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SIGNIFICANCE
Treatment of psoriasis with biologics is often initiated and 
evaluated based on objective disease severity measures, 
such as the Psoriasis Area and Severity Index (PASI). The 
optimal response criteria have been widely discussed and, 
currently, a PASI≤2 is considered a good response. How
ever, limited knowledge exists about the longterm con
sequences of different response criteria. This study found 
that patients who respond better to treatment in the first 6 
months of therapy have a lower risk of disease flaring and 
a lower risk of discontinuing treatment.

Early response to treatment with biologics might be 
important for the stability of psoriasis and long-term 
outcome. The aim of this study was therefore to as-
sess whether risk of flares and drug survival are as-
sociated with disease activity in the first 6 months of 
treatment of psoriasis with biologics. Biologic-naïve 
patients from the Danish nationwide registry, DERM-
BIO, were grouped based on absolute Psoriasis Area 
and Severity Index (PASI) during the first 6 months 
of treatment, as: PASI = 0, PASI > 0–≤2, PASI > 2–≤ 4, 
and PASI > 4. Among 1,684 patients, 746 achieved 
PASI= 0, 485 PASI > 0–≤2, 246 PASI > 2–≤4, and 207 
PASI > 4. Longer flare-free period and drug survival 
were observed for patients with lower PASI in the first 
6 months of treatment (adjusted hazard ratios for fla-
res (95% confidence interval) with PASI=  0 as refe-
rence: PASI > 0–≤2 (1.35 (1.11–1.72]), PASI > 2–≤ 4 
(2.32 [1.80–2.99]), and PASI > 4 (2.38 [1.80–3.15])). 
In conclusion, a low PASI in the first 6 months of tre-
atment with biologics in biologic-naïve patients with 
psoriasis was associat ed with a more stable disease 
course, lower risk of flares, and longer drug survival. 

Key words: psoriasis; biologics; drug survival; flares; PASI90; 
PASI100.
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In most cases of psoriasis, treatment with biologics is 
reserved for patients with severe psoriasis. The initia-

tion and evaluation of treatment with biologics are often 
based on severity measured with the Psoriasis Area and 
Severity Index (PASI), in which a relative reduction in 
PASI of 75% (PASI75) has historically been considered 
an acceptable response (1). With the introduction of newer 
biologics, PASI90 has been suggested as a possible and 
more relevant response (2). Indeed, patients with greater 
PASI reductions report lower impact on quality of life (3, 
4) and patients with PASI100 have significantly lower 
impact on quality of life than those with a response bet-
ween PASI75 and PASI<100 (5). Also, PASI values early 

in treatment have been shown to be important for the 
length of remission time (6–8) and subsequent response 
(9–12). It has even been hypothesized, that early inten-
sive treatment after initial disease-onset can prevent and 
minimize recurrences (13). Data from clinical trials have 
shown that treatment response at weeks 4–8 can predict 
response at weeks 12–16 (9–12). In addition, 2 small 
real-world studies of patients treated with secukinumab 
and infliximab have shown that PASI90 or PASI100 are 
predictors of overall drug survival (7, 8). Therefore, we 
hypothesized that patients with more complete clearance 
during the first 6 months of therapy have more stable pso-
riasis with longer drug survival. In clinical trials, the pri-
mary endpoints are often PASI90 or PASI100. However, 
response criteria based on relative reductions might not 
be suitable in real-world situations, since washout periods 
are not used (14, 15). Thus, a treat-to-target approach, with 
response criteria based on absolute PASI, might be better 
in the real-world (15). Two recent studies have shown that 
an absolute PASI≤2 corresponds to PASI90 and absolute 
PASI≤4 or PASI≤5 correspond to PASI75, depending on 
the setting (15, 16). 

The effect of biologics for psoriasis is often based on 
short-term response criteria. However, most patients 
are treated long-term, and knowledge about long-term 
outcomes of different responses is limited. Therefore, 
using response criteria based on absolute PASI, this study 
investigated the long-term consequences of response early 
in the treatment, by assessing risk of flares and overall 
drug survival.
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MATERIALS AND METHODS

The study was approved by the Danish Data Protection Agency 
(ref. VD-2018-286). In Denmark, ethics committee approval is 
not required for register studies. The study was carried out fol-
lowing the Strengthening the Reporting of Observational Studies 
in Epidemiology (STROBE) recommendations (17).

All patients in DERMBIO were assessed for eligibility. DERM-
BIO (4, 18–26) is a Danish nationwide clinical registry, where 
all treatments with biologics (including biosimilars), and novel 
small-molecule agents for psoriasis are registered since 2007. 
Patients recorded in DERMBIO are often seen at baseline, after 3 
months, after 6 months and then once every 6–12 months, but with 
some individual differences in schedules. Patient data are collected 
routinely and included: sex; weight and body mass index; age at 
baseline and at diagnosis; DLQI at baseline and PASI at baseline 
and at each subsequent visit; adverse events; psoriatic arthritis; 
concomitant methotrexate treatment; drug name; hospital; and 
reason for drug discontinuation in the current study. Data are re-
ported from all academic hospital centres (85% of all treatments), 
with an estimated coverage of 100% of the treatment series (25). 
To maximize data integrity, only patients treated in hospital clinics 
were included (26). 

Patient selection

Only biologic-naïve patients (i.e. patients not previously treated 
with biologics) with a treatment series of biologics (either origina-
tor compounds or biosimilar versions) were included. Patients were 
divided into 4 response groups, based on absolute PASI: PASI= 0, 
PASI > 0–≤ 2, PASI > 2–≤ 4, and PASI > 4. The response had to be 
achieved after the first month and at least once during the first 6 
months of therapy, the first time the response was achieved was ca-
tegorized as the index date. If a patient had PASI values correspon-
ding to more than one response group during the first 6 months 
of treatment, the response with lowest the PASI was chosen, e.g. 
if a patient had a PASI= 5 after 3 months of therapy and PASI = 1 
after 6 months, the patient was allocated to the PASI>0–≤2 with 
index date at the 6 months visit, whereas a patient with a PASI= 1 
after 3 months and a PASI= 5 after 6 months were allocated to the 
PASI > 0–≤ 2 with index date at the 3 months’ visit and the visit 
at 6 months was considered a flare. Sensitivity analyses, where 
patients were allocated based on the highest, last, and first PASI 
were conducted. Patients had to be considered responders by the 
treating physician at index date and continue treatment thereafter 
with at least one subsequent visit with an available PASI after the 
index date. For patients with more than 14 months between visits, 
the patient was considered lost to follow-up and the treatment was 
censored at the last visit. Patients were followed for up to 5 years 
or until data were censored at 20 October 2019. Two different 
definitions of flares were assessed; an increase in absolute PASI 
of minimum 3 and an increase in absolute PASI of minimum 5 
between visits. As a sensitivity analysis, flares were defined as an 
increase in the area categories of PASI. All patients with PASI 
subcategories available were included and a flare was defined 
as an absolute increase of ≥ 2 in one of the areas predefined for 
calculating PASI (head, arms, legs or trunk). Another sensitivity 
analysis for the PASI0, PASI > 0–≤ 2, and PASI > 2–≤ 4 was carried 
out, where a flare was defined as a visit with a PASI > 5. 

Statistical analysis

For continuous data, means with standard deviations (SD) and 
medians with interquartile ranges (IQR) were reported. For cate-
gorical outcomes, numbers with percentages were presented. For 
normally distributed data 1-way analysis of variance (ANOVA) 
was used to assess differences between groups and for non-
parametric data Kruskal–Wallis test was used. For categorical 

outcomes χ2 tests were used to assess differences between groups. 
For flares, a discrete survival time model was constructed with a 

complementary log-log link model to estimate hazard ratios (HR) 
with 95% confidence intervals (95% CI) (27). The discrete survival 
time model was constructed by separating the follow-up period 
into 6-months intervals. Patients who stopped treatment without 
experiencing a flare was censored at discontinuation date. Hazard 
ratios are presented as crude, partially adjusted and fully adjusted. 
The partly adjusted model included adjustment for age, sex, and 
drug, and the fully adjusted model included additional adjustments 
for methotrexate, psoriatic arthritis, body weight, and hospital. 
In a sensitivity analysis, pretreatment PASI was included in the 
model. In addition, sub-analyses with the individual drugs and in 
accordance with introduction of ustekinumab (1 March 2009) and 
secukinumab (1 April 2015) to the Danish market were conducted. 

Survival analyses of time in treatment for each of the response 
groups were performed using Cox regression. Analyses were 
conducted with reason for discontinuation due to all causes, lack 
of efficacy, and adverse events. Patients were censored if they 
stopped treatment due to remission or if there were more than 14 
months between visits in all analyses. Patients stopping treatment 
due to all other reasons were considered an event in the analysis 
regarding discontinuation due to all causes. The analysis was 
conducted with all treatments combined and sub-analysis with 
the individual drugs was conducted.

Missing data in the covariates were imputed with a Markov 
Chain Monte Carlo-based multiple imputation approach with 
100 imputations (28). A 2-sided p-value < 0.05 was considered 
statistically significant in all instances.

All data management and statistical analyses were performed 
using SAS software version 9.4 (SAS Institute Inc., Cary, NC, 
USA) and Stata software version 15.0 (StataCorp, College Sta-
tion, TX, USA).

RESULTS

Patient characteristics
In total 1,684 patients were included in the study; of 
these, 746 achieved PASI = 0, 485 had PASI > 0–≤ 2, 246 
had PASI > 2–≤ 4, and 207 had PASI > 4 at minimum one 
visit during the first 6 months of treatment (Fig. 1). The 
median time until response was 112 (IQR 91–154) days 
with 95.4% of the patients achieving response after 3 or 
6 months (Table I). Of the included patients 65.7% were 
male and 31.9% had a diagnosis of psoriatic arthritis 
(PsA) with no differences across groups (Table I). More 
patients in the higher absolute PASI groups were treated 

All patients in DERMBIO from academic hospital
(n=2,964)

No visit with PASI after 1 and 6 months of treatment
(n=835)

All patients with a visit with PASI between 1 and 6 months
(index visit) after treatment start

(n=2,129)

No visit with PASI after index visit
(n=445)

All included patients
(n=1,684)

Fig. 1. Flowchart of patient selection. PASI: Psoriasis Area and Severity 
Index.
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with etanercept and more patients were treated with con-
comitant methotrexate than in the lower absolute PASI 
groups. Patients with lower absolute PASI had lower 
mean body weight and were younger than patients with 
higher absolute PASI and were more often treated with 
secukinumab (Table I). 

Drug survival
The median length of time from response to discontinua-
tion of treatment (drug survival) for all causes of discon-
tinuation was 448 days (IQR 238–846). For all causes of 
treatment discontinuation, drug survival was better for 
patients with PASI ≤ 2 compared with those who never 
had a PASI below 2 in the first 6 months of treatment 
(Fig. 2a). Similar results were seen for discontinuation 
due to lack of efficacy (Fig. 2b). No differences were seen 
for discontinuation due to adverse events across response 
groups (Fig. 2c). 

For all causes of discontinuation, HRs were 1.35 (95% 
CI 1.10–1.66) for PASI > 0–≤ 2, 1.93 (95% CI 1.53–2.42) 
for PASI > 2–≤ 4, and 3.09 (95% CI 2.47–3.87) for PASI 
> 4 when having PASI = 0 as reference (Table SI1). In ge-
neral, similar results were observed for all drugs except 

etanercept where a trend towards a lower drug survival 
for PASI = 0 compared with PASI > 0–≤ 2 (0.65 (95% CI 
0.38–1.09)) was observed (Fig. S11).

Risk of flare: PASI increase ≥ 3
Overall, 497 (29.5%) patients experienced a flare, defined 
as an increase in PASI of minimum 3 between visits, of 
these 29.2% continued treatment and returned to pre-flare 
PASI in the subsequent visit and 19.5% of the patients 
stopped treatment as a consequence of the flare (Table I).

The median time for all groups from response to a flare 
(flare-free survival) was 326 days (IQR 133–686) for 
those who experienced a flare defined as an increase in 
PASI ≥ 3. Overall, the PASI = 0 and PASI > 0–≤ 2 groups 
had longer flare-free survival than the PASI > 2–≤ 4 and 
PASI > 4 groups when defining flare as an increase in 
PASI ≥ 3 (Fig. 3). 

With the PASI = 0 group as the reference group, crude 
HR for flaring (PASI ≥ 3) for the PASI > 0–≤ 2 group were 
1.46 (95% CI 1.16–1.83), 2.70 (95% CI 2.12–3.45) for the 
PASI > 2–≤ 4, and 2.92 (95% CI 2.24–3.80) for the PASI 
> 4 group (Fig. 4). When adjusting for drug, sex, and age, 
HR decreased to 1.37 (95% CI 1.09–1.73) for PASI > 0–2 
group, 2.39 (95% CI 1.86–3.07) for PASI > 2–≤ 4 group, 
and 2.51 (95% CI 1.92–3.30) for PASI > 4 group. Further 
adjusting (fully adjusted) for methotrexate, PsA, hospital, 

Table I. Patients’ characteristics

PASI = 0
(n = 746)

PASI > 0–≤ 2
(n = 485)

PASI > 2–≤ 4
(n = 246)

PASI > 4
(n = 207) pvalue

Male, n (%) 476 (64.0) 316 (65.3) 168 (68.9) 145 (70.7) 0.26
Psoriatic arthritis, n (%) 250 (33.5) 140 (28.9) 83 (33.7) 64 (30.9) 0.33
Methotrexate, n (%) 65 (8.7) 39 (8.0) 28 (11.4) 33 (15.9) 0.0066
Age, years, mean (SD) 43.1 (14.7) 43.9 (14.7) 46.5 (14.4) 46.2 (14.0) 0.0028
Weight, kg, mean (SD) 87.1 (20.4)

Missing: 86
90.2 (19.8)
Missing: 66

91.2 (20.5)
Missing: 42

95.0 (22.8)
Missing: 64

< 0.0001

Body max index, mean (SD) 28.5 (6.7)
Missing: 190

30.1 (6.8)
Missing: 132

29.8 (6.4)
Missing: 64

31.4 (7.0)
Missing: 83

< 0.0001

Disease duration, years, median (IQR) 19.0 (11.5–28.0)
Missing: 273

19.8 (11.4–28.8)
Missing: 165

19.4 (11.6–27.0)
Missing: 68

19.5 (11.9–29.5)
Missing: 50

0.87*

Pretreatment PASI, median (IQR) 11.0 (8.0–15.0)
Missing: 108

10.0 (6.8–14.0)
Missing: 65

12.0 (9.0–16.0)
Missing: 39

13.0 (10.0–19.0)
Missing: 42

< 0.0001*

Pretreatment DLQI, median (IQR) 13.0 (8.0–18.0)
Missing: 231

12.0 (8.0–17.0)
Missing: 133

14.0 (8.0–19.0)
Missing: 69

12.0 (7.0–17.0)
Missing: 78

0.36*

Drugs, n (%)
  Adalimumab 260 (34.9) 182 (37.5) 87 (35.4) 70 (33.8) 0.59
  Etanercept 49 (6.6) 55 (11.3) 51 (20.7) 61 (29.5) < 0.0001
  Infliximab NS NS NS NS 0.46
  Ustekinumab 227 (30.4) 172 (35.5) 90 (36.6) 56 (27.0) 0.045
  Secukinumab 169 (22.7) 47 (9.7) 8 (3.3) 6 (2.9) < 0.0001
  Other NS NS NS NS 0.83
Time to response, days, median (IQR) 112 (91–158) 112 (91–161) 119 (91–175) 97 (83–126) < 0.0001*
Achieving response after 3 months, n (%) 493 (66.1) 326 (67.2) 136 (55.3) 148 (71.5) 0.0015
Achieving response after 6 months, n (%) 228 (30.6) 144 (29.7) 99 (40.2) 36 (17.4) < 0.0001
Flare (PASI ≥ 3), n (%)
  Flare 157 (21.1) 142 (29.3) 111 (45.1) 87 (42.0)
  Stop treatment 21 (14.8) 22 (16.5) 25 (24.8) 29 (35.8) 0.0010
  Return of PASI 46 (32.4) 43 (32.3) 38 (37.6) 18 (22.2) 0.17
Flare (PASI ≥ 5), n (%)
  Flare 64 (8.6) 59 (12.2) 55 (22.4) 45 (21.7)
  Stop treatment 10 (17.5) 11 (20.0) 15 (28.9) 15 (36.6) 0.12
  Return of PASI 19 (33.3) 17 (30.9) 18 (34.6) 10 (24.4) 0.73

Outcomes are not shown where one group had < 3 patients.
*Kruskal–Wallis test was used to assess differences in the groups.
PASI: Psoriasis Area and Severity Index; DLQI: Dermatology Life Quality Index; IQR: interquartile range; SD: standard deviation; NS: not shown due to data security 
requirements. 

1https://doi.org/10.2340/000155553722

https://doi.org/10.2340/00015555-3722
https://doi.org/10.2340/00015555-3722
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and body weight did not alter the results and neither did 
including pretreatment PASI as a covariate in the model 
(Table SII1). In addition, similar results were observed 
for the individual drugs, except for etanercept for which, 
no differences were observed across groups (Table SIII1).

With the PASI > 0–≤ 2 group as the reference, the fully 
adjusted model revealed a HR of 1.72 (95% CI 1.34–2.22) 

for PASI > 2–≤ 4 and HR of 1.77 (95% CI 1.34–2.332) for 
PASI > 4 group (Table SIV1). 

Risk of flare: PASI increase ≥ 5
When defining a flare as an increase in PASI of minimum 
5, 224 patients (13.3%) experienced a flare, after which 
28.6% continued treatment and returned to pre-flare PASI 
and 22.8% of patients stopped treatment (Table I).

For patients who experienced a flare defined as an 
increase in PASI ≥ 5, the median time from achieving 
response to a flare was 335 days (IQR 117–700). Longer 
flare-free survival rates were seen for the PASI = 0 and 
PASI > 0–≤ 2 groups compared with the PASI > 2–≤ 4 and 
PASI > 4 groups when defining a flare as an increase in 
PASI ≥ 5 (Fig. 3).

With PASI = 0 group as reference group, crude HRs 
for flares (PASI ≥45) were 1.47 (95% CI 1.03-2.10) for 
the PASI>0-≤ 2, 3.00 (95% CI 2.09–4.31) for the PASI 
> 2–≤ 4, and 3.38 (95% CI 2.30–4.96) for the PASI > 4 
group (Fig. 4). When adjusting for drug, sex, and age HR 
decreased to 1.40 (95% CI 0.98–1.99) for PASI > 0–≤ 2 
group, 2.83 (95% CI 1.95–4.10) for PASI > 2–≤ 4 group, 
and 3.16 (95% CI 2.13–4.69) for PASI > 4 group. Further 
adjusting (fully adjusted) for methotrexate, PsA, hospital, 
and body weight did not alter the results, and neither did 
including pretreatment PASI as a covariate in the model 
(Table SII1). 

When using PASI > 0–≤ 2 as the reference, the fully 
adjusted model revealed HR of 2.05 (95% CI 1.42–2.98) 
for PASI > 2–≤ 4 and 2.36 (95% CI 1.58–3.53) for the 
PASI > 4 group (Table SIV1).

Fig. 2. Kaplan–Meier curves illustrating the time from achieving response to discontinuation of treatment (drug survival) for (A) all causes 
of treatment cessation; (B) lack of efficacy; and (C) adverse events. PASI: Psoriasis Area and Severity Index.

Fig. 3. Kaplan–Meier curves 
illustrating time from achieving 
response to flare (flare-free 
survival) when defining flares as 
an increase of (A) Psoriasis Area 
and Severity Index (PASI) ≥ 3 or (B) 
PASI ≥ 5.

Fig. 4. Hazard ratios of flares defined as an increase of Psoriasis Area 
and Severity Index (PASI) ≥ 3 or PASI ≥ 5 for different response 
groups compared with PASI = 0. The partly adjusted model included 
adjustment for age, sex, and the drug, and the fully adjusted model included 
additional adjustments for methotrexate, psoriatic arthritis, body weight, 
and hospital. *p < 0.05; **p < 0.01; ***p < 0.001.

https://doi.org/10.2340/00015555-3722
https://doi.org/10.2340/00015555-3722
https://doi.org/10.2340/00015555-3722
https://doi.org/10.2340/00015555-3722
https://doi.org/10.2340/00015555-3722
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Sensitivity analyses
As sensitivity analyses, the inclusion period was restricted 
based on 2 time periods; introduction of, respectively, us-
tekinumab in March 2009 and secukinumab in April 2015, 
which revealed no significant differences in the results 
(Table SII1). In addition, the risk of flares was assessed, 
with 2 other differences in flares, based on subcategories 
of PASI and having a visit with a registered PASI > 5. In 
total, 1,012 patients had available subcategories of PASI, 
and 8.9% of these experienced a flare of ≥ 2 in one of the 
areas of PASI (head, arms, legs or trunk). Similar results as 
for flares, defined as an increase of PASI ≥ 3 or PASI ≥ 5, 
were observed, with the PASI = 0 and PASI > 0–≤ 2 groups 
having better flare-free survivals than the PASI > 2–≤ 4 
and PASI > 4 groups (Table SII1). Likewise, the risk of 
having a visit with a registered PASI>5 was lower in the 
PASI = 0 group than in the PASI > 0–≤ 2 and PASI > 2–≤ 4 
groups (Table SII1).

Previously, PASI ≤ 5 has been considered an important 
cut-off (1), and this study therefore investigated the risk 
of flares in groups where response criteria were defined 
as PASI = 0, PASI > 0–≤ 2, and PASI >2–≤ 5, respectively. 
However, changing the definition of response criteria did 
not yield any significant changes compared with the pri-
mary findings of this study (Table SV1). In addition, this 
study assessed 3 different ways of allocating patients to the 
response groups, based on first visit, last visit, and visit with 
the highest PASI. Changing the way in which patients were 
allocated to response groups did not, in general, yield any 
significant changes compared with the primary findings of 
this study (Table SV1). However, the differences between 
risk of flares in the PASI = 0 and PASI > 0–≤ 2 groups were 
no longer significant in these sensitivity analyses.

DISCUSSION 

Among Danish biologic-naïve patients treated with bio-
logics for psoriasis, a low absolute PASI within the first 
6 months of treatment was associated with a more stable 
disease course and lower risk of flares. Notably, patients 
who achieved an absolute PASI ≤ 2 within the first 6 
months of therapy had a lower risk of flares compared with 
those with PASI > 2. In addition, these patients presented 
a more favourable drug survival.

Previous studies have suggested that early response 
is important for long-term outcomes. A small study of 
46 patients treated with topical drugs or phototherapy 
found that PASI at week 12 was associated with length 
of remission (6), and smaller retrospective cohort studies 
of patients treated with secukinumab and infliximab 
showed that PASI90 or PASI100 clearance was associa-
ted with longer drug survival (7, 8). However, it is well 
established that biologics lose efficacy over time (29). A 
retrospective chart review study of patients with complete 
or near-complete clearance investigated recurrences of 
psoriasis (30). Here, recurrences were seen in 48 of 60 

patients, with mean reappearance time of 782 days for 
adalimumab and 697 days for etanercept. Another study, 
comprising 270 patients treated with tumour necrosis 
factor (TNF)-targeting drugs, who discontinued treatment, 
showed that patients with PASI = 0 experienced disease 
worsening and/or relapse less frequently compared with 
patients with PASI > 0 (31). In line with these results, 
the current study found that patients with psoriasis, who 
achieved PASI = 0 during the first 6 months of treatment, 
experienced more stable psoriasis compared with patients 
with PASI > 0. In addition, patients with PASI ≤ 2 showed 
more stable psoriasis than those with PASI > 2, with a 
lower risk of flares and longer drug survival. The current 
study could not assess whether this association is because 
patients who do not achieve low PASI in the first 6 months 
of treatment have difficult-to-treat disease and therefore 
flare more easily, or that the better course for patients with 
low PASI in the first 6 months is due to more optimized 
treatment with less chronic inflammation, and thus a lesser 
risk of flares. Pretreatment PASI might be considered a 
confounder, as it can influence both the risk of flares and 
allocation to PASI groups. However, we did not include 
this in the main analysis, as the pretreatment PASI is 
dependent on washout period and previous treatment. 
Nevertheless, including pretreatment PASI in the model 
did not influence the interpretation of the results, although 
the effect size for the risk of flares in the PASI > 2–≤ 4 and 
PASI >4 groups diminished slightly. 

Patients with active psoriasis have a generalized inflam-
matory state with a hyperactive immune system, marked 
by increased cytokine production, dendritic cell and T-cell 
activation (29). Thus, patients with higher PASI might 
have an activated immune system, with preactivated 
tissue-resident T-cells, which can easily lead to flares (13). 
Other factors influencing the risk of flares include non-
compliance, adverse events, normal fluctuation in psoriatic 
disease severity, and inability to tolerate the medication 
(32). However, no differences were seen for disconti-
nuation due to adverse events across response groups. 
Another important factor might be drug concentration. 
Drug concentrations early in treatment have shown to be 
important for response to ustekinumab and adalimumab 
(33, 34). Thus, patients with worse response and higher 
PASI might be undertreated, and flares might be a con-
sequence of lower serum concentrations. Importantly, as 
we observed many patients who stopped treatment after 
flares, drug concentration measurement and dose escala-
tion might be a way to handle flares (35). 

Optimal response criteria have been discussed widely, 
currently with focus on absolute values, either single values 
of PASI, Physician Global Assessment (PGA), or body 
surface area (BSA) (14, 15, 36–38) or composite outcomes 
(39). We provide here evidence of the importance of high 
clearance on stability and long-term outcome of psoriasis. 
A recent consensus opinion paper proposed that absolute 
PASI ≤ 2 should be the pursued PASI goal (40). Our data 
suggest that patients who are completely clear have more 
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stable psoriasis than patients with some remaining psoriasis. 
However, PASI = 0 might still be a too ambitious response 
criterion, as less than half of the patients in the current study 
achieved this. Also having PASI = 0 as a response criterion 
could lead to multiple switches in patients who are satisfied 
with their treatment even with a few remaining plaques. 
Along these lines, patients generally report that obtaining 
almost complete skin clearance is a more important treat-
ment goal than complete skin clearance (41). Importantly, 
patients with PASI ≤ 2 showed markedly more stable 
psoriasis than those with PASI > 2. This underscores the 
importance of PASI ≤ 2 and, based on these results, PASI 
≤ 2 appears to be a reasonable response. 

When interpreting the results, some limitations should 
be discussed. First, no clear definition of a flare exists in 
the literature, and the use of PASI is exposed to inter-rater 
variability, which might be more pronounced in the higher 
PASI response groups. This potential bias might lead to 
an overestimation of the effect of early PASI on risk of 
flares. However, using different definitions of flares led to 
similar results; thus this risk is considered negligible. An-
other limitation is that the study comprised mainly patients 
receiving older biologics and might not be generalized to 
newer biologics, but controlling for the drug and analysing 
the drugs separately, did not significantly alter the results. 
The study originates from a Danish healthcare system in 
which choice of biologic and evaluation of efficacy are 
dictated by national guidelines, and the results might not 
be fully generalizable to other healthcare systems with 
different structures. On the other hand, all patients in Den-
mark receiving biologics for psoriasis and fulfilling the 
inclusion criteria were included, thus minimizing the risk 
of selection bias. Lastly, we cannot measure compliance, 
and as both response and risk of flares can be influenced 
by this, we cannot refute that some of the results can be 
attributed to lack of compliance. This would arguably be 
a differential bias, that would tend to favour more infre-
quent dosing schedules (e.g. every 12 weeks, since these 
are often administered in-office) compared with frequent 
dosing schedules (e.g. weekly home-administration). Ho-
wever, we observed similar results for drugs with different 
dosing schedules. Strengths of the current study include 
the high number of included patients, the prospectively 
collected data, a validated measurement of disease severity 
and flares, and clinically relevant cut-offs for response 
categories. In addition, potential confounding factors are 
collected routinely, and this study presents risk estimates 
both unadjusted and adjusted for these confounders. Alt-
hough, pretreatment PASI might be a potential confounder 
it was not included in the main model in the current study, 
as no washout of prior treatment occurred, and patients 
might initiate biologics due to adverse events or lack of 
efficacy of methotrexate, and the pretreatment PASI might 
therefore be influenced by this. Nevertheless, including 
pretreatment PASI in a sensitivity analysis did not alter the 
interpretation of the results. However, we cannot refute 
residual or unmeasured confounders. 

With biologic therapy for psoriasis, a low PASI within 
the first 6 months of treatment in biologic-naïve patients 
was associated with a more stable disease course, and 
lower risk of flares and treatment discontinuation. A treat-
ment target of PASI ≤ 2 in the first 6 months of treatment 
appears to be a reasonable and clinically relevant cut-off 
for response in the treatment of psoriasis with biologics.
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