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Infections in Moderate to Severe Psoriasis
Patients Treated with Biological Drugs
Compared to Classic Systemic Drugs:
Findings from the BIOBADADERM Registry

Paula Dávila-Seijo1,15, Esteban Dauden2, M.A. Descalzo1, Gregorio Carretero3,
José-Manuel Carrascosa4, Francisco Vanaclocha5, Francisco-José Gómez-Garcı́a6,
Pablo De la Cueva-Dobao7, Enrique Herrera-Ceballos8, Isabel Belinchón9,
José-Luis López-Estebaranz10, Merce Alsina11, José-Luis Sánchez-Carazo12, Marta Ferrán13,
Rosa Torrado3, Carlos Ferrandiz4, Raquel Rivera5, Mar Llamas2, Rafael Jiménez-Puya6 and
Ignacio Garcı́a-Doval1,14 and the BIOBADADERM Study Group
Information regarding the safety of biological drugs prescribed to psoriasis patients on daily and long-term
bases is insufficient. We used data from the BIOBADADERM registry (Spanish Registry of Adverse Events for
Biological Therapy in Dermatological Diseases) to generate crude rates of infection during therapy with
systemic drugs, including biological drugs (infliximab, etanercept, adalimumab, and ustekinumab) and
nonbiological drugs (acitretin, cyclosporine, and methotrexate). We also calculated unadjusted and adjusted
risk ratios (RRs) (with propensity score adjustment) of infection, serious infections, and recurrent infections of
systemic therapies compared with methotrexate, using Poisson regression. Our study included records of 2,153
patients (7,867.5 person-years). The adjusted RR of overall infection was significantly increased in the groups
treated with adalimumab with methotrexate (adjusted RR ¼ 2.13, 95% confidence interval [CI] ¼ 1.2e3.7),
infliximab (adjusted RR ¼ 1.71, 95% CI ¼ 1.1e2.65), cyclosporine (adjusted RR ¼ 1.58, 95% CI ¼ 1.17e2.15),
ustekinumab with methotrexate (adjusted RR ¼ 1.56, 95% CI ¼ 1.08e2.25), and etanercept (adjusted RR ¼ 1.34,
95% CI: 1.02e1.76) compared with methotrexate alone. Cyclosporine had a significant risk of serious infection
(adjusted RR ¼ 3.12, 95% CI ¼ 1.1e8.8), followed by adalimumab combined with methotrexate (adjusted
RR ¼ 3.28, 95% CI ¼ 0.8e13.5). Adalimumab in combination with methotrexate had the highest risk of infection
recurrence (adjusted RR ¼ 4.33, 95% CI ¼ 2.27e8.24).
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INTRODUCTION
Psoriasis is a chronic skin disease that affects between 0.91%
and 8.5% of the population (Ferrandiz et al., 2014; Parisi
et al., 2013) across the world. Of those affected, approxi-
mately 10% suffer from severe forms of psoriasis. Tradition-
ally, therapeutic options for treating moderate to severe
psoriasis have been limited. Three of the so-called “nonbi-
ological systemic therapies” were the most commonly used
systemic drugs worldwide: acitretin, cyclosporine,
and methotrexate. Biological drugs have been authorized
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for use in moderate and severe forms of psoriasis: tumor
necrosis factor (TNF) antagonists (infliximab, etanercept,
and adalimumab) and one IL-12/23 antagonist
(ustekinumab).

Clinical trials of these drugs have shown high rates
of serious infections in rheumatoid arthritis, but these have
not been confirmed in all trials because of the lack of
statistical power to demonstrate differences from placebo
(Gordon et al., 2012; Reich et al., 2012; Salliot et al.,
2007; Salmon-Ceron et al., 2011; Schmitt et al., 2014;
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Soderlin et al., 2005; Suwannalai et al., 2009; Trautmann,
2012; Trotta and Valentini, 2005; Wood et al., 2003).

Safety claims of biological drugs for other indications
cannot be extrapolated uncritically to psoriasis or dermato-
logical patients (Andersen and Jess, 2014; Atzeni et al., 2012;
Galloway et al., 2011; Garcia-Doval et al., 2016; Sakai et al.,
2012; van Dartel et al., 2013). Comorbidities of each of the
underlying conditions often vary and can be expected to alter
the safety profile of biological drugs (Wakkee et al., 2011).

A recent systematic review and meta-analysis stated that
there was still not enough evidence about the risk of serious
infections from biological drugs in psoriasis patients in
long-term and daily use and that further observational studies
were needed (Yiu et al., 2016).

OBJECTIVES
Our objectives were as follows: (i) to describe the infections
that occurred in patients who received biological drugs and
those who received nonbiological systemic drugs in the
Spanish Registry of Adverse Events for Biological Therapy in
Dermatological Diseases (BIOBADADERM) registry and (ii)
to compare the risk of infections, risk of serious infections,
and risk of infection recurrence for each of the different
biological and nonbiological drugs with those for metho-
trexate and to evaluate changes in the rate of overall infection
during the study period.

RESULTS
At the end of the follow-up period, 2,153 patients were
included for analysis. Of them, 1,074 were exposed to
biologics and 1,079 to nonbiological therapies (some patients
were exposed to both during follow-up), with 7,867.5 person-
years at the end of the follow-up period (see Supplementary
Table S1 online). Only 0.3% of patients declined to
participate. Losses to follow-up numbered 257 (11.9%).

Tables 1 and 2 show the patients’ baseline characteristics
and their drug regimens. Overall, the patient group receiving
biologics had a higher proportion of men and higher preva-
lence of the plaque type of psoriasis and psoriatic arthritis.
The Psoriasis Area Severity Index (PASI) score when starting
therapy, duration of disease at the beginning of treatment,
and the number of previous treatments were also higher in
patients ever receiving biologics.

Risk of overall infections

Infliximab and etanercept in monotherapy showed a signifi-
cant higher risk of overall infection compared with metho-
trexate in the adjusted analysis (Table 3, and see
Supplementary Figure S1 and Supplementary Table S2
online). Among the nonbiological therapies, acitretin
showed the lowest infection risk compared with metho-
trexate (crude risk ratio [RR] ¼ 0.6, 95% confidence interval
[CI] ¼ 0.42e0.86); after multivariable and propensity score
adjustments, this decrease in risk was still significant
(adjusted RR ¼ 0.6, 95% CI ¼ 0.44e0.83). Cyclosporine
showed a 58% higher risk of overall infection than metho-
trexate (adjusted RR ¼ 1.58, 95% CI ¼ 1.17e2.15).

Risk of serious infections

The number of serious infections (Table 4) was low among all
the treatments, with the highest rate in the combined
Journal of Investigative Dermatology (2017), Volume 137
adalimumab and methotrexate group (adjusted incidence
rate ¼ 23.3, 95% CI ¼ 12.9e42), followed by the cyclo-
sporine group (adjusted incidence rate ¼ 20, 95% CI ¼
8.3e47.9) and the infliximab group (adjusted incidence
rate ¼ 18.9, 95% CI ¼ 7.9e45.5). Because of the small
number of serious infections, it was not possible to obtain
significant RRs compared with methotrexate and the CIs were
wide, especially after adjustment. The combinations of
infliximab and adalimumab with methotrexate had the
highest risk of serious infections compared with methotrexate
alone, although they did not reach significance. Cyclosporine
had a significant higher risk of serious infections than meth-
otrexate in both crude and adjusted analysis (adjusted
RR ¼ 3.12, 95% CI ¼ 1.11e8.77).

Risk of recurrent infections

The crude rate (per 1,000 person-years) of recurrent
infections varied among the therapy groups, from the highest
rate of 80.4 (95% CI ¼ 58.5e110.4) in the combined group
of adalimumab and methotrexate to the lowest rate of 13.3
(95% CI ¼ 6.3e27.9) in the acitretin group. In terms of risk of
recurrent infections (Table 5), the combined adalimumab and
methotrexate group had the higher risk (adjusted RR ¼ 4.33,
95% CI ¼ 2.27e8.24), followed by infliximab (adjusted
RR ¼ 1.98, 95% CI ¼ 1e3.94). Acitretin had a significantly
lower risk of recurrent infections compared with metho-
trexate (adjusted RR ¼ 0.45, 95% CI ¼ 0.23e0.87).

Changes in the rate of infections over the length of the study

Our study found no significant changes over time (see
Supplementary Figure S2 online) in the incident rate (per
1,000 person-years) of infections compared with the incident
rate in patients taking methotrexate, except with ustekinu-
mab, which showed a significant tendency toward
decreasing the rate of overall infections over time.

DISCUSSION
To our knowledge, this is the first multicenter, longitudinal,
disease-based analysis of risk of overall infections, serious
infections, and infection recurrence amongmoderate to severe
psoriasis patients taking both classic and biological systemic
drugs. We found a slight, significant adjusted increase in the
risk of overall infection between the TNF-antagonist drugs and
methotrexate. Acitretin had a 40% lower raw risk of infection
than methotrexate, and this reduction remained significant in
the adjusted analysis.

The rates of serious infections we found are comparable with
those recently reported in the Psoriasis LongitudinalAssessment
and Registry study (Kalb et al., 2015), a large multicontinental,
prospective psoriasis study, which includes patients frommany
countries, although patients from North America are over-
represented. Similar to the results of our study, the Psoriasis
Longitudinal Assessment and Registry study found that inflix-
imab was the drug with the highest rate of serious infections
(24.9 per 1,000 person-years). Adalimumab was also the drug
with the second-highest rate, but our finding was not as high as
their reported rate of 19.7 per 1,000 person-years. Our study
found that etanercept had the smallest unadjusted rate of all
drugs (1.6 per 1,000 person-years), whereas the Psoriasis Lon-
gitudinal Assessment and Registry study found a rate of 14.7 per
1,000 persons-years for etanercept.



Table 1. Baseline characteristics of patients in the study1

Etanercept Infliximab Adalimumab Ustekinumab Acitretin Cyclosporine Methotrexate

Patients, n (%) 635 (100) 184 (100) 683 (100) 560 (100) 467 (100) 472 (100) 880 (100)

Cycles, n (% of all treatments) 885 (17.8) 207 (4.2) 898 (18.1) 663 (13.3) 590 (11.9) 574 (11.6) 1154 (23.2)

Cycles that represent first

use of the drug, n (% of all cycles)

399 (18.5) 86 (4.0) 3334 (15.5) 188 (8.4) 291 (13.5) 292 (13.6) 567 (26.3)

Women, n (%) 270 (42.5) 64 (34.8) 255 (37.3) 235 (42.0) 153 (32.8) 223 (47.3) 388 (44.1)

Age, years (SD) 50.8 (14.3) 49.8 (12.1) 48.9 (12.6) 49.6 (13.8) 56.3 (15.3) 45.5 (13.9) 50.1 (14.8)

Duration of disease at start of treatment

in years, median (p25ep75)

9 (15.7e25.6) 10.2 (18e26.8) 9.3 (16.8e26.2) 10.1 (17.8e27.7) 5.5 (12.6e26.4) 6.1 (12.8e22.5) 5.4 (12.8e23.5)

PASI score, median (p25ep75) 7 (10.8e16) 7.9 (15.8e22.6) 7.3 (12e17.4) 8.7 (12e18) 4 (7.2e11.5) 7.1 (11.2e16.8) 4.1 (7.4e11.3)

Diagnosis at registration in cohort,

n (% of total)

Plaque psoriasis 613 (96.5) 166 (90.2) 644 (94.3) 534 (95.4) 401 (85.9) 426 (90.3) 821 (93.3)

Other forms2 60 (9.5) 25 (13.6) 67 (9.8) 55 (9.8) 85 (18.2) 70 (14.8) 99 (11.3)

Psoriatic arthritis 116 (18.3) 40 (21.8) 138 (20.2) 80 (14.3) 30 (6.4) 34 (7.2) 101 (11.5)

Comorbidities, n (% of total patients)

Ischemic cardiopathy 17 (2.7) 2 (1.1) 11 (1.6) 9 (1.6) 20 (4.3) 6 (1.3) 29 (3.3)

Arterial hypertension 127 (20) 35 (19.2) 142 (20.8) 110 (19.6) 143 (30.6) 52 (11.0) 203 (23.1)

Diabetes 70 (11.0) 26 (14.3) 78 (11.4) 61 (10.9) 78 (16.7) 34 (7.2) 90 (10.2)

Hypercholesterolemia 157 (24.7) 46 (25) 175 (25.6) 140 (25) 144 (30.8) 89 (18.9) 249 (28.3)

Cancer in the past 5 years3 10 (1.6) 5 (2.7) 12 (1.8) 11 (2.0) 46 (9.9) 4 (0.9) 35 (4.0)

Chronic hepatopathy 46 (7.2) 14 (7.6) 34 (5.0) 27 (4.8) 24 (5.1) 22 (4.7) 17 (1.9)

Chronic renal failure 12 (1.9) 2 (1.1) 3 (0.45) 6 (1) 6 (1.3) 0 (0) 7 (0.8)

COPD 13 (2.1) 2 (1.1) 12 (1.8) 12 (2.1) 18 (3.9) 8 (1.7) 11 (1.3)

Hepatitis B 33 (5.2) 7 (3.8) 21 (3.0) 16 (2.9) 25 (5.4) 12 (2.6) 29 (3.3)

Hepatitis C 28 (4.4) 6 (3.3) 8 (1.2) 8 (1.4) 16 (3.4) 9 (1.9) 9 (1.0)

HIV 8 (1.3) 0 (0) 4 (0.6) 8 (1.4) 7 (1.5) 5 (1.1) 7 (0.8)

Cycles with simultaneous administration

of other systemic drug (n, % of all cycles)

Methotrexate 95 (10.7) 75 (36.2) 142 (15.8) 84 (12.7) 13 (2.3) 8 (1.4) 4

Acitretin 32 (3.6) 9 (4.3) 14 (1.6) 25 (3.8) 4 6 (1.0) 15 (1.3)

Cyclosporine 34 (3.8) 9 (4.3) 52 (5.8) 27 (4.1) 12 (2.2) 4 5 (0.4)

Abbreviations: COPD, chronic obstructive pulmonary disease; p25ep75, 25th percentile 25 to 75th percentile; PASI, Psoriasis Area Severity Index (at the beginning of each treatment); SD, standard deviation.
1Columns represent the different drugs prescribed to participants. The total number of patients was 2,153.
2Other forms of psoriasis: erythrodermic psoriasis, generalized pustular psoriasis, palmoplantar pustulosis, annular pustular psoriasis, and acrodermatitis continua of Hallopeau.
3Excluding nonmelanoma skin cancer.
4Not applicable.
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Table 2. Baseline characteristics of patients who received combined therapy of a biological drug and methotrexate1

Characteristic

Etanercept Infliximab Adalimumab Ustekinumab

In Combination with Methotrexate

Number of patients, n (%) 88 (100) 74 (100) 130 (100) 84 (100)

Women, n (%) 42 (47.7) 22 (29.7) 54 (41.5) 28 (33.3)

Age, years (SD) 50.5 (13.7) 49.9 (11.5) 48.2 (10.4) 49.6 (11.7)

Duration of disease at start of treatment,

median years (p25ep75)

17.4 (10.9e2) 18.7 (10.7e30) 18.1 (10.5e27.3) 18.1 (11.1e26.3)

PASI, median (p25ep75) 8.4 (5.4e13.2) 15 (7.2e22.5) 11.4 (5.1e16) 12 (8e18)

Diagnosis at registration in cohort, n (% of total)

Plaque psoriasis 84 (95.5) 66 (89.2) 121 (93.1) 81 (96.4)

Other forms 7 (8) 9 (12.2) 8 (6.2) 5 (6)

Psoriatic arthritis2 25 (28.4) 16 (21.6) 37 (28.5) 24 (28.6)

Comorbidities, n (% of total patients)

Ischemic cardiopathy 0 (0) 1 (1.4) 3 (2.3) 2 (2.4)

Arterial hypertension 14 (15.9) 19 (25.7) 36 (27.7) 23 (27.4)

Diabetes 5 (5.7) 13 (17.6) 14 (10.8) 9 (10.7)

Hypercholesterolemia 20 (22.7) 22 (29.7) 33 (25.4) 27 (32.1)

Cancer in the past 5 years3 2 (2.3) 1 (1.4) 2 (1.5) 2 (2.4)

Chronic hepatopathy 1 (1.1) 3 (4.1) 1 (0.8) 2 (2.4)

Chronic renal failure 0 (0) 2 (2.7) 0 (0) 0 (0)

COPD 1 (1.1) 0 (0) 1 (0.8) 2 (2.4)

Hepatitis B 2 (2.3) 5 (6.8) 3 (2.3) 4 (4.8)

Hepatitis C 1 (1.1) 2 (2.7) 0 (0) 0 (0)

HIV 0 (0) 0 (0) 2 (1.5) 1 (1.2)

Abbreviations: COPD, chronic obstructive pulmonary disease; p25ep75, 25th percentile 25 to 75th percentile; PASI, Psoriasis Area Severity Index; SD,
standard deviation.
1Columns list the drugs taken with methotrexate. Total number of patients was 2,153.
2Other forms of psoriasis: erythrodermic psoriasis, generalized pustular psoriasis, palmoplantar pustulosis, annular pustular psoriasis, and acrodermatitis
continua of Hallopeau.
3Excluding nonmelanoma skin cancer.
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The RR between different drugs compared with a reference
drug was not calculated in the Psoriasis Longitudinal
Assessment and Registry study, the rate of cyclosporine and
acitretin is reported together, and those patients who were
treated with a combination of one biological drug and
methotrexate are not analyzed specifically.
Table 3. Infection crude rates (per 1,000 person-years) and
with methotrexate1

Person-time Failures

Etanercept 1,228.6 183 1

Infliximab 264.2 56 2

Adalimumab 1,329.7 195 1

Ustekinumab 1,194.0 138 1

Methotrexate 1,149.4 130 1

Cyclosporine 250.6 43 1

Acitretin 526.8 34

Etanercept combined with methotrexate 284.7 31 1

Infliximab combined with methotrexate 225.6 25 1

Adalimumab combined with methotrexate 472.9 91 1

Ustekinumab combined with methotrexate 340.2 56 1

Abbreviations: CI, confidence interval; RR, risk ratio.
1Adjusted for age, sex, and propensity score of each drug compared with met
2Additional adjustment for baseline Psoriasis Area Severity Index and psoriasis
3Additional adjustment for disease duration.
4Additional adjustment for diabetes and history of tuberculosis.
5P < 0.05.
6P < 0.01.

Journal of Investigative Dermatology (2017), Volume 137
Risk of serious infection in other diseases

Not much data are available about infection risk
and serious infection risk in psoriasis patients under
systemic therapy (Yiu et al., 2016). Most post-
commercialization long-term studies and registries involve
rheumatoid arthritis patients treated with TNF
crude and adjusted incidence RR of infection compared

Rate (95% CI) Crude RR (95% CI) Adjusted RR (95% CI)

48.9 (128.9e172.2) 1.23 (0.94e1.62) 1.34 (1.02e1.76)2,5

11.9 (163.1e275.4) 1.63 (1.09e2.44)5 1.71 (1.10e2.65)5

46.6 (127.4e168.7) 1.22 (0.89e1.66) 1.27 (0.92e1.75)3

15.6 (97.8e136.6) 0.91 (0.62e1.34) 0.93 (0.64e1.36)4

13.1 (95.2e134.3) 1.00 1.00

71.6 (127.3e231.4) 1.57 (1.17e2.12)6 1.58 (1.17e2.15)6

64.5 (46.1e90.3) 0.6 (0.42e0.86)6 0.6 (0.44e0.83)6

05.7 (73.0e153.1) 1 (0.50e1.99) 1.02 (0.52e1.99)2

04 (68.5e158.0) 1.12 (0.59e2.11) 1.23 (0.68e2.23)

95.6 (157.7e242.6) 2.04 (1.28e3.26)6 2.13 (1.23e3.67)3,6

73.2 (132.0e227.3) 1.39 (0.96e2.02) 1.56 (1.08e2.25)4,5

hotrexate.

arthritis.



Table 4. Serious and deadly infection crude rates (per 1,000 person-years) and crude and adjusted1 incidence RR
of serious and deadly infections compared with methotrexate

Person-Time Failures Rate (95% CI) Crude RR (95% CI) Adjusted RR (95% CI)

Etanercept 1,228.6 2 1.6 (0.4e6.5) 0.17 (0.03e0.91)5 0.24 (0.04e1.29)2

Infliximab 264.2 5 18.9 (7.9e45.5) 1.27 (0.49e3.31) 2.52 (0.83e7.69)

Adalimumab 1,329.7 13 9.8 (5.7e16.8) 0.92 (0.46e1.84) 1.29 (0.72e2.32)3

Ustekinumab 1,194.0 7 5.9 (2.8e12.3) 0.59 (0.12e2.87) 0.75 (0.18e3.13)4

Methotrexate 1,149.4 11 9.6 (5.3e17.3) 1 1

Cyclosporine 250.6 5 20 (8.3e47.9) 2.21 (1.02e4.81)5 3.12 (1.11e8.77)5

Acitretin 526.8 4 7.6 (2.8e20.2) 0.8 (0.33e1.91) 0.82 (0.35e1.92)

Etanercept combined with methotrexate 284.7 2 7 (1.8e28.1) 0.37 (0.11e1.3) 0.56 (0.15e2.1)

Infliximab combined with methotrexate 225.6 2 8.9 (2.2e35.4) 2.11 (0.64e6.95) 3.4 (0.76e15.21)

Adalimumab combined with methotrexate 472.9 11 23.3 (12.9e42) 2.5 (0.7e8.89) 3.28 (0.8e13.46)3

Ustekinumab combined with methotrexate 340.2 3 8.8 (2.8e27.3) 1.05 (0.24e4.52) 1.63 (0.43e6.13)4

Abbreviations: CI, confidence interval; RR, risk ratio.
1Adjusted for age, sex, and propensity score of each drug compared with methotrexate.
2Additional adjustment for baseline Psoriasis Area Severity Index and psoriasis arthritis.
3Additional adjustment for disease duration.
4Additional adjustment for diabetes and history of tuberculosis.
5P < 0.05.
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antagonists compared with methotrexate (Garcia-Doval
et al., 2016).

Compared with other systemic diseases in which biologics
are also used, our study found that psoriasis patients treated
with TNF-antagonist drugs (etanercept, infliximab, and adali-
mumab) had a lower rate of serious infections compared with
rheumatoid arthritis patients treated with TNF-antagonist
drugs. Data from the British Society for Rheumatology
Biologics Register, a database for a large national prospective
study that analyzed data from 15,395 patients (11,798 in the
TNF antagonist cohort and 3,598 in the nonbiologics cohort)
with a median follow-up duration of 3.9 years, showed an
unadjusted incidence rate of 38 per 1,000 person-years (95%
CI¼35e42) in the group treatedwith etanercept, an incidence
rate of 46 per 1,000 person-years (95% CI ¼ 42e50) in the
Table 5. Recurrent infections crude rates (per 1,000 pers
of recurrent infections compared to methotrexate

Person-Time Failures

Etanercept 1,228.6 70

Infliximab 264.2 21

Adalimumab 1,329.7 66

Ustekinumab 1,194.0 45

Methotrexate 1,149.4 39

Cyclosporine 250.6 5

Acitretin 526.8 7

Etanercept combined with methotrexate 284.7 8

Infliximab combined with methotrexate 225.6 3

Adalimumab combined with methotrexate 472.9 38

Ustekinumab combined with methotrexate 340.2 25

Abbreviations: CI, confidence interval; RR, risk ratio.
1Adjusted for age, sex, and propensity score of each drug compared with met
2Additional adjustment for baseline psoriasis area severity index (PASI) and ps
3Additional adjustment for disease duration.
4Additional adjustment for diabetes and history of tuberculosis.
5P < 0.05.
6P < 0.01.
group treated with infliximab, and an incidence rate of 43 per
1,000 person-years (95% CI ¼ 39e47) in the group treated
with adalimumab. Similar results were found in other pro-
spective cohort studies (Atzeni et al., 2012; Sakai et al., 2012;
van Dartel et al., 2013). This reinforces the idea that psoriasis
and rheumatoid arthritis cannot be compared, because of their
different underlying immunologic alterations and the resulting
treatment-specific comorbidities.

Infection recurrence

The raw rate of recurrent infections in the same patient
appeared to be higher among patients treated with biologics
compared with those treated with methotrexate, and it was
lower among patients who were treated with cyclosporine or
acitretin. This can be due, especially when time at risk is
on-years) and crude and adjusted1 incidence risk ratio

Rate (95% CI) Crude RR (95% CI) Adjusted RR (95% CI)

57 (45.1e72) 1.18 (0.82e1.71) 1.4 (0.93e2.1)2

79.5 (51.8e121.9) 1.81 (0.86e3.82) 1.98 (1e3.94)

49.6 (39e63.2) 1.03 (0.7e1.53) 1.06 (0.67e1.67)3

37.7 (28.1e50.5) 0.77 (0.36e1.61) 0.8 (0.37e1.75)4

33.9 (24.8e46.4) 1 1

20 (8.3e47.9) 0.78 (0.43e1.43) 0.63 (0.3e1.31)

13.3 (6.3e27.9) 0.43 (0.23e0.8)6 0.45 (0.23e0.87)5

28.1 (14.1e56.2) 0.86 (0.37e2) 0.75 (0.37e1.49)2

13.3 (4.3e41.2) 0.61 (0.17e2.21) 0.66 (0.18e2.44)

80.4 (58.5e110.4) 3.83 (2.47e5.95)6 4.33 (2.27e8.24)3,6

73.5 (49.7e108.8) 1.95 (0.49e7.71) 2.18 (0.63e7.48)4

hotrexate.

oriasis arthritis.
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evaluated, to the fact that methotrexate and all classic drugs
for psoriasis are usually administered in cycles, and treat-
ment ceases when patients improve because of concerns
regarding potential organ damage from long-term use. In
particular, the liver is at risk from methotrexate treatment,
and the kidneys are at risk from cyclosporine treatment. If a
drug is not used continuously, which is the present standard
of psoriasis therapy with biological drugs, a patient may not
be at prolonged risk of recurrent infections. However,
infliximab showed the highest rate of recurrent infections of
all biologics, despite having the smallest time at risk. Inflix-
imab also had the highest relative risk of recurrent infection
compared with methotrexate of any biologics in both the
unadjusted and adjusted analysis. Another factor that could
bias this analysis is a depletion of susceptible bias: patients
with previous infection could be offered alternative
therapies.

Combination therapy

Our study also analyzed the risk of infection among patients
undergoing combination therapy of a biological drug and
methotrexate. This combination is not uncommon in clinical
practice, especially for optimizing efficacy in patients who
receive treatment with biologics and who do not reach the
desired level of improvement. To date, there are not enough
data available about the risk of infection in psoriasis patients
treated with a combination of one of the biologics and meth-
otrexate (Armstrong et al., 2015; Yiu et al., 2016). On the basis
of mostly long-term data from psoriatic arthritis and rheuma-
toid arthritis (Breedveld et al., 2006; Greenberg et al., 2010),
the combination of adalimumabwith methotrexate appears as
a suggested option in the latest guidelines (Cather and
Crowley, 2014; Nast et al., 2015). A recent report from a
500,000eperson-year study in Israel found that the combina-
tion of biologics with methotrexate was significantly associ-
ated with an increased incidence of herpes zoster (Shalom
et al., 2015).

Our study shows a tendency toward increasing rate and
relative risk of serious infections for all biologics in combi-
nation with methotrexate, compared with the same biologic
in monotherapy, despite having a much smaller person/time-
at-risk cohort in the combination therapy groups. If this
finding is confirmed in other studies, it could have important
consequences for clinical practice.

Changes in infection risk over time

The last objective of our study was to evaluate the evolution
in time of the rate of infection among patients taking different
drugs. We found that the incidence rate of overall infection in
all the systemic treatment groups did not change significantly
over time in any of the treatments. This contrasts with the
reported risk of infections among patients with rheumatoid
arthritis treated with TNF-antagonist drugs (etanercept,
infliximab, and adalimumab), which appeared to be higher
during the first year of treatment and then became nearly
constant (Sakai et al., 2012; van Dartel et al., 2013). In our
study, only ustekinumab showed a significant trend for a
reduction in the overall infection risk over time, and doubt
regarding a constant basal rate arose only in the last period of
follow-up; this change may be due to the lower sample size
during this period.
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Limitations

Our study has some limitations. First, it is observational and
may suffer from selection bias in the treatments for each
patient. Drug allocation was not randomized but was a
reflection of common use, leading to groups that were not
comparably similar at baseline and possibly confounding by
indication. To decrease this potential bias, we adjusted for
the propensity score of each drug in the multivariable anal-
ysis. In our study, patients who received biologics at any time
skewed toward a higher proportion of women and a higher
prevalence of plaque-type psoriasis and psoriatic arthritis, a
higher PASI score at the start of therapy, longer duration of
disease at commencement of treatment, and number of
previous treatments. With the propensity score technique,
we could remove the indication bias from the non-
randomization of patients from the baseline covariates: pa-
tients in the comparison groups (treatment of interest group
and control) who have similar propensity scores will have
nearly the same distribution in the baseline covariates. We
did this adjustment as an extra step to control for potential
confounders originating from the differences in the baseline
covariates distribution; these confounders can emerge from
subjectively favoring one treatment over another because the
patients have some specific baseline characteristic. Use of
this methodology is an important strength of our study
compared with previous studies of infection in psoriasis.
There can be, however, residual confounding due to non-
collected variables, such as inflammatory bowel disease.

Information bias in reporting of adverse events by physi-
cians or patients is also possible. To avoid it, we used stan-
dardized definitions of adverse events that should be
reported, frequent training of data collectors, and data
monitoring. We also established a threshold for including
adverse events in the registry (those that led to changes in
therapy or caused an unexpected visit to the doctor).

The prescribed doses were not collected. This could mean
some error in the measurement of exposure, possibly influ-
encing the results.

Strengths

One of the strengths of our study is that the studied popula-
tion was highly representative of psoriasis patients in clinical
practice. Another is the quality of the data in the
BIOBADADERM registry. Our study analyzed data from a
large number of patients from different hospitals in Spain and
included patients who were not represented in clinical trials.
In addition, and this is one of the study’s strengths relative to
other published studies of infection in psoriasis, we included
data on classic drugs and took into account simultaneous use
of biologics and classic drugs. We also differentiated be-
tween patients who were treated with two immunosuppres-
sive treatments in combination therapy (biological drug and
methotrexate) from those treated with only one drug. This is
important because the addition of methotrexate could
potentially increase the risk of infection.

CONCLUSIONS
In terms of infection prevention, only acitretin had a signifi-
cant lower adjusted risk than methotrexate, and methotrexate
can be considered a reference for safety in terms of



P Dávila-Seijo et al.
Risk of Infections in Systemic Psoriasis Therapy
infections. The adjusted RR of overall infections was signifi-
cantly increased in the groups treated with adalimumab with
methotrexate, infliximab, cyclosporine, and ustekinumab
combined with methotrexate. Cyclosporine was the only
drug that showed a significant increased risk of serious in-
fections compared with methotrexate (adjusted RR ¼ 3.12,
95% CI ¼ 1.1e8.8). Adalimumab in combination with
methotrexate had the highest risk of infection recurrence
(adjusted RR ¼ 4.33, 95% CI ¼ 2.27e8.24). More data are
needed regarding the safety of combining biological drugs
and methotrexate in psoriasis patients.

Finally, our study showed no significant change over time
in the incidence rate of infections between patients taking
methotrexate and patients taking other drugs or drug
combinations. Unlike the reported risk in rheumatoid
arthritis, infection risk in psoriasis patients under biologics
therapy does not seem to be higher during the first year of
use.
MATERIALS AND METHODS
This study was based on data from BIOBADADERM, a multicenter,

prospective cohort study in clinical practice. BIOBADADERM has

been previously described (Carrascosa et al., 2013; Garcia-Doval

et al., 2012; Sanchez-Moya et al., 2013). All patients gave written

informed consent to participate. The study was approved by an

ethics committee and performed in compliance with the Declaration

of Helsinki and local regulations.

Twelve dermatology departments across Spain participated.

BIOBADADERM began in 2008. We included all prospective data

from January 2008 through November 2015. Biologics have been

commercially available in Spain since 2005. The National Health

System covers the cost of all study drugs in most circumstances.

All patients with moderate to severe psoriasis who started a

therapy with biologics (incident users for the specific drug) in

participating centers were included in BIOBADADERM. As a com-

parison group, a systematic sample of psoriasis patients receiving

nonbiological systemic therapy for the first time was collected. These

were patients who started a course of methotrexate, cyclosporine, or

acitretin after January 2008. Once patients in this group received a

biological drug, they were moved to the biologics group. The

treating physician determined the treatment dose.

The only exclusion criterion was the patient’s refusal to partici-

pate. Patient follow-up continued as long as possible. All partici-

pants were monitored at least once a year, but several visits during a

year were commonly made as part of usual care. Any adverse events

were included in the database if they were serious or led to a change

in therapy or to an unplanned health care demand. To ensure high

quality data, BIOBADADERM monitors the clinical records from

each center periodically.

The use of the BIOBADADERM registry for this study, including

protocol and materials, has been approved by the Spanish Agency of

Medicines and Health Products (AEMPS) and Ethics Committee of

the Hospital 12 de Octubre in Madrid (216/07).

Statistical analysis

Data were analyzed using Stata 14.1 (StataCorp, College

Station, TX). Demographic and descriptive data were presented as

proportions in discrete quantitative variables and as mean and

standard deviation in continuous quantitative data. To handle
missing data, we use a complete-case analysis, because we assume

that the missing data pattern was Missing at Random.

Serious infections are those that resulted in death, were life-

threatening, required prolonged hospitalization, or caused persis-

tent disability.

We considered an infection as recurrent if the patient had

already experienced another infection during therapy with the

same drug.

We used methotrexate as the comparator with all the drugs

(included classics and biologics) because it represents a standard of

therapy and the largest group among classic therapies. We pro-

duced crude rates of infection and crude risk ratios of infection,

serious infections, and recurrent infections compared with

methotrexate.

To reduce the bias from noncontrol of treatment assignment in the

nonrandomized cases, we calculated the propensity score of indi-

cation for each drug compared with methotrexate. In our study, we

used all the covariates recorded to create a propensity score for each

drug and then included it in the multivariable analysis, as an extra

step to minimize potential bias in our cohort study as much as

possible.

Adjusted RRs were calculated using Poisson regression with

robust standard errors to take into account clustering of outcomes by

patient. We used a Poisson mixed-model regression considering the

center as a random effect to take into account within-center clus-

tering of patients. Initially, we included all the covariates that

appeared to be significantly associated with the outcome in the

analysis of each drug, but in the final model, we included only those

that significantly improved the model fit using the likelihood ratio

test. Age, sex, and propensity score for each drug were included in

the final model independent of the likelihood ratio test. We per-

formed a sensitivity analysis with a fully adjusted multivariate model

(see Supplementary Table S3 online).

We also checked the assumption, under the Poisson regression, of

the RR of infection compared with methotrexate remaining constant

over time by splitting the follow-up time into small intervals and

plotting the RR with a 95% CI for each drug in each of these time

units.

We calculated the number of patients needed for statistical power

to detect differences in comparison with methotrexate. We

computed a number needed to harm for one infection, one serious

infection, and one recurrent infection for each drug (see

Supplementary Table S4 online), by using raw rates of infection.

Adverse events were assigned to a drug if they occurred during

drug therapy or within a 90-day period after the last dose. If an

event could be associated with several drugs, it was associated with

all of them. We compared this method (90 days) with time from

discontinuation plus two half-lives of each drug, and the results

were virtually identical in the number of infections assigned to

each drug.

To analyze periods of exposure to more than one biological

drug, a new period of exposure called “combined exposure” was

created, and the infection was assigned to the combination therapy

group.

At least 78 events were required in both groups to detect a relative

risk of 2.0, assuming a power of 80% and alpha risk of 5%. Our

study had a power of greater than 80% to detect a 2-fold increase in

the risk of overall infection and recurrent infections. However, the

power to detect an RR of 2.0 in the rate of serious infections was less

than 60%.
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