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Summary

Background Data on treatment exposures for psoriasis and poor COVID-19 out-
comes are limited.
Objectives To assess the risk of hospitalization or in-hospital mortality due to
COVID-19 by treatment exposure in patients with psoriasis.
Methods All adults with psoriasis registered in the French national health-insurance
(Syst�eme National des Donn�ees de Sant�e, SNDS) database between 2008 and
2019 were eligible. Two study periods were considered: 15 February to 30 June
2020 and 1 October 2020 to 31 January 2021, the first and second waves of the
COVID-19 pandemic in France, respectively. Patients were classified according to
their baseline treatment: biologics, nonbiologics, topicals or no treatment. The
primary endpoint was hospitalization for COVID-19 using Cox models with
inverse probability of treatment weighting. The secondary endpoint was in-
hospital mortality due to COVID-19.
Results We identified 1 326 312 patients with psoriasis (mean age 59 years;
males, 48%). During the first study period, 3871 patients were hospitalized for
COVID-19 and 759 (20%) died; during the second period 3603 were hospital-
ized for COVID-19 and 686 (19%) died. In the propensity score-weighted Cox
models, risk of hospitalization for COVID-19 was associated with exposure to
topicals or nonbiologics [hazard ratio (95% confidence interval): 1�11 (1�04–
1�20) and 1�27 (1�09–1�48), respectively] during the first period, and with all
exposure types, during the second period. None of the exposure types was asso-
ciated with in-hospital mortality due to COVID-19.
Conclusions Systemic treatments for psoriasis (including biologics) were not associ-
ated with increased risk of in-hospital mortality due to COVID-19. These results
support maintaining systemic treatment for psoriasis during the pandemic.

What is already known about this topic?

• Almost all chronic diseases have emerged as risk factors for hospitalization for

COVID-19 and poor COVID-19 outcomes.

• Multimorbidity is frequent in psoriasis. In France, psoriasis was found to be associ-

ated with increased risk of hospitalization for COVID-19 but not in-hospital mor-

tality due to COVID-19.
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• Biologics are associated with an increased risk of infection. Few data have been

published on the course of COVID-19 in patients with psoriasis receiving biolog-

ics.

What does this study add?

• Systemic treatments for psoriasis (including nonbiologics and biologics) were not

associated with an increased risk of in-hospital mortality due to COVID-19.

• Our results did not support a prophylactic effect of long-term use of biologics on

risk of hospitalization for COVID-19 or in-hospital mortality.

• These results provide evidence supporting the continuity of care for psoriasis and

maintaining systemic treatment for psoriasis during the pandemic.

During the COVID-19 pandemic, more than 150 million peo-

ple around the world have been infected with SARS-CoV-2,

with more than 3 million deaths as of 1 May 2021. By the

same date, in France, 5�5 million patients had tested positive

for the virus and 100 000 had died.1,2

Large cohort studies have identified prognostic factors of

infection such as age, male sex and chronic diseases. In the

UK, a study by Williamson et al., assessing more than 17 mil-

lion individuals, showed increased risk of COVID-19-related

death with autoimmune diseases, defined as rheumatoid

arthritis, lupus or psoriasis (a total of 878 475 individuals).3

Assessing 67 million inhabitants in France, psoriasis was found

to be associated with increased risk of hospitalization for

COVID-19 but not in-hospital mortality due to COVID-19 [ad-

justed hazard ratio (aHR) 1�13, 95% confidence interval (CI)

1�04–1�23 and 1�02, 0�81–1�29, respectively]. These results

were adjusted for age, sex, location of residence, and more

than 45 chronic disorders including obesity, diabetes, hyper-

tension, heart diseases – factors that are associated with both

severity of psoriasis4,5 and severity of COVID-19.6

Nonbiologic therapies, target therapies or biologics are used

to manage moderate-to-severe psoriasis.7 Post-marketing stud-

ies have allowed for better understanding of their safety pro-

file, demonstrating a favourable risk–benefit ratio despite

increased risk of infection.8 In the current pandemic context,

few data have been published on the course of COVID-19 in

patients with psoriasis receiving biologic therapy.9–17 All

experts agree that in the absence of infection, discontinuing

biologic therapy is not recommended,18,19 a resurgence of the

underlying pathology being potentially more deleterious than

COVID-19. There is no evidence of increased risk of SARS-

CoV-2 infection in immunocompromised patients.

Mahil et al. investigated factors associated with hospitaliza-

tion for COVID-19 in patients with psoriasis. Clinicians from

an international collaboration (25 countries, PsoProtect)

reported 374 patients with psoriasis and confirmed or sus-

pected COVID-19: 267 (71%) were using biologics and 67

(18%) nonbiologic systemic treatment; nine (2%) deaths were

reported. In these preliminary results, hospitalization was

more frequent with nonbiologic systemic therapy than biolog-

ics (odds ratio 2�84, 95% CI 1�31–6�18). However, the num-

ber of patients involved was low and mortality could not be

assessed.17 Despite the preliminary reassuring data, we

observed a marked decrease of up to 60% in initiation of bio-

logics for psoriasis during the first lockdown for COVID-19 in

France (from March to May 2020), which was not compen-

sated for during the following months.20

To ensure continuity of care for psoriasis, this study aimed

to provide data assessing the risk of hospitalization or in-

hospital mortality due to COVID-19 by treatment exposure in

patients with psoriasis, taking into account modifications of

medical care over time.

Patients and methods

Setting and data sources

This was a retrospective nationwide cohort study in France

using information from the French national health data system

(Syst�eme National des Donn�ees de Sant�e, SNDS). The SNDS

covers the entire French population (i.e. 67 million inhabi-

tants in France). In the SNDS database, since 2006, an anony-

mous unique individual identifier has linked information from

two principal data sources: the national health insurance

claims database (DCIR) and the national hospital and discharge

database (PMSI).21,22 The DCIR contains exhaustive data on all

reimbursements for health-related expenditures, outpatient

medical care and nursing care prescribed or performed by

healthcare professionals. Although the SNDS does not specify

the medical indication for all outpatient reimbursements, the

health expenditure of patients with long-term diseases such as

diabetes is fully reimbursed, and their diagnosis is recorded

according to the International Statistical Classification of Dis-

eases and Related Health Problems, Tenth Revision (ICD-10).

The PMSI database provides detailed medical information on

all admissions to French public- and private-sector hospitals,

including the dates of hospital admission and discharge and

the ICD-10 code on discharge.
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Study population and follow-up procedures

All adults (≥ 18 years old) with psoriasis from 2008 to 2019

were eligible. Adults with psoriasis were defined as those who

filled at least two prescriptions for topical formulations of vita-

min D (Anatomical Therapeutic Chemical code D05AX, the

recommended first-line treatment for psoriasis in France)

within a 2-year period.23–25 Patients with HIV infection, organ

transplantation or dialysis were excluded, as were patients

who died before the study entry. Finally, we included all indi-

viduals who had received at least one reimbursement for

healthcare within the 12-month period preceding the study

entry (i.e. healthcare consumers).

We considered two different study periods, for two differ-

ent entry dates (or index date), corresponding to:

• the first wave of the pandemic in France from 15 February

2020 (index date) to 15 June 2020. The end of follow-up

was 15 July 2020.

• the second wave of the pandemic in France from 1 Octo-

ber 2020 (index date) to 31 December 2020. The end of

follow-up was 31 January 2021.

We considered two different study periods, as the situation

during the first and second wave was different in France (see

Figure 1). Indeed, national studies based on the health assur-

ance database observed difficulties in accessing healthcare

including several reasons: shutdown of medical facility, fear of

contamination, rescheduling or cancelling of patients’ medical

appointments and fear of overcrowding the hospitals.26 We

also observed a decrease in the use of treatment for chronic

diseases during the first lockdown. After lockdown, dispensing

of treatment for chronic disease gradually returned to expected

numbers.27 Change in treatment advice was also observed

with a decrease of up to 57% in the initiation of biologics for

psoriasis healthcare users during the first lockdown.20 Thus

patients’ risk-mitigating behaviours may have changed during

the second part of the pandemic with a wider exposure to

COVID-19.

Exposure definition

Patients were classified according to their exposure to treat-

ments within the 6-month period before the index date: (i)

biologics (at least one reimbursement of etanercept, inflix-

imab, adalimumab, certolizumab, ustekinumab, secukizumab,

ixekizumab, brodalumab, guselkumab); (ii) nonbiologics (at

least one reimbursement of apremilast, methotrexate, ciclos-

porin, acitretin or phototherapy without any dispensation of

Adults defined as having psoriasis 
between 2008 and 2019

N = 1 547 040

Adults defined as having psoriasis 
selected for the first period

n = 1 326 312

Hospitalized for COVID-19
n = 3871

In-hospital mortality due to 
COVID-19
n = 759

Patients who died or without any 
reimbursement for healthcare 
within the 12-month period 
preceding 15 February 2020

n = 213 487

HIV or transplantation or dialysis
n = 7241

First period
15 February to 15 July 2020

Second period
1 October 2020 to 30 January 2021

Adults defined as having psoriasis 
and eligible for the second period

N = 1 322 441

Adults defined as having psoriasis, 
selected for the second period

n = 1 289 962

Hospitalized for COVID-19
n = 3603

In-hospital mortality due to 
COVID-19
n = 686

Patients who died or without any 
reimbursement for healthcare 
within the 12-month period 
preceding 1 October 2020

n = 32 479

Figure 1 Flowchart of patients.
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biologics); (iii) topical treatments (at least one reimbursement

of corticosteroids and vitamin D derivative without any dis-

pensation of systemic treatment); or (iv) none. Drugs were

identified by using the Anatomical Therapeutic Chemical codes

(Table S1, see Supporting Information). Risankizumab was

marketed in France in January 2020 and was not assessed in

this study.

Outcome

The primary endpoint was hospitalization for COVID-19. The

secondary outcome was in-hospital mortality due to COVID-

19. Diagnostic codes for COVID-19 are included in Table S1.

Covariates

For each patient, the following data were recorded for the 5-

year period before the index date: age, sex, location of resi-

dence, deprivation index,3,28 comorbidities (metabolic disor-

ders including diabetes and obesity; major adverse

cardiovascular events including stroke, myocardial infarction

and obliterating arteritis of the lower limbs; hypertension;

chronic obstructive pulmonary disease; hepatic disease; cancer;

psychological disorders; neurological disorders) and associated

inflammatory diseases (rheumatoid arthritis and related disor-

ders; ankylosing spondylitis and related disorders; inflamma-

tory bowel disease). Details are in Table S1.

Statistical methods

Quantitative variables are reported as mean (SD) and categori-

cal variables with number (percentage). Participants were fol-

lowed until the occurrence of the main event (hospitalization

or in-hospital mortality due to COVID-19) or the censorship

date: death from any cause (date of death) or the study period

date (as previously defined), whichever came first.

We compared outcomes for patients with and without

exposure to psoriasis treatments (topical treatments, nonbio-

logical systemic treatments and biologics) by using multivari-

able propensity score-weighted Cox models.

Using the Kaplan–Meier method, we calculated the crude

hospitalization rates for COVID-19 by treatment exposure (no

treatment was the reference). Risk differences were also com-

puted. Then the aHR and its 95% CI was estimated by a

cause-specific conditional Cox proportional hazards regression

model to account for the competing risk between all-cause

out-of-hospital death and hospitalizations for COVID-19. The

proportional hazard assumption was tested by using Schoen-

feld residuals. Finally, to help account for the nonrandomized

treatment exposures, we used propensity-score methods to

reduce the effects of confounding. The propensity score was

estimated by using a multinomial logistic regression model

that included all patient characteristics at baseline: age, sex,

comorbidities (major adverse cardiovascular events, hyperten-

sion, metabolic diseases, chronic obstructive pulmonary dis-

ease, hepatic diseases, cancers and neurological illnesses). The

inverse probability of treatment weighting (IPTW) method

was used to reduce potential bias due to treatment allocation.

Weights were based on the propensity score. Because the

treatment groups were of unequal size, the IPTW was stabi-

lized by multiplying the IPTW by the marginal probability of

receiving each treatment to preserve the sample size of the

original data and produce an appropriate estimate of the main

effect variance. IPTW weights were not truncated. We assessed

time to hospitalization for COVID-19 by using IPTW analyses

with cause-specific Cox models. The standardized difference of

the mean was computed before and after IPTW to assess

imbalance of the covariates between treatment groups. Stan-

dardized differences < 0�10 were considered negligible fol-

lowing common practice when using IPTW to estimate causal

treatment effects in observational studies.29,30 Confounding

variables that could not be balanced by the IPTW were added

as adjustment variables. The same methodology was used for

the secondary outcome (in-hospital mortality due to COVID-

19). To better assess the risk of exposures for psoriasis on

COVID-19 infection, we conducted subgroup analyses on

patients with psoriasis without any comorbidities (major

adverse cardiovascular events, hypertension, metabolic dis-

eases, chronic obstructive pulmonary disease, hepatic diseases,

cancers and neurological illnesses).

We also conducted several sensitivity analyses to check the

stability of our results under varying approaches. Firstly, Fine–
Gray competing risks analyses were performed, computing

sub-HRs and 95% CIs. Then, we used a conventional multi-

variate Cox model to estimate aHRs and 95% CIs. Finally,

treatment exposure was assessed within a 3-month and 9-

month period before the index date.

All tests were bilateral. All analyses were performed with

SAS Enterprise Guide v7.1 (SAS Institute Inc., Cary, NC, USA).

The threshold for statistical significance was set to P < 0�05.

Results

During the first study period, a total of 1 326 312 patients

with psoriasis were identified [mean age 58�8 (16�4) years;

males 48�4%; Figure S1 (see Supporting Information) and

Table 1]. Overall, 321 837 (24�3%) were exposed to topical

treatments: 49 459 (3�7%) to nonbiologics and 31 998

(2�4%) to biologics; 923 018 (69�6%) were not exposed

within the 6-month period preceding the index date. During

the second period, 1 289 962 patients with psoriasis were still

eligible [mean age 59�3 (16�3) years; men 48�0%]. The pro-

portion of systemic treatment exposure within the 6-month

period preceding the second index date was similar to the first

study period. More patients belonged to the unexposed group

during the second vs. the first period (77% vs. 70%).

Patient characteristics are summarized in Table 1. In the

two study periods, patients exposed to biologics were younger

and had fewer comorbidities than the other treatment groups,

except for inflammatory diseases (inflammatory bowel disease,

rheumatoid arthritis- and ankylosing spondylitis-related dis-

eases) and hepatic diseases, which were more frequent.

© 2021 British Association of DermatologistsBritish Journal of Dermatology (2022) 186, pp59–68

62 Psoriasis-related treatment exposure and COVID-19: cohort study, France, L. Penso et al.



T
ab
le

1
C
ha
ra
ct
er
is
ti
cs

of
th
e
st
ud

y
po

pu
la
ti
on

w
it
h
ps
or
ia
si
s
by

st
ud

y
pe
ri
od

an
d
tr
ea
tm

en
t
ex
po

su
re

a

Fi
rs
t
pe
ri
od

(F
eb
ru
ar
y
to

Ju
ly

20
20

)
Se
co
nd

pe
ri
od

(O
ct
ob

er
20

20
to

Ja
nu

ar
y
20

21
)

U
ne
xp
os
ed

T
op

ic
al
s

N
on

bi
ol
og
ic
s

Bi
ol
og
ic
s

T
ot
al

U
ne
xp
os
ed

T
op

ic
al
s

N
on

bi
ol
og
ic
s

Bi
ol
og
ic
s

T
ot
al

92
3
01

8
(6
9�6

)
32

1
83

7
(2
4�3

)
49

45
9
(3
�7)

31
99

8
(2
�4)

1
32

6
31

2
(1
00

)
99

6
23

8
(7
7�2

)
21

6
97

7
(1
6�8

)
45

17
6
(3
�5)

31
57

1
(2
�5)

1
28

9
96

2
(1
00

)
So
ci
od
em
og
ra
ph
ic
ch
ar
ac
te
ris
tic
s

A
ge
,
m
ea
n
(S
D
)
ye
ar
s

58
�9

(1
6�7

)
59

�2
(1
5�9

)
58

�9
(1
4�6

)
52

�3
(1
3�4

)
58

�8
(1
6�4

)
59

�4
(1
6�5

)
60

�1
(1
5�7

)
59

�4
(1
4�4

)
52

�6
(1
3�4

)
59

�3
(1
6�3

)
M
al
es

43
5
87

2
(4
7�2

)
16

1
34

4
(5
0�1

)
27

36
7
(5
5�3

)
17

77
6
(5
5�6

)
64

2
35

9
(4
8�4

)
46

1
63

5
(4
6�3

)
11

5
68

5
(5
3�3

)
24

70
2
(5
4�7

)
17

38
9
(5
5�1

)
61

9
41

1
(4
8)

As
so
ci
at
ed
in
fla
m
m
at
or
y
di
se
as
es

R
he
um

at
oi
d
ar
th
ri
ti
s

an
d
re
la
te
d
di
so
rd
er
s

31
56

(0
�3)

26
14

(0
�8)

31
57

(6
�4)

18
95

(5
�9)

10
82

2
(0
�8)

37
02

(0
�4)

21
13

(1
)

30
05

(6
�7)

17
57

(5
�6)

10
57

7
(0
� 8)

Ps
or
ia
ti
c
ar
th
ri
ti
s

71
1
(0
�1)

59
7
(0
�2)

10
09

(2
)

26
79

(8
�4)

49
96

(0
�4)

88
3
(0
�1)

47
3
(0
�2)

90
0
(2
)

25
13

(8
)

47
69

(0
�4)

A
nk
yl
os
in
g
sp
on

dy
lit
is

57
80

(0
�6)

32
40

(1
)

27
65

(5
�6)

62
23

(1
9�4

)
18

00
8
(1
�4)

68
42

(0
�7)

25
30

(1
�2)

26
88

(6
)

60
44

(1
9�1

)
18

10
4
(1
�4)

In
fl
am

m
at
or
y
bo

w
el

di
se
as
e

60
36

(0
�7)

28
22

(0
�9)

46
4
(0
�9)

37
75

(1
1�8

)
13

09
7
(1
)

67
64

(0
�7)

19
75

(0
�9)

42
0
(0
�9)

37
02

(1
1�7

)
12

86
1
(1
)

C
om
or
bi
di
tie
s

M
aj
or

ca
rd
io
va
sc
ul
ar

ev
en
ts

84
07

9
(9
�1)

30
72

0
(9
�6)

43
83

(8
�9)

20
03

(6
�3)

12
1
18

5
(9
�1)

89
37

6
(9
)

21
59

7
(1
0)

40
67

(9
)

19
84

(6
�3)

11
7
02

4
(9
�1)

St
ro
ke

24
82

1
(2
�7)

79
90

(2
�5)

10
74

(2
�2)

44
9
(1
�4)

34
33

4
(2
�6)

25
64

6
(2
�6)

55
44

(2
�6)

98
2
(2
�2)

44
3
(1
�4)

32
61

5
(2
�5)

C
or
on

ar
y
di
se
as
e

63
63

7
(6
�9)

24
14

8
(7
�5)

34
86

(7
�0)

16
23

(5
�1)

92
89

4
(7
)

67
96

7
(6
� 8)

17
03

7
(7
�9)

32
47

(7
�2)

16
16

(5
�1)

89
86

7
(7
)

H
yp
er
te
ns
io
n

33
7
35

3
(3
6�6

)
12

6
48

1
(3
9�3

)
18

56
6
(3
7�5

)
94

34
(2
9�5

)
49

1
83

4
(3
7�1

)
36

4
33

3
(3
6�6

)
89

30
4
(4
1�2

)
17

24
5
(3
8�2

)
93

63
(2
9�7

)
48

0
24

5
(3
7�2

)

C
hr
on

ic
ob

st
ru
ct
iv
e

pu
lm

on
ar
y
di
se
as
e

76
65

4
(8
�3)

48
02

4
(1
4�9

)
49

93
(1
0�1

)
28

12
(8
�8)

13
2
48

3
(1
0)

83
98

3
(8
�4)

28
73

7
(1
3�2

)
41

53
(9
�2)

24
59

(7
�8)

11
9
33

2
(9
�3)

H
ep
at
ic

di
se
as
es

12
81

2
(1
�4)

49
20

(1
�5)

88
7
(1
�8)

10
09

(3
�2)

19
62

8
(1
�5)

13
00

2
(1
�3)

35
10

(1
�6)

75
6
(1
�7)

87
6
(2
�8)

18
14

4
(1
�4)

M
et
ab
ol
ic

di
se
as
es

14
8
83

2
(1
6�1

)
50

61
0
(1
5�7

)
83

59
(1
6�9

)
50

04
(1
5�6

)
21

2
80

5
(1
6�0

)
15

7
54

5
(1
5�8

)
35

72
7
(1
6�5

)
75

77
(1
6�8

)
48

23
(1
5�3

)
20

5
67

2
(1
5�9

)

D
ia
be
te
s

13
0
79

4
(1
4�2

)
43

34
2
(1
3�5

)
72

09
(1
4�6

)
38

95
(1
2�2

)
18

5
24

0
(1
4)

14
1
55

0
(1
4� 2

)
32

17
5
(1
4�8

)
67

47
(1
4�9

)
39

26
(1
2�4

)
18

4
39

8
(1
4�3

)
O
be
si
ty

25
76

9
(2
�8)

10
00

9
(3
�1)

15
83

(3
�2)

15
09

(4
�7)

38
87

0
(2
�9)

21
36

8
(2
�1)

46
99

(2
�2)

11
16

(2
�5)

11
72

(3
�7)

28
35

5
(2
�2)

C
an
ce
r

31
67

5
(3
�4)

14
69

4
(4
�6)

21
67

(4
�4)

45
1
(1
�4)

48
98

7
(3
�7)

31
30

1
(3
�1)

10
37

7
(4
�8)

17
98

(4
)

41
4
(1
�3)

43
89

0
(3
�4)

Ps
yc
ho

lo
gi
ca
l
ill
ne
ss
es

12
9
22

8
(1
4)

48
63

8
(1
5�1

)
70

26
(1
4�2

)
48

86
(1
5�3

)
18

9
77

8
(1
4�3

)
13

6
42

7
(1
3�7

)
31

64
1
(1
4�6

)
62

70
(1
3�9

)
45

32
(1
4�4

)
17

8
87

0
(1
3�9

)

N
eu
ro
lo
gi
ca
l
ill
ne
ss
es

37
31

2
(4
)

10
37

1
(3
�2)

13
55

(2
�7)

59
7
(1
�9)

49
63

5
(3
�7)

42
09

2
(4
�2)

78
21

(3
�6)

13
63

(3
)

62
7
(2
)

51
90

3
(4
)

Tr
ea
tm
en
ts
in
th
e
pr
ev
io
us
2
ye
ar
s

Bi
ol
og
ic
s

23
53

(0
�3)

13
70

(0
�4)

96
2
(2
)

29
33

6
(9
1�7

)
34

02
1
(2
�6)

39
33

(0
�4)

14
56

(0
�7)

94
6
(2
�1)

29
68

8
(9
4)

36
02

3
(2
�8)

N
on

bi
ol
og
ic
s
(w

it
ho

ut

ap
re
m
ila
st
)

12
82

7
(1
�4)

85
82

(2
�7)

35
89

2
(7
2�6

)
10

47
7
(3
2�7

)
67

77
8
(5
�1)

14
69

5
(1
�5)

68
93

(3
�2)

34
05

7
(7
5�4

)
95

72
(3
0�3

)
65

21
7
(5
�1)

A
pr
em

ila
st

13
16

(0
�1)

12
71

(0
�4)

67
45

(1
3�6

)
12

54
(3
�9)

10
58

6
(0
�8)

34
19

(0
�3)

21
54

(1
)

76
84

(1
7)

20
69

(6
�6)

15
32

6
(1
�2)

T
op

ic
al
s

48
3
08

5
(5
2�3

)
27

1
50

0
(8
4�4

)
41

66
4
(8
4�2

)
24

00
4
(7
5�0

)
82

0
25

3
(6
1�8

)
51

0
13

9
(5
1�2

)
18

7
75

6
(8
6�5

)
37

76
0
(8
3�6

)
23

26
5
(7
3�7

)
75

8
92

0
(5
8�8

)
N
on

e
of

th
e
ab
ov
e

tr
ea
tm

en
ts

43
6
32

6
(4
7�3

)
49

70
8
(1
5�4

)
12

14
(2
�5)

21
4
(0
�7)

48
7
46

2
(3
6�8

)
48

1
16

1
(4
8�3

)
28

73
5
(1
3�2

)
79

4
(1
�8)

15
4
(0
�5)

51
0
84

4
(3
9�6

)

a D
at
a
ar
e
n
(%

)
un

le
ss

ot
he
rw

is
e
in
di
ca
te
d.

© 2021 British Association of Dermatologists British Journal of Dermatology (2022) 186, pp59–68

Psoriasis-related treatment exposure and COVID-19: cohort study, France, L. Penso et al. 63



Risk of hospitalization or in-hospital mortality due to

COVID-19

First study period

From 15 February to 15 June 2020, a total of 3871 patients

met the primary endpoint and were hospitalized for COVID-

19: 1025 (26�5%) with topical treatments, 171 (4�4%) nonbi-
ologics, 73 (1�9%) biologics and 2602 (67�2%) unexposed. A

total of 759 (20%) patients died from COVID-19: 203

(26�8%) with topical treatments, 25 (3�3%) nonbiologics, 4

(0�5%) biologics and 527 (69�4%) unexposed. Mean time to

hospitalization for COVID-19 was 1�7 � 0�6 months.

In the crude unadjusted analysis, risk of hospitalization for

COVID-19 was higher with exposure to topicals or nonbiolog-

ics than with no exposure (HR 1�13, 95% CI 1�05–1�22,
P = 0�001; HR 1�23, 95% CI 1�05–1�43, P = 0�01, respec-

tively), absolute risk differences were 0�04% and 0�06%,
respectively. Risk of hospitalization was not associated with

exposure to biologics (Table 2).

A pseudo-cohort was obtained through use of the stabilized

propensity score: distributions of patient characteristics were

balanced, with standardized difference < 0�1 between the

treatment classes (Figure S2; see Supporting Information). In

the cause-specific conditional Cox proportional hazards model

with IPTW, risk of hospitalization for COVID-19 was still

associated with exposure to topicals or nonbiologics but not

biologics [weighted HR (wHR) 1�11, 95% CI 1�04–1�20,
P < 10–2; wHR 1�27, 95% CI 1�09–1�48, P < 10–2; wHR

1�04, 95% CI 0�83–1�31, P = 0�83, respectively, Table 2].

None of the exposures was associated with in-hospital mortal-

ity due to COVID-19 (Table 3).

Second study period

From 1 October to 31 December 2020, a total of 3603

patients were hospitalized for COVID-19: 727 (20�2%) with

topical treatments, 163 (4�5%) nonbiologics, 73 (2�0%) bio-

logics and 2640 (73�3%) unexposed. A total of 686 (19%)

died in hospital from COVID-19: 139 (20�3%) with topical

treatments, 22 (3�2%) nonbiologics, eight (1�2%) biologics

and 517 (75�4%) unexposed. Mean time to hospitalization for

COVID-19 was 1�26 (0�66) months.

The crude unadjusted analyses were similar to those from

the first period (Tables 2 and 3). The absolute risk differences

were: 0�07%, 0�1% and 0�03% for topicals, nonbiologics and

biologics, respectively. In the cause-specific conditional Cox

proportional hazards model with IPTW, risk of hospitalization

for COVID-19 was associated with all groups of exposure vs.

exposure (wHR 1�17, 95% CI 1�07–1�27, P < 10–3; wHR

1�45, 95% CI 1�24–1�70, P < 10–4 and wHR 1�44, 1�17–
1�77, P < 10–3 for topicals, nonbiologics and biologics,

respectively, Table 2). None of the exposures was associated

with in-hospital mortality due to COVID-19 (Table 3).

Subgroup analysis

Considering patients with psoriasis without comorbidities, we

found that analyses did not differ from the main analyses

except for patients receiving only topical treatments who were

Table 2 Risk of hospitalization with COVID-19 by study period and treatment group in the unadjusted Cox model and Cox model with inverse

probability of treatment weighting (IPTW)

Treatment group N (%)

Unadjusted Cox IPTW Coxa

Crude HR 95% CI P-value wHR 95% CI P-value

First period (February to June 2020), N = 1 326 312

Unexposed
923 018

2602 (0�3) – –

Topicals
321 837

1025 (0�3) 1�13 1�05–1�22 0�001 1�11 1�04–1�20 < 10–2

Nonbiologics
49 459

171 (0�4) 1�23 1�05–1�43 0�01 1�27 1�09–1�48 < 10–2

Biologics
31 998

73 (0�2) 0�81 0�64–1�02 0�07 1�04 0�83–1�31 0�83

Second period (October to December 2020), N = 1 289 962
Unexposed

996 238

2640 (0�3) – –

Topicals
216 977

727 (0�3) 1�27 1�17–1�37 < 10–4 1�17 1�07–1�27 < 10–3

Nonbiologics
45 176

163 (0�4) 1�36 1�16–1�60 0�0001 1�45 1�24–1�70 < 10–4

Biologics
31 571

73 (0�2) 0�87 0�69–1�10 0�25 1�44 1�17–1�77 < 10–3

IPTW (age, sex, comorbidities: major adverse cardiovascular events, hypertension, metabolic diseases, chronic obstructive pulmonary disease,

hepatic diseases, cancers and neurological illnesses); CI, confidence interval; HR, hazard ratio; wHR: weighted HR. aAdjustment for age,

deprivation index and area of residence.
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no longer at risk of being hospitalized with COVID-19

(Table 4).

Sensitivity analyses

During the first period, 9532 patients died (including 759 in-

hospital deaths from COVID-19) and during the second per-

iod, 8379 (686 in hospital) died. Results from the Fine–Gray
competing risks analyses did not differ from the main analyses

(Tables S2 and S3; see Supporting Information). Results from

the conventional adjusted multivariate Cox models and from

treatment exposure defined within a 3-month period before

the index date differed only for topical exposures (Table S3).

Indeed, risk of COVID-19 in-hospital mortality was increased

for patients exposed to topical treatments during the two peri-

ods compared with the global psoriasis population. Results

from treatment exposures defined within a 9-month period

before the index date did not differ from the main analysis,

except for the risk of hospitalization for COVID-19 which was

no longer associated with topical exposures in the first period

(Table S3).

Discussion

In this study based on large nationwide, retrospective, ‘ex-

posed/unexposed’ cohorts, exposure to systemic treatments

for psoriasis including nonbiologic and biologic drugs did not

increase the risk of in-hospital mortality due to COVID-19.

These results were robust when using a variety of

methodological approaches to properly account for potential

confounders, including an adjusted cause-specific Cox model,

competing-risk analyses and propensity score-based

approaches.

Several studies assessed the incidence of severe COVID-19

outcomes (hospitalization and death) in patients receiving sys-

temic therapies for psoriasis during the pandemic.9,13,17 The

authors gave a reassuring message, suggesting no increased

risk of death due to COVID-19 for patients receiving biologic

treatments for psoriasis. However, because of too-small study

samples (from 37417 to 23299 with psoriasis), the absolute

number of patients who died from COVID-19 was very low

(one to nine deaths in total), so interpretation of the results is

cautioned. Our study provides results from large cohorts (>
1 000 000 with psoriasis) with a high number of events (>
8000 psoriatic patients hospitalized for COVID-19 leading to

1445 deaths across both study periods).

We found the risk of hospitalization for COVID-19 to be

associated with exposure to nonbiologic treatments in raw and

adjusted analyses, in the first and the second period of the

study, compared with unexposed patients. However, nonbio-

logic treatment exposure was not associated with increased

risk of in-hospital mortality due to COVID-19, and the fluctu-

ation observed in sensitivity analyses can be explained by the

low number of events.

Results for biologic therapy exposure are not so clear,

except for the risk of mortality. Indeed, biologic therapy expo-

sure did not increase the risk of in-hospital mortality due to

COVID-19. Considering hospitalization for COVID-19, we

Table 3 Risk of in-hospital mortality due to COVID-19 by study period and treatment group in the unadjusted Cox model and Cox model with

IPTW

Treatment groups N (%)

Unadjusted Cox IPTW Coxa

Crude HR 95% CI P-value wHR 95% CI P-value

First period (February to July 2020), N = 1 326 312

Unexposed
923 018

527 (0�1) – –

Topicals
321 837

203 (0�1) 1�11 0�94–1�30 0�22 1�15 0�97–1�35 0�11

Nonbiologics
49 459

25 (0�1) 0�88 0�59–1�32 0�55 1�02 0�67–1�54 0�94

Biologics
31 998

4 (0) 0�22 0�08–0�58 0�22 0�54 0�24–1�23 0�14

Second period (October to December 2020), N = 1 289 962
Unexposed

996 238

517 (0�1) – –

Topicals

216 977

139 (0�1) 1�24 1�03–1�49 0�03 1�17 0�96–1�42 0�13

Nonbiologics

45 176

22 (0�1) 0�94 0�61–1�44 0�77 1�27 0�83–1�94 0�27

Biologics

31 571

8 (0) 0�49 0�24–0�98 0�04 1�49 0�87–2�57 0�15

IPTW (age, sex, comorbidities: major adverse cardiovascular events, hypertension, metabolic diseases, chronic obstructive pulmonary disease,

hepatic diseases, cancers and neurological illnesses); CI, confidence interval; HR, hazard ratio; wHR, weighted HR. aAdjustment for age,

deprivation index and area of residence.
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found no association between biologic therapy exposure and

risk of hospitalization for COVID-19 when considering the

first study period coinciding with the first wave of the pan-

demic in France. However, during the second period, risk of

hospitalization for COVID-19 was increased with exposure to

biologic therapy in adjusted analyses. Mahil et al. highlighted

the differences in risk-mitigating behaviours between the bio-

logics/nonbiologics/no systemic agent groups.31 Indeed, indi-

viduals exposed to biologic treatments more frequently used

shielding or self-isolating behaviours compared with other

exposure groups. Thus, individuals exposed to biologic treat-

ments were less likely to be at risk of COVID-19 and to die

from it than other exposure groups, at least in the first part of

the pandemic. As it was debated whether biologic agents

should be discontinued to prevent severe complications of

COVID-19 at the beginning of the pandemic, a change in

treatment advice could also have occurred during the two

periods. In fact, a decrease of up to 57% was observed in the

initiation of biologics for psoriasis healthcare users during the

first lockdown (March to May) in France, much higher than

the one we observed during the second wave.20 At the same

time, patients already treated with biologics and nonbiologic

systemic treatments maintained their treatments during the

pandemic.20 Cumulative reassuring data on the use of biolog-

ics during the COVID-19 pandemic may have changed

patients’ risk-mitigating and clinicians’ prescription beha-

viours. A wider exposure to COVID-19 may have led to a sim-

ilar risk of hospitalization for COVID-19 for individuals

exposed to biologics than no biologics. The increased risk of

hospitalization for COVID-19 for patients receiving a systemic

treatment for psoriasis may reflect a population with better

continuity of care within the healthcare system, leading to an

increased chance of hospitalization. Our results did not sup-

port a prophylactic effect of long-term use of biologics on risk

of hospitalization for COVID-19 or in-hospital mortality.

Lastly, we also found the risk of hospitalization for COVID-

19 to be associated with exposure to topical treatments in raw

and adjusted analyses, in the first and the second period of the

study, compared with unexposed patients. Interestingly, when

considering the subgroup of patients with psoriasis without

any comorbidities, patients receiving only topical treatment

were no longer at risk of being hospitalized for COVID-19

whereas patients receiving systemic treatments were. The

higher risk of hospitalization for COVID-19 for patients with

psoriasis with topical exposure in the main analysis may be

related to the global profile of patients (including their

comorbidities) rather than the exposure.

Among the strengths of our study is the large nationwide

exhaustive study population. For hospitalization for COVID-19,

we used information reported in an exceptional and accelerated

way coordinated by public French authorities, Sant�e Publique

France (the French centre comparable with the US Centers for

Disease Control and Prevention), including approximately 94%

of all patients (87 809 of 93 406) who were hospitalized for

COVID-19 in France. However, our results cannot be general-

ized to asymptomatic or mild-to-moderate forms of COVID-19.

Using the French health-insurance data and already-validated

algorithms23–25,32 with an 85% estimated sensitivity,24 we

obtained a large study sample of patients with psoriasis, allow-

ing for risk comparisons between exposures. Our definition of

psoriasis was based on the prescription of at least two topical

vitamin D derivatives within a 2-year period. These drugs con-

stitute the first-line treatment for psoriasis,23 and our definition

has been validated in a study of a Danish health-insurance data-

base by Egeberg et al.32 Although our definition was sensitive

(85%),24 it did not achieve the value of 98% reported by Ege-

berg et al.32 In the Danish study, patients with psoriasis were

identified after the second prescription of topical vitamin D

derivatives (albeit in the absence of a 2-year restricted period);

this definition was used in addition to the ICD-10 codes for

Table 4 Risk of hospitalization or in-hospital mortality for COVID-19 by study period and treatment group in subgroup analyses of patients with

psoriasis without any comorbidities

IPTW Coxa
Risk of hospitalization with COVID-19 Risk of in-hospital mortality due to COVID-19

Treatment group (ref. unexposed) N (%) wHR 95% CI P-value N (%) wHR 95% CI P-value

First period (February to June 2020), N = 667 043

Unexposed 550 (0�1) – 34 (0�01) –
Topicals 188 (0�1) 1�11 0�94–1�31 0�22 7 (0�01) 0�74 0�32–1�69 0�48
Nonbiologics 41 (0�2) 1�41 1�02–1�94 0�04 4 (0�02) 2�02 0�63–6�51 0�24
Biologics 22 (0�1) 1�11 0�72–1�70 0�65 0 (0) –
Second period (October to December 2020); N = 649 308
Unexposed 476 (0�1) – 38 (0�01) –
Topicals 107 (0�1) 1�14 0�92–1�42 0�22 5 (0�01) 0�67 0�24–1�85 0�44
Nonbiologics 42 (0�2) 1�95 1�41–2�71 < 10–4 2 (0�01) 1�77 0�42–7�43 0�44
Biologics 22 (0�1) 1�61 1�06–2�42 0�02 1 (0�01) 2�30 0�39–13�45 0�36

IPTW, inverse probability of treatment weighting (age, sex, comorbidities: major adverse cardiovascular events, hypertension, metabolic dis-

eases, chronic obstructive pulmonary disease, hepatic diseases, cancers and neurological illnesses); CI, confidence interval; HR, hazard ratio;

wHR, weighted HR. aAdjustment for age, deprivation index and area of residence.
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psoriasis applied to inpatients and outpatients. Unfortunately,

ICD-10 codes are not recorded for outpatients in the French

database. Thus, our study probably underestimated the number

of cases of psoriasis. However, any misclassification should have

been similar for all types of drugs, and we are confident that our

definition is specific. Firstly, our population received both topi-

cal and systemic treatments that are reimbursed in the context

of psoriasis – thus minimizing selection bias. Secondly, our

study population had much the same characteristics as previ-

ously described populations of patients with severe psoriasis.33

Lastly, a recent systematic review validated the definition we

used.25 Causal interpretation of our findings relying on retro-

spective evaluation of medico-administrative data is still cau-

tioned, considering the observational nature of the study

design. In addition, residual confounding cannot be excluded.

To conclude, this study, involving a large nationwide sam-

ple, did not find an association between using systemic treat-

ments for psoriasis (including nonbiologic and biologic

drugs) and increased risk of in-hospital mortality due to

COVID-19. The increased risk of hospitalization for COVID-19

for patients receiving a systemic treatment may reflect a popu-

lation better caught by the healthcare system. These results

provide evidence supporting a continuity of psoriasis care and

maintaining the use of systemic treatment for psoriasis during

the pandemic.
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