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ABSTRACT
Objectives: To characterise the comparative
effectiveness of combination therapy (a tumour
necrosis factor inhibitor (TNFi) and a conventional
synthetic disease-modifying antirheumatic drug
(csDMARD) such as methotrexate) and monotherapy
(TNFi only) for psoriatic arthritis (PsA) from a large US
registry.
Methods: The analysis included adult patients with PsA
who were enrolled in the Corrona database (ClinicalTrials.
gov, NCT01402661), had initiated a TNFi, were biologic
naïve, and had a follow-up visit ≥90 days after drug
initiation. The endpoints of the analysis were TNFi
persistence (drug survival) and time to Clinical Disease
Activity Index (CDAI) remission. All analyses were
performed using propensity scoring, which were
estimated using CDAI and patient sex, to control for
channelling bias.
Results: Of 519 patients meeting the inclusion
criteria (318 with combination therapy and 201 with
monotherapy), the analysis population was 497 for
TNFi persistence and 380 for time to remission. The
difference between combination therapy (TNFi
+methotrexate, 91% of patients; TNFi+other
csDMARD, 9%) and monotherapy was not
statistically significant for TNFi persistence (32 and
31 months, p=0.73) and time to remission (21 and
25 months, p=0.56). Predictors of TNFi persistence
included Hispanic ethnicity (longer persistence), PsA
duration (longer persistence), history of methotrexate
use (shorter persistence), body mass index (shorter
persistence) and disease activity (shorter
persistence).
Conclusions: Patients with PsA from a large US
registry experienced similar TNFi persistence on
combination therapy and monotherapy. Prospective,
randomised clinical trials evaluating the efficacy of
combination therapy versus monotherapy would
provide much-needed clarity on treatment options for
patients with PsA.
Trial registration number: NCT01402661.

INTRODUCTION
Psoriatic arthritis (PsA) is a chronic inflam-
matory disease that occurs in approximately
0.3% of the US population, as suggested by
previous studies.1 2 However, it has recently
been shown that up to 30% of patients with
psoriasis may have PsA,3 and recent popula-
tion surveys show that psoriasis occurs in
3.2% of the US population.4 Therefore,

Key messages

What is already known about this subject?
▸ There is conflicting evidence about the clinical

effectiveness of tumour necrosis factor inhibitor
(TNFi) monotherapy versus combination therapy
(ie, with a conventional synthetic disease-
modifying antirheumatic drug such as metho-
trexate) in psoriatic arthritis. We performed an
analysis of TNFi persistence (ie, time to therapy
change) in a large, US-based, prospective
registry.

What does this study add?
▸ We performed an analysis of TNFi persistence

(ie, time to therapy change) in a large,
US-based, prospective registry.

▸ There was no statistically significant difference in
TNFi persistence between patients using mono-
therapy and combination therapy (32 and
31 months) or time to remission (21 and
25 months).

How might this impact on clinical practice?
▸ Our analysis indicates that TNFi persistence is

similar between monotherapy and combination
therapy, a result that is consistent with similar
analyses of registries from other countries.

▸ Clinical trials should be conducted to verify the
findings of this and other observational
registries.
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previous estimates of PsA general population prevalence
may underestimate the true prevalence. Early interven-
tion is important, because the persistent inflammation
can cause progressive joint damage leading to physical
limitations and severe disability in some patients.5 6 In
addition, PsA can increase the risk for cardiovascular
complications and death.7–9 Therefore, optimal treat-
ment strategies are important to understand.
Treatment strategies for patients with moderate to

severe PsA have historically been based on extrapolation
of efficacy data from patients with rheumatoid arthritis
(RA). Like in RA, tumour necrosis factor (TNF)-α plays
a key role in the pathogenesis of PsA, and a number of
clinical trials have shown that TNF inhibitors (TNFis)
are effective in patients with PsA.10–14 Coadministration
of a conventional synthetic disease-modifying antirheu-
matic drug (csDMARD), such as methotrexate (MTX),
improves the efficacy of TNFis in the treatment of
RA15 16; therefore, combination therapy is commonly
used to treat PsA.17 18 PsA is, however, distinct from RA
with respect to its pathology, clinical characteristics and
outcomes,5 17 19 20 and no randomised controlled clin-
ical trials have prospectively compared the effectiveness
of combination therapy versus monotherapy in PsA.
The phase 3 studies of TNFis in PsA allowed patients

receiving MTX at time of enrolment to continue MTX,
and similar clinical responses were observed among
patients who received concomitant MTX therapy versus
those who received TNFi as monotherapy.10–14 A
number of observational studies of real-world registry
data found that higher percentages of patients with PsA
receive MTX in combination with a TNFi versus a TNFi
alone.21–23 An analysis of PsA data from the South
Swedish Arthritis Treatment Group (SSATG) register
showed that concomitant MTX did not affect treatment
responses.22 Likewise, the Norwegian DMARD
(NOR-DMARD) study found no benefit of concomitant
MTX.21 There was a small beneficial effect of concomi-
tant MTX on the achievement of American College of
Rheumatology 20% (ACR20) response among patients
enrolled in the Danish Biologics (DANBIO) registry.23

The effect of concomitant MTX on drug survival varied
among the three registry studies, with a trend towards
longer drug survival in the SSATG study22 and the
DANBIO study (significant after the analysis was
adjusted for other baseline variables)23 and significantly
longer drug survival in the NOR-DMARD study.21

There is variable evidence regarding the effectiveness
of combination therapy versus monotherapy in PsA.
Moreover, MTX is the most widely used systemic agent
for PsA, whether used alone or in combination with a
biologic. The data to date, which include two neutral
placebo-controlled studies24 25 and some positive open-
label studies, indicate that MTX modifies symptoms but
not the underlying disease.26 Clinicians must make indi-
vidualised decisions about whether to prescribe MTX
with a biologic in PsA, so we performed a study to
provide more data on the comparative effectiveness of

combination therapy and monotherapy. The objectives
of our study were to examine the effects of these treat-
ment regimens on TNFi persistence (termed drug sur-
vival in other studies) and measures of effectiveness
using a large, US-based registry: the Corrona registry
(ClinicalTrials.gov, NCT01402661). We also investigated
predictors of TNFi persistence and treatment response.

METHODS
Data source
Corrona is a large, US-based, independent, prospective,
observational, disease-based registry initiated in 2001
that has always collected data on patients with RA and
PsA. Patients are enrolled in the registry by participating
rheumatologists, and questionnaires are completed by
both patients and physicians during the visits as part of
routine clinical care. Corrona is a prospective observa-
tional registry where data collection is not mandated at
regular intervals. Physicians are encouraged to complete
the questionnaires at least every 6 months (mean inter-
val for current study, 8.6±5.4 months). Corrona is
reviewed by the New England Institutional Review
Board.
The analysis was performed on data collected between

2005 and 1 October 2012. During that time Corrona
had enrolled 5408 adult patients with PsA, comprising
25 865 visits to 54 rheumatologists from 84 sites in 33
states. The mean±SD follow-up for these patients was 2.1
±2.2 years (range 0–7.72 years; total of 11 550
patient-years).

Study population
Patients were included in the analysis if they had a diag-
nosis of PsA; were at least 18 years old; initiated a bio-
logic in 2005 or later, either alone or in combination
with a csDMARD; were biologic naïve; and had a
follow-up visit at least 90 days after drug initiation. The
diagnosis of PsA was according to the physician’s desig-
nation on the form; the registry existed before the
ClASsification criteria for Psoriatic ARthritis (CASPAR)
criteria were published in 2006.27 For the analysis of
TNFi persistence, patients had a follow-up visit of at least
1 year after drug initiation.

Study objectives
The objectives of the analysis were to estimate effective-
ness measured by the length of time that patients with
PsA maintained their initial biologic therapy (TNFi per-
sistence), either as monotherapy or in combination with
MTX or other csDMARDs (an a priori comparison);
time to remission; and effects of patient risk factors on
these outcomes.
Change in monotherapy was defined as any change in

the initial biologic, including the addition of a
csDMARD or changing or stopping the biologic. Change
in combination therapy was defined as changing or
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stopping the biologic. Remission was defined as a
Clinical Disease Activity Index (CDAI) score <2.8.

Baseline disease activity
Measurements of baseline disease activity included
CDAI, physician global assessment of disease activity and
skin, patient global assessment of disease activity and
skin, modified Health Assessment Questionnaire
(mHAQ), tender and swollen joint counts, erythrocyte
sedimentation rate levels, and levels of C reactive
protein (CRP).

Statistical analyses
The data sets used in the analyses are shown in figure 1.
Patients initiating a non-TNFi biologic were excluded
from the analysis owing to the small number of patients
(n=12).
TNFi persistence (measured as the time from the date

of initiation of biologic therapy to the date of change in
therapy) was estimated using the Kaplan–Meier method.
Kaplan-Meier curves were estimated for the monother-
apy and combination therapy groups, as well as the indi-
vidual TNFis. Log-rank tests were used to compare the
monotherapy and combination therapy groups. The
Kaplan-Meier method was also used to estimate the
median time to therapy change and the proportion of
patients who remained on their initial biologic therapy
at different follow-up time points.
To control for channelling bias, all patients receiving

monotherapy or combination therapy were matched
using a propensity score matching method.28 29 The pro-
pensity score was estimated using CDAI and patient sex.
These variables were chosen following an analysis of the
data using other possible risk factors (swollen and
tender joint counts, CDAI, physician global assessment
of disease activity, history of csDMARD use and history
of MTX use). CDAI has correlated with many other
disease severity measures. Therefore, we felt CDAI
would be a good indicator to represent overall disease
activity at baseline, which we wanted to balance between
the monotherapy and combination therapy groups. We
also included patient sex in the model, because we have
observed more women initiating combination therapy
compared with men. In order to minimise the propen-
sity score missingness due to missing covariates, we
limited the covariates to CDAI and gender in the pro-
pensity score calculation.
We derived propensity scores for matching patients in

the monotherapy and combination therapy groups
based on the conditional probability of receiving either
treatment. Weights were also constructed using propen-
sity scores from logistic models and were normalised
using inverse probability treatment weighting, rather
than directly matching the monotherapy and combin-
ation therapy groups. Weights information was taken
into account in proportional hazards regression models.
A separate propensity score was calculated for each ana-
lysis of TNFi persistence by TNFi.

Patients who remained on their initial biologic
therapy for at least 90 days were included in the analysis
of time to remission.
Both univariate and multivariate Cox regression

models were used to identify predictors of TNFi persist-
ence and time to remission. In order to control the
residual confounding effects after inverse probability
treatment weighting, we adjusted covariates that were sig-
nificant in the univariate models. Age and patient sex
were not always significant in univariate analysis, but
these variables were always included in multivariate
models to adjust potential confounding or risk modifica-
tion effects. Body mass index (BMI) was not always sig-
nificant in univariate regression, but it was included in
the multivariate model because it is an important clin-
ical risk factor. Race and ethnicity variables were some-
times significant in the univariate model but were no
longer significant after adjusting for other variables;
therefore, these were not included in the multivariate
model. We did not use a strict stay criterion for identify-
ing predictors in the multivariate model; predictors were
included in the multivariate model if they were margin-
ally significant in the univariate model (p<0.10), clinic-
ally important, or strongly prognostic.
All analyses were done using SAS V.9.1 (SAS Institute

Inc, Cary, North Carolina, USA) and Stata V.10.1 (Stata
Corp, College Station, Texas, USA). p Values <0.05 were
considered statistically significant.

RESULTS
Baseline demographics, disease characteristics and
medical history
A total of 519 patients (combination therapy, n=318;
monotherapy, n=201) met the inclusion criteria (table 1).
Most patients were white; approximately half were
women; and the mean age was 51.6 years. Patient demo-
graphics and treatment history were similar between the

Figure 1 Data sets used in the analyses (CDAI, Clinical

Disease Activity Index; PsA, psoriatic arthritis).
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two groups, except that almost twice as many patients in
the combination therapy group had initiated treatment
with infliximab (table 1). Patients in the combination

therapy group had significantly higher baseline tender
and swollen joint counts, CDAI values, and physician’s
assessment of skin values than those in the monotherapy

Table 1 Characteristics of patients with PsA in the longitudinal cohort of patients registered in the Corrona database

Patient characteristic
Total
(N=519)

Combination therapy
(N=318)

Monotherapy
(N=201)

p
Value

Female sex, n (%) 266 (51.4) 181 (57.1) 85 (42.3) 0.001

Age, mean (SD), years 51.6 (13.0) 52.0 (12.6) 51.0 (13.5) 0.38

BMI, mean (SD), kg/m2 31.4 (7.1) 31.9 (7.4) 30.7 (6.5) 0.052

Race and ethnicity, n (%)

White 495 (95.4) 303 (95.3) 192 (95.5) 0.95

Hispanic 21 (4.0) 9 (2.8) 12 (6.0) 0.22

Black 11 (2.1) 7 (2.2) 4 (2.0) >0.99

Asian 9 (1.7) 6 (1.9) 3 (1.5) >0.99

American Indian/Alaskan Native 6 (1.2) 3 (0.9) 3 (1.5) 0.68

Native Hawaiian/Pacific Islander 1 (0.2) 1 (0.3) 0 (0.0) 0.64

Other 3 (0.6) 2 (0.6) 1 (0.5) >0.99

Marital status, n (%) 0.48

Married 358 (69.0) 223 (70.1) 135 (67.2)

Single 85 (16.4) 47 (14.8) 38 (18.9)

Divorced 38 (7.3) 20 (6.3) 18 (9.0)

Other 38 (7.3) 28 (8.8) 10 (5.0)

Education* 0.36

Primary 20 (3.9) 13 (4.1) 7 (3.5)

High school 171 (32.9) 113 (35.5) 58 (28.9)

College/university 313 (60.3) 185 (58.2) 128 (67.3)

Not available 15 (2.9) 7 (2.2) 8 (4.0)

Initiated TNFi, †n (%) 0.02

Adalimumab 218 (42.0) 130 (40.9) 88 (43.8)

Etanercept 168 (32.4) 92 (28.9) 76 (37.8)

Infliximab 114 (22.0) 83 (26.1) 31 (15.4)

Other 19 (3.7) 13 (4.1) 6 (3.0)

MTX use (history) 423 (81.5) 286 (89.9) 137 (68.2) <0.001

PsA duration, mean (SD), years 6.3 (7.4) 6.4 (7.5) 6.2 (7.2) 0.84

Tender joint count, mean (SD) 3.3 (5.3) 3.7 (5.6) 2.6 (4.6) 0.02

Swollen joint count, mean (SD) 3.0 (4.8) 3.5 (5.3) 2.2 (3.8) 0.001

CDAI, mean (SD) 11.4 (10.8) 12.5 (11.1) 9.6 (9.9) 0.003

mHAQ, mean (SD) 0.32 (0.39) 0.34 (0.39) 0.29 (0.40) 0.20

Physician’s global assessment, mean (SD)‡ 20.1 (18.6) 21.5 (18.4) 18.0 (18.7) 0.04

Patient global assessment, mean (SD)‡ 31.4 (25.8) 32.2 (25.1) 30.1 (27.0) 0.38

Physician’s global assessment of skin, mean

(SD)§‡

19.3 (23.5) 20.5 (24.7) 17.4 (21.2) 0.22

Patient’s global assessment of skin, mean

(SD)§‡

21.5 (24.2) 20.7 (23.5) 23.0 (25.5) 0.44

CRP, mean (SD),§ mg/L 8.4 (18.7) 8.2 (16.1) 8.9 (22.7) 0.83

ESR, mean (SD), mm/h 16.0 (17.7) 16.0 (16.7) 16.1 (19.3) 0.97

Any alcohol use, n (%) 277 (53.4) 152 (47.8) 125 (62.2) 0.001

Smoking status, n (%) 0.43

Never 272 (52.4) 168 (52.8) 104 (51.7)

Previous 164 (31.6) 95 (29.9) 69 (34.3)

Current 83 (16.0) 55 (17.3) 28 (13.9)

History of hypertension, n (%) 139 (26.8) 82 (25.8) 57 (28.4) 0.52

History of diabetes, n (%) 49 (9.4) 36 (11.3) 13 (6.5) 0.06

Coronary artery disease (history),§ n (%) 18 (3.5) 11 (3.5) 7 (3.5) 0.98

*Highest education level received.
†May not total 100%; other biologics were excluded because of the small number of patients.
‡Visual analogue scale of 100 mm with higher values indicating greater disease worse disease activity/skin symptoms.
§Many forms did not record this variable.
BMI, body mass index; CDAI, Clinical Disease Activity Index; CRP, C reactive protein; ESR, erythrocyte sedimentation rate; mHAQ, modified
Health Assessment Questionnaire; MTX, methotrexate; PSA, psoriatic arthritis; TNFi, tumour necrosis factor inhibitor.
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group (table 1). Combination therapy included MTX for
91% of patients and another csDMARD, such as sulfasala-
zine or leflunomide, for 9%. The number of patients
with valid propensity scores and weights in each analysis
was 497 for TNFi persistence and 380 for time to remis-
sion (figure 1).
At baseline, 218 patients were taking adalimumab, 158

etanercept and 114 infliximab. Most baseline character-
istics within each individual TNFi subgroup were
balanced between the combination therapy and mono-
therapy groups. There was a greater proportion of
patients with a history of MTX use in the combination
therapy group in each individual TNFi subgroup.
Compared to monotherapy, combination therapy was
associated with a smaller proportion of women (etaner-
cept only) and patients with alcohol use (adalimumab
and etanercept), longer PsA duration (infliximab only),

and higher swollen joint count and erythrocyte sedimen-
tation rate (infliximab only).

TNFi persistence
The difference in TNFi persistence between the combin-
ation therapy and monotherapy groups of all TNFis was
not statistically significant (32.4 vs 30.8 months, p=0.73;
table 2 and figure 2A). Considering individual TNFis,
TNFi persistence between combination therapy and
monotherapy favoured monotherapy with etanercept,
was similar between therapies with adalimumab, and
favoured combination therapy with infliximab (table 2
and figure 2B–D).
A number of predictors of TNFi persistence were iden-

tified for patients receiving combination therapy versus
monotherapy (table 3). Hispanic ethnicity (not
recorded for a substantial number of patients) and
longer PsA duration were significant predictors of
longer TNFi persistence in the univariate analysis. A
history of prior treatment with MTX, history of coronary
artery disease, higher BMI, and most measures of base-
line disability and disease activity were significant predic-
tors of shorter TNFi persistence in the univariate
analysis. Higher mHAQ and CDAI scores were the only
significant predictors (shorter TNFi persistence) in the
multivariate analysis (table 3).

Achievement of remission
There was no statistically significant difference between
the combination and monotherapy groups in median
time to achieve remission (20.7 vs 25.1 months; p=0.56;
table 2 and figure 3). A number of factors were signifi-
cant predictors of a longer time to achieving remission
in the univariate analysis, including female sex, higher
BMI, higher baseline disability and disease activity, and
history of hypertension or diabetes (table 3). Higher
BMI and mHAQ score were the only significant predic-
tors (longer time to achieving remission) in the multi-
variate analysis (table 3).

DISCUSSION
In a propensity score-matched analysis of patients with
PsA who were enrolled in a large US-based registry, com-
bination therapy of TNFi and csDMARD was not signifi-
cantly different compared with TNFi monotherapy in
TNFi persistence or time to remission. When the TNFi
persistence analysis was stratified by TNFi, TNFi persist-
ence was significantly longer with combination therapy
in patients treated with infliximab, whereas it was either
the same with both therapeutic approaches (adalimu-
mab) or longer with monotherapy (etanercept) with the
other TNFis. There was no difference between mono-
therapy and combination therapy in time to remission.
Further analysis found significant predictors for shorter/
longer TNFi persistence and time to achieving
remission.

Table 2 TNFi persistence, time to remission and time to

loss of remission

Combination
therapy Monotherapy

TNFi persistence, overall (n=497)

Median (IQR),

months

32.4 (12.0–NA) 30.8 (13.7–67.1)

HR (95% CI) 0.95 (0.70 to 1.29)

p Value 0.73

TNFi persistence, adalimumab (n=214)

Median (IQR),

months

29.5 (12.4–NA) 29.1 (11.9–47.1)

HR (95% CI) 0.88 (0.54 to 1.44)

p Value 0.61

TNFi persistence, etanercept (n=155)

Median (IQR),

months

19.1 (8.4–42.0) 47.3 (19.3–71.6)

HR (95% CI) 1.93 (1.15 to 3.25)

p Value 0.01

TNFi persistence, infliximab (n=110)

Median (IQR),

months

NA (22.0–NA) 16.3 (13.6–58.9)

HR (95% CI) 0.46 (0.24 to 0.88)

p Value 0.02

Time to remission* (n=380)

Median (IQR),

months

20.7 (7.4–58.5) 25.1 (8.1–64.6)

HR (95% CI) 1.09 (0.82 to 1.46)

p Value 0.56

Time to loss of remission† (n=33)

Median (IQR),

months

9.3 (7.0–20.7) 12.0 (7.8–NA)

HR (95% CI) 1.52 (0.63 to 3.68)

p Value 0.35

HR and p value relative to TNFi monotherapy.
*Patients with at least 90 days of initial therapy. TNFi, only biologic
in both groups.
†Patients with at least 90 days of initial therapy and who had
remission on the first therapy switch. TNFi, only biologic in both
groups.
NA, not available; TNFi, tumour necrosis factor inhibitor.

Mease PJ, et al. RMD Open 2015;1:e000181. doi:10.1136/rmdopen-2015-000181 5

Psoriatic arthritis



Our results are similar to those of previous analyses of
SSATG22 and DANBIO,23 although in the latter, longer
TNFi persistence was noted with combination therapy
after adjustment for baseline variables. A NOR-DMARD
analysis likewise found significantly longer TNFi persist-
ence with combination therapy at years 1 and 2.21 A pos-
sible explanation for these differing results between
registry studies may be due to differing contributions of
individual TNFis, which have different efficacy profiles
in PsA with or without a concomitant DMARD. In our
analysis, by initial TNFi, we found that TNFi persistence
was longer in monotherapy with etanercept, equivalent
between therapeutic approaches with adalimumab, and
longer in combination therapy with infliximab. These
individualised results are mostly consistent with the
NOR-DMARD study, which found equivalent TNFi per-
sistence between monotherapy and combination therapy
with etanercept and adalimumab and a difference
favouring combination therapy with infliximab.21 The
results by TNFi in our analysis and those of
NOR-DMARD suggest that combination therapy in PsA
has little effect on TNFi persistence compared with
monotherapy with etanercept and adalimumab, whereas
patients taking infliximab may experience significant

benefit by also taking a csDMARD such as MTX. Phase 3
studies of infliximab, etanercept and adalimumab for
PsA stratified patients according to baseline MTX use in
the treatment and placebo groups.10–12 The presence or
absence of background MTX had no effect on thera-
peutic response, but because the enrolled patients were
not having adequate response to MTX, these trials do
not provide adequate evidence for assessing the poten-
tial role of combination MTX in PsA for any of the
TNFis. The superiority of combination therapy to mono-
therapy for TNFis in RA, however, is well estab-
lished.15 16 30 31 The RA indication for infliximab
recommends concomitant MTX use to prevent loss of
efficacy.30 The exact mechanism of action for increased
efficacy of combination therapy for all TNFis in RA and
for infliximab combination therapy in PsA is not clear. It
is known that MTX increases infliximab and adalimu-
mab drug levels.30 32 Analyses of TNFis in RA have indi-
cated that immunogenicity may play a role in reduced
drug levels and efficacy,33–35 and some evidence is emer-
ging that a similar phenomenon may occur in PsA.36–38

A recent study has suggested that antidrug antibodies
are inversely associated with red blood cell MTX polyglu-
tamates and that the latter are positively correlated with

Figure 2 Time to change in initial tumour necrosis factor inhibitor (TNFi) therapy (ie, TNFi persistence) among (A) all patients

and those taking (B) adalimumab, (C) etanercept and (D) infliximab. Patients were censored at their last follow-up visit if no

change in therapy was observed.
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the trough serum level of infliximab.39 Finally, a recent
analysis of two nationwide registries found that inflixi-
mab monotherapy was associated with shorter TNFi per-
sistence than combination therapy with MTX.40

We investigated whether there were predictors of
longer or shorter TNFi persistence. We found that ethni-
city, PsA duration (time since diagnosis), BMI, baseline
disability and disease activity, history of coronary artery
disease, and history of MTX treatment were significant
predictors in this analysis. A longer PsA duration was
associated with longer TNFi persistence. This character-
istic was not a significant predictor of TNFi persistence
in an analysis of SSATG22 and was not significantly differ-
ent between patients with and without minimal disease
activity (MDA) in a prospective, clinical cohort of 146
patients.41 Higher BMI was predictive of shorter TNFi
persistence, which is consistent with a report that found
obesity to be negatively correlated with achievement of

MDA.42 Greater severity of baseline disability and disease
activity and a history of prior treatment with MTX were
also predictive of shorter TNFi persistence. In
NOR-DMARD, patient global assessment was significant
in a univariate but not multivariate analysis of biologic
survival.21 In DANBIO, an unadjusted analysis found
that the number of tender joints and HAQ score were
predictive of treatment discontinuation, but none of
these were included in the final multivariate model.23

Finally, the SSATG study found that baseline CRP but no
other marker of disease activity (or disability) predicted
longer TNFi drug survival.22

We also investigated the time to achieving remission
and predictors for longer/shorter time to remission.
Our analysis showed that the median time to achieve
remission was not significantly different between the
combination therapy and monotherapy groups (21 vs
25 months). Notably, female sex, higher BMI, and

Table 3 Univariate and multivariate analyses of predictors for TNFi persistence and time to remission

Variable

TNFi persistence Time to remission
Univariate
(n=497)

Multivariate
(n=495)

Univariate
(n=380)

Multivariate
(n=379)

HR p Value HR p Value HR p Value HR p Value

Used multivariate analysis

Age, years 1.000 0.99 0.997 0.66 0.991 0.11 0.999 0.86

Sex, female vs male 1.279 0.13 1.256 0.18 0.744 0.046 0.826 0.21

Initial therapy, combination vs monotherapy 0.948 0.73 0.956 0.78 1.090 0.56 1.153 0.35

BMI, kg/m2 1.030 0.01 1.011 0.44 0.940 <0.001 0.955 <0.001

CDAI, point value 1.037 <0.001 1.027 0.001 0.944 0.002 0.964 0.052

mHAQ, point value 2.307 <0.001 1.585 0.049 0.257 <0.001 0.478 0.008

PsA duration, years 0.978 0.04 0.982 0.10 0.999 0.93 0.997 0.77

Alcohol use, yes vs no 0.913 0.57 1.013 0.97 1.265 0.11 0.953 0.76

Smoking, ever vs never 1.015 0.89 0.851 0.14

Univariate: demographics

Ethnicity, Hispanic vs non-Hispanic* 0.259 0.003 0.777 0.44

Univariate: disease activity or disability

Swollen joints, number 1.042 0.034 0.944 0.01

Tender joints, number 1.084 <0.001 0.912 0.01

Physician global assessment of disease activity,

point value

1.016 0.001 0.978 0.001

Patient global assessment of disease activity,

point value

1.011 0.001 0.976 <0.001

Physician global assessment of skin, point value* 1.006 0.12 0.981 <0.001

Patient global assessment of skin, point value* 1.011 0.001 0.991 0.04

Univariate: medical history and risk factors

History of coronary artery disease, yes vs no* 2.111 0.04 0.555 0.16

History of MTX, yes vs no 1.702 0.03 1.198 0.395

History of hypertension, yes vs no 1.267 0.18 0.505 0.001

History of diabetes, yes vs no 0.904 0.75 0.496 0.03

Variables presented in this table were either statistically significant in at least one univariate analysis or included in a multivariate analysis.
Complete univariate and multivariate analysis tables (including 95% CIs for HRs) by analysis are presented in the online supplementary
appendices tables S1 and S2. In the TNFi persistence analysis, an HR >1 indicates increased risk of therapy switch and, therefore, shorter
TNFi persistence. In the time to remission analysis, an HR >1 indicates increased risk of achieving remission and, therefore, achieving
remission faster. In the time to loss of remission after therapy switch analysis, an HR >1 indicates increased risk of losing remission and,
therefore, shorter time to loss of remission.
*Values not recorded for patients enrolled early in the study. Updates to the enrolment form added variables.
BMI, body mass index; CDAI, Clinical Disease Activity Index; mHAQ, modified Health Assessment Questionnaire; MTX, methotrexate; NA,
(data) not available; PsA, psoriatic arthritis; TNFi, tumour necrosis factor inhibitor.
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higher baseline disability and disease activity measures
were significantly associated with longer time to remis-
sion. Previous analyses have found results mostly similar
to ours. Female sex was negatively predictive of
European League Against Rheumatism (EULAR) good
response but not associated with ACR20/50/70 response
in the DANBIO study.23 In our study and in previously
published analyses, obesity has been negatively asso-
ciated with achieving and maintaining remission and
MDA, respectively.42 Finally, the DANBIO study showed
that a number of baseline disability and disease activity
measures (HAQ, tender joint counts, swollen joint
counts and low levels of CRP) were predictive of poorer
clinical response (achievement of ACR improvement cri-
teria or EULAR good response).23

Several limitations to our study need to be mentioned.
Observational studies are subject to channelling bias,
that is, patients will be directed to therapies based on
factors, such as TNFi persistence and remission, that
may substantially affect follow-up results. Non-random
factors may have led to the choice of biologic as well as
the choice of combination therapy or monotherapy. We
attempted to control for channelling bias between com-
bination therapy and monotherapy by matching patients
using propensity scores. Although propensity score
matching reduces the effect of baseline characteristics,
the resulting analysis is still not randomised and may be
influenced by unmeasured or unanalysed factors.
Propensity scoring also reduces the statistical power of
an analysis, as shown in a Corrona study comparing
csDMARDs and biologics.29 Also, we used the inverse
probability treatment weighting method to create
weights based on the propensity score. Since we did not
use propensity score matching to create two comparable
monotherapy and combination therapy groups, we
cannot provide a comparison of matched monotherapy
vs combination therapy cohorts in order to evaluate how
well other covariates are balanced. The inverse probabil-
ity treatment weighting method allowed us, however, to

keep a maximal sample size, which would not have been
possible with propensity score matching. Similar to pro-
pensity score matching, moreover, the inverse probability
treatment weight method removed systematic differences
between the monotherapy and combination therapy
groups.
We were not able to assess MDA owing to the lack of

two of seven required elements (body surface area and
enthesitis score)43 in the Corrona records we queried.
Therefore, our analysis of remission did not include all
the relevant disease characteristics of PsA. Another pos-
sible limitation of the remission analyses is that the CDAI
has been identified as a conservative estimate of disease
activity, particularly in its remission criteria.44 Moreover,
neither CDAI nor remission has been validated as disease
activity measures in PsA but both are considered reason-
able surrogates. Another limitation is that we did not
assess reasons for TNFi discontinuation and excluded
patients with less than 1 year of follow-up, possibly biasing
our study population towards longer TNFi persistence.
Finally, our analysis of TNFi persistence by individual
TNFi may have been underpowered to avoid a type 2
error. While the results of our analysis are interesting and
seem to confirm those of NOR-DMARD,21 prospective
studies are needed to assess the comparative effectiveness
of monotherapy and combination therapy in PsA.
There is variable evidence regarding the efficacy of

combination therapy versus monotherapy in PsA.18 20

Our analysis of the Corrona registry provides insight
from a US-based clinical practice perspective. Even
when adjusting for channelling bias with propensity
scores, TNFi persistence and time to remission were not
significantly different between the combination therapy
and monotherapy groups. TNFi persistence was signifi-
cantly lower with infliximab monotherapy compared
with combination therapy, favoured monotherapy with
etanercept, and was not significantly different between
therapies with adalimumab. The difference between
infliximab combination therapy and monotherapy may
be related to background disease severity, immunogen-
icity or other factors. Greater degree of disability and
disease activity use were associated with shorter duration
of initial therapy. Prospective, randomised clinical trials
evaluating the efficacy of combination therapy versus
monotherapy would provide much-needed clarity on
treatment options for patients with PsA.

Author affiliations
1Department of Rheumatology, Swedish Medical Center and University of
Washington, Seattle, Washington, USA
2Inflammation Global Development, Amgen Inc., Thousand Oaks, California,
USA
3Epidemiology and Outcomes Research, Corrona, LLC, Southborough,
Massachusetts, USA
4Department of Biostatistics, Axio Research LLC, Seattle, Washington, USA
5Center for Rheumatology, Albany Medical College and the Center for
Rheumatology, Albany, New York, USA
6Division of Rheumatology, New York University School of Medicine,
New York, New York, USA

Figure 3 Time to remission. Patients were censored if

remission was not achieved, a measure of remission was

missing, or there was no further follow-up (TNFi, tumour

necrosis factor inhibitor).

8 Mease PJ, et al. RMD Open 2015;1:e000181. doi:10.1136/rmdopen-2015-000181

RMD Open



Acknowledgements Janice Carlson, PhD; Kathryn Boorer, PhD; and Tim
Peoples, MA, from Amgen Inc provided medical writing assistance.

Contributors The study was designed and the article drafted by PJM, DHC,
KCS and JDG. GL conducted the statistical analysis. All authors contributed to
the interpretation of data, revised the draft critically for intellectual content and
approved the final version of the article. All authors agree to be accountable
for all aspects of the work.

Funding This study is sponsored by Corrona, LLC. The Corrona rheumatoid
arthritis registry has been supported through contracted subscriptions in the
past 2 years by AbbVie, Amgen, AstraZeneca, Genentech, Horizon Pharma, Eli
Lilly, Janssen Biotech, Novartis, Pfizer, Vertex, and UCB.

Competing interests PJM: Grant, research support, consultant and/or
speakers bureau from/for AbbVie, Amgen, Biogen Idec, Bristol Myers Squibb,
Genentech, Janssen, Lilly, Pfizer, and UCB; grant, research support, and
consultant from/for Celgene, Merck, and Novartis. DHC: employee and
shareholder of Amgen Inc. KCS: employee of Corrona, LLC. GL: employee of
Axio, LLC (contractor of Corrona, LLC). JMK: consulting for Amgen, AbbVie,
and Janssen; employee and shareholder of Corrona, LLC. JDG: employee and
shareholder of Corrona, LLC; consultant for AstraZeneca, Novartis, and Pfizer.

Patient consent Obtained.

Ethics approval New England IRB.

Provenance and peer review Not commissioned; externally peer reviewed.

Data sharing statement No additional data are available.

Open Access This is an Open Access article distributed in accordance with
the Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this work non-
commercially, and license their derivative works on different terms, provided
the original work is properly cited and the use is non-commercial. See: http://
creativecommons.org/licenses/by-nc/4.0/

REFERENCES
1. Gelfand JM, Gladman DD, Mease PJ, et al. Epidemiology of

psoriatic arthritis in the population of the United States. J Am Acad
Dermatol 2005;53:573.

2. Stolwijk C, Boonen A, van Tubergen A, et al. Epidemiology of
spondyloarthritis. Rheum Dis Clin North Am 2012;38:441–76.

3. Mease PJ, Gladman DD, Papp KA, et al. Prevalence of
rheumatologist-diagnosed psoriatic arthritis in patients with psoriasis
in European/North American dermatology clinics. J Am Acad
Dermatol 2013;69:729–35.

4. Rachakonda TD, Schupp CW, Armstrong AW. Psoriasis prevalence
among adults in the United States. J Am Acad Dermatol
2014;70:512–16.

5. Gladman DD. Psoriatic arthritis. Dermatol Ther 2009;22:40–55.
6. Gladman DD, Thavaneswaran A, Chandran V, et al. Do patients with

psoriatic arthritis who present early fare better than those presenting
later in the disease? Ann Rheum Dis 2011;70:2152–4.

7. Wong K, Gladman DD, Husted J, et al. Mortality studies in psoriatic
arthritis: results from a single outpatient clinic. I. Causes and risk of
death. Arthritis Rheum 1997;40:1868–72.

8. Gladman DD, Farewell VT, Wong K, et al. Mortality studies in
psoriatic arthritis: results from a single outpatient center. II.
Prognostic indicators for death. Arthritis Rheum 1998;41:1103–10.

9. Chin YY, Yu HS, Li WC, et al. Arthritis as an important determinant
for psoriatic patients to develop severe vascular events in Taiwan: a
nation-wide study. J Eur Acad Dermatol Venereol 2013;27:1262–8.

10. Antoni C, Krueger GG, de Vlam K, et al. Infliximab improves signs
and symptoms of psoriatic arthritis: results of the IMPACT 2 trial.
Ann Rheum Dis 2005;64:1150–7.

11. Mease PJ, Kivitz AJ, Burch FX, et al. Etanercept treatment of
psoriatic arthritis: safety, efficacy, and effect on disease progression.
Arthritis Rheum 2004;50:2264–72.

12. Mease PJ, Gladman DD, Ritchlin CT, et al. Adalimumab for the
treatment of patients with moderately to severely active psoriatic
arthritis: results of a double-blind, randomized, placebo-controlled
trial. Arthritis Rheum 2005;52:3279–89.

13. Kavanaugh A, McInnes I, Mease P, et al. Golimumab, a new human
tumor necrosis factor alpha antibody, administered every four weeks
as a subcutaneous injection in psoriatic arthritis: twenty-four-week

efficacy and safety results of a randomized, placebo-controlled
study. Arthritis Rheum 2009;60:976–86.

14. Mease PJ, Fleischmann R, Deodhar AA, et al. Effect of certolizumab
pegol on signs and symptoms in patients with psoriatic arthritis:
24-week results of a phase 3 double-blind randomised
placebo-controlled study (RAPID-PsA). Ann Rheum Dis
2014;73:48–55.

15. Klareskog L, van der Heijde D, de Jager JP, et al. Therapeutic effect
of the combination of etanercept and methotrexate compared with
each treatment alone in patients with rheumatoid arthritis:
double-blind randomised controlled trial. Lancet 2004;363:675–81.

16. Breedveld FC, Weisman MH, Kavanaugh AF, et al. The PREMIER
study: a multicenter, randomized, double-blind clinical trial of
combination therapy with adalimumab plus methotrexate versus
methotrexate alone or adalimumab alone in patients with early,
aggressive rheumatoid arthritis who had not had previous
methotrexate treatment. Arthritis Rheum 2006;54:26–37.

17. Gottlieb A, Korman NJ, Gordon KB, et al. Guidelines of care for the
management of psoriasis and psoriatic arthritis: section
2. Psoriatic arthritis: overview and guidelines of care for treatment
with an emphasis on the biologics. J Am Acad Dermatol
2008;58:851–64.

18. Mease P. Methotrexate in psoriatic arthritis. Bull Hosp Jt Dis (2013)
2013;71(Suppl 1):S41–5.

19. Kruithof E, Baeten D, De Rycke L, et al. Synovial histopathology of
psoriatic arthritis, both oligo- and polyarticular, resembles
spondyloarthropathy more than it does rheumatoid arthritis. Arthritis
Res Ther 2005;7:R569–80.

20. Mease PJ. Psoriatic arthritis: update on pathophysiology,
assessment and management. Ann Rheum Dis 2011;70(Suppl 1):
i77–84.

21. Fagerli KM, Lie 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.

22. Kristensen LE, Gülfe A, Saxne T, et al. Efficacy and tolerability of
anti-tumour necrosis factor therapy in psoriatic arthritis patients:
results from the South Swedish Arthritis Treatment Group register.
Ann Rheum Dis 2008;67:364–9.

23. Glintborg B, Ostergaard M, Dreyer L, et al. Treatment response,
drug survival, and predictors thereof in 764 patients with psoriatic
arthritis treated with anti-tumor necrosis factor alpha therapy: results
from the nationwide Danish DANBIO registry. Arthritis Rheum
2011;63:382–90.

24. Kingsley GH, Kowalczyk A, Taylor H, et al. A randomized
placebo-controlled trial of methotrexate in psoriatic arthritis.
Rheumatology (Oxford) 2012;51:1368–77.

25. Willkens RF, Williams HJ, Ward JR, et al. Randomized, double-blind,
placebo controlled trial of low-dose pulse methotrexate in psoriatic
arthritis. Arthritis Rheum 1984;27:376–81.

26. Mease PJ. Spondyloarthritis: Is methotrexate effective in psoriatic
arthritis? Nat Rev Rheumatol 2012;8:251–2.

27. Taylor W, Gladman D, Helliwell P, et al. Classification criteria for
psoriatic arthritis: development of new criteria from a large
international study. Arthritis Rheum 2006;54:2665–73.

28. Cole SR, Hernan MA. Adjusted survival curves with inverse
probability weights. Comput Methods Programs Biomed
2004;75:45–9.

29. Dewitt EM, Li Y, Curtis JR, et al. Comparative effectiveness of
nonbiologic versus biologic disease-modifying antirheumatic drugs
for rheumatoid arthritis. J Rheumatol 2013;40:127–36.

30. Remicade® (infliximab) prescribing information. Horsham, PA:
Janssen Biotech Inc, 2013. http://www.remicade.com/shared/
product/remicade/prescribing-information.pdf

31. Maini RN, Breedveld FC, Kalden JR, et al. Therapeutic efficacy of
multiple intravenous infusions of anti-tumor necrosis factor alpha
monoclonal antibody combined with low-dose weekly methotrexate
in rheumatoid arthritis. Arthritis Rheum 1998;41:1552–63.

32. Pouw MF, Krieckaert CL, Nurmohamed MT, et al. Key findings
towards optimising adalimumab treatment: the concentration-effect
curve. Ann Rheum Dis 2015;74:513–18.

33. van Schouwenburg PA, Rispens T, Wolbink GJ. Immunogenicity of
anti-TNF biologic therapies for rheumatoid arthritis. Nat Rev
Rheumatol 2013;9:164–72.

34. van der Maas A, van den Bemt BJ, Wolbink G, et al. Low infliximab
serum trough levels and anti-infliximab antibodies are prevalent in
rheumatoid arthritis patients treated with infliximab in daily clinical
practice: results of an observational cohort study. BMC
Musculoskelet Disord 2012;13:184.

35. Bartelds GM, Krieckaert CL, Nurmohamed MT, et al. Development
of antidrug antibodies against adalimumab and association with

Mease PJ, et al. RMD Open 2015;1:e000181. doi:10.1136/rmdopen-2015-000181 9

Psoriatic arthritis

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://dx.doi.org/10.1016/j.jaad.2005.03.046
http://dx.doi.org/10.1016/j.jaad.2005.03.046
http://dx.doi.org/10.1016/j.rdc.2012.09.003
http://dx.doi.org/10.1016/j.jaad.2013.07.023
http://dx.doi.org/10.1016/j.jaad.2013.07.023
http://dx.doi.org/10.1016/j.jaad.2013.11.013
http://dx.doi.org/10.1111/j.1529-8019.2008.01215.x
http://dx.doi.org/10.1136/ard.2011.150938
http://dx.doi.org/10.1002/1529-0131(199710)40:10<1868::AID-ART21>3.0.CO;2-W
http://dx.doi.org/10.1002/1529-0131(199806)41:6<1103::AID-ART18>3.0.CO;2-N
http://dx.doi.org/10.1111/j.1468-3083.2012.04706.x
http://dx.doi.org/10.1136/ard.2004.032268
http://dx.doi.org/10.1002/art.20335
http://dx.doi.org/10.1002/art.21306
http://dx.doi.org/10.1002/art.24403
http://dx.doi.org/10.1136/annrheumdis-2013-203696
http://dx.doi.org/10.1016/S0140-6736(04)15640-7
http://dx.doi.org/10.1002/art.21519
http://dx.doi.org/10.1016/j.jaad.2008.02.040
http://dx.doi.org/10.1186/ar1698
http://dx.doi.org/10.1186/ar1698
http://dx.doi.org/10.1136/ard.2010.140582
http://dx.doi.org/10.1136/annrheumdis-2012-202347
http://dx.doi.org/10.1136/ard.2007.073544
http://dx.doi.org/10.1002/art.30117
http://dx.doi.org/10.1093/rheumatology/kes001
http://dx.doi.org/10.1002/art.1780270403
http://dx.doi.org/10.1038/nrrheum.2012.56
http://dx.doi.org/10.1002/art.21972
http://dx.doi.org/10.1016/j.cmpb.2003.10.004
http://dx.doi.org/10.3899/jrheum.120400
http://www.remicade.com/shared/product/remicade/prescribing-information.pdf
http://www.remicade.com/shared/product/remicade/prescribing-information.pdf
http://www.remicade.com/shared/product/remicade/prescribing-information.pdf
http://dx.doi.org/10.1002/1529-0131(199809)41:9<1552::AID-ART5>3.0.CO;2-W
http://dx.doi.org/10.1136/annrheumdis-2013-204172
http://dx.doi.org/10.1038/nrrheum.2013.4
http://dx.doi.org/10.1038/nrrheum.2013.4
http://dx.doi.org/10.1186/1471-2474-13-184
http://dx.doi.org/10.1186/1471-2474-13-184


disease activity and treatment failure during long-term follow-up.
JAMA 2011;305:1460–8.

36. van Kuijk AW, de Groot M, Stapel SO, et al. Relationship between
the clinical response to adalimumab treatment and serum levels of
adalimumab and anti-adalimumab antibodies in patients with
psoriatic arthritis. Ann Rheum Dis 2010;69:624–5.

37. Vogelzang EH, Kneepkens EL, Nurmohamed MT, et al.
Anti-adalimumab antibodies and adalimumab concentrations in
psoriatic arthritis; an association with disease activity at 28 and 52
weeks of follow-up. Ann Rheum Dis 2014;73:2178–82.

38. Zisapel M, Zisman D, Madar-Balakirski N, et al. Prevalence of
TNF-α blocker immunogenicity in psoriatic arthritis. J Rheumatol
2015;42:73–8.

39. Dervieux T, Weinblatt ME, Kivitz A, et al. Methotrexate
polyglutamation in relation to infliximab pharmacokinetics
in rheumatoid arthritis. Ann Rheum Dis 2013;72:908–10.

40. Glintborg B, Gudbjornsson B, Krogh NS, et al. Impact of different
infliximab dose regimens on treatment response and drug survival in

462 patients with psoriatic arthritis: results from the nationwide
registries DANBIO and ICEBIO. Rheumatology (Oxford)
2014;53:2100–9.

41. Iervolino S, Di Minno MN, Peluso R, et al. Predictors of early
minimal disease activity in patients with psoriatic arthritis treated
with tumor necrosis factor-alpha blockers. J Rheumatol
2012;39:568–73.

42. di Minno MN, Peluso R, Iervolino S, et al. Obesity and the prediction
of minimal disease activity: a prospective study in psoriatic arthritis.
Arthritis Care Res (Hoboken) 2013;65:141–7.

43. Coates LC, Fransen J, Helliwell PS. Defining minimal disease
activity in psoriatic arthritis: a proposed objective target for treatment.
Ann Rheum Dis 2010;69:48–53.

44. Gaujoux-Viala C, Mouterde G, Baillet A, et al. Evaluating disease
activity in rheumatoid arthritis: which composite index is best? A
systematic literature analysis of studies comparing the psychometric
properties of the DAS, DAS28, SDAI and CDAI. Joint Bone Spine
2012;79:149–55.

10 Mease PJ, et al. RMD Open 2015;1:e000181. doi:10.1136/rmdopen-2015-000181

RMD Open

http://dx.doi.org/10.1001/jama.2011.406
http://dx.doi.org/10.1136/ard.2009.108787
http://dx.doi.org/10.1136/annrheumdis-2014-205554
http://dx.doi.org/10.3899/jrheum.140685
http://dx.doi.org/10.1136/annrheumdis-2012-202591
http://dx.doi.org/10.1093/rheumatology/keu252
http://dx.doi.org/10.3899/jrheum.110763
http://dx.doi.org/10.1002/acr.21711
http://dx.doi.org/10.1136/ard.2008.102053
http://dx.doi.org/10.1016/j.jbspin.2011.04.008

	Comparative effectiveness of biologic monotherapy versus combination therapy for patients with psoriatic arthritis: results from the Corrona registry
	Abstract
	Introduction
	Methods
	Data source
	Study population
	Study objectives
	Baseline disease activity
	Statistical analyses

	Results
	Baseline demographics, disease characteristics and medical history
	TNFi persistence
	Achievement of remission

	Discussion
	References


