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1GENERAL INTRODUCTION

Psoriasis
Psoriasis is an immune-mediated chronic in&ammatory skin disease, a!ecting 2-3% of 
the global population.1 Several factors play a role in the etiology and onset of psoriasis such as 
genetic predisposition and environmental conditions.2,3 The prevalence of psoriasis varies with 
age, ethnicity and geographic location.1 In the western adult population, the prevalence ranges 
between 2% to 4%.1,4 The prevalence of psoriasis is not in&uenced by gender and it has been 
described that males have a more severe form than females.1,5 Moreover, one third of the patients 
develop psoriasis during childhood and over 50% of the patients will develop psoriasis before 
the age of 40 years.6,7

"ere are di!erent phenotypes of psoriasis reported; plaque psoriasis, guttate psoriasis, 
inverse psoriasis, pustular psoriasis, generalized pustular psoriasis and erythrodermic psoriasis. 
In this thesis we will focus on the most common type of psoriasis, plaque psoriasis (psoriasis 
vulgaris), which is present in 90% of psoriasis patients.8 Plaque psoriasis is characterized by 
erythematous scaly, and indurated plaques which can be painful and cause serious itch.9 Swelling, 
pain and burning sensation limit patients in daily functioning. Psoriasis has a substantial 
negative impact on patients quality of life and long-term treatment is needed due to the chronic 
character of the disease.10,11

Furthermore, the disease is not always limited to the skin. The persistent systemic 
in&ammation is associated with several comorbidities such as metabolic syndrome, 
cardiovascular disease, psoriatic arthritis and depressive illness.4,9 Since 2005, a new generation 
of treatments for psoriasis became available: biologics. Biologics are very e!ective treatments 
and changed the lives of patients with severe psoriasis dramatically. The majority of patients 
could now reach sustained disease control a'er a history of many years with active disease. 
Biologics suppress, but do not cure, psoriasis. "erefore, these drugs are not stopped due to fear 
of psoriasis relapse, and continuously prescribed. Biologics are given in a registered, standard 
dose normally. However, some patients may not need the full dose. In this thesis we investigated 
the concept of controlled, stepwise, dose reduction in patients treated with biologics. The studies 
described here focus on adalimumab, etanercept and ustekinumab, because these biologics were 
the most frequently used biologics with a well-known e!ectiveness and safety pro#le.   

Optimizing biologic treatment
Biologics are widely used in daily practice and considered as relatively safe. However, side e!ects 
can occur, mainly due to their immunosuppressive e!ects.12-16 Lifelong treatment is required 
in patients with chronic in&ammatory diseases like psoriasis and achievement of long-term 
disease control in these patients is necessary. "erefore, it is important to prevent unnecessary 
exposure to drugs and to minimize the chance of side e!ects. Another characteristic of biologic 
treatment is the high costs which has a considerable economic impact on the national health 
care expenditures.17,18 Lowering the overall exposure to biologics, where possible, could result 
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in a lower risk of side e!ects and substantial health care savings. Determining the lowest 
e!ective dose of these drugs for the individual patient is therefore important. In this thesis, 
we investigated dose reduction of the biologics adalimumab, etanercept and ustekinumab by 
prolongation of the interval between injections.  

Measurement of disease activity
Disease activity in psoriasis patients can be measured with various measurement tools. For 
the assessment of severity of psoriasis and treatment e!ects, the Psoriasis Area and Severity 
Index (PASI), Body Surface area (BSA) and Physician’s Global Assessment (PGA) are the most 
commonly used tools in clinical trials and daily practice.19-23 In this thesis, we will focus 
on the PASI score which is considered as the most important outcome measure for disease 
activity.24 The PASI includes severity scores (average scores); erythema (E), induration (I) and 
desquamation (D), and an extent score (A); a!ected area (BSA). The PASI score ranges from 
0-72 and a higher score indicates a more severe psoriasis.25 The following formula is used for 
calculating the PASI score: 0.1 x (EH + IH + DH)AH + 0.2 x (EU + IU + DU)AU + 0.3 x (ET + IT + 
DT)AT + 0.4 x (EL + IL + DL )AL.20 In clinical trials, relative improvement of PASI, such as PASI75 
(75% PASI reduction from start of a treatment) is o'en used in the evaluation of therapies.22 
Recently, with the introduction of the newest generation biologics, PASI90 (90% PASI reduction 
from start of a treatment) is introduced as primary endpoint for the evaluation of e!ectiveness 
of several psoriasis therapies.26 In clinical practice it has been suggested that the use of absolute 
PASI is more appropriate than a relative PASI for two reasons: (1) because absolute PASI is 
independent from the baseline PASI and (2) because the absolute PASI correlates better with 
the DLQI than the relative PASI improvement.27,28 Nowadays, the treatment goals for successful 
psoriasis management are shi'ing towards higher achievements, because there are increasingly 
more e!ective biologics available.27 

Quality of life
Patient Reported Outcomes (PROs) are based on patients’ own perspective without interpretation 
by healthcare providers.29 Dermatology Life Quality Index (DLQI) is the most frequently used PRO 
for the measurement of quality of life in relation to skin disease.30,31 Psoriasis a!ects the quality 
of life of patients severely.32-34 The DLQI questionnaire consist of six domains: symptoms and 
feelings, daily activities, leisure, work and school, personal relationships (sexuality) and side e!ects 
of treatment. The DLQI questionnaire is a ten item questionnaire and has a maximum total score 
of 30.30 A better dermatology-related quality of life is represented by a lower DLQI score. A DLQI 
score between 0-5 refers to ‘no e!ect/small e!ect’ and a DLQI score >5 refers to ‘moderate/large/
extremely’ e!ect on patients quality of life.30,31 
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Pathogenesis  

Immunology 

In psoriasis patients, there is a dysregulation of different pathways in the immune system 
and comprehensive investigations are conducted to clarify the role of these pathways. The 
immune system of the human body can be categorized in the innate and adaptive immune 
system. The interaction between these two systems will help us to understand the role of 
immune function in psoriasis and thereby the management of this complex disease.8 The 
innate immunity protects the human body directly from microorganisms. The adaptive 
immunity needs more time to develop, has a memory function and is the secondary 
protection line.35-39 The connection between the innate and adaptive immunity has been 
formed by dendritic cells (DCs). DCs are antigen-presenting cells and the function is to bring 
and present this antigen to the cell surface, especially to T-cells of the immune system.36 T-
lymphocytes have a central role in the pathogenesis of psoriasis.40,41 

In psoriasis there is an over-proliferation and abnormal infiltration of effector T-cells, 
dendritic cells, neutrophils and macrophages. Both the innate and adaptive immunity play an 
important role in psoriatic disease and are responsible for sustained psoriatic 
inflammation.37,42  

 

    Figure 1: Inflammatory pathways in psoriasis, based on Figure 2 from Nestle et al. (reprinted with 
    permission).36 
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(IFN-)) stimulate, in turn, the activation, proliferation and production of antimicrobial peptides 
and myeloid dendritic cells in the skin.43,44 "ese myeloid dendritic cells produce cytokines 
like interleukins (IL) which act on the attraction, activation and di!erentiation of T-cells. 
The recruited T-cells produce also cytokines, importantly IL-17A which has a synergetic e!ect 
on other cytokines. "is results in the stimulation of keratinocytes to proliferate and produce 
proin&ammatory antimicrobial peptides and cytokines.8,35,36,38,45 "ese cytokines which are 
produced by immune cells and keratinocytes sustain the in&ammatory process trough positive 
feedback loops. The cytokines produced by dendritic cells, macrophages and neutrophils have 
an important role in the development of psoriasis. Cytokines which are responsible for this 
e!ect include IFN-), TNF-( and IL-23.8,35,36,38,45 Psoriasis treatments focus on the modulation of 
these in&ammatory cytokines. In addition, endothelial cells in psoriatic lesions express elevated 
levels of vascular endothelial growth factor (VEGF), prostaglandins and nitric oxide. All these 
factors contribute to the characteristics of the psoriatic skin.46-49 Due to the new developments in 
the understanding of the pathogenesis of psoriatic disease, the pharmacological treatment arsenal 
for psoriasis has grown enormously by the introduction of biologics.50 "ese biologic agents target 
speci#c immunologic aspects of psoriatic in&ammatory cascade like TNF-(, interleukin IL-12/23, 
IL-17 and Il-23. An overview of all biologic treatments will be presented below. 

Pharmacological treatment options
In psoriasis, there is still no cure possible and the current treatments focus on disease control.51 
In general the #rst step in psoriasis treatment is the use of topical therapies. "ese can be used 
as monotherapy or combined with systemic therapies. The choice of topical therapies depends 
on the severity of psoriasis and the a!ected part of the body. For psoriasis, the following 
topical therapies are available: emollients, steroids (mild to very potent; e.g. triamcinolone 
and clobetasol propionate), vitamin D3 analogues monotherapy (calcipotriol, calcitriol) or in 
combination with corticosteroids (e.g. betamethasone dipropionate with calcipotriol), dithranol, 
coal tar and calcineurin inhibitors (e.g. tacrolimus and pimecrolimus).51-53 If topical therapy 
alone fails, the next step is most o'en phototherapy. "ere are three types of phototherapy; 
broadband UVB, narrowband UVB and UVA in combination with Oral-8-methoxyPsoralen-
UVA (PUVA) therapy. PUVA and UVB therapy increase the risk for the development of 
non-melanoma skin cancer. The most commonly used phototherapy is the narrowband UVB 
therapy.51,54,55 In addition, since many years conventional systemic therapies for psoriasis are 
available. "ey consist of fumaric acid esters (FAEs), retinoids (e.g. acitretin), calcineurin 
inhibitors (e.g. cyclosporine) and methotrexate. FAEs are widely used in the Netherlands and 
Germany and are suitable for long-term psoriasis treatment.56 Acitretin, a vitamin A derivate, 
can be used for long-term psoriasis treatment as well. Acitretin can be used as monotherapy or 
in combination with phototherapy or biologics.57 Cyclosporine is most o'en used as temporary 
treatment for psoriasis.58 Long-term use of cyclosporine increases the risk for the development 
of nephrotoxicity and hypertension.59-64 Methotrexate (MTX) is the most commonly used 
conventional systemic therapy for psoriasis. MTX can be administered orally, subcutaneously or 
intramuscularly. It can be used in the long-term management of psoriasis, but due to the safety 
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pro#le, sometimes not preferred by patients. Nowadays, biologics and small molecule inhibitors 
are also frequently used drugs for the treatment of psoriasis and are shown in Table 1.45,50 "ey 
can be used as monotherapy or in combination with other systemic drugs like methotrexate. 
The biologics are all administered subcutaneously, except for in&iximab, which is administered 
intravenously. The small molecule inhibitor apremilast is an oral phosphodiesterase 4 inhibitor, 
is administered orally and is mainly used as monotherapy.45,50

"is thesis is mainly focused on three biologics: adalimumab, etanercept and ustekinumab. 
"erefore, we will describe these biologics #rst.  

Adalimumab
Adalimumab is a fully human monoclonal antibody against TNF-( and in 2007 it was 
approved by the European Medicine Agency (EMA)/Food and Drug Administration (FDA) for 
the treatment of psoriasis.50,51,53,55,65,66 The authorized full dose of adalimumab is 80mg at week 0, 
40mg at week 1 and followed by 40mg every two weeks which is administered subcutaneously 
(s.c.). Later on, the label was expanded with 40mg s.c. injections every week. Results from 
a randomized controlled trial (RCT) and an open-label extension study showed that PASI75 
was achieved by 71% to 80% of adult patients a'er 16 weeks of treatment.66,67 "ere is a risk for 
the development of anti-drug antibodies (ADAs). It seems that the presence of ADA in psoriasis 
patients a!ects the clinical response due to the neutralizing e!ect and is associated with reduced 
plasma concentrations of adalimumab.68,69

Results from one study with real life data showed that PASI75 was obtained in 45.9% of 
the patients a'er one year of treatment.70 Other studies with real life data showed that PASI75 
was achieved in 44%-89% of patients a'er one and two years of treatment.71-77 Severe adverse 
events (SAEs) are rare and include infections (sepsis and opportunistic infections (tuberculosis 
(TB)), malignancies (lymphoma and non-melanoma skin cancers), multiple sclerosis, lupus and 
congestive heart failure. Frequently reported adverse events (AEs) were injection site reactions, 
upper respiratory tract infections, sinusitis and headache.78 

Etanercept 
Etanercept is a recombinant human TNF-receptor fusion protein.79 It was approved in 2004 
for the treatment of psoriasis by EMA and FDA.50,80 The authorized dose of etanercept is 50mg 
s.c. biweekly during 12 weeks, followed by 50mg s.c. once a week or 25mg s.c. twice weekly. In 
daily practice, 50mg s.c. injections twice weekly are also used for longer periods. Results from 
RCTs and open-label extension studies show that PASI75 response rates vary up to 49% a'er 
12 weeks, to 59% a'er 24 weeks.79,81-83 Studies with real-world data describe that achievement of 
PASI75 varied between 39.1% to 92.3%70,84-87 SAEs and AEs described for adalimumab, are seen 
in etanercept as well, but are generally milder.78,88 ADAs have been described against etanercept 
but proved to be not neutralizing.89  
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Ustekinumab is a fully human monoclonal antibody which binds to the shared p-40-protein 
subunit of IL-12 and IL-23.90 In 2009, the FDA/EMA approved the use of ustekinumab for 
adult patients with psoriasis. The authorized full dose is 45mg (in patients *100kg) or 90mg 
(in patients >100kg) at week 0, week 4 and followed by every 12 weeks therea'er. In daily 
practice, administration of ustekinumab 45-90mg every 10 weeks or every 8 weeks also occur. 
Studies showed that treatment with ustekinumab 90mg resulted in a PASI75 response of 75.7% 
at week 12 and 78.6% at week 28.90,91 In general, PASI75 responses for ustekinumab 45mg 
were lower (67% )53 than for ustekinumab 90mg. In real-world data, PASI75 was obtained in 
45.3% of the patients.70 Results from other studies from clinical practice showed ranges up to 
65.5%.92-95 A better safety pro#le of ustekinumab was seen compared to TNF-( inhibitors in 
data from three to #ve years of treatment. "ere was no increased risk for serious infections 
or malignancies.96,97 Serious adverse events listed in the label of ustekinumab are among other 
infections (reactivation of tuberculosis) and malignancies (non-melanoma skin cancers).98 
ADAs for ustekinumab with neutralizing e!ects have been described.99 

Since 2006, the chimeric monoclonal antibody against TNF-( in&iximab.50,53,100 was 
registered for psoriasis. "is biologic is less frequently used in psoriasis than adalimumab, 
etanercept and ustekinumab. In addition, interval prolongation lead to an increase in ADA 
formation to in&iximab and an increase in serious adverse events.101,102 "erefore, in this thesis 
dose reduction of in&iximab is not investigated. 

In addition, since 2016 many new biologics are introduced such as IL-17 inhibitors, IL-23 
inhibitors and the small molecule inhibitor (SMI) (apremilast), see also Table 1. The IL-17 
inhibitors and IL-23 showed high e!ectiveness rates in trials, apremilast was the #rst oral SMI 
and has shown moderate e%cacy. At the start of the investigations in this thesis, these newest 
biologics were not yet available and therefore not included in the present thesis. 

Treatment goals
Psoriasis is a chronic disease and a cure is not yet available, the goal of treatment is to provide 
disease control. To obtain optimal care for these patients, de#ning treatment goals on the short- 
and long-term is helpful. "is will guide physicians in their decision when to adjust or switch 
the treatment and improve the quality of life of the patients.103,104 In previous years, PASI75 was 
a common endpoint of most studies. Recently, with the introduction of the newest biologics it has 
been suggested that PASI90 should be the new standard instead of PASI75, because the majority 
of the patients achieved PASI90 with anti-IL17 drugs in trials.26,105 Moreover, evidence indicates 
that a correlation between PASI and DLQI exist, which further strengthens the concept of 
PASI90 as a new treatment goal.26,106 Di!erent treatment goals have been formulated, varying 
from one disease activity score, a combination of disease activity and quality of life measures, or 
even broader.107-111 No worldwide consensus exists about the best treatment goal.



GENERAL INTRODUCTION

19

1

Randomized controlled trials (RCTs), Real-World Evidence (RWE) 
and Registries
Explanatory RCTs are considered to be a powerful cornerstone for the evaluation of treatment 
e%cacy. "ese trials are designed to determine whether a single treatment in a certain disease 
within a homogeneous group of patients works.112,113 Due to the use of strict protocols in RCTs, 
like for example de#nition of eligible patients (strict in-and exclusion criteria), populations in 
RCTs di!er from patients that physicians encounter in daily clinical practice.114 RCTs include 
relatively young, healthy and uncomplicated patients, while patients with comorbidities, use 
of concomitant medications and patients with a wider range of disease severity are seen in 
practice. The use of real-world data (RWD) can form a bridge between evidence from RCTs 
and daily practice.114 RWE sources are for example observational registries like BioCAPTURE, 
in which a prospective cohort of patients with psoriasis using biologics in daily practice is 
followed for years.70 The increasing interest for RWE is, among others, illustrated by the fact 
that the FDA and EMA are developing a program for the evaluation of RWE and uses RWD for 
providing evidence about safety.114-116 Other important bene#ts of RWD, particularly for chronic 
treatments like biologics, is that it can provide useful information on the ultra long-term safety 
and e!ectiveness of drugs, which is not provided in explanatory trials. 

Table 1. Overview registered biologics and small-molecule inhibitors for psoriasis

Biologic Target Administration Dose

Adalimumab TNF-( Subcutaneous 80mg at week 0, 40mg at week 1, 40mg every 2 weeks 
or 40 mg every week

Etanercept TNF-( Subcutaneous 50mg twice weekly for 12 weeks and then 50mg once 
weekly

In&iximab TNF-( Intravenous 5mg/kg on week 0, 2, 6 and then every 8 weeks  
Certolizumab Pegol TNF-( Subcutaneous 400mg on week 0, 2, 4 and then 200mg every 2 weeks
Ustekinumab IL12-13 Subcutaneous 45mg (*100kg)/90mg (>100kg) on week 0, 4 and then 

every 12 weeks
Secukinumab IL-17A Subcutaneous 300mg on week 0, 1, 2, 3 and 4 followed by 300mg 

every 4 weeks
Ixekuzimab IL-17A Subcutaneous 160mg week 0 and then 80mg on week 2, 4, 6, 8, 10, 

12 followed by 80mg every 4 weeks 
Brodalumab IL-17A Subcutaneous 210mg on week 0, 1, 2 and then every 2 weeks 210mg
Guselkumab IL-23 Subcutaneous 100mg on week 0 and 4 and then 100mg every 8 weeks
Risankuzimab IL-23 Subcutaneous 150mg on week 0, 4 and then 150mg every 12 weeks
Tildrakuzimab IL-23 Subcutaneous 100mg on week 0, 4 and then 100mg every 8 weeks or 

200 mg in patients +90 kg
Apremilast PDE4 Oral Day 1:10mg once a day, day 2: 10mg twice a day, day 3: 

10mg and 20mg, day 4: 20mg twice a day, day5: 20mg 
and then followed by 30mg twice a day therea'er
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1 Dose reduction studies of biologics in psoriasis
In rheumatoid arthritis, dose tapering studies of biologics showed that disease activity guided 
dose tapering was non-inferior to treatment continuation using adalimumab and etanercept.117-119 
However, this evidence cannot be directly applied to patients with psoriasis. "ere is a paucity 
of evidence on dose tapering of biologics for psoriasis and the lowest e!ective dose of biologics 
in daily practice in the individual patient remains to be determined. A tightly controlled dose 
reduction strategy might be promising for psoriasis patients who reached low disease activity 
or even remission.

At the time of start of the research in this thesis, psoriasis patients received #xed standard 
doses of biologics. The goal for physicians and patients was, and is, to achieve low disease 
activity and to maintain this during years. In the last decade, there was a growing interest in 
the possibilities for dose reduction or even discontinuation of biologics in patients with low 
disease activity. Previous studies suggested that dose reduction was possible in a proportion 
of patients, however the success rates, study population and follow-up duration varied among 
these studies.120-123 Most studies consisted of small, mainly retrospective studies and only for 
adalimumab one small randomized controlled study had been carried out so far.74,75,120,121,124 
One prospective non-randomized study, was carried out for adalimumab, etanercept  
and ustekinumab.123 

Observational studies on the biologics adalimumab, etanercept and ustekinumab showed 
that dose reduction was possible in psoriasis patients. For adalimumab, dose reduction was 
achievable in a substantial part of the patients ranging between 27% up to 90%.124,74,121,75,125 
In etanercept, these percentages varied from 34% to 54%120,82 and for ustekinumab this was 
between 23% and 31%.123,126 

Prediction of successful dose reduction
Small studies have shown, that in patients with psoriasis disease &ares could occur during dose 
reduction and can lead to deterioration of quality of life.120-122,125,127-129 Finding possible predictors for 
successful dose reduction would limit the risk of disease deterioration by only reducing the dose in 
patients that are likely to be successful. At the start of the studies in this thesis no clear predictors 
for success of dose reduction were identi#ed yet, nor described in literature. Determining serum 
drug levels and anti-drug antibodies (ADAs) could probably be a useful tool in predicting whether 
successful dose reduction is possible for an individual patient. "is hypothesis is derived from 
the fact that serum drug levels showed that signi#cantly higher serum drug levels of adalimumab 
were seen in good-responders compared with moderate- and non-responders.130,131,132 However, 
this was performed in normal dosages and not studied in the context of dose tapering prediction. 
For etanercept, one study found a correlation between proportional decrease in PASI compared 
to baseline and etanercept concentration.133 In another study for ustekinumab, Menting et al. 
showed that there was no correlation between clinical response and ustekinumab through levels.134 
However, Tsakok et al. described recently that there was an association of serum ustekinumab 
levels with clinical response in patients with psoriasis.135
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Biologics are authorized according to a ‘one dose #ts all’ principle and prescribed in #xed 

dosages in psoriasis patients. Some studies indicate that psoriasis patients might be under- or 
overdosed.131,136,137 "is needs to be further clari#ed for psoriasis patients, because a part of 
the patients could bene#t from a lower biologic dose without losing e!ectiveness.136,138 Bezooijen 
et al. showed that dose reduction (interval prolongation) of biologics in psoriasis patients did 
not lead to irreversible loss of e%cacy and e!ect on immunogenicity appeared to be low/
absent.123 In addition, the study also showed that serum drug levels did not predict successful 
dose reduction. However, these results were based and investigated in a small cohort, and 
therefore larger studies are warranted.

The importance of a tight controlled strategy
Studies have shown that withdrawal of biologics lead to disease recurrence in patients with  
psoriasis.66,90,122,125,127,128,139,140 Furthermore, a'er retreatment with the biologic similar e!ectiveness 
was not always regained.66,122,125,127-129 For these reasons, we will focus on biologic dose reduction 
instead of withdrawal in the current thesis. 

A tight controlled dose reduction strategy by interval prolongation while monitoring 
disease activity very closely provides the possibility to determine the lowest e!ective dose for 
the individual patient in a cautious manner. In rheumatoid arthritis, such a disease activity 
guided dose tapering strategy has been performed and shown to be non-inferior to usual care in 
patients using adalimumab and etanercept.117 However, this was not investigated for psoriasis. 
"erefore, we designed and evaluated a prospective, tight controlled, randomized, pragmatic 
dose reduction trial in patients with psoriasis and low disease activity, and assessed the in&uence 
on e!ectiveness and safety. Moreover, we evaluated health-economic consequences of dose 
reduction, the e!ects on serum drug levels and anti-drug antibody formation and performed an 
extended follow-up of patients. In addition, a one-step dose reduction strategy in daily practice 
was evaluated. 
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1 AIM AND OUTLINE OF THIS THESIS

"is thesis focusses on exploring possibilities for dose reduction of biologics for psoriasis with 
the following aims:  
1. To develop a strategy for dose reduction of the biologics adalimumab, etanercept and 

ustekinumab for patients with stable psoriasis, and design a trial to test the strategy 
(CONDOR trial) (chapter 2).

2. To evaluate this dose reduction strategy in a pragmatic, open-label, prospective, controlled 
non-inferiority randomized trial regarding e!ectiveness, safety and costs (chapter 3, 4, 5). 

3. To describe the longer-term follow-up of the CONDOR trial (chapter 6).
4. To adapt the CONDOR trial to daily practice (chapter 7).
5. To provide a discussion and summary of the #ndings, as well as a description of future 

directions for research (chapter 8).
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ABSTRACT

Background
Psoriasis is an immune-mediated chronic in&ammatory skin disorder for which several 
targeted biologic therapies became available in the last 10 years. Data from patients with 
rheumatoid arthritis revealed that dose tapering combined with tight control of disease 
activity is successful. For psoriasis patients the lowest e!ective dose of biologics needs 
to be determined.

The objective was to assess whether dose tapering of biologics guided by Psoriasis 
Area and Severity Index (PASI) and Dermatology Quality of Life Index (DLQI) scores 
in psoriasis patients with controlled disease activity is non-inferior (NI) to usual care.

Methods/ Design
"is is a multicenter, pragmatic, randomized, non-inferiority trial with cost-e!ectiveness 
analysis. One hundred and twenty patients with stable low disease activity (PASI ч5 and  
DLQI d5) for at least 6 months with a stable use of adalimumab, etanercept or 
ustekinumab will be randomized 1:1 to the dose reduction group or usual care. In the dose 
reduction group, the treatment intervals will be prolonged stepwise, resulting in a 33% 
and 50% dose reduction, respectively. Disease activity is monitored every three months 
with PASI and DLQI. In case of &are the treatment is adjusted to the previous e!ective 
dose. The primary outcome (PASI) at 12 months will be analyzed with ANCOVA in 
which the baseline PASI will be included as covariate to gain e%ciency. The secondary 
outcomes include number of and time to disease &ares, health-related quality of life, 
serious adverse events, and costs. 

Discussion
With this study we want to assess whether disease activity guided dose reduction of 
biologics can be achieved for psoriasis patients with low stable disease activity, without 
losing disease control. By using the lowest e!ective dose of biologics, we expect to 
minimize side e!ects and save costs.
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BACKGROUND

Psoriasis is an immune-mediated chronic in&ammatory skin disorder, a!ecting 2-3% of 
the world population. It is characterized by erythematous scaly plaques and associated with 
several signi#cant comorbidities such as psoriatic arthritis. Patients with moderate to severe 
psoriasis have a high disease burden, the impairment of disease-related quality of life is 
comparable to that of patients with cancer and depression.1 

Several targeted biologic therapies have become available for psoriasis patients, such as 
TNF-alpha inhibitors (etanercept, adalimumab) and anti-IL-12/IL- 23 agents (ustekinumab). 
"ese drugs block critical cytokine pathways implicated in the pathophysiology of psoriasis. 
Multiple trials have been conducted to study the safety and e%cacy of etanercept, adalimumab 
and ustekinumab.2-4 "ese biologics are widely used in daily practice.

Although, biologics are considered as relatively safe, side e!ects do still occur, mainly due 
to immunosuppressive e!ects. Especially in patients with chronic in&ammatory diseases, such 
as psoriasis where lifelong treatment is considered necessary to achieve disease control, it is 
important to minimize the chance of side e!ects. In addition, biologic treatment is expensive 
and imposes a high burden on the national health care expenditures.4-5 Lowering the overall 
exposure to biologics could result in both a lower risk of side e!ects and substantial healthcare 
savings. We know from small studies that withdrawal of the biologic showed quick disease 
recurrence in 99% of patients with psoriasis.2,3,6-11 Moreover, retreatment  with the biologic did 
not always reach the same e!ectiveness as the #rst episode of treatment.8-10,12 Another option 
would be in patients with controlled disease to lower the dosage of biologics. 

For psoriasis patients, there is lack of evidence of dose tapering of biologics and the lowest 
e!ective dose of biologics in daily practice in the individual patient remains to be determined. 
"ere is one poster reporting successful dose tapering in 10 patients using adalimumab and 
a small retrospective case series in which etanercept was tapered has been published.13-14 Another 
cross-sectional study described the retreatment a'er tapering of etanercept, which was e!ective 
and well tolerated in psoriasis patients. However, this study did not describe what the e!ect of 
dose tapering of etanercept was.9 

Recently, a disease activity guided dose tapering and stopping strategy has been shown to 
be non-inferior to treatment continuation in patients with rheumatoid arthritis (RA) using 
adalimumab or etanercept.15 However, this evidence cannot directly be applied to patients 
with psoriasis. Psoriasis is di!erent disease with di!erent genetic background and di!erent 
cytokines in the in&ammatory pathways are involved. "is indicates di!erences regarding drug 
related e!ectiveness, side e!ects and behavioral factors. For example, RA patients are treated 
in combination with other disease-modifying anti-rheumatic drugs, which may in&uence 
the disease activity while dose tapering of the biologic. In psoriasis other biologics are used than 
in RA and the biologic is mostly prescribed as monotherapy. The biologic can also be combined 
with other co-medication than in patients with RA.
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In this study, we will focus on biologic dose tapering instead of withdrawal of the biologic. 
In daily practice, the most widely used biologic treatments are adalimumab, etanercept  
and ustekinumab.

"erefore, we designed a multicenter, randomized trial to investigate whether clinical 
e!ectiveness of controlled dose tapering is non-inferior the usual care with respect to psoriasis 
activity for patients receiving adalimumab, etanercept or ustekinumab.

Objectives
The aim of this study is to investigate whether tight controlled dose reduction of biologics 
in patients with stable plaque psoriasis and low disease activity in combination with good 
dermatological quality of life is non-inferior compared to therapy with the standard full dose. 
"is will lead us to the following research questions:

Primary objective
To assess whether a biologic dose tapering strategy in psoriasis patients is non-inferior (NI) to 
usual care measured by PASI at 12 months with a non-inferiority margin of 0.5.

Secondary objectives 
1. To assess the proportion of patients with successful dose tapering at 12 months. We de#ned 

a successful dose tapering as a lower dose than the regular dose and PASI *5.
2. To compare the quality of life (Dermatology Quality of Life index, DLQI) maintenance 

between the dose reduction group and usual care at month 3,6,9 and 12. If the di!erence 
at 12 months between the two strategies is smaller than a NI margin of 2 we can consider 
the strategies non-inferior regarding quality of life. 

3. To compare disease activity (PASI) at month 3,6,9 and 12 between the dose reduction group 
and usual care.

4. To compare the proportion of patients with persistent &ares between the dose reduction 
group and usual care.  

5. To identify factors which are associated with successful dose tapering. The following factors 
will be studied: baseline variables such as patient-disease and treatment characteristics, CRP 
(C-reactive protein), pharmacogenetic markers (HLA-C*06), anti-drug antibody and trough 
levels.

6. To compare the occurrence of serious adverse events (SAEs) between dose reduction and 
usual care.

7. To calculate decremental cost-e!ectiveness of the intervention compared to usual care. 
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METHODS

Study Setting
"is study will be carried out in six departments of dermatology in the Netherlands: one academic 
center (Radboud University Medical Center, Nijmegen) and #ve non-academic regional centers 
(St. Anna Hospital in Geldrop, Ziekenhuisgroep Twente Almelo and Hengelo, Gelre Hospital 
Apeldoorn and Slingeland Hospital Doetinchem. Ethical approval for this study was obtained 
from the Medical Ethical Committee (Arnhem-Nijmegen). Written informed consent will be 
obtained from each participant.

Eligibility 
Patients who are diagnosed with plaque psoriasis and have been using etanercept, adalimumab 
or ustekinumab in a stable dose and have a sustained low disease activity both for at least 6 
months are eligible for this study. We de#ned a sustained low disease activity as a PASI score *5 
for at least 6 months before inclusion (2 PASI scores should available) and a DLQI d5 at moment 
of inclusion. A PASI score *5 is chosen based on experts opinion and it is in general accepted 
as low disease activity. A DLQI score gives an indication of what the impact of psoriasis is on 
the quality of life of these patients.16

In order to establish whether a good disease control is present, a combination of not only 
clinical outcome measure (PASI) but also a patient outcome measure (DLQI) is assessed at baseline, 
month 3,6,9 and 12. Patients who are eligible for this study must meet the following criteria:

Inclusion criteria
 » Age +18 years.
 » Diagnosis of plaque psoriasis established by a dermatologist.
 » Sustained low disease activity (PASI *5) for at least 6 months before inclusion and DLQI *5 

at moment of inclusion. 
 » Receiving stable and standard dosing treatment with adalimumab, etanercept, or 

ustekinumab for at least 6 months.
 » Ability to understand informed consent, read and answer questionnaires.
 » All medication except for systemic immunosuppressants other than methotrexate or 

acitretin is allowed during the study.

Exclusion criteria
A potential subject who meets any of the following criteria will be excluded from participation 
in this study:
 » Psoriasis not being the main reason for biologic prescription (e.g. when a patient has RA and 

psoriasis, and RA is the main reason for biologic use).
 » Concomitant use of systemic immunosuppressants other than methotrexate or acitretin for 

psoriasis. Use of corticosteroid inhalations is permitted.
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 » When the biologic has been stopped for more than 4 weeks in the past 6 months.
 » Severe comorbidities with short life-expectancy (e.g. metastasized malignancy).
 » Presumed inability to follow the study protocol.

Design
"is is a multicenter, randomized non-inferiority trial with a cost-e!ectiveness analysis. "is 
trial is currently being conducted at the department of dermatology of six medical centers  
(see above in Study Setting) in the Netherlands. 

In this study a comparison will be made between an intervention group (dose tapering) and 
a group receiving usual care. In the intervention arm we will reduce the dose of the biologic by 
means of prolongation of the intervals between two doses. We aim to determine whether we can 
achieve the same clinical e!ect with administration of a reduced dose of the biologic compared to 
the standard full dose. Consequently, we chose for a randomized controlled non-inferiority trial. 

We aim to include patients on either adalimumab, etanercept or ustekinumab to an equal 
extent. In&iximab was excluded as intermittent therapy increases the risk for infusion reactions. 
No other biologics had been approved at the moment of designing the study and were therefore 
not included.

Recruitment
All patients who are eligible for this study will be asked by their dermatologist and they will 
receive oral and written information from the local investigator. The investigator will obtain 
written informed consent and the patient will be randomized. The schedule of their biological 
will be explained depending on which biologic the patient uses.

Subjects can leave the study at any time for any reason if they wish to do so without any 
consequences. The investigator can decide to withdraw a subject from the study for urgent 
medical reasons. When subjects are withdrawn from the study, they will not be replaced. 

Randomization, blinding, treatment allocation
The investigator will generate the allocation sequence, enroll patients and will assign participants 
to interventions. Randomization of the subjects will be carried out web-based with strati#cation 
by agent using variable permuted blocks with concealment of allocation. Patients will be 
randomized into 1:1 (1) dose tapering strategy or (2) drug continuation strategy of the standard 
dose of adalimumab, etanercept or ustekinumab. Every three months patients will be seen at 
the outpatient clinic and the PASI and DLQI will be performed.

Patients in the dose tapering group will receive adalimumab, etanercept or ustekinumab, 
and doses will be lowered according to the schedule as described below. Patients in the non dose 
tapering group will receive the standard dose without interval prolonging. 
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Study groups

Control group
Patients in the control group will continue the treatment with the normal dose and treatment 
regimens will be based on the prevailing guidelines. Treatment decisions are made at the discretion 
of the treating dermatologist following these guidelines. Control visits are planned every three 
months and patients are explained to contact their dermatologist when they experience increased 
disease activity. The PASI, DLQI questionnaires and CRP are determined when patients visit 
their dermatologist. The research physician will observe whether the dermatologist follows 
the study protocol and will give advice when necessary. In case of a disease &are treatment 
will be adjusted, topical and systemic therapy will be optimized and when required the dose of 
the biologic will be increased or treatment will be switched to another agent.   

Dose tapering group
In the dose tapering group the doses of etanercept, adalimumab or ustekinumab will be lowered 
according to a prede#ned schedule. The intervals of drug-administration will be prolonged 
stepwise depending on the PASI and DLQI score. Dose tapering is allowed when the PASI 
score *5 and the DLQI score is *5. First, the dose will be decreased to 66-70% of the normal 
dose of the biologic (by interval prolongation with a factor 1.5). A'er 3 months, if the patients 
remain in a state of low disease activity, the dose will be further reduced to 50% of the original 
dose (by doubling the original interval). "is method of dose reduction is visualized in  
Figure 1. The dose reduction steps per speci#c drug are as follows: For etanercept the interval 
will be prolonged stepwise from 7 days to 10 days to 14 days. For adalimumab, the interval will 
be prolonged from 14 to 21 to 28 days. For ustekinumab the interval will be stepwise increased 
from 12 to 18 to 24 weeks. If possible, the patient will stay on the lowest interval. When disease 
&are occurs, con#rmed by the dermatologist or research physician, the patient will return to 
the previous e!ective dose interval. When there is still no disease control a'er reintroduction 
of the normal dose, treatment will be adjusted: topical and systemic therapy will be optimized 
and when required the dose of the biologic will be increased or treatment will be switched to 
another agent.  

Procedures and outcome measures
At baseline the patient and treatment characteristics will be measured and collected, such as sex, 
age, previous conventional antipsoriatic drugs and/ or biologics used, disease duration, PASI and 
DLQI scores. Baseline measures will also be extracted from the existing BioCAPTURE database 
and will be used for identifying predictors for successful dose tapering. The BioCAPTURE 
database is a prospective cohort of patients with psoriasis using biologicals in daily practice.17 
Genetic factors or polymorphisms in&uencing response on biologicals, such as HLA-C*6, may 
be related to successful dose tapering and will also be measured.18 
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Blood samples will be drawn for safety, genetic analysis, determining antibodies and trough 
levels. Patients will be followed for 1 year and regular visits will be planned at baseline, month 
3,6,9 and 12. Every visit the PASI and DLQI score, CRP, anti-drug antibody, trough levels, disease 
&ares, costs, health status, questionnaires, SAEs and their causal relation with the biologic will 
be determined. Patients with a disease &are will be seen within a week and additional visits or 
telephone contact will be planned within 2 or 4 weeks. 

Our primary outcome measure is disease activity (PASI) at 12 months and will be analyzed 
with ANCOVA in which the baseline PASI will be included as covariate to gain e%ciency. If 
the lower limit of the 95% con#dence interval around the mean di!erence in PASI score between 
the intervention group and control group does not exceeds the non-inferiority  margin (-0.5) 
at 12 months of follow-up, the intervention can be regarded as non-inferior to usual practice.

Our secondary study outcome measures are as follows: the DLQI, the number of patients 
with 1 or more persistent &ares (de#ned as having at least 3 months PASI score >5 or DLQI >5), 
treatment characteristics (dose of the biologic, drug pauses, use of concomitant antipsoriatic 

Figure 1. Study visits and assessments+++++. Patients using adalimumab, etanercept or ustekinumab 
will be randomized to dose tapering or usual care. Control visits will be planned every three months for 
the assessments of PASI, DLQI, cost-e!ectiveness questionnaires, drug levels and anti-drug antibodies (at 
trough moment). Ustekinumab blood samples  for immunologic analyses are taken at deviating time points 
(trough moments) due to the low frequency of injections. CEQ=Cost-e!ectiveness questionnaires (SF-36, 
iMTA Medical Consumption Questionnaire and Productivity Cost Questionnaire), PASI=Psoriasis Area 
and Severity Index, DLQI=Dermatology Quality of Life. 
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systemic drugs, use of topical therapies), CRP, anti-drug antibodies and trough levels, SAEs and 
their causal relation with the biologic, costs questionnaires and health status. 

De!nition of (persistent) disease "are
A (short) psoriasis &are in this study is de#ned as a PASI score >5 and/ or DLQI score >5, 
a persistent &are is de#ned as a PASI score >5 and/ or the DLQI score >5 for at least 3 months.  
DLQI *5 means mild in&uence on quality of life and is part of the published treatment 
goals.6,19,20 Zweegers et al. showed that the mean PASI of patients that remain on a biologic is 
*5.21 Moreover, PASI *5 is associated with low DLQI scores.22 "erefore we think that PASI *5 
is a good threshold for minimal disease activity in general. In the exceptional case were PASI 5 
still represents relatively active disease, DLQI score is expected to be high and patients will still 
be classi#ed as having a &are.

Power and Sample size analyses
We estimated that per arm 54 patients should be included to provide su%cient power for 
statistical analyses (P 80%). The non-inferiority (NI) margin of 0.5 was based on our opinion 
of clinical meaningfulness. Also, as patients in clinical remission in the BioCAPTURE cohort 
showed a PASI standard deviation (SD) of 1.4, the margin of 0.5 is 36% of the SD. "is percentage 
approximates a rule of thumb for calculating the non-inferiority margin: 1/3 of SD. As we will 
perform our analysis with correction for the baseline value of PASI, a formula that will increase 
power signi#cantly is available taking into account the correlation between the baseline value 
and the follow-up measurements.23 "is correlation was found to be a 0.67 in our existing 
cohort. When performing a t-test for sample size calculation, the sample size can be multiplied 
by 1- ,2 if we add one extra subject per group, where , is the correlation between the baseline 
measure and the follow-up measure here (0.67). "us when we perform an ANCOVA analysis 
correcting for baseline PASI with the non-inferiority margin set at 0.5, ( set at 5% and a , of 
0.67, we achieve 80% power when enrolling 54 patients per arm. Taking a possible drop-out rate 
of 10% into account, 60 patients need to be included in each arm.

Data collection and management
All data will be collected and entered in CASTOR. "is is an electronic data management system 
which is setup for clinical trials.24 Data will be coded and kept based on the rules for good 
clinical practice (GCP) by GCP certi#ed personnel.25 Handling of personal data will comply 
with the Dutch Personal Data Protection Act.26

All blood samples will be coded before sending to the dermatology laboratory at 
the Radboudumc and Sanquin where the samples will be analyzed. Blood for pharmacogenetic  
investigations will also be coded before work-up in the genetic department of the Radboudumc.
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Statistical analysis
Per protocol analyses will be performed as a primary method for the most outcomes as this is 
preferred and most conservative analysis for non-inferiority studies.27 Lost to follow-up subjects 
will be incorporated until their lost to follow-up date only, as it is a per protocol approach. 
However, for the cost-e!ectiveness analysis an intention-to-treat analysis will be performed 
separately. Extent and nature of missing data and information about lost to follow-up subjects 
will be described. For the intention-to-treat analysis a lost observation carried forward approach 
will be used for those that were lost to follow-up. In case of missing data for patients that did 
complete the follow-up imputation of missing data will be performed.

The primary study outcome (PASI at 12 months) will be analyzed with ANCOVA. 
The baseline PASI will also be included as a covariate to gain e%ciency. The proportion of 
patients with successful dose tapering will be assessed. The DLQI and PASI scores, anti-drug 
antibodies and trough levels will be directly compared at time points month 3,6,9 and 12 
between the two groups using an unpaired t-test or a non-parametric alternative. The DLQI 
will be formally tested on non-inferiority. If the upper limit of the 95% con#dence interval 
of the di!erence between the two strategies lower than the NI margin of 2, we can consider 
the strategies non-inferior regarding quality of life. "is NI margin of 2 is approximately 
a 1/3 of the standard deviation (data on #le) which complies with a general rule of thumb for 
determining a NI margin. Furthermore, a di!erence in DLQI larger than 2 can be considered as 
clinically relevant. The number of persistent &ares for both groups will be analyzed as rate ratios 
and relative ratios with some con#dence intervals. With Kaplan-Meier curves the time until 
&are for dose tapering will be presented. All SAEs will be described per group in a frequency 
table. "erea'er, cost-e!ectiveness analyses will be calculated based on the questionnaires 
medical consumption, productivity costs and health status (SF-36). Because we anticipate 
non-inferiority we will primarily analyze cost-savings: direct medical cost as well as total 
costs (medical and non-medical costs) will be compared between dose tapering strategy and 
usual care. A possible small but acceptable loss of e!ect can be incorporated in the analyses 
by determining a decremental cost-e!ectiveness ratio (DCER) by dividing the di!erence in 
costs by the di!erence in quality-adjusted life years (QALYs) between the groups. The DCER 
expresses with how much money a loss of 1 QALY is compensated. If this amount is high, 
the decision makers are willing to accept a loss of e!ect. Furthermore, the net monetary bene#t 
(NMB) per patient will be calculated for di!erent levels of willingness to pay (WTP) in dollars 
per QALY, using the formula: WTP* e!ect (di!erence in QALY) - costs. "is results in the net 
amount of money saved, when the possible loss of QALY is corrected for, using di!erent WTP 
levels per QALY.

Immunological analyses
Immunologic analyses will be done for each biologic to determine anti-drug antibodies/ trough 
level and logistic regression analyses will be carried out to identify predictors that are related to 
the absence of &are. The four most promising variables will be tested.
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Monitoring
Data of all centers will be monitored following the guidelines of the Radboudumc. The research 
nurse of the Radboudumc will monitor all centers involved in this study. 

DISCUSSION

Without doubt biologics represent a very e!ective modality to treat patients with moderate to 
severe psoriasis. Dose reduction of biologics while maintaining clinical e!ectiveness is a promising 
way to improve safety and reduce the costs of this type of therapy. The relatively short follow-up 
time could be considered as a limitation. For this reason we will follow patients during one year 
a'er the end of this initial study. "is will lead to insight in the long-term e!ects of dose reduction. 
Successful dose reduction of adalimumab and etanercept has been demonstrated in patients 
with RA15, however there are only limited data for patients with psoriasis. In this prospective 
randomized non-inferiority study the possibility will be investigated of dose reduction of the most 
used biologics for psoriasis: adalimumab, etanercept and ustekinumab. If dose reduction is non-
inferior to the current care with standard dosages, we can treat patients with lower dosages of 
biologics in daily practice. "is can lead to a lower risk of side e!ects and reduce healthcare costs. 
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ABSTRACT

Importance
Biologics revolutionized the treatment of psoriasis patients. Biologics are given in a #xed 
dose, but lower doses might be possible.

Objective
To investigate whether dose reduction (DR) of biologics in patients with stable psoriasis 
is non-inferior to usual care (UC).

Design, Setting, and Participants
"is pragmatic, open-label, prospective, controlled, non-inferiority randomized clinical 
trial was conducted from March 1, 2016 to July 22, 2018, at 6 dermatology departments 
in the Netherlands. A total of 120 patients with plaque psoriasis and stable low disease 
activity who were receiving treatment with adalimumab, etanercept, or ustekinumab 
were studied.

Interventions
Patients were randomized 1:1 to DR (n=60) or UC (n=60). In the DR group, injection 
intervals were prolonged stepwise, leading to 67% and 50% of the original dose.

Main outcomes and Measures
The primary outcome was between-group di!erence in disease activity corrected for 
baseline at 12 months compared with the prede#ned non-inferiority margin of 0.5. 
Secondary outcomes were Psoriasis Area and Severity Index (PASI) score and health-
related quality of life (including Dermatology Life Quality Index (DLQI) and Medical 
Outcomes Study 36-item Short Form Health Survey Scores), proportion of patients with 
short and persistent &ares (de#ned as PASI and/or DLQI scores >5 for +3 months), and 
proportion of patients with successful dose tapering.

Results
Of 120 patients (mean [SD] age, 54.0 [13.2] years; 82 [68%] male), 2 patients were lost 
to follow-up, 2 patients had a protocol violation, and 5 patients had a protocol deviation, 
leaving 111 patients for the per-protocol analysis (53 in the DR group and 58 in the UC 
group). The median PASI scores at month 12 were 3.4 (interquartile range [IQR], 2.2-4.5) 
in the DR group and 2.1 (IQR, 0.6-3.6) in the UC group (mean di!erence, 1.2; 95% CI, 
0.7-1.8). "is indicates that non-inferiority was not demonstrated for DR compared to 
UC. The median DLQI score at month 12 was 1.0 (IQR, 0.0-2.0) in the DR group and 0.0 
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(IQR, 0.0-2.0) in the UC group (mean di!erence, 0.8; 95% CI, 0.3-1.3), indicating non-
inferiority for DR compared with UC. No signi#cant di!erence was found regarding 
persistent &ares between groups (n=5 in both groups). Twenty-eight patients (53%; 95% 
CI, 39%-67%) in the DR group tapered their dose successfully at 12 months. No severe 
adverse events related to the intervention occurred.

Conclusions and Relevance
In this trial, non-inferiority was not demonstrated for DR of adalimumab, etanercept, 
and ustekinumab based on the PASI in patients with psoriasis compared with UC with 
the chosen non-inferiority margin. However, the strategy was non-inferior based on 
the DLQI. Dose tapering did not lead to persistent &ares or safety issues.
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INTRODUCTION

Psoriasis is an immune-mediated in&ammatory skin disease for which several biologics are 
available. "ese drugs play an important role in the management of psoriasis, with adalimumab, 
etanercept and ustekinumab being frequently used.1 However, long-term immunosuppressive 
e!ects of biologics may not be without risk, and biologics are expensive, placing, a high 
#nancial burden on healthcare systems.2 For both reasons, aiming for the lowest e!ective dose 
is important.

Several studies3-5 have indicated that withdrawal of biologics frequently leads to quick 
relapse of psoriasis. However, dose reduction (DR) might lead to lower cumulative exposure 
without losing clinical e%cacy in patients with psoriasis.6-12 "ese studies were not randomized 
and lacked a control group. 

We hypothesized that when disease activity is monitored intensively while the biologic 
interval is prolonged stepwise, timely action can be taken to prevent persistent &ares. Such 
a treatment strategy would allow physicians to determine safely the lowest e!ective dose for 
the individual patient. The aim of this trial was to investigate whether a disease activity-guided 
DR strategy is non-inferior compared with usual care (UC) in patients with psoriasis. 

METHODS

Study Design and Participants
"is pragmatic, open-label, non-inferiority randomized clinical trial for adalimumab, 
etanercept, and ustekinumab was conducted from March 1, 2016, to July 22, 2018, at 1 academic 
and 5 regional Dutch hospitals. The study protocol is available in Supplementary. Patients 
18 years or older with plaque psoriasis and stable low disease activity using standard doses 
of adalimumab, etanercept or ustekinumab for at least 6 months were included. We de#ned 
stable low disease activity as a Psoriasis Area and Severity Index (PASI) score of 5 or lower 
at 2 subsequent visits in the past 6 months, and a Dermatology Quality of Life Index (DLQI) 
score of 5 or lower at study inclusion.13 Exclusion criteria were a biologic indication other than 
psoriasis, concomitant use of systemic immunosuppressants, or severe comorbidities with short 
life expectancy. The study protocol and amendments were approved by the ethics committee 
of Radboud University Medical Center. All patients provided written informed consent. Data 
were deidenti#ed, but a coding list was kept in a locked #le separately; therefore, data were 
pseudonymized. The trial was performed in accordance with the Declaration of Helsinki14 and 
Good Clinical Practice guidelines. "is trial followed the Consolidated Standards of Reporting 
Trials (CONSORT) reporting guideline. The rationale and design are described elsewhere.13 

Randomization and Procedures
In total, 120 patients were randomly assigned (1:1) to DR (n=60) or UC (n=60), and web-based 
randomization was performed with strati#cation by agent using variable permuted blocks with 
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concealment allocation.15 All patients were seen once every 3 months. Dose reduction steps are 
described in the eMethods and eFigure 1 in Supplementary. The PASI scores were assessed 
by treating physicians and research nurses with speci#c PASI training (S.A, J.M.P.A., L.J.v.V., 
M.D.N., J.M.M., P.M.O., M.I. K., M.A.B. and E.M.G.J.d.J). No strict treatment rules were applied 
in the UC group, and in both groups, patients were allowed to continue using methotrexate and 
acitretin or start or stop topical therapy. To monitor disease activity and &ares, the PASI and 
DLQI scores were assessed at study visits. We de#ned short disease &ares as a single PASI score 
greater than 5 and/or a single DLQI score greater than 5. When short disease &ares occurred, 
patients returned to their previous e!ective dose or original dose (eFigure 1 in Supplementary). 
No further attempts for DR were made. Patients were instructed to contact their physician 
between visits if needed; this was followed by an additional visit or telephone contact  
within a week.

Outcomes 
The primary outcome was between-group di!erence in disease activity (PASI) corrected for 
baseline PASI at 12 months compared with the non-inferiority margin. Secondary outcomes 
were PASI and health-related quality of life (including DLQI and Medical Outcomes Study 
36-item Short Form Health Survey (SF-36) scores), proportion of patients with short and 
persistent &ares (we de#ned persistent &ares as PASI and/or DLQI scores >5 for +3 months), 
and proportion of patients with successful dose tapering. Successful dose tapering was de#ned 
as patients with a lower dose than normal while maintaining PASI and DLQI scores of 5 or 
lower. Other secondary outcomes were indicators of successful dose tapering, treatment 
characteristics, level of C-reactive protein (CRP), severe adverse events (SAEs), severe AEs 
related to the intervention, and AEs of special interest.

Statistical analysis 
Statistical analyses were performed according to the previously published analysis plan.13 
Per-protocol analyses were performed because this type of analysis is the preferred and most 
conservative for non-inferiority studies.16 Because no generally accepted non-inferiority margin 
was available for absolute PASI, the non-inferiority margin was set as one-third of the SD of 
PASI based on a rule of thumb for calculating standardized e!ect sizes (di!erence between 
groups= standardized e!ect size - pooled population SD).17 Standardized e!ect size was set 
at 0.3.18 The SD of PASI in the BioCAPTURE registry19,20 was 1.4, leading to a margin of 0.5. 
Because we performed our analysis with correction for the baseline PASI score, a formula that 
increases power signi#cantly was used to account for the correlation between baseline and 
follow-up PASI scores.21 "is correlation was 0.67 in BioCAPTURE registry. When performing 
an unpaired, 2-tailed t test for sample size calculation, the sample size could be multiplied by 
1-,2 if a'er adding 1 extra person per group (, is the correlation between the baseline measure 
and the follow-up measure). "us, when performing an analysis of covariance corrected for 
baseline PASI score with the non-inferiority margin set at 0.5, (= 0.05 and ,= 0.67, we achieved 
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80% power when enrolling 54 patients per arm. To account for a 10% rate of missing individuals, 
60 patients were included per arm.

For the primary outcome, an additional intention-to-treat analysis was performed. Patients 
who deviated from the protocol were included for the intention-to-treat analysis. The primary 
outcome of PASI score at 12 months was corrected for the baseline PASI score using a general 
linear model (analysis of covariance). Non-inferiority was assumed if the upper limit of the 95% 
CI of this di!erence did not exceed the non-inferiority margin. 

For all outcome measures (PASI, DLQI, and SF-36), descriptive statistics were computed 
at all time points, and scores were, per time point, compared between treatment groups. To 
gain insight into the di!erences in the course of these outcomes between groups, we decided 
ad hoc to perform additional linear mixed-model analyses (eMethods in Supplementary). For 
the DLQI, we performed a prespeci#ed non-inferiority analysis at 12 months with a prede#ned 
non-inferiority margin that was based on the rule of thumb (one-third SD) and clinical 
relevance. An SD of 6 on the DLQI for patients from the BioCAPTURE registry led to a non-
inferiority margin of 2.13 Proportions of patients with short and persistent &ares were compared 
between groups using Fisher’s exact test. 

The proportion of patients with successful dose tapering was calculated. Indicators of 
successful dose tapering, expressed as relative risks (RR), were analyzed with a log binomial 
regression model. Possible indicators of successful dose tapering were selected a priori based 
on clinical relevance and the literature. When more than 1 variable in univariable log binomial 
regression analysis produced a P <0.2, a multivariable log binomial regression analysis was 
planned. A backward selection procedure was used based on P <0.05 to arrive at a #nal model. 
Because the log binomial model was unable to #t in a multivariable setting, PASI score as 
continuous variable was recoded into 2 categories: higher than 3.0 and 3.0 or lower.

Baseline characteristics and treatment characteristics were analyzed using descriptive statistics. 
For nominal variables, numbers (percentages) are presented, and for continuous variables, means 
(SDs) or medians (interquartile ranges [IQRs]) are presented depending on skewness of the data. 
The mean cumulative dose per patient for each biologic throughout the study was calculated. 
The percentage of the dose used in DR compared with UC was calculated. 

The severe AEs were described per group with corresponding monthly event rates and rate 
ratios to compare the groups. All AEs and their association with dose tapering were assessed by 
2 reviewers (S.A., J.M.P.A.v.d.R.). We decided ad hoc to perform additional analyses on AEs of 
special interest, including musculoskeletal concerns, given that a substantial number of patients 
also had psoriatic arthritis. All musculoskeletal AEs were checked by a rheumatologist (A.A.d.B.) 
as a third reviewer. Two classi#cations were made: evident psoriatic arthritis (exacerbations) 
and all musculoskeletal concerns. 

Statistical analyses were performed with SPSS so'ware, version 23.0 (SPSS Inc) and SAS 
so'ware, version 9.4 (SAS Institute Inc). 
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RESULTS 

Patients
In total, 120 patients were included in de study (mean (SD) age, 54 (13.2) years; 82 [68%] male), 
with 60 were assigned to DR and 60 to UC (Figure 1). Two patients were lost to follow-up, 2 
patients had a protocol violation and 5 patients had a protocol deviation, leaving 111 patients 
for per-protocol analysis (53 in the DR group and 58 in the UC group). Of the 2 patients lost to 
follow-up, one was lost to follow-up because of psychiatric illness and the other patient continued 
treatment in a non-participating hospital. Demographic and baseline characteristics were well 
balanced in the DR and UC groups (Table 1). "ese characteristics mimic a typical cohort of 
psoriasis patients taking biologics except for low disease activity at baseline. The number of 
missing visits was small (1% of all planned visits [1% for PASI, 2% for DLQI, and 6% for SF-36]), 
and multiple imputation was deemed to be unnecessary. 

�

�

Patients screened (n= 183) 

Excluded (n= 63) 
Did not meet inclusion criteria (n= 41) 
No low disease activity (n= 13) 
Anxiety about lowering dose (n= 6) 

     Personal reasons (n= 3) 

Included in per-protocol analyses at month 12                 
(n= 58)                                                                                      
Included in intention-to-treat analyses at month 12 
(n= 59) 

Discontinued (n= 2) 
Lost to follow-up (n= 1) 
Protocol violation (n= 1)                                         

Allocated to usual care (n= 60) 
  

 

Allocation 

Analysis 

Follow-Up 

Randomized (n= 120) 

Allocated to dose reduction (n= 60) 
  

 

Discontinued (n= 7) 
Lost to follow-up (n= 1) 
Protocol violation (n= 1)                                        
Protocol deviation (n=5) 

Included in per-protocol analyses at month 12                 
(n= 53)                                                                                     
Included in intention-to-treat analyses at month 12 
(n= 59) 

Figure 1. Study Design and Patient Disposition
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Table 1. Baseline Characteristics of the Study Patientsa

Characteristics
Usual care 
(n=60)

Dose reduction
(n=60)

Male 42 (70) 40 (67)
Age, mean, (SD), y 57 (13.3) 53 (12.9)
Onset of psoriasis, mean (SD), y 28 (14.0) 24 (11.4)
Disease duration, mean (SD), y 28 (12.3) 28 (12.9)
Biologic duration, mean (SD), y 4.8 (2.9) 4 (2.8)
Psoriatic arthritis 12 (20) 19 (32)
BMI, mean (SD) 28 (4.9) 29 (5.4)
Weight, mean (SD), kg 87 (17.0) 86 (18.3)
Current alcohol use 45 (75) 44 (73)
Current smoking 12 (20) 13 (22)
Past smoking 29 (48) 32 (53)
Disease activity
PASI score, median [IQR] 1.3 [0.3-2.7] 1.8 [0.6-2.8]
DLQI score, median [IQR] 0.0 [0-2] 0.0 [0-1]
C-reactive protein level, mean (SD), mg/L 2.8 (5.3) 2.2 (1.9)
Medical history
Diabetes (types 1 and 2) 10 (17) 7 (12)
Hypertension 23 (38) 20 (33)
Hypercholesterolemia 20 (33) 16 (27)
Myocardial infarction 4 (7) 3 (5)
Cerebrovascular incident 4 (7) 4 (7)
Malignant tumor 5 (8) 2 (3)
NMSC 5 (8) 2 (3)
IBD 1 (2) 0 
Rheumatologic condition 11 (18) 10 (17)
Treatment in the study
Adalimumab 27 (45) 25 (42)
Etanercept 14 (23) 14 (23)
Ustekinumab 19 (32) 21 (35)
Methotrexate or acitretin 4 (7) 4 (7)
Previous treatments
Topical corticosteroids 60 (100) 60 (100)
Dithranol 29 (48) 28 (47)
UV therapy (UV-B or PUVA) 57 (95) 57 (95)
Retinoid (acitretin) 27 (45) 27 (45)
Fumaric acid esters 29 (48) 30 (50)
Cyclosporine 31 (52) 22 (32)
Methotrexate 54 (90) 55 (92)
Number of previous biologics 31 (52) 30 (50)
Adalimumab 14 (23) 19 (32)
Etanercept 22 (37) 19 (32)
Ustekinumab 4 (7) 3 (5)
Secukinumab 0 0 
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Table 1. (continued)

Characteristics
Usual care 
(n=60)

Dose reduction
(n=60)

In&iximab 4 (7) 0 
Alefacept 5 (8) 3 (5)
Other biologics 5 (8) 9 (15)

Abbreviations: SD, standard deviation; BMI, body mass index (calculated as weight in kilograms divided by height in 
meters squared); IQR, interquartile range; PASI, Psoriasis Area and Severity Index; DLQI, Dermatology Life Quality Index; 
NMSC, nonmelanoma skin cancer; IBD, in&ammatory bowel disease; UV-B, Ultraviolet B; PUVA, psoralen-UV-A.
SI conversion factor: To convert C-reactive protein to nanomoles per liter, multiply by 9.524.
a Data are presented as number (percentage) of patients unless otherwise indicated.

Primary outcome
The per-protocol analysis found a median PASI score at month 12 of 3.4 [IQR, 2.2-4.5] in the DR 
group and 2.1 [IQR, 0.6-3.6] in the UC group. The mean di!erence in the PASI score at month 
12, corrected for baseline PASI score, was 1.2 (95%CI, 0.7-1.8). The lower limit of the 95% CI 
exceeded the non-inferiority margin of 0.5 (Figure 2A). The intention-to-treat analysis found 
similar results; mean di!erence in PASI score at month 12, corrected for baseline PASI score, 
was 1.1 (95%CI, 0.6-1.7).

Secondary outcomes 
Disease activity (PASI) was compared at all time points between the UC and DR groups  
(Figure 2B). A signi#cant di!erence was seen between the UC and DR scores at 9 months 
(mean UC score, 2.3; 95% CI, 1.8-2.9; mean DR score, 3.4; 95% CI, 2.8-3.9; P = 0.003) and 12 
months (mean UC score, 2.2; 95% CI, 1.8-2.6; mean DR score, 3.4; 95% CI, 3.0-3.9; P = 0.001). 
The PASI linear mixed model is presented in eFigure 2A and eTable 1, Supplementary.

The median DLQI score at month 12 was 1.0 [IQR, 0.0-2.0] for the DR group and 0.0 [IQR, 
0.0-2.0] for the UC group. The mean di!erence for the DLQI score at month 12, corrected for 
baseline DLQI score, was 0.8 (95% CI, 0.3-1.3). The upper limit of the 95% CI for the mean 
di!erence did not cross the non-inferiority margin of 2.0 (Figure 2C), indicating non-inferiority 
for DR for DLQI. The median DLQI scores were compared at all time points (Figure 2D). 
A signi#cant di!erence was observed only at 9 months (mean DLQI score in UC group, 1.4; 95% 
CI, 0.7-2.1; mean DLQI score in DR group, 1.6; 95% CI, 1.1-2.1; P = 0.01). Linear mixed models 
for the DLQI and SF-36 are presented in eFigure 2B, 2C, 2D and eTable 1 in Supplementary.

A signi#cant di!erence regarding short &ares was found between the DR and UC groups 
during the study (19 of 53 patients (36%; 95% CI, 24%-50%) in the DR group and 8 out of 58 
patients (14%; 95% CI, 7%-26%) in the UC group; P =0.04). No signi#cant di!erence regarding 
persistent &ares was found between the DR and UC groups during the study period (5 of 53 
patients (9%; 95% CI, 4%-21%) in the DR group and 5 of 58 patients (9%; 95%CI, 3%-20%) 
in the UC group; P >0.99). The relative risk was 1.1 (95% CI, 0.3-3.6) in the DR vs UC group 
P >0.99). Time until persistent &are is shown in eFigure 3 in Supplementary. Four patients 
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in the DR group with persistent &ares did not have PASI and DLQI scores that returned to 5 
or lower a'er 12 months. In the UC group, 1 patient did not have PASI and DLQI scores that 
returned to 5 or lower a'er 12 months. In both groups, no switch to another biologic therapy 
was required. Eighteen additional visits were performed in the DR group vs 1 in the UC group.

Twenty-eight patients (53%; 95% CI, 39%-67%) tapered their dose successfully a'er 
12 months. Ten patients (19%; 95% CI, 10%-32%) were taking two-thirds of their original 
dose and, 18 patients (34%; 95% CI, 22%-48%) were taking half of their original dose  
(Figure 3). The proportion of patients with successful DR split per biologic is given in eTable 
2 in Supplementary. "irty-six patients (68%; 95% CI, 54%-80%) used a lower dose until their 
12-month visit, but 8 of DRs (15%; 95% CI, 7%-28%) were not deemed to be successful because 
of a PASI or DLQI score higher than 5 at that time. No variables were associated with successful 
DR in the #nal model, (eTable 3, Supplementary).

Treatment characteristics
The mean cumulative doses during 12 months per patient for each biologic are given in eTable 
4 in Supplementary. The percentage DR varied between 23% and 34%. A signi#cant di!erence 

Figure 2. Primary and Secondary Outcome Analyses. A, Mean di!erence in the Psoriasis Area and Severity 
Index (PASI) scores between the usual care (UC) and dose reduction (DR) groups a'er 12 months. B, Mean 
di!erence in the Dermatology Quality of Life Index (DLQI) scores between the DR and UC groups a'er 12 
months. C, Comparison of the PASI scores between the UC and DR groups. The PASI scores (median and 
IQR) are depicted at month 0, 3, 6, 9, and 12. D, Comparison of the DLQI scores between the UC and DR 
groups at month 0, 3, 6, 9, and 12. Errors bars indicate 95% CIs. The dotted vertical line depicts the non-
inferiority margin in context of the PASI and DLQI di!erence. * P <0.05.
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Figure 3. Proportions of Patients With Successful Dose Tapering on Speci#c Dosages. PASI indicates 
Psoriasis Area and Severity Index. DLQI, Dermatology Life Quality Index.

was seen in topical corticosteroid use between both groups. In the DR group, 44 patients (73%; 
95% CI, 60%-84%) used topical steroids for a mean of 87 (95%CI, 65-109 days) and, in the UC 
group, 21 patients (35%; 95% CI, 23%-48%) used topical steroids for a mean of 35 days (95% CI 
20-50 days) in 12 months ( P <0.001). Rates of additional methotrexate or acitretin use were 13% 
in the DR group and 12% in the UC group at baseline. During the study, the number of patients 
using methotrexate or acitretin (including doses) remained stable.

Safety
Six patients (11%; 95% CI, 5%-24%) in the DR group and 6 patients (10%; 95% CI, 4%-22%) in 
the UC group reported at least 1 severe AE (P >0.99). None of these severe AEs were assumed 
to be causally related to DR. One patient had #ve severe AEs because of preexistent peripheral 
arterial disease. Relevant AEs and severe AEs and corresponding rates and rate ratios are 
given in Table 2. No signi#cant di!erences in AEs were seen in either group except for general 
musculoskeletal concerns, which occurred more o'en in the DR group (rate ratio, 4.92; 95% 
CI, 2.04-11.87; P <0.001). In each group, 1 patient presented with evident psoriatic arthritis 
concerns during the study, and both patients had been diagnosed as having psoriatic arthritis 
before study inclusion. Adverse events are described in the eResults in Supplementary.
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DISCUSSION

On the basis of the examined DR strategy, non-inferiority of the PASI score at 12 months was 
not demonstrated for DR of adalimumab, etanercept, and ustekinumab in patients with psoriasis 
compared with UC. The mean di!erence in the PASI score between groups was 1.2 (95% CI, 
0.7-1.8) and was larger than the non-inferiority margin of 0.5. However, non-inferiority of 
the DLQI was demonstrated. The mean di!erence in the DLQI score between both groups at 12 

months was 0.8 (95% CI, 0.3-1.3), which did not exceed the prede#ned non-inferiority margin 
of 2.0. No signi#cant di!erences were found regarding persistent &ares. No severe AEs related 
to intervention and no di!erences in quality of life between groups were seen. Successful DR 
was possible in 53% (95% CI, 39%-67%) of patients. The mean cumulative dose for DR was 34% 
lower compared with the UC dose in patients taking adalimumab, 26% lower in patients taking 
etanercept, 23% lower in patients taking 45mg of ustekinumab, and 34% lower in patients taking 
90mg of ustekinumab. 

As stated, non-inferiority could not be demonstrated for the primary endpoint. We found 
a mean di!erence in PASI score of 1.2, which exceeded the non-inferiority margin. "is #nding 
means that physicians and patients need to be aware of the chance of an increase in PASI 
score when trying to reduce the dose. It is important to weigh the risk of a PASI score increase 
against the bene#ts of using a lower dose of the biologic. A signi#cant increase in nonspeci#c 
musculoskeletal concerns in the DR group compared with the UC group was reported. "ese 
concerns were mainly mild, and evident (exacerbation of) psoriatic arthritis was seen once in 
both DR and UC groups. Because of the open-label design of this study, reporting bias could be 
present for these concerns. Patients in the DR group used more topical treatment than those in 
the UC group, which was inherent to the DR strategy.

For psoriasis, non-comparative, observational studies6,10-12,22,23 have been conducted with 
interval prolongation, showing success rates that range from 22%-90%. Our study found successful 
DR in 53% of patients. Di!erences that were observed with other studies6,10-12,22,23 can be explained 
by study design, population, and the tight control character of our strategy. The present strategy was 
based on prevailing treatment goals, which de#ned low disease activity as PASI and DLQI scores of 
5 or lower.24 However, current treatment goals are shi'ing toward a PASI score 3 or lower.25 In our 
multivariate regression model, we analyzed the threshold PASI score of 3 or lower vs higher than 3 
as well, which was not identi#ed as an indicator of successful DR. 

Strengths and Limitations
A strength of our study was the high internal validity by means of the randomized design, use of 
validated outcome measures, and good data integrity. The pragmatic design led to a high external 
validity of our results. The number of patients needed to achieve enough statistical power was 
met, and missing data were scarce. The risk of selection bias or confounding was deemed to be 
low because both groups seemed to be balanced in baseline characteristics. Incorporation of 
the DLQI in the tapering strategy gave important insight from the perspective of the patient.
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The open-label design might be regarded as a limitation. Patients and physicians could 
return to using a higher dose, assuming that patients generally fear a &are. However, few patients 
returned at their own initiative to higher (n=4) or original (n=2) doses. Moreover, the goal of 
this pragmatic study was to provide high external validity, and blinding would have lowered 
external validity. Absolute PASI score was used instead of a relative PASI or Psoriasis Global 
Assessment score (PGA). By design, patients had low disease activity, and PASI score of 75 or 90 
is almost unachievable with a starting PASI score lower than 5. Dose reduction was accompanied 
by higher topical treatment use and more visits. Tumor necrosis factor and interleukin 12 and 
23 blockers were analyzed as a group because the focus was on the DR strategy and not on 
the working mechanism itself. Hence, for per-drug conclusions, this study was underpowered 
but still provides relevant pilot data. Another limitation is the absence of a validated &are 
criterion for psoriasis. Our &are criterion is therefore a de#nition based on expert opinion and 
combined with a patient-reported outcome (DLQI). Both DLQI and PASI weighed equally on 
the algorithm of clinical decision-making in case a &are occurred. 

Conclusions
In this #rst, to our knowledge, randomized, tightly controlled non-inferiority trial, a DR strategy 
for adalimumab, etanercept, and ustekinumab in patients with psoriasis, non-inferiority of DR 
compared with standard dose was not demonstrated for PASI at 12 months. Nevertheless, many 
patients were able to prolong the interval of their biologic use while maintaining low PASI 
and DLQI scores. The cumulative DR varied from 23% to 34% depending on the biologic. In 
53% of patients, dose was successfully tapered, and no severe AEs related to the intervention 
were observed. No di!erence regarding persistent &ares was found in either group. "is disease 
activity-guided DR strategy is expected to have an e!ect on healthcare expenditures. 
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SUPPLEMENTARY 

eMethods 

Detailed Methods

Dose reduction steps 
For patients allocated to DR, the time interval between biologic injections was prolonged in 
two steps. First, the interval was prolonged by multiplying the normal interval by 1.5. Second, 
the interval was doubled (normal interval multiplied by 2). The #rst step of interval prolongation 
was e!ectuated directly a'er randomization. Decision to e!ectuate the second step of interval 
prolongation was made at three months study visit, depending on disease activity. If PASI and/
or DLQI were still below 5 a'er three months, the second interval prolongation was performed. 
"is resulted in adalimumab administration every 21 and 28 days, etanercept every 10 and 14 
days, and ustekinumab every 18 and 24 weeks, in the #rst and second step respectively.

Linear mixed model analyses
To gain insight in the di!erences in the course of these outcome measures between treatment 
arms, we performed additional linear mixed model analyses with.random intercept on patient 
level and using variance components as covariance structure..With such a model it is allowed 
to use repeated correlated measurements, such as multiple PASI scores within the same patient. 
The following variables were used as predictors: time (3, 6, 9 and 12 months), randomization 
group, and baseline score. The interaction between time and randomization group was studied 
and shown when present. Time and randomization group were used in the model as categorical 
variables (factors) and score at baseline as a continuous variable.
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After 3 months:
PASI and/or DLQI ч5?

Patients with plaque psoriasis using registered
dose of adalimumab, etanercept and ustekinumab
with sustained low disease activity for at least 6 
months (2x PASI чϱ�ĂŶĚ��>Y/�чϱ�Ăƚ�ŝŶŝƚŝĂƚŝŽŶ)

First step to 67% of original dose
Adalimumab 40mg/3 weeks
Etanercept 50mg/10 days
Ustekinumab 45-90mg/18 weeks

Second step to 50% of original dose
Adalimumab 40mg/4 weeks
Etanercept 50mg/14 days
Ustekinumab 45-90mg/24 weeks

Return to original dose
Adalimumab 40mg/2 weeks
Etanercept 50mg/7 days
Ustekinumab 45-90mg/12 weeks

Re-evaluate every 3 months
thereafter
Return to previously effective, or 
original, dose if PASI and/or DLQI are 
>5 or patient wishes to return to 
higher dose

Yes

No

eFigure 1. Study population and decision steps
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eFigure 2. Linear mixed model analyses PASI, DLQI and SF-36. A, "is #gure presents the mean PASI scores 
of the biologicals as computed by the mixed model for the usual care and dose reduction group for two 
baseline PASI scores. PASI, Psoriasis Area and Severity Index; CI, Con#dence Interval. Interaction between 
time and the treatment groups was present (P=0.0002). The interaction with time was encountered by 
the mixed model analysis which showed that the mean PASI di!erence between the two groups increased 
in time (P-value for interaction <0.001). At 3-month follow-up the di!erence between both group was 0.21 
(95%CI, -0.33 to 0.74), at month 6 this di!erence was 0.28 (95%CI, -0.26 to 0.83), at month 9 the di!erence 
was 1.12 (95%CI, -0.57 to 1.67) and at 12 month the PASI di!erence between both groups was 1.21 (95%CI, 
0.66 to 1.76). B, "is #gure presents the mean DLQI score as computed by the mixed model analysis for 
the usual care and dose reduction group for two baseline DLQI scores. DLQI, Dermatology Life Quality 
Index; CI, Con#dence Interval. In the usual care group the DLQI scores remain lower than the dose reduction 
group during all follow-up moments. "ere was no interaction between time and treatment groups present. 
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C. 

 

D. 

 

 

 

 

 

The di!erence in DLQI points between both groups was 0.80 (95%CI, 0.27 to 1.33) (P=0.0033). C, Figure 
2C presents the mean SF-36 Physical Composite Score (PCS) as computed by the mixed model analysis for 
the usual care and dose reduction group for two baseline PCS scores. CI, Con#dence Interval. In the usual 
care group the PCS scores remain slightly higher than in the dose reduction group during all follow-up 
moments. "ere was no interaction between time and treatment groups present. The mean di!erence in 
PCS scores between both groups was 1.29 (95%CI, -2.10 to 4.67) (P=0.45). D, Figure 2D presents the mean 
SF-36 Mental Composite Score (MCS) as computed by the mixed model analysis for the usual care and dose 
reduction group for two baseline MCS scores. CI, Con#dence Interval. In the usual care group the MCS 
scores remain slightly higher than in the dose reduction group during all follow-up moments. "ere was no 
interaction between time and treatment groups present. The di!erence in MCS scores between both groups 
was 2.75 (95%CI, -0.24 to 5.74) (P=0.07). "ere was no statistically signi#cant di!erence in PCS scores or 
MCS scores between both groups, see #gure C and D.
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eFigure 3. Kaplan Meier curve presenting the time until persistent &are in the usual care and dose reduction 
group. The Kaplan-Meier curve shows that a'er 7.5 months the #rst persistent &are occurred in the dose 
reduction group and a'er three months in the usual care group.

eFigure 2. Linear mixed model analyses PASI, DLQI and SF-36                                                                                                                                         
A, This figure presents the mean PASI scores of the biologicals as computed by the mixed model for the usual 
care and dose reduction group for two baseline PASI scores. PASI, Psoriasis Area and Severity Index; CI, 
Confidence Interval. Interaction between time and the treatment groups was present (P=0.0002). The 
interaction with time was encountered by the mixed model analysis which showed that the mean PASI 
difference between the two groups increased in time (P-value for interaction <0.001). At 3-month follow up the 
difference between both group was 0.21 (95%CI, -0.33 to 0.74), at month 6 this difference was 0.28 (95%CI, -
0.26 to 0.83), at month 9 the difference was 1.12 (95%CI, -0.57 to 1.67) and at 12 month the PASI difference 
between both groups was 1.21 (95%CI, 0.66 to 1.76). B, This figure presents the mean DLQI score as computed 
by the mixed model analysis for the usual care and dose reduction group for two baseline DLQI scores. DLQI, 
Dermatology Life Quality Index; CI, Confidence Interval. In the usual care group the DLQI scores remain lower 
than the dose reduction group during all follow up moments. There was no interaction between time and 
treatment groups present. The difference in DLQI points between both groups was 0.80 (95%CI, 0.27 to 1.33) 
(P=0.0033). C, Figure 2C presents the mean SF-36 Physical Composite Score (PCS) as computed by the mixed 
model analysis for the usual care and dose reduction group for two baseline PCS scores. CI, Confidence Interval. 
In the usual care group the PCS  scores remain slightly higher than in the dose reduction group during all follow 
up moments. There was no interaction between time and treatment groups present. The mean difference in 
PCS scores between both groups was 1.29 (95%CI, -2.10 to 4.67) (P=0.45). D, Figure 2D presents the mean SF-
36 Mental Composite Score (MCS) as computed by the mixed model analysis for the usual care and dose 
reduction group for two baseline MCS scores. CI, Confidence Interval. In the usual care group the MCS scores 
remain slightly higher than in the dose reduction group during all follow up moments. There was no interaction 
between time and treatment groups present. The difference in MCS scores between both groups was 2.75 
(95%CI, -0.24 to 5.74) (P=0.07). 

There was no statistically significant difference in PCS scores or MCS scores between both groups, see figure C 
and D. 

 

 
 

eFigure 3. Kaplan Meier curve presenting the time until persistent flare in the usual care and dose reduction 
group. The Kaplan-Meier curve shows that after 7.5 months the first persistent flare occurred in the dose 
reduction group and after three months in the usual care group. 
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eTable 1. Subgroup analyses: outcome measures at baseline and  
       end of study month 12

eTable 1. Subgroup analyses: outcome measures at baseline and end of study month 12

Adalimumab Etanercept Ustekinumab

Usual care 
(n=27)

Dose 
reduction 
(n=23)

Usual care 
(n=14)

Dose 
reduction 
(n=13)

Usual care  
(n=18)

Dose 
reduction 
(n=17)

PASI†
baseline
at month 12

0.6 [0.0-1.8]
1.2 [0.4-3.6]

0.6 [0.0-2.1]
2.6 [2.0-4.2]

3.0 [1.7-4.0]
3.5 [2.3-4.3]

2.3 [1.6-3.1]
3.9 [2.6-5.3]

1.3 [0.0-2.7]
1.6 [0.5-3.2]

2.3 [1.0-3.7]
3.3 [3.0-4.7] 

PASI*5 
during 12 
months

27 (100) 22 (96) 8 (57) 7 (54) 16 (94) 8 (47)

DLQI†
baseline
at month 12

0.0 [0.0-1.0]
0.0 [0.0-1.0]

0.0 [0.0-1.0]
1.0 [0.0-2.0]

1.5 [0.0-4.0]
2.0 [0.8-2.5]

1.0 [0.0-1.0]
1.0 [0.0-2.5]

0.0 [0.0-1.0]
0.0 [0.0-1.0]

0.0 [0.0-1.0]
1.0 [0.5-2.5]

DLQI*5 
during 12 
months

25 (93) 15 (65) 8 (57) 10 (77) 16 (94) 13 (77)

Low dose at 
the end of 
study 

0 (0) 20 (87) 0 (0) 6 (46) 0 (0) 10 (59)

Low dose at 
the end of 
study with 
and PASI
DLQI *5

0 (0) 16 (70) 0 (0) 3 (23) 0 (0) 9 (53)

Abbreviations: NA, not applicable; PASI, Psoriasis Area and Severity Index; DLQI, Dermatology Life Quality Index. 
Data are in numbers (%) or † medians [IQR]. Subgroup analyses for the e!ectiveness and quality of life from baseline 
to 12 months, split for the di!erent types of drugs. The number of patients included at baseline was 27 and 25 for 
adalimumab, 14 and 14 for etanercept and 18 and 20 for adalimumab in usual care and dose reduction, respectively.

"irty-seven patients (70%, 95%CI 56% to 81%) in group and 51 patients (88%, 95%CI 76% 
to 95%) in group continuously had a PASI score *5 during the 12 months of follow-up (eTable 1).

"roughout the study, the median DLQI scores remained *5 for both groups. "irty-eight 
patients (77%, 95%CI 60% to 90%) in the dose reduction group and 49 patients (86%, 95%CI 
70% to 90%) in the usual care group continuously had a DLQI score *5 during the 12 months 
of follow-up (eTable 1). 
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eTable 2. Proportion of patients with dosing steps after 12 months

eTable 2. Proportion of patients with dosing steps a'er 12 months

Successful (PASI and DLQI " a!er 12 months)a

Unsuccessful (returned to original 
dose or PASI and DLQI >5 a!er 12 

months but still on a low dose)b

Total group

First step  
67% of  
original dose

Second step 
50% of 
original dose

Returned to 
original dose

PASI/DLQI >5  
but low dose

All biologicals 53% (28) 19% (10) 34% (18) 32% (17) 15% (8)
Biologics
Adalimumab 70% (16) 17% (4) 52% (12) 13% (3) 17% (4)
Etanercept 23% (3) 7% (1) 15% (2) 54% (7) 23% (3)
Ustekinumab 53% (9) 29% (5) 24% (4) 41% (7) 6% (1)

Abbreviations: PASI, Psoriasis Area and Severity Index; DLQI, Dermatology Life Quality Index. 
a Proportion of patients with successful dose reduction and used dosages at 12 months (i.e. low dose and a PASI and 
DLQI*5 a'er 12 months) for the dose reduction group and split per biologic for this group. 
b Proportion of patients with unsuccessful dose tapering (i.e. returned to original dose or PASI and DLQI >5 a'er 12 
months but still on a low dose). 
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eTable 3. Factors associated with failure of dose tapering

eTable 3. Factors associated with failure of dose tapering

Univariablea Multivariableb

Relative risks
(95%CI) P-value

Relative risks
(95%CI) P-value

General characteristics
Age at inclusion 1.0 (0.9 to 1.0) 0.238
Age of onset 0.9 (0.9 to 1.0) 0.332
Gender 
(men vs. women)

0.8 (0.4 to 1.4) 0.360

Smoking 0.620
Currently smoking vs. never smoking 1.5 (0.6 to 3.7) 0.350
Ex-smoker vs. never smoking 1.4 (0.6 to 3.1) 0.411
Currently smoking vs. Ex-smoker 1.1 (0.6 to 2.1) 0.793
Weight 0.9 (0.9 to 1.0) 0.779
Disease duration 1.0 (1.0 to 1.1) 0.052 1.0 (0.9 to 1.0) 0.62
Psoriatic arthritisyes vs. no 0.7 (0.4 to 1.4) 0.360
DLQI baseline 1.2 (0.9 to 1.5) 0.288
Disease activity
PASI dichotomous
>3.0
*3.0
High vs. low

2.0 (1.3 to 3.3) 0.004 1.2 (0.8 to 1.7) 0.40

CRP 1.0 (0.9 to 1.1) 0.790
Treatment
Drug 0.017 1.0
Etanercept vs. Ustekinumab 1.6 (0.8 to 2.9) 0.101 1.2 (0.8 to 1.6) 0.420
Adalimumab vs. Ustekinumab 0.7 (0.3 to 1.4) 0.280 0.9 (0.7 to 1.3) 0.711
Etanercept vs. Adalimumab 2.6 (1.3 to 5.0) 0.008 1.2 (0.9 to 1.7) 0.230
Biological naïve 0.9 (0.5 to 1.5) 0.582
Number of previous biologics 0.9 (0.6 to 1.5) 0.288
Methotrexate/ Acitretin baseline (yes vs. no) 1.5 (0.6 to 3.4) 0.395

Abbreviations: PASI, Psoriasis Area and Severity Index; CI, Con#dence Interval. 
a Univariable log binomial regression analysis was performed to test factors associated with successful dose tapering. 
The factors disease duration, baseline PASI and type of drug had p-value <0.2 and were therefore included in 
the multivariable log binomial regression analysis. 
b In the multivariable log binomial regression analysis, variables with a p-value of >0.05 were excluded (backward 
selection procedure); no variables were le' a'er this selection. 
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eTable 4. Cumulative dose per patient in 12 months

eTable 4. Cumulative dose per patient in 12 months

Normal dose 
per patient in 12 
months (mg), 
according to label

Mean cumulative 
dose per usual 
care patient in 12 
months (mg)a

Mean cumulative 
dose in dose 
reduction patient 
in 12 months (mg)b

% Reduction of 
cumulative dose 
in dose reduction 
versus usual carec

Adalimumab 1040 (26x40 mg) 1043 (26x40 mg) 690 (17.2x40 mg) 34%
Etanercept 2600 (52x50 mg) 2497 (49.9x50 mg) 26%
Ustekinumab 45 mg 180 (4x45 mg) 189 (4.2x45 mg) 145 (3.2x45 mg) 23%
Ustekinumab 90 mg 360 (4x90 mg) 391 (4.3x90 mg) 258 (2.9x90 mg) 34%

Abbreviations: mg, milligram
a The mean cumulative dose of the biologics over 12 months for the usual care group. 
b The mean cumulative dose of the biologics over 12 months for the dose reduction group.
c The reduction of the cumulative dose relative to the dose was expressed as a proportion.
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eRESULTS 

Adverse Events

Usual Care

110008 vertigo  
110008 vertebrobasilar transient ischemic attack Cardiovascular event
110008 hospitalization due to gastroenteritis/orthostasis Infectious event
110008 belching and vomiting
110008 cystitis Infectious event
110010 common cold Infectious event
110010 herpes labialis Infectious event
110010 herpes labialis Infectious event
110010 worsening headache
110010 common cold Infectious event
110012 pneumonia Infectious event
110015 bursitis right shoulder Musculoskeletal disorder 
110015 rhinitis
110015 &u Infectious event
110015 &u Infectious event
110018 &u Infectious event
110020 ear infection Infectious event
110020 ear infection Infectious event
110020 bronchitis Infectious event
110020 increase of back pain due to foramen stenose
110021 excision pigmentated seborrhoic keratoses right hand Skin diseases
110021 hip and back pain Musculoskeletal disorder 
110025 common cold Infectious event
110025 arthritisdue to arthritis psoriatica le' shoulder Musculoskeletal disorder 
110025 worsening (pre-existent) delusional disorder
110026 pain of scar on shoulder
110026 hypercholesterolaemia
110026 hyperventilation
110026 diarrhea, nausea, abdominal cramps
110026 super#cial basal cell carcinoma Non melanoma skin cancer 
110026 pain due to chronic venous insu%ciency
110028 &u Infectious event
110030 actinic keratosis forehead Skin diseases
110030 bruised rib
110031 diabetes mellitus type 2
110031 common cold Infectious event
110034 coughing
110034 &u Infectious event
110036 tooth extraction
110036 common cold Infectious event
110036 restless legs
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Usual Care (continued)

110036 stung by wasp
110036 paronychia Infectious event
110036 &u Infectious event
110041 worsening of preexistent angina pectoris Cardiovascular disorder
110041 furuncle Infectious event
110041 COPD, disturbed lung di!usion capacity
110043 Postoperative infection a'er gastric bypass surgery Infectious event
110043 &u Infectious event
110043 hair loss
110043 &u Infectious event
110044 cystitis Infectious event
110044 coughing
110044 cystitis Infectious event
110044 diarrhea
110047 erysipelas le' leg Infectious event
110047 erysipelas le' leg
110047 erysipelas le' leg Infectious event
110047 erysipelas le' leg 
110051 vitamin D de#ciency
110052 &u Infectious event
110052 bruising of le' foot 
110052 onychomycosis Infectious event
110056 increase of joint pain Musculoskeletal disorder
110056 gastroenteritis Infectious event
110056 surmenage
110058 pneumonia Infectious event
110061 sinusitis Infectious event
110061 common cold Infectious event
110061 common cold Infectious event
110063 coughing
110063 gastroenteritis Infectious event
110063 bronchitis Infectious event
110063 infection parotid gland Infectious event
110065 gastroenteritis Infectious event
110065 recurrent urinary tract infections Infectious event
110067 respiratory tract infection (bacterial) Infectious event
110067 common cold Infectious event
110067 surgery of right hip fracture Elective surgery
110067 respiratory tract infection Infectious event
110067 conjunctivitis Infectious event
110067 neck and shoulders complaints Musculoskeletal disorder
110069 back pain Musculoskeletal disorder 
110074 common cold Infectious event
110077 gastroenteritis Infectious event
110077 common cold Infectious event
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Usual Care (continued)

110077 coughing Infectious event
110079 &u Infectious event
110079 vitamin B12 de#ciency
110079 more bruising
110079 common cold Infectious event
110079 herpes simplex Infectious event
110079 increase of fatigue complaints a'er discontinuation vitamin B12 

administration
110079 herpes simplex Infectious event
110079 increase of fatigue complaints a'er adalimumab injection
110081 cataract
110081 Bouchard’s nodes
110082 respiratory infection Infectious event
110084 tonsillitis Infectious event
110085 actinic keratosis right eyelid Skin diseases
110085 actinic keratosis Skin diseases
110085 renal function disorder
110088 gastroenteritis Infectious event
110088 common cold Infectious event
110088 hand eczema (orthoergic) Skin diseases
110088 gastroenteritis Infectious event
110091 common cold Infectious event
110092 &u Infectious event
110092 &u Infectious event
110095 obstructive sleep apnea syndrome
110099 allergy (hay fever/ dogs)
110099 cystitis Infectious event
110100 common cold Infectious event
110100 verruca vulgaris Skin diseases
110100 &u Infectious event
110102 common cold Infectious event
110103 &u Infectious event
110103 contusion intercostal muscles
110103 warm feeling of skin
110103 contusion right foot (digit 2)
110103 &u Infectious event
110105 total knee prosthesis due to gonartrosis Elective surgery
110108 hyperhidrosis
110116 carotis desobstruction Elective surgery
110116 ischemic cerebrovascular accident Cardiovascular event
110119 in&ammation le' tooth (molar) Infectious event
110119 tooth in&ammation Infectious event
110119 trichilemmal cyst/ pilar cyst Skin diseases
110119 common cold Infectious event
110119 cat bite
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Usual Care (continued)

110119 in&ammation digit 4 (right side feet) Infectious event
110119 common cold Infectious event
110119 #lliformic wart le' eyelid  Skin diseases
110119 pigmentated hyperkeratotic seborrhoic keratosis  Skin diseases
110119 ballondilatation distal anastomosis femoral-femoral crossover  Elective surgery
110119 pain le' groin
110121 &u Infectious event
110122 &u Infectious event
110126 actinic keratosis nose Skin diseases

Dose reduction

110009 back pain  Musculoskeletal disorder
110009  supraspinatus tendinosis le' shoulder  Musculoskeletal disorder
110009 common cold  Infectious event
110011 stomachache
110011 pneumonia  Infectious event
110011 submammary mycosis  Infectious event
110014 &u  Infectious event
110014 headache
110014 gonarthrosis le'  Musculoskeletal disorder
110016 tendovaginitis stenosans  Musculoskeletal disorder 
110017 diarrhea
110017 common cold  Infectious event
110017 common cold  Infectious event
110019 common cold  Infectious event
110019 &u  Infectious event
110019 otitis externa media  Infectious event
110022 common cold  Infectious event
110022 gastroenteritis  Infectious event
110022 palpitations due to preexistent paroxysmal artrial tachycardia  Cardiovascular disorder
110023 common cold  Infectious event
110024 diabetes mellitus type 2
110024 common cold  Infectious event
110024 common cold  Infectious event
110024 common cold  Infectious event
110024 increased pain of &exortendinopathy  Musculoskeletal disorder
110024 intestinal polyp removed (2x)
110027 eczema  Skin diseases
110027 &u  Infectious event
110029 actinic keratoses  Skin diseases
110029 common cold  Infectious event
110029 ankle fracture
110029 decreased bone reformation a'er ankle fracture  Musculoskeletal disorder
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Dose reduction (continued)

110029 &u  Infectious event
110033 &u  Infectious event
110035 common cold  Infectious event
110035 otitis  Infectious event
110035 excision scar tissue
110035 common cold  Infectious event
110037 cystitis  Infectious event
110037 common cold  Infectious event
110037 pain le' foot (digit 3)  Musculoskeletal disorder
110038 common cold  Infectious event
110039 seborrheic keratosis  Skin diseases
110039 common cold  Infectious event
110039 cystitis  Infectious event
110039 common cold  Infectious event
110040 idiopathic hypomelanosis gutata Skin diseases
110040 common cold  Infectious event
110042 sore throat
110042 &u  Infectious event
110048 more pain feet due to (preexistent) peripheral arterial disease
110048 fasciotomy le' leg (clinically suspected for compartment syndrome)
110048 common cold  Infectious event
110048 percutaneous intentional extraluminal recanalization le' 

super#cial femoral arteryElective Surgery
110048 delirium
110048 percutaneous transluminal angioplasty with stent in right a. 

iliaca externa
Elective Surgery

110048 percutaneous transluminal angioplasty with stent in right a. iliaca Elective Surgery
110048 apathy
110048 ischemic CVA le' hemisphere Cardiovascular event
110048 retrograde percutaneous intentional extraluminal 

recanalization le' super#cial femoral artery
Elective Surgery

110048 open wound le' leg
110049 tooth extraction
110049 &u  Infectious event
110049 nycturia
110050 common cold  Infectious event
110053 &u  Infectious event
110054 sore throat
110054 headache
110054 hypertension due to stress
110054 &u  Infectious event
110054 &u 1  Infectious event
110054 common cold  Infectious event
110055 bursitis le' shoulder  Musculoskeletal disorder
110059 bruised ankle
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Dose reduction (continued)

110059 night sweats
110060 common cold  Infectious event
110060 back pain  Musculoskeletal disorder
110060 gastroenteritis  Infectious event
110060 &u 1  Infectious event
110062 grawitz tumor right kidney  Malignancy
110062 back pain  Musculoskeletal disorder
110064 common cold  Infectious event
110064 swollen right knee  Musculoskeletal disorder
110066 coughing
110068 diarrhea
110068 gout right foot (metatarsophalangeal 2)  Musculoskeletal disorder
110068 gout Musculoskeletal disorder
110068 common cold  Infectious event
110068 goutright foot (metatarsophalangeal 1)  Musculoskeletal disorder
110068 gout right foot (metatarsophalangeal 1) and lower knuckle (le' feet)  Musculoskeletal disorder
110070 diarrhea
110070 papillotomy due to cholangitis Elective Surgery
110070 diverticulitis  Infectious event
110072 more pain le' knee and both hips  Musculoskeletal disorder
110072 pain le' arm and elbow  Musculoskeletal disorder
110072 hoarseness
110076 depression
110076 migraine
110076 more pain (preexistent) hernia nuclei pulposi  Musculoskeletal disorder
110076 increased frequency migraine attacks
110076 common cold  Infectious event
110076 wound le' knee due to chain saw
110080 gout (lateral side right foot)  Musculoskeletal disorder
110080 gout  Musculoskeletal disorder
110080 onychomycosis  Infectious event
110080 &u  Infectious event
110080 night sweats
110087 more joint pain  Musculoskeletal disorder
110086 viral infection  Infectious event
110086 more joint complaints  Musculoskeletal disorder
110089 more complaints (preexistent) irritable bowel syndrome
110089 tonsillitis  Infectious event
110089 &u  Infectious event
110089 shoulder tendinopathy  Musculoskeletal disorder
110089 coughing
110090 cystitis  Infectious event
110090 common cold  Infectious event
110090 cystitis  Infectious event
110096 partial medial meniscectomy (le')  Elective Surgery
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Dose reduction (continued)

110097 common cold  Infectious event
110097 common cold  Infectious event
110098 sore throat
110098 night sweats
110098 onychomycosis  Infectious event
110101 common cold  Infectious event
110101 onychomycosis  Infectious event
110104 cystitis  Infectious event
110104 microdular and nodular basalcellcarcinoma (nose)  Non melanoma skin cancer
110104 infection le' foot  Infectious event
110104 infection le' foot  Infectious event
110104 hordeolum (stye) le' eye  Infectious event
110104 bursitis right shoulder  Musculoskeletal disorder
110104 hordeolum (stye)  Infectious event
110106 back pain  Musculoskeletal disorder
110106 more joint pain  Musculoskeletal disorder
110109 mycosis  Infectious event
110111 cystitis  Infectious event
110112 bursitis  Musculoskeletal disorder
110113 cerebrovascular accident (brainstem) Cardiovascular event
110117 migraine 
110117 migraine 
110117 migraine
110123 &u  Infectious event
110123 &u  Infectious event
110123 migraine
110123 migraine 
110123 hay fever 
110123 eye infection  Infectious event
110123 hay fever 
110123 laryngitis  Infectious event
110124 common cold  Infectious event
110124 more muscle and joint pain  Musculoskeletal disorder
110125 &u  Infectious event
110125 wound le' hand (digit 2)
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ABSTRACT

A dose reduction strategy of adalimumab, etanercept and ustekinumab in patients 
with psoriasis who have stable and low disease activity has recently been compared 
with usual care in the CONDOR study: CONtrolled DOse Reduction of biologics in 
patients with psoriasis with low disease activity. The aim of the current study was to 
perform a cost-utility analysis with a 12-month time horizon alongside this trial, 
using prospectively measured healthcare costs and quality-adjusted life years, based 
on Short-Form Six-Dimension utilities. Bootstrap analyses were used to calculate 
the decremental cost-utility ratio and the incremental net monetary bene#t. The dose 
reduction strategy resulted in a mean cost saving of /3,820 (95 percentile -/3,099 to 
-/4,509) per patient over a period of 12 months. "ere was an 83% chance that dose 
reduction would result in a reduction in quality-adjusted life years (mean -0.02  
(95 percentile -0.06 to 0.02). In conclusion, dose reduction of biologics resulted in 
substantial cost savings with an acceptable reduction of quality of life.



HEALTH ECONOMIC CONSEQUENCES OF A TIGHTLY CONTROLLED DOSE REDUCTION STRATEGY

83

4

INTRODUCTION

Psoriasis is a chronic immune-mediate in&ammatory skin disease for which several targeted 
biologic therapies are available. "ese drugs have dramatically improved the lives of patients 
with psoriasis: low disease activity has become a realistic goal.1-3 The biologics adalimumab, 
etanercept and ustekinumab are frequently used. However, chronic use of these biologics has 
a high impact on healthcare expenditures.1,4 The approximate costs per patient per year are 
between /15,000 and /27,0005, although the introduction of biosimilars will reduce these costs. 
Moreover, the use of biologics can be associated with side-e!ects such as increased risk of 
infections and non-melanoma skin cancer.6-9 "erefore, aiming for the lowest e!ective dose and 
improved e%ciency of use of these biologics is desirable. 

Previous research has shown that dose reduction or interval prolongation in patients with 
psoriasis might lead to lower cumulative exposure and cost savings, without deterioration 
of disease activity.10-15 We recently published the initial results of a pragmatic randomized 
trial comparing a tightly controlled dose reduction strategy for adalimumab, etanercept and 
ustekinumab for psoriasis with usual care: the CONDOR study.16 The dose of biologics was 
reduced in small steps, while intensively monitoring disease activity. It was not possible to prove 
non-inferiority regarding the primary outcome; Psoriasis Area and Severity Index (PASI), with 
a PASI di!erence of 1.2 (95% con#dence interval (CI), 0.7-1.8) points a'er one year between 
dose reduction and usual care. The study demonstrated non-inferiority with regard to the main 
secondary outcome; Dermatology Life Quality Index (DLQI).16 In addition, dose reduction was 
successful in 53% of patients with psoriasis, and no di!erence was seen in persistent disease 
&ares between dose reduction and usual care groups.16 

Economic evaluation would provide additional evidence on which base the decision 
whether to implement a dose reduction strategy in daily practice. Although prolonging 
the interval of the biologic will save medication costs, this strategy may also increase the patient 
consultations and therefore increase healthcare costs. In addition, possible disease &ares a'er 
dose reduction could decrease health-related quality of life (QoL). On the other hand, such 
a dose reduction strategy might be considered as a cost-e!ective intervention when reduction 
in QoL is compensated by large cost savings. Indeed, similar dose optimization strategies in 
rheumatoid arthritis (RA) have been shown to be cost-e!ective on the short- and long-term.17-19 
"erefore, an economic evaluation is mandatory, comparing a tightly controlled dose reduction 
strategy with usual care and relating di!erences in costs to di!erences in quality-adjusted life 
years (QALYs). 

METHODS

Study design and participants
"is economic evaluation was a pre-planned piggy-back analysis of the CONDOR study 
(CONtrolled DOse Reduction) of biologics in patients with psoriasis with low disease activity.16 
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Hence all necessary data were collected alongside the clinical trial. The CONDOR study was 
a pragmatic, open-label, randomized, non-inferiority (NI) trial for adalimumab, etanercept and 
ustekinumab, comparing a dose reduction strategy with usual care in patients with psoriasis and 
low disease activity. The rationale, design, and outcomes have been comprehensively described 
and summarized previously.16,20 Patients with plaque psoriasis were eligible for dose reduction 
when they had stable and low disease activity using the authorized full dose of adalimumab, 
etanercept or ustekinumab for at least 6 months. Plaque psoriasis was always the main indication 
for the biologic, but other phenotypes could co-exist. Stable low disease activity was de#ned as 
PASI score *5 at 2 subsequent visits in the last 6 months, and a Dermatology Quality of Life 
Index (DLQI) score *5 at study inclusion. The CONDOR study was performed in one academic 
and 5 regional hospitals from March 2016 through July 2018 and approved by the local ethics 
committee (Commissie Mensgebonden Onderzoek region Arnhem-Nijmegen, NL54557.091.15). 
The study was performed in a period when biosimilars were not available for these biologics. 
The CONDOR trial and this pre-planned economic evaluation were registered at ClinicalTrials.
gov (NCT 02602925) and performed according to the principles of the Declaration of Helsinki. 
Written informed consent was obtained from all patients prior to participation. 

Trial procedures
Patients were randomly assigned (1:1) to the dose reduction or usual care group. Patients 
randomized to the usual care group continued their standard full dose of adalimumab, etanercept 
and ustekinumab. Patients were seen every 3 months, decisions regarding dose tapering were 
made at the scheduled visits, and patients were encouraged to contact their physician when 
experiencing increased symptoms of disease activity. Patients allocated to the dose reduction 
group received identical care to that of the usual care group, but the time between their injections 
was prolonged in 2 steps. "is led to 67% and 50% of their original dose, through administration 
of adalimumab every 21 and 28 days, etanercept every 10 and 14 days and ustekinumab every 18 
and 24 weeks, respectively. In case of a disease &are patients returned to their previous e!ective 
or original dose. A &are was de#ned as a PASI score>5 and/or a DLQI score>5 at one visit. No 
further attempts for dose reduction were made a'er a &are. Patients were allowed to continue or 
start methotrexate/ acitretin, or use topical therapies, during the study. 

Utilities
"is cost-utility analysis measured generic health-related QoL with the Short Form Health 
Survey (SF-36).21 Utilities were calculated based on the 12 speci#c SF-36 questionnaire answers 
included in the SF6D system. Although the EuroQol 5 Dimensions (EQ5D) system is the most 
used system to measure utilities for economic evaluations, when designing the study it was 
considered that the SF6D showed better face validity for patients with psoriasis. It was expected, 
therefore, that we would be better able to detect small di!erences in QoL between the 2 groups, 
especially as the study population consisted of patients with low disease activity and good QoL, 
as this was an inclusion criterium. Furthermore, the SF6D system is recommended by the Dutch 
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guideline for economic evaluation as an alternative for the EQ5D.22 Missing values in utility 
scores were linearly interpolated between time points and on a patient level. "is data was used 
to calculate the area under curve, representing QALYs per patient. 

Costs
Costs were determined mainly from a medical perspective. Volumes of care were registered 
using standardized case record forms and collected using electronic patient records. The study 
focused on psoriasis care: psoriasis medication used, outpatient visits or telephone contacts 
with dermatologists and rheumatologists (an increase might result from the advice in the dose 
reduction group to tightly control disease activity), and hospital admissions related to psoriasis 
&ares. Because of the expected increase in outpatient visits travel expenses were included; 
the travel distance for each patient was set at 7 km, which is the mean travel distance to 
a hospital in the Netherlands.23,24 All data on biologic use were speci#cally queried and recorded, 
and the cumulative biologic medication use was calculated per patient. Topical therapy or 
methotrexate/acitretin used was registered, but not incorporated in the cost analysis due to 
the marginal e!ect on total costs compared with biologics. 

The healthcare cost prices were based on the Dutch Guideline for Cost Analyses.23,24 
The medication prices were obtained from the Dutch national tari! list.5 The details of the prices 
that were used for this manuscript can be found in Table SI. All prices were converted to 2018 
levels using the general Dutch price index rate. No discounting on costs was needed, due to 
the 12-months follow-up duration of the CONDOR trial on which this economic evaluation 
was based. In addition, in order to anticipate possible lower drug prices in the future, sensitivity 
analyses were performed with 30%, 50% and 80% reductions in costs of medication. 

Statistical analysis
Descriptive statistics were used for baseline characteristics, comedication and healthcare usage 
and compared for usual care vs dose reduction. Depending on the skewness of the data, means 
and standard deviations (SD)/95% con#dence interval (95%CI) or medians with interquartile 
ranges [IQR] for continuous variables and proportions for nominal variables were given. 
The proportion of patients who successfully tapered their dose was calculated. Successful dose 
tapering was de#ned as patients with a lower biologic dose than normal while maintaining PASI 
and DLQI scores *5. Proportions of patients with topical therapy, methotrexate and acitretin 
use were compared between groups, using a Fisher’s exact test. The number of consultations 
(outpatient visits) and telephone contacts were also compared between groups using an 
independent t-test or a non-parametric alternative in case of a skewed distribution (Mann-
Whitney U test). The mean cumulative biologic dose per patient, for each biologic throughout 
the study, was calculated. The percentage of the dose used in dose reduction relative to usual 
care was calculated. 
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Cost-utility analysis 
The cost-utility analysis was based on an intention-to-treat analysis. A possible small, but 
acceptable, reduction in QALYs was anticipated, and therefore incorporated in the pre-planned 
analysis by determining a decremental cost-utility ratio (DCUR): dividing the di!erence in costs 
by the di!erence in QALYs between both groups. The DCUR represents by how much #nancial 
gain a loss of one QALY will be compensated. The 95% uncertainty boundaries in DCUR were 
calculated using bootstrapping with 1,000 replications, which are plotted in a cost-utility plane. 
The incremental net monetary bene#t (iNMB) per patient was calculated for varying levels of 
willingness to accept (WTA), in Euros per QALY lost, using the formula: (WTA*incremental 
QALYs) - incremental costs. "is results in the net amount of money saved, when the possible 
reduction in QALY is compensated by the amount society needs to gain in order to accept 
a reduction in QALY (the WTA).25 In the studied population, the disease burden was low 
because of their state of low disease activity; in the Netherlands, in such cases a willingness to 
pay (WTP) value of /50,000 is generally used. However, it is conceivable that one would want 
a reduction in QALY to be compensated by higher amounts than one is willing to pay to gain 
a QALY; hence, WTA levels o'en exceed WTP levels. "erefore, a more conservative approach 
was chosen, and a WTA of /80,000 was used, which is the amount of money that Dutch society 
is maximally willing to pay for a QALY gained.

RESULTS

Patients
In total, 120 patients were included; 60 in the dose reduction group and 60 in the usual care 
group.16 Baseline characteristics are shown in Table I. Two patients were lost to follow-up and 
2 other patients had too few SF-36 utility values to calculate a QALY, leaving 58 patients in 
the dose reduction group and 58 patients in the usual care group for the intention-to-treat 
analysis. One patient was lost to follow-up due to psychiatric illness, and the treatment of 
the other patient was continued in a non-participating hospital. Baseline characteristics were 
well balanced between the dose reduction and usual care groups (Table I). "ese characteristics 
mimic an average biological psoriasis cohort, except for the low disease activity at baseline due 
to the inclusion criteria of the CONDOR. Limited data were missing: 1% of the planned visits, 
1% of PASI, 2% of DLQI and 6% of SF-36 measurements. 

Health Care usage
At 12 months, 28 patients (53% (28/53), 95% con#dence interval (CI) 39%-67%) in the dose 
reduction group tapered their dose successfully. Ten patients (19% (10/53), 95%CI 10%-32%) 
used two-third of their original dose and 18 patients (34% (18/53), 95%CI 22%-48%) used half 
of their original dose. The mean cumulative dose per patient, for each biological throughout 
the study was calculated and compared between the dose reduction group and usual care 
group. The percentage cumulative dose reduction was 34% in the adalimumab group, 26% in 
the etanercept group and 23%/34% in the ustekinumab (45mg/90mg) group, respectively.16
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Concerning co-medication at baseline, 7% of patients used methotrexate or acitretin in both 
the dose reduction group and usual care group. No patients started treatment with methotrexate 
or acitretin during the study. Patients who were on this co-medication at start of the study 
continued its use during the study. A signi#cant di!erence was seen between dose reduction 
and usual care regarding use of topical corticosteroids. In the dose reduction group, 73% 
(44/60) (95%CI 60%-84%) of the patients used topical steroids with a mean of 87 days (95%CI 
65-109 days) during the study period of 12 months. For the usual care group, 35% (21/60) 
(95%CI 23%-48%) used topical steroids with a mean of 35 days (95%CI 20-50 days) (P<0.001,  
Fisher’s exact test). 

Table 1. Baseline characteristics

Patient characteristics
Usual Care 
(n=60)

Dose 
Reduction 
(n=60)

Male, n (%) 42 (70) 40 (67)
Age, years, mean ±SD 57 ±13.3 53 ±12.9
Onset psoriasis, years, mean ±SD 28 ±14.0 24 ±11.4
Disease duration, years, mean ± SD 28 ±12.3 28 ±12.9
Biologic duration, years, mean ± SD 4.8 ±2.9 4.0 ±2.8
Psoriatic arthritis, yes, n (%) 12 (20) 19 (32)
Body mass index (kg/m2), mean ±SD 28 ±4.9 29 ±5.4
Disease activity
PASI, median [IQR] 1.3 [0.3-2.7] 1.8 [0.6-2.8]
DLQI, median [IQR] 0.0 [0-2] 0.0 [0-1]
C-reactive protein, mean ±SD 2.8 ±5.3 2.2 ±2.0
Medical history, n (%)
Diabetes mellitus (1-2) 10 (17) 7 (12)
Hypertension 23 (38) 20 (33)
Hypercholesterolemia 20 (33) 16 (27)
Myocardial infarction 4 (7) 3 (5)
Cerebrovascular incident 4 (7) 4 (7)
Malignancy 5 (8) 2 (3)
NMSC 5 (8) 2 (3)
IBD 1 (2) 0 (0)
Rheumatologic condition 11 (18) 10 (17)
Number of previous biologics 31 (52) 30 (50)
Treatment in the study, n (%)
Adalimumab 27 (45) 25 (42)
Etanercept 14 (23) 14 (23)
Ustekinumab 19 (32) 21 (35)
Concomitant methotrexate/acitretin 4 (7) 4 (7)

SD: standard deviation; IQR: interquartile range; PASI: Psoriasis Area and Severity Index; DLQI: Dermatology 
Life Quality Index; NMSC: non-melanoma skin cancer; IBD: In&ammatory Bowel Disease; No data on baseline 
characteristics were missing.
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Regarding other healthcare usage, there were slightly more consultations in the dose 
reduction group (median 5.0 [IQR 1.0] per patient) compared with the usual care group 
(median 5.0 [IQR 0.0] per patient) (P =0.018) for 12 months. "ere were also more telephone 
contacts with patients in the dose reduction group (median 0.0; [IQR 1.0] contacts per patient) 
compared to the usual care group (median 0.0 [IQR 0.0] contacts per patient) (P =0.001). 

Cost-utility
In Fig. 1a and Table II, the results of 1,000 bootstrapped replications concerning mean QALYs 
and costs for the 12 months study period are presented. Table SII shows the mean costs per 
group (dose reduction vs usual care). The dose reduction strategy resulted in a mean QALY 
loss of -0.02 QALY (95th percentile -0.06 to 0.02). The chance for a reduction in QALY was 
83%. All replications showed cost savings, with a mean of -/3,820 (95th percentile -/3,099 to 
-/4,509). The mean DCUR was /95,889 (95th percentile /1,687,233 to dominant) of savings 
per QALY lost. In Fig. 1b the iNMB of the dose reduction group is presented for varying 
WTA values. When a WTA level of /80,000 per QALY is chosen, the mean iNMB is /2,311  
(95th percentile -/590 to /5,595) per patient in 12 months. With the WTA of /80,000, in 94% of 
the replications there is still a positive iNMB. 

Sensitivity analyses for 30%, 50% and 80% lower prices for biologic drugs were also 
performed. The mean cost savings with 30% lower prices for biologics was -/2,633 (95th 
percentile -/2,111 to -/3,119), with 50% lower prices -/1,849 (95th percentile -/1,473 to -/2,222) 

Figure 1. Cost-utility plane and cost-utility acceptability curve. (a) Results of costs and utility estimations in 
cost-e!ectiveness (CE) plane, based on 1,000 bootstrapped replications. (b) Cost-e!ectiveness acceptability. 
iNBM: incremental net monetary bene#t; WTA: willingness to accept; QALY: quality-adjusted life year.

Table 2. Mean quality-adjusted life years (QALYs) and costs for both groups 

QALY 
Mean (range)

Incremental QALY 
Mean (range)

Costs Mean  
(range)

Incremental Costs 
Mean (range)

Usual care 0.83 (0.80;0.85) /14,071 (13,503;14,559)
Dose reduction 0.81 (0.78;0.84) -0.02 (-0.06;0.02) /10,251 (9,814;10,742) -/3,820 (-3,099; -4,509)

Data are presented as means with 95th percentile as a result of 1,000 bootstrapped replications. 
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Figure 2. Cost e!ectiveness acceptability curves for lower drug prices. (a) Analysis with 30% lower 
drug prices. (b) Analysis with 50% lower drug prices. (c) Analysis with 80% lower drug prices. iNBM: 
incremental net monetary bene#t; WTA: willingness to accept.

and with 80% lower prices -/661 (95th percentile -/485 to -/818). Furthermore, in case of 30% 
lower drug prices, the mean iNMB with WTA of 80,000 per QALY would be /1,181 (95th 
percentile - /1,793 to /4,068), in case of 50% drug reduction, the mean iNMB would be /439  
(95th percentile -/2,512 to /3,359) per patient and in case of 80% drug reduction, the mean 
iNMB would be -/803 (95th percentile -/3,999 to /2,284) (Fig. 2).
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DISCUSSION

"is cost-utility analysis alongside the CONDOR study, a pragmatic, randomized controlled 
non-inferiority trial16, shows that a dose reduction strategy for the biologics adalimumab, 
etanercept and ustekinumab for patients with psoriasis would result in substantial cost savings 
(mean -/3,820 per patient over 12 months (95th percentile -/3,099 to -/4,509)). Also we found 
a probable chance (83%) of a small reduction in QALY. Although it is likely that a dose reduction 
strategy would result in a reduction in QALY, this loss was small and not statistically di!erent 
from zero (mean QALY di!erence of -0.02 (95th percentile -0.06 to 0.02)). When this decrease 
in QALY is compensated by the amount society wants to gain in order to accept a QALY loss, 
the net amount of money saved is still substantial. 

To the best of our knowledge, this is the #rst prospectively performed economic evaluation 
of a tightly controlled dose reduction strategy for biologics in patients with psoriasis compared 
with usual care. Several studies have been performed on dose reduction, but no randomized 
prospective studies have been performed and economic analyses were lacking. In the original 
publication of the CONDOR trial we described that, based on the PASI, non-inferiority was 
not demonstrated for the dose reduction group compared with usual care with the chosen 
non-inferiority margin.16 However, the strategy was non-inferior based on the DLQI, and dose 
tapering did not result in persistent &ares or safety issues. In this paper we show considerable cost 
savings, which could be an important driver for implementation, and highlights the importance 
of this study.10-12,14 

The strength of the CONDOR study was its high internal validity by means of randomized 
design, the use of validated outcome measures and good data integrity. Furthermore, this 
economic evaluation alongside the CONDOR trial bene#ts from the pragmatic design of 
the original trial in terms of no blinding, no strict in-and exclusion criteria, permission of other 
anti-psoriatic drugs, and therefore it mimics daily practice. The last point is especially important 
for the generalization of an economic evaluation for use in deciding whether to implement 
a new strategy in daily practice. 

Study limitations
A limitation of this study was the open-label design, which might have introduced reporting 
bias. In this economic evaluation this might have led to reporting more &ares or worse QoL, 
especially in the dose reduction arm. However, if this were the case, a lower di!erence would have 
been found between both treatment arms than the true di!erence, which, in the current study, 
is a conservative estimation. Furthermore, this economic evaluation was based on a relatively 
short follow-up period of 12 months, which could therefore be considered as a limitation. Some 
e!ects related to dose reduction may not be seen in this time window and therefore cannot be 
evaluated. For example, lower cumulative doses of biologics could potentially lower long-term 
risks, such as cancer, and thereby potentially increase health-related cost-savings in the future.6 
However, this is also true for the negative e!ects of withdrawing biologics, such as the long-term 
e!ects of the increase in topical corticosteroid use or reduction in their possible protective e!ect 
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on cardiovascular disease.26 In addition, the costs related to work productivity were not included. 
However, absenteeism due to stable psoriasis is scarce, and therefore it was decided to include 
only healthcare-related costs measured from a medical perspective.27 Although productivity 
losses due to &ares are possible, the CONDOR study demonstrated no signi#cant di!erence in 
persistent &ares between the groups.16 Hence we expect no in&uence on the incremental costs. 
In addition, the choice of SF6D utilities instead of EQ5D utilities, which is the most o'en used 
instrument in economic evaluations, might be considered as a limitation. "ere are no validation 
studies showing the responsiveness of either instruments in a psoriasis population with stable 
low disease activity. "erefore SF6D was used, it was considered that the SF6D items were more 
relevant for psoriasis than the EQ5D items. In view of the early detection of disease &ares within 
the context of dose reduction, SF6D was considered more appropriate than EQ5D. Mapping 
of DLQI items to EQ5D utilities is also presented in the dermatological literature; however, 
this is an indirect way of estimating utilities, and is therefore not recommended by pharmaco-
economic guidelines. Cost-e!ectiveness could not be calculated according to individual drugs; 
however, the results of this cost-e!ectiveness analysis were not driven by a single drug, as 
the dose reduction percentages were in the same range for all 3 drugs. 

Lastly, another limitation of this study could be the generalizability of the results to other 
countries. In addition, to general di!erences in healthcare systems, and hence healthcare-related 
costs, the implementation of a dose reduction strategy could be di!erent in other countries 
compared with the Netherlands.28,29 However, we consider that cost savings in biologics, achieved 
through a dose reduction strategy, will always negate the cost savings of the implementation 
of this strategy. Because the medication costs are the main cost-driver, we advise comparing 
the drug prices between countries in order to estimate the potential cost savings in the country 
of use. To gain insight into the in&uence of varying drug prices on the conclusion of this study, 
a sensitivity analysis was performed, with 30%, 50% and 80% reductions in the costs of biologics. 
In conclusion, cost savings will be lower with higher discount percentages, but the mean 
cost savings and iNMB remained positive up to an amount of /100,000 as compensation for 
a reduction in QALY and 50% reduction in drug prices. However, with an 80% reduction in 
drug costs there is a substantial chance that the iNMB will be negative, meaning that dose 
reduction will increase the costs when compensated by a reduction in QALY with any WTA. 

Another important factor that needs to be considered is that the WTA level is important 
in the generalizability of the presented results. With a lower WTA level the incremental net 
monetary bene#t will be higher. Finally, policymakers and society must decide what society is 
willing to pay or accept.

We would like to stress that, in order to gain similar results in terms of cost savings, one 
needs to implement the dose reduction strategy including a tightly controlled setting. Tightly 
controlled monitoring can contribute to earlier identi#cation of disease &ares, which can lead 
to prevention of under-treatment in these patients and minimization of the reduction in QoL. 
Tight control could mean that the workload of the treating physician increases; the current 
study found modest increases in telephone contacts and outpatient visits. Altogether, this 
potential increase in workload will be outbalanced by signi#cant cost savings. We expect that 
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this increase in workload is an e!ect that occurs particularly in the #rst year of dose reduction. 
In subsequent years, patients are expected to reach a stable dose, minimizing the number of 
extra visits needed. "is expectation is con#rmed by the cost-e!ectiveness analysis of dose 
reduction strategy studies performed in rheumatoid arthritis.17-19 

Another implication related to dose reduction that must be considered is that the use of 
co-medication might be increased, as seen with regard to the use of topical corticosteroids. 
In the dose reduction group 73% of patients used topical corticosteroids vs. 35% in usual care 
during the follow-up time of one year. It is has been shown recently that the application of topical 
treatments has a detrimental e!ect on QoL, which increases with the duration and frequency of 
applications.30 "is may be part of the explanation for the slight reduction in QALY in the dose 
reduction group in the current study. For future dose reduction studies a measurement tool 
should be used to capture this aspect, such as the Patient Bene#t Index (PBI) or a treatment 
satisfaction questionnaire.

Conclusion
A tightly controlled dose reduction strategy in patients with psoriasis treated with adalimumab, 
etanercept or ustekinumab results in substantial cost savings and a minimal reduction in 
QALYs. "erefore, in psoriasis treatment, the implementation of a dose reduction strategy 
combined with tight control of disease activity will reduce the budget impact of the use of 
biologic therapies. 
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SUPPLEMENTARY

Table S1. Healthcare prices

Type of healthcare Price (#)

Medication costs (per administration)
Adalimumab, 40 mg /540.00
Etanercept, 50 mg /225.00
Ustekinumab, 45 mg /3,249.00
Ustekinumab, 90 mg /3,255.30
Relevant healthcare costs
Dermatologist visit /169.62
Rheumatologist visit /169.62
Telephone contacts with physician
Hospital admission per day

/169.62
/421.46

Indirect costs
Travel costs to the hospital, price/km /0.19
Parking costs, per visit /3.00

Prices were recommended by the Dutch guideline for pharmacoeconomic research. Hakkaart- van Rooijen, LT, SS; 
Bouwmans, CAM, Handleiding voor kostenonderzoek. Methoden en standaard kostprijzen voor economische evaluaties 
in de gezondheidszorg 2010.

Table S2. Costs split per group (dose reduction (DR) vs usual care (UC))

Type of costs
Costs (#) DR 
Median [IQR]

Costs (#) UC 
Median [IQR]

Biologics 8,742 [1,856] 13,717 [2,347]
Healthcare utilization  848 [0]  848 [0]
Patient-related costs  23 [0]  23 [0]

IQR: interquartile range
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LETTER TO THE EDITOR

Dear Editor, 

Adalimumab, etanercept and ustekinumab are frequently used biologics for psoriasis, 
registered in standard dosages. It is exciting that we can now o!er a personalized approach 
to lower these dosages in stable psoriasis. "is will prevent overtreatment, lowering risks and 
costs. In the current letter we describe the pharmacological substudy of a tight-control dose 
reduction strategy of adalimumab, etanercept and ustekinumab for psoriasis patients with 
low disease activity in a multi-center pragmatic randomized controlled trial: the CONDOR 
study. Clinical outcomes are published elsewhere.1,2 In short, successful dose reduction was 
possible in 53% of patients and this strategy resulted in substantial cost savings. Non-inferiority 
was not demonstrated on the main outcome, Psoriasis Area and Severity Index (PASI), with 
a mean increase of 1.2 in dose reduction (DR) vs. usual care (UC) at 12 months. However, 
non-inferiority was demonstrated for the main secondary outcome: Dermatology Life Quality 
Index (DLQI, mean di!erence 0.8). An undesirable e!ect of DR by interval prolongation might 
be the increase of anti-drug antibodies (ADAs), which can impact e!ectiveness or safety.3,4 In 
literature, a relation was described between early serum drug levels or detectable ADAs and 
treatment outcomes of biologics in regular dosages, but their value in tapered dosages has hardly 
been investigated.5,6 Predictors that can identify patients most likely to sustain on tapered 
dosages would be extremely valuable in practice. We therefore investigated the course of serum 
drug concentrations, ADA levels and predictors for successful dose reduction of adalimumab, 
ustekinumab and etanercept for psoriasis. 

The CONDOR protocol has been approved (CMO Arnhem-Nijmegen-NL54557.091.15). 
Patients randomized to UC continued their authorized dosing regimen. For DR, the dose 
was #rst decreased to 67% of the original dose by interval prolongation. When patients had 
sustained low disease activity a'er 3 months, the dose was decreased to 50% of the original 
dose (Figure S1). When disease &are occurred (PASI or DLQI >5), patients returned to their 
previous e!ective dose. Serum samples were collected every three months at trough moments. 
When not measured exactly at trough, trough concentrations were estimated using population 
pharmacokinetic modelling with nonlinear mixed e!ects modelling (NONMEM). Details on 
serum drug level and ADA measurements are described in Methods S1. 

The course and extent of detectable ADA levels was expressed as proportions and relative 
risks (RR) at subsequent time-points for DR vs. UC. Of note, as this was not the primary outcome 
of the original study; this substudy was not powered on this outcome. To analyze in&uencing 
factors on the course of trough levels, 2 linear mixed model analyses were performed per drug. 
With these models, we studied the in&uence of study group (DR vs. UC) (mixed model 1) and 
the in&uence of dosing schedule (normal vs. 67% of original dose vs. 50% of original dose) 
(mixed model 2) on trough level course. Association of baseline characteristics (incl. baseline 
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trough concentrations) with successful dose tapering, was investigated with log binomial 
regression analysis and relations were expressed in RR (see Methods S2). 

We included 118/120 patients between 2016-2018 (Figure S2). Baseline characteristics 
are summarized in Table S1. Raw data on the course of trough levels and PASI scores for 
etanercept, adalimumab and ustekinumab are presented in Results S1. The distribution of 
the estimated baseline trough concentration for the whole study group (DR and UC) is shown in  
Figure 1, ith a median value of 5.48 µg/ml (IQR 3.38 -8.14) for adalimumab, 1.39 µg/ml [IQR 
0.87-1.78] for etanercept and 0.54 µg/ml [IQR 0.31-0.79] for ustekinumab. According to 
the mixed models, in which we studied the association between the intervention (mixed models 
1) and dosage schedule (mixed models 2), we found for all 3 biologics, as expected, that DR 
decreased trough levels, and the greater the dose reduction, the stronger the decrease in trough 
level (see Figure 1 and Results S2).

We did not see a signi#cant di!erence in the proportion of patients with detectable relevant 
ADA levels in DR compared to UC during follow-up for adalimumab (Table 1). One (4%) 
new case (i.e. conversion negative to positive ADAs) was present in DR and two (7%) in UC. 
The maximum level of adalimumab ADAs in DR remained low throughout the study (maximum 
31 AU/ml). For ustekinumab, relevant ADA development was absent in both UC and DR. 

In none of the biologics studied here, baseline characteristics were associated with successful 
DR (see Results S3). Baseline trough levels were also not predictive for successful DR (RR 0.998 
(95%CI 0.810-1.229); RR 0.727 (95%CI 0.246-2.152), and RR 1.004 (95%CI 0.181-5.573)) for 
adalimumab, etanercept and ustekinumab, respectively. Bear in mind, as the dosing interval for 
ustekinumab is long, in view of the half-life, trough might not represent exposure in the patients 
and should be measured at earlier time-points.

The present results are applicable to patients with stable low disease activity. Pharmacokinetics 
of biologics might be di!erent in such patients as disease severity in&uences drug clearance of 
biologics and, consequently, serum levels and ADA.7 In this study we found an inter-individual 
variation of baseline serum drug levels at start of DR. "is indicates that stable low disease 
activity, i.e. adequate treatment response, can be seen in patients with various drug levels, which 
is in line with other psoriasis studies.5,6 We here showed that patients with various drug levels 
at start of dose tapering were able to lower their dose. Baseline characteristics could not predict 
successful dose tapering. We report no di!erence in ADA levels of adalimumab and ustekinumab 
in patients undergoing DR compared to UC. Although groups are small, this may indicate that 
immunogenicity does not increase by interval prolongation in a stable low-disease activity 
cohort. "ese data provide important and reassuring insights in the pharmacological changes 
a'er dose tapering of the investigated biologics. Dose reduction can prevent overtreatment, 
minimize risks and costs, and is therefore worthwhile to consider in patients with stable low 
disease activity on adalimumab, etanercept or ustekinumab. 
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SUPPLEMENTARY

After 3 months:
PASI and/or DLQI ч5?

Patients with plaque psoriasis using registered
dose of adalimumab, etanercept and ustekinumab
with sustained low disease activity for at least 6 
months (2x PASI чϱ�ĂŶĚ��>Y/�чϱ�Ăƚ�ŝŶŝƚŝĂƚŝŽŶ)

First step to 67% of original dose
Adalimumab 40mg/3 weeks
Etanercept 50mg/10 days
Ustekinumab 45-90mg/18 weeks

Second step to 50% of original dose
Adalimumab 40mg/4 weeks
Etanercept 50mg/14 days
Ustekinumab 45-90mg/24 weeks

Return to original dose
Adalimumab 40mg/2 weeks
Etanercept 50mg/7 days
Ustekinumab 45-90mg/12 weeks

Re-evaluate every 3 months
thereafter
Return to previously effective, or 
original, dose if PASI and/or DLQI are 
>5 or patient wishes to return to 
higher dose

Yes

No

Figure S1. Study population and decision steps. Dose reduction strategy as investigated in the CONDOR study.1 
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Patients screened (n= 183) 

Excluded (n= 63) 
Did not meet inclusion criteria (n= 41) 
No low disease activity (n= 13) 
Anxiety about lowering dose (n= 6) 

     Personal reasons (n= 3) 

                                                                                 
Included for data analysis for current study (n= 59) 

Discontinued (n= 2) 
Lost to follow-up (n= 1)  (*data included) 
Protocol violation (n= 1) (*data excluded)                                       

Allocated to usual care (n= 60) 
  

 

Allocation 

Analysis 

Follow-Up 

Randomized (n= 120) 

Allocated to dose reduction (n= 60) 
  

 

Discontinued (n= 7) 
Lost to follow-up (n= 1)  (*data included) 
Protocol deviation (n=5) (*data included) 
Protocol violation (n= 1)  (*data excluded)                                                                             

Protocol violation (n= 1)                                         

Protocol violation (n= 1)                                                                                                                                     
Included for data analysis for current study (n= 59) 

Figure S2. Study Design and Patient Disposition for current substudy * In- or exclusion of data is only 
applicable to this sub-study and not the original CONDOR trial. For this study, only data of patients with 
a protocol violation were excluded (these patients did not meet inclusion criteria, but this became apparent 
a'er randomization). Note that for the original study, data inclusion di!ered per outcome (see Figure 1 of 
original trial).1
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Methods S1. Measurement of serum drug levels and anti-drug 
antibodies

Serum samples were collected at pre-de#ned visits every three months, which were planned at 
trough moments. When not measured exactly at trough, trough concentrations were estimated 
based on the measured drug concentration, using population pharmacokinetic (PK) modelling 
with nonlinear mixed e!ect modelling (NONMEM), using the PK model of adalimumab2, 
etanercept3 and ustekimumab4. Study personnel was blinded for assay results as samples were 
analyzed a'erwards. Whole blood samples were centrifuged for 15 minutes at 1500 rpm. 
Serum samples were stored at -80°C and analyzed at Sanquin Diagnostic Services, Amsterdam, 
The Netherlands.

Measurement of serum drug levels
Drug concentration assays were performed using a fully automated ELISA platform (Sanquin 
Diagnostic Services, Amsterdam, Netherlands). Assays were executed under ISO15189. 
Adalimumab has a lower limit of quanti#cation (LLOQ) of 10 ng/mL.5 The LLOQ of Etanercept 
is 0.1 µg/mL6 and the LLOQ of ustekinumab is 5 ng/mL.7,8 

Measurement of anti-drug antibodies
Anti-drug antibodies (ADAs) were measured using previously described radioimmunoassays. 
For adalimumab ADAs, this was described by van Schouwenburg et al.8, and ustekinumab as 
described by Loe! et al.9 Antibody levels were compared to a standard serum containing ADA 
levels and expressed in arbitrary units (AU). For adalimumab, levels >12 AU/ml were considered 
as ‘positive’ ADA levels and for ustekinumab the cut-o! point was >3 AU/ml. 

ADAs against etanercept were not determined, Sanquin Diagnostics has decided to terminate 
the testing of antibodies to etanercept from 1 May 2016, because anti-drug antibodies against 
the fully human biologic are low or absent, and non-neutralizing.10,11 
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Methods S2. Statistical analyses

2a. Statistical analysis -general notes
All data are presented per biologic. Descriptive statistics were used for analyzing baseline 
characteristics (including baseline serum drug levels) and treatment characteristics. For 
continuous variables, means and standard deviations (SD) or medians and interquartile ranges 
[IQR] were presented, depending on skewness of the data. Except stated otherwise, patients 
remained in the group (UC or DR), which they were originally assigned to (intention-to-treat) 
and missing values were not imputed. Statistical analyses were performed with SPSS statistical 
package, version 23.0 (SPSS Inc., Chicago, IL, USA) and SAS version 9.4.

2b. Course of serum drug levels and course of PASI (analysis of 
raw data) (methods apply to all biologics)
Our aim was to provide insight in the course of serum drug levels and anti-drug antibody 
formation against investigated biologics (adalimumab, etanercept, ustekinumab) in the context 
of dose tapering in patients with low disease activity (PASI and DLQI*5). The course of 
trough concentration throughout the study was visualized in graphs. Per biologic, trough 
concentration at subsequent time-points (month 3, 6, 9 and 12) were compared to baseline with 
the (paired) Wilcoxon Signed Rand test for the dose reduction and usual care group separately. 
Trough concentration di!erence was also compared between dose reduction vs. usual care using 
the Mann Whitney U test at di!erent time-points. 

The course of PASI throughout the study was also visualized in graphs; per drug, PASI at 
subsequent time-points (month 3, 6, 9, 12) were compared to baseline with the Wilcoxon Signed 
Rank (paired) test for the dose reduction and usual care group separately. PASI di!erence 
between dose reduction vs. usual care was also compared using the Mann Whitney U test at 
di!erent time-points. Patients remained in the group (UC or DR), which they were originally 
randomized to, missing data were not imputed. 

2c. Mixed model analyses of course of serum drug levels split per 
study group (mixed model 1) and per dosing schedule (mixed 
model 2) 
To gain insight in in&uencing factors on the course of trough levels, 2 linear mixed model analyses 
were performed for each drug. With these models, we studied the in&uence of study group (DR 
vs. UC) (mixed model 1) and the in&uence of dosing schedule (normal vs. 66% of original dose vs. 
50% of original dose) (mixed model 2) on trough level course (dependent variable). The models 
were performed with random intercept on patient level using variance components as covariance 
structure. With these linear mixed models it is allowed to use repeated correlated measurements 
such as multiple serum trough levels within the same patient. In mixed model 1 all patients 
are studied with the following candidate predictor variables for serum drug level: study group 
(initial randomization to UC vs. DR), time (3, 6, 9 and 12 months) and baseline trough level. 
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Patients remained in the group (UC or DR), which they were originally randomized to. In mixed 
model 2, the in&uence of dosing schedule (full dose (schedule 1) vs. 66% (schedule 2) vs. 50% of 
original dose (schedule 3)) was investigated. The following candidate predictor variables were 
tested: dosing schedule, time (3, 6, 9 and 12 months) and baseline trough level. Patients from 
the ‘usual care’ group were considered to have the normal concentration from the dosing schedule 
consistently and the used dosage in patients with lower dosages were taken into account for the DR 
group. Time, study group and dosing schedule were used in the models as categorical variables 
(factors) and trough levels at baseline as a continuous variable. The interaction between time and 
dosing schedule was studied and shown when present. In contrast with the other analyses, in  
mixed model 2, data were handled according to an as treated approach (i.e. patients switched 
groups in time, depending on their dose). 

2d. Log binomial regression analysis to evaluate predictors for 
successful dose tapering
To evaluate if baseline trough concentrations of adalimumab, etanercept, and ustekinumab are 
a predictor for successful dose tapering, a log binomial regression model was used and relations 
were expressed in relative risks. Also other possible predictors (biologics, age at inclusion, age 
of onset, gender, smoking, weight, disease duration, psoriatic arthritis, DLQI, PASI, C-reactive 
protein (CRP), biologic naivety, number of previous biologics and use of methotrexate/acitretin) 
were selected a priori based on clinical relevance.1 In case more than one variable in univariable 
log binomial regression analysis showed a P-value <0.2, a multivariable log binomial regression 
analysis was planned. Backward selection procedure was used, based on P<0.05 to come to 
a #nal model.1
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Results S1. Course of serum drug levels

1a: Course of serum drug levels and course of PASI (analysis of 
raw data) for adalimumab
All adalimumab trough concentrations were estimated at di!erent time points. For the usual care 
group, adalimumab trough concentrations remained stable over time (Figure S3a). The median 
adalimumab concentrations in the dose reduction group decreased signi#cantly from a median 
baseline concentration of 5.8 mg/L [3.1 mg/L-7.4 mg/L] to 2.7 mg/L [1.6 mg/L-4.3 mg/L] at 
month 12 (P-value 0.0) (Figure S3a). 

A signi#cant di!erence in adalimumab trough concentration between the usual care group 
and dose reduction group was observed at 6, 9 and 12 months. The trough concentrations were 
signi#cantly lower in the dose reduction group with a median di!erence [IQR] of 2.7 mg/L [1.9 
mg/L-4.5 mg/L] (P-value 0.002), 2.9 mg/L [2.4 mg/L-4.7 mg/L] (P-value 0.002) and 2.6 mg/L 
[2.0 mg/L-4.2 mg/L] (P-value 0.001), respectively (Figure S3a).

The median PASI scores for the usual care group were signi#cantly higher at 6 months (1.2 
[0.8-3.1]) and 12 months (1.2 [0.4-3.6] compared to baseline (0.6 [0.0-1.8]) with a P-value of 
0.011 and 0.034, respectively (Figure S3b). For the dose reduction group, median PASI scores 
increased from 0.6 [0.0-2.1] at baseline to 1.8 [0.3-2.8] at 3 months (P-value 0.014), to 2.4 
[0.9-3.8] at 6 months (P-value 0.0), to 2.6 [1.8-4.0] at 9 months (P-value 0.0) and to 2.6 [2.0-4.2] 
at 12 months (P-value 0.0) (Figure S3b). The PASI score was signi#cantly higher at month 9 and 
12 in the dose reduction groups vs. usual care group. The median [interquartile range] was 1.4 
[1.8-1.1] (P-value 0.019) and 1.4 [1.6-0.6] (P-value 0.019), respectively (Figure S3b).

Figure S3. Adalimumab. A, Adalimumab trough concentration throughout the study at di!erent time 
points for the usual care group and dose reduction group. Signi#cant di!erences between both groups were 
seen at 6 months (P-value 0.002), 9 months (P-value 0.002), and 12 months (P-value 0.001). Subsequent 
UC measurements were available for n=22, 22. 27 and 26 at M3, M6, M9 and M12 respectively. For DR, 
measurements were available for n=25, 24, 24 and 24 at M3, M6, M9 and M12. B, PASI scores at di!erent 
time points for both groups. Signi#cant di!erences between both groups were seen at 9 and 12 months 
(P-value 0.019).
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Figure S4. Etanercept. A, Etanercept trough concentration throughout the study at di!erent time points 
for the usual care group and dose reduction group. Signi#cant di!erences between both groups were 
seen at 3 months ((P-value 0.029), at 6 months (P-value 0.002) and 9 months (P-value 0.015) months. 
UC measurements were available for n=13, 14. 14 and 14 at M3, M6, M9 and M12 respectively. For DR, 
measurements were available for n=14 at all time points. B, PASI scores at di!erent time points for both 
groups. No signi#cant di!erences between both groups were seen.

1b: Course of serum drug levels and course of PASI (analysis of 
raw data) for etanercept
All etanercept trough concentrations were estimated at di!erent time points. Etanercept 
trough concentrations did not signi#cantly change over time for patients in the usual care 
group, Figure S4a. For patients in the dose reduction group, median trough concentrations 
signi#cantly decreased from a median baseline concentration of 1.39 mg/L [1.18 mg/L-1.82 
mg/L], to 0.80 mg/L [0.669 mg/L-1.0828 mg/L] (P-value 0.001) at 3 months, to 0.5027 mg/L 
[0.3855 mg/L-0.6678 mg/L] (P-value 0.001) at 6 months, to 0.6617 mg/L[0.393725 mg/L-0.9480 
mg/L] (P-value 0.002) at 9 months and to 0.7797 mg/L [0.564078 mg/L-1.3679 mg/L] (P-value 
0.005) at 12 months (Figure S4a). 

A signi#cant di!erence in etanercept trough concentration between the usual care group 
and dose reduction group was observed at 3, 6 and 9 months. The trough concentrations were 
lower in the dose reduction group with a median di!erence [IQR] of 0.6065 mg/L [0.0998 mg/L-
0.84467 mg/L] (P-value 0.029), 0.7747 mg/L[0.3062 mg/L-1.175887 mg/L] (P-value 0.002) and 
0.6158 mg/L [0.0298 mg/L-0.895 mg/L] (P-value 0.015) respectively (Figure S4a).

PASI scores did not signi#cantly change over time for patients in the usual care group,  
Figure S4b. In the dose reduction group, PASI scores signi#cantly increased at 3,9 and 12 months 
with a median of 3.150 [2.550-4.550] (P-value 0.04), 3.250 [2.625-5.525] (P-value 0.006) and 3.9 
[2.6-5.250] (P-value 0.009) respectively, compared to baseline (2.3 [1.550-3.075]) (Figure S4b). 
For the PASI scores, no signi#cant di!erences were obeserved between the usual care group and 
dose reduction group (Figure S4b).
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1c. Course of serum drug levels and course of PASI (analysis of raw 
data) for ustekinumab (Methods are described in Methods S1)
All ustekinumab trough concentrations were estimated at di!erent time points. For the usual 
care group, ustekinumab trough concentrations did not signi#cantly change over time, Figure 
S5a. For the patients in the dose reduction group, median trough concentrations signi#cantly 
decreased at 3, 6, 9 and 12 months with a median of 0.323 mg/L [0.195 mg/L-0.649 mg/L] 
(P-value 0.007) at 3 months, to 0.180 mg/L [0.079 mg/L-0.3175 mg/L] (P-value 0.001) at 
6 months, to 0.241880 mg/L [0.104 mg/L-0.5026 mg/L] (P-value 0.021) at 9 months, and to 
0.136 mg/L [0.058 mg/L-0.409 mg/L] (P-value 0.00) at 12 months compared to a baseline 
concentration of 0.568 mg/L [0.27 mg/L-0.83 mg/L] (Figure S5a). 

A signi#cant di!erence in ustekinumab trough concentration between the usual care group 
and dose reduction group was observed at 6,9 and 12 months. The trough concentrations were 
lower in the dose reduction group with a median di!erence [interquartile range] of 0.342 mg/L 
[0.254 mg/L-0.380 mg/L] (P-value 0.00) at 6 months, 0.304 mg/L [0.252 mg/L-0.214 mg/L] 
(P-value 0.019) at 9 months and 0.421 mg/L [0.282 mg/L-0.310 mg/L] (P-value 0.002) at 12 
months, respectively (Figure S5a). 

In the usual care group, PASI scores did not signi#cantly change over time, except for 
the PASI score at 9 months with a median of 2.1 [0.450-3.550] (P-value 0.035) from baseline 
(1.250 [0.0-2.65]) (Figure S5b). At most time points for the dose reduction group, PASI scores 
were not signi#cantly higher compared to baseline, except for 9 and 12 months (3.6 [2.7-5.2] and 
3.3 [2.95-4.650]) compared to baseline (2.3 [0.975-3.7], P-value 0.005 and 0.012 respectively) 
(Figure S5b). The PASI score was signi#cantly higher in the dose reduction group at 9 and 
12 months with a median of 1.5 [2.25-1.65] (P-value 0.009) and 1.7 [2.5-1.45] (P-value 0.008) 
compared to the usual care group (Figure S5b).

Figure S5. Ustekinumab. A, Ustekinumab trough concentration throughout the study at di!erent time 
points for the usual care group and dose reduction group. Signi#cant di!erences between both groups 
were seen at 6 months (P-value 0.00), at 9 months (P-value 0.019) and 12 months (P-value 0.002). UC 
measurements were available for n=18, 16, 17 and 16 at M3, M6, M9 and M12 respectively. For DR, 
measurements were available for n=19, 15, 9 and 18 at M3, M6, M9 and M12, respectively. B, PASI scores 
at di!erent time points for both groups. Signi#cant di!erences between both groups were seen at 9 months 
(P-value 0.009) and 12 months (P-value 0.008).
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Results S2. Mixed model analyses of course of serum drug levels 
split per study group (model 1) and per dosing schedule (model 2) 

2a: Mixed model analyses of course of serum drug levels split 
per study group (model 1) and per dosing schedule (model 2) for 
adalimumab
Figure 1B in original manuscript (mixed model 1) presents the pattern in time of the mean 
trough levels for DR and UC separately. The baseline trough level in&uences the levels on later 
time points (P-value <0.001), therefore we present the #gure with a standardized baseline 
trough level of 5.74 µg/ml (mean value) and this is used as the main starting point for both study 
groups. The trough level remained constant in UC and decreased in time in the DR group, and 
the di!erence between groups increased over time (P-value <0.001) (output of model available 
on request). 

Figure 1C in original manuscript (mixed model 2), summarizes the results of the model 
where the trough level is predicted from dosing schedule, time, baseline trough level and 
the interaction between time and dosing schedule. Again we started all groups with a baseline 
trough level of 5.74 µg/ml. In the UC group, which is referred to schedule 1 (40 mg/2 weeks 
(UC)), the trough level was constant. In the two DR groups - schedule 2 (40mg/3 weeks) and 
schedule 3 (40mg/4 weeks) - we saw a decrease in trough level, with the strongest decrease for 
schedule 3. According to the model, there was interaction between dosing schedule and time 
(P<0.001). The patterns in time were di!erent for the three dosing schedules (output of model 
available on request).

2b. Mixed model analyses of course of serum drug levels split 
per study group (model 1) and per dosing schedule (model 2) for 
etanercept
Figure 1E (mixed model 1) in the original manuscript presents the pattern of mean trough levels 
for both study groups in time (output of model available on request). Like with adalimumab, 
etanercept baseline trough levels in&uenced the levels on later time points (P-value <0.001), 
therefore, we present the #gure with a standardized baseline trough level of 1.39 µg/ml (mean 
value). Trough level remained constant in UC and decreases slightly in time in DR. The di!erence 
between the study groups also increased over time (P-value=0.003).

Figure 1F (mixed model 2) in the original manuscript shows results of the model where 
trough level is predicted from dosing schedule, time, baseline trough level (output of model 
available on request). In UC (schedule 1, 50mg/week) the trough level was constant. In the two 
DR groups, schedule 2 (50mg/10 days) and schedule 3 (50mg/14 days), trough levels decrease 
in time, with the strongest decrease for schedule 3. "ere was no interaction between dosing 
schedule and time (P-value=0.88). In summary, etanercept dose reduction decreased trough 
levels, with greater dose reduction showing a stronger decrease in trough level. 
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2c: Mixed model analyses of course of serum drug levels split 
per study group (model 1) and per dosing schedule (model 2) for 
ustekinumab
Figure 1H (mixed model 1) in the original manuscript presents the pattern in time of the mean 
trough levels for both study groups separately. Like for the other biologics, baseline trough 
levels in&uence levels on later time points (P-value <0.001). "erefore, we present the #gure 
with a standardized baseline trough level of 0.58 µg/ml (mean value). Trough levels remained 
constant in UC and decreased in time in DR. Di!erences between the groups increased over 
time (P-value=0.002) (output of model available on request).

Figure 1I (mixed model 2) in the original manuscript summarizes the results of 
the model where the trough level is predicted from dosing schedule, time, baseline trough 
level and the interaction between time and dosing schedule. Again, we started all groups with 
a baseline trough level of 0.58 µg/ml. For UC (schedule 1, 45-90mg/12weeks) trough levels 
remained constant. For the 2 DR groups - schedule 2 (45-90mg/18weeks) and schedule 3 
(45-90mg/24weeks) - a decrease in trough levels was encountered. The strongest decrease was 
seen for schedule 3. According to the model, there was interaction between dosing schedule and 
time (P-value=0.002). In summary, DR decreased ustekinumab trough levels, with greater dose 
reduction showing a stronger decrease in trough level (output of model available on request).
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Results S3. Predictors for successful dose reduction 

All baseline characteristics (Table S1) were tested for a possible association with successful dose 
tapering. An univariable log binominal regression analysis of determinants for dose tapering 
showed that disease duration, age at inclusion, drug and baseline PASI could be associated with 
successful dose tapering (with a P-value <0.2). To establish the strength of the independent 
associations of these variables, a multivariable log binominal regression analysis was done. 
According to the multivariable regression analysis, no variables were associated with successful 
dose tapering. 

3a Predictors for successful dose reduction of adalimumab
Baseline estimated trough level concentration of adalimumab was not predictive for successful 
dose tapering at month 12. Binominal logistic regression analysis showed a relative risk (RR) of 
0.998 (95%CI, 0.810-1.229) with a P-value 0.983; when the baseline trough level increases with 
1 than the chance for not successful dose tapering is 0.998. 

3b. Predictors for successful dose reduction of etanercept
Baseline estimated trough level of etanercept was not predictive for successful dose tapering at 
month 12. Binominal logistic regression analysis showed a relative risk (RR) of 0.727 (95%CI, 
0.246-2.152) with a P-value 0.566. 

3c. Predictors for successful dose reduction of ustekinumab
Baseline estimated trough level of ustekinumab was not predictive for successful dose tapering 
at 12 months. Binominal logistic regression analysis showed a RR of 1.004 (95%CI 0.181-5.573) 
with a P-value of 0.996; when the baseline trough level increases with 1 than the chance for not 
successful dose tapering is 0.996.
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ABSTRACT

Background/objectives
Tightly controlled dose reduction was possible during 1 year in psoriasis patients 
on adalimumab, etanercept or ustekinumab with low disease activity (CONDOR 
trial). Extended observation is needed to ensure long-term e!ectiveness and safety of 
the strategy. With prolonged follow-up, we investigated the clinical e!ects and safety of 
the strategy, the proportion of patients with successful dose reduction, and assessed if 
patients with a disease &are regained remission.

Methods
Two-year follow-up of a subgroup of patients previously included in a randomized 
pragmatic study comparing usual care (UC) with stepwise dose reduction (DR). 
E!ectiveness (Psoriasis Area and Severity Index, PASI), Dermatology Life Quality Index 
(DLQI), adverse events, proportion of patients with successful DR and proportion of 
persistent disease &ares were analyzed.

Results
DR leads temporarily to a slightly increased PASI groupwise, but on the long-term 
patients regained low PASI. DLQI scores remained stable during follow-up. No serious 
adverse events due to DR were reported. Forty-one percent of patients remained on 
a low dose up to 2 years. The number of persistent &ares was low in DR and UC. 

Conclusions
The proposed dose reduction strategy is e!ective for a signi#cant part of patients and 
remains safe up to 2 years of follow-up. 
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INTRODUCTION

Treatment of psoriasis has improved dramatically in the last decades due to the introduction of 
targeted biologic therapies. "ese drugs are e!ective, reduce skin symptoms and improve quality 
of life of patients.1-4 Biologics are administered in #xed dosages during many years. However, 
this may not be necessary in patients with a very good response. It is important to prevent 
overtreatment and use healthcare costs appropriately, and this can be achieved by striving for 
the lowest e!ective dose in patients with stable low disease activity.

The e!ectiveness of a tightly controlled dose reduction strategy has been described previously 
with evaluation of the Psoriasis Area and Severity Index (PASI), the Dermatology Life Quality 
Index (DLQI) and safety in a randomized pragmatic controlled trial containing 1 year follow-up 
(CONDOR trial).5 Non-inferiority was not demonstrated regarding PASI at 12 months, whereas 
DLQI was non-inferior and safety was reassuring.5 A'er 1 year, successful dose reduction was 
possible in 53% of psoriasis patients with stable low disease activity. 

However, more insight into the longer-term risks and bene#ts of such a dose reduction 
strategy is important for its further development and implementation. In this study, we 
investigated the extension phase of the CONDOR study with a follow-up duration up to 2 years 
regarding clinical e!ects and safety. In addition, we addressed if patients who were treated 
successfully with a low dose a'er 1 year, could maintain this up to 2 years. Lastly, we investigated 
whether and how patients with a disease &are a'er a dose reduction attempt regained their state 
of low disease activity.

METHODS

Study design, participation, randomization and procedures
"is is a 12-month open-label extension of the CONDOR study. The CONDOR study was a 1 year, 
pragmatic, open-label, randomized, controlled, non-inferiority trial in patients with psoriasis.5 In 
the original study, a tightly controlled dose reduction (DR) strategy of adalimumab, etanercept 
and ustekinumab was compared with usual care (UC). Patients with plaque psoriasis were eligible 
for inclusion in the original CONDOR study when they had stable and low disease activity on 
the authorized full dose of the biologics for at least 6 months. For the design and results of the study, 
we refer to previous papers.5,6 In short, patients in the DR received identical care as the UC, but 
the time interval between their injections was prolonged in two steps, resulting in 67% and 50% 
of their full authorized dose. In case of a short disease &are patients were advised to returned to 
their previous e!ective dose or original dose. A disease &are was de#ned as a PASI score >5 and/
or a DLQI score >5, once (short &are) or +3 months (persistent &are). 

The present paper describes the extension phase of CONDOR and was conducted from 
March 2017 to June 2019 in the Radboudumc, Nijmegen. In patients in the DR group who were 
still on a low dose at the end of CONDOR, the low dose was continued in this extension phase 
unless PASI or DLQI exceeded the threshold of 5 (i.e. disease &are). Other treatment choices, 
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as well as treatment of patients in the UC group, were made by the treating physician based on 
pertaining guidelines or usual care.

"is extension study was approved by the local ethics committee (Commissie Mensgebonden 
Onderzoek region Arnhem-Nijmegen, NL54557.091.15). Written informed consent was 
obtained from all patients in the DR group entering the extension study on a low dose. Data 
from patients from UC (on a normal dose) was extracted from BioCAPTURE registry, for which 
patients also provided informed consent.7 

Analyses 
In general, for continuous variables, means and standard deviation (SD) or medians and 
interquartile ranges [IQR] were reported, depending on skewness of the data. Patients that were 
lost to follow-up were le' out of the analysis a'er their lost to follow-up date. If there was no 
visit at 24 months, available data within a 3 month time window were used. Statistical analyses 
were performed with SPSS statistical package, version 23.0 (SPSS Inc., Chicago, IL, USA).

Disease activity and QOL during dose tapering and usual care 
(t=0 to t=24 months)
Baseline characteristics and treatment characteristics of patients entering the extension 
phase were described using descriptive statistics. To gain insight into the long-term e!ects of 
the introduction of a dose reduction strategy in general, the total study period (CONDOR and 
extension, t=0 until t=24 months) was described using a per protocol approach. PASI and DLQI 
scores were compared between DR and UC at each time point using the Mann-Whitney U test. 
Patients in DR that returned to a normal dose before the end of study (either CONDOR or 
the extension phase) remained in the DR group for this per protocol analysis, due to the fact that 
‘returning to a normal dose in case of a (short) &are’ was part of the study protocol. 

Safety of dose tapering and usual care (t=12 to t=24 months)
We added the safety of the extension phase (t=12 to t=24 months) to the existing knowledge as 
reported in CONDOR (t=0 to t=12).5 All adverse events and their relation to dose reduction were 
assessed by two reviewers (SA, JvdR). Severe adverse events (SAEs) and adverse events of special 
interest (AEoSI) were described in event rates per month. AEoSI included infectious events, 
cardiovascular events, malignancies and non-melanoma skin cancer, musculoskeletal events, 
arthritis, skin events and other clinically relevant events. For this safety analysis speci#cally, 
patients who started on a low dose in the CONDOR extension were classi#ed as the ‘low dose-
group’; patients that were treated with usual care or those who were on a normal dose when 
the extension phase started (i.e. patients that failed dose reduction already in CONDOR) were 
analyzed as the ‘normal-dose group’. Observation-time ended when the dose was changed in an 
individual patient and the patient did not belong to the original dose reduction group anymore. 
Formal statistical comparisons were not made because the study was not powered for this purpose.
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Maintenance of dose tapering (t=12 to 24 months)
Patients who were on a low dose at the start of the extension phase were selected. The proportion 
of these patients that continued dose tapering during this observational follow-up period was 
calculated for month 15, 18, 21 and 24. It was also assessed which proportion of patients on 
a low dose was successful (de#nition of successful: PASI and DLQI *5). Furthermore, the course 
of disease activity (PASI) and quality of life (DLQI) of this selection of patients was described 
for the CONDOR phase and extension phase (t=0 until t=24 months). 

Analysis of course of disease "ares in dose tapering and usual 
care (t=0 to t=24 months)
The number of persistent disease &ares in patients that were initially randomized to UC and 
DR in CONDOR was reported. "is analysis comprised data of the CONDOR phase and 
the extension phase (t=0 until t=24 months). Statistical comparisons were not made due to 
di!erences in follow-up duration between groups. The number of patients that were still in 
a state of persistent disease &are at 24 months was reported, as well as the number of patients 
that needed a higher than normal dose or a switch to another biologic due to disease &are. 

RESULTS

The cohort of this CONDOR extension study consisted of 88 patients and comprised only 
patients from Radboudumc that were included in the original CONDOR study. Of this cohort, 
44 were randomized to UC and 44 to DR in the initial CONDOR. Twenty-six out of 44 patients 
(59%, 95%CI 43%-73%) that were randomized to DR were still on a low dose at the end of 
the CONDOR study. Twenty-two out of these 26 patients were classi#ed as having ‘successful’ 
dose reduction (i.e. PASI and DLQI*5 on a low dose) and four out of 26 were classi#ed as 
‘unsuccessful’ (low dose but high PASI/DLQI >5). The other 18 DR patients returned to their 
normal dose due to failure of dose reduction before starting this extension phase. All 44 UC 
patients that #nished the CONDOR study were included for this extension study as a comparison 
cohort, and they continued usual care. At start of the extension phase, all 44 were on a normal 
dose but in time, a subgroup of patients (n=14) were actively switched to lower dosages and were 
excluded from analyses from that moment on. Figure 1 shows the &ow of patients throughout 
the CONDOR trial and this extension phase.
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Figure 1. Flow chart CONDOR Extension, Controlled Dose Reduction of Biologics with 24 months follow-up.

Table 1. Patient characteristics condor extension 

Characteristics
Usual care 
(n=44)

Dose reduction
(n=44)

Patient characteristics
Sex (male) 31 (71) 30 (68)
Age (years) * 56.3 (52.4-60.1) 53.7 (49.6-57.8)
Psoriasis onset (years)* 26.9 (22.8-31.0) 23.9 (20.5-27.3)
Disease duration (years)* 29.4 (25.6- 33.1) 29.8 (26.1-33.5)
Psoriatic Arthritis (yes) 10 (23) 12 (27)
Body Mass Index† 27 [25.3-31.0] 27 [23.8-31.7]
Weight (kilogram)† 88.1 [78.6-101.1] 81.5 [70.1-97.7]
Current alcohol use 32 (73) 35 (80)
Current smoking 11 (25) 9 (21)
Smoking in the past 21 (48) 24 (55)
Disease activity
PASI* 1.9 (1.4-2.3) 2.1 (1.7-2.6)
DLQI* 1.3 (0.8-1.8) 0.6 (0.3-1.0)
C-reactive protein† 1.0 [1.0-2.0] 1.0 [1.0-3.0]
Medical history
Diabetes Mellitus (1-2) 6 (14) 3 (7)
Hypertension 16(36) 14 (32)
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Table 1. (contined)

Characteristics
Usual care 
(n=44)

Dose reduction
(n=44)

Hypercholesterolemia 14 (32) 11 (25)
Myocardial infarction 2 (5) 2 (5)
Cerebrovascular accident 4 (9) 2 (5)
Malignancy 4 (9) 2 (5)
NMSC 2 (5) 2 (5)
IBD 1 (2) 0 (0)
Rheumatologic condition 10 (23) 8 (18)
Treatment in the study
Adalimumab 17 (39) 18 (41)
Etanercept 12 (27) 11 (25)
Ustekinumab 15 (34) 15 (34)
Methotrexate/Acitretin 3 (7) 2 (5)
Previous treatments
Topical steroids 44 (100) 44 (100)
Dithranol 22 (50) 25 (57)
UV-therapy (UVB/PUVA) 43 (98) 42 (96)
Retinoid (acitretin) 25 (57) 26 (59)
Fumaric acid esters 23 (52) 25 (57)
Ciclosporin 30 (68) 20 (46)
Methotrexate 40 (91) 43 (98)
Adalimumab 3 (7) 10 (23)
Etanercept 17 (25) 16 (36)
Ustekinumab 3 (7) 1 (2.3)
Secukinumab 0 (0) 0 (0)
In&iximab 4 (9) 0 (0)
Alefacept 5 (11) 3 (7)
Other biologics 6 (14) 8 (18)

Data are shown in number (%) of patients unless state otherwise. *Mean (95% con#dence interval) †Median  
[25th and 75th percentile]. PASI: Psoriasis Area and Severity Index; DLQI: Dermatology Life Quality Index; NMSC: Non-
melanoma skin cancer; IBD: In&ammatory Bowel Disease; UVB: Ultraviolet B; PUVA: Psoralen Ultraviolet A. No data 
on baseline characteristics were missing.

Disease activity and QOL during dose tapering and usual care 
(t=0 to t=24 months)
Table 1 shows patient and treatment characteristics of DR and UC. Course of PASI and DLQI  
were compared between DR and UC (of note, this concerns patients that were randomized to 
DR and UC, and remained in this group if the protocol was followed, including protocolized 
return to a normal dose). For these per protocol analyses, all 44 DR and 44 UC patients were 
described and compared for the extension phase until lost to follow-up.
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Figure 2 (A) shows the course of PASI. The PASI was signi#cantly higher in DR 
compared to UC at month 9 to 18, but this di!erence was not present a'er 18 months.  
Figure 2 (B) shows the course of DLQI. "ere were no signi#cant di!erences between both 
groups during the extension phase for DLQI. 

Safety of dose tapering and usual care (t=12 to t=24 months)
Sixty-two patients added observation time to the ‘normal dose group’ (i.e. n=44 UC and n=18 
DR patients that were on a low dose before entering the extension phase), and 26 patients added 

Figure 2. PASI and DLQI. (A) Psoriasis Area and Severity Index (PASI) comparison between usual care 
and dose reduction. PASI scores (median and IQR) are depicted for the original CONDOR study (month 
0, 3, 6, 9 and 12) and for the CONDOR extension phase (month 15, 18, 21, 24). Signi#cant di!erences were 
seen at 9 months (P=0.005), at 12 months (P= 0.001), at 15 months (P=0.002) and at 18 months (P=0.003). 
(B) Dermatology Quality and Life Index (DLQI) depicted for the original CONDOR study (month 0, 3, 6, 
9 and 12) and for the CONDOR extension phase (month 15, 18, 21, 24). Signi#cant di!erences between 
dose reduction and usual care were only observed at 6 months (P=0.005). No signi#cant di!erences were 
observed in the extension period. *Signi#cant di!erences that were observed between dose reduction and 
usual care.
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observation time to the ‘low dose group’ (i.e. all DR patients that entered the extension phase on 
a low dose). One patient (4%, 95%CI 0.2%-22%) reported one SAE in the low dose group and #ve 
patients (8%, 95%CI 3%-19%) reported 12 SAEs in the normal dose group during the extension 
phase. No SAE was assumed to be causally related to dose reduction in the low dose group. No 
patients had been admitted to the hospital due to a psoriasis exacerbation. In Table 2, AEoSI 
and SAEs, and corresponding rates (event rates per month) were speci#ed. As stated, statistical 
comparisons were not performed as the study was underpowered for this purpose.

One patient reported musculoskeletal complaints when using a low dose. Five patients 
in the normal dose group reported musculoskeletal complaints. No exacerbation or newly 
developed psoriatic arthritis (PsA) was reported in the normal dose group. In the low dose 
group, one patient was formally diagnosed with PsA in the extension phase. "is diagnosis was 
based on a monoarthritis which occurred during the extension phase, combined with the fact 
that he had one episode of arthritis in the past. All AEs per patient in the extension phase are 
reported in Supplemental Table 2. 

Table 2. Safety during condor extension  (t=12 to 24 months)

‘Normal dose group’ extension 
phase (n=62) 
Total follow-up years  
(sum:703.8 months/58.6 years) 
(Event rate per month, 95%CI)

‘Low dose group’ extension 
phase (n=26)  
Total follow-up years  
(sum: 257.3 months/21.4 years) 
(Event rate per month, 95%CI)

SAEs* 0.0171 (0.0097-0.0300) 0.0039 (0.0005-0.0276)
AEoSI 0.1122 (0.0900-0.1399) 0.1322 (0.0944-0.1850)
AE, AEoSI and SAEs per category
Infectious event 0.0753 (0.0575-0.0986) 0.0933 (0.0625-0.1392)
Cardiovascular event 0.0071 (0.0030-0.0171) 0.0078 (0.0019-0.0311)
Premalignancy 0.0099 (0.0047-0.0209) 0.0039 (0.0005-0.276)
Malignancy 0.0014 (0.0002-0.0101) 0
Non-melanoma skin cancer 0.0014 (0.0002-0.0101) 0.0039 (0.0005-0.0276)
Musculoskeletal events 0.0071 (0.0030-0.0171) 0.0039 (0.0005-0.0276)
Arthritis 0 0.0039 (0.0005-0.0276)
Skin events 0.0114 (0.0057-0.0227) 0
Hospital admission (pso exacerbation) 0 0
Other 0.0085 (0.0038-0.0190) 0.0194 (0.0081-0.0467)
Death 0 0 

AEoSI: Adverse events of Special Interests (see description in methods section); SAEs: Severe Adverse events. AEoSI and 
SAEs are expressed in rates (number of events per month) with 95% Con#dence Intervals (CI).
*All SAEs were deemed unrelated to the intervention of dose tapering. No hospital admission due to psoriasis 
exacerbation were observed. Category ‘Other’ includes the following clinically relevant events: renal function disorder, 
leg edema, benign prostate hyperplasia, wound leg, high intraocular pressure, sciatica, asthma, diverticulitis.



CHAPTER 6

132

6

Maintenance of dose tapering (t=12 to 24 months)
Baseline characteristics of the 26 patients that started on a low dose in this extension phase 
are presented in Supplemental Table 1. Figure 3 (A) shows the proportion of patients that 
remain on a low dose during the extension phase, for each time point (month 12-15-18-21-
24). Of these patients, 18/26 patients (69%, 95%CI 48%-85%) remained on a low dose until 
the end of the extension phase (at 24 months). Eight out of 26 patients (31%, 95%CI 15%-52%) 
returned to their original authorized full dose at the end of the extension phase. One patient 
(4%, 95%CI 0.2%-22%) had a low dose but a PASI/DLQI >5 at 24 months, but did not follow 

Figure 3. Dose, PASI and DLQI of 26 patients that started the CONDOR extension phase on a low dose 
(1-year extension phase). (A) Proportions of patients with successful dose reduction or failure, and their 
speci#c dosages. (B) Psoriasis Area and Severity Index (PASI) course (medians with interquartile ranges 
(IQR)). Missing M12=0, M15=2, M18=2, M21=2 and M24=1. (C) Dermatology Quality and Life Index 
(DLQI) course (medians with IQR). Missing M12=0, M15=3, M18=2, M21=2 and M24=3.
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the advice to return to his/her previous e!ective dose earlier, therefore 17/26 patients (65%, 
95%CI 44%-82%) could be considered as having successful dose reduction (low dose and low 
PASI/DLQI). Of the patients with a low dose until end of study (n=18), 11/18 (61%, 95%CI 
36%-82%) used 50% of their original dose, and 7/18 (39%, 95%CI 18%-64%) used 67% of their 
original dose at 24 months. 

The median PASI scores of the 26 patients who entered the extension phase on a lower dose 
was 3.6 [interquartile range (IQR) 2.6-4.4] at 12 months, 3.5 [IQR 1.6-4.8] at 15 months, 3.0 
[IQR 1.9-4.0] at 18 months, 2.3 [IQR 1.5-3.4] at 21 months, 1.8 [IQR 0.7-3.1] at 24 months, see  
Figure 3 (B). The median DLQI scores of 26 patients who entered the extension phase on a lower 
dose was 1.0 [IQR 0.0-3.0] at 12 months, 1.0 [IQR 1.0-3.0] at 15 months, 1.0 [IQR 0.3-2.0] at 18 
months, 0.5 [IQR 0.0-1.8] at 21 months, 1.0 [IQR 0.0-1.0] at 24 months, see Figure 3 (C).

Analysis of course of disease "ares in dose tapering and usual 
care (t=0 to 24 months)
In the extension phase, three new persistent &ares (7% 95%CI 2%-20%) occurred in the DR 
group. Over the entire study period (CONDOR and extension, t=0 to 24), 11 persistent &ares 
(n=10 patients, 23% 95%CI 12%-38%) ) were seen in the DR group. In UC, also three new 
persistent &ares (7% 95%CI 2%-20%) were observed in the extension period and seven (n=6 
patients, 14% 95%CI 6%-28%) over the entire study period (CONDOR and extension) were 
seen, but note that there were more patients lost to follow-up in UC than DR and direct 
comparisons cannot be made, as this leads to an underestimation of the &are rate in UC. A'er 
24 months, two patients in the DR group and two patients in the UC group were still in a state 
of persistent &are, but follow-up stopped due to end of study. 

Of all patients with a persistent &are, two patients in the DR group and one patient in the UC 
group received a higher dose than the normal dose in order to regain clinical e!ectiveness. 
In both DR and UC, no patient switched to another biologic due to clinical ine!ectiveness 
during the 24 month follow-up period. "roughout the total follow-up period, four DR patients 
preferred to stay on their low dose despite PASI/DLQI >5 and our advice to return to a normal 
dose. Two of those patients had a low PASI and DLQI score next follow-up visit and the other 
two patients had a persistent state of disease &are.

DISCUSSION

The present study provides an additional year of follow-up for patients randomized in 
the  CONDOR trial.5 In this trial, a dose reduction strategy of adalimumab, etanercept and 
ustekinumab in psoriasis patients was tested. For further development and implementation 
of a dose reduction strategy, insight is needed into the e!ectiveness and safety of patients 
undergoing the strategy on the long run, and to assess how tenable dose reduction is with this 
strategy. We saw that in general, dose reduction leads temporarily to a slight increase of PASI 
scores groupwise, but on the long-term (a'er 18 months) the PASI decreased again. DLQI scores 
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remained stably low during the whole period indicating that the temporary PASI increases had 
a limited e!ect on quality of life. Furthermore, we demonstrate that 18 out of 44 (41%) patients 
from the initial CONDOR study were still on a low dose a'er 2 years. Of all patients with a low 
dose at the end of the CONDOR study5, 70% could maintain their low dose up to 2 years of 
follow-up. Furthermore, we investigated if, and how, patients with a disease &are a'er a dose 
reduction attempt regained their state of low disease activity again. In dose reduction (DR) as 
well as usual care (UC), three persistent &ares were observed in each group in the extension 
phase. In total, two patients in the DR group and one patient in the UC group needed a higher 
dosage than the authorized dose to treat a disease &are. During the 24 months of follow-up 
(CONDOR and extension), no patient needed to switch to another biologic to regain low disease 
activity. "is implies that concerns regarding the possibility to regain e!ectiveness a'er failure 
of dose reduction may be redundant. 

"ere were no safety signals that dose reduction led to any related problems like hospital 
admission due to psoriasis exacerbation or serum sickness due to antibody formation. In 
the dose reduction group, there was one patient with newly diagnosed psoriatic arthritis 
but, in hindsight, this patient had suspected complaints already before the CONDOR study. 
Musculoskeletal complaints were higher in DR than UC in CONDOR, but low in both groups 
during this extension period.5 

Few studies have been published on long-term results of dose tapering of biologics for psoriasis. 
However, all showed that lower dosages were feasible in a substantial part of patients with low 
disease activity.8-10 The methodology of the present study (RCT vs. retrospective observational 
studies) and outcomes (de#nition of persistent &ares) di!er substantially from previous reports. 
In the study of Esposito et al. no clear dosing regimen was used and this contrasts with our tight 
controlled dose reduction strategy.9 We found a lower proportion of patients with successful dose 
reduction compared to that study, which might be explained by the fact that we were relatively 
strict when returning to a higher dose. Furthermore, in a study of Hansel et al, 30 patients who 
achieved complete clearance (PASI100) under a normal dose underwent dose reduction; 18 of 
them (60%) maintained complete clearance during the observation period with a median of 60 
months.8 "ey also found that higher BMI was associated with a higher chance of relapse due to 
dose tapering. Of note, we found that even patients without a PASI100 at baseline could lower 
their dose successfully and are worthwhile to consider for our strategy, but it is important to 
note that the de#nition of success also di!ers between studies. In addition, in another study 
of Bezooijen et al. with a follow-up duration of 1.5 years, reassuringly the outcomes of disease 
activity, quality of life (at baseline) and proportion of patients on dose reduction were very 
similar to our results.10 Nevertheless, this study was not randomized, small numbers of patients 
per biologic and di!erent dosing schedules were used.

A limitation of the present study was the fact that it was not powered to make strict statistical 
comparisons, e.g. on safety, as this extension phase was limited to subpopulation included in 
the CONDOR study. Reassuringly, baseline characteristics, like PASI, age, BMI, were comparable for 
these UC and DR subpopulations. Another factor that limited these comparisons was the fact that 
a part of the UC group did not complete the total extension phase, due to a switch to a lower dose. 
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Despite the small size of the population, the results of this extended observation of a dose 
reduction study on etanercept, adalimumab, and ustekinumab for psoriasis, provide important 
insights into the durability of this dose reduction strategy. We showed that 41% of patients could 
maintain their low dose up to 2 years, and the rise in PASI due to dose reduction was reversible 
in the vast majority of patients when following the reported dose reduction strategy. Moreover, 
DLQI scores remained low continuously and no SAEs related to dose reduction were reported. 
"ese reassuring results provide further support to implement the dose reduction strategy in 
psoriasis care for etanercept, adalimumab and ustekinumab, thereby improving personalized 
care for patients with psoriasis.
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SUPPLEMENTARY

Table S1. Patient characteristics of patients that entered the extension study on a low dose

Characteristics
Low dose
(n=26)

Patient characteristics
Sex (male) 18 (69)
Age (years) * 51.3 (45.3-57.2)
Onset psoriasis (years)* 23.7 (18.9-28.4)
Disease duration (years)* 27.6 (22.4-32.8)
Psoriatic Arthritis (yes) 7 (27)
Body Mass Index† 26.6 [23.8-31.7]
Weight (kilogram)† 81.4 [69.1-99.4]
Current alcohol use 19 (73)
Current smoking 6 (23)
Smoking in the past 12 (46)
Disease activity
PASI* 3.6 (2.9-4.3)
DLQI* 1.7 (0.8-2.5)
C-reactive protein† 2.0 [1.0-4.0]
Medical history
Diabetes Mellitus (1-2) 0 (0)
Hypertension 6 (23)
Hypercholesterolemia 6 (23)
Myocardial infarction 2 (8)
Cerebrovascular incident 2 (8)
Malignancy 1 (4)
NMSC 2 (8)
IBD 0 (0)
Rheumatologic condition 4 (15)
Treatment in the study
Adalimumab 15 (58)
Etanercept 3 (12)
Ustekinumab 8 (31)
Methotrexate/Acitretin 2 (8)
Previous treatments
Topical steroids 26 (100)
Dithranol 12 (46)
UV-therapy (UVB/PUVA) 24 (92)
Retinoid (acitretin) 14 (54)
Fumaric acid esters 15 (58)
Ciclosporin 11 (42)
Methotrexate 25 (96)
Adalimumab 3 (12)
Etanercept 11 (42)
Ustekinumab 0 (0)
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Table S1. (continued)

Characteristics
Low dose
(n=26)

Secukinumab 0 (0)
In&iximab 0 (0)
Alefacept 0 (0)
Other biologics 5 (19)

Data are shown in number (%) of patients unless state otherwise. *Mean (95% con#dence interval)  
†Median [25th and 75th percentile]. PASI: Psoriasis Area and Severity Index; DLQI: Dermatology Life Quality Index; 
NMSC:Non-melanoma skin cancer; IBD:In&ammatory Bowel Disease; UVB: Ultraviolet B; PUVA: Psoralen Ultraviolet 
A. No data on baseline characteristics were missing.

Table S2. List of all adverse events CONDOR Extension phase. 
The patients with AEs are numbered consecutively. The patients without AEs are not in this list. 

Usual Care

1 Cystitis Infectious event
Pneumonia Infectious event
Adenoma with high grade dysplasia of gastric Mucosa (surgery) SAE/premalignancy
Duodenal probe (vomiting and diarrhea) SAE 
Cystitis Infectious event
Pneumonia Infectious event
Subtotal gastrectomy (laporascopic) SAE

2 Herpes Zoster Infectious event
3 Papular Eczema Skin event
4 Bursitis shoulder Musculoskeletal disorder
5 Actinic keratosis scalp Premalignancy

Hypostatic Eczema Skin event
Super#cial basal cell carcinoma Non-melanoma skin cancer

6 Upper respiratory tract infection Infectious event
7 Actinic keratosis Premalignancy

Actinic keratosis Premalignancy
Upper respiratory tract infection Infectious event
Actinic keratosis Premalignancy

8 Otitis Media Infectious event
Herpes Zoster cheek/oral cavity Infectious event

9 Endocarditis SAE/Infectious event
Splenic Infarction SAE/Cardiovascular event
"romboembolism leg SAE/Cardiovascular event

10 Pneumonia Infectious event
Upper respiratory tract infection Infectious event
Balanitis Infectious event

11 Cheilitis angularis Infectious event
Intertrigo mammae Skin event

12 Upper respiratory tract infection Infectious event
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Table S2. (continued)

13 Folliculitis Infectious event
Upper respiratory tract infection Infectious event

14 Upper respiratory tract infection Infectious event
Upper respiratory tract infection Infectious event

15 Erysipelas Infectious event
Renal function disorder Other
Erysipelas Infectious event
Edema leg Other
Erysipelas Infectious event

16 Psoriasis pustulosa Skin event
Eye infection Infectious event

17 Onychomycosis Infectious event
19 Upper respiratory tract infection Infectious event
19 Upper respiratory tract infection Infectious event

Upper respiratory tract infection Infectious event
20 Urinary tract infection Infectious event

Actinic keratosis 
(Keratinocytic intraepidermal neoplasia) Premalignancy

21 Pneumonia Infectious event
Bronchitis Infectious event

22 Onychomycosis Infectious event
Hypertension Cardiovascular event
Renal function disorder  Other

23 Erythema migrans Infectious event
Herpes labialis Infectious event

24 Upper respiratory tract infection infectious event
25 Orthostatic Eczema Skin event

Upper respiratory tract infection Infectious event
26 Upper respiratory tract infection Infectious event
27 Transient Ischemic Attack Cardiovascular event

Jaw infection Infectious event
28 Upper respiratory tract infection Infectious event

Bursitis hip right Musculoskeletal disorder
Benign prostate hyperplasia Other
Urinary tract infection Infectious event

29 Urticaria Skin event
Actinic keratosis Premalignancy
Actinic keratosis Premalignancy

30 Upper respiratory tract infection Infectious event
Upper respiratory tract infection Infectious event
Upper respiratory tract infection Infectious event

31 Actinic keratosis nose Premalignancy
Arthroscopy elbow/ bicepstenotomy Elective Surgery
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Table S2. (continued)

Dose Reduction

1 Coronary Artery Bypass Gra'ing (CABG) SAE/ cardiovascular event
Wound infection SAE/Infectious event
Folliculitis Infectious event
Pneumonia SAE/ infectious event
Decubitus grade II Skin event

2 Pyelonephritis Infectious event
3 Actinic keratosis scalp Premalignancy

Upper respiratory tract infection Infectious event
4 Upper respiratory tract infection Infectious event
5 Upper respiratory tract infection Infectious event
6 High intra-ocular pressure Other
7 Upper respiratory tract infection Infectious event

Upper respiratory tract infection Infectious event
Upper respiratory tract infection Infectious event

8 De Quervain syndrome Musculoskeletal disorder
9 Upper respiratory tract infection Infectious event

Monoarthritis metatarsophalangeal 5 Musculoskeletal disorder, arthritis
Upper respiratory tract infection Infectious event

10 Upper respiratory tract infection Infectious event
11 Chlamydia infection Infectious event

Pyelonephritis Infectious event
Upper respiratory tract infection Infectious event

12 Upper respiratory tract infection Infectious event
13 Infection right leg Infectious event
14 Asthma Other

Urinary tract infection Infectious event
15 Upper respiratory tract infection Infectious event

Upper respiratory tract infection Infectious event
Upper respiratory tract infection Infectious event

16 Ileus SAE
Acute cholecystitis (cholecystectomy) SAE

17 Upper respiratory tract infection Infectious event
18 Bursitis shoulder Musculoskeletal disorder
19 Infection leg Infectious event
20 Upper respiratory tract infection Infectious event
21 Grawitz tumor SAE/malignancy
22 Tinea Pedis Infectious event
23 Wound leg (pretibial) Other
24 Coronary angiography (hospitalization) SAE/cardiovascular event

Epicondylitis lateralis le' Musculoskeletal disorder
Angina Pectoris Cardiovascular event

25 Upper respiratory tract infection Infectious event
26 Diverticulitis Other

Urinary tract infection Infectious event
27 Radius facture surgery Elective surgery 
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Table S2. (continued)

Osteoporosis Musculoskeletal disorder
29 Otitis Infectious event

Otitis Infectious event
30 Upper respiratory tract infection Infectious event
31 Micronodular basal cell carcinoma nose Non-melanoma skin cancer
32 Upper respiratory tract infection Infectious event
33 Sciatica Other

Upper respiratory tract infection Infectious event
34 Upper respiratory tract infection Infectious event

Upper respiratory tract infection Infectious event
Seborrheic Eczema Skin event
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ABSTRACT 

Dose reduction of biologics for psoriasis could contribute to lower drug exposure. 
"is study evaluated a one-step, tightly controlled, biologic dose reduction strategy in 
a prospective daily practice cohort. In patients with psoriasis with low disease activity 
using adalimumab, etanercept or ustekinumab for at least 6 months, the dosing interval 
was prolonged with 33%. Patients could return to their normal dosing interval in case 
of disease &are. Of 108 eligible patients, 80 started dose reduction and were analysed. 
In total, 36/80 patients (45.0%) discontinued dose reduction a'er 19 months (95% 
con#dence interval 14.9-23.1 months). Of 67 patients with 1-year follow-up, 45 (67.2%) 
still used the lower dose a'er 1 year. No serious adverse events related to dose reduction 
occurred. Cumulative dose and costs decreased by 22.7% during 1 year. In conclusion, 
a one-step tightly controlled dose reduction strategy for adalimumab, etanercept and 
ustekinumab has considerable potential to safely decrease biologic dosages in patients 
with psoriasis in daily practice. 
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INTRODUCTION

Biologics are e!ective therapies for moderate to severe psoriasis. However, treatment with 
biologics is o'en based on general guidelines and standard dosing regimens. "is may not 
always suit the individual patient. Dose reduction (DR) of biologics in psoriasis could contribute 
to more personalized treatment. High costs and long-term safety concerns associated with 
biologics make DR desirable for implementation in daily practice. 

In a recent pragmatic randomized controlled trial (RCT) we investigated a tightly controlled 
DR strategy in patients with psoriasis with stable low disease activity: the CONDOR study.1 
Although non-inferiority regarding disease activity was not demonstrated, DR of adalimumab, 
etanercept, and ustekinumab was possible in 53% of patients, without safety concerns. Other 
studies also showed that DR of adalimumab, etanercept and ustekinumab is possible in patients 
with low disease activity2-5, but success rates di!er based on success de#nition, DR strategy and 
study design. 

For further implementation of such a strategy, it is essential to study the gains and investments 
needed in daily practice. "erefore, the aim of this study was to prospectively evaluate a one-step 
tightly controlled DR strategy in daily practice. "is strategy, based on the CONDOR study, was 
incorporated in clinical practice. The strategy is guided by disease activity and patients’ reported 
quality of life (QoL). Instead of 2 DR steps in CONDOR, we started conservatively with only 
one-step, leading to 67% of the original dose. The use of this adapted, one-step tightly controlled 
DR strategy in daily practice was evaluated regarding time investment, practicability, patients’ 
experiences, success rate, patient and treatment characteristics, safety and cost reduction. 

MATERIALS AND METHODS

Design and participants
"is prospective, clinical evaluation was conducted at the department of dermatology of 
Radboudumc, an academic hospital in The Netherlands, between February 2018 and February 
2020. The tightly controlled DR strategy of the CONDOR study was adapted and evaluated in 
clinical practice in our hospital a'er retrieving #rst trial results.1 In CONDOR, eligible patients 
had Psoriasis Area and Severity Index (PASI) scores *5 at 2 subsequent visits in the past 6 months 
and Dermatology Life Quality Index (DLQI) scores *5 at inclusion. In our daily practice strategy, 
patients were asked to participate in case of low disease activity for at least 6 months according 
to the treating physician, with PASI and DLQI scores *5 at start of DR. Participation on patients’ 
request despite PASI or DLQI >5 or treatment <6 months was allowed a'er approval from their 
treating physicians. In accordance with the trial, adult patients with plaque psoriasis as primary 
indication for biologic use, should use adalimumab, etanercept or ustekinumab in the registered 
dose (40 mg every other week, 50 mg per week, 45 mg or 90 mg every 12 weeks, respectively) 
for at least 6 months before starting DR. In case of psoriatic arthritis (PsA), patients should have 
adequately controlled joint in&ammation. The treating rheumatologist was consulted for approval 
of DR in case of doubt. The use of concomitant anti-psoriatic drugs was permitted. 
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Instead of 2 DR steps, DR was started conservatively with only one-step. The interval was 
prolonged, leading to 67% of the original dose. In case of a disease &are (i.e. PASI and/or DLQI 
score >5), patients were advised to return to the (previous) e!ective or authorized dose of their 
biologic. Patients could also return to the (previous) e!ective dose at their own request. 

All patients at our outpatient clinic for biological treatment were screened by a dedicated 
nurse, to determine whether they were possible candidates for DR. In case of a negative #rst 
screening result, patients were screened again before every subsequent visit. Possible eligible 
patients were asked to participate by their treating physician (i.e. shared decision-making). 
Patients’ motivations for participating in the strategy and for not participating were collected. 

Outpatient visits took place every 3-6 months with monitoring of disease activity by PASI 
and DLQI, according to usual practice. Extra visits could be scheduled at patients’ request. 
Patients were also asked to complete the Skindex-29 questionnaire, a dermatology-speci#c 
quality of life questionnaire.6-8 During follow-up, patients were asked about their experiences 
with the DR strategy, as well as their reasons for discontinuation of DR. Patients were stimulated 
to contact their physician in case of disease worsening. When patients were not able to visit 
the clinic, a telephone contact was made. Safety monitoring was carried out according to 
existing guidelines for clinical practice, and serious adverse events (SAEs) possibly related to 
DR were collected. 

All data were anonymized and collected using a web-based data management system, 
CASTOR9. All patients have been included in the prospective BioCAPTURE registry, as 
described elsewhere10, and therefore provided written informed consent to use their clinical 
data for scienti#c purposes.

Outcomes
The aim of this study was to evaluate the use of the adapted DR strategy in daily practice. 
"erefore, the numbers of patients eligible for DR were analysed. Patients’ opinions and 
experiences were assessed, including reasons for participating and for not participating, 
and reasons for stopping DR. Success of the DR strategy was measured by the proportion of 
patients using a lower biologic dose up to 1 year, and the proportion of patients who stopped 
DR including time until stop. Regarding safety, SAEs possibly related to DR were assessed. 
Furthermore, disease activity (PASI scores) and patient-reported quality of life (DLQI and 
Skindex-29 scores) during 1 year of DR were evaluated. Cumulative reduced biologic doses 
and costs were compared with the normal doses. Other indirect costs, such as other medical 
costs or visit costs were not included. Biologic costs were based on actual Dutch prices during 
the study.11 

Statistical Analysis
Data were extracted from the database and imported into SPSS Statistics 25 (IBM, Armonk, 
NY, U.S.A) for analysis. Patients who stopped DR *1 month and patients who were included 
<3 months before data lock were excluded from analyses. Follow-up ended when patients 
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discontinued DR or at the moment of data lock, whichever came #rst. Depending on the type 
of variable and its distribution, descriptive statistics are presented as percentages with absolute 
numbers, means with 95% con#dence intervals (95% CI) or medians and interquartile ranges 
(IQR). In order to analyse outcomes for di!erent time-points, visit data were centered into 
the nearest 3-monthly time-points (i.e. visit months) with a window of ±6 weeks.

Screening results of patients possibly eligible for DR were summarized, and the number 
needed to screen (NNS) of all patients from the biologic outpatient clinic to detect one 
patient who started DR was calculated. Baseline characteristics of participating patients were 
summarized, as well as patients’ motivations for participation or refusing participation, patients’ 
experiences regarding DR, proportion of patients on a lower dose, proportion of patients who 
stopped DR (for the total cohort and per biologic), and reasons for stopping DR. The time until 
stop of DR was presented graphically by a Kaplan-Meier curve and patients were censored when 
follow-up ended. Median survival time was calculated for the total group and per biologic. 
Based on PASI and DLQI scores at the moment of DR discontinuation, the total number of 
patients who stopped due to a disease &are (i.e. PASI and/or DLQI >5) was calculated. Of patients 
with PASI >5, further PASI course for the next 6 months was checked in their patient records. 
The proportion of patients who discontinued DR despite low PASI and/or DLQI scores was also 
calculated. SAEs possibly related to DR (e.g. psoriasis exacerbation requiring hospitalization) 
were counted.

For subanalyses of outcomes a'er 1 year, a subcohort of patients with su%cient follow-up 
was de#ned, including patients who started the DR strategy +1 year ago. For this subcohort, 
the proportion of patients who were still on a lower dose a'er 1 year was calculated. PASI, 
DLQI and Skindex-29 were analysed in 2 ways. First, data of continuing patients only were 
analysed (‘as treated’ analysis), and second, ‘intention-to-treat’ (ITT) analysis with imputation 
of missing values using last observation carried forward (LOCF) was performed on the total 
group. The LOCF method carries forward the last available outcome, which leads to more 
conservative estimations.12 The dose used in the #rst year of the DR strategy was calculated for 
the subcohort of patients who started DR +1 year ago. In case patients discontinued DR, their 
used dose during the rest of the year was substituted. The mean reduction in the biologic dose 
compared with the normal dose per label, and corresponding cost reduction, were calculated . 

RESULTS 

Participants
In total 498 patients visiting our outpatient clinic for biological treatment were screened 
between February 2018 and February 2020. The screening results are shown in Fig. 1. In total, 
390 out of 498 patients did not qualify for DR, for reasons stated in Fig. 1. "is resulted in 
a group of 108 patients eligible for DR. A'er re-screening of 390 ineligible patients, 15 patients 
were included because they achieved stable disease activity, used normal doses again, reached 
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6 months treatment duration or because of other reasons. In total, 85 out of 498 (total clinic 
population) started with DR, resulting in a NSS for one patient on DR of 5.9. Five patients 
were excluded from analysis (see Fig. 1). The total follow-up duration ranged from 49 to 670 
days (mean 365 days). A subcohort of 67 patients who started the DR strategy +1 year ago was 
de#ned for subanalyses. Time investment of the dedicated nurse was approximately 1 hour per 
16 patients. Baseline characteristics of the participating patients are shown in Table I. Overall, 
baseline PASI and DLQI scores were low. However, 3 patients started DR at their own request 
with DLQI scores >5. One patient insisted on starting DR despite PASI >5, but had a limited 
a!ected body surface area (2.3%) and a DLQI score of 0 and was therefore allowed to start DR. 

Figure 1. Screening results and eligible patients. Patients with psoriasis who visited the outpatient clinic for 
biological treatment were screened between February 2018 and February 2020. Only patients with stable, 
low disease activity for at least 6 months and using adalimumab, etanercept or ustekinumab at the normal, 
registered dose could participate.
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Patients’ opinions and experiences
Patients’ reported motivations for participating are shown in Table II. The most important 
reason for starting DR was ‘minimizing medication use’. Of all patients who did not want to 
participate, the most frequently reported reason was ‘fear of psoriasis &ares’. During follow- 
up, a random sample of 55 participants were asked about their experiences. Of this sample, 
36 patients (65.5%) were positive or satis#ed regarding DR, 13 patients (23.6%) were slightly 
positive/moderately satis#ed, and 6 patients did not respond. No participants were dissatis#ed.

Dose reduction characteristics
Of all patients who started DR (n=80), regardless of their follow-up duration, 44 (55%) continued 
and 36 (45%) discontinued DR. DR was stopped by 19/42 (45.2%) adalimumab patients, 7/16 
(43.8%) etanercept patients and 10/22 (45.6%) ustekinumab patients. The number of patients 
who discontinued DR per visit month is shown in Table III. In total, 7/36 discontinuing patients 
had PASI and/or DLQI scores >5, whereas 22/36 patients discontinued DR despite low PASI 
and/or DLQI scores. Two patients stopped DR due to an increase of joint complaints, with one 
patient already having PsA. Rheumatological examination of the other patient did not reveal 

Table 1. Baseline characteristics of participating patients

Characteristics Total (n=80)

Sex, male, n (%) 57 (71.3)
Age, years, median [IQR] 52 [43-64]
BMI, kg/m2, median [IQR] 28.2 [21.4-31.7]a

Baseline PASI score, median [IQR] 1.6 [0-2.4]b

Baseline DLQI score, median [IQR] 0 [0-1]c

Baseline Skindex-29 score, median [IQR] 4.7 [0.9-13.8]d

Treatment, n (%)
Adalimumab 42 (52.5)
Ustekinumab 22 (27.5)
Etanercept 16 (20)

Comorbidities, yes, n (%) 
Psoriatic arthritis 16 (20)
Rheumatoid arthritis 2 (2.5)
Spondylarthropathy 2 (2.5)
Hidradenitis suppurativa 1 (1.3)
In&ammatory bowel disease 0
Other 3 (3.8)

Comedication, n (%)
Methotrexate/acitretin
Azathioprine/prednisolone 

5 (6.3)
1 (1.3)

Missing data (n): a12, b3, c2, d3.
BMI: body mass index; DLQI: Dermatology Life Quality Index; IQR: interquartile 
range; PASI: Psoriasis Area and Severity Index; SD: standard deviation.
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Table 2. Reasons for participating (n=80)

Reason n (%)a

Prede#ned answers
To use a minimum amount of medication 47 (58.8)
Biologic use for a long time 18 (22.5)
To lower societal healthcare costs 12 (15)
Afraid of long-term e!ects 10 (12.5)
Experiencing side-e!ects 7 (8.8)
Open answers 
Stable low disease activity
According to suggestion treating physician
To contribute to research
Possible positive health e!ects
To see if skin remains clear
Why not 
Patients request
Asked, but unknown

9 (11.3)
7 (8.8)
3 (3.8)
3 (3.8)
2 (2.5)
1 (1.3)
1 (1.3)
1 (1.3)

aData are presented as n (% of total participants). More answers were possible.

Table 3. Numbers of patients who discontinued dose reduction (DR) per visit month 

Time, monthsa

Total3  6 9 12 15 18 21
Stop DR 14 6 6 1 4 2 3 36
PASI and/or DLQI >5 4 1 1 1 - - - 7 (19.4%)b

PASI and/or DLQI *5 8 4 3 - 2 2 3 22 (61.1%)b

Unknown PASI and/or DLQI 2 1 2 - 2 - - 7 (19.4%)b

a Data are presented as number of patients in the total cohort (n=80) who discontinued DR per visit month during 
follow-up. b Percentage of patients who discontinued DR. PASI: Psoriasis Area and Severity Index;
DLQI: Dermatology Life Quality Index.

PsA. During follow-up, a total of 8 patients showed temporarily a PASI >5, of which 4 patients 
continued DR at their own request and regained PASI <5 within 6 months. Of 4 patients with 
PASI >5 who discontinued DR, 3 patients regained PASI <5 within 6 months. One patient with 
baseline PASI >5 discontinued DR at 6 months (PASI >5). All patients with high baseline DLQIs 
(n=3) discontinued DR at month 3, with one patient having PASI >5. The median time until 
stop was 19 months (95% CI 14.9-23.1) as presented in a Kaplan-Meier curve (Fig. 2). Reasons 
for stopping DR were reduced e!ectiveness experienced by the patient (n=18; 50%), reduced 
e!ectiveness experienced by both physician and patient (n=9; 25%), joint complaints (n=2; 
5.6%), or another reason/missing (n=7; 19.4%). No serious adverse events (SAEs) related to DR 
were reported. "ere were no changes in concomitant immunosuppressant use. 



EVALUATION OF A ONE-STEP DOSE REDUCTION STRATEGY IN DAILY PRACTICE

153

7
Figure 2. Kaplan-Meier survival curves for time until stop of dose reduction (DR). (a) Time until stop of 
DR for all biologics (n=80). Median time until stop was 19 months (95% CI 14.9-23.1 months). (b) Time 
until stop of DR split per biologic. Data include 42 patients on adalimumab (ADA) (n=19 stopped DR), 16 
on etanercept (ETA) (n=7 stopped DR) and 22 on ustekinumab (USTE) (n=10 stopped DR). Median time 
until stop was 9 months (95% CI 14.7-23.3 months) for adalimumab, and 19 months (95% CI 12.0-26.0 
months) for ustekinumab. For etanercept, the median time until stop of DR could not be calculated, as 
>50% was still active in the survival curve at end of analysis. 

From the subcohort of patients who started DR +1 year ago (n=67), 45 patients (67.2%) 
were still on a lower dose a'er 1 year. Twenty-seven out of 37 (72.9%) adalimumab patients, 
8/14 etanercept patients (57.1%) and 10/16 (62.5%) ustekinumab patients were on a lower dose 
a'er 1 year. 

Disease activity and quality of life
PASI, DLQI and Skindex-29 during 1 year were analysed 2 ways (as treated and ITT with LOCF) 
as shown in Fig. 3. Analyses were performed within the subcohort of patients who started DR 
+1 year ago (n=67). During 1 year of DR, PASI scores were low (median [IQR], 1.6 [0.2-2.5] 
at baseline, 1.7 [0.5-3.0] at month 6 and 1.9 [0.8-2.8] at month 12 in as treated analyses) with 
a maximum range of 0-6.90. Median DLQI scores (as treated) were 0 [0-1] at baseline, 0 [0-1.5] 
at month 6 and 0.5 [0-2] at month 12. For Skindex-29, median scores (as treated) were 5.2 
[0.9-16.4] at baseline, 5.2 [0.9-13.8] at month 6 and 6.9 [0.9-14.7] at month 12. Both median 
DLQI and Skindex scores correspond with minimal impact of psoriasis on patients’ QoL.13-14 
ITT analysis with LOCF gave a more conservative estimate of PASI, DLQI and Skindex-29, with 
slightly higher scores a'er month 6 compared with the as treated analysis. 
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Figure. 3. Psoriasis Area and Severity Index (PASI), Dermatology Life Quality Index (DLQI) and Skindex-
29 scores by analysis method. Total patients n=67. Data are presented as medians with interquartile 
range[IQR]. Range of total possible scores: PASI 0-72, DLQI 0-30, Skindex-29 0-100. Number of missing 
observations per visit month for the as treated analyses (n): PASI 3 (month 0), 3 (month 3), 1 (month 6), 2 
(month 9), 1 (month 12); DLQI 1 (month 0), 3 (month 3), 1 (month 6), 0 (month 9), 3 (month 12); Skindex-
29 8 (month 0), 2 (month 3), 2 (month 6), 0 (month 9), 1 (month 12). 

Biologic doses and costs 
The cumulative dose during 1 year of the DR strategy was calculated for the subcohort of 
patients who started DR +1 year ago (n=67). In total, 22.7% reduction of biologic dose and costs 
was achieved a'er 1 year compared with the per label dose, resulting in absolute cost savings of 
/159,228.16. Mean dose per patient per biologic, cost savings and the corresponding percentage 
reduction are shown in Fig. 4. 
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Figure 4. Mean doses per patient and percentage reduction in normal dose and costs a'er 1 year 
of dose reduction (DR) strategy. Data are presented for the subcohort of patients who started 
DR +1 year ago (n=67). Cost savings are presented as mean per patient and were based on actual 
local prices per injection on April 1 2020: adalimumab (ADA) /390.87; etanercept (ETA) /181.92;  
ustekinumab (USTE) 45 mg / 1,410.13; ustekinumab 90 mg /2,820.27. 
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DISCUSSION

"is prospective evaluation shows that a one-step tightly controlled DR strategy of adalimumab, 
etanercept and ustekinumab for patients with psoriasis is possible in daily practice. Of 108 
patients with low disease activity, 85 started with DR. The most important reason among patients 
for starting DR was ‘minimizing medication use’, whereas for not participating this was ‘fear of 
psoriasis &ares’. A'er 1 year, 67% of the patients were still on a lower dose. QoL and disease 
activity remained stable, and no SAEs related to DR occurred. Of patients with temporary 
PASI >5, disease remission was regained in the vast majority of patients. Consequently, direct 
medication costs were reduced substantially by 22.7%. 

The DR strategy described here was based on a RCT on tightly controlled DR of adalimumab, 
etanercept and ustekinumab in patients with psoriasis (CONDOR).1 In the current study this 
strategy was adapted in order to make it more applicable for daily use. Inclusion criteria were 
less strict, the approach was more patient driven and the current study used only one-step of 
DR (33% decrease of the normal dose) instead of 2 steps (50% decrease of the normal dose). 
The reason for this adaptation was that, in our early experience with the CONDOR study, 
the majority of patients successfully achieved this #rst step of DR. Furthermore, one-step is 
more practical. It might be easier to convince to decrease their biologic dose by only 33%. In 
this clinical evaluation, a similar proportion of patients used a lower biologic dose a'er 1 year 
compared with the trial: 67% vs 68% in the trial. The mean cumulative dose used in 1 year was 
less reduced than in CONDOR, which can be explained by the adapted strategy. With the #nal 
results of CONDOR we now know that 34% of patients achieved the second step of DR to 
50% of the original dose.1 "erefore, if one-step DR is successful, a further decrease should be 
discussed with the patient.

In line with these results, previous studies indicated that DR of biologics for psoriasis is 
possible. In these studies, patients could also reduce their dose a'er approximately 6 months and 
in case of low disease activity, but success rates ranged from 22-90% depending on the de#nition 
of success and study design.2-5 The current evaluation di!ers from previous studies, as it 
prospectively evaluated a modi#ed, tightly controlled strategy from a recently conducted RCT.1 
We believe that tight control is needed in order to safely determine the lowest e!ective dose. 
Moreover, this study elucidates the investments needed to perform DR on a standard basis in 
clinical practice. A dedicated nurse was provided to support physicians and patients. "is made 
it possible to collect data and it improved applicability of the strategy. The nurse screened all 
patients visiting our biologic outpatient clinic, with a time investment of 1 h per 16 patients. 
Of all 498 visiting patients, 85 eventually started DR, resulting in a number needed to screen 
of 5.9 patients. Of 498 patients however, most patients were not eligible, as they did not use 
a biologic yet, had unstable disease, or used another biologic. Patients needed to be screened 
several times, as disease activity could become stable over time. "is requires time investment. 
Installing a dedicated nurse or physician could contribute to the success of a new strategy, as 
coaching of patients is needed. Of the patients who stopped DR, 66% had a PASI and/or DLQI 
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*5, and reduced e!ectiveness experienced by the patient, while not experienced by the physician, 
contributed the most among reasons for stopping DR. It was possible for patients to stop DR on 
their request due to several reasons, such as fear of disease &are. On the other hand, one patient 
wanted to start DR with a PASI >5. Four patients continued DR despite PASI >5. Personalizing 
treatment goals and coaching of patients therefore seems important when considering DR. 

Currently, the possibility of DR is mentioned in only a few published national guidelines.15,16 
No clear protocols are available yet. A tightly controlled strategy, guided by disease activity and 
QoL, seems safe for daily use and allows evaluation of the success of the strategy. In the current 
strategy we used a PASI and/or DLQI score *5 as target for starting and continuing DR. It 
could be questioned whether this is the correct target, as in the #eld of psoriasis di!erent 
treatment targets were de#ned in recent years. For example, the National Psoriasis Foundation 
de#ned their therapeutic goal as a body surface area of 1% or less17, while a Spanish group 
recommended a PASI90 or Physicians’ Global Assessment (PGA) *1, with a DLQI *1, and 
prolonged remission without loss of response and worsening of comorbidities.18 In Belgium, 
the target was multidimensional, including multiple criteria, such as disease activity, itch, DLQI, 
daily functioning and safety.19 Mahil et al.20 recently stated that PASI *2 and PGA clear/almost 
clear are relevant for treat to target strategies. In our opinion however, not only disease activity 
but also QoL, should be taken into account, as it might di!er among patients as to which PASI 
scores are acceptable.21 "erefore a low DLQI was a prerequisite, apart from PASI. Moreover, 
PASI is di%cult to assess at lower score levels.22 Some patients with higher PASIs may still have 
limited disease activity and DLQI may be informative in this context. 

A limitation of this evaluation is the study length in the context of long-term gains and risks 
of DR. However, in the current evaluation no safety issues related to DR occurred. Furthermore, 
7/8 patients with PASI >5 during the analysis period regained PASI <5 within 6 months. Only 2 
patients discontinued DR due to an increase in joint complaints, with one patient having PsA. 
The outcomes of DR regarding other in&ammatory comorbidities were not assessed, although, 
according to clinical practice, DR was reconsidered in case of worsening of such comorbidities. 
Studying the e!ect of DR on comorbidities speci#cally is for future research. In line with 
the current results, previous studies did not report safety issues related to DR, despite follow-up 
might not have been long enough for assessing all adverse outcomes.23 The long-term extension 
results of our previous RCT showed a temporary, small increase in PASI scores, which decreased 
again a'er 18 months.24 No patients who failed on DR needed to switch treatment within 24 
months of follow-up, as treatment responses were regained by re-installing the normal dose. 
Impact on QoL remained low and there were no safety signals, including symptoms related 
to anti-drug antibody formation.24 Another study found no di!erence in development of 
anti-drug antibodies of ustekinumab between patients on a reduced dose vs the normal dose.4 
It should be emphasized that, by striving for tight control, timely dose adjustments can lead to 
re-achievement of adequate treatment responses, hence limiting long-term safety risks. Still, 
more long-term data regarding DR is needed in order to provide insight into longer term risks 
and bene#ts. 
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A further limitation of the current study is that it did not analyse the use of topical steroids or 
other health-related costs. Consequently, indirect costs related to DR could not be calculated. In 
our previous RCT, more patients in the DR group used topical steroids compared with the usual 
care group, and healthcare usage was higher.1,25 However, the DR strategy resulted in substantial 
cost savings, with a minimal reduction in quality-adjusted life years. 

In our opinion, this clinical evaluation shows that a pragmatic, one-step DR strategy of 
adalimumab, etanercept and ustekinumab for psoriasis is possible in daily practice. Seventy-
eight percent of eligible patients started with DR. Two-thirds of patients who started DR at least 
1 year ago were still on a lower dose a'er 1 year, without safety concerns. Although it requires 
some time investment, the study showed that even a one-step DR strategy has considerable 
potential to lower cumulative biologic doses with lowering of healthcare costs, without 
deterioration of psoriasis. More daily practice studies with longer follow-up of patients could 
contribute to accumulation of evidence regarding biologic DR.
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GENERAL DISCUSSION

"is thesis focusses on exploring the possibilities for dose reduction of biologics for psoriasis 
with the following aims:
1. To develop a strategy for dose reduction of the biologics adalimumab, etanercept and 

ustekinumab for patients with stable psoriasis, and design a trial to test the strategy 
(CONDOR trial) (chapter 2).

2. To evaluate this dose reduction strategy in a pragmatic, open-label, prospective, controlled 
non-inferiority randomized trial regarding e!ectiveness, safety and costs (chapter 3, 4, 5).

3. To describe the longer-term follow-up of the CONDOR trial (chapter 6).
4. To adapt the CONDOR trial to daily practice (chapter 7).
5. To provide a discussion and summary of the #ndings, as well as a description of future 

directions for research (chapter 8).

AIM 1

To develop a strategy for dose reduction of the biologics 
adalimumab, etanercept and ustekinumab for patients with 
stable psoriasis, and design a trial to test the strategy
Psoriasis is an immune-mediated chronic in&ammatory disease for which lifelong treatment 
is required.1 Biologics are an important part of the therapeutic armamentarium. "ey are  
considered as relatively safe but side e!ects can occur due to their immunosuppressive e!ects.2 
Moreover, biologics are expensive which imposes a high burden on healthcare expenditures.2-4 
"erefore, it is important to strive for the lowest e!ective dose to reduce unnecessary exposure 
to drugs, minimize adverse events, and reduce costs. In this thesis we describe developments 
towards a more appropriate and personalized dose of biologics for psoriasis patients.

In previous studies it has been shown that withdrawal of biologics leads to quick relapse 
of psoriasis.3,5,6 However, there is also evidence that dose reduction in psoriasis, without 
discontinuation of the biologic, can lead to lower drug exposure without losing clinical 
e!ectiveness.7-13 "erefore, in this thesis we focused on a tightly controlled dose reduction 
strategy for the biologics adalimumab, etanercept and ustekinumab but not withdrawal. 
The strategy incorporates a tight control approach to provide a safe environment for dose 
reduction in which physicians are able to detect and intervene on disease &ares timely, in order 
to minimize the occurrence of persistent &ares of the disease.

In chapter 2 we described how we prolonged the dosing interval of the biologics  
adalimumab, etanercept and ustekinumab stepwise. The administration of adalimumab was 
changed from once every 2 weeks (usual care), to once every 21 days, and -if psoriasis remained 
well controlled- to once every 28 days. Likewise, etanercept administration was changed from 
once every week (usual care), to every 10 or 14 days, and ustekinumab from once every 12 
weeks (usual care) to once every 18 or 24 weeks. In short, these schedules led to reduction of 
the biologic dose to 67% and 50% of the authorized full dose, see Figure 1.



CHAPTER 8

166

8

We selected psoriasis patients who had stable and low disease activity during at least 6 
months prior to dose reduction, de#ned by a combination of a measure for disease activity 
(Psoriasis Area and Severity Index (PASI) *5) as well as a measure for disease related quality 
of life (Dermatology Life of Quality Index (DLQI) *5). At the time of developing this strategy, 
no consensus was present on the required length of this period of disease control prior to 
applying dose reduction. In the sparse literature available at that time, most studies advocated 

Figure 1. Study population and decision steps

After 3 months:
PASI and/or DLQI ч5?

Patients with plaque psoriasis using registered
dose of adalimumab, etanercept and ustekinumab
with sustained low disease activity for at least 6 
months (2x PASI чϱ�ĂŶĚ��>Y/�чϱ�Ăƚ�ŝŶŝƚŝĂƚŝŽŶ)

First step to 67% of original dose
Adalimumab 40mg/3 weeks
Etanercept 50mg/10 days
Ustekinumab 45-90mg/18 weeks

Second step to 50% of original dose
Adalimumab 40mg/4 weeks
Etanercept 50mg/14 days
Ustekinumab 45-90mg/24 weeks

Return to original dose
Adalimumab 40mg/2 weeks
Etanercept 50mg/7 days
Ustekinumab 45-90mg/12 weeks

Re-evaluate every 3 months
thereafter
Return to previously effective, or 
original, dose if PASI and/or DLQI are 
>5 or patient wishes to return to 
higher dose

Yes

No
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a minimal treatment duration or stable disease activity for at least 6 to 12 months.5,7-9,12-17 With 
respect to the chosen PASI threshold: when initiating the CONDOR trial, having a PASI score 
*5 was generally accepted as low disease activity.18 Also, in a large Dutch real-world cohort 
(BioCAPTURE) it was shown that the mean PASI score of patients on biologics for >6 months 
reached values around PASI 3-519, and that PASI *5 was associated with low DLQI scores.20 
An absolute PASI score was chosen although also other scores for measuring psoriasis disease 
severity, like a relative PASI (e.g. PASI75, meaning a reduction of PASI score of 75%) or Physician’s 
Global Assessment score (PGA) are present. We chose the absolute PASI score because it is not 
dependent on the baseline score of the patient, and it re&ects the individual disease status and 
severity better than relative scores like PASI75.21,22 Moreover, the use of an absolute PASI is more 
sensitive in detecting a minimal change in disease activity as it is measured on a continuous 
scale, which is important in a cohort that consists of patients with low disease activity.21 A global 
assessment (i.e. PGA) scoring system is less detailed than PASI and was therefore not preferred 
in this initial testing phase of dose reduction. Moreover, multiple forms of the PGA exist, with 
di!erent scales, limiting universal use. However, time can be a limiting factor to determine PASI 
in daily practice.23 "erefore, the use of PGA as a substitute for PASI can be considered in future 
dose reduction strategies to facilitate implementation.

We added a dermatology speci#c patient-reported outcome measure (DLQI) to also 
capture the patients’ opinion on the burden of psoriasis in our strategy. A DLQI *5 was chosen 
because this correlated with no/mild in&uence of the skin disease on quality of life.24 "is DLQI 
threshold was also adopted in prevailing treatment goals at that time18 and therefore included 
as an important factor in our strategy. To conclude, we chose the combination of PASI and/or 
DLQI *5 as the upper threshold for acceptable disease activity in the context of dose reduction, 
and patients were able to start and continue dose reduction if scores remained below these 
limits, see Figure 1. Of note, patients were always free to go back to their original dose, despite 
low PASI and DLQI scores. In our opinion this is very important to provide a patient-friendly 
environment for dose reduction.

With the upcoming new generation of biologics, treatment goals are shi'ing towards lower 
PASI scores (i.e. higher e!ectiveness)22, however the de#ned treatment goals highly di!er among 
countries. Eligibility for dose reduction strategies, which has a link with treatment goals, might 
therefore change in the future. To date, there is no broad consensus on the right dose reduction 
strategy in Europe. Dose reduction guidance is only stated in few national guidelines.25,26 In 
a recent review, it was shown that dose reduction studies still report various strategies and 
outcome measures.27

In our study, when patients experienced a short disease &are during dose reduction, they 
returned to their previous e!ective or normal dose. We de#ned a short disease &are as having 
a PASI and/or DLQI score >5 once, and a persistent &are as a PASI and/or DLQI score >5 for at 
least 3 months. In case of a persistent &are, patients returned to their previous or original dose.

No validated &are criteria nor clear protocols were available for dose reduction in psoriasis. 
For every dose reduction strategy, it is important to provide a de#nition of low disease activity 
to select suitable patients and a de#nition of &are based on objective measures that take 
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the physicians and patients perspective into account. We chose for PASI, DLQI and &are criteria 
as explained above. Other de#nitions or ones based on other outcome measures are possible but 
need to be investigated in the future.

Study Design to Test the Proposed Dose Reduction Strategy
To test the tightly controlled dose reduction strategy we designed the CONDOR trial: 
a pragmatic, open-label, prospective, controlled non-inferiority randomized clinical trial. 
The acronym CONDOR stands for CONtrolled DOse Reduction of biologics for psoriasis.28 
While the randomized design limited confounding by indication, the pragmatic character of 
the trial, like no strict exclusion criteria and the open-label approach, ensured to mimic daily 
practice care which adds to higher external validity.

Dose reduction can lead to a reduction of cumulative medication exposure, improvement 
of safety and less costs29, while it is not expected to lead to superior e!ectiveness compared to 
treatment with the usual dose. "erefore, a non-inferiority trial design was chosen, in which we 
accepted a small decrease in e!ectiveness. In literature, no established non-inferiority margin 
for patients with low disease activity existed. We set the non-inferiority margin in our CONDOR 
trial at a mean PASI di!erence of 0.5 between the usual care group and dose reduction group 
at 12 months. "is non-inferiority margin was based on data from our BioCAPTURE cohort 
database.30 In this cohort, patients in clinical remission showed a standard deviation (SD) of 
their PASI score of 1.4. Our non-inferiority margin of 0.5 is 36% of this SD, which approximates 
a statistical rule of thumb for calculation of the non-inferiority margin (1/3 of SD).

In chapter 3, 4 and 5, the results of the dose reduction trial (CONDOR) are described. 
The study took place in multiple Dutch hospitals, academic as well as non-academic, to improve 
generalizability of results. In total, 120 patients with plaque psoriasis and stable low disease 
activity using adalimumab, etanercept or ustekinumab, were randomly assigned into the dose 
reduction group (n=60) and usual care group (n=60). The dose reduction group prolonged 
the interval based on the proposed strategy (Figure 1). The primary outcome was the mean 
PASI di!erence between the intervention group (dose reduction group) and the standard group 
(usual care group) at 12 months. Secondary outcomes were the DLQI (which was formally 
tested for non-inferiority at 12 months with a prede#ned non-inferiority margin of a mean 
di!erence of 2 DLQI points), adverse events, proportion of patients with short- and persistent 
&ares, proportion of patients with ‘successful dose tapering’, course of PASI and DLQI during 
the investigational period of 12 months, generic quality of life measured with SF-36 and direct 
medical costs. Successful dose tapering was de#ned as patients with a lower dose than normal 
while maintaining PASI and DLQI scores *5. The mean cumulative biologic dose and amount 
of topical corticosteroid use was also calculated. Predictors for successful dose reduction were 
sought for, because ideally, only patients that are likely to bene#t from dose reduction should 
be tapered in the future. Clinical and pharmacological baseline variables were tested for their 
predictive value. Cost-e!ectiveness of the strategy was investigated, which is especially relevant 
for a research question like this, where the trade-o! between gains (safety, costs) and losses 
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(small decrease e!ectiveness) is important. The pharmacological e!ects of dose reduction 
were investigated, including the course of serum drug levels and the development of anti-drug 
antibodies (ADAs). Amongst others, this outcome was chosen because it had been assumed that 
dose reduction might lead to the increase of the development of anti-drug antibodies (ADAs) 
which can reduce the e!ectiveness of the biologic and cause safety issues.31,32

AIM 2

To evaluate the dose reduction strategy in a randomized 
prospective pragmatic trial regarding effectiveness, safety and 
costs
In the next sections we will discuss the main results of the CONDOR trial (chapter 3, 4, 5).

Clinical outcomes
In chapter 3 we described the results of the dose reduction strategy regarding e!ectiveness and 
safety. Non-inferiority was not demonstrated for the primary outcome PASI with the chosen 
non-inferiority (NI) margin of 0.5, for the dose reduction (DR) group compared to usual care 
(UC). We found a mean PASI di!erence of 1.2, which exceeded the NI margin. In clinical 
practice, a PASI increase of 1.2 is considered as a small di!erence as in literature the clinical 
important di!erence of PASI was set at 3.2.33 Furthermore, the mean PASI remained lower than 
5 during the study. "erefore, we think that this PASI di!erence was acceptable. As explained, 
the NI margin of 0.5 was based on a statistical rule. In the absence of an established NI margin, 
clinical relevance is also a relevant criterium to de#ne a NI margin. In hindsight, the purely 
statistically calculated NI margin did not match the criterium of clinical relevance and, in 
our opinion, was probably too strict. Furthermore, the #rst persistent disease &are in the dose 
reduction group occurred a'er 7.5 months in our CONDOR trial. "erefore, the endpoint of 
the study (12 months) may have been too early as patients with &ares may not have had time 
to recover yet. Longer-term data would be of value in the context of DR. Reassuringly, non-
inferiority of the DLQI was demonstrated for the DR group compared to UC with the chosen 
NI margin of 2. The mean DLQI di!erence between both groups was 0.8 and the mean DLQI 
scores remained low for both groups during the study, which strengthens our point of view that 
the observed small PASI increase may not be clinically relevant, nor relevant to the patients’ 
quality of life. In total, 53% (28/53) of patients had reduced their biologic dose successfully a'er 
12 months.

Safety
Regarding safety of the dose reduction strategy, we showed that there were no di!erences in 
persistent &ares between the DR group and UC. No severe adverse events (SAEs) related to 
intervention (hospital admission due to psoriasis exacerbation) occurred. However, we observed 
an increase in musculoskeletal complaints in the DR group, but this phenomenon faded out in 
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the 1-year extension phase of the CONDOR trial (chapter 6). "is could be a direct e!ect of dose 
tapering. On the other hand, the increased rate of aspeci#c musculoskeletal complaints could 
also be due to detection bias, as we were focused on the early detection of PsA exacerbations due 
to the application of our dose reduction strategy in our study population. "roughout the study, 
in both groups (DR as well as UC) one patient presented with an increase in symptoms of pre-
existent psoriatic arthritis.

For adalimumab and ustekinumab in normal dosages, a relation has been described 
between treatment outcomes of the biologic and early serum drug levels or detectable 
ADAs.11,34-36 Pharmacokinetics of biologics might be di!erent in this selection of patients with 
stable low disease activity due to the fact that disease severity in&uences drug clearance of 
biologics and, consequently, serum levels.37,38 In CONDOR, the course of serum drug levels 
during dose reduction decreased as expected. It has been assumed that interval prolongation 
might lead to the increase of the development of anti-drug antibodies (ADAs) which can 
reduce the e!ectiveness of the biologic and cause safety issues.31,32 In CONDOR, there was no 
signi#cant di!erence in detectable ADA formation against adalimumab or ustekinumab in 
patients undergoing dose tapering compared to usual care and we did not observe any safety 
issues like e.g. serum-sickness like reactions.

Antibodies against etanercept were not tested as ADA to etanercept did not show any 
in&uence on e!ectiveness in previous research.39 Partly similar to our results, one other study 
investigated ADA levels on tapered or standard dosages of ustekinumab, and also showed no 
di!erence of ADA levels between groups (DR vs UC).40 The fact that there was no signi#cant 
increase in detectable ADA levels a'er DR may indicate that immunogenicity is not increased 
by interval prolongation in patients with low disease activity. "is may take away an important 
previously feared barrier for implementation of dose reduction by interval prolongation of 
the investigated biologics for psoriasis.

Altogether, dose reduction of the biologics adalimumab, etanercept and ustekinumab was 
safe as we did not see issues regarding persistent &ares, dose reduction-related severe adverse 
events (SAEs) (hospital admissions due to exacerbation of psoriasis) or increase of detectable 
ADAs. However, the possible increase in aspeci#c musculoskeletal complaints on the short-
term needs attention in future studies.

Cost-effectiveness
In chapter 4, we described the cost-utility analysis of the dose reduction strategy. We showed 
that this dose reduction strategy resulted in a mean cost saving of /3,820 (95th percentile, -/3,099 
to -/4,509) per patient over a period of 12 months. The dose reduction strategy also resulted in 
a small QALY loss with a mean of -0.02 (95 percentile -0.06 to 0.02).

"erefore, we can conclude that dose reduction of biologics resulted in substantial cost savings 
with an acceptable reduction in quality of life, which can be one of the motives to implement 
a DR strategy because the high costs of biologics impose a high burden on the national healthcare 
expenditures.41,42 Annually, the biologics costs per patient is generally between /15,000-/27,000.43 
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Currently, biosimilars for in&iximab, adalimumab and etanercept are approved by European 
Medicines Agency (EMA) and available for psoriasis patients while new variants of biosimilars are 
still under development and will be available in the upcoming years.44 Although biosimilars are 
expected to be signi#cantly cheaper due to complexity of the production process of biosimilars, 
the costs are still relatively high.45 In our economic evaluation, we performed sensitivity analyses 
with lower drug prices and showed that even with lower drug prices, dose tapering results in 
reduction of costs. "erefore, even with the introduction of biosimilars, dose reduction still 
remains important. In addition, the relevance of dose reduction is not limited to reduction of costs, 
but most of all to prevent an unnecessary medication load for the patient as biologics are used 
chronically. Moreover, from a patients’ perspective, less injections means a more patient-friendly 
approach. To conclude, biologics are expensive and dose reduction will result in substantial cost 
savings as we have already shown with our formal economic evaluation. However, the real cost 
savings will di!er per country and rely on factors including type of dose tapering strategy applied, 
acquisition costs of the di!erent biologics and availability of biosimilars.

Who can bene!t?
A more individualized dose reduction strategy in psoriasis could be achieved by identifying 
predictors which can indicate which patients are likely to taper their biologic dose successfully.

In chapter 3 and 5, we described that there were no predictors for success of dose reduction 
identi#ed in our studies.

In literature, some clinical variables were found to be associated with outcomes of dose 
reduction for adalimumab and etanercept.40,46-50 Ovejero-Benito et al. indicated that there was 
a positive association between successful dose tapering of adalimumab and male sex.46 Furthermore, 
Piascerico et al. described that patients <52 years of age, a disease duration >20 years, having a PASI 
score >15 before starting tumor necrosis factor inhibitor (TNFi) treatment and baseline C-reactive 
protein (CRP) >1 mg/L was associated with failure of dose reduction in patients on etanercept.50 
Moreover, a higher Body Mass Index (BMI) was found to be an independent predictor of disease 
worsening a'er dose reduction of adalimumab in the study of Hansel et al.49 "ese discrepancies 
could be explained by di!erences in study design and selection of patients. Our present CONDOR 
study was the only prospective, randomized study designed speci#cally for dose reduction. It is 
therefore remarkable that we could not con#rm these associations. More high-quality research in 
large groups is required to identify possible predictors or associated variables for successful dose 
reduction in daily practice. Once such predictors are identi#ed, dermatologists could enable to 
select the right patients for dose reduction.

Another source of predictors for dose reduction might be baseline serum drug levels 
of the biologic and the presence of relevant levels of detectable ADAs. It could be expected 
that patients with low serum drug levels might not be capable to reduce their biologic dose 
successfully. In contrast, patients with high serum drug levels and no detectable ADAs could 
be able to reduce their biologic dose successfully. Pharmacokinetics of biologics might di!er in 
the selected group of patients with stable low disease activity. Disease severity in itself in&uences 
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drug clearance of biologics and as a consequence also serum drug levels.37,38 In our CONDOR 
study however, baseline serum drug levels were not predictive for successful dose reduction. 
Similar to our results, Bezooijen et al. found also that baseline serum drug levels were not 
predictive for successful dose reduction of adalimumab, etanercept or ustekinumab in psoriasis 
patients.11 Dose response curves can be heterogenous among psoriasis patients with stable low 
disease activity. Our #ndings also showed that a high inter-individual variation existed for 
e!ective serum drug levels in this group of patients with low disease activity. "erefore, the role 
of "erapeutic Drug Monitoring (TDM) needs more elucidation within the context of dose 
reduction. More research is necessary regarding inter-patient variability, pharmacokinetics of 
biologics in low dosages and insights in dose-response curves in this speci#c group with low 
disease activity.

AIM 3

To describe the longer-term follow-up of the CONDOR trial
Extended observation is required to ensure the longer-term e!ectiveness and safety of 
the investigated dose reduction strategy with the biologics adalimumab, etanercept and 
ustekinumab. "erefore, with the extension of the CONDOR trial, we investigated the clinical 
e!ects and safety of the dose reduction strategy with a follow-up up to 2 years. Speci#cally, 
we assessed whether patients with a disease &are regained low disease activity and calculated 
the proportion of patients with successful dose reduction in the extension period. For this 
purpose, we followed the patients from the CONDOR study from Radboudumc DR group 
(n=44 patients) and UC group (n=44 patients) during an additional year.

In chapter 6, we showed that a substantial part of the patients in DR group (41% (18/44))  
from the initial CONDOR study remained on a low dose up to 2 years. In addition, of all 
patients with a low dose at the end of the CONDOR trial who started the extension phase, 
70% (18/26) could maintain their low dose up to 2 years of follow-up. Dose reduction led to 
a temporarily slight PASI increase on group level, but on the longer-term (from 18 months) 
patients regained their state of low disease activity (PASI<5). The DLQI scores remained stable 
during the CONDOR trial and the extension phase (24 months). In the extension phase, number 
of persistent &ares in both groups (DR vs UC) was low (n=3 in each group) and musculoskeletal 
complaints were also low for both groups. Moreover, no SAEs related to dose reduction were 
reported and there were no other safety signals including hospital admission due to psoriasis 
exacerbations or serum sickness due to ADA formation.

Our study with 2 years follow-up has been one of the longest randomized prospective 
follow-up studies of dose reduction of biologics in psoriasis to date; there are only few studies 
available on the longer-term e!ects.11,49,51 The methodology of our CONDOR extension trial 
and outcomes di!er substantially from other studies. In the other long-term studies, sometimes 
no clear 51 or di!erent dosing regimens11, di!erent subpopulations49 and di!erent de#nitions 
of success11,49 were used. A limitation of the extension trial of the CONDOR was that only 
the population from one hospital of the original CONDOR study was included, as extension 
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was not possible in other hospitals due to practical reasons. Additionally, a part of the UC group 
did not complete the total extension phase due to switch to a lower dose on their own request. 
"erefore, sample size was too small for direct comparisons.

Despite this, the results of the extension trial of the CONDOR study were reassuring and 
provided further support to implement this dose reduction strategy in daily psoriasis care.

AIM 4

To adapt the dose reduction strategy (CONDOR trial) to daily 
practice
In chapter 7, we described dose reduction in a daily practice setting. We applied a one-step  
dose reduction strategy (67% of authorized biologic dose) instead of two-step dose reduction 
leading to 67% and 50% of the full authorized biologic dose from the initial CONDOR 
study. Moreover, the inclusion criteria were less strict than in CONDOR. The reason for 
these adaptations was to cautiously explore the barriers and possibilities in a less-controlled 
environment in daily practice. In the initial CONDOR trial, patients were eligible when their 
PASI scores were *5 at two subsequent visits for at least 6 months and had a DLQI score of *5 at 
study inclusion. In this daily clinical evaluation patients were asked to participate in case of low 
disease activity for at least 6 months according to their treating physician and had a PASI and 
DLQI scores of *5 at start of dose reduction.

In line with the original CONDOR trial, we found in this clinical evaluation similar 
proportions of patients using a lower biologic dose a'er 1 year: 67% vs 68% in the trial. 
The cumulative dose decreased substantially by 22.7% resulting in an absolute cost saving of 
/2,376.54 per patient a'er 1 year. However, the exact costs savings per patient will depend 
on the type of biologic used and their related costs. The mean cumulative dose a'er 1 year 
was reduced to a lesser extent than in the original CONDOR trial which can be explained by 
the one-step strategy instead of the two-step strategy in CONDOR. In the CONDOR trial, 34% 
of the patients achieved the second step of dose reduction (50% of original dose), and therefore 
it is important to discuss the further decrease of the biologic dose once patients achieve the #rst 
step of dose reduction successfully in practice.

Furthermore, we found that disease activity (PASI) and disease related Quality of Life (QoL) 
remained stable and disease remission was regained in the vast majority of the patients a'er 
a temporary PASI >5 increase when returning to the authorized dose. In line with CONDOR 
and its extension, no SAEs related to dose reduction occurred and there were no other safety 
signals in this evaluation.

For further implementation of dose reduction, formal implementation research is needed. 
At the moment of writing this discussion, an implementation study is carried out together with 
various stakeholders such as patient partners, dermatologists, implementation specialists and 
the Dutch organization of dermatologists (NVDV).

In chapter 7, the main reasons for patients to participate in this dose reduction project was 
the wish to use less medication, and the main reason for patients to refrain from participation 
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was a fear for &ares of their psoriasis. The main reason for stopping dose reduction was that 
patients perceived deterioration of their psoriasis although 66% of them still had a PASI and/
or DLQI *5.

From the CONDOR study (chapter 3) and the daily practice evaluation (chapter 7) we 
learned that performing dose reduction on a standard basis requires investment and time. 
Especially, the support of a dedicated nurse to assist physicians and patients was experienced 
as important. For example, support in screening of eligible patients, carrying out clinical 
scores and administering questionnaires was bene#cial. The number needed to screen was 
6 to detect one dose reduction starter in the study on daily practice (chapter 7). Of note, 
patients needed to be screened several times, as disease activity could become stable over 
time. Also, the nurse coached patients and there was a low-threshold to contact her in case 
patients had questions on their new dose. "is provided a safe environment for patients as 
&ares could be quickly communicated to a health-care worker, and the threshold to try dose 
tapering was thereby lowered. In the absence of a dedicated nurse, other solutions, i.e. other 
dedicated personnel, or extra time/longer consultations especially at the start of dose reduction  
strategies are recommended.

Results of the current ongoing implementation study will further help to implement 
the results from the dose reduction research on a larger scale.

FUTURE DIRECTIONS

In this thesis, we showed that dose reduction of adalimumab, etanercept and ustekinumab 
was possible in a part of psoriasis patients with low disease activity. However, there are several  
steps to make before dose reduction will be standard of care. Current results for adalimumab, 
etanercept and ustekinumab dose reduction point the way to further implementation. For this, 
it is needed that the practice of dermatologists is analyzed with regard to current opinions and 
behavior towards dose reduction of biologics for psoriasis in the Netherlands. "is also provides 
insight into barriers and needs of the clinicians. "is could be followed by a consensus or 
guideline. Also, the perspective of patients is important to explore and should be incorporated 
in future care. The incorporation of patient-reported outcomes remains to our opinion an 
important factor within dose reduction strategies and acceptance by patients.

To be able to fully employ a dose reduction strategy, we learned that facilitating factors 
like a dedicated nurse are very important in a high-volume outpatient clinic. With increasing 
knowledge on dose reduction within a chronic disease with a &uctuating course, it could be that 
dose reduction should be discussed repeatedly with a patient. Treatment goals for psoriasis are 
dynamic because of the availability of increasingly more e!ective treatments. More patients will 
be able to achieve (very) low disease activity or clearance in the future. "erefore, criteria when 
to apply dose reduction and strategies could change accordingly. In addition, insight in dose 
reduction of the newest biologics, with other working mechanisms (IL-17 and IL-23 inhibition), 
is important and is currently investigated in a Dutch-Belgian multicenter trial: the BeNeBio study.
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With the current evidence gathered in this thesis we hope to provide a solid foundation for 
further development of consensus and guidelines regarding dose reduction in patients with 
psoriasis on biologics. We believe that such guidelines will have a substantial impact on patient 
care and society. In addition, the strategy could be a blueprint for dose reduction in other 
dermatologic in&ammatory diseases like atopic dermatitis or hidradenitis suppurativa.
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SUMMARY

Psoriasis is an immune-mediated chronic in&ammatory disease of the skin that a!ects 
approximately 3% of the world population. Psoriasis has a major impact on patients’ lives and 
daily functioning. "ere is no cure yet and therefore lifelong treatment is usually required to 
suppress disease activity.

For the treatment of psoriasis, biologics are currently widely used in daily practice and are 
very e!ective drugs. Because biologics are administered chronically, it is important to minimize 
the risk for side e!ects. In addition, the high costs of these drugs have a major impact on 
healthcare expenditures. Currently, psoriasis patients receive standard dosages of biologics. 
Reducing the dosage could lead to a lower risk of side e!ects and signi#cant cost savings. 
Early, mostly small studies suggest that dose reduction is possible in a relevant proportion of 
patients, but study design, study population, follow-up and success rates varied between studies. 
Moreover, there are still important questions about the feasibility and applicability of dose 
reduction of biologics in daily practice unanswered.

"is thesis consists of eight chapters and focuses on exploring the possibilities of dose 
reduction of biologics for psoriasis with the following goals:
1. To develop a strategy for dose reduction of the biologics adalimumab, etanercept and 

ustekinumab for patients with stable psoriasis, and design a study to test this strategy 
(chapter 2).

2. To evaluate the dose reduction strategy in a pragmatic, prospective, randomized, non-
inferiority study (CONDOR study) on e!ectiveness, safety and cost (chapter 3, 4, 5).

3. To describe the long-term e!ects of the dose reduction strategy (chapter 6). 
4. To examine the dose reduction strategy in daily practice (chapter 7).

In chapter 2 we described the developed dose reduction strategy for the biologics 
adalimumab, etanercept and ustekinumab, in which the dosing interval was prolonged stepwise, 
depending on the Psoriasis Area and Severity Index (PASI) and Dermatological Quality of Life 
(DLQI), resulting in 67% and 50% of the authorized full dose. Preferably, patients did not start 
dose reduction until disease activity had been low for at least 6 months during active treatment. 
Further dose tapering, or continuing a tapered dose, was only advised when PASI and DLQI were 
5 or lower. To test the dose reduction strategy, we designed the CONDOR study: a pragmatic, 
open-label, prospective, randomized ‘non-inferiority’ study. A total of 120 patients with plaque 
psoriasis and stable and low disease activity on adalimumab, etanercept and ustekinumab were 
randomized to the dose reduction group or the normal care group.

The primary outcome measure was the mean PASI di!erence between the dose reduction 
group and normal care group at 12 months, with a non-inferiority margin of 0.5 (mean PASI 
di!erence between the groups). Secondary outcome measures were the di!erence in DLQI at 
month 12 (non-inferiority margin of 2), course of disease activity (PASI) and disease-related 
quality of life (DLQI) throughout the study, adverse events, proportion of patients with a short 
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and persistent disease &are, proportion of patients who tapered their biologic dose successfully, 
generic quality of life measured with SF-36 and direct medical costs. Successful dose reduction 
was de#ned as patients with a lower biologic dose at 12 months and with a PASI- and DLQI 
score *5. Furthermore, predictors for successful dose reduction were also sought for and cost-
e!ectiveness of the dose reduction strategy was investigated. The pharmacological e!ects of dose 
reduction were also investigated, including the course of serum drug levels and the development 
of anti-drug antibodies (ADAs) to these drugs.

In chapter 3 we described the results of the CONDOR study. Non-inferiority for the primary 
outcome measure (PASI) of the dose reduction strategy for the biologics adalimumab, etanercept 
and ustekinumab was not demonstrated with the chosen non-inferiority margin of 0.5. 
However, the mean PASI score in patients remained low (*5) during the study period, and non-
inferiority for the main secondary outcome measure DLQI was demonstrated. The percentage 
of patients with persistent disease &ares was not signi#cantly di!erent between the groups, and 
serious adverse events related to dose reduction were not seen. However, we did observe an 
increase in joint complaints in the dose reduction group, but this phenomenon faded out during 
the extended follow-up of the CONDOR study (chapter 6). In total, successful dose reduction 
was possible in 53% (28/53) of the patients.

In chapter 4 we described the results of the economic evaluation of CONDOR. We compared 
the cost di!erence with the quality-adjusted life year (QALY) di!erence between the dose reduction 
group and the normal care group, and showed that the dose reduction strategy for the studied 
biologics led to substantial cost savings with an average saving of /3,820 euros per patient in 
12 months. The dose reduction strategy led to a small QALY loss with an average of -0.02. If we 
exchange this QALY loss for the amount that society wants to gain in order to accept a QALY lost 
(willingness to accept), the net amount saved was still substantial. "ese cost savings can be an 
important driver for the implementation of a dose reduction strategy in daily practice. 

In chapter 5 we described the results of the CONDOR study regarding the course and 
extent of ADA formation and the course of serum levels of adalimumab, etanercept and 
ustekinumab, and di!erences between the dose reduction group and the normal care group. 
In our analyses, we showed that there was detectable ADA formation against adalimumab in 
a proportion of patients in both groups, but there was no signi#cant di!erence between the dose 
reduction group and the normal care group at any time point. For ustekinumab, we did not see 
detectable ADA formation in both groups during the study, and therefore no di!erence was 
detected between both groups. We also investigated the predictive value of these serum levels 
regarding successful dose reduction of the biologics, but the levels did not predict successful 
dose reduction. The #ndings may indicate that immunogenicity is not increased by interval 
prolongation of the biologic in patients with a stable low disease activity, which can take away 
a potential barrier for dose reduction. 

In chapter 6 we described the longer-term e!ects of the CONDOR study regarding 
the e!ectiveness and safety of our dose reduction strategy. We observed that stepwise dose 
reduction led to a temporary slight increase in PASI, but a'er 18 months PASI scores decreased 
to the level at inclusion of the dose reduction study (CONDOR). The DLQI scores remained 



SUMMARY

185

9

stable throughout the study period, which implies that the temporary PASI increase did 
not a!ect the quality of life of these psoriasis patients. Like in CONDOR, we found no dose 
reduction-related serious adverse events. Another important #nding was that during this longer 
follow-up, fewer joint complaints were observed than in CONDOR for both the dose reduction 
group and the normal care group. We found that a total of 41% (18/44) of patients could still be 
treated with a lower biologic dose a'er 2 years. 

In chapter 7 we described the results of the clinical evaluation of a one-step dose reduction 
strategy in daily practice. In this clinical evaluation only the #rst step of dose reduction was 
applied (67% of the registered dose) and inclusion criteria were less strict than in the CONDOR 
study. The reason for these adjustments was to make it more applicable for daily practice. Of 
the patients with a 1-year follow-up, 67% was still using a lower biologic dose a'er 1 year versus 
68% in the CONDOR study. Disease activity (PASI) and quality of life (DLQI) remained stable, 
there were no serious adverse events related to dose reduction, and disease remission was 
regained in the majority of patients a'er returning to the registered biologic dose when dose 
reduction had not been not successful. The main patient-reported reason to reduce the dose was 
‘minimizing medication use’, whereas ‘fear of psoriasis &are’ was the most reported reason for 
non-participating in this dose reduction project. 

CONCLUSION

In this thesis, we presented the results of a stepwise dose reduction strategy of the biologics 
adalimumab, etanercept and ustekinumab in psoriasis patients with low disease activity. Dose 
reduction was possible, and appeared to be safe, in a large proportion of psoriasis patients 
with stable low disease activity and good disease-related quality of life. It also led to signi#cant 
cost savings. Further implementation studies may enable the application of dose reduction on 
a larger scale. The studies in this thesis take personalized care a step further and may provide 
a blueprint for dose reduction strategies in other in&ammatory skin diseases.
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Psoriasis is een immuungemedieerde chronische ontstekingsziekte van de huid die ongeveer 
3% van de wereldbevolking tre'. Psoriasis hee' een grote invloed op het leven van patiënten en 
hun dagelijks functioneren. Er is nog geen genezing mogelijk en daardoor is meestal levenslange 
medicamenteuze onderhoudsbehandeling nodig om de ziekte activiteit te onderdrukken. 

Voor de behandeling van psoriasis worden biologics, welke zeer e!ectief zijn, veel gebruikt 
in de dagelijkse praktijk. Omdat deze middelen langdurig gegeven worden, is het belangrijk 
om de kans op bijwerkingen te minimaliseren. Daarnaast hebben de hoge kosten een grote 
impact op de zorguitgaven. Momenteel krijgen psoriasispatiënten standaard doseringen van 
biologics. Het verlagen van de dosering zou kunnen leiden tot een lager risico op bijwerkingen 
en aanzienlijk kosten besparen in de gezondheidszorg. Vroege, veelal kleine onderzoeken 
suggereren dat het verlagen van de dosis mogelijk is bij een relevant deel van de patiënten, maar 
de studieopzet, onderzoekspopulaties, follow-up en uiteindelijke succespercentages varieerden 
tussen de onderzoeken. Daarnaast zijn er nog belangrijke vragen over de haalbaarheid en 
toepasbaarheid van het a1ouwen van biologics in de praktijk.

Dit proefschri' richt zich daarom op het verkennen van de mogelijkheden van a1ouwen 
van biologics voor psoriasis. De volgende subdoelen werden gede#nieerd:
1. Een strategie ontwikkelen voor het a1ouwen van de biologics adalimumab, etanercept 

en ustekinumab voor patiënten met stabiele psoriasis, en een studie ontwerpen om deze 
strategie te testen (hoofdstuk 2).

2. De a1ouwstrategie evalueren in een pragmatische, prospectieve, gerandomiseerde,  
non-inferioriteitsstudie met e!ectiviteit, veiligheid en kosten als belangrijkste uitkomstmaten 
(hoofdstuk 3, 4, 5).

3. De lange termijne!ecten van de a1ouwstrategie beschrijven (hoofdstuk 6).
4. De a1ouwstrategie evalueren voor gebruik in de dagelijkse praktijk (hoofdstuk 7).

In hoofdstuk 2 beschrijven we de ontwikkelde a1ouwstrategie voor de biologics 
adalimumab, etanercept en ustekinumab, waarbij op geleide van de Psoriasis Area and Severity 
Index (PASI) en Dermatology Quality of Life (DLQI) stapsgewijs het doseringsinterval werd 
verlengd resulterend in 67% en 50% van de volledig geregistreerde dosis. Bij voorkeur startten 
patiënten pas met a1ouw wanneer de ziekteactiviteit ten minste 6 maanden laag was onder 
actieve behandeling. Verder a1ouwen, of continueren van een afgebouwde dosis, werd alleen 
geadviseerd wanneer PASI én DLQI 5 of lager waren. Om de a1ouwstrategie te testen hebben 
we de CONDOR-studie opgezet: een pragmatische, open-label, prospectieve, gerandomiseerde 
‘non-inferiority’ studie. In totaal werden 120 patiënten met plaque psoriasis met stabiele 
en lage ziekteactiviteit op adalimumab, etanercept en ustekinumab gerandomiseerd naar 
de a1ouwgroep of normale zorg groep. De primaire uitkomstmaat was het gemiddelde PASI-
verschil tussen de a1ouwgroep en normale zorg groep op 12 maanden, met een non-inferiority 
marge op een gemiddeld PASI-verschil van 0.5 tussen de groepen. Secundaire uitkomstmaten 
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waren het DLQI verschil op maand 12 (non-inferiority margin van 2), beloop van ziekteactiviteit 
(PASI) en ziekte gerelateerde kwaliteit van leven (DLQI) gedurende de studie, bijwerkingen, 
proportie patiënten met een korte en persisterende ziekteopvlamming, proportie patiënten 
die succesvol konden a1ouwen, generieke kwaliteit van leven gemeten met SF-36 en directe 
medische kosten. Succesvolle a1ouw werd gede#nieerd als patiënten met een lage biologic 
dosis na 12 maanden en met een PASI- en DLQI-score *5. Tevens werd er gezocht naar 
voorspellers voor succesvolle dosis a1ouw en werd kostene!ectiviteit van de a1ouwstrategie 
onderzocht. De farmacologische e!ecten van a1ouwen werden ook onderzocht, waaronder het 
verloop van de geneesmiddelenspiegel in serum en de ontwikkeling van antisto!en tegen deze 
geneesmiddelen (‘anti-drug antibodies’, ADA’s).

In hoofdstuk 3 hebben we de resultaten van de CONDOR-studie beschreven.  
Non-inferiority voor de primaire uitkomstmaat (PASI) van de a1ouwstrategie voor de biologics 
adalimumab, etanercept en ustekinumab kon niet worden aangetoond met de gekozen non-
inferiority margin van 0.5. De gemiddelde PASI-score bij patiënten bleef echter laag (*5) tijdens 
de onderzoeksperiode, en non-inferiority voor de belangrijkste secundaire uitkomstmaat DLQI 
werd wel aangetoond. Het percentage patiënten met persisterende ziekteopvlammingen was niet 
signi#cant verschillend tussen de groepen, en ernstige bijwerkingen gerelateerd aan a1ouwen 
werden niet gezien. Echter, we zagen wel een toename van gewrichtsklachten in de a1ouwgroep, 
maar dit fenomeen verdween gedurende de verlengde follow-up van de CONDOR-
studie (zie hoofdstuk 6). In totaal kon bij 53% (28/53) van de patiënten de dosis succesvol  
worden afgebouwd.

In hoofdstuk 4 beschreven we de resultaten van de economische evaluatie van CONDOR.  
We vergeleken de verschillen in kosten met de verschillen voor kwaliteit gecorrigeerde 
levensjaren (QALY) tussen de a1ouwgroep en de normale zorg groep, en toonden aan dat 
de a1ouwstrategie voor de onderzochte biologics tot substantiële kostenbesparingen leidde met 
een gemiddelde besparing van 3.820 euro per patiënt in 12 maanden. De a1ouwstrategie leidde 
tot een klein QALY-verlies met een gemiddelde van -0.02. Als we dit QALY-verlies inruilen voor 
het bedrag dat de samenleving wil besparen, dan was het netto bespaarde bedrag nog steeds 
aanzienlijk om een QALY-verlies te accepteren. Deze kostenbesparingen kunnen een belangrijke 
drijfveer zijn voor de implementatie van een a1ouwstrategie in de dagelijkse praktijk. 

In hoofdstuk 5 beschreven we de resultaten van de CONDOR-studie met betrekking tot 
het beloop en omvang van ADA vorming en het beloop van serum spiegels van adalimumab, 
etanercept en ustekinumab, en verschillen tussen de dosis reductie groep en de normale zorg 
groep. In onze analyses hebben we aangetoond dat er wel detecteerbaar ADA vorming tegen 
adalimumab was in beide groepen, maar er was geen signi#cant verschil tussen de a1ouwgroep 
en de normale zorg groep op enig tijdspunt. Voor ustekinumab zagen we geen detecteerbare ADA 
vorming in beide groepen gedurende de studie, en was er dus ook geen verschil detecteerbaar 
tussen de groepen. We onderzochten tevens de voorspellende waarde van deze serum spiegels 
met betrekking tot succesvolle a1ouw van de biologics, maar de spiegels voorspelden niet of er 
succesvol afgebouwd kon worden. De bevindingen kunnen erop wijzen dat immunogeniciteit 
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niet wordt verhoogd door verlenging van biologic interval bij patiënten met een stabiele lage 
ziekteactiviteit, wat een mogelijke barrière voor dosisa1ouw weg kan nemen. 

In hoofdstuk 6 hebben we de langere termijne!ecten van de CONDOR-studie beschreven 
met betrekking tot e!ectiviteit en veiligheid van onze a1ouwstrategie. We zagen dat stapsgewijs 
a1ouwen leidde tot een tijdelijke lichte stijging van PASI, maar na 18 maanden daalden de PASI-
scores naar het niveau bij inclusie van de a1ouwstudie (CONDOR). De DLQI-scores bleven 
stabiel gedurende de gehele onderzoeksperiode, wat impliceert dat de tijdelijke PASI stijging 
geen invloed had op de kwaliteit van leven van deze psoriasispatiënten. Net als in CONDOR, 
vonden we geen a1ouw-gerelateerde ernstige bijwerkingen. Een andere belangrijke bevinding 
was dat tijdens deze langere follow-up minder gewrichtsklachten zijn geobserveerd dan in 
de CONDOR-studie, voor zowel de a1ouwgroep als de normale zorg groep. We vonden dat in 
totaal 41% (18/44) van de patiënten na 2 jaar nog steeds met een lagere biologic dosis behandeld 
kon worden.

In hoofdstuk 7 beschreven we de resultaten van de klinische evaluatie van een 1-staps 
a1ouwstrategie in de dagelijkse praktijk. Bij deze klinische evaluatie werd alleen de eerste 
stap van het a1ouwen toegepast (67% van de geregistreerde dosis) en waren inclusiecriteria 
minder streng dan in de CONDOR-studie. De reden voor deze aanpassingen was om het meer 
toepasbaar te maken voor de dagelijkse praktijk. Van de patiënten met een follow-up duur 
van 1 jaar, gebruikte 67% na 1 jaar nog steeds een lagere dosis versus 68% in de CONDOR-
studie. Ziekteactiviteit (PASI) en kwaliteit van leven (DLQI) bleven stabiel, er werden geen 
ernstige bijwerkingen gerelateerd aan a1ouwen gezien, en ziekte-remissie werd verkregen bij 
de meerderheid van de patiënten na terugkeer naar de geregistreerde biologic dosis wanneer 
a1ouwen niet gelukt was. De belangrijkste patiënt-gerapporteerde reden om de dosis te willen 
a1ouwen was ‘het minimaliseren van medicatiegebruik’, terwijl voor het niet-a1ouwen ‘angst 
voor psoriasisopvlamming’ het meest gerapporteerd werd.

CONCLUSIE

In dit proefschri' presenteerden we de resultaten van een stapsgewijze a1ouwstrategie van 
de biologics adalimumab, etanercept en ustekinumab bij patiënten met rustige psoriasis. 
Dosisreductie was mogelijk, en bleek veilig, bij een groot deel van psoriasis patiënten 
met stabiele lage ziekte activiteit en goede ziekte gerelateerde kwaliteit van leven. Tevens 
leidde het tot aanzienlijke kostenbesparingen. Verdere implementatiestudies kunnen het 
toepassen van dosisreductie op grotere schaal tot stand brengen. De studies in dit proefschri' 
brengen gepersonaliseerde zorg een stap verder en kunnen een blauwdruk vormen voor  
a1ouwstrategieën op het gebied van andere in&ammatoire huidziekten.
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