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Abstract

Objective: The aim of this study was to assess the relationship between self-reported non-adherence, non-trough drug levels, immunogenicity
and conventional synthetic DMARD (csDMARD) co-therapy in TNF inhibitor (TNF-i) drug response in PsA.

Methods: Serum samples and adherence questionnaires were collected at baseline, 3, 6 and 12months for PsA patients prescribed TNF-i.
Non-trough adalimumab (ADL) and etanercept (ETN) drug levels were measured at 3 and 6months using commercially available ELISAs. Clinical
response was assessed using PsA response criteria (PsARC) and change in 28-joint DAS (DDAS28) between baseline and 3, 6 and 12months.

Results: In 244 PsA patients (52.5% ADL and 47.5% ETN), self-reported non-adherence was associated with PsARC non-response over
12months using generalized estimating equation (GEE) modelling (P¼0.037). However, there was no significant difference between non-
trough ADL or ETN drug levels based on self-reported non-adherence. Higher ETN levels at 3months were associated with PsARC response at
3 (P¼0.015), 6 (P¼0.037) and 12months (P¼ 0.015) and over 12months using GEE modelling (P¼0.026). Increased ADL drug levels at
3months were associated with greater DDAS28 at 3months (P¼ 0.019). ADL anti-drug antibody-positive status was significantly associated
with lower 3- and 6-month ADL levels (P<0.001) and DDAS28 and PsARC response at 3, 6 and 12months. Meanwhile, MTX co-therapy was as-
sociated with a reduction in immunogenicity at 3 and 6months (P¼0.008 and P¼ 0.024).

Conclusion: Although both were associated with reduced response, the objectively measured non-trough drug levels showed more significant
associations with drug response than self-reported non-adherence measures.

Lay Summary

What does this mean for patients?
Psoriatic arthritis (PsA) is a long-term condition that affects a person’s skin and joints, owing to inflammation. Despite a wide range of drugs be-
ing available, treatment fails to improve the control of the condition in up to 40% of people with PsA, and this includes advanced biologic thera-
pies that target the immune system. This might be attributable to a person not taking their therapy as prescribed, low levels of the drug in their
blood or the presence of anti-drug antibodies. Here, we measured drug levels of two commonly prescribed biologic therapies (adalimumab and
etanercept). We asked patients to tell us whether they took their drugs as prescribed and explored the relationship with treatment response.
We found that 36% of people reported not taking their drugs as they were advised (non-adherence), and this group were less likely to respond
to therapy over 12months. Meanwhile, people with lower adalimumab and etanercept drug levels were less likely to respond to therapy at mul-
tiple time points. There was no clear relationship between drug levels and whether a person said they took their drug or not in this study.
Lifestyle factors, including a person’s body mass index and presence of antibodies that deactivate the biologics (anti-drug antibodies), were also
seen to impact treatment response. Taking a commonly prescribed drug, methotrexate, in addition to advanced biologic therapy was seen to re-
duce the presence of anti-drug antibodies. Overall, drug levels were more significantly associated with drug response compared with whether a
person reported taking their therapy.
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Introduction

PsA affects 15–30% of patients with psoriasis. A heteroge-
neous and debilitating disease, it can result in joint erosion,
physical disability and psychological morbidity, subsequently
increasing work instability and cardiovascular mortality risk
[1, 2]. With no cure, drug treatment aims to control joint in-
flammation and prevent irreversible erosive joint disease.

As the knowledge of psoriatic immunopathogenesis has im-
proved over the last 20years, the therapeutic development of bi-
ologic drugs has expanded dramatically. To date, there are five
United States Food and Drug Administration approved TNF
inhibitors (TNF-i), with adalimumab (ADL) being the most
commonly prescribed in the UK, accounting for �55% of pre-
scriptions, followed by etanercept (ETN) [3]. TNF-i are
reported to be more cost-effective than conventional synthetic
DMARD (csDMARD) alternatives, including MTX and SSZ,
with increased costs being offset by significantly improved effi-
cacy [4]. However, suboptimal drug adherence and indirect dis-
ease costs can add to the economic burden of PsA [4, 5]. Up to
40% of patients experience a failure of first-line TNF-i therapy,
increasing the risk of disease progression and health-care costs
[6, 7]. It is not currently possible to predict TNF-i response in
PsA accurately, but it is thought to be multifactorial [8]. The
identification and validation of robust biomarkers of response
would be a major scientific breakthrough, paving the way to
precision medicine approaches.

In PsA, lifestyle modifications, including weight loss,
smoking cessation, increased exercise, medication adherence
and joint stress protection influence disease management, po-
tentially confounding the search for valid biomarkers of
treatment response [9]. In RA, suboptimal TNF-i adherence
and reduced drug levels have been associated with poorer re-
sponse [10–12]. However, little is known about the true im-
pact of non-adherence on TNF-i response in PsA, despite
treatment non-adherence of �78% being reported [13]. Self-
reported non-adherence might be subject to bias, but direct
drug measurements offer a potentially objective evaluation of
non-adherence. Drug levels can be measured using ELISAs
and have previously been associated with PsA TNF-i response
and anti-drug antibody (ADAb) levels [14]. Despite this, the
full relationship between non-trough drug levels and self-
reported non-adherence remains unknown [14].

Immunogenicity, the presence of neutralizing ADAb, has
been observed across many musculoskeletal conditions, in-
cluding RA, but differences in the frequency of ADAb have
been reported [14]. In PsA, ADAb to the monoclonal anti-
body ADL have been reported in between 6 and 45% of
patients, with �97.7% of ADL ADAb being neutralizing
[14–17]. Increased ADAb levels are not only associated with
decreased treatment response, but also with increased risk of
adverse reactions, such as hypersensitivity [15]. In RA,
csDMARD co-therapy is associated with a significant reduc-
tion in the prevalence of ADAb [18]. The concomitant

prescription of TNF-i and csDMARD therapies is common
practice in PsA; however, the effect of co-prescription has not
been explored fully [14, 15]. Understanding factors affecting
the development of ADAb in PsA could optimize TNF-i drug
levels and improve drug response. The aims of this study
were to assess the relationship between self-reported non-ad-
herence, objectively measured non-trough drug levels, ADAb
status, csDMARD co-therapy and drug response to ADL/
ETN in PsA.

Methods

Study design

Patients were recruited from the UK multicentre prospective
observational study, Outcomes of Treatment in Psoriatic
Arthritis Study Syndicate (OUTPASS).

Study participants

Participants were eligible if they fulfilled the following criteria:
(i) be willing and able to give full written consent; (ii) have PsA
according to The Classification Criteria for Psoriatic Arthritis
(CASPAR) as diagnosed by a clinician [19]; (iii) be about to
commence treatment with a biologic or small molecule inhibitor
therapy; (iv) be �18years of age; and (v) have baseline PsA re-
sponse criteria (PsARC) or the four-component 28-joint disease
activity score (DAS28) available. Written consent from all par-
ticipants was obtained in accordance with the Declaration of
Helsinki. OUTPASS is approved by the National Research
Ethics Service Committee North West—Greater Manchester
Central ethics committee (reference 13/NW/0068). Patients
were eligible for this study if they were prescribed the TNF-i
ETN or ADL, had available 3- or 6-month blood samples and
had baseline and 3-, 6- or 12-month follow-up PsARC or
DAS28 disease activity scores.

Clinical, demographic and blood sample
data collection

Serum samples, clinical and demographic data, including dis-
ease activity, age, sex, NSAID usage, CS and csDMARD co-
therapy information, and lifestyle questionnaires, including
self-reported adherence data, were collected. Data were col-
lected at baseline (before biologic commencement) and rou-
tinely at 3, 6 and 12months.

Measures
Self-reported non-adherence

Self-reported non-adherence was measured at 3, 6 and
12months using two questionnaires previously used in adher-
ence studies of inflammatory arthritis [treatment question-
naire and medication adherence report scale 5 (MARS5);
Supplementary Table S1, available at Rheumatology
Advances in Practice online) [10, 20]. Adherence was classi-
fied as self-report of never missing or delaying a dose, unless

Key messages

� Up to 40% of patients with PsA experience suboptimal response to TNF inhibitors.

� Decreased drug levels were more strongly associated with decreased TNF-inhibitor response than self-reported non-adherence.

� Modifiable factors, including BMI, smoking and conventional synthetic DMARD co-therapy, should be considered in drug response

optimization.
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medically advised. Non-adherence was dichotomized in both
questionnaires as previously described [10, 20]. Ever non-
adherence was recorded if patients had self-reported being
non-adherent at 3, 6 or 12months.

Disease activity

Disease activity was assessed at baseline and all follow-up
time points using two assessments, DAS28, with CRP prefer-
entially used over ESR, if available, and/or the PsA specific
PsARC composite score [21–23]. DAS28 response was
assessed as the difference in DAS28 score between baseline
and follow-up (DDAS28).

Measurement of pharmacological biomarkers
Drug and ADAb measurements

ADL and ETN random non-trough drug levels were mea-
sured using previously validated and commercially available
ELISA Promonitor Progenika Biopharma assays at 3 and
6months [14].

ADL ADAb levels were measured using a validated radio-
immunoassay at 3 and 6months (Sanquin Diagnostic
Services). Patients with ADAb levels >12 a.u./ml were classi-
fied as being antibody-positive as previously described [14].

Statistical analysis

Summary statistics for baseline clinical characteristics are de-
scribed. Continuous variables are presented as the mean (S.D.)
and median [interquartile range (IQR)], as appropriate.
Mann–Whitney U tests were used to assess differences in
non-trough drug levels for different non-adherence levels.
Univariate logistic and linear regression analysis was used to

test the association between non-adherence and change in
disease activity at a given time point. Generalized estimating
equation (GEE) analysis with an identity link was used to test
the association with continuous outcomes across time points,
and with a logit link for binary outcomes across time points,
as described previously [24]. Statistical significance was pre-
defined as P� 0.05. All analyses were undertaken in Stata for
Windows v.14 (April 2015) [25].

Results

Patient characteristics

A total of 244 patients in OUTPASS prescribed ETN (n¼116)
or ADL (n¼128) were eligible for analysis. Characteristics for
the cohort are presented in Table 1, with more than half of
patients being female and the median BMI classified as over-
weight (28.2kg/m2). Baseline DAS28 for the cohort was moder-
ate (mean baseline DAS28¼ 4.9), and >60% of patients had at
least one co-morbidity in the overall cohort. In both drug
groups, >56% of patients were co-administered NSAIDs and
>71% received concomitant csDMARDs. The most commonly
prescribed csDMARD was MTX, with almost half of patients
(49.2%) prescribed the drug alongside their TNF-i therapy.

Characteristics and response to therapy

Table 2 presents the clinical characteristics significantly associ-
ated with drug response as measured by DDAS28 at 3months.
Patients with increased disease severity at baseline (baseline
DAS28, disease duration and patient global score) had signifi-
cantly improved DDAS28. In comparison, having an increasing
number of co-morbidities or higher BMI was associated with

Table 1. Table of clinical characteristics of OUTPASS patients

Characteristic TNF inhibi-

tors (n¼244)

Missingness

(%)

Adalimumab

(n¼128)

Missingness

(%)

Etanercept

(n¼116)

Missingness

(%)

Demographics
Age, mean (S.D.), years 49 (12) 3.3 49 (12) 3.9 50 (13) 2.6
Sex, female, n (%) 145 (60.4) 1.6 72 (57.1) 1.6 73 (64.0) 1.7
BMI, median (IQR), kg/m2 28.2 (25.1–33.6) 12.3 29.0 (25.6–34.0) 13.3 28.0 (25.0–33.3) 11.2
Current smoking status, n (%) 24 (11.3) 12.7 15 (13.6) 14.1 9 (8.7) 11.2
Co-morbidities, n (%)
0 87 (39.4) 9.4 45 (39.1) 10.2 42 (39.6) 8.6
1 65 (29.4) 36 (31.3) 29 (27.4)
2 42 (19.0) 21 (18.3) 21 (19.8)
>3 27 (12.2) 13 (11.3) 14 (13.2)
Disease status
Disease duration, median (IQR), years 4.0 (2.0–9.0) 3.3 4.0 (2.0–9.0) 3.9 4.0 (2.0–9.0) 2.6
Baseline DAS28, mean (S.D.) 4.9 (1.0) 9.0 4.8 (0.9) 10.9 5.0 (1.0) 6.9
Baseline ESR, median (IQR), mm/h 15.0 (6.0–30.0) 44.7 15.5 (7.0–30.0) 50.0 15.0 (6.0–30.0) 38.8
Baseline CRP, median (IQR), mg/l 5.0 (4.0–15.0) 14.8 5.0 (3.0–14.0) 15.6 6.0 (4.0–15.0) 13.8
PsARC swollen joint count, mean (S.D.) 9.5 (7.7) 6.2 9.0 (7.0) 3.1 10.1 (8.5) 9.5
PsARC tender joint count, mean (S.D.) 20.0 (16.3) 6.6 19.5 (17.0) 4.7 20.6 (15.6) 8.6
PsARC physician global score, mean (S.D.) 3.6 (0.8) 2.5 3.5 (0.8) 1.6 3.7 (0.9) 3.5
PsARC patient global score, mean (S.D.) 3.6 (0.9) 1.6 3.5 (0.8) 1.6 3.7 (0.9) 1.7
Medication
NSAID use, n (%) 143 (58.8) 0.4 72 (56.6) 0.8 71 (61.2) 0.0
Reported csDMARD use, n (%) 0.0 0.0 0.0
MTX 120 (49.2) 65 (50.8) 55 (47.4)
CSA 3 (1.2) 1 (0.8) 2 (1.7)
LEF 27 (11.1) 12 (9.4) 15 (12.9)
SSZ 74 (30.3) 33 (25.8) 41 (35.3)
HCQ 18 (7.4) 10 (7.8) 8 (6.9)
None reported 68 (27.9) 36 (28.1) 32 (27.6)

csDMARD: conventional synthetic DMARD; DAS28: 28-joint DAS; IQR: interquartile range; OUTPASS: Outcomes of Treatment in Psoriatic Arthritis Study
Syndicate; PsARC: PsA response criteria.

Response to adalimumab and etanercept in psoriatic arthritis 3



decreased response to therapy as measured by DDAS28. No
clinical characteristics were significantly associated with PsARC
response at 3months. Data for clinical characteristics associated
with PsARC response and DDAS28 at 6 and 12months and
GEE modelling was reflective of DDAS28 3-month results, with
increased baseline severity (ESR, CRP, baseline DAS28 and dis-
ease duration) being associated with increased response and the
presence of multiple co-morbidities associated with decreased
response (Supplementary Table S2, available at Rheumatology
Advances in Practice online).

Non-adherence

Table 3 describes self-reported ever non-adherence at 6 and
12months for the cohort. In this cohort (52.5% ADL and
47.5% ETN), 36.1% of patients self-reported ever-non-ad-
herence within the first 6months of treatment, rising to
43.5% by 12months of therapy. Breakdowns of 3-, 6- and
12-month non-adherence levels are reported in
Supplementary Table S3, available at Rheumatology
Advances in Practice online. Self-reported non-adherence was
described at higher levels using the dichotomized MARS5
questionnaire (20.5–51%) compared with the treatment
questionnaire (11–27.6%). Self-reported non-adherence was
higher in patients prescribed ETN (14.6–51%) compared
with ADL (11–36.7%) at all questionnaire time points, ex-
cept at 12months using the treatment questionnaire.

Impact of clinical characteristics on self-reported
non-adherence

Table 4 presents clinical characteristics associated with self-
reported non-adherence measured by the treatment and
MARS5 questionnaires during GEE modelling over
12months. Univariate linear and logistic regression for 3, 6
and 12months is presented in Supplementary Table S4, avail-
able at Rheumatology Advances in Practice online. Patients
who were female, younger, asthmatic, had longer disease du-
ration and lower baseline disease severity (ESR) were

significantly more likely to be non-adherent via the MARS5
questionnaire at multiple time points and under GEE model-
ling. Patients with longer disease duration and lower baseline
disease severity (tender joint count) were more likely to be
non-adherent using the treatment questionnaire at multiple
time points, and patients on CS co-therapy had increased
ever non-adherence at 6months and over 12months under
GEE modelling.

Self-reported non-adherence and response
to therapy

Non-adherence, reported using the treatment questionnaire,
was associated with PsARC non-response over 12months us-
ing GEE modelling fP¼ 0.037 [odds ratio (OR)¼0.50, 95%
CI 0.26, 0.96]g. There was no significant association between
non-adherence reported via the MARS5 questionnaire and
response. Importantly, there was no association of whether a
patient returned a self-reported adherence questionnaire and
response under univariate or GEE modelling.

Drug levels

Mean± S.E.M. non-trough drug levels at 3 and 6months, re-
spectively, were 7.6±0.63 and 8.8±0.61 mg/ml for patients
prescribed ADL and 3.1±0.31 and 3.5±0.27mg/ml for
patients prescribed ETN. There was a significant association
between 3- and 6-month non-trough drug levels for paired
samples for ADL (P<0.001) and ETN (P¼ 0.005).
Ever non-adherence levels, using the MARS5 and treatment

questionnaires for patients with undetectable ETN or ADL 3-
or 6-month non-trough drug levels are reported in
Supplementary Table S5, available at Rheumatology Advances
in Practice online. Non-adherence levels range between 0 and
30% for ADL and between 22.7 and 47.8% for ETN. There
was no significant difference in non-trough drug levels for either
drug between patients who self-reported that they were non-
adherent and those who self-reported adherence at any time
point using either questionnaire (Supplementary Figs S1 and S2,
available at Rheumatology Advances in Practice online).

Clinical characteristics and drug levels

In univariate analysis (Supplementary Table S6, available at
Rheumatology Advances in Practice online), patients with
higher BMI had decreased 3-month ADL levels. Older ETN-
treated patients or current smokers had decreased 6-month
levels. Patients with increased tender joint count at baseline
had decreased drug levels for either drug at 3months.
Concerning GEE analysis, patients with a history of co-
morbidities, such as strokes, had decreased non-trough ADL

Table 2. Associations between clinical characteristics and TNF inhibitor

response, measured by change in 28-joint DAS at 3months

Baseline characteristic P-value Effect estimate (95% CI)

BMI 0.031 b¼−0.04 (−0.07, 0.00)
Co-morbidity count 0.015 b¼−0.20 (−0.37, −0.04)
Baseline DAS28 <0.001 b¼ 0.38 (0.19, 0.57)
Disease duration 0.026 b¼ 0.03 (0.00, 0.06)
Patient global score 0.047 b¼ 0.25 (0.00, 0.50)

Significant P-values are shown in bold.
DAS28: 28-joint DAS.

Table 3. Ever non-adherence over 6 and 12months in the

OUTPASS cohort

Adherence

questionnaire

Time

point

(months)

TNF-i non-

adherence

(%)

ADL non-

adherence

(%)

ETN non-

adherence

(%)

MARS5 6 36.1 27.7 45.2
12 43.5 36.7 51.0

Treatment 6 20.4 18.6 22.3
12 26.1 24.8 27.6

ADL: adalimumab; ETN: etanercept; MARS5: medication adherence report
scale 5; OUTPASS: Outcomes of Treatment in Psoriatic Arthritis Study
Syndicate; TNF-i: TNF inhibitor.

Table 4. Clinical characteristics associated with self-reported non-

adherence over 12months using generalized estimating
equation modelling

Measure of

non-adherence

Baseline

characteristic

P-value Effect estimate

(95% CI)

MARS5 Sex (female) 0.047 OR¼0.58 (0.34, 0.99)
ESR 0.014 OR¼0.98 (0.96, 0.99)
Age <0.001 OR¼0.96 (0.94, 0.98)
Asthma 0.037 OR¼2.17 (1.05, 4.50)

Treatment CS co-therapy 0.048 OR¼2.11 (1.01, 4.43)

Significant P-values are shown in bold.
MARS5: medication adherence report scale 5; OR: odds ratio.
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and ETN levels, and those who were smokers and females
had decreased ETN drug levels across 6months.

Drug levels and response to therapy

Higher ETN non-trough drug levels at 3months were associ-
ated with PsARC response at 3 [P¼0.015 (OR¼1.37, 95%
CI 1.07, 1.77)], 6 [P¼0.037 (OR¼1.29, 95% CI 1.02,
1.63)] and 12months [P¼0.015 (OR¼1.45, 95% CI 1.07,
1.94)] (Table 5). Increased ETN levels at 3 and 6months
were associated with PsARC response over 12months under
GEE modelling [P¼ 0.026 (OR¼1.19, 95% CI 1.02, 1.38)].
Increased ADL non-trough drug levels at 3months were asso-
ciated with greater DDAS28 at 3months [P¼0.019
(b¼0.05, 95% CI 0.01, 0.09)]. Additionally, neither ETN
nor ADL levels were significantly associated with whether a
patient had returned an adherence questionnaire under uni-
variate or GEE modelling, suggesting no evidence of re-
sponder bias.

ADAb development

Overall, 17.1% of ADL patients were ADAb-positive at
3months, rising to 18.9% at 6months. Of patients with
undetectable non-trough drug levels at 3months, 71.4%
were ADAb-positive. At 6months, 63.6% of patients with
undetectable non-trough drug levels were ADAb-positive.
Patients with higher ADAb levels at 3months were more
likely to have higher ADAb levels at 6months [P<0.001
(b¼1.12, 95% CI 0.99, 1.22] with 4.8% of the cohort test-
ing positive at both time points.

Impact of clinical characteristics on ADAb
development

Patients with liver disease were more likely to be ADAb-
positive at 3months [P¼0.020 (OR¼ 16.00, 95% CI 1.56,
164.35)] and over 6months using GEE modelling [P¼0.036
(OR¼12.01, 95% CI 1.18, 122.39)] (Table 6). Patients who
had ever smoked were more likely to be ADAb-positive over
6months using GEE modelling [P¼ 0.030 (OR¼ 3.10, 95%
CI 1.12, 8.64)].

ADAb and drug levels

Being ADAb-positive at 3 and 6months was associated with
lower ADL levels at 3 [P<0.001 (b¼−6.50 , 95% CI −9.65,
−3.35)] and 6months [P< 0.001 (b¼−6.94, 95% CI −9.67,
−4.21)], respectively, and in GEE modelling across 6months
[P< 0.001 (b¼−6.58, 95% CI −8.43, −4.72)].

ADAb and response to therapy

Patients who were ADAb-positive at 3months had a de-
creased change in DAS28 at 6months [P¼0.038 (b¼−0.93,
95% CI −1.81, −0.05)] and change in DAS28 over
12months under GEE modelling [P¼0.042 (b¼−0.52, 95%
CI −1.03, −0.02)]. Patients who were ADAb-positive at
3months were less likely to be a PsARC responder at
3months [P¼0.045 (OR¼ 0.30, 95% CI 0.09, 0.98)] and
less likely to be a PsARC responder over 12months under
GEE modelling [P¼0.012 (OR¼0.34, 95% CI 0.14, 0.79)].
In a joint model of drug response, ADAb classification and

ADL non-trough drug levels were significantly associated
with DDAS28 at 3months (P¼ 0.035). To understand which
was most significantly associated, both ADAb and ADL lev-
els were fitted separately using backward elimination, with
ADL levels being most significantly associated with DDAS28
at 3months, as previously reported. ADL levels were not sig-
nificantly associated with PsARC at any time point or
DDAS28 over 12months, regardless of inclusion of ADAb
classification in the model.

ADAb and self-reported non-adherence

ADAb classification was not significantly associated with
self-reported non-adherence at any time point in univariate
or GEE analysis. Self-reported non-adherence was not signifi-
cantly associated with response at any time points in models
accounting for ADAb.

Prescription of csDMARDs in ADL patients

ADAb were tested in 125 ADL-treated patients, of whom
73.6% received csDMARD co-therapy pre-biologic
(Supplementary Table S7, available at Rheumatology
Advances in Practice online). MTX was the most prescribed
csDMARD (52%), with a median dose of 20mg (IQR: 15–
25mg), followed by SSZ (26.4%) and LEF (9.6%).

Table 5. Association between adalimumab and etanercept drug levels and response over 12months

Measure of response Response time point (months) TNF-i Drug level time point P-value Effect estimate (95% CI)

PsARC 3 ETN 3 0.015 OR¼1.37 (1.07, 1.77)
6 ETN 3 0.037 OR¼1.29 (1.02, 1.63)
12 ETN 3 0.015 OR¼1.45 (1.07, 1.94)
12 (GEE modelling) ETN GEE 0.026 OR¼1.19 (1.02, 1.38)

DDAS28 3 ADL 3 0.019 b¼0.05 (0.01, 0.09)

Significant P-values are shown in bold.
ADL: adalimumab; DDAS28: change in 28-joint DAS; ETN: etanercept; GEE: generalized estimating equation; OR: odds ratio; PsARC: PsA response criteria.

Table 6. Clinical characteristics associated with being anti-drug antibody-positive over 6months

ADAb time point Baseline characteristic P-value Effect estimate (95% CI)

3months Liver disease 0.020 OR¼ 16.00 (1.56, 164.35)
Over 6months (GEE modelling) Ever smoked 0.030 OR¼ 3.10 (1.12, 8.64)

Liver disease 0.036 OR¼ 12.01 (1.18, 122.39)

Significant P-values are shown in in bold.
ADAb: anti-drug antibody; GEE: generalized estimating equation; OR: odds ratio.

Response to adalimumab and etanercept in psoriatic arthritis 5



Prescriptions of HCQ (8%) and CSA (0.8%) were also
reported. In addition to their ADL prescription, 22.4% of
patients were prescribed at least two csDMARDs.

Prescription of csDMARDs and ADL ADAb status

No significant association was seen between whether a pa-
tient was on ADL monotherapy or csDMARD co-therapy
and ADAb status at either 3 [P¼0.245 (OR¼ 0.53, 95% CI
0.18, 1.54)] or 6months [P¼0.163 (OR¼0.40, 95% CI
0.11, 1.44)] via logistic regression or under GEE modelling
[P¼0.206 (OR¼ 0.55, 95% CI 0.22, 1.39)].

In separate logistic regression analysis for the use of indi-
vidual csDMARDs, MTX co-therapy was significantly asso-
ciated with being ADAb-negative at 3 [P¼0.008
(OR¼0.20, 95% CI 0.06, 0.66)] and 6months [P¼0.024
(OR¼0.32, 95% CI 0.07, 0.83)]. This result was supported
under GEE modelling [P¼ 0.003 (OR¼ 0.23, 95% CI 0.87,
0.60)]. No other csDMARDs were significantly associated
with ADAb status at any time point via logistic regression or
under GEE analysis. Neither the number of csDMARDs nor
MTX dose was associated with ADAb status at either 3 or
6months via logistic regression or under GEE analysis.

csDMARDs and response to therapy

There was no statistically significant association between
csDMARD co-therapy and PsARC response at either 3
[P¼0.748 (OR¼ 1.20, 95% CI 0.40, 3.56)] or 6months
[P¼0.823 (OR¼1.13, 95% CI 0.38, 3.43)] or using GEE
modelling [P¼ 0.845 (OR¼1.10, 95% CI 0.43, 2.77)].
There was also no significant association with DDAS28 at 3
[P¼0.481 (b¼0.18, 95% CI −0.33, 0.70)] or 6months
[P¼0.425 (b¼ 0.27, 95% CI −0.41, 0.95)] or using GEE
modelling [P¼0.361 (b¼ 0.22, 95% CI −0.25, 0.70)].

Discussion

In this large UK multicentre study exploring different meas-
ures of non-adherence and response to TNF-i treatment in
patients with PsA, we report that non-adherence is common;
self-reported non-adherence is poorly correlated with direct
measurements of drug level, but non-trough drug levels are
correlated better with clinical response measures.

The results support findings from previous publications,
reporting a high frequency of non-adherence for patients on
both ADL (36.7%) and ETN (51%) therapies by 12months
[13, 26]. Interestingly, non-adherence levels were higher in
patients prescribed ETN than ADL. One explanation is that
the increased injection frequency for patients prescribed ETN
compared with ADL might lead to a reluctance to administer
therapy, but this requires confirmation in studies designed to
explore reasons for non-adherence. Younger age, female sex,
longer disease duration and decreased baseline severity (ESR)
were associated with increased self-reported non-adherence
in this cohort. Increased TNF-i non-adherence rates in youn-
ger and female musculoskeletal patients have been described
previously, with the health belief model potentially explain-
ing increased non-adherence in younger patients [27–31].
Here, the perceived risk on health might be decreased in
younger, often healthier, patients, hence the importance of
taking preventative action (adherence) diminished.
Meanwhile, patients with chronic conditions might be less
likely to adhere to therapies over an extended period, and
patients with lower disease severity at baseline might feel a

reduced necessity for the medication and be less likely to ad-
here with drug management.
In contrast to studies in RA, the present study did not find

a consistent association of self-reported non-adherence with
clinical response; self-reported non-adherence was signifi-
cantly associated with PsARC non-response only when col-
lected using the treatment questionnaire and over a 12-month
period [10]. One explanation is that the sample size tested
was less than that investigated in studies of RA, potentially
limiting the power to detect associations [10]. Another expla-
nation is that self-reported adherence questionnaires might
be influenced by bias, either owing to recall bias or patients
under-reporting non-adherence to meet expectations of clini-
cians. In support of bias as a possible reason for the lack of
association, we found poor correlation between self-reported
non-adherence and both ADL and ETN drug levels in this
study, regardless of ADAb status. These findings contradict
those reported in TNF-i-treated RA patients [24, 32]. It could
be argued that measurement of drug levels could be less reli-
able than self-reported measures in assessing non-adherence
because only non-trough drug levels were available. This
could lead to an increase in randomness, reducing the power
to detect potential associations; furthermore, it might reflect
the impact of white coat adherence, with patients improving
adherence before attending a clinic visit when their blood
sample was taken. However, in keeping with previous rheu-
matic studies, we showed that increased TNF-i levels and
ADAb status were significantly associated with better re-
sponse in this cohort [10–12, 14, 24, 32–35], suggesting that
it might be a better measure of non-adherence than self-
reported questionnaires. Interestingly, smoking was associ-
ated with ADAb status and drug levels. Further work is
needed to establish the full impact of smoking, and mean-
while clinicians should use interventions to encourage
patients to stop smoking, with the aim of optimizing drug
levels and response. In the present analysis, co-morbidities,
including increased BMI, asthma and liver disease, in addi-
tion to disease duration and severity at baseline, were associ-
ated with decreased drug response, decreased drug levels and
increased ADAb levels, as supported by previous rheumatic
disease studies [8, 14, 30, 36–38]. Of note, patients with liver
disease might be more likely to develop ADAb owing to
MTX being contraindicated in these individuals. These asso-
ciations highlight the importance of managing modifiable
factors and the identification of target groups for personal-
ized interventions, with the aim of improving patient drug re-
sponse and quality of life. Future prediction modelling,
prospective studies and health economics analysis will be re-
quired to determine whether monitoring drug levels and
ADAb status is clinically useful and how much of drug re-
sponse variance they account for.
Concerning the role of csDMARD co-therapy in immuno-

genicity in ADL patients, we found that csDMARD co-
therapy was common (>73%) in this cohort. Despite this, we
report that only those on MTX co-therapy showed a signifi-
cant association with decreased ADAb, with MTX reducing
the risk of ADL ADAb development by �80%. A lack of fur-
ther significant associations could be attributable to smaller
sample sizes of the other co-therapies leading to a reduction
in power; therefore, larger studies with increased power are
needed. A lack of association between overall csDMARD use
vs. ADL monotherapy and ADAb status could support the
findings that only MTX co-therapy decreases the presence of
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ADAb in these patients. A trend towards co-therapy with
csDMARDs and PsARC and DDAS28 response at all time
points suggests that further work in larger cohorts is required
to explore the impact of csDMARD co-therapy. The fre-
quency of ADAb development in PsA patients treated with
ADL is in keeping with previous publications [14–17, 35].
However, previous studies draw conflicting conclusions
about the effect of csDMARD co-therapy on ADAb produc-
tion in such patients [14, 15, 39]. A previous smaller study
reported a lack of association, highlighting the strength of the
larger cohort size in this study [14]. Conversely, two larger
studies, one of which focused on patients with psoriasis,
found that concomitant use of immunosuppressors, including
MTX, was associated with a reduction in detectable ADAb
[15, 39]. However, those studies did not investigate whether
different csDMARDs had differing effects. We also found
that a considerable number of TNF-i patients are co-
prescribed multiple additional csDMARDs, accounting for
>21% of ADL patients in this cohort. However, we found no
additional advantage of patients being prescribed more than
one csDMARD therapy in protecting against the develop-
ment of ADAb. Future validation of the role of MTX co-
therapy in the development and reversal of immunogenicity
and response in PsA is needed in larger cohorts, and the cost-
effectiveness should be established before routine co-
prescription of MTX with ADL in PsA patients is
recommended.

A strength of this study is the availability of well-
documented adherence information at multiple time points in
a large PsA cohort [14, 35]. We were also able to exclude a
large responder bias effect, whereby patients who are more
adherent might be more likely to return self-adherence ques-
tionnaires, because there was no difference in outcome meas-
ures identified between those who did and did not return the
self-report questionnaires. Given that more than one-third of
patients in this UK PsA cohort self-reported non-adherence to
their TNF-i therapy, this highlights an unmet need for opti-
mizing drug adherence and, subsequently, drug response in
these patients, and interventions to address modifiable fac-
tors, such as patients’ beliefs of drug necessity, might be use-
ful in this context.

A limitation of this study was that imputation of missing
response data was not implemented and, as such, the cohort
sizes were modest. Larger collaborative studies, using impu-
tation, are needed to increase the confidence in findings.
Importantly, given the increasing accessibility of cheaper bio-
similars, future studies might be able to recruit larger num-
bers of patients on biologic therapies more easily, allowing
the validation of results presented here. Furthermore, owing
to the heterogeneity reported in the presentation of PsA,
larger future cohorts should explore differences between sub-
types of PsA when conducting response studies. Although
ADL and ETN are the most frequently prescribed biologic
therapies for PsA, other biologics are available, and larger
PsA studies would also allow an exploration of response to
these therapies [6]. Additionally, unlike RA, PsA lacks well-
established measures of drug response [23]. Here, PsARC
and DAS28 were used, because these are measures commonly
used in the clinic. Furthermore, PsARC is currently the only
PsA-specific response criterion available, although it still pri-
oritizes joint phenotypes, and DAS28 is commonly used as a
measure of response in PsA and RA drug response studies
[10, 14]. Although the use of two commonly used measures

of response improves the generalizability of these results, it is
important to note that multiple PsA phenotypes, including
psoriasis and axial disease, are not well captured in these re-
sponse measures. Future work should prioritize the develop-
ment and universal adoption of a measure of response that is
reflective of all disease domains in PsA. This will aid the iden-
tification, validation and implementation of biomarkers of
response. There is no gold-standard method of measuring
self-reported non-adherence; however, both methods used in
this study have been used previously, including in immuno-
suppressed cohorts [10, 40]. Despite this, significant associa-
tions between self-reported non-adherence and response were
seen only when using the Treatment questionnaire, and not
the MARS5. This suggests discrepancies between question-
naires and the aspect of non-adherence that they are measur-
ing. Although we conducted a separate analysis on the effect
of five commonly prescribed csDMARDs on the presence of
ADAb, the numbers of patients on other csDMARD co-
therapies, and on different MTX doses, were small and lim-
ited the power to draw definitive conclusions. Identifying the
optimal MTX dose needed to prevent ADAb production in
future studies could aid disease management. Hence, larger
studies with a wider array of prescription patterns are re-
quired to determine whether other csDMARDs co-prescribed
with ADL are associated with a reduction in the presence
of ADAb.

Conclusion

In conclusion, we show that although both self-reported non-
adherence and drug levels are associated with ADL and ETN
response in PsA, objectively measured drug levels offer more
significant associations with drug response. Objectively mea-
sured drug levels could offer an interesting and modifiable
opportunity to improve drug response, but cost-effectiveness
studies are required to assess their full clinical utility.
Furthermore, modifiable factors, such as BMI, smoking, pres-
ence of multimorbidity and ADAb, should be taken into con-
sideration when aiming to optimize therapeutic response.
MTX might be useful in reducing immunogenicity in ADAb-
positive patients in an aim to improve drug response.
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