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Abstract

Background: Biologics are usually licensed according to tbhae“dose fits all” principle. It is therefore
suspected that a significant number of psoriadiemqia are overtreated. However, evidence for ssfae
dose reduction of biologics in psoriasis is scafte aim of this study was to investigate whetherdosing
interval of three biologics, adalimumab, etanerceptustekinumab could be prolonged successfully in

patients with plague psoriasis.

M ethods

In a prospective exploratory cohort study, 59 [@sisi patients on maintenance treatment with adedat
etanercept, or ustekinumab were included. Aftearaim period of six weeks, the dosing interval loé t
biologics was prolonged according to a predefirgdtedule. Our primary objective was to determine the
proportion of patients that could maintain a susftésprolongation of the per label dosing interval.
Secondary objectives were to evaluate the prediotalue of baseline serum trough concentrations for
successful dosing interval prolongation and to @epthe feasibility of dosing interval prolongasoin off-

label treated patients.

Results
In the per label group, 7 out of 16 (44%) adalimbmpatients, 5 out of 16 (31%) etanercept patientst of
10 (20%) ustekinumab patients achieved a succets$ilg interval prolongation. Baseline serum thoug

concentrations did not differ significantly betwgmatients with successful dosing interval proloimgeand



failures. In the off-label group, prolongation iatignts with already extended intervals was unssfak For

patients with shortened intervals, minor prolorgativas successful in 3 out of 17 (17.6%) patients.

Conclusion

Prolongation of the per label biologic dosing intémwvas feasible in approximately 30% of psorigsisents
with stable minimal disease activity and can rediasts in clinical practice. Baseline serum trough

concentrations were not predictive for successiairdy interval prolongation.
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Background

Biologics are effective drugs for the treatmentnoiderate to severe plague psoriasis. As a reseilt,use is
increasing and many new biologics and biosimileedaing developed. Biologics are usually liceresedi
marketed according to therie dosefits all” principle, and dose regimens with fixed dosingidals are
recommended. However, a number of studies in gatigith stable rheumatoid arthritis (RA) have shown
that the per label biologic dose can be reducdubwita subsequent increase in disease activity. (1-3
Recently, biologic dose reduction and dosing irglgpvolongation have also been described in patisith
psoriasis (4, 5).

Measurement of high trough concentrations supploese dose reductions in RA, since adalimumab
levels above 8 ug/mL in RA patients were foundaaeehno clear additional beneficial effect on diseas
activity (6). Similar findings were reported in pssis where one-third (44 out of 135) of psorigsisents
had adalimumab concentrations aboygy/mL without further increase in clinical improvent€7). Chen et
al. also showed that after 24 weeks of adalimuneal deduction with 50%, the trough concentratidivea
the cutoff value of 6.4g/mL predicted persistent remission in patients \&A (3). The adalimumab trough

concentrations were significantly higher in RA pats with persistent remission (median 1@8nL) or



with low disease activity (4.bg/mL) than in those with disease flare (Ag@mL). These data suggest that a
substantial proportion of patients on biologicsiatkeed overtreated. In view of these studies inaRA
psoriasis, we hypothesized that biologic troughcentrations could be a useful indicator for dose
reduction of adalimumab and possibly other biolsditat are currently being used for patients with
psoriasis.

Adalimumab phase lll studies have shown that coramlescontinuation of biologic treatment in patient
with psoriasis who are in remission is not recomdadahe. Papp et al. showed that after the
discontinuation of adalimumab treatment, 69% (138)2f psoriasis patients showed a relapse after a
median of five months (8). Similarly, Ortonne etdd¢monstrated a time to relapse of only two moinths
240/359 psoriasis patients in whom etanercept we®utinued (9). Complete discontinuation in
ustekinumab-treated patients was also unsucce88f,of patients had recurrence of disease agctivit
after the median time of 15 weeks (10). Thereftapering of biologics appears to be a better otian
complete discontinuation.

In Europe, off-label dosing of biologics is quitememon in daily clinical practice (5, 11). This ubpaneans
not only dose escalation (e.g., doubling the ddsef),also dose reductions, primarily by dosingrirae
prolongation. In daily practice, intensified dosimgimens are often applied in the early treatrpbase and
then continued as maintenance treatment, even pdi@mts have been in remission for quite some (itge
14). Disadvantages of unnecessary or excessivetéonmgdosing are not only the potentially highek rof
treatment-related side effects, such as serioastinhs and development of malignancies, but &sdigh
costs that are associated with the use of bioldgigs (15, 16). In Europe, pharmaceutical compédméee
negotiated prices as high as 15,000 Euro per patiemally (17). As a result of the large numbénsatients
now being treated with biologics, the pharmaceltioats are a substantial proportion of the totallh care
budget. At present, evidence of successful prokimmgaf the per label dosing interval of biologiirs
psoriasis is scarce. Therefore, our primary obhjeatias to determine the proportion of patients toadd
maintain a successful prolongation of the per ldbeing interval. Secondary objectives were towatal the

predictive value of baseline trough concentratfonsuccessful dosing interval prolongation. Iniadd, we



explored the feasibility of dosing interval prolatigns in off-label-treated patients that were te@avith

either shorter of longer intervals according totteatment label.

M ethods

Study design

This was a prospective exploratory cohort studydcoted at the department of Dermatology.in the
Erasmus Medical Center, Rotterdam, The Netherlaretsyeen June 2013 and March 2016. The study
was approved by the Institutional Review Boardhef Erasmus University Medical Center Rotterdam
(MEC-2013-050). The study was conducted accordirthe guidelines of Good Clinical Practice. The
trial is registered in the European Clinical TriBiatabase (EudraCT) under EudraCT number 2012-

005809-53.

Patientsand treatments

All included patients were 18 years or older areiveed maintenance treatment with adalimumab,
etanercept, or ustekinumab for at least six motitherder to be eligible for the study, patientseve
required to have an absolute Psoriasis Activity 8aderity Index (PASI) score below 8. Patients who
used other anti-psoriatic co-medication such ashatetxate, fumarates, or acitretin were excluded;
pregnant or lactating women were also excludedpatiients provided written informed consent before
any of the study procedures were executed. Patigaris recruited from the dermatology outpatient
clinic of our hospital.

“Per label use” was defined as the use of the piolfor the approved indication, in the approved
dosage and route of administration. In our stud§f:label use” implies that the dose or dose iraénf
either of the three biologics used in this studg wat according to the package insert approvediby o

national drug regulatory agency.



Study procedures

All patients were on maintenance treatment witHiamenab, etanercept, or ustekinumab with a dose
and dosing interval prescribed by their dermatabdiatient visits were scheduled at weeks 0, 6308
42,54, 66, and 78. At each study visit, data veetkected on biologic trough concentration.and PASI
scores, adverse events, and laboratory testinigo{idd count, aspartate aminotransferase, alanine
aminotransferase, bilirubin, gamma-GT, serum onésti sedimentation rate, C-reactive protein, and
urine analysis). The drug adherence was self-meit@nd empty syringes were collected during the
outpatient visits. To determine whether a patient stable disease activity, a run-in period ofvgbeks
was used before the start of the study where tH#&l Béore of the patient was not allowed to fluctuat
more than three points. In all patients, the dositeyval of the biologic was prolonged every 12k&
during a 42-week period (see supplementary talibe fredefined schedule). In case of an unacceptabl
increase in disease activity judged by the patiest rise of the PASI score above 8, the last t¥fec
treatment regimen was resumed and was maintainathdtie remainder of the study period. Patients
were followed up to week 78.

Patients in whom the dosing interval could be prgém according to the protocol without loss of-self
reported efficacy or deterioration of the PASI scabove 8 were designated “successful.” Patientdom
the dosing interval could not be prolonged accgrtiinour protocol were designated “failure. "Fagiualso
included patients who objected to continuing wiith tlosing interval prolongation because of (seif an
investigator reported) exacerbation of their psisiar for other (personal) reasons. In the mgjofit
patients, tapering consisted of dosing intervatmsions (supplementary table 1
http:/Mlinks.lww.com/TDM/A189) and in only a mintyias dose reductions (with unchanged interval). In

this paper, tapering will only be referred to asidg interval prolongations.



Psoriasis Activity and Severity Index (PASl) and Physician Global Assessment (PGA)

The Psoriasis Activity and Severity Index (PASIaisalidated tool for monitoring the disease attivi
The PASI is calculated based on the intensity dfiess, thickness, scaling, and the affected sudiaze
of the skin (18). The PASI score is the main outeaneasure for success of treatment in clinicaltipec
and clinical trials. The 5-point PGA scale is a fified and more simplified tool for evaluating plagu
psoriasis severity and improvement in clinicall$idt is divided in clear, almost clear, mild, nevdte,

and severe score for the disease activity (19).

Dermatology Life Quality Index (DLQI)

It is a 10-item questionnaire used to measuretipadt of a skin disease on the quality of liferob#fected
person. Each question refers to the impact ofkimedisease on the patient’s life over the previeask. The
DLQI can provide more insight into the impairmefgoality of life of psoriasis patients and can soip

more appropriate clinical decisions.

Biologic assay

Anti-TNFa biologic (adalimumab and etanercept) @mtation was determined by an ELISA-based
assay of Sanquin (Sanquin Reagents, Sanquin, AdasteiThe Netherlands), according to
manufacturer’s instructions. Briefly, ELISA platpse-coated with TNFa-specific murine monoclonal
antibody (CLB-TNF5, Sanquin) were incubated witbombinant TNFa, followed by biologic containing
calibrators, controls, and samples, diluted in HRigh Performance ELISA) buffer (Sanquin). Binding
of anti-TNFa biologic was detected with a horseistagheroxidase-labeled monoclonal antibody specific

for the adalimumab or etanercept idiotype. Botlagssvere in-house validated by Sanquin (Diagnostic



Services, Biologics Lab). The adalimumab assayG&dVD kit of Sanquin Reagents B.V.

(http://www.sanquin.nl/repository/reagentia/ifu/M2910 2 level-adalimumab_en.pdf), whereas the

etanercept assay is a research assay and has iiDG&bel. The adalimumab assay had 99% accuracy
at 2 ug/mL and etanercept had 94% accuracy atrlugf a spiked human serum sample. The lower
limit of detection was 0.06 and 0.15 pg/mL for amlamab and etanercept, respectively. The lowet limi
of quantification was 0.06 and 0.18 pg/mL for adalnab and etanercept, respectively; the calibrator

range was 0-25 and 0-289 ng/mL for adalimumab tarteecept, respectively. The manual is available

at http://www.sanquin.nl/en/products-services/reagferoduct-categories/biological®ay-to-day
imprecision of these assays was 10.0% and 5.6%arpexd in 20 days for adalimumab concentration,
and was 11.3% and 8.1%, performed in 19 days &regtept concentration, based on repetitive testing
of low and high controls. For ustekinumab measurdsyen analogous ELISA-based assay was used;
however, this time, it was executed by Sanquin@bastic Services, Biologicals Lab). In this in-heus
validated assay, plates were pre-coated with ofieeafistekinumab targets, interleukin-12, to captur
ustekinumab, and, for detection, rabbit polyclamatibody specific for ustekinumab idiotype was used
for detection (20). For ustekinumab PK measuremanmibs to Feb 2017, we gathered the following data:
accuracy was 97% at 0.4 pg/mL of spiked human seample; lower limit of detection was 0.02 ng/mL;
lower limit of quantification was 0.02 pug/mL,; arttetcalibrator range was 0.0004-0.025 pug/mL. The
reportable range was 0.02-16 pg/mL. Day-to-day éuigion of the ustekinumab assay was 9%, based
on three days of repetitive testing of a singledime) control.

Measurement of anti-drug antibody against a bialdgDA) was only performed in patients with
undetectable biologic trough levels, as it is mik&ly to find ADA in absence of detectable drug. 2
ADA was also determined by Sanquin (Diagnostic Besy Biologicals Lab), using in-house-validated
ELISA-based assays. Etanercept has no clinicdéyaat immunogenity, and therefore measurement of

ADA was not indicated (22).



Statistical analysis

For numeric variables that were not normally disttéd according to the Shapiro-Wilk test, we used t
Mann Whitney U-test to compare groups. For theyaigbf the associations between categorical data,
we used Pearson’s Chi Square test or Fisher's ¢estctas appropriate. The difference between the
biologic baseline trough concentration of the sases and the failures was analyzed with the Mann
Whitney U-test. Statistical significance was defirzes a two-tailed p value of 0.05 or less. Foistieal

data analysis, SPSS statistics software (versiach,2B8M, Armonk, NY) was used.

Results

Patients

This study started in June 2013, and the last patiempleted the follow-up in March 2016. In totd,
patients were enrolled, and after the run-in pedbsix weeks, 59 patients were included (Fig. 1).
Patient demographics and baseline disease chastickeare presented in Table 1. The BMI, PASI,
PGA, and DLQI were significantly higher in the usteimab group compared with the adalimumab and
etanercept group.

Seventeen out of 20 patients on adalimumab thd@&ge) completed the 78-week study, 18 of 21
patients (86%) in the etanercept therapy group ¢etexgh the study, and 17 of 18 patients (94%) in the
ustekinumab therapy completed the study. Sevenrgatdid not complete the study because of
withdrawal of consent (n = 3) or because they wastto follow up (n = 4) because of migration
(moved to a different city or country). In eachlbgic group, patients had different maintenancerdaps
intervals, but the main cohort started with thelpbel dose and dosing interval (Fig. 1). The péel
dosing interval for adalimumab was 40 mg once etieoyweeks, for etanercept 50 mg every week, and
for ustekinumab 45 mg (<100 kg) or 90 mg (>100dwpry 12 weeks. For etanercept and adalimumab,

the dose was unchanged during the study protonty,tbe dose interval was prolonged step by step. |



ustekinumab-treated patients, the dose was aldmanged, except in three patients, in whom the dose

was reduced from 90 to 45 mg.

Prolongation of thedosing interval

Per label dosing

At week 78, in the adalimumab group (40 mg everyweeks), seven out of 16 (44%) patients had aetliev
a successful dosing interval prolongation. Sixheke seven patients had a successful intervahgation of
100% (40 mg every four weeks) and one of 50% (4@wagy three weeks). In the etanercept group (50 mg
every week), 5 out of 16 (31%) patients had a ssfakdosing interval prolongation of 100% (50 mgry

two weeks).

In the ustekinumab group (45 mg every 12 weeks),amt of nine (22%) patients had a successful dosin

interval prolongation of 100% (45 mg every 24 weeks

Off-labd dosing

The dosing interval could not be extended for #gepts who were already being treated with adatiaty

40 mg every three weeks at baseline (n = 4). lfoali patients, the severity of psoriasis increasftst

dosing interval prolongation, and patients requetidoe treated with their original regimen of adaimab

40 mg every three weeks.

In the escalated dose group, etanercept 50 mg ek, one out of five (20%) patients had a ssfak
interval prolongation of 100% (50 mg once a week;label dosing interval).

In the escalated dose group (ustekinumab 45 mg eigiit weeks), one out of three (33%) patients was
successfully prolonged to 45 mg every 14 weeksteltvas only one patient on ustekinumab 45 mg el@ry
weeks. In this patient, the dosing interval wassssfully prolonged to 45 mg every 12 weeks ((E)gln

the other off-label treated patients dosing intigpvalongations were unsuccessful.



Trough concentrations

The median baseline trough concentration of adatieduin patients in whom the dosing interval was
successfully prolonged was higher compared todheantrations in the failures, although the diffiesewas
not statistically different (8.8 pg/mL, 95% CI [51D.6] vs. 5.3 pg/mL, 95% CI [4,5; 10,9] p = 0.8/¥g.
3A). The median baseline trough concentrationariertcept did not differ significantly between the
successful prolongations vs. failures (4.1 pg/n8%3CI [0.0; 4.7] vs. 3.6 pg/mL, 95% CI [1.3; 6.9]= 1.0)
(Fig. 3b). Also, the median baseline trough corredion of ustekinumab did not differ significantgtween
the successful prolongations vs. failures (0.6 |JLg88%CI [0.3;0.9] vs. 0.2 pg/mL, 95% CI [0,2; OfbF

0,33) (Fig. 3c).

Undetectabletrough concentrations and the presence of ADA

In the adalimumab group, three patients had, oroeasions, undetectable concentrations. In otizesé
patients, the presence of ADA was detected oncéhifopatient, psoriasis was in remission. In the
etanercept group, two patients had, each on twas@mts, undetectable concentrations and four patien
showed an undetectable concentration at a singsimn. In total, 9 patients had 14 occasions iictwh
undetectable trough concentrations were founddnustekinumab group, all patients had detectednlglh

concentrations, and the measurement of ADA wasfibver not indicated.

L oss of efficacy

In the majority (n = 55) of patients, the PASI scoemained below 8. In one patient in the per label
adalimumab group and in two ustekinumab-treatedmaton off-label escalated dose, the prolongatfon
the dosing interval caused an increase in diseis@athat led to a PASI above 8. In one patiemtoff-
label escalated etanercept dose, the PASI incredimee 8 before any interval prolongation, andhése

cases, a dose prolongation was not performed f fllecfour patients mentioned in this paragraplhed



remission after they were retreated accordingdi triginal dosing regimen.

Occurrence of adver se events (AE)

The most frequent minor adverse events were réspgirand urinary tract infections. In the per label
adalimumab group, three severe adverse events (@%&Hjred. One patient developed meningitis, asd hi
psoriasis exacerbated. His PASI score reacheddgat the end of the study, he was switched from
adalimumab to ustekinumab. The other two patierffered from rhabdomyolysis and had a coronaryarte
stent placement, respectively. In the per labekistimab group, two SAEs occurred (cerebrovascular
accident and miscarriage). In the off-label graupe patient on ustekinumab was admitted to theitabsp

with myocardial infarction. All patients recovereithout sequelae.

Discussion

The main finding of this study is that in approxteig 30% of psoriasis patients on maintenancertreat
with adalimumab, etanercept, or ustekinumab, thdatel dosing interval could be prolonged withtmsts

of clinical response.

The adalimumab group had the highest percentagatigits (44%) in whom the dosing interval could be
prolonged successfully. Baniandres et al. also sdothiat the adalimumab dose could be successfully
reduced in 57.7% of patients in a cross-sectiomalysamong 112 psoriasis patients (5). Rodrigo-ld&o

et al..showed 75% successful adalimumab dosingvaitprolongations in 12 patients (4). Their folloyw
time of 46.5 weeks was shorter than our followinpetof 78 weeks. In our study, 50% (three out ¥ of

the failures occurred after a follow-up of 52 weegdatentially explaining the higher success ratRadrigo-
Nicolas et al.

In the ustekinumab per label group, a low rate (R@%successful interval prolongation was achievidte
ustekinumab-treated patients had a significantghdri PASI and DLQI score at baseline and they had
previously been treated with significantly morelbifcs before they started using ustekinumab. Blystie

lower success rate in the ustekinumab group waterkto more treatment-resistant disease.



Trough concentrations of etanercept and ustekinuatabaseline did not correlate with the success of
subsequent dosing interval prolongations. Concémtraeffect relationships have not been shown for these
two biologics. Neither Mahil et al. nor Mentingadt found a correlation between etanercept or imstelab
trough concentrations and clinical response in néwghted psoriasis patients (20, 23, 24). Van ldarden

et al. also showed that adalimumab and etanenmamht concentrations were not predictive for susfoks
dose reductions (24). In the adalimumab group ofstudy cohort, there was a trend toward highergno
concentrations in the patients in whom dosing watecould be prolonged, although the difference nets
statistically significant. Our results support tlieding of Menting et al. who showed that adalimbma
concentrations above 7 pg/mL do not provide addilicclinical efficacy (7). The majority (71%) of
adalimumab-treated patients in whom the dosingviatecould be prolonged had an adalimumab trough
concentration above 7 pg/mL at baseline.

Another important secondary aim of our study wasséfety of dosing interval prolongations. Reporiski

of biologic dose reductions such as irreversibis lof efficacy and immunogenicity (25) appearedeo
low/absent in this study. Dose reductions have jamirgfluence on the costs of treatment, if pasecdn be
treated with considerably less injections per ymsrause the dosing interval is doubled. Potentiddly can
result in treatment cost savings of 7,021 eurosadatimumab-treated patient; 6,939 euros per etaper
treated patient; ‘and 7,130 euros per ustekinuneaitetd patient per year. Indirect costs shouldlzdstaken
into account for a formal and more accurate cdetife evaluation.; However, this was beyond ttwps

of our study. Some studies in rheumatoid arthptigients on treatment with biologics have published
promising data on major savings in the costs foliobics after dose reduction (26, 27).

In clinical practice, patients are often treatedalfel; therefore, we also included these patientsir study.
Successful prolongations were less often observete off-label group. In the off-label adalimumeatd
ustekinumab group that was already on a prolongsihd interval, further dosing interval prolongatimas
unsuccessful.

A limitation of this exploratory study was the tt@laly small number of patients per biologic. A tah

group of patients who continued maintenance tremtmvéhout dose interval prolongation was not a par



of the current study design. For larger prospedtiads, inclusion of a control group will help &stimate
the incidence of psoriasis flares, in patientsté@avith unchanged dose and dose interval. Moreaer
chose a relatively high PASI of 8 as a cutoff fuglision in this study and to define the maximuloved
deterioration in disease activity upon dosing wdeprolongation. In retrospect, a PASI of 5 wotlave
been more appropriate since this has recently seggested as a cutoff for intervention (28). Howetre
higher PASI cutoff does not appear to have infleenaur results in this light, since all includedigrats had
low disease activity with the highest PASI at biasebf 4.8 (etanercept group). Furthermore, mogshef
patients that experienced deterioration of thedripsis upon dosing interval prolongation choseetarn to
their previous dosing interval before a PASI of&sweached. Also, none of the patients that wesignigted
as “successful” upon dosing interval prolongatibad a PASI above 5. Despite these limitations,ishise
the first observational biologic tapering studieftecting a real-life setting in a clinical dermlatyy practice.
A definition of clinical criteria to select pati@iin whom dose interval prolongation can be appliedid be
helpful. Intuitively one would think that a longéaration of remission, no failed biologic treatngeptior to
the current treatment, a very low PASI score, a@gldr biologic concentrations would increase thencle
of successful dose interval prolongation. Largémocts of patients are needed to evaluate the pireglialue

of the mentioned clinical criteria.

In conclusion, safe and robust prolongation ofdga dosing intervals was achieved in almost 30% of

patients. This can reduce the treatment costs mtitblinically relevant loss of efficacy. Larger &to

effectiveness) studies are warranted to corrobaratefindings and to investigate whether adalimumab

baseline trough levels can indeed predict the ssb@deinterval prolongation in psoriasis patientthw

already stable mild disease. Moreover, these iigadi&ins could possibly be extended to the newly

introduced anti-IL17 biologics for which the data safe dosing interval prolongations in psoriasisaso

lacking.
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Figurelegends
Fig. 1: Study flow chart showing patients who arguded in the study per biologic and dosing iraerv
groups. The number of patients with successfulomgétion of the dosing interval and failures is

depicted. Patients who did not complete the studyabso shown for each group.

Fig. 2a: Comparison of adalimumab trough conceintratat baseline after the run-in period of six keee
in patients with a successful dosing interval pngltion and the failures. The concentrations atlvees
of each patient are represented by a cirgJe{he horizontal line in the graph representsntieglian.

Fig. 2b: Comparison of etanercept trough concdotratat baseline after the run-in period of six kecia
patients with a successful dosing interval proldgiogeand failures. The concentrations at baselfreaoh

patient are represented by a circi¢. (The horizontal line in the graph representsntieelian.



Fig. 2c: Comparison of ustekinumab trough concéintra at baseline after the run-in period of siels
in patients with a successful dosing interval pngltion and failures. The concentrations at baseifn

each patient are represented by a cirg)eThe horizontal line in the graph representstieglian.



Table 1 Baseline patient characteristics.

Patient
characteristics

Adalimumab (n= 20)
n (%)

Etaner cept (n=21)
n (%)

Ustekinumab (n= 18)
n (%)

Gender, n (%)

Males 16 (80) 12 (57) 11 (61)
Females 4 (20) 9 (43) 7 (39)
Race, n (%)

Caucasian 13 (65) 15 (71) 14 (78)
Black 1(5

Asian 5 (25) 4 (19) 2 (11)
Other 1(5) 2 (10) 2(11)

Age (years), mean | 43.2 (13.2) 50.6 (14.4) 52.0 (15.3)
(SD)

Body mass index

(kg/m2), median 24 (23, 29) 26 (23, 29) 28 (26, 31)
(Q1, Q3)

PASI score,

Median (Q1, Q3) 1.7 (0.3, 3.2) 3.2(1.3,4.8) 2.9(1.8,3.9)
PGA score

Clear 6 (30) 4 (19) 3(17)
Almost clear 14 (70) 15 (71) 13 (72)

Mild 2 (10) 2(11)
DLQI score,

Median (Q1, Q3) 0.0 (0.0, 2.5) 1.0 (0.0, 5.0) 1.5(0.0, 5.3)
Duration of

psoriasis, years,

Median (Q1, Q3) 15 (8, 28) 20 (14, 34) 22 (14, 39)
History of psoriatic 5 (25) 2 (10) 2(11)
arthritis, n (%)

Biologic-naive 12 (60) 15 (71) 4 (22)

before start current
biologic , n (%)
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Figure 2C
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* Some circles (o) are on the same place in the graph because some patients have the same
concentrations at baseline.

** The six patients who failed to complete the study were not included.



