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ABSTRACT
Background: Data on the therapeutic management and healthcare cost of moderate to severe 
psoriasis in France are scarce.
Objective: To assess the therapeutic management and economic burden of patients with 
moderate to severe psoriasis.
Setting: This is a retrospective observational study on the Generalist Beneficiaries Sample of the 
National Health Data System.
Patients and outcome measures:Adults with moderate to severe psoriasis (with a topical 
vitamin D derivative followed by systemic treatment or hospitalization for psoriasis) were 
included and followed-up from 1 January 2009 to 31 December 2018. Patients were matched 
to controls without psoriasis. Patients’ characteristics and healthcare cost from the National 
Health Insurance’s (NHI) perspective were described.
Results: Overall, 1,848 and 5,544 adults were included in the psoriatic and control cohorts, 
respectively. The most frequent treatments were methotrexate (18.5% to 21.4% of patients by 
year), phototherapy (29.9% in 2010 down to 6.2% in 2018), and acitretin (25.9% in 2010 down to 
8.6% in 2018). Overall, 19% of patients used biotherapies. The mean healthcare costs reimbursed 
by NHI was €5,365/psoriatic patient (including €2,685 potentially attributable to psoriasis), which 
was twice as high as in controls. In both cohorts, healthcare costs increased over time.
Conclusion: Moderate to severe psoriasis healthcare costs are high.
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Introduction

Based on studies mostly conducted in high-income coun
tries, the estimates of the prevalence of psoriasis in adults 
range from 0.5% to 11.4% [1]. In France, psoriasis affects 
between 1.3% (based on claims database) [2] and 4% 
(based on self-questionnaire) [3] of the population. 
Eighty to ninety percent of people with psoriasis experi
ence plaque psoriasis [4]. The disease course is unpredict
able, progressing in flare-ups of varying intensity, 
interspersed with remissions of varying duration. Beyond 
the high medical impact of the disease, psoriasis also has a 
considerable emotional and psychosocial effect on 
patients [5]. The odds of suicidal behaviors of patients 
with psoriasis compared with individuals without psoria
sis are 1.3 [6] and suicide prevalence in adults with psor
iasis is 0.8% [7]. Psychiatric disorders can both result from 
and contribute to progression of psoriasis, suggesting 
that psoriasis and psychiatric conditions, may have over
lapping biological mechanisms [8,9].

For mild-to-moderate cases, first-line therapy involves 
topical drugs, including corticosteroids, vitamin D3 analo
gues and combination treatment. For more severe cases, 
systemic therapies may be administered, including photo
therapy, conventional systemic treatments and immuno
suppressive biotherapies. New treatments have recently 
been developed for moderate to severe psoriasis and, in 
France, biotherapies are now offered to patients as a 
third-line option [10]. It is important to monitor the inte
gration of these new treatments into the wide psoriasis 
therapeutic arsenal and their effect on healthcare costs.

Data on the cost of psoriasis in France are scarce. 
Two studies examined patients’ out-of-pocket costs 
[11,12]. One regional study examined, from the French 
National Health Insurance’s (NHI) perspective, in 2009– 
2011, the healthcare costs among patients with moder
ate to severe psoriasis [13]. Over a six-month period, the 
total cost per patient was €1,678 for patients without 
biotherapy and €8,107 for those with biotherapy.

The POP study aimed to assess the therapeutic man
agement and the economic burden, including the cost 
potentially attributable to psoriasis, of adult patients liv
ing with moderate to severe psoriasis in France from the 
NHI’s perspective over 2009–2018. For the therapeutic 
management, besides the description of treatments, a 
machine learning approach was used to visualize treat
ment sequences. As an exploratory objective, the study 
examined the psychological impact of psoriasis through 
the number of hospitalized suicide attempts. Data were 
obtained from the National Health Data System (SNDS) of 
the NHI, specifically from the Generalist Beneficiaries 
Sample (EGB, Echantillon Généraliste des Bénéficiaires) – 
a sample of the SNDS.

Materials and methods

Study design

This is a retrospective observational study carried out 
on the EGB database on adult patients with a moderate 
to severe plaque psoriasis.

Data sources

The EGB is a random sample of about 660,000 NHI 
beneficiaries (1/97th of beneficiaries) that is periodically 
renewed (Supplement Methods 1). The SNDS, from 
which the EGB dataset is derived, is a claims database 
containing anonymous sociodemographic and medical 
characteristics, as well as reimbursed healthcare infor
mation [14].

Study population

The study population is composed of two cohorts: the 
psoriasis cohort and the control cohort. The algorithm 
used to identify the study population was adapted from 
a previously published algorithm developed for the 
SNDS [15].

The psoriasis cohort encompassed adults (≥18 years 
old) with ≥ 1 reimbursement of a topical vitamin D 
derivative, followed within a two-year period with ≥ 1 
reimbursement of a systemic treatment: phototherapy, 
immunosuppressant or immunomodulating drug (aci
tretin, cyclosporin, methotrexate, apremilast), biother
apy originator and biosimilar (etanercept, infliximab, 
adalimumab, certolizumab pegol, ustekinumab, secu
kinumab, brodalumab, ixekizumab, guzelkumab, risan
kizumab) (timeframes of treatments in Supplement 
Table 1). As the selected systemic treatments have 
multiple indications other than psoriasis treatment 
(psoriatic arthritis, Crohn disease, etc.), association of 
a topical drug delivery with systemic treatments was 
used to ascertain inclusion of patients treated for a 
psoriasis. The ATC codes for drugs and the CCAM 
codes for medical procedures are in Supplement 
Table 2-4. Patients were also included if they had ≥ 1 
hospitalization with a primary diagnosis of psoriasis 
(ICD-10 code L40).

The control cohort was established for the analysis of 
the cost potentially attributable to psoriasis. Adults failing 
the treatment and diagnosis inclusion criteria of the psor
iasis cohort were pre-selected for the control cohort.

Individuals (with or without psoriasis) with <2 years 
of continuous presence in the EGB prior to the index 
date were excluded. Only patients with a unique, per
manent social security number were included.
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For the psoriasis cohort, the index date was defined 
as the date of the first reimbursement of the systemic 
treatment of interest or phototherapy, or the first day of 
hospitalization for psoriasis, whichever occurred first. 
For the control cohort, the index date was defined as 
December 31st of the individual’s first year of presence 
in the EGB during the inclusion period.

Study period

The inclusion period lasted from 1 January 2009 until 31 
December 2018 (Supplement Fig. S1). Patients were 
followed-up from inclusion (index date) until 31 
December 2018 (the end of the study period), death, 
or the last healthcare claim preceding two consecutive 
years without any healthcare claim, whichever occurred 
first.

To capture comorbidities and medical history, a look- 
back period started two years prior to the index date (i. 
e., as early as 1 January 2007 for the first enrolled 
patients).

Outcomes

Patient demographic and medical characteristics at 
index date were described including comorbidities, 
medical history and long-term disease status (LTD) 
(details in Supplement Methods 2).

Healthcare consumption (hospital stays, hospital 
outpatient or doctor office visits, visits to other 
healthcare professionals, sick leaves, drugs, medical 
devices, biological tests, imaging procedures, trans
portation to a healthcare facility, and other consump
tions) were collected to compute their cost, by year. 
Year 2009 was excluded from the healthcare

Table 1. Participant’s characteristics at index date×.

Variable
Patients with moderate to severe plaque psoriasis 

(n = 1,848)
Matched cohort 

(n = 5,544)

Inclusion year
2009 197 (10.66%) 581 (10.48%)
2010 174 (9.42%) 522 (9.42%)
2011 160 (8.66%) 482 (8.69%)
2012 153 (8.28%) 458 (8.26%)
2013 213 (11.53%) 651 (11.74%)
2014 159 (8.60%) 489 (8.82%)
2015 143 (7.74%) 416 (7.50%)
2016 149 (8.06%) 430 (7.76%)
2017 220 (11.90%) 678 (12.23%)
2018 280 (15.15%) 837 (15.10%)

Age (years), mean (±SD) 51.4 (±15.8) 51.51 (±16.15)
Median [Q1; Q3] 52.0 [39.0; 63.0] 51.0 [39.0; 63.0]
Sex, N men (%) 1,012 (54.8%) 3,022 (54.5%)
State-funded free complementary healthcare benefit, N yes (%) 165 (8.9%) 478 (8.6%)
Charlson Comorbity Index, mean (±SD) 1.0 (±1.2) 0.2 (±0.5)
Median [Q1; Q3] 2.0 [1.0; 3.0] 0.0 [0.0; 0.0]
Diabetes, N (%) 203 (11.0%) 600 (10.8%)
Inflammatory diseases: Psoriatic Arthritis, Inflammatory Bowel Disease, Ankylosing 

Spondylitis, N (%)
203 (11.0%) 603 (10.9%)

Psoriatic Arthritis 116 (6.3%) 27 (0.5%)
Inflammatory Bowel Disease 67 (3.6%) 486 (8.8%)
Ankylosing Spondylitis 44 (2.4%) 106 (1.9%)

Infections, N (%) 131 (7.1%) 392 (7.1%)
Infections including Opportunistic Infections 121 (6.6%) 363 (6.6%)
Cytopenia 19 (1.0%) 70 (1.3%)

Cerebrovascular disease, N (%) 114 (6.17%) 324 (5.8%)
Chronic Coronary Disease 77 (4.2%) 197 (3.6%)
Heart Failure 41 (2.2%) 158 (2.9%)
Cerebrovascular Accident 20 (1.1%) 82 (1.5%)
Acute coronary syndrome, N (%) 2 (0.1%) 9 (0.2%)
Acute pulmonary embolism, N (%) 2 (0.1%) 5 (0.1%)

Morbid obesity, N (%) 88 (4.8%) 274 (4.9%)
Mental health, N (%) 50 (2.7%) 150 (2.7%)

Mood Disorders 36 (2.0%) 121 (2.2%)
Addiction 15 (0.8%) 32 (0.6%)

Cancer, N (%) 43 (2.3%) 129 (2.3%)
Cancer excluding Cutaneous Cancer 35 (1.9%) 119 (2.2%)
Cutaneous cancer excluding melanoma 7 (0.4%) 9 (0.2%)
Melanoma 2 (0.1%) 4 (0.1%)

*Index date: the date of the first reimbursement of the systemic treatment of interest or phototherapy, or the first day of hospitalization for psoriasis, during 
the inclusion period, whichever occurred first. 
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consumption and cost analysis as no patient was fully 
present throughout the year. The treatment 
sequences were explored with a machine learning 
approach (more to be found below). Treatments admi
nistered in 2009 contributed to the treatment 
sequences’ analysis.

The number of patients hospitalized for a suicide 
attempt was reported (codes in Supplement 
Methods 2).

Healthcare cost calculation

Costs were determined from the perspective of the NHI 
based on reimbursements available in the database and 
updated to EUR2021 using the Consumer Price Index 
[16]. Sick leaves are financially compensated by the NHI 
allowing an analysis of the loss of productivity cost. 
Given that all healthcare consumptions are reported in 
the database, no replacement of missing values was 
performed.

Statistical methods

Continuous data were summarized by their mean, stan
dard deviation (±SD) and/or median, first (Q1), and third 
(Q3) quartiles. Categorical data were summarized by 
percentages. Statistical analyses were performed using 
SAS version 9.4 and Python 3.7.

Cohort matching

The psoriasis and the control cohorts were matched 1:3 
using a propensity score (Supplement Method 3) 
encompassing gender, age group, state-funded free 
complementary healthcare benefit, inclusion year, 
comorbidities, and density of dermatologists in the 
area.

Visualization of treatment sequences

The visualization of psoriasis treatment switch and 
sequences was made possible using the TAK® method 
(Time-sequence Analysis through K-clustering, by HEVA) 
[17]. In brief, an unsupervised hierarchical clustering 
method is applied to identify clusters of patients with 
similar treatment sequences, followed by a time 
sequence analysis. If two treatments were delivered 
on the same day (<1% of administrations), only one 
was displayed on the TAK, with the following priority 
order: biotherapy > systemic treatment > phototherapy.

A treatment switch is a change of treatment among 
the list of treatments of interest.

Psoriasis potentially attributable healthcare 
cost

The healthcare cost potentially attributable to psoriasis 
was computed in two steps. First, a negative binomial 
Generalized Estimating Equations (GEE) model was 
built, including patients’ covariates, to estimate the 
relative increase in the average cost among patients 
with psoriasis compared to control patients. The 
obtained relative risk associated with the cost was 
tested for statistical significance (Wald Χ2). Second, 
the theoretical healthcare cost of patients with psor
iasis was calculated as the difference between the 
average observed cost in patients with psoriasis and 
this same average cost divided by the obtained relative 
risk.

Psoriasis potentially attributable healthcare cost ¼ C � C=RR 

C: Average observed healthcare cost in patients with 
moderate to severe psoriasis

RR: relative risk of additional cost

The computations were performed for the overall 
healthcare costs and by item. The 95% confidence 
intervals of the estimated costs were computed using 
the bootstrap method.

Compliance with ethical standards

In accordance with the regulations in force, patient 
consent was not necessary because this study uses 
secondary data and the protection of patients’ rights 
and freedom were guaranteed. Access to the data was 
granted by the Health Data Hub (File No. 3358814) on 
20 January 2021.

Results

Study population

Out of the 827,755 individuals with valid data in the 
EGB over 2009–2018, 1,848 patients suffered from mod
erate to severe plaque psoriasis (psoriasis cohort) 
(Figure 1); 351 patients (19%) were treated with 
biotherapies.

Patients in the psoriasis cohort were followed for 4.5  
years (±3.1), on average, (median 4.4), and up to 10  
years.

Patients with psoriasis were more likely to be men 
(54.8%) and were, on average, 51.4 years old (±15.8) at 
index date (Table 1). Their main comorbidities were 
diabetes (11.0%) and inflammatory diseases (11.0%).

Forty-two percent of patients (768 patients) bene
fitted from LTD status. The main reasons for obtaining
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the LTD status were diabetes (13.7%), psoriatic arthritis 
(13.4%), ankylosing spondylitis (6.0%) and chronic 
ischemic heart disease (4.5%). Besides, 3.3% of patients 
had an LTD for psoriasis.

The 1,848 patients with moderate to severe psoriasis 
were matched to 5,544 control patients.

Systemic treatments and phototherapy

The number of patients treated with either conven
tional systemic treatment, phototherapy or biotherapy 
increased steadily from 342 in 2010 to 1,301 in 2018. 
The most frequent treatment was methotrexate (dis
pensed to 18.5% to 21.4% of patients over time), fol
lowed by phototherapy (which decreased from 29.9% 
in 2010 to 6.2% in 2018) and acitretin (from 25.9% in 
2010 to 8.6% in 2018). Meanwhile, the proportion of 
patients using vitamin D analogues and topical corti
costeroids decreased from 54.7% to 36.9% and from 
50.4% to 38.5%, respectively (Table 2).

Figure 2 shows the treatment sequences in 
patients identified with moderate to severe psoriasis 
starting from their index date. For more than 75% of 
patients, the first-line treatment was one of the fol
lowing: phototherapy (31%), acitretin (26%), and 
methotrexate (22%). Patients hardly switched treat
ment during the study: 7% of patients started with 
phototherapy before switching to acitretin or metho
trexate and 5% started with acitretin before switch
ing to phototherapy or methotrexate. Around a 
quarter of patients were only treated with photother
apy, for 3–4 months.

Among the 351 patients treated with biotherapies 
(Figure 3), 40% were not previously treated by a 
conventional systemic treatment or phototherapy. 
Most of them also suffered from other inflammatory 
diseases (e.g., 35% had inflammatory bowel disease, 
21% had ankylosing spondylitis, and 21% had psor
iatic arthritis). When excluding patients with a reim
bursement of a biotherapy prior to the index date,

Adults with vitamin D  

and an antipsoriatic treatment within 2 years, 

and 2 years of follow-back  

n = 1,774  

Adults with Vitamin D  

over 2009-2018 

n = 19,439  

Adults with a hospital stay with a primary 
diagnosis of psoriasis over 2009-2018 

n = 231 

Usable individuals in the EGB over 2009-2018  

N = 827,755  

Adult patients with moderate to severe plaque psoriasis  

between 2009 and 2018 

n = 1,848 

Controls from the EGB 

n = 5,544 

matched

Adults with a hospital stay for psoriasis, and 2 
years of follow-back 

n = 192 

Adults with an antipsoriatic treatment 

over 2009-2018 

n = 8,792 

Adult patients treated 
by biotherapy 

n = 351 

Figure 1. Study population selection process.
EGB: The Echantillon Généraliste des Bénéficiaires is a sample (1/97th of the beneficiaries) of the National Health Data System (SNDS, Système 
National des Données de Santé) of the National Health Insurance.
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meaning potentially associated with another inflam
matory disease than psoriasis, only 12% of patients 
had a biotherapy as a first-line psoriasis treatment. 
Around a third of patients switched biotherapies dur
ing the follow-up period.

Healthcare costs

Observed healthcare use is described in Supplement 
Results 1 and Supplement Figure 2.

The mean annual total healthcare cost in patients 
with moderate to severe psoriasis reimbursed by the 
NHI estimated with the GEE model increased from 
€4,088.43 per patient (95% Confidence Interval [CI] 
3,302;4,876) in 2010 to €6,016.02 (95%CI 5,502;6,514) in 
2017, then declined to €5,380.43 (95%CI 4,934;5,777) in 
2018 (Figure 4). In 2018, three items represented 78% of 
the cost: drugs (34%;€1,834.37), hospital (hospital stays, 
at home hospitalization, and outpatient visits) (29%; 
€1,544.55) and sick leaves (15%;€784.83) (Supplement 
Figure 3a).

In controls, the mean annual total healthcare cost 
estimated with the GEE model also increased, from 
€1,205 per participant (95%CI 1,003;1,463) in 2010 to 
€2,695 in 2018 (95%CI 2,505;2,894). In 2018, three items 
represented 72% of the cost: drugs (20%;€545.94), hos
pital (34%;€918.67) and sick leaves (18%;€480.31) 
(Supplement Figure 3b). The total cost and the cost 
for each item were independently computed with the 
model. Hence there is a slight difference (€3, 0.11%) 

between the total cost and the sum of the cost of the 
items (shown on Figure 4).

In 2018, the total modelled healthcare cost poten
tially attributable to psoriasis was €2,685 per patient 
(95%CI €2,219; €3,117). It was 2.00 (95%CI 1.80;2.21) 
times higher than the total healthcare cost of control 
patients. The highest additional cost potentially attri
butable to psoriasis was incurred by drugs (€1,288 
[95%CI €1,047; 1,468]). The gap between costs of 
patients with psoriasis and control patients for total 
healthcare and by item was stable over time, except 
for drug-related costs (gap reduction over 2014– 
2018).

Hospitalization for suicide attempt

Ten (0.54%) and twelve (0.22%) patients in the psoriasis 
and control cohorts were hospitalized at least once for 
a suicide attempt, respectively (odds ratio 1.58; p-value 
0.0324).

Discussion

Based on a sample of the French NHI database, a variety 
of systemic drugs were administered to patients with 
moderate to severe psoriasis. However generally, 
patients only used one drug. Methotrexate represented 
around 20% of therapies at index date. In 2018, the 
mean total healthcare costs of patients with moderate 
to severe psoriasis reimbursed by the NHI was €5,365

Table 2. Proportion of patients with moderate to severe psoriasis who used at least once systemic treatments or phototherapy, by 
study year (n = 1,848 patients).

Treatment 2010 2011 2012 2013 2014 2015 2016 2017 2018

Any antipsoriatic drug 
below

342 
(92.18%)

437 
(84.36%)

545 
(81.83%)

699 
(80.16%)

814 
(79.88%)

845 
(73.80%)

957 
(74.59%)

1,113 
(75.00%)

1,301 
(74.64%)

Phototherapy 111 
(29.92%)

100 
(19.31%)

102 
(15.32%)

119 
(13.65%)

117 
(11.48%)

115 
(10.04%)

112 (8.73%) 96 (6.47%) 108 (6.20%)

acitretin 96 (25.88%) 93 (17.95%) 109 
(16.37%)

135 
(15.48%)

125 
(12.27%)

124 
(10.83%)

115 (8.96%) 139 (9.37%) 149 (8.55%)

methotrexate 76 (20.49%) 99 (19.11%) 123 
(18.47%)

187 
(21.44%)

203 
(19.92%)

228 
(19.91%)

253 
(19.72%)

284 (19.14%) 360 (20.65%)

apremilast 0 (0.00%) 0 (0.00%) 0 (0.00%) 0 (0.00%) 0 (0.00%) 0 (0.00%) 11 (0.86%) 51 (3.44%) 93 (5.34%)
etanercept 10 (2.70%) 19 (3.67%) 22 (3.30%) 28 (3.21%) 35 (3.43%) 41 (3.58%) 44 (3.43%) 43 (2.90%) 43 (2.47%)
infliximab 5 (1.35%) 10 (1.93%) 14 (2.10%) 22 (2.52%) 24 (2.36%) 0 (0.00%) 1 (0.08%) 3 (0.20%) 3 (0.17%)
adalimumab 17 (4.58%) 25 (4.83%) 33 (4.95%) 45 (5.16%) 55 (5.40%) 61 (5.33%) 71 (5.53%) 86 (5.80%) 103 (5.91%)
certolizumab pegol 0 (0.00%) 1 (0.19%) 1 (0.15%) 1 (0.11%) 1 (0.10%) 5 (0.44%) 6 (0.47%) 6 (0.40%) 5 (0.29%)
ustekinumab 1 (0.27%) 6 (1.16%) 9 (1.35%) 13 (1.49%) 19 (1.86%) 28 (2.45%) 38 (2.96%) 49 (3.30%) 63 (3.61%)
secukinumab 0 (0.00%) 0 (0.00%) 0 (0.00%) 0 (0.00%) 0 (0.00%) 0 (0.00%) 11 (0.86%) 34 (2.29%) 42 (2.41%)
brodalumab 0 (0.00%) 0 (0.00%) 0 (0.00%) 0 (0.00%) 0 (0.00%) 0 (0.00%) 0 (0.00%) 0 (0.00%) 0 (0.00%)
ixekizumab 0 (0.00%) 0 (0.00%) 0 (0.00%) 0 (0.00%) 0 (0.00%) 0 (0.00%) 0 (0.00%) 5 (0.34%) 8 (0.46%)
guzelkumab 0 (0.00%) 0 (0.00%) 0 (0.00%) 0 (0.00%) 0 (0.00%) 0 (0.00%) 0 (0.00%) 0 (0.00%) 0 (0.00%)
risankizumab 0 (0.00%) 0 (0.00%) 0 (0.00%) 0 (0.00%) 0 (0.00%) 0 (0.00%) 0 (0.00%) 0 (0.00%) 0 (0.00%)
cyclosporin 4 (1.08%) 5 (0.97%) 5 (0.75%) 6 (0.69%) 13 (1.28%) 10 (0.87%) 8 (0.62%) 7 (0.47%) 7 (0.40%)
Topical corticosteroids 187 

(50.40%)
221 

(42.66%)
287 

(43.09%)
356 

(40.83%)
439 

(43.08%)
468 

(40.87%)
529 

(41.23%)
629 (42.39%) 671 (38.50%)

Vitamin D analogues 203 
(54.72%)

265 
(51.16%)

332 
(49.85%)

372 
(42.66%)

428 
(42.00%)

421 
(36.77%)

453 
(35.31%)

494 (33.29%) 643 (36.89%)
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per patient, of which €2,685 were potentially attributa
ble to psoriasis. The mean total healthcare cost was 
twice as high in patients with psoriasis than in matched 
controls. Total healthcare costs increased during the 
study period, both in patients with moderate to severe 
psoriasis and in controls.

Psoriasis treatments appeared of short duration 
(except for methotrexate, adalimumab, and photother
apy) and few treatment switches occurred. This could 
indicate high treatment effectiveness or, conversely, 
raises the question of potential undertreatment in 
some patients. In particular, a large group of patients 
were on long-term methotrexate therapy. Patients with 
alternating periods of treatment (especially acitretin 
and methotrexate) and non-treatment were also 
detected, which could be a marker of early treatment 
discontinuation and successive relapses, or poor treat
ment compliance. In 2019, with the arrival of new, more 

effective biotherapies on the market, the number of 
switches may increase, however 2019 data were not 
available at the time of study. The percentage of treat
ment switch observed in this study seems to be low 
given that treatment effectiveness seems to decrease 
after two years [18] and treatment guidelines recom
mend ‘rotational strategies’. Treatment switch was 
observed for only about 30% of patients in this study 
(who had ≥ 1 instance of another biotherapy within five 
years of follow-up). This proportion of switch has 
already been documented in a French study carried 
out over 2012–2019 on a register of patients with psor
iasis treated with biotherapies and showed, using 
another method of calculation, that the cumulative 
incidence of switching from the first-prescribed biother
apy was 34% at three years and 44% at five years [19]. 
The main reason for switching was loss of efficacy 
(72%), followed by adverse events (11%).

Figure 2. Systemic treatments and phototherapy sequences in patients with moderate to severe psoriasis after their index date (n =  
1,848 patients).
The x-axis represents the time since the index date (reimbursement of the first systemic treatment, phototherapy, or hospital stay for psoriasis), in 
months (the index date is at x = 0). The 1,848 patients are stacked on the y-axis. Horizontal lines represent the treatment course of patients. Each 
color represents a treatment. Dark blue is time spent at the hospital, white represents absence of treatment, gray is the end of follow-up, and black 
is death. The large number of patients and the blurred display prevent seeing rapid alternating therapies.
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Contrary to the reimbursable indications of biothera
pies, a high proportion of patients (40%) seemed to 
have a biotherapy as a first-line treatment. After exclud
ing patients taking biotherapies prior to inclusion – 
possibly for inflammatory comorbidities, another indica
tion for these treatments – this proportion fell to 12%. 
This was consistent with a French report showing that 
first-line biotherapies in patients with psoriasis varied 
between 11% and 17% [20].

A national French study, based on SNDS data, con
ducted by Sbidian et al. over 2012–2016 examined 
moderate to severe psoriatic patients [21]. Patients’ 
characteristics (gender, age) and the preferred first-line 
treatments were consistent with those of patients in 
this study. The first- and second-line biotherapies iden
tified in our study were consistent with results from a 
2019 survey on dermatologists’ prescription habits [22]. 
The most frequent biotherapies were adalimumab 
(39%) and ustekinumab (34%), which were also often 
administered in this study.

Psoriatic patient healthcare cost increased between 
2010 and 2014 then stabilized until 2018 at approxi
mately €5,500. This was mainly driven by the cost of 
treatment – a third of the total cost – which has 
progressively increased with the launch of more 
expensive biotherapies. Of note, between 2010 and 
2018, the total healthcare cost in patients with psor
iasis increased by about 50% while it doubled in con
trol patients. Since this study was carried out, new 
French guidelines on the use of systemic treatments 
for moderate-to-severe psoriasis have been released 
[10]. Following the publication of these guidelines, 
dermatologists modified their prescriptions decisions: 
in particular, apremilast was less often prescribed and 
adalimumab biosimilar was more often prescribed [22].

The rate of hospitalized suicide attempts was higher 
in moderate to severe patients than in the control 
patients. However, the number of suicides and suicide 
attempts was underestimated due to the absence of 
data on patients who were not hospitalized. Indeed, a

Figure 3. Systemic treatments and phototherapy sequences in patients treated with biotherapies before and after the index date (n  
= 351 patients).
The alternating treatment cessions sequences are visible on Figure 3 as well as association of treatments, for instance methotrexate (purple) used in 
association with adalimumab (light blue).
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meta-analysis on mental health in patients with psor
iasis found that 0.8% committed suicide [7].

The main strength of this study was the use of a 
claims database representative of the French popu
lation, with exhaustive long-term care data (follow- 
up up to almost 10 years). The database allows a 
clear picture of the patient management in commu
nity setting. Finally, the identification of patients 
with psoriasis, as well as all comorbidities and med
ical events of interest, was performed using algo
rithms validated by the NIH or published in 
scientific articles.

The identification algorithm used in this study 
could select patients with mild or severe psoriasis 
(treated with topical drugs) and with inflammatory 
pathology (treated with biologic drugs). Reimbursed 
treatments were assumed to be used by patients. 
When two treatments were dispensed on the same 
day (<1% of all dispensing), only one was selected, 
in accordance with the clinicians. Also, treatments 
dispensed on different days were considered as 
treatment alternations while they could actually be 
taken together. For example, occasional associations 
with methotrexate could not be differentiated from 
a treatment alternation, and thus it was not possible 
to quantify patients treated with methotrexate in 
combination with another treatment and patients 

treated with methotrexate alternating with another 
treatment. The large number of patients and the 
high-level view prevent seeing rapid alternating 
therapies in the TAK® visualisation. The EGB only 
contains data on reimbursed drugs, hence no over- 
the-counter treatments could be studied, despite 
being an important health expenditure for patients 
with psoriasis [12]. To be comprehensive, the eco
nomic burden of psoriasis should include out-of- 
pocket treatments, as well as work-related produc
tivity loss and indirect costs [23]. Therefore, the cost 
potentially attributable to psoriasis may be under
estimated. Alternatively, despite matching the two 
cohorts, and given the potential unmeasured con
founding factors between them, it is possible that 
some of the observed costs were not due to the 
presence of psoriasis. New drugs and new guidelines 
[10] have been released since the study was con
ducted; the results offer a picture of the therapeutic 
management and economic burden of moderate to 
severe psoriasis in France over 2009–2018 only.

The use of innovative data visualization methods 
made it possible to show that patients hardly use 
more than one treatment, raising the question of 
potential undertreatment in some patients and mak
ing the ongoing revision by the French Health 
Authorities of the therapeutic management

Figure 4. Estimated mean healthcare costs in patients with moderate to severe psoriasis (all diseases and injuries) and in control 
patients, computed with the GEE model.
C:Control patients. P: patients with moderate to severe psoriasis. Hospital costs: hospital stay, home hospitalization, outpatient visit. Other costs: 
doctors’ visits (GP and specialists in the community setting), other healthcare professionals’ visits (nurses, physiotherapists, etc.), medical 
procedures, biological tests, medical devices, transportation, other costs (spa treatment, dialysis, etc.).
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guidelines for patients with psoriasis timely. In 2018, 
the economic burden of moderate to severe psoria
sis was high, with €2,685 of healthcare costs per 
patient potentially attributable to psoriasis.
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