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SIGNIFICANCE
A considerable proportion of patients with psoriasis do not 
respond to the given biologic, and a treatment switch to 
another biologic is often required. Smoking and higher 
bodyweight have been associated with reduced efficacy in 
patients with psoriasis treated with tumour necrosis fac-
tor inhibitors and ustekinumab. The results of the current 
study confirm that smoking and higher bodyweight are as-
sociated with poorer response to tumour necrosis factor 
inhibitors and ustekinumab in a Danish nationwide context. 
In addition, smoking and higher bodyweight are associated 
with poorer response to treatment with secukinumab.

Identifying patient characteristics associated with 
achieving treatment response to biologics in patients 
with psoriasis could prevent expensive switching bet-
ween biologics. The aim of this study was to identify 
patient characteristics that predict the efficacy of 
treatment for biologics that inhibit tumour necrosis 
factor-α, interleukin-12/-23, and -17A. The study in-
vestigated biologic-naïve patients from the DERMBIO 
registry treated with adalimumab, etanercept, inflixi-
mab, secukinumab, or ustekinumab. Multivariable lo-
gistic models were conducted to assess associations 
between patient characteristics and treatment respon-
se. A total of 2,384 patients were included (adalimu-
mab n = 911; etanercept n = 327; infliximab n = 152; 
secukinumab n = 323; ustekinumab n = 671). Smo-
king (odds ratio 0.74; 95% confidence interval (CI) 
0.56–0.97; p = 0.03) and higher bodyweight (odds ra-
tio 0.989; 95% CI 0.984–0.994; p < 0.001) reduced the 
odds of achieving response defined as Psoriasis Area 
and Severity Index ≤2.0 after 6 months of treatment. 
In conclusion, higher bodyweight and smoking were 
associated with a reduced probability of treatment re-
sponse for tumour necrosis factor-α inhibitors, uste-
kinumab, and secukinumab.
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Treatment of psoriasis with biologics is often reserved 
for patients with moderate-to-severe psoriasis, and 

for those with lack of effect or with side-effects to classic 
systemic treatment. Biologics are typically effective (1) 
and disease clearance leads to an increase in quality of 
life (2). However, a considerable proportion of patients do 
not respond to the given biologic and a treatment switch 
to another biologic is often required. This trial-and-error 
approach is expensive and frustrating for patients (3). 
The 12-month retention rate for tumour necrosis factor 
(TNF)-α inhibitors, ustekinumab, and secukinumab, has 
been reported to be 55–70%, 80–90%, and 70–90%, re-
spectively (4–10). Identifying ways to optimize the reten-
tion rate and finding the most suitable treatment for each 

patient is important, to avoid disappointment in patients 
and avoid unnecessary and expensive switching between 
biologics. Biological markers (11) and patient characteris-
tics (12) could be ways to identify patients with a higher 
chance of responding to a given biologic. Indeed, patient 
characteristics, such as smoking, higher bodyweight, 
and female sex, have been associated with reduced tre-
atment response (12). In addition, treatment of patients 
with psoriasis and concomitant psoriatic arthritis (PsA) 
has been associated with a higher risk of discontinuation 
due to ineffectiveness when the patients are treated with 
ustekinumab, and increased drug survival when patients 
are treated with adalimumab, leading to the possibility of 
individual choice of biological therapy (10). In general, 
studies investigating patient characteristics associated 
with treatment response to biologics are mostly limited to 
older drugs, such as TNF-α inhibitors and ustekinumab.

In a nationwide cohort of patients with psoriasis, this 
study aimed to identify patient characteristics that pre-
dict the efficacy of treatment for biologics that inhibit 
TNF-α, interleukin (IL)-12/-23, and IL-17A. Furthermore, 
this study aimed to investigate whether the association 
between patient characteristics and treatment response 
differed between the individual biologics. 

MATERIALS AND METHODS

Study design

The study was approved by the Danish Data Protection Agency 
(ref. HGH-2016-048, I-Suite: 04520 and VD-2018-286). Approval 
by an ethics committee is not required for register-based studies 
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in Denmark. The study followed the recommendations of the 
Strengthening the Reporting of Observational Studies in Epide-
miology (STROBE) statement (13).

A cohort study was conducted with data from the Danish Na-
tional Patient Registry, the Danish National Prescription Registry, 
and the DERMBIO registry. The DERMBIO registry contains data 
on patients treated with biologics for psoriasis in Denmark (4).

Patients were included in the study if they were biologic naïve 
and if they initiated treatment with either adalimumab, etanercept, 
infliximab, secukinumab, or ustekinumab from January 2007 
through October 2019. Patients treated with ixekizumab, broda-
lumab, and IL-23 inhibitors were excluded due to a lack of data. 
Patients were excluded from the study if no data on Psoriasis Area 
and Severity Index (PASI) were available after either 3, 6, or 12 
months of treatment. The visits were defined with time-frames of 
± 9 weeks. If a patient had multiple measures of PASI at baseline 
or at the 3-, 6-, or 12-month visit, the PASI recorded closest to the 
scheduled time was used.

Data sources

The following patient characteristics were included: biological 
therapy, sex, age at the start of biological treatment, bodyweight, 
smoking, alcohol abuse, baseline PASI (± 2 weeks), disease dura-
tion, PsA, diabetes, hypertension, severe cardiovascular disease 
(myocardial infarction (MI) and ischaemic stroke), Charlson Co-
morbidity Index, concomitant use of methotrexate, concomitant 
use of local treatment, and socioeconomic status in the cohort.

Subanalyses also included dose of biologic at 6 months, Charl-
son Comorbidity Index without diabetes, smoking (data from the 
DERMBIO registry, n = 355), and socioeconomic status in the 
Danish population.

The Charlson Comorbidity Index and severe cardiovascular 
disease were based on previously validated International Clas-
sification of Diseases, 10th Revision (ICD-10) codes from the 
Danish National Patient Registry (14–17). Smoking and alcohol 
abuse were defined by ICD-10 codes, pharmacological treatment, 
and treatment interventions. Dose of biologic at 6 months was 
defined as a categorical variable indicating whether the dose of 
the drug differed from the approved European Medicines Agency 
(EMA) label. Socioeconomic status was defined as 5 groups 
(group 1 with the lowest income) based on the mean gross annual 
income (standardized by age) during a 5-year period before patient 
inclusion to the DERMBIO registry. Hypertension and diabetes 
were defined by ICD-10 codes and pharmacological treatment. 
The approaches have been described in detail previously (18, 19). 
The remaining patient characteristics were based on data from the 
DERMBIO registry.

The primary endpoint was a treatment response, defined as PASI 
≤ 2.0 at the 6-month visit. The secondary endpoints were treatment 
responses defined as PASI ≤ 2.0 at the 3- and 12-month visits. 
Sensitivity analyses were conducted with treatment responses 
defined as 90% and 75% reduction in PASI (PASI 90 and PASI 
75) at the 3-, 6- and 12-month visits.

Subanalyses with PASI ≤ 2.0 at 6 months were conducted 
with the variables smoking (data from the DERMBIO registry), 
Charlson Comorbidity Index without diabetes, and socioeconomic 
status in the Danish population replacing the variables smoking, 
Charlson Comorbidity Index, and socioeconomic status in the 
cohort. Another subanalysis was conducted including the variable 
dose of biologic at 6 months.

Statistical methods

Preparation of the dataset was generated using SAS software, 
Version 9.4 of the SAS System for Windows. Copyright, SAS 
Institute Inc. SAS and all other SAS Institute Inc. product or 
service names are registered trademarks or trademarks of SAS 

Institute Inc., Cary, NC, USA. The data analyses were performed 
with RStudio, Version 1.2.1578. RStudio: Integrated Development 
for R. RStudio, PBC, Boston, MA, USA.

The patient characteristics were tested for potential outliers. 
Next, the association between the patient characteristics and the 
endpoints was tested with univariate analyses (t-tests for nor-
mally distributed continuous variables, Mann–Whitney U tests 
for non-normally distributed continuous variables, and χ2-tests 
for categorical and binary variables). 

For each endpoint, patient characteristics with a p < 0.20 in the 
univariate analyses were included in the multivariable logistic 
model. The models were fitted with the patient characteristics as 
the independent variables and the binary-coded endpoint as the 
dependent variable. Independent variables with a p  > 0.20 in the 
univariate analyses were included in the multivariable logistic 
model if they had a p < 0.05 when the other independent variab-
les were adjusted for. The specific biologic was included as an 
independent variable in all the models. The independent variables 
with a p < 0.05 in the primary model (absolute PASI ≤ 2.0 within 
6 months) were also included in the other models.

Missing data were accounted for by using R multivariate im-
putation by chained equation (mice-package) (20). Continuous 
variables were converted to categorical variables in subsequent 
models for easier interpretation of the odds ratio (OR) and to 
avoid false inferences, as any unit change should have the same 
impact on the response. 

In addition to ORs, the average marginal effect was also cal-
culated. The average marginal effect is the average change in 
probability of response, when 1 variable changes, and the others 
are held constant. It is important to note that the marginal effect 
for each variable differs between patients (21). Again, the nume-
rical variables were converted to categorical variables for ease 
of interpretation.

To evaluate the performance of the models, this study assessed 
goodness of fit (calibration) with the Hosmer–Lemeshow test and 
the overall accuracy of the models (discrimination) with receiver 
operator characteristic (ROC) graphs. ROC graphs illustrate the 
relationship between the true-positive rate (sensitivity) and the 
false-positive rate (1-specificity) to summarize confusion matrices.

In a subsequent model with PASI ≤ 2.0 at 6 months as the 
endpoint, interaction terms were included to investigate if the 
biologics depended differently on the patient characteristics with 
a p < 0.20 in the primary model.

RESULTS

Characteristics of the cohort
In total, 3,109 patients were identified in the DERMBIO 
registry. Of these, 2,384 patients were biologic naïve and 
treated with adalimumab (n = 911), etanercept (n = 327), 
infliximab (n = 152), secukinumab (n = 323), or ustekinu-
mab (n = 671) and had at least 1 PASI available at the 3-, 
6- or 12-month visit (Fig. 1).

Most of the patients were male (63.7%) and the mean 
age was 43.2 years (Table SI1).

More patients achieved PASI ≤ 2.0 at 6 months when 
treated with secukinumab (87.0%) compared with ada-
limumab, infliximab, and ustekinumab (65.1–67.9%), 
while only 42.4% achieved PASI ≤ 2.0 at 6 months when 
treated with etanercept (Table SII1).

1https://doi.org/10.2340/actadv.v101.351
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Primary endpoint (PASI ≤ 2.0 at 6 months)
Treatment response, defined as PASI ≤ 2.0 at the 6-month 
visit, was the primary endpoint. Ten patient characteristics 
(excluding biological therapy and the variables used for 
subanalyses) had a p < 0.20 in the univariate analyses, 
resulting in 11 independent variables in the primary model 
(Table SIII1). 

With adalimumab as reference, patients treated with 
etanercept had lower odds (OR 0.38; 95% confidence 
interval (95% CI), 0.27–0.52) of responding to treatment, 
and patients treated with secukinumab had higher odds 
(OR 3.57; 95% CI, 2.29–5.55) of responding to treatment. 
In addition, smoking, higher bodyweight, and higher 
baseline PASI reduced the odds of achieving treatment 
response (Table SIV1).

Converting continuous variables to categorical variab-
les revealed that an age of 45–60 years at the start of the 
treat ment compared with age <30 years, and a bodyweight 
between 90 and 110 kg and 110+ kg compared with a 
bodyweight below 70 kg were associated with reduced 
odds of achieving response to treatment (Fig. 2).

For easier interpretation of the risk related to the 
individual variable, the average marginal effect was as-
sessed (Table SV1). The median probability of achieving 
treatment response, defined as PASI ≤ 2.0, at 6 months, 
was 67.5% in our cohort. Smokers were 6.2% less likely 
to achieve response on biologic treatment compared with 
non-smokers. Patients weighing 90–110 kg or 110+ kg 
were 8.2% or 17.0% less likely to achieve treatment 
response, respectively, compared with patients weighing 
less than 70 kg (Fig. 3).
Treatment stratification. In the subsequent model with 
PASI ≤ 2.0 at 6 months as the endpoint and interaction 

Fig. 1. Flowchart of the identification process. ADA: adalimumab; 
ETA: etanercept; INF: infliximab; PASI: Psoriasis Area and Severity Index; 
SEC: secukinumab; UST: ustekinumab.

Fig. 2. Odds ratios (ORs) for the primary endpoint (Psoriasis Area 
and Severity Index (PASI) ≤ 2.0 at 6 months). *For every unit above 0. 
**An index above 0. ORs and 95% confidence interval (CI) for the primary 
multivariable logistic model investigating associations between PASI ≤ 2.0 
at 6 months and patients’ characteristics.

Fig. 3. Change in the probability of achieving Psoriasis Area and 
Severity Index (PASI) ≤ 2.0 at 6 months. This diagram illustrates the 
average marginal effect of the variables with significant associations with 
the primary endpoint (PASI ≤ 2.0 at 6 months). The average marginal effect 
is the average change in probability, when 1 variable changes, and the 
others are held constant. For comparison purposes, the median probability 
of achieving PASI ≤2.0 at 6 months was 67.5%.

https://doi.org/10.2340/actadv.v101.351
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terms between the biological therapy and the independent 
variables, we wanted to investigate whether the biologics 
depended differently on the patient characteristics.

Analysis showed that the odds of treatment response 
were higher with increasing bodyweight when patients 
were treated with infliximab compared with adalimumab. 
There were no other significant interactions (Table SVI1).

Secondary endpoints (PASI ≤ 2.0 at 3 and 12 months)
The results of the models with the secondary endpoints 
also showed reduced odds of achieving treatment response 
among smokers (only at 3 months), patients with higher 
bodyweight, higher baseline PASI, and when treated with 
etanercept compared with adalimumab. The models also 
showed increased odds of achieving treatment response 
when treated with secukinumab compared with adali-
mumab. Age at the start of biological treatment, disease 
duration, diabetes, and concomitant local treatment were 
associated with only one of the secondary endpoints 
(Table SIV1).

Sensitivity analyses (endpoints: PASI 75 and 90 at 3, 6 
and 12 months)

As for the primary endpoint, similar results for higher 
bodyweight, etanercept, and secukinumab were observed 
with PASI 75 and PASI 90 as endpoints. Smoking also 
showed similar results, with PASI 90 as the endpoint, 
but no association for PASI 75 was observed. In contrast 
to the primary endpoint, higher baseline PASI was as-
sociated with increased odds of achieving PASI 75 and 
PASI 90.

Concomitant use of local treatment increased the odds, 
whereas higher age at the start of biological treatment 
reduced the odds, of treatment response in more than one 
of the sensitivity analyses (Tables SIV1).

Subanalyses
Treatment with a higher dose than labelled of the given 
biologic at 6 months decreased the odds of PASI ≤ 2.0 at 6 
months. There was still no association with PASI ≤ 2.0 at 
6 months when Charlson Comorbidity Index without dia-
betes and socioeconomic status in the Danish population 
replaced Charlson Comorbidity Index and socioeconomic 
status in the cohort (Table SVII1). Smoking (data from the 
DERMBIO registry) was not associated with PASI ≤ 2.0 
at 6 months (Table SVIII1).

Goodness of fit
The Hosmer–Lemeshow test of all 9 models had a high 
p-value (above 0.05) indicating a good fit to the data. 
The area under curve (AUC) of the ROC graphs of the 9 
models was approximately 0.70, which is an acceptable 
accuracy of the models (22) (Table SIX1).

DISCUSSION

This nationwide cohort of biologic-naïve patients with 
psoriasis found that higher bodyweight and smoking re-
duced the odds of achieving PASI ≤ 2.0 after 6 months of 
treatment with either adalimumab, etanercept, infliximab, 
secukinumab, or ustekinumab. Treatment with etanercept 
or secukinumab compared with adalimumab reduced or 
increased the odds of achieving PASI ≤ 2.0 after 6 months 
of treatment, respectively.

Previous studies investigating patient characteristics 
associated with treatment response to biologics have 
found female sex, smoking, and high bodyweight to be 
associated with reduced efficacy in patients treated with 
adalimumab, etanercept, infliximab, and ustekinumab 
(12, 23). In another study, there were fewer smokers, 
and patients had lower bodyweight in groups with better 
response to treatment with secukinumab (24). In addition, 
in a network meta-analysis, secukinumab and etanercept 
had higher and lower efficacy, respectively, compared with 
adalimumab, infliximab, and ustekinumab (1).

In line with previous findings, the current study found a 
higher bodyweight to be negatively associated with treat-
ment response. We provide further evidence that this as-
sociation also exists within the first 12 months of treatment 
with secukinumab (anti-IL-17A) (15). The association can 
be linked to increased clearance of the drugs and higher vo-
lume of distribution with higher bodyweight, together with 
the fact that increased serum drug levels for adalimumab 
leads to an increased treatment response (25, 26). Thus, 
patients with higher bodyweight might need higher doses 
of biologics. In agreement with this hypothesis, the current 
study found that patients treated with infliximab, the only 
fully weight-adjusted biologic, had a better treatment re-
sponse with increasing bodyweight compared with patients 
treated with adalimumab. There is a potential prescription 
bias, as patients treated with infliximab were heavier than 
patients treated with the other biologics. However, this 
bias only reduces the negative association between higher 
bodyweight and treatment response.

Patients weighing 90–110 kg or 110+ kg had 8.2 or 
17.0 percentage points decreased probability of achieving 
treatment response, respectively. Investigating ways to 
optimize treatment in patients weighing over 90 kg are 
important, as 41.7% of the patients in this study weighed 
more than 90 kg. Interestingly, a recent study found no 
effect of bodyweight on the efficacy of risankizumab 
(anti-IL-23), although it is unclear if this also applies to 
real-life use of this drug (27). A 1-year real-life study on 
guselkumab (anti-IL-23) found no association between 
obesity (defined as body mass index > 30) and poorer 
response. The study included only 52 patients (28).

A subanalysis found that treatment with higher doses 
of biologics than labelled reduced the odds of achieving 
PASI ≤ 2.0 after 6 months. However, treatment with higher 
doses than labelled is most likely a consequence of the 
patient not initially responding fully to the labelled dose.

https://doi.org/10.2340/actadv.v101.351
https://doi.org/10.2340/actadv.v101.351
https://doi.org/10.2340/actadv.v101.351
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The negative association between smoking and treat-
ment response to biologics is consistent with most studies 
on psoriasis (23, 24, 29) and other disease areas, such as 
PsA, rheumatoid arthritis, and ankylosing spondylitis 
(30–32). The results of the current study regarding the 
difference in probability of achieving treatment response 
for smokers compared with non-smokers is similar to 
that found in the study by Warren et al. (12), which in-
vestigated patients with psoriasis enrolled in the UK and 
Republic of Ireland-based registry BADBIR. Another 
study comprising 1,264 patients found a tendency, but 
no significant difference, in treatment response between 
current smokers and non-smokers after 12 months of treat-
ment (33). However, this study was limited by patients 
being excluded due to discontinuation of treatment in the 
study period and lower baseline PASI in the non-smoking 
group. Taken together, smoking appears to result in a 
worse treatment outcome, and smoking cessation might 
be a way to increase treatment response. In the current 
study, when smoking data from the DERMBIO registry 
was used, we no longer observed an association between 
smoking and PASI ≤ 2.0 at 6 months. However, this sub-
analysis was limited to include only 10% of the original 
cohort, as routine registration of smoking has only been 
introduced recently to the DERMBIO registry.

Not surprisingly, baseline PASI was associated with 
all endpoints. For relative reductions in PASI there was 
a positive association with higher baseline PASI, and for 
absolute reductions in PASI there was a negative associa-
tion with higher baseline PASI. In clinical trials, PASI 75 
and PASI 90 are often used as efficacy responses, whereas 
response criteria based on absolute PASI are more suitable 
for real-world studies due to the lack of a wash-out period. 
The current consensus is that an absolute PASI ≤ 2.0 is a 
preferable treatment outcome (34, 35).

Finally, higher age at the start of biological treatment 
was negatively associated with the endpoints defined as 
PASI ≤2.0, PASI 75, and PASI 90 at 3 months. There are 
potential confounding factors regarding this variable that 
our analyses did not consider, such as previous classic sys-
temic treatments. One hypothesis supporting our result is 
that early intervention with effective systemic therapy can 
alter the course of the disease before the chronicity of the 
disease sets in, and early treatment intervention might be 
a way to optimize response (36). To our knowledge, this 
is the first study to find an association between higher age 
and worse treatment response and it should be replicated 
in independent cohorts.

This study has some limitations. The variables smoking 
and alcohol abuse were only identified if the patients had 
had interactions with the healthcare system regarding smo-
king or alcohol abuse (18, 19). Thus, only patients with 
high exposure to smoking and alcohol were categorized 
as smokers or alcohol abusers, leading to some misclas-
sification. However, such misclassification would lead to 
a reduction in the effect estimate towards no association.

The low number of treatment series with some of the 
biologics and missing data, most prominent for disease 
duration, could lead to loss of statistical power. How-
ever, we believe that these data are missing completely 
at random and hence do not influence the interpretation 
of the results. Strengths of the current study include the 
nationwide coverage and the validated endpoints and 
patient characteristics investigated.

Consistent with previous research, this study found that 
higher bodyweight and smoking were associated with a 
reduced probability of treatment response to older biolo-
gics that inhibit TNF-α and IL-12/-23. It was also found 
that these patient characteristics reduce the probability 
of treatment response with secukinumab (anti-IL-17A).
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