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Tumor necrosis factor inhibitors are associated with
a decreased risk of COVID-19-associated hospitalization
in patients with psoriasis—A population-based cohort study
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Abstract
The risk of coronavirus disease 2019 (COVID-19) and its complications among
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patients with psoriasis treated by tumor necrosis factor inhibitors (TNFis) remains to
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be decisively delineated. We aimed to assess the risk of COVID-19 infection,
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COVID-19-associated hospitalization, and mortality among Israeli patients with psoriasis treated by TNFi relative to other systemic agents. A population-based cohort
study was conducted to compare psoriasis patients treated by TNFi (n = 1943), with
those treated by methotrexate (n = 1929), ustekinumab (n = 348), and acitretin
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assessed using uni- and multi-variate Cox regression analyses. The incidence rate of
was 35.8 (95% CI, 26.1-47.9), 0.8 (95% CI, 0.0-4.2), and 0.0 per 1000 person-years,
respectively. Exposure to TNFi was associated with a comparable risk of COVID-19
infection [adjusted hazard ration (HR) for TNFi vs methotrexate: 1.07 (95% CI,
0.67-1.71); TNFi vs ustekinumab: 1.07 (95% CI, 0.48-2.40); TNFi vs acitretin: 0.98
(95% CI, 0.61-1.57)]. TNFi was associated with a decreased risk of COVID19-associated hospitalization relative to methotrexate (adjusted HR, 0.10; 95% CI,
0.01-0.82) and ustekinumab (adjusted HR, 0.04; 95% CI, 0.00-0.64), but not to
acitretin (adjusted HR, 1.00; 95% CI, 0.16-6.16). No significant difference in COVID19-associated mortality was found between the four different groups. TNFi was
associated with a decreased risk of admissions due to COVID-19. Our findings substantiate the continuation of TNFi treatment during the pandemic. TNFi may be positively considered in patients with moderate-to-severe psoriasis warranting systemic
treatment during the pandemic.
KEYWORDS

infection- bacterial/fungal/viral, psoriasis

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,
provided the original work is properly cited.
© 2021 The Authors. Dermatologic Therapy published by Wiley Periodicals LLC.
Dermatologic Therapy. 2021;e15003.
https://doi.org/10.1111/dth.15003

wileyonlinelibrary.com/journal/dth

1 of 9

2 of 9

1

KRIDIN ET AL.

I N T RO DU CT I O N

|

in negligible loss to follow-up and free access to healthcare services.
All these features render the CHS database highly compatible with

Given that severe coronavirus disease 2019 (COVID-19) is associated
1,2

with a hyperinflammatory state,

the conduction of reliable and robust epidemiological analyses.20

it is highly pertinent to investigate

whether the presence of preexisting immune-mediated diseases or
the previous exposure to immunomodulatory drugs affect the mani-

2.2

|

Study population

festations of COVID-19. While several studies displayed an increased
risk and more aggressive course of SARS-CoV-2 infection in patients

The computerized database of CHS was systematically screened for

with certain immune-mediated and inflammatory diseases,3-5 others

all prevalent cases with a diagnostic code of psoriasis as registered by

disproved these observations.6-10

board-certified dermatologists. Eligible patients had to be alive and

Tumor necrosis factor inhibitor (TNFi), the largest drug class

active members of CHS at the onset of the pandemic, defined as the

worldwide,11 was proved efficacious in a wide array of autoimmune

date of the first confirmed case of COVID-19 in Israel (February

and inflammatory diseases.12 While TNFi has dramatically improved

27th, 2020).

outcomes of patients with moderate-to-severe plaque psoriasis, it is
implicated with different infections.13 While the use of this immunomodulatory drug during the current pandemic raised many concerns,

2.3

|

Definition of exposure and different analyses

recent observational studies ascribed a favorable protective role for
TNFi among patients with inflammatory bowel disease (IBD) and
4,14

rheumatic diseases who developed COVID-19.

Exposure to all drugs was defined in case the drug was prescribed for

In psoriasis, how-

at least 1 month during the pandemic. For the main analysis, patients

ever, the risk of COVID and its complications among patients under-

with psoriasis receiving TNFi were compared to those receiving meth-

going TNFi treatment remains to be delineated. The current

otrexate as a reference group. Methotrexate was selected as a refer-

knowledge about the safety of immunomodulatory drugs in psoriasis

ent drug given that it is the most commonly prescribed nonbiologic

stems from observational studies of short follow-up durations and

systemic therapy for psoriasis,21 and in accordance with other interna-

lacks head-to-head comparison between different agents, as most for-

tional registry-based studies.22 Patients managed by TNFi or metho-

mer studies pooled patients under ''biologics'' or ''immunomodulatory

trexate in conjunction with other concomitant systemic immunomo

drugs'' together.15-19

dulatory/immunosuppressive drugs were excluded from the analysis

In the current study, we sought to investigate the risk of COVID-

enabling to evaluate the independent influence of the drug of interest.

19 infection, COVID-19-associated hospitalization, and mortality

Concomitant drugs warranting exclusion were: cyclosporine, interleu-

among patients with psoriasis treated by TNFi (adalimumab,

kin (IL)-17 inhibitors, ustekinumab, and apremilast. Concomitant

etanercept, and infliximab). To precisely assess the safety of this treat-

administration of retinoids did not represent an exclusion criterion.

ment during the pandemic, patients on TNFi were compared with

A sensitivity analysis was performed to assess the risk of COVID-

three reference groups: (i) psoriasis patients treated by methotrexate,

19 outcomes in patients treated by the three widely utilized TNFi

(ii) ustekinumab, and (iii) acitretin. A sensitivity analysis was held to

agents in Israel; adalimumab, etanercept, and infliximab. Each of these

dissect the outcomes under each one of the three investigated TNF

drugs was separately compared to methotrexate. Numerous patients

agents.

were exposed to more than a single TNFi agent during the pandemic.
The time under each of the drugs was calculated separately in the
respective sensitivity analysis, whilst the cumulative time under

2

METHODS

|

the various drugs was considered in the main analysis.
The secondary analysis evaluated the risk of COVID-19 and its

2.1

|

Study design and dataset

complication in patients managed by TNFi relative to those receiving
(i) ustekinumab and (ii) acitretin. Since concomitant exposure to

We performed a historical retrospective cohort study that followed

acitretin did not merit exclusion from the primary analysis, all patients

patients with psoriasis to assess the incidence of COVID-19, COVID-

treated concomitantly by TNFi and acitretin were excluded only from

associated hospitalization, and mortality. The study was approved by

the secondary analysis comparing TNFi vs acitretin.

the institutional review board (IRB) in accordance with the declaration
of Helsinki (approval code: 0212-17-COM).
The current study was based on the computerized database of

2.4

|

Definition of COVID-19-related outcomes

Clalit Health Services (CHS). CHS is the largest healthcare maintenance organization in Israel, covering a wide variety of private and

The medical records of eligible patients were checked for a diagnosis

public healthcare services for 4 540 768 enrollees as of October

of COVID-19. The diagnosis of COVID-19 was based on confirmation

2018. CHS database is typified by an inclusive nature owing to its

of cases by US FDA-approved molecular tests. COVID-19-associated

ability to retrieve data from numerous sources originating both from

hospitalization was defined in COVID-19-confirmed patients admitted

ambulatory and hospitalized care settings. CHS is additionally eminent

to intensive care units, internal medicine, or COVID-19-specific
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respiratory inpatient wards. COVID-19-associated mortality was

respectively. Incidence rates of outcomes were calculated and

defined in COVID-19-confirmed patients whose cause of death was

expressed as the number of events per 1000 person-years. Hazard

ascribed to COVID-19 or its complications.

ratios (HR)s for the risk of incident outcomes were obtained by the

Study participants date of death was ascertained by linking the

use of the Cox regression model. Two-tailed p-values less than 0.05

study cohort with the Ministry of Interior registry. All study partici-

were considered as statistically significant. All statistical analyses were

pants were followed up from the onset of the pandemic in Israel or

performed using the SPSS software, version 25 (SPSS, Armonk, NY:

the date of drug initiation, whichever occurs later, until October

IBM Corp).

2, 2020, drug discontinuation, death, or fulfilling the study outcomes,
whichever occurs earlier.

3
2.5

|

Covariates

|

RE SU LT S

The current study included 1943, 1929, 348, and 1892 patients with
psoriasis treated by TNFi, methotrexate, ustekinumab, and acitretin

Outcome measures were adjusted for the following comorbid condi-

during the pandemic, respectively. Relative to patients treated by

tions: chronic obstructive pulmonary disease (COPD), chronic renal

methotrexate, those treated by TNFi were younger at the onset of

failure (CRF), diabetes mellitus, ischemic heart disease (IHD), hyper-

the pandemic, had a male predominance, and a lower frequency

tension, hyperlipidemia, and malignancies, all of which were evidenced

of COPD, diabetes mellitus, hypertension, hyperlipidemia, ischemic

to project worse prognosis of COVID-19.23-27 COVID-19 outcomes

heart disease, and malignancy. The baseline characteristics of study

were additionally adjusted for smoking owing to the association of

participants are delineated in Table 1.

the latter with worse outcomes of COVID-19.23,24 The chronic registry of CHS was utilized to identify comorbidities of eligible patients

3.1 | Primary analysis comparing the risk of
COVD-19 outcomes associated with TNFi relative to
methotrexate

prior to the development of COVID-19.

2.6

|

Statistical analysis
The incidence rate of COVID-19 infection, COVID-19-associated hos-

The comparison between different variables was performed utilizing

pitalization, and COVID-19-associated mortality in the TNFi group

the chi-square test and t test for categorical and continuous variables,

was calculated at 35.8 (95% CI, 26.1-47.9), 0.8 (95% CI, 0.0-4.2), and

TABLE 1

Descriptive characteristics of the study population
TNF inhibitors (N = 1943)

Methotrexate (N = 1929)

Ustekinumab (N = 348)

Acitretin (N = 1892)

48.8 (16.4)

58.6 (17.4)

50.8 (17.3)

56.4 (16.2)

39.2 (16.1)

49.6 (16.8)

40.4 (17.0)

47.7 (15.9)

Male

1116 (57.4%)

927 (48.1%)

196 (56.3%)

1231 (65.1%)

Female

827 (42.6%)

1002 (51.9%)

152 (43.7%)

661 (34.9%)

Jews

1592 (81.9%)

1568 (81.3%)

308 (88.5%)

1502 (79.4%)

Arabs

351 (18.1%)

361 (18.7%)

40 (11.5%)

390 (20.6%)

Smoking, n (%)

900 (46.3%)

883 (45.8%)

209 (60.1%)

1029 (54.4%)

COPD, n (%)

60 (3.1%)

102 (5.3%)

19 (5.5%)

97 (5.1%)

Diabetes mellitus, n (%)

343 (17.7%)

549 (28.5%)

79 (22.7%)

464 (24.5%)

Hypertension, n (%)

458 (23.6%)

756 (39.2%)

114 (32.8%)

663 (35.0%)

Hyperlipidemia, n (%)

905 (46.6%)

1172 (60.8%)

194 (55.7%)

1103 (58.3%)

Characteristic
Age at the onset of pandemic, years
Mean (SD)

Age at the onset of the disease, years
Mean (SD)
Sex, n (%)

Ethnicity, n (%)

Ischemic heart disease, n (%)

173 (8.9%)

299 (15.5%)

40 (11.5%)

233 (12.3%)

Malignancy, n (%)

190 (9.8%)

358 (18.6%)

42 (12.1%)

257 (13.6%)

Chronic renal failure, n (%)

62 (3.2%)

66 (3.4%)

22 (6.3%)

103 (5.4%)

Abbreviations: BMI, body mass index; n, number; SD, SD.
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DISCUSSION

The current study provides the first population-based estimate of
the influence exerted by TNFi on the outcomes of COVID-19
among patients with psoriasis. Relative to methotrexate and
ustekinumab, TNFi conferred significant protection against the need
for COVID-associated hospitalization. The incidence of COVID19-associated mortality was numerically lower among patients
treated by TNFi as compared to all other reference groups, albeit
without reaching the level of significance.
Evidence has accumulated from several observational studies to
suggest a putative protective effect of TNFi against COVID-19 complications. Based on data from the SECURE-IBD registry, which

Reference
NA [0.964]a
Reference
0.10 (0.01-0.82) [0.031]a
Reference

Reference

Reference
NA

NA [0.980]
Reference

Reference
0.40 (0.04-3.85) [0.428]

0.11 (0.01-0.91) [0.040]
Reference

Reference

Reference
0.13 (0.00-135 668.50)
[0.596]
Reference
0.01 (0.00-2.76) [0.112]
Reference

Reference
0.02 (0.00-145 728.57)
[0.610]
Reference
0.08 (0.01-0.63) [0.016]

0.9 (0.0–4.2)

1
0

0.6 (0.1-0.6)
0.6 (0.0-06)

1180.0

0.0
10.3 (5.6–17.5)

12
1

0.8 (0.0–4.2)

Abbreviations: CI, confidence interval; HR, hazard ratio; n, number; NA, non-applicable; PY, person-year.
Note: Bold, significant value.
a
-Multivariate logistic regression model adjusting for age, sex, COPD, CRF, IHD, HTN, hyperlipidemia, obesity, malignancy, diabetes mellitus, smoking.

4

1.07 (0.67-1.71) [0.768]a

current study.

Fully adjusted HR (95% CI) [p value]a

Figure 1 graphically summarizes the main outcome measure of the

1.07 (0.67-1.70) [0.787]

interest was comparable between the two subgroups (Table 4).

1.34 (0.71-2.53) [0.369]

treated by acitretin. The risk of the three COVID-19 outcomes of

Age- and sex-Adjusted HR (95% CI) [p
value]

excluded in the current analysis since they were concomitantly

Female-specific HR (95% CI) [p value]

original subgroup of patients exposed to TNFi, 74 patients were

1.01 (0.54-1.89) [0.966]

The second secondary analysis evaluated the differential risk of
TNFi (n = 1869) as compared to acitretin (n = 1892). Out of the

Male-specific HR (95% CI) [p value]

not differ between the two subgroups (Table 3).

Reference

risk of COVID-19 infection and COVID-19-associated mortality did

1.15 (0.74-1.80) [0.528]

ization (fully-adjusted HR, 0.04; 95% CI, 0.00-0.64; p = 0.022). The

Unadjusted HR (95% CI) [p value]

with a significantly decreased risk of COVID-19-associated hospital-

36

TNFi (n = 1943) and ustekinumab (n = 348). TNFi was associated

30.9 (23.6–43.3)

The first secondary analysis aimed to compare patients managed by

35.8 (26.1–47.9)

3.2 | Secondary analyses comparing the risk of
COVD-19 outcomes associated with TNFi relative to
ustekinumab and acitretin

42

more than a single agent during the course of the pandemic.

Incidence rate / 1000 PY (95% CI)

comes fell out of significance. Of note, 42 patients were treated by

Number of events

each one of the three drugs, the HRs of the aforementioned out-

0.6 (0.1-0.6)

and mortality was numerically lower among patients managed by

1166.8

While the incidence rate of COVID-19-associated hospitalization

0.6 (0.0-06)

Table S3) relative to psoriasis patients managed by methotrexate.

TABLE 2

tioned outcomes in patients under adalimumab (n = 1166;
Table S1), etanercept (n = 643; Table S2), and infliximab (n = 176;

The risk of COVID-19 and its complications among patients with psoriasis treated by TNF inhibitors compared to those treated by methotrexate

In a sensitivity analysis, we estimated the risk of the aforemen-

1179.5

HR, 0.10; 95% CI, 0.01-0.82; p = 0.031; Table 2).

0.6 (0.1-0.6)

variate risk of COVID-19-associated hospitalization (fully-adjusted

1164.3

patients treated with TNFi exhibited a significantly decreased multi-

0.6 (0.0-0.6)

COVID-

1174.5

and

Median follow-up time, years (range)

infection

TNF inhibitors
(N = 1943)

COVID-19

Methotrexate
(N = 1929)

of

TNF inhibitors
(N = 1943)

risk

COVID-19-associated hospitalization

the

COVID-19 infection

While

19-associated mortality was comparable between the two groups,

COVID-19-associated mortality

1000 person-years, respectively (Table 2).

Follow-up time, PY

23.6-43.3), 10.3 (95% CI, 5.6-17.5), and 0.9 (95% CI, 0.0-4.2) per

Methotrexate
(N = 1929)

dence rates in the methotrexate group were 30.9 (95% CI,

TNF inhibitors
(N = 1943)

Methotrexate
(N = 1929)

0.0 per 1000 person-years, respectively. The corresponding inci-

1169.1

KRIDIN ET AL.
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Reference

Reference

Reference

Reference

Reference

4.8 (0.2-23.5)

1

0.6 (0.0-0.6)

210.3

19 (adjusted odds ratio [OR] 0.60; 95% CI 038-096).14 Similarly, in a
global registry of 600 patients with rheumatic diseases and COVIDdecreased risk of COVID-19-associated hospitalization (OR, 0.46;

1.00 (0.01-249.06) [1.000]a

NA [0.972]

NA

NA [0.783]

NA [0.790]

0.0

0

0.6 (0.0-06)

1180.0

TNF inhibitors
(N = 1943)

COVID-19-associated mortality

was inversely associated with death or hospital admission for COVID-

19, biologic agents, 52% of which were TNFis, were associated with a
95% CI 0.22-0.93).4 In a recent large-scale study, 101 random patients
with COVID-19 who were recently exposed to TNFi were compared
with 101 patients with COVID-19 without TNFi exposure. In this
study, TNFi did not impose an increased risk either of hospitalization
nor mortality.28
In psoriasis, however, previous research focused on the general
risk of COVID-19 and its outcomes under immunosuppressive and

Abbreviations: CI, confidence interval; HR, hazard ratio; n, number; NA, non-applicable; PY, person-year.
Note: Bold, significant value.
a
-Multivariate logistic regression model adjusting for age, sex, COPD, CRF, IHD, HTN, hyperlipidemia, obesity, malignancy, diabetes mellitus, smoking.

Reference
0.04 (0.00-0.64) [0.022]a
Reference
1.07 (0.48-2.40) [0.866]a
Fully adjusted HR (95% CI) [p value]a

Reference

Reference
NA [0.786]

0.08 (0.01-0.79) [0.030]
Reference

Reference
1.21 (0.36-4.08) [0.755]

1.07 (0.48–2.38) [0.872]
Age- and sex-Adjusted HR (95% CI) [P
value]

Female-specific HR (95% CI) [p value]

Reference

Reference
0.06 (0.01-0.57) [0.014]

NA [0.648]
Reference

Reference
1.07 (0.48-2.38) [0.874]

0. 96 (0.33-2.79) [0.942]
Male-specific HR (95% CI) [p value]

Unadjusted HR (95% CI) [p value]

14.3
(3.6-38.9)
0.8 (0.0-4.2)
35.4
(25.8-47.6)
35.8 (26.1–47.9)
Incidence rate / 1000 PY (95% CI)

3

0.6 (0.0-0.6)
0.6 (0.0-06)

1
7

0.6 (0.0-0.6)
0.6 (0.0–0.6)

42
Number of events

Median follow-up time, years (range)

209.3

1179.5

210.1

uted to TNFi. A monocentric study from Lombardy reported five hos-

1174.5

Ustekinumab
(N = 348)
TNF inhibitors
(N = 1943)
TNF inhibitors
(N = 1943)

COVID-19 infection

Ustekinumab
(N = 348)

COVID-19-associated hospitalization

immunomodulatory drugs without dissecting the specific risk attrib-

Follow-up time, PY

TABLE 3

The risk of COVID-19 and its complications among patients with psoriasis treated by TNF inhibitors compared to those treated by ustekinumab

Ustekinumab
(N = 348)

followed patients with IBD who developed COVID-19, TNFi therapy

pitalizations and no deaths among 1193 psoriatic patients treated
with biologics or immunosuppressive agents. The likelihood of
COVID-19-associated hospitalization was increased relative to the
general domestic population (OR, 3.59; 95% CI,1.49-8.63).19 Most
other studies disclosed that immunomodulatory treatment in psoriasis
conferred a minimal risk of fatality and severe disease necessitating
admission. No cases of COVID-19-associated hospitalization or mortality were detected in a retrospective study from Northern Italy following 980 psoriasis patients undergoing biologic treatment between
February and April 2020.16 Congruently, a multicenter Italian study
followed 5206 biologics-treated patients with psoriasis for 2 months
and identified no cases of mortality and five cases of admission to
hospitals.17 In an international registry-based study encompassing
374 patients with psoriasis and COVID-19, hospitalization was more
frequent in patients under nonbiologic systemic therapy than in those
under biologics (OR, 2.84; 95% CI, 1.31-6.18).29 Consistent findings
emerged in a French multicenter study recruiting 1418 patients
receiving systemic treatment, including biologics, methotrexate, cyclosporine, acitretin, and apremilast. This study detected no deaths and
only 5 (0.4%) patients with severe COVID-19 warranting hospitalization, of whom three (60.0%) had severe preexisting comorbidities.30
Consistent findings of negligible risk of COVID-19 related complications were conveyed by other observational studies focusing on
patients with psoriasis treated by immunomodulatory agents.15,18
Our study denoted that the risk of acquiring COVID-19 infection
was not significantly different when comparing patients managed by
TNFi and other systemic agents. This observation accords, at least in
part, with previous studies demonstrating a comparable risk of
COVID-19 among patients with psoriasis managed by systemic drugs
relative to the general population.15,31,32The latter lend weight to the
assumption that susceptibility to the infection stems mainly from
whether patients get exposed to the pathogen, adhere to social distancing, and follow safety instructions. The more intriguing question,
however, relates to the COVID-19 course patients under TNFi and
other systemic drugs follow.
We found that TNFi exerted a protective role against COVID19-associated

hospitalization

relative

to

methotrexate

and

ustekinumab. This favorable role embodied by TNFi is conceivable in

0.6 (0.0–0.6)

40

35.4 (25.6-47.7)

1.13 (0.72-1.77) [0.609]

1.15 (0.63-2.11) [0.643]

1.04 (0.53-2.05) [0.902]

0.99 (0.62-1.59) [0.974]

0.98 (0.61-1.57) [0.933]

Number of events

Incidence rate/1000 PY (95% CI)

Unadjusted HR (95% CI) [p value]

Male-specific HR (95% CI) [p value]

Female-specific HR (95% CI)
[p value]

Age- and sex-Adjusted HR (95% CI)
[p value]

Fully-adjusted HR (95% CI)
[p value]a

1143.9

Reference

Reference

Reference

Reference

Reference

31.5 (22.4-43.1)

36

0.6 (0.1–0.6)

1134.8

1.00 (0.16–6.16) [0.100]

0.29 (0.03-2.79) [0.289]

0.82 (0.05-13.16) [0.890]

0.02 (0.00-194.97) [0.395]

0.25 (0.03-2.26) [0.218]

0.8 (0.0-4.3)

1

0.6 (0.0-0.6)

1148.5

Reference

Reference

Reference

Reference

Reference

3.5 (1.1-8.4)

4

0.6 (0.1-0.6)

Abbreviations: CI, confidence interval; HR, hazard ratio; n, number; NA, non-applicable; PY, person-year.
Note: Bold, significant value.
a
-Multivariate logistic regression model adjusting for age, sex, COPD, CRF, IHD, HTN, hyperlipidemia, obesity, malignancy, diabetes mellitus, smoking.
b
All 74 patients who were concomitantly managed by TNFi and acitretin at the onset of the pandemic were excluded.

1129.7

Median follow-up time, years
(range)

Acitretin
(N = 1892)

TNF inhibitors
(N = 1869)b

TNF inhibitors
(N = 1869)b
Acitretin
(N = 1892)

COVID-19-associated hospitalization

COVID-19 infection

1.00 (0.02-58.29) [1.000]

NA [0.978]

NA

0.02 (0.00-179 172.91) [0.623]

0.02 (0.00-148 974.44) [0.611]

0

0

0.6 (0.0-0.6)

1135.0

TNF inhibitors (N = 1869)b

COVID-19-associated mortality

The risk of COVID-19 and its complications among patients with psoriasis treated by TNF inhibitors compared to those treated by acitretin

Follow-up time, PY

TABLE 4

Reference

Reference

Reference

Reference

Reference

0.9 (0.0–4.3)

1

0.6 (0.1-0.6)

1148.9

Acitretin
(N = 1892)
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comparators were other patients with psoriasis or immune-related
diseases. These patients might hypothetically respond distinctly to
COVID-19 owing to chronic changes in their immune system and previous immunomodulatory treatments. Whether the results stemming
from the observational studies are generalizable to the general population, therefore, remains to be delineated by randomized controlled
trials. On the other hand, the current findings are sufficiently robust
to suggest the continuation of TNFi drug and even initiation of this
drug class during the pandemic.
The current study provides the first population-based estimate of
COVID-19 outcomes among patients with psoriasis treated by TNFi.
In the current study, multiple analyses were undertaken to compare
the influence of this drug class with different agents and to provide
clinicians with a broad perspective regarding its relative safety. The
study population is large, and the length of follow-up is longer than
most published studies. The main limitation of the study emanates
from the small number of cases with positive outcomes in the sensitivity analysis and mortality analyses. The latter impedes obtaining
outcomes with statistical significance and yield wide margin
CI. Further studies with even longer follow-up are necessary to subdue this drawback. Moreover, we were unable to evaluate the outcomes of COVID-19 under less frequent TNFi agents like
certolizumab and golimumab. Outcomes of patients with psoriasis in
the current study were not compared with those of the general Israeli
F I G U R E 1 Hazard ratios (HRs) of COVID-19 infection and
COVID-19-associated hospitalization among patients under different
treatments. Fully-adjusted HR were utilized excluding COVID19-associated mortality for TNFi versus methotrexate, where
unadjusted HR (95% confidence interval [CI]) were demonstrated
given that the adjusted model yielded wide range CI, which is not well
graphically demonstrable

population. The latter represents another prominent limitation of our
study. The study was additionally limited by the small sample size of
the ustekinumab comparison group.
In conclusion, the current large-scale population-based study revealed that TNFi treatment during the pandemic was associated with a
decreased risk of COVID-19 hospitalization as compared to methotrexate and ustekinumab. These findings substantiate the approach
suggesting to avoid preventive cessation of TNFi treatment unless

light of the fact that this treatment leads to downregulation of TNF

indicated individually by the patient's clinical data, comorbidities, or

alongside other pro-inflammatory mediators, including IL-1, IL-6,

specific risk factors. In moderate-to-severe plaque psoriasis necessi-

VEGF, and granulocyte-macrophage colony-stimulating factor within

tating systemic treatment, TNFi should be positively considered. Fur-

24 h.33,34 Since these mediators are implicated in the inflammation-

ther studies with longer follow-up are warranted to provide a broader

driven capillary leak in COVID-19, TNFi might hypothetically amelio-

insight into the influence of this drug class on COVID-19.

rate lung injury and prevent severe complications and mortality. It is
noteworthy that patients under TNFi demonstrated a lower incidence
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