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To	the	editor,
Atopic	dermatitis	(AD)	is	one	of	the	most	common	chronic	inflam-

matory	 skin	 diseases	 that	 are	 known	 to	have	profoundly	 negative	
effects	on	patient's	quality	of	life.1	The	majority	of	AD	patients	can	
be	controlled	with	topical	corticosteroids,	but	those	with	insufficient	
responses	or	who	cannot	reduce	the	potency/frequency	of	topical	
steroids	 to	 acceptable	 levels,	will	 require	 treatment	with	 systemic	
immunosuppressive/immunomodulating	 drugs.	 This	 group	 of	 pa-
tients	can	be	defined	as	“difficult-to-treat”	AD.	In	daily	practice,	the	
decision	whether	or	not	to	start	systemic	therapy	should	be	based	
on	several	factors,	like	disease	severity,	quality	of	life	and	comorbid-
ities.2	A	single	severity	measurement	can,	however,	easily	over-	or	
underestimate	the	long-term	disease	severity	of	a	patient,	since	AD	
is	characterized	by	exacerbations	and	remissions.	Difficult-to-treat	
AD	 patients	 often	 experience	 a	 significant	 delay	 before	 optimal	
treatment	is	started.	Early	identification	of	this	group	might	prevent	
unnecessary	treatment	delay.	Therefore,	the	aim	of	this	study	was	
to	construct	a	predictive	serum	biomarker	signature,	measured	on	a	
single	time-point,	contributing	to	the	separation	between	difficult-
to-treat	 AD	 patients	 requiring	 systemic	 treatment	 and	 those	who	
can	be	controlled	with	only	topical	therapy.

We	retrospectively	included	152	severe	AD	patients	(median	EASI	
score	28.8,	 IQR	25.3-35.4;	median	 age	32.0	 years,	 IQR	22.0-50.8;	
all	 Caucasian)	 from	 the	 National	 Expertise	 Center	 for	 AD	 in	 the	
Netherlands,	 who	 were	 initially	 inadequately	 treated	 with	 topical	

corticosteroids.	Subsequently,	all	patients	started	with	intensive	top-
ical	treatment	and	defined	as	the	use	of	at	 least	six	weeks	of	daily	
treatment	with	high	amounts	of	potent	topical	corticosteroids	after	
adequate	training	and	instructions	in	self-management.	Patients	with	
physician	reported	doubts	on	treatment	compliance	were	excluded.	
During	this	treatment	period,	74	severe	AD	patients	(EASI	>	21	be-
fore	 start	 of	 treatment)	 could	 be	 controlled	 with	 topical	 steroids	
(“controlled	disease”	group),	and	78	severe	AD	patients	 (EASI	>	21	
before	 start	of	 treatment)	 eventually	 required	 treatment	with	 sys-
temic	immunosuppressive	drugs	(“difficult-to-treat”	group;	Table	1).	
Serum	was	collected	before	start	of	intensive	topical	treatment,	and	
129	 serum	 biomarkers	 (Table	 S1),	 measured	 using	 Luminex-based	
multiplex	 immunoassays,	 were	 included	 for	 analysis.	 To	 construct	
the	prognostic	biomarker	signature,	we	used	a	statistical	algorithm	
previously	developed	by	Mamtani	et	al3	(detailed	methods	related	to	
patient	 and	 sample	 selection,	 serum	biomarker	measurements	and	
statistical	analysis	are	available	in	the	article's	Online	Appendix	S1).

Stepwise	 multiple	 regression	 analysis	 resulted	 in	 the	 selection	
of	eight	serum	biomarkers,	including	interleukin	(IL)-1b,	platelet	fac-
tor	4	(PF4/CXCL4),	cutaneous	T	cell-attracting	chemokine	(CTACK/
CCL27),	 Trappin-2,	 Sclerostin	 (SOST),	 gamma-tubulin	 complex	 pro-
tein	2	 (GCP-2),	 soluble	programmed	death-1	 (sPD-1)	 and	 leucocyte	
associated	immunoglobulin-like	receptor-1	(LAIR-1),	which	were	com-
bined	by	using	a	linear	discriminant	function	analysis	to	construct	the	
final	 prediction	model	 for	 classification	of	patients	 into	 “controlled	
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disease”	or	 “difficult	 to	 treat”.	The	final	model	had	an	R2	of	0.70,	a	
Wilk's	λ	of	0.51	and	predicted	the	classification	correctly	in	125	(82%)	
out	of	the	152	patients.	Sixteen	patients	were	misclassified	as	con-
trolled	disease,	and	eleven	patients	were	misclassified	as	difficult	to	
treat,	resulting	in	a	sensitivity	of	78%,	a	specificity	of	86%,	a	positive	
predictive	value	(PPV)	of	84%	and	a	negative	predictive	value	(NPV)	
of	81%.	CTACK	was	 the	best	 individual	predicting	biomarker	 (AUC	
value	of	0.73).	After	combining	the	eight	biomarkers,	the	AUC	of	the	
final	prediction	model	raised	to	0.89	(Figure	1A	and	1).

Serum	 levels	 of	 IL-1b,	 PF4/CXCL4,	 Trappin-2	 and	 SOST	 were	
significantly	higher	 in	 the	difficult-to-treat	 group	compared	 to	 the	
controlled	disease	patients	(Figure	1C).	Serum	levels	of	CTACK	were	
significantly	higher	in	the	controlled	disease	patients.	No	differences	
were	 found	 in	 levels	of	GCP-2,	sPD-1	and	LAIR-1.	However,	 these	
three	biomarkers	significantly	 improved	the	prediction	capacity	of	
the	final	model.

Of	 the	 eight	 identified	 biomarkers,	 four	 have	 previously	 been	
shown	to	contribute	to	chronic	skin	inflammation	or	AD	pathogen-
esis.	PF4/CXCL4	and	CTACK/CCL27	are	higher	expressed	in	serum	

of	AD	patients	compared	to	healthy	controls	and	correlate	with	AD	
severity.4,5Levels	of	PF4	were,	correspondingly,	significantly	higher,	
whereas	 levels	 of	CTACK	were	 significantly	 lower	 in	 our	 difficult-
to-treat	group,	in	which	median	EASI	score	was	significantly	higher	
(29.8,	 IQR	 25.3-39.0	 versus	 27.8,	 IQR	 24.7-31.5	 in	 the	 controlled	
disease	 group).	However,	 this	 small	 absolute	 difference	 in	 disease	
severity	 is	 not	 considered	 to	 be	 clinically	 relevant.6	 Despite	 PF4	
and	CTACK	 have	 been	 found	 to	 correlate	with	AD	 disease	 sever-
ity,	both	markers	are	considered	not	 to	be	 the	optimal	markers	 to	
pick	up	a	small	difference	 in	disease	severity.	Serum	 levels	of	 thy-
mus	 and	 activation-regulated	 chemokine	 (TARC/CCL17),	 currently	
the	 best	 performing	 biomarker	 for	 assessing	 disease	 severity	 in	
AD,5	did	not	 significantly	differ	between	 the	 two	groups	and	was	
not	included	in	the	final	model,	indicating	that	the	current	model	is	
not	solely	based	on	differences	in	disease	severity	based	on	a	single	
EASI	score,	but	may	reflect	the	more	long-term	disease	severity	and	
treatment	response.	IL-1b	is	a	pro-inflammatory	cytokine,	which	can	
induce	IL-20	production	and	thereby	keratinocyte	differentiation.7,8 
Gamma-tubulin	complex	protein	2	(GCP-2)	is	a	chemoattractant	for	

Clinical 
characteristics

Group 1: Controlled 
disease (n = 74)

Group 2: Difficult to 
treat (n = 78) P‐value differences

Age	(years)a,	median	
[IQR]

29.0	[22.0	-	48.3] 37.0	[22.0	-	52.3] .522b

Male,	n	(%) 38	(51%) 47	(60%) .269c

EASI	score,	median	
[IQR]

27.8	[24.7	-	31.5] 29.8	[25.3	-	39.0] .038b

Atopic	diseases,	n	(%)

Allergic	asthma 40	(54%) 43	(51%) .756c

Allergic	rhinitis 47	(64%) 51	(65%) .611c

Food	allergy 26	(35%) 35	(45%) .230c

No	other	atopic	
disease	besides	
AD

15	(20%) 13	(17%) .592c

Missing	data 0 3	(4%)  

Age	of	onset,	n	(%)

0-1	years 30	(41%) 29	(37%) .370c

2-11	years 30	(41%) 38	(49%)  

12-18	years 3	(4%) 1	(1%)  

>18	years 4	(5%) 7	(9%)  

Missing	data 7	(10%) 3	(4%)  

Hospitalization	for	
AD	(after	study	
inclusion	and	sam-
pling),	n	(%)

27	(36.5%) 44	(56%) .036c

Note: Categorical	variables	are	presented	as	counts	and	percentages;	continuous	variables	are	
presented	as	median	[IQR].
Abbreviations:	EASI	Eczema	Area	Severity	Intensity;	IQR	interquartile	range;	VAS	visual	analogue	
scale.
aAge	at	time	of	sample	collection.	
bWilcoxon	rank-sum	test	
cChi-square	test,	p-value	<	0.05	was	considered	statistically	significant.	
Bold	values	are	used	to	highlight	significant	differences.

TA B L E  1  Patient	characteristics
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F I G U R E  1  Receiver-operating	characteristics	and	serum	levels	for	individual	biomarkers	and	the	final	model	predicting	treatment	
response	in	severe	AD	patients.	A,	Individual	ROC	curves	for	interleukin	1	beta	(IL-1b),	platelet	factor	4	(PF4),	cutaneous	T	cell-attracting	
chemokine	(CTACK),	transglutaminase	substrate	and	WAP	domain-containing	protein/Elafin	(Trappin-2),	Sclerostin	(SOST),	gamma-
tubulin	complex	protein	2	(GCP-2),	soluble	programmed	death	protein	1	(sPD-1)	and	leucocyte	associated	immunoglobulin-like	receptor	
1	(LAIR-1),	which	were	retained	in	step	2	of	the	statistical	algorithm.	B,	Receiver-operating	characteristic	(ROC)	curve	for	final	model	
which	included	IL-1b,	PF4,	CTACK,	Trappin-2,	SOST,	GCP-2,	sPD-1	and	LAIR-1.	Combining	these	eight	biomarkers	in	a	biomarker	signature	
increased	the	capacity	to	predict	treatment	responses	in	severe	AD	patients.	C,	Differences	in	serum	biomarker	levels	between	severe	
AD	patients	who	can	be	controlled	with	topical	corticosteroids	(“controlled	disease”,	CD)	and	patient	who	require	treatment	with	systemic	
immunosuppressive	drugs	(“difficult	to	treat”,	DT)	were	compared	using	Mann-Whitney	U	tests.	Horizontal	bars	represent	median	biomarker	
levels	with	interquartile	range.	*P	<	.05;	**	P	<	.01;	***	P	<	.001;	ns,	non-significant

(A) Receiver-opera�ng characteris�c curves for individual biomarkers 
retained in the final predic�on model
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(C)  Serum levels of the eight biomarkers retained in the final predic�on model 
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neutrophilic	granulocytes	and	has	shown	to	be	up-regulated	by	IL-4,	
one	of	the	main	contributors	to	the	pathogenesis	of	AD.9

The	 role	of	 the	 four	 remaining	biomarkers	 in	 the	pathogenesis	
of	AD	has	not	been	explored	yet.	This	is	the	first	study	investigat-
ing	these	markers	in	a	large	cohort	of	AD	patients.	Trappin-2,	SOST,	
sPD-1	and	LAIR-1	have	all	been	associated	with	immune	regulation,	
and	might	thus	play	a	role	in	AD	pathogenesis.	Our	results	imply	that	
pathophysiological	heterogeneity	in	immunological	pathways	might	
underlie	 differences	 in	 treatment	 responses,	 and	may	 be	 used	 to	
distinguish	a	specific	subpopulation	of	difficult-to-treat	AD	patients	
in	need	of	systemic	treatment	from	patients	who	can	be	controlled	
with	topical	therapy.

In	the	current	study,	patients	were	stratified	based	on	treatment	
history	necessary	to	control	the	AD.	The	decision	whether	or	not	to	
start	systemic	therapy	in	AD	patients	is	not	always	easy;	several	fac-
tors	need	to	be	considered.2	The	lack	of	response	to	adequately	applied	
topical	treatment	or	long-term	need	of	large	amounts	of	topical	steroids	
is	a	very	important	indicator	for	systemic	treatment,	taken	into	consid-
eration	that	much	effort	should	be	made	to	optimize	topical	treatment.	
In	all	included	patients,	much	attention	was	paid	to	adherence	to	topi-
cal	treatment	and	evaluation	of	self-management.	However,	treatment	
compliance	to	topical	therapy	cannot	be	fully	guaranteed.

With	the	correlation	coefficient,	NPV	and	PPV	of	the	final	model	
appearing	 to	 be	 sub-optimal,	 a	 potential	 danger	 of	 using	 this	 pre-
dictive	signature	in	clinical	practice	might	be	unnecessary	treatment	
with	systemic	immunosuppressive	drugs	due	to	incorrectly	assigning	
a	patient	as	“difficult-to-treat”.	Hence,	we	do	not	aim	to	replace	clin-
ical	decision	making	by	our	biomarker	signature.	Instead,	this	signa-
ture	might	serve	as	a	valuable	addition	to	the	decision	whether	or	
not	 to	 start	 systemic	 therapy	 in	 individual	AD	patients	 and	might	
accelerate	 the	 initiation	 of	 optimal	 therapy.	 Validation	 of	 our	 bio-
marker	signature	in	a	prospective	patient	population	is	necessary	to	
evaluate	its	applicability	and	predictive	capacity.

In	conclusion,	this	study	shows	that	a	constructed	predictive	sig-
nature	of	eight	serum	biomarkers	 is	able	to	 identify	a	subgroup	of	
severe,	difficult-to-treat	AD	patients	with	a	sensitivity	of	78%	and	a	
specificity	of	86%,	which	might	contribute	to	earlier	 identification.	
This	 signature	 might	 serve	 as	 a	 valuable	 addition	 to	 the	 decision	
whether	to	start	systemic	therapy	or	not	in	individual	AD	patients,	
and	the	statistical	algorithm	used	in	this	study	may	also	be	applied	
to	construct	biomarker	signatures	predicting	treatment	response	to	
systemic	immunosuppressive	drugs,	dupilumab	or	other	therapies	in	
the	 future.	Since	more	 targeted	 therapies	will	play	an	 increasingly	
important	 role	 in	AD	 treatment,	prediction	of	 treatment	 response	
can	significantly	contribute	to	selecting	the	right	treatment	for	the	
right	patient.
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