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Abstract
Background Biologics are the cornerstone of treatment of patients with moderate-to-severe plaque psoriasis and

switches between biologics are frequently needed to maintain clinical improvement over time.

Objectives The main purpose of this study was to describe precisely switches between biologics and how their pattern

changed over time with the recent availability of new biologic agents.

Methods We included patients receiving a first biologic agent in the Psobioteq multicenter cohort of adults with

moderate-to-severe psoriasis receiving systemic treatment. We described switches between biologics with chrono-

grams, Sankey and Sunburst diagrams, assessed cumulative incidence of first switch by competing risks survival analy-

sis and reasons for switching. We assessed the factors associated with the type of switch (intra-class – i.e. within the

same therapeutic class - vs. inter-class) in patients switching from a TNF-alpha inhibitor using multivariate logistic

regression.

Results A total of 2153 patients was included. The cumulative incidence of switches from first biologic was 34% at

3 years. Adalimumab and ustekinumab were the most prescribed biologic agents as first and second lines of treatment.

The main reason for switching was loss of efficacy (72%), followed by adverse events (11%). Patients receiving a TNF-

alpha inhibitor before 2016 mostly switched to ustekinumab, whereas those switching in 2016 or after mostly switched

to an IL-17 inhibitor. Patients switching from a first-line TNF-alpha inhibitor before 2016 were more likely to switch to

another TNF-alpha inhibitor compared with patients switching since 2018. Patients switching from etanercept were more

likely to receive another TNF-alpha inhibitor rather than another therapeutic class of bDMARD compared with patients

switching from adalimumab.

Conclusion This study described the switching patterns of biologic treatments and showed how they changed over

time, due to the availability of the new biologic agents primarily IL-17 inhibitors.
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Introduction
Psoriasis is a chronic inflammatory disease that affects 2%–4%
of the population in Western Europe.1,2 Patients with moderate

to severe forms have an impaired quality of life and usually

require the use of systemic treatments such as phototherapy,

conventional treatments (methotrexate, cyclosporine, acitretin),

biological agents and apremilast.3

Biological agents are recommended in the event of failure of

other systemic treatments.4 Different therapeutic classes of bio-

logics are available in France since the 2000s. Most common pre-

scribed biologics include tumour necrosis factor (TNF)-alpha

inhibitors (adalimumab, infliximab, etanercept and cer-

tolizumab), interleukin (IL) 12–23 inhibitor (ustekinumab) and,

more recently, IL-17 (secukinumab, ixekizumab and bro-

dalumab) and IL-23 inhibitors (guselkumab and risankizumab).

Drug changes, called switches, are frequent among patients

with moderate-to-severe psoriasis.5-10 Several studies have

assessed the factors associated with the switch of biologics.5,11

However, we have little data on the switching patterns of biolog-

ical agents and how they were affected by the recent commercial-

ization of IL-17 and IL-23 inhibitors.

Moreover, switches in published studies are often described in

tables which is not appropriate in the presence of many different

alternatives while graphical methods of representation of flows

could allow a better visualization of biological switches.12,13

The primary objective of our study was to describe, using graph-

ical representations, the patterns of biologic switches in patients

with moderate to severe psoriasis and how they changed over time.

Material and methods

Psobioteq cohort
Psobioteq is a prospective multicenter French psoriasis

cohort that enrols adults diagnosed with moderate-to-severe
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psoriasis receiving systemic treatment from 41 French derma-

tology centers since July 2012. Sociodemographic data, char-

acteristics of psoriasis and treatments are collected using a

case report form during routine clinical assessments. Given

the real-life setting of the cohort, patient’s care and choices

of treatment are not influenced by the participation in

Psobioteq.14,15

The study protocol was initially approved by the « Comit�e

d’Evaluation de l’Ethique des projets de Recherche Biom�edicale

(CEERB) du GHU Nord » (authorization n° JMD/MDM/177–
11) and was approved as non-interventional research involving

human subjects in January 2021. Clinical Trials.gov Identifier is

NCT01617018. Written informed consent was obtained from all

patients before inclusion in the cohort.

Population and data collection
Patients from the Psobioteq cohort were included in this study

if they were na€ıve of any biologic when entering the cohort

and started a biologic before 31 December, 2019. Patients

enrolled in a clinical trial evaluating biologics before starting

their first biological agent were not eligible. Patients were

followed from the initiation date of their first biologic to 1

January, 2020.

Biological treatments
All biologics available in France at the time of the study were

considered. The first biologics commercialized in France for pso-

riasis were the TNF-alpha inhibitors etanercept and infliximab

in 2005, followed by adalimumab in 2008, then IL-12-23 inhibi-

tor ustekinumab in 2010. IL-17 inhibitors secukinumab and

ixekizumab arrived on the French market in 2016 and bro-

dalumab in 2018. More recent biologics, IL-23 inhibitor guselk-

umab and TNF-alpha inhibitor certolizumab are available for

psoriasis treatment since 2019 and IL-23 inhibitor risankizumab

since 2020.

Definitions
Discontinuation of biologic was defined as an interruption of

the biological agent for 180 days or more. Any interruption of

less than 180 days with rechallenge of the same biological agent

Patients included in the Psobioteq cohort 
N = 4387

July 2012-January 2021

Patients included for the secondary objective
N = 499

History of biologic treatment before inclusion in 
the Psobioteq cohort 
N = 702

No biologic treatment before December 31st, 
2019 
N = 1180

Patients included in the Psobioteq cohort after 
December 31st, 2019
N = 292

Initial treatment other than a TNF alpha inhibitor
N = 166

No switch of the first biologic treatment
N = 1488

Enrolled in a clinical trial for psoriasis before 
biologic initiation N = 60

Patients included for the primary objective
N = 2153

Figure 1 Flow chart of the study population.
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was not considered a discontinuation because it may have been

due to a temporary suspension or administrative issues.

A switch was defined as a change of treatment with less than

180 days between the two treatments. Because psoriasis often

progresses through phases of relapses and remissions,16 this gap

avoids considering as a switch the initiation of a biologic after a

period of remission, for whom the factors associated with the

choice of biologic would differ. The switch date was defined as

the starting date of the new treatment.

Reasons for drug discontinuation were analysed as reported

by the investigator: lack of efficacy, adverse events, lack of adher-

ence, occurrence of a contraindication, patient decision, non-

medical reason or clearance.

Statistical analysis
All patients included in this study were analysed for the primary

objective. Patients were censored at the date of participation in a

clinical trial evaluating biologics as treatment choices can be dri-

ven by the experimental nature of the trials.

Different graphical representations were explored to describe

biological switches: Sankey diagrams, Sunburst diagrams and

chronograms.

Sankey diagrams represent flows between successive steps and

their frequency.12,13 The first four lines of biological therapy

where considered. We represented switches between biologics,

switches from a biologic to a systemic conventional treatment

and discontinuations of biologics.

To address the influence of the recent availability of IL-17 and

IL-23 inhibitors on the switches modalities, we represented (1)

switches occurring within the 2012–2015 and 2016–2020 periods
in the subset of patients initiating a first biologic within the per-

iod and (2) first biologic switches occurring within the 2012–
2015, 2016–2017 and 2018–2020 periods in the subset of patients

switching their first biological agent within the period. We also

represented switches occurring after less than a year of treatment

and those occurring after a year or more to visualize the influ-

ence of the duration of treatment on the switching patterns.

Sunburst diagrams display successive steps within each patient

in a circular representation and allow visualizing therapeutic

sequences at an individual level.13 The first three lines of biologi-

cal therapy where considered. We also represented treatment

sequences occurring within the 2012–2015 and 2016–2020 peri-

ods in the subset of patients initiating a first biotherapy within

the period.

Chronograms were used to represent the evolution of the pro-

portion of patients on a particular biologic agent over time. Two

chronograms, representing the proportion of first-line biologics

and of second-line biologics over the study period, were made.

We estimated the cumulative incidence of first switch between

biologics by competing risks survival analysis with a non-

parametric estimation function. The competing events were bio-

logic discontinuation and inclusion in a clinical trial for psoriasis.

The reasons for switching were reported using number and

percentages, for the first switch and for all switches in the study

cohort globally and distinguishing intra-class and inter-class

switches.

All patients receiving a TNF-alpha inhibitor as a first biologic

and switching to another biologic were included in the analysis

of factors associated with the choice of intra-class vs. inter-class

switches. We restricted our analysis to patients receiving TNF-

alpha inhibitors since they are by far the most prescribed first-

line biologic class with IL 12–23i, for whom an intra-class switch

is impossible (only one drug available in this therapeutic class).

Factors associated with the choice of intra-class vs. inter-class

switches were identified by univariate analysis followed by multi-

variate logistic regression with forward stepwise selection based

on likelihood ratio test. We considered the following potential

factors: sociodemographic characteristics, clinical features of

psoriasis, treatment characteristics, calendar period of switch,

Table 1 Characteristics of the 2153 patients at the initiation of the
biologic

Patients’ characteristics

Median age, years (n = 2153) 46.0 (35.0–57.0)

Female sex (n = 2153) 850 (39.5)

Obesity (BMI ≥ 30 kg/m2) (n = 1914) 554 (28.9)

Alcohol consumption (n = 1476) 1004 (68.0)

Liver disease (n = 2120) 43 (2.0)

Psoriasis

Median disease duration, years (n = 1960) 15.0 (7.0–25.0)

Median PASI score (n = 1622) 11.4 (7.1–13.3)

Median DLQI score (n = 1273) 10.0 (5.0–16.0)

Psoriasis clinical form (n = 2113)

Plaque psoriasis 1905 (90.2)

Guttate 435 (20.6)

Erythrodermic 45 (2.1)

Onychopathy 168 (8.0)

Localized pustular 83 (3.9)

Generalized pustular 9 (0.4)

Treatments

Concomitant treatment with methotrexate
(n = 2153)

72 (3.3)

First biologic (n = 2153)

TNF-alpha inhibitors Adalimumab 832 (38.6)

Etanercept 340 (15.8)

Infliximab 44 (2.0)

Certolizumab 6 (0.3)

IL-12 23 inhibitor Ustekinumab 732 (34.0)

IL-17 inhibitors Secukinumab 78 (3.6)

Ixekizumab 63 (2.9)

Brodalumab 13 (0.6)

IL-23 inhibitor Guselkumab 45 (2.1)

Median and interquartile range for continuous variables, n (%) for categorical
variables
DLQI, Disease Quality of Life Index; PASI, Psoriasis Activity Skin Index.
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reasons for switching and comorbidities. Costs of therapies were

not considered as a potential factor associated with the type of

switch as biologics are totally reimbursed by the French Health

Insurance when prescribed for patients with severe psoriasis with

at least two treatment failures of systemic agents.

Statistical analyses were performed using R v3.6.1 considering

p values <0.05 statistically significant (two-tailed test). We did

not impute missing data.

Results

Study population
From July 2012 to 31 December, 2019, 2153 biologic na€ıve

patients were included in the Psobioteq cohort and received a

first biological agent (Fig. 1). Tables 1 and 2 describe the charac-

teristics of all patients at biologic initiation and of the 499

patients switching from a TNF-alpha inhibitor at the time of the

first switch, respectively.

Description of biologic switches
Patients initiating a first biologic were 39.5% female, and the

median age was 46.0 (IQR [35.0–56.0]). The median duration of

psoriasis was 15 years (IQR [7.0–25.0]). The most prescribed

first biologic treatment was adalimumab (n = 832, 38.6%)

followed by ustekinumab (n = 732 patients, 34.0%). The major-

ity of patients had plaque psoriasis (n = 1905, 90.2%).

Sankey diagrams Biologic switches are represented with a San-

key diagram in Fig. 2. Adalimumab and ustekinumab were the

most prescribed biologics as first and second lines. IL-23 and IL-

17 inhibitors were also frequently prescribed as second lines and

were predominant as third lines. For the first switch, patients

switching from adalimumab mostly switched to another drug

class such as IL 12–23i or IL-17i, whereas patients switching

from etanercept mostly switched to another TNF-alpha inhibi-

tor, mainly adalimumab. A proportion of 14.5% of patients dis-

continued their first biologic without switching; 7.4% switched

to a conventional systemic therapy (half of them because of

occurrence of adverse events or a contraindication).

Biologic switches occurring before 2016 and those occurring

since 2016 are represented in Fig. 3a,b, respectively. TNF-alpha

inhibitors represented the most prescribed first-line biologic

class in those two periods, but a larger proportion of patients

received IL-12-23 inhibitor as their first biologic after 2016. Fur-

thermore, IL-17 inhibitors became the third more frequent ini-

tial biologic prescribed after 2016 and the most frequently

prescribed biologic drug class in second line after 2016 instead

of TNF-alpha and IL 12–23 inhibitors before 2016. Patients

Table 2 Major characteristics of the 499 patients switching from a TNF- alpha inhibitor (first biologic agent) to another biologic at the
time of the switch

Total (n = 499) Patients switching from:

Adalimumab
(n = 305, 61.1%)

Etanercept
(n = 172, 34.5%)

Infliximab
(n = 19, 3.8%)

Certolizumab
(n = 3, 0.6%)

Patients’ characteristics

Median age, years (n = 499) 49.0 (37.0–58.0) 47.0 (35.0–56.0) 53.0 (41.0–62.0) 50.0 (41.0–62.0) 34.0 (31.5–35.0)

Female sex (n = 499) 220 (49.0) 140 (45.9) 70 (40.7) 7 (36.8) 3 (100.0)

Obesity (BMI ≥30 kg/m2) (n = 453) 167 (36.9) 98 (35.3) 59 (38.1) 10 (58.8) 0.0 (0.0)

Alcohol consumption (n = 386) 241 (62.4) 140 (62.8) 93 (62.4) 7 (53.9) 1 (100.0)

Liver disease (n = 491) 17 (3.5) 4 (1.3) 12 (7.1) 1 (5.3) 0 (0.0)

Psoriasis

Median disease duration, years (n = 499) 18.0 (9.9–27.3) 16.1 (9.0–25.7) 21.4 (11.5–29.5) 18.7 (8.4–32.4) 17.6 (13.7–18.2)

Median PASI score (n = 283) 8.2 (4.7–13.4) 9.2 (5.2–15.0) 7.4 (4.4–12.2) 4.9 (1.0–9.6) 9.9 (9.9–9.9)

Median DLQI score (n = 159) 8.0 (4.0–16.0) 9.5 (5.0–17.0) 7.5 (4.0–12.8) 2.0 (1.0–2.5) NA

Psoriasis clinical form (n = 495)

Plaque psoriasis 446 (98.0) 270 (89.4) 158 (92.4) 16 (84.2) 2 (66.7)

Guttate 96 (19.4) 60 (19.9) 28 (16.4) 7 (36.8) 1 (33.3)

Erythrodermic 15 (3.0) 8 (2.7) 6 (3.5) 1 (5.3) 0 (0.0)

Onychopathy 22 (4.4) 17 (5.6) 3 (1.8) 2 (10.5) 0 (0.0)

Localized pustular 22 (4.4) 16 (5.3) 3 (1.8) 3 (15.8) 0 (0.0)

Generalized pustular 2 (0.4) 1 (0.3) 1 (0.6) 0.0 (0.0) 0 (0.0)

Treatment

Concomitant treatment with methotrexate (n = 499) 23 (4.6) 11 (3.6) 9 (5.2) 3 (15.8) 0 (0.0)

Median and interquartile range for continuous variables, n (%) for categorical variables.
DLQI, Disease Quality of Life Index; PASI, Psoriasis Activity Skin Index.
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1st line 2nd line 3rd line 4th line
n= 2153 n= 665 § n= 213 § n= 62 §

IL-23i

IL-23i

Apremilast

Conventional systemic therapy

No treatment*

Clinical trial

Apremilast

No treatment*

Clinical trial

IL-17i

IL-23i

TNFi

IL 12-23i
Conventional systemic therapy
Apremilast

No treatment*
Clinical trial

TNF-alpha inhibitor : adalimumab, etanercept, infliximab, certolizumab
IL-17 inhibitor : brodalumab, ixekizumab, secukinumab
IL-23 inhibitor : guselkumab, risankizumab
IL 12-23 inhibitor : ustekinumab
Discontinuation of biologic
Inclusion in a clinical trial

Legend

(a)

(b)

Figure 2 (a) Sankey diagram of switches from a biologic and treatment discontinuation. *No other systemic treatment for 180 days or
more. §Number of patients having switched to a biologic. Does not include patients who discontinued their biologic or participated in a
clinical trial. Only switches occurring at a frequency of three or more were represented to better visualize the most common switches.
Each column represents a biological line of treatment. Treatments are ordered according to frequency, the uppermost biologic in each
line of treatment being the most frequent. Following lines of treatment once patients had discontinued their treatment or had been
included in a clinical trial were not represented. Tables providing corresponding numbers and percentages are available in the supple-
mentary material (Tables S1–S3). (b) Sankey diagram of switches from a biologic and treatment discontinuation by biologic drug class.
*No other systemic treatment for 180 days or more. §Number of patients having switched to a biologic. Does not include patients who
discontinued their biologic or participated in a clinical trial. Treatments are ordered according to frequency, the uppermost biologic in
each line of treatment being the most frequent. Following lines of treatment once patients had discontinued their treatment or had been
included in a clinical trial were not represented.
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Figure 3 (a) Sankey diagram of switches from a biologic and treatment discontinuation from 2012 to 2015. *No other systemic treat-
ment for 180 days or more. §Number of patients having switched to a biologic. Does not include patients who discontinued their biologic
or participated in a clinical trial. Treatments are ordered according to frequency, the uppermost biologic in each line of treatment being
the most frequent. Following lines of treatment once patients had discontinued their treatment or had been included in a clinical trial were
not represented. (b) Sankey diagram of switches from a biologic and treatment discontinuation from 2016 to 2020. *No other systemic
treatment for 180 days or more. §Number of patients having switched to a biologic. Does not include patients who discontinued their bio-
logic or participated in a clinical trial.
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switching from a TNF-alpha inhibitor before 2016 mostly

switched to an IL-12-23 inhibitor, whereas those switching in

2016 or after mostly switched to an IL-17 inhibitor. Among

patients switching from a TNF-alpha inhibitor, the proportion

of patients receiving another TNF-alpha inhibitor was 47.4%

before 2016 compared with 21.4% from 2016 onwards.

Sankey diagrams of the first and second lines of biologics in

patients switching their biologic stratified by period of switch

are available in Fig. S1. Fig. S2 represents biologic switches strat-

ified by duration of first treatment. We did not identify major

differences in switching patterns between patients switching after

less than a year of first biologic treatment and those switching

after a year or more.

Sunburst diagrams Sunburst diagrams of the first three lines of

treatment are represented in Fig. 4a,b. Fig. 4a shows that the

therapeutic sequences are very diverse. However, some switching

sequences appear more frequently. Most patients who switched

from etanercept to adalimumab and who required a second

switch received ustekinumab. Patients who switched from

adalimumab to ustekinumab mostly received an IL-17 inhibitors

(secukinumab or ixekizumab) or guselkumab as a third-line bio-

logic. Fig. 4b represents therapeutic sequences of biologic drug

classes. Patients switched from an IL 12–23i as a first-line agent

to an IL-17, IL-23 or TNF-alpha inhibitors in similar propor-

tions.

Sunburst diagrams of the treatment sequences stratified by

period of switch are available in Fig. S3.

Chronograms Chronograms representing the evolution of the

proportion of patients on biologic as first and second line are

shown in Fig. 5a,b, respectively. These figures further assess the

temporal evolution of the prescription of biologics. The propor-

tion of patients receiving etanercept as a first-line agent greatly

decreased over time (Fig. 5a). Furthermore, the proportion of

patients receiving secukinumab and ixekixumab increase notably

after 2018. There is also a significant evolution of the distribu-

tion of second-line biologics as represented in Fig. 5b. The pro-

portion of patients receiving adalimumab and ustekinumab

notably decreased related to the increase of prescription of

secukinumab and ixekizumab since 2016 and prescription of

guselkumab since 2019.

Cumulative incidence of switch Cumulative incidence of first

biologic switch is represented in Fig. 6. Cumulative incidence of

first biologic switch was 16.2% (95% CI 14.6–17.9) 1 year after

the biologic initiation and 33.9% (95% CI 31.6–36.3) 3 years

after the initiation.

Reasons for switching Table 3 describes the reasons for

switching for all switches that occurred during the follow-up.

Out of the 1028 switches, 740 (72.0%) were due to inefficacy

and 111 (10.8%) to the presence of adverse events. Adverse

events lead to an inter-class switch for 73.0% of switches. Occur-

rence of a contraindication lead to an inter-class switch for

83.6% of switches. Similar results were obtained for the reasons

of first biologic switches as described in Table S4.

Factors associated with the type of biologic switch (intra-
class or inter-class) in patients treated with a first-line
TNF-alpha inhibitor
Patients switching their first TNF-alpha inhibitor in the study

cohort were 49% female and their median age was 49.0 (37.0–
58.0) at the time of the switch (Table 2). The median duration

of disease was 18 years (IQR [9.9–27.3]). Most prescribed initial

treatment before switching was adalimumab (n = 305, 61.1%),

followed by etanercept (n = 172, 34.5%). Almost all patients

had plaque psoriasis (n = 466, 98.0%).

Results of the univariate and multivariate analysis are pre-

sented in Tables S5 and S6, respectively. In the multivariate

analysis, patients switching from a first-line TNF-alpha inhibitor

to another biologic before 2016 were more likely to have an

Figure 4 (a) Sunburst diagram of biologic switches by biologic
agent. Each circle represents a line of treatment, the inner circle
being the first line. (b) Sunburst diagram of biologic switches by
biologic drug class. Each circle represents a line of treatment, the
inner circle being the first line.
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intra-class switch compared with patients switching since 2018,

with an adjusted OR of 3.66 (95% CI 1.99–6.82). Patients

switching from etanercept were more likely to switch to another

TNF-alpha inhibitor rather than another biologic drug com-

pared with patients receiving adalimumab (aOR 9.40, 95% CI

5.71–15.80).
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Figure 5 (a) Chronogram of the distribution of first-line biologics over the study period (July 2012–December 2020). (b) Chronogram of
the distribution of second-line biologics over the study period (July 2012–December 2020).
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Discussion
In this study, we thoroughly described and represented the bio-

logic switches occurring in patients with moderate to severe

psoriasis. We also identified factors associated with the type of

switch in the context of the first switch. Biologics switches are

frequent in this population with a cumulative incidence of first

Figure 6 Cumulative incidence of first biologic switch with competing risks of biologic discontinuation or inclusion in a clinical trial.
*Number of patients free from any event.

Table 3 Reasons for switching for all biologic switches the study cohort

Loss of
efficacy

Adverse
events

Occurrence of a
contraindication

Patient
decision

Non medical
reason

Clearance Loss of
adherence

Unknown Total (nb of
switches)

Total (%)* 740 (72.0%) 111 (10.8%) 55 (5.4%) 36 (3.5%) 11 (1.1%) 14 (1.4%) 8 (0.8%) 121 (11.8%) 1028

Intra-class switch 151 (20.4%) 30 (27.0%) 9 (16.4%) 7 (19.4%) 3 (27.3%) 1 (7.1%) 1 (12.5%) 21 (17.4%) 211 (20.5%)

TNFi 120 (79.5%) 20 (66.7%) 7 (77.8%) 6 (85.7%) 3 (100.0%) 1 (100.0%) 1 (100.0%) 12 (57.1%) 161

IL-17i 28 (18.5%) 9 (30.0%) 2 (22.2%) 1 (14.3%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 9 (42.9%) 46

IL-23i 3 (2.0%) 1 (3.3%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 4

Inter-class switch 589 (79.6%) 81 (73.0%) 46 (83.6%) 29 (80.6%) 8 (72.7%) 13 (92.9%) 7 (87.5%) 100 (82.6%) 817 (79.5%)

TNFi to IL-17i 152 (25.8%) 14 (17.3%) 4 (8.7%) 5 (17.2%) 0 (0.0%) 1 (14.3%) 2 (15.4%) 16 (16.0%) 184

IL-12 23i 154 (26.2%) 27 (33.3%) 14 (30.4%) 10 (34.5%) 4 (50.0%) 4 (57.1%) 1 (7.7%) 30 (30.0%) 230

IL-23i 40 (6.8%) 5 (6.2%) 3 (6.5%) 2 (6.9%) 0 (0.0%) 1 (14.3%) 4 (30.8%) 7 (7.0%) 58

IL-17i to TNFi 24 (4.1%) 3 (3.7%) 4 (8.7%) 1 (3.5%) 0 (0.0%) 0 (0.0%) 1 (7.7%) 5 (5.0%) 36

IL-12 23i 10 (1.7%) 3 (3.7%) 5 (10.9%) 1 (3.5%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 17

IL-23i 40 (6.8%) 9 (11.1%) 3 (6.5%) 4 (13.8%) 0 (0.0%) 0 (0.0%) 1 (7.7%) 4 (4.0%) 50

IL-23i to TNFi 1 (0.2%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 1

IL-17i 6 (1.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 2 (2.0%) 8

IL-12 23i 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0

IL12-23i to TNFi 41 (7.0%) 7 (8.6%) 7 (15.2%) 2 (6.9%) 1 (12.5%) 0 (0.0%) 2 (15.4%) 9 (9.0%) 65

IL-17i 74 (12.6%) 9 (11.1%) 5 (10.9%) 1 (3.5%) 1 (12.5%) 1 (14.3%) 0 (0.0%) 15 (15.0%) 99

IL-23i 47 (8.0%) 4 (4.9%) 1 (2.2%) 3 (10.3%) 2 (25.0%) 0 (0.0%) 2 (15.4%) 12 (12.0%) 69

*Total not equal to 100% since patients could have more than one reason for switching.
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biologic switch of 34% after 3 years and mostly happen because

of inefficacy of the previous biologic.

With Sankey and Sunburst diagrams, we identified the most

common switching patterns among biologics. These diagrams

have shown that the first biological treatment affects the choice

of the second-line biologic. Patients receiving etanercept mostly

switch to adalimumab, whereas those receiving adalimumab

mostly switch to ustekinumab or secukinumab. Patients switch-

ing from etanercept were more likely to switch to another TNF-

alpha inhibitor compared with patients switching from adali-

mumab. This could be explained by the fact that etanercept is

considered less efficient than adalimumab and thus a switch

from etanercept to adalimumab may be seen as an intensifica-

tion of TNF-alpha inhibitor treatment.17

Chronograms and Sankey diagrams with stratification on the

period of switch have clearly shown that the calendar period of

switch have greatly affected the choice of biotherapy, for the

first- and second-line biologics. Furthermore, in patients switch-

ing from a TNF-alpha inhibitor, the period of switch was statisti-

cally associated with the type of switch, with patients switching

more frequently within the same class of biologics before 2016

compared with patients switching since 2018. The effect of the

calendar period of switch reflects the availability of new treat-

ment alternatives.

In 2018, the French Society of Dermatology published guideli-

nes on the choice of systemic treatments for adults with

moderate-to-severe psoriasis according to their characteristics.4

In case of obesity, ustekinumab and ixekizumab are the recom-

mended biologics. TNF-alpha inhibitor, in particular etanercept,

are recommended in the presence of chronic infection as HIV or

hepatitis B and C. Nonetheless, we did not find that these clinical

characteristics were associated with the type of switch for the

first switch. However, these recommendations are not specific to

biologic switches. We can hypothesize that the absence of

response of a particular biologic and the available alternatives,

and thus the period of switch, are the two elements guiding the

clinician in choosing the biologic that is most likely to work for

a given patient in the context of a switch.

In our study, adalimumab and ustekinumab were the most

prescribed biologics as in the Danish cohort DERMBIO18 and in

a US claims database study.6 The cumulative incidence of

switches after the first biologic is consistent with other cohort

studies (at 1 year, 16% in the Psobioteq cohort, 17.5% in the

BADBIR cohort).19

We explored different graphical representations of switches.

Sankey diagrams represent flows between successive steps but do

not depict therapeutic sequences at an individual level. Sunburst

diagrams, on the other hand, display treatment sequences but the

circular shape of these diagrams limits the number of represented

steps. Chronograms allow assessing the evolution of use of biologic

agents over time and the impact of the arrival on the market of

new biologics. Nonetheless, chronograms do not represent flows

at an individual level and cannot differentiate the initiation of a

biologic from its persistence. These graphical methods are there-

fore complementary and combining them has allowed a better and

more detailed description and interpretation of biologic prescrip-

tion and switching patterns. To the best of our knowledge, to date

these diagrams have not been used to report biologic switches in

psoriasis. The strengths of our study also include the multicenter

design with patients from 41 dermatology centers across France.

Our study has some limitations. Some clinically pertinent

variables, as PASI and PGA scores, could not be tested in the sta-

tistical models because of missing data. Finally, we did not

account for center effects in our analyses, as we believed that the

effect was probably most significant at the prescriber’s level and

could vary over time.

Conclusion
This study highlights the switching patterns among biologics

and their evolution over time with the recent availability of new

biologics. The calendar period of the switch and the initial bio-

logic agent were identified as factors associated with the type of

switch in patients switching from their first TNF-alpha inhibitor.

The choice of biologic for the switch is a complex, multifactorial

decision, affected by the availability of new effective biologics.

These findings point out the importance of using adapted graph-

ical methods to report switches that can reveal the complexity of

the different types of switches and their evolution over time.
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