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ABSTRACT. Objective. To estimate the differential effect of tumor necrosis factor inhibitor (TNFi) therapies and pres-

ence or absence of conventional synthetic discase-modifying antirheumatic drugs (DMARDS) on the inci-
dence of psoriasis (PsO) in children with inflammatory bowel disease (IBD), juvenile idiopathic arthritis
(JIA), and chronic nonbacterial osteomyelitis (CNO).

Methods. This was a retrospective cohort study from 2008 to 2020. TNFi and DMARD exposures were
dichotomized as ever/never. The primary outcome was incident PsO. Incidence rates (IRs) of PsO were strat-
ified by underlying diagnosis, TNFi agent, and DMARD use. Poisson regression was used to assess the IR
ratios (IRRs) between exposure groups.

Results. There were 5088 children who met the inclusion criteria: 3794 (75%) had IBD, 1189 (23%) had
JIA, and 105 (2%) had CNO. Of the 2023 children with TNFi exposure, 613 (30%) and 1410 (70%) were
with or without a DMARD, respectively. When controlling for DMARD, sex, and family history of PsO,
the IRR of developing PsO in patients exposed to adalimumab (ADA) was 2.70 times higher (95% CI
1.53-4.75; P < 0.001) than those who did not receive any TNFi treatment. IRR was lower, but not sig-
nificantly different, for patients exposed to infliximab (IFX; IRR 2.34, 95% CI 1.56-3.51; P < 0.001)
and etanercept (ETN; IRR 2.21; 95% CI 1.17-4.21; P = 0.006) compared to TNFi-unexposed patients.
IRR of TNFi exposure was lower by 0.25 (P < 0.001) in DMARD-exposed patients compared to
non-DMARD-exposed patients.

Conclusion. IRR of TNFi-induced PsO was not significantly different among ADA, IFX, and ETN.
However, for patients with exposure to any of the TNFi evaluated, the IRR was significantly lower in those
also exposed to a DMARD.
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Tumor necrosis factor inhibitors (TNFi) are a cornerstone in the
treatment of several inflammatory conditions including psori-
asis (PsO), inflammatory bowel disease (IBD), juvenile idio-
pathic arthritis (JIA), and chronic noninfectious osteomyelitis
(CNO)."* PsO, or a family history of PsO, is commonly seen in
children with concomitant diagnosis of IBD, JIA, or CNO.¢7#
TNFi are also used to treat recalcitrant PsO.” Paradoxically,
TNFi may trigger new-onset PsO or worsen preexisting PsO in
some instances.'*1

Children with IBD, JIA, and CNO have an increased rate of
PsO as compared to the general pediatric population.'® Notably,
the incidence of PsO in these conditions is higher if children are
also exposed to TNFi.'¢ Although TNFi are commonly used to
treat recalcitrant PsO, several reports indicate an increased inci-
dence of TNFi-induced PsO in adult and pediatric patients with
IBD, JIA, and CNO without a prior history of PsO."”!8 A family
history of PsO is also significantly associated with increased

hazard of PsO in children being treated with TNFi.' Increasing
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reports of cutancous adverse reactions while on TNFi therapy
raises several concerns, given the quality of life implications for
children experiencing this adverse event.”* PsO associated
with TNFi use often involves the scalp and can be recalcitrant
to topical therapies.!”” Given the relative paucity of data, further
information is critically needed to assess the association of TNFi
exposure and new-onset PsO in order to inform the manage-
ment and treatment of this comorbidity.

Disease-modifying antirheumatic drugs (DMARD:s), such
as methotrexate (MTX), leflunomide (LEF), or sulfasalazine
(SSZ), are commonly coadministered with TNFi agents to
improve outcomes and drug persistence.”” The primary aim of
this study was to compare the differential effect of the 3 most
commonly prescribed TNFi therapies and to examine whether
the addition of a DMARD affects the incidence of new-onset
PsO in children with IBD, JIA, or CNO.

METHODS

Data source. The Children’s Hospital of Philadelphia (CHOP) electronic
health record data warehouse served as the study’s primary data source.
This database included patient-level demographics, visit-level medical
data, prescription drug data, and visit-level billing data in the form of
International Classification of Diseases (ICD), 9th revision (ICD-9)
and 10th revision (ICD-10) diagnosis codes. The research protocol was
reviewed by the CHOP Institutional Review Board (IRB 18-015342) and
it was determined that the study meets the exemption criteria per 45 CFR
46.104(d) 4(iii).

Subjects. The study population included children with IBD, JIA, or CNO
who were evaluated at CHOP between January 2008 and June 2020. The
following inclusion criteria were used: (1) the first diagnosis code for IBD,
JIA, or CNO occurred prior to age 19 years; (2) the patient was assigned
at least 2 diagnosis codes for IBD (555.xx, 556.xx, 558.9, K50.xx, K51.xx,
K52.3,K52.89,K52.9), JIA (713.1, 714.xx, 721.9, M08.xx, M45.x, L40.5),
or CNO (730.1x, M86.3x); and (3) the subject had at least 2 visits with
a study center gastroenterologist or rheumatologist. The study population
was restricted to children with a diagnosis at age < 18 years to produce a
cohort representative of patients typically treated by pediatric gastroen-
terologists, rheumatologists, and dermatologists. Subjects with a medical
history or diagnosis code for PsO prior to IBD, JIA, or CNO diagnosis
were excluded. This algorithm to identify subjects was previously reported.'®
Portions of this population have been reported previously; the 83 cases of
PsO reported in Buckley et al'® and the 6 cases of PsO reported by Groth et
al'” are included in this study. Subjects were analyzed according to the initial
diagnosis in cases where > 1 eligible diagnostic code applied.

Outcome. The primary outcome was incident PsO defined as the first ICD-9
(696.1) or ICD-10 code (L40.0-40.4, L40.8, L40.9) during an outpatient
visit with a rheumatologist, gastroenterologist, or dermatologist.

Medication exposure and other covariates. TNFi exposure was defined as at
least 1 prescription for infliximab (IFX), etanercept (ETN), adalimumab
(ADA), certolizumab pegol (CZP), or golimumab (GOL; ever/never).
DMARD exposure was dichotomized as ever/never and included MTX
(oral or subcutancous), LEF, or SSZ. TNFi and DMARD exposures for
our study population were defined as prescriptions occurring prior to the
first visit with a PsO ICD code for patients with a PsO diagnosis, or end of
follow-up for patients who did not develop PsO during the study period. If
patients were exposed to > 1 TNFi therapy during follow-up, only the first
therapy was used to define that exposure. Age- and sex-adjusted BMI (calcu-
lated as weight in kilograms divided by height in meters squared) z score?
and family history of PsO were abstracted at the time of study entry. If BMI
was missing at that visit, BMI from the closest visit was used. BMI z score
was dichotomized as < 2 (nonobese) and > 2 (obese).

Study follow-up. Study entry was the date at which the first diagnosis code
occurred for IBD, JIA, or CNO in children without TNFi exposure. For
children with TNFi exposure, study entry occurred at the date of their first
TNFi prescription. Follow-up for all subjects continued until either (1) the
first diagnosis code for PsO or (2) the last visit during the study period.
Analysis. Demographic information and bascline characteristics were
summarized by frequencies and percentages for categorical variables (eg,
sex, race) and by mean (SD) and median (IQR) for continuous or count
variables. All TNFi were analyzed collectively as a single exposure group
and also stratified by TNFi therapy, with and without the addition of a
DMARD and according to underlying diagnosis of IBD, JIA, or CNO.
Incidence rates (IRs) were calculated as the number of PsO cases per 1000
person-years (PY) of follow-up. IRs for CNO were not calculated due to
small sample size. Standardized incidence ratios (SIRs) were calculated as
the ratio of observed TNFi-induced PsO cases to expected number of PsO
cases in the general pediatric population. The IR of PsO in the general pedi-
atric population was estimated from a previously reported incidence of 0.41
cases per 1000 children per year.? Poisson regression was implemented with
PY as offset to estimate the IR ratio (IRR) with 95% CI between exposure
groups, adjusted for covariates of interest. Because children aged < 19 years
were included in the cohort, a sensitivity analysis of the Poisson regression
was performed excluding patients with a diagnosis of JIA at age > 16 years
in accordance with International League of Associations for Rheumatology
diagnostic criteria.”® Since a subset of patients was exposed to > 1 TNFi
during the study period, we performed a sensitivity analysis of the Poisson
regression to analyze patients using the TNFi prescribed at the time of PsO
development as the exposure (instead of the first TNFi).

RESULTS

Subjects. Over the 10-year study period, a total of 5088 patients
met the inclusion criteria (Figure 1). Patient characteristics are
summarized in Table 1, of which age, sex, race, obesity, family
history of PsO, and underlying diagnosis were similar between
TNFi-exposed and TNFi-unexposed groups. DMARD use
was higher in the TNFi-exposed vs -unexposed group (30% vs
12%). There were 3794 (75%) patients with IBD, 1189 (23%)
patients with JIA, and 105 (2%) patients with CNO. Median
disease duration at the last follow-up visit in this study was 952
days (IQR 388-1834) for patients with IBD, 950 days (IQR
364-1773) for patients with JIA, and 814 days (IQR 381-1477)
for patients with CNO. Median time from disease diagnosis
to first TNFi dose was 97 days (IQR 10-573) for patients with
IBD, 84 days (IQR 0-340) for patients with JIA, and 105 days
(IQR 0-707) for patients with CNO.

Three thousand sixty-five patients were TNFi-unexposed
(60%) and 2023 patients were TNFi-exposed (40%). Of the
TNFi-exposed patients, 1334 (66%), 304 (15%), and 383
(19%) were prescribed IFX, ETN, or ADA, respectively. Only 2
patients met the study exposure definition for GOL (1 patient)
or CZP (1 patient). The most commonly prescribed TNFi varied
by the underlying condition: ETN for JIA and IFX for IBD.
ETN was not prescribed for any subjects with IBD. A subset of
TNFi-exposed subjects was also prescribed a DMARD, most
commonly MTX (98%). Of the TNFi-exposed patients, 45%,
14%, and 41% started DM ARDs before, at the same time, or after
TNFi therapy, respectively. Median gap to next medication was
less than a year: 322 days to TNFi start when DMARD exposure
was first, and 340 days to DMARD start when TNFi exposure
was first. DMARD exposure with a TNFi was higher in the JIA
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Source cohort
N=7900

22 diagnosis codes for IBD, JIA, or CNO ata
rheumatology or gastroenterology visit
N=5559

Age at 1 diagnosis code for IBD, JIA, or CNO <18
years
N=5394

No past medical history of psoriasis
N=5380

1#t diagnosis code for JIA, IBD, CNO, or psoriasis
after 07/01/2008
N=5088

DMARD unexposed
N=2710

TNFi unexposed
N=3065

TNFi exposed
N=2023

DMARD unexposed
N=1410

DMARD exposed
N=355

DMARD exposed
N=613

Golimumab/
Certolizumab pegol
N=2

Adalimumab
N=383

Infliximab
N=1334

Etanercept
N=304

Figure 1. Participant flow diagram. CNO: chronic nonbacterial osteomyelitis; DMARD:
disease-modifying antirheumatic drug; IBD: inflammatory bowel disease; JIA: juvenile idio-
pathic arthritis; TNFi: tumor necrosis factor inhibitor.

Table 1. Patient characteristics by TNFi exposure.

All, n TNFi-unexposed, TNFi-exposed, Infliximab, Etanercept, Adalimumab,
n (%) n (%) n (%) n (%) n (%)

Subjects 5088 3065 2023 1334 304 383
IBD® 3794 2250 (73.4) 1544 (76.3) 1301 (84.3) 0(0.0) 241 (15.7)
JIA® 1189 733 (23.9) 456 (22.6) 23 (5.0) 300 (65.8) 133 (29.2)
CNO* 105 82 (27) 23 (1.1) 10 (43.5) 4(17.4) 9(39.1)
Age, yrs, mean (SD) 113 (47) 110 (5.1) 11.8 (4.1) 123 (3.5) 9.6 (5.0) 11.8 (4.5)
Female 2537 1561 (50.9) 976 (48.2) 581 (43.5) 207 (68.1) 188 (49.1)
Race

White 3925 2379 (77.6) 1546 (76.4) 1010 (75.7) 238 (78.2) 296 (77.2)

Black 469 245 (8.0) 224 (11.1) 161 (12.1) 27 (8.9) 36(9.4)

Other/unknown 693 440 (18.5) 253 (12.5) 163 (12.2) 39 (12.8) 51(13.3)
Obesity 141 102 (3.3) 39(1.9) 21 (1.6) 12 (3.9) 6(1.6)
Family history of psoriasis® 161 85(2.8) 76 (3.8 26 (2.0) 29 (9.5) 21(5.5)
DMARD 968 355 (11.6) 613 (30.3) 280 (21.0) 213 (70.0) 119 (31.1)

Certolizumab pegol and golimumab counts reflected in the TNFi-exposed column but not shown as separate TNFI columns due to small sample size. * For
specific TNFi therapy columns, n (%) refers to that of the underlying condition (row). ® First-degree relative. CNO: chronic noninfectious osteomyelitis; IBD:
inflammatory bowel disease; DMARD: disease-modifying antirheumatic drug (including methotrexate, leflunomide, and sulfasalazine); JIA: juvenile idio-

pathic arthritis; TNFi: tumor necrosis factor inhibitor.

population (59%) compared to the IBD population (22%). Two
hundred fifty (12%) TNFi-exposed patients received > 1 TNFi
during the study period, of whom 16 (6%) developed PsO. The
most frequent switch was from IFX to ADA (54%), followed by
ETN to ADA (32%), and then ADA to IFX (11%).

Median time to development of PsO from IBD/JIA/
CNO diagnosis was 728 days (IQR 255-1576) for the
TNFi-unexposed patients and 1029 days (IQR 521-1945) for
TNFi-exposed patients. In TNFi-exposed patients, the median

(IQR) time to development of PsO from first TNFi dose was
674 days (336-1308): 522 days (276-1311) for ADA, 550 days
(324-999) for IFX, and 1216 days (766-1841) for ETN.

TNFi exposure and incident PsO. The number of follow-up
years, cases, and IRs for the entire cohort and for each diagnosis
according to TNFi therapy and presence or absence of concom-
itant DMARD therapy is shown in Table 2. TNFi-unexposed
patients had 8462 PY of follow-up. Of the children exposed to
TNFi therapy, the IR of PsO in children with IBD, JIA, or CNO
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Table 2. Follow-up duration, psoriasis cases, and unadjusted incidence rates per 1000 PY for entire cohort and for each underlying disease according to TNFi

type and presence of a DMARD.

Any TNFi Group TNFi Only TNFi + DMARD
All* IBD JIA All* IBD JIA All* IBD JIA
Follow-up, yrs
TNFi 6504 4909 1548 3906 3441 434 2598 1468 1114
IFX 4276 4162 93 3029 2981 42 1246 1181 51
ETN 1220 0 1214 296 0 293 924 0 930
ADA 1003 742 240 578 458 99 425 284 171
Psoriasis cases
TNFi 91 64 25 58 49 9 33 16
IFX 53 51 b 40 40 0 13 0
ETN 21 0 21 7 0 7 14 17
ADA 17 13 4 11 9 2 6 4 5
Incidence rate per 1000 PY
TNFi 14.0 13.0 16.1 14.8 14.2 20.7 12.7 10.2 14.4
IFX 12.4 12.3 0 13.2 13.4 0 10.4 9.3 0
ETN 17.2 - 17.3 23.6 - 239 15.2 - 18.3
ADA 16.9 17.5 16.6 19 19.6 20.2 14.1 14.1 29.3

* “All” patients includes those diagnosed with IBD, JIA, or CNO.. ADA: adalimumab; DMARD: disease-modifying antirheumatic drug (including meth-
otrexate, leflunomide, and sulfasalazine); ETN: etanercept; IBD: inflammatory bowel disease; IFX: infliximab; JIA: juvenile idiopathic arthritis; PY: per-

son-year; TNFi: tumor necrosis factor inhibitor.

was 14.0 per 1000 PY. Among all patients exposed to TNF, the
IR for PsO was lowest for IFX (12.4) and similar in ETN (17.2)
and ADA (16.9). The IR for IFX remained lower than the other
TNFi types when stratified by underlying diagnosis. IRs for the
other TNFi types followed the same pattern during stratifica-
tion: higher IRs in JTA vs IBD. There were no patients with IBD
treated with ETN and, of the limited number of patients with
JIA treated with IFX (n = 93), none developed PsO. The IRs of
PsO in children with CNO were not calculated due to a small
sample size.

The IRRs of IFX, ETN, and ADA exposure were compared
to those with no TNFi exposure and are shown in Figure 2.
Using Poisson regression that controlled for DMARD expo-
sure, sex, and family history of PsO, the IRR of developing

bl ey
£= o

Incidence rate ratio
—_ ra
th R n W on

e :
o o =

Infliximab Etanercept Adalimumab

TNFitherapy type

Figure 2. Incidence rate ratio of new-onset PsO for cach TNFi adjusted for
covariates using Poisson regression. Covariates included sex, family history
of PsO, and exposure to disease-modifying antitheumatic drugs. PsO: psori-
asis; TNFi: tumor necrosis factor inhibitor.

PsO in patients exposed to IFX was 2.34 times higher (95% CI
1.56-3.51; P < 0.001) than those who did not receive any TNFi
treatment. The IRR was slightly higher for patients exposed
to ADA (IRR 2.70, 95% CI 1.53-4.75; P < 0.001) and lowest
for patients exposed to ETN (IRR 2.21, 95% CI 1.17-4.21;
P =0.006) compared to non-TNFi-exposed patients.

The results were similar in the sensitivity analysis restricting
the patient population to only those diagnosed with JIA before
age 16 years for IFX (IRR 2.39, 95% CI 1.57-3.66; P < 0.001),
ADA (IRR 2.63, 95% CI 1.44-4.80; P = 0.001), and ETN
(IRR 2.24, 95% CI 1.14-4.40; P = 0.007; data not shown). In a
second sensitivity analysis, we analyzed patients with > 1 TNFi
exposure using the TNFi prescribed at the time of PsO develop-
ment and the IRRs were similar (IFX vs TNFi-unexposed: 2.60;
ADA vs unexposed: 1.64; ETN vs unexposed: 2.91; data not
shown).

DMARD exposure and incident PsO. A total of 139 cases of PsO
were identified. Of these, 91 cases followed exposure to a TNFi:
58 in the TNFi only group and 33 in the TNFi plus DMARD
group. For TNFi-exposed subjects, the IR of PsO was lower in
children who were also DMARD-exposed (12.7 per 1000 PY),
as compared to those without DMARD exposure (14.8 per 1000
PY). Results were similar when stratified by underlying condi-
tion. The IR for PsO was higher in patients with JIA than IBD
in both the TNFi alone (20.7 vs 14.2) and TNFi plus DMARD
(14.4 vs 10.2) groups with a risk difference of 6.5 and 4.2, respec-
tively. Lower IRs were observed with the other TNFi agents
when patients were also treated witha DMARD, exceptin ADA
where a higher IR was seen in children with JIA receiving ADA
plus a DMARD compared to those treated with ADA alone.
Using Poisson regression that adjusted for sex, DMARD use,
family history of PsO, and an interaction between DMARD
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and TNFi use, the difference in IRR of TNFi exposure
between DMARD-exposed and -unexposed groups was by 0.25
(P < 0.001). Restricting the cohort to only patients with JIA

diagnosed before age 16 years yielded a nearly identical differ-
ence in IRR (0.24, P < 0.001; data not shown).

SIRs. SIRs for the cohort and for each condition and TNFi
agent with or without a DMARD are presented in Table 3. The
SIR for children with IBD, JIA, or CNO was 34.3 (95% CI
27.9-42.1); for children with exposure to TNFi only, the
SIR was 36.4 (95% CI 28.1-47.1) compared to 31.1 (95% CI
22.1-43.8) in children with TNFi plus DMARD exposure.
For children with IBD, the SIR associated with TNFi exposure
was 34.9 (95% CI 26.4-46.2) and 25.0 (95% CI 15.1-41.5) in
children without and with DMARD exposure, respectively. For
children with JIA exposed to TNFi therapy, the SIR was 50.8
(95% CI 26.4-97.6) for those without concomitant DMARD
therapy and 35.2 (95% CI 21.6-57.5) for those comedicated
with a DMARD.

DISCUSSION

Among children with IBD, JIA, and CNO, we found that in
Poisson regression models that accounted for age, sex, family
history of PsO and DMARD exposure, the IRR of PsO was
higher for ADA than IFX or ETN, but the CIs for all 3 were
overlapping, making these differences nonsignificant. For
patients with exposure to any TNFi therapy, there was a signifi-
cantly lower IRR of incident PsO in DMARD-exposed vs
-unexposed patients by 0.25 in the adjusted models.

Several findings from our study warrant further discussion.
Before controlling for other characteristics in our cohort, the
risk of new-onset PsO after exposure to a TNFi was lowest for
children and adolescents exposed to IFX. Once we accounted
for potential confounders including age, sex, family history of

PsO in a first-degree relative, and DMARD exposure, the IRRs
for new-onset PsO had overlapping CIs; the estimate was second
highest for [FX-exposed patients. Prior publications report IFX
as being the most frequently implicated TNFi-induced PsO
in adults.'**?” These publications are mostly descriptive case
reports/series in adults with IBD and do not include adjusted
analyses or IRs."*?*?” One study in adults with IBD found no
statistically significant difference between the IR of PsO with
IFX vs ADA exposure® and another study reported ADA as an
independent risk factor.”” In children with JIA, IBD, and CNO,
the IR of incident PsO for all 3 TNFi therapies was higher than
the IR of incident PsO in children who were TNFi-unexposed
(3.8 per 1000 PY).'¢

Second, we saw a significant association of DMARD use
with TNFi and lower risk of new-onset PsO. While the cause
of TNFi-induced PsO remains uncertain, we hypothesize
several factors may contribute to the lower observed IR of PsO
in children also exposed to a DMARD. In clinical practice,
TNFi therapy is often prescribed with a DMARD to augment
efficacy and to improve sustained remission by preventing
the development of TNFi antibodies.*® As the production of
TNFi antibodies and TNFi-induced PsO are both thought to
be immune-mediated reactions, DMARDs may protect against
TNFi-induced PsO through a similar mechanism, but this needs
further study. Previous studies suggest that adding MTX to IFX
or ADA regimens correlate to a 50% increase in the probability
of disease remission, whereas comedication with a DMARD
provided little benefit to ETN therapy.® It is possible that some
instances of PsO that develop after TNFi initiation are simply
underlying disease manifestations that are appearing for the
first time; combination therapy of a DMARD and TNFi may
be more effective at suppressing this disease comorbidity. The

DMARD dose typically used in clinical care for IBD, JIA,

Table 3. Standardized incidence ratios (SIRs) in entire cohort and by disease.

All IBD JIA
Any TNFi group SIR (95% CI)
All 343 (27.9-42.1) 32.0 (25.0-40.8) 39.6 (26.8-58.6)
IFX 30.4 (23.2-39.8) 30.0 (22.8-39.5) 0
ETN 42.2(27.5-64.7) - 42.4(27.6-65.0)
ADA 415 (25.8-66.8) 429 (24.9-73.9) 40.8 (15.3-108.6)
TNFi only
All 36.4(28.1-47.1) 34.9 (26.4-46.2) 50.8 (26.4-97.6)
IFX 324 (23.7-44.1) 32.9 (24.1-44.8) 0
ETN 58.0 (27.6-121.6) - 58.6 (27.9-122.8)
ADA 46.6(25.8-84.2) 48.1 (25.0-92.5) 49.4 (12.4-197.7)
TNFi+ DMARD
All 31.1(22.1-43.8) 25.0 (15.1-41.5) 352 (21.6-57.5)
IFX 25.6 (14.8-44.0) 22.8 (12.6-41.2) 0
ETN 37.1(22.0-62.67) = 37.3 (22.1-62.9)
ADA 34,6 (15.5-77.0) 34,6 (13.0-92.1) 347 (8.7-1387)

SIRs were calculated as the ratio of observed to expected number of psoriasis cases as estimated by the incidence
in the general pediatrics population (40.8 per 100,000).% SIR > 1 indicates that more cases were observed than
expected. ADA: adalimumab; DMARD: disease-modifying antirheumatic drug (including methotrexate, lefluno-
mide, and sulfasalazine); ETN: etanercept; IBD: inflammatory bowel disease; IFX: infliximab; JIA: juvenile idio-
pathic arthritis; TNFi: tumor necrosis factor inhibitor.
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and CNO can vary widely from 5 mg or 7.5 mg weekly to
help prevent anti-TNFi antibody formation to 1 mg/kg (max
25 mg) for maximum clinical benefit. The role of DMARD
dose on diminishing the risk of incident PsO needs further
exploration.

This study has several limitations that should be acknowl-
edged. Due to the retrospective design of the study, misclassi-
fication of PsO and selection bias are possible. Some patients
may have been diagnosed with PsO by dermatologists outside
the database, resulting in misclassification if those diagnosed
elsewhere did not have the ICD-9/10 code for PsO added to
their medical record. We anticipate the misclassification of PsO
was nondifferential among the TNFi tested and also between
the groups exposed and unexposed to DMARD. There is also
no way to separate the risk of PsO as a result of TNFi treatment
from the underlying diagnosis in this retrospective study design.
Last, a subset of children was exposed to > 1 TNFi, but our
primary analysis estimated risk based on first exposure, emulating
an intention-to-treat analysis and not as-treated analysis. In a
sensitivity analysis, the IRRs were similar when accounting for
the exposure to the second TNFi. Importantly, the sensitivity
analysis demonstrated that the main conclusions of the study
were robust. Despite these limitations, this is the first study, to
our knowledge, to evaluate the differential risk of the 3 most
commonly used TNFi agents and the effect of DMARD use.

In conclusion, this study demonstrates that in children with
JIA and IBD, the risk of TNFi-induced PsO was similarly high
in children exposed to ADA, IFX, and ETN. The incidence
of TNFi-induced PsO was significantly lower in children also
exposed toa DMARD, even after adjusting for important covari-
ates. These findings highlight the need to better understand the
immunologic effects of TNFi in this population, including the
development of paradoxical PsO. Importantly, the differential
effect of TNFi and concomitant DMARDs on new-onset PsO
and, ultimately, the effect on clinical practice and outcomes
should be further investigated.

REFERENCES

1. Breese EJ, Michie CA, Nicholls SW, et al. Tumor necrosis factor
alpha-producing cells in the intestinal mucosa of children with
inflammatory bowel disease. Gastroenterology 1994;106:
1455-66.

2. Brennan FM, Chantry D, Jackson A, Maini R, Feldmann M.
Inhibitory effect of TNF alpha antibodies on synovial cell
interleukin-1 production in rheumatoid arthritis. Lancet
1989;2:244-7.

3. Brennan FM, Maini RN, Feldmann M. TNF alpha--a pivotal role in
rheumatoid arthritis? Br ] Rheumatol 1992;31:293-8.

4. Campa M, Ryan C, Menter A. An overview of developing TNF-a.
targeted therapy for the treatment of psoriasis. Expert Opin Investig
Drugs 2015;24:1343-54.

5. Hofmann SR, Morbach H, Schwarz T, Rosen-Wolff A, Girschick
HJ, Hedrich CM. Attenuated TLR4/MAPK signaling in
monocytes from patients with CRMO results in impaired IL-10
expression. Clin Immunol 2012;145:69-76.

6. Monsour PA, Dalton JB. Chronic recurrent multifocal osteomyelitis
involving the mandible: case reports and review of the literature.
Dentomaxillofac Radiol 2010;39:184-90.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Wu JJ, Nguyen TU, Poon KY, Herrinton LJ. The association

of psoriasis with autoimmune diseases. ] Am Acad Dermatol
2012;67:924-30.

Cohen AD, Dreiher |, Birkenfeld S. Psoriasis associated with
ulcerative colitis and Crohn’s disease. ] Eur Acad Dermatol Venereol
2009;23:561-5.

Napolitano M, Megna M, Balato A, et al. Systemic treatment of
pediatric psoriasis: a review. Dermatol Ther 2016;6:125-42.
Perman MJ, Lovell DJ, Denson LA, Farrell MK, Lucky AW.

Five cases of anti-tumor necrosis factor alpha-induced psoriasis
presenting with severe scalp involvement in children. Pediatr
Dermatol 2012;29:454-9.

Sherlock ME, Walters T, Tabbers MM, et al. Infliximab-induced
psoriasis and psoriasiform skin lesions in pediatric Crohn disease
and a potential association with IL-23 receptor polymorphisms.

J Pediatr Gastroenterol Nutr 2013;56:512-8.

Hiremath G, Duffy L, Leibowitz L. Infliximab-induced psoriasis in
children with inflammatory bowel disease. J Pediatr Gastroenterol
Nutr 2011;52:230-2.

Pourciau C, Shwayder T. Occurrence of pustular psoriasis after
treatment of Crohn disease with infliximab. Pediatr Dermatol
2010;27:539-40.

Eickstaedt JB, Killpack L, Tung J, Davis D, Hand JL, Tollefson
MM. Psoriasis and psoriasiform eruptions in pediatric patients with
inflammatory bowel disease treated with anti-tumor necrosis factor
alpha agents. Pediatr Dermatol 2017;34:253-60.

Campbell JA, Kodama SS, Gupta D, Zhao Y. Case series of psoriasis
associated with tumor necrosis factor-« inhibitors in children

with chronic recurrent multifocal osteomyelitis. JAAD Case Rep
2018;4:767-71.

Buckley LH, Xiao R, Perman MJ, Grossman AB, Weiss PF. Psoriasis
associated with tumor necrosis factor inhibitors in children with
inflammatory diseases. Arthritis Care Res 2021;73:215-20.

Groth D, Perez M, Treat JR, et al. Tumor necrosis factor-o.
inhibitor-induced psoriasis in juvenile idiopathic arthritis patients.
Pediatr Dermatol 2019;36:613-7.

Mazloom SE, Yan D, Hu JZ, et al. TNF-« inhibitor-induced
psoriasis: a decade of experience at the Cleveland Clinic. ] Am Acad
Dermatol 2020;83:1590-8.

Rapp SR, Feldman SR, Exum ML, Fleischer AB, Jr., Reboussin DM.
Psoriasis causes as much disability as other major medical diseases.

J Am Acad Dermatol 1999;41:401-7.

Gelfand JM, Feldman SR, Stern RS, Thomas J, Rolstad T, Margolis
DJ. Determinants of quality of life in patients with psoriasis: a study
from the US population. ] Am Acad Dermatol 2004;51:704-8.
Sanchez-Carazo JL, Lépez-Estebaranz JL, Guisado C.
Comorbidities and health-related quality of life in Spanish patients
with moderate to severe psoriasis: a cross-sectional study (Arizona
study). ] Dermatol 2014;41:673-8.

Fagerli KM, Lic E, van der Heijde D, et al. The role of methotrexate
co-medication in TNF-inhibitor treatment in patients with psoriatic
arthritis: results from 440 patients included in the NOR-DMARD
study. Ann Rheum Dis 2014;73:132-7.

Physical status: the use and interpretation of anthropometry. Report
of a WHO Expert Committee. World Health Organ Tech Rep Ser
1995;854:1-452.

Tollefson MM, Crowson CS, McEvoy MT, Maradit Kremers H.
Incidence of psoriasis in children: a population-based study. ] Am
Acad Dermatol 2010;62:979-87.

Petty RE, Southwood TR, Manners P, et al. International League
of Associations for Rheumatology classification of juvenile
idiopathic arthritis: second revision, Edmonton, 2001. ] Rheumatol
2004;31:390-2.

940

TNFi, DMARD:s, and PsO

Downloaded on March 20, 2024 from www.jrheum.org


http://www.jrheum.org/

26. Collamer AN, Guerrero KT, HenningJS, Battafarano DF. Psoriatic 29. Andrade P, Lopes S, Gaspar R, Nunes A, Magina S, Macedo G.

skin lesions induced by tumor necrosis factor antagonist therapy: Anti-tumor necrosis factor-a-induced dermatological complications
a literature review and potential mechanisms of action. Arthritis in a large cohort of inflammatory bowel disease patients. Dig Dis Sci
Rheum 2008;59:996-1001. 2018;63:746-54.

27. Fréling E, Baumann C, Cuny JF, et al. Cumulative incidence of, risk 30. Lindstrém U, Di Giuseppe D, Delcoigne B, et al. Effectiveness and
factors for, and outcome of dermatological complications of treatment retention of TNF inhibitors when used as monotherapy
anti-TNF therapy in inflammatory bowel disease: a 14-year versus comedication with csDMARDs in 15 332 patients with
experience. Am ] Gastroenterol 2015;110:1186-96. psoriatic arthritis. Data from the EuroSpA collaboration. Ann

28. Guerra [, Pérez-Jeldres T, Iborra M, et al. Incidence, clinical Rheum Dis 2021;80:1410-8.

characteristics, and management of psoriasis induced by anti-TNF
therapy in patients with inflammatory bowel disease: a nationwide
cohort study. Inflamm Bowel Dis 2016;22:894-901.

Baggett et al 941

Downloaded on March 20, 2024 from www.jrheum.org


http://www.jrheum.org/

