including disease
severity. Therefore, we differentiated patients by
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Fig 3. Relative change in serum thymus and activation-regulated chemokine (sTARC) and Six
Area, Six Sign Atopic Dermatitis (SASSAD) in individual patients. The X2 follow-up (FU) group
(n = 60) is depicted in baseline and short-term (S7) (A) and long-term (Z7) (B) FU. Patients with
congruent decrease (quadrant I) and increase (quadrant II) in TARC and SASSAD (@.
Quadrant II: increase in serum TARC but decrease in SASSAD (O). Quadrant IV: decrease in
TARC and increase in SASSAD (O). Change <10% (- - -) was defined as negligible.

the number of follow-up visits: (1) baseline only; (2)
baseline and 1 follow-up visit; or (3) baseline and 2
follow-up visits (Table D). Indeed, median STARC
(and SASSAD) levels at baseline differed significantly
(Kruskal-Wallis test; P < .001) between patients
with 2 follow-up visits and those with only 1 or no
follow-up visits.

Intraindividual absolute and relative changes in
STARC and SASSAD were analyzed in patients with 2
follow-up visits and are shown in Figs 2 and 3,
respectively. Compared with baseline, median
STARC levels and SASSAD at short-term follow-up
decreased by 79% and 76%, respectively, and by 80%
and 73% at long-term follow-up (Fig 2). sSTARC and
SASSAD decreased congruently in the majority
of patients over the short-term (53 of 60; 89%) and
long-term (52 of 60; 87%) follow-up intervals (Fig 3,
quadrant I/IID. Incongruent changes in sTARC and
SASSAD were observed in only 4 patients over the
short-term (2 of 60; 3%) or long-term (2 of 60; 3%)
follow-up intervals (Fig 3, quadrant II/IV). All 4
patients had been clinically unstable, requiring
treatment adjustments. Changes in BSA were similar
to changes in SASSAD (data not shown).

Intraindividual absolute and relative changes in
STARC and SASSAD were similar in patients with only
1 follow-up visit (n = 140) (data not shown).

DISCUSSION
To our knowledge, this is the first study
investigating the suitability of sSTARC as a biomarker

for monitoring AD disease severity in a large adult
population in daily practice.

In the majority of patients, changes in sTARC
during follow-up were congruent with changes in
SASSAD and BSA. This interrelation has not been
reported before in such a large study population.
These findings show that sSTARC represents a suitable
biomarker for monitoring AD disease severity in
daily practice, being a substitute for clinical severity
scores with high interobserver and intraobserver
variability.

We configured 3 SASSAD categories at baseline
(mild, moderate, severe). Between the SASSAD
categories median sTARC levels differed signifi-
cantly, which is in agreement with other studies.” *
However, within each of the 3 SASSAD categories
STARC levels demonstrated a wide range. This
variation in sTARC levels may explain the interme-
diate strength correlation between sTARC and
SASSAD or BSA as shown previously.”'?2

In addition, we analyzed the relation between
disease severity and sTARC at baseline, using the 3
categories of SASSAD (mild, moderate, severe) and
STARC (low, intermediate, high). sTARC reflects
indeed the disease severity in the majority of
patients. However, the accordance was only
moderate, because of patients with high SASSAD
but low sTARC or vice versa.

The moderate degree of accordance between
STARC and SASSAD severity categories may be the
result of different AD phenotypes in our large
unselected daily practice patient population.”
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Patients with AD and the same clinical severity but
with large differences in sSTARC levels may represent
different immunologic phenotypes. This needs
additional study.

In conclusion, STARC may represent a suitable
biomarker for monitoring AD severity in daily
practice.

Limitations

In this large daily practice study population,
STARC, SASSAD, and BSA data have been retrospec-
tively collected. Interobserver and intraobserver
variations of SASSAD and BSA measurements have
not been determined. The studied AD population
was recruited from a university tertiary center, which
may result in a selection bias.

We thank Charlotte Cremers for her assistance with data
collection.
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