. eprints@whiterose.ac.uk
Whlte Rose https://eprints.whiterose.ac.uk

N
(@) Rresearch onii
N’ esearc niine Universities of Leeds, Sheffield and York

Deposited via The University of Leeds.

White Rose Research Online URL for this paper:
https://eprints.whiterose.ac.uk/id/eprint/221820/

Version: Accepted Version

Article:

James, L., Helliwell, P.S., Hensor, E. M. A. et al. (2025) Does tight control of disease
impede radiological progression? The radiographic outcomes of the TICOPA study. Journal
of Rheumatology, 52 (2). jrheum.2024-1035. ISSN: 0315-162X

https://doi.org/10.3899/jrheum.2024-1035

This item is protected by copyright. This is an author produced version of an article
published in The Journal of Rheumatology. Uploaded in accordance with the publisher's
self-archiving policy.

Reuse

Items deposited in White Rose Research Online are protected by copyright, with all rights reserved unless
indicated otherwise. They may be downloaded and/or printed for private study, or other acts as permitted by
national copyright laws. The publisher or other rights holders may allow further reproduction and re-use of
the full text version. This is indicated by the licence information on the White Rose Research Online record
for the item.

Takedown
If you consider content in White Rose Research Online to be in breach of UK law, please notify us by
emailing eprints@whiterose.ac.uk including the URL of the record and the reason for the withdrawal request.

ﬁ <&, | University of

UNIVERSITY OF LEEDS & Sheffleld



mailto:eprints@whiterose.ac.uk
https://doi.org/10.3899/jrheum.2024-1035
https://eprints.whiterose.ac.uk/id/eprint/221820/
https://eprints.whiterose.ac.uk/

Short running head
Radiographic outcomes from TICOPA
Full title of manuscript

Does tight control of disease impede radiological progression? The radiographic outcomes

of the TICOPA study
Authors

Lija James?, Philip S Helliwell?3, Elizabeth Hensor?3, Philip G Conaghan?3, Paul Emery?3,

Laura C Coates!.

tUniversity of Oxford, Nuffield Department of Orthopaedics, Rheumatology and
Musculoskeletal Sciences, Oxford. 2Leeds Institute of Rheumatic and Musculoskeletal
Medicine, University of Leeds, Leeds, UK. 3Leeds NIHR Musculoskeletal Biomedical Research

Unit, Leeds, UK.

Key Indexing Terms
Psoriatic arthritis; treat-to-target; radiographic damage / progression
Funding:

The TICOPA study was funded by the Arthritis Research UK and Pfizer. The research team
acknowledges the support of the National Institute for Health Research and the

Comprehensive Clinical Research Network in supporting this research.
Grant number
Arthritis Research UK (18825)

Pfizer

Page 1 of 15



Credentials

Dr Lija James BMBS MMedSc MRCP

Prof Philip S Helliwell MA PhD DM FRCP

Dr Elizabeth Hensor PhD

Prof Philip G Conaghan MBBS PhD FRACP FRCP

Prof Paul Emery MA MD MBBChir FRCP FRCPE FMedSci MACR CBE

Prof Laura C Coates MBChB, MRCP, PhD

Conflict of interest:

LJ: none

PSH reports advisory boards for Amgen and speaker fees for Novartis.

PGC reports advisory boards for Abbvie, Roche and Novartis and speaker fees for Abbvie,

Roche, Merck, Pfizer, and UCB.

PE reports clinical trials and provided expert advice to Abbott/Abbvie, Bristol Myers Squibb,
Pfizer, UCB, MSD, Roche, Novartis, Takeda and Lilly

EH: none

LCC has worked as a paid consultant for AbbVie, Amgen, Boehringer Ingelheim, Bristol
Myers Squibb, Celgene, Eli Lilly, Gilead, Galapagos, Janssen, Moonlake, Novartis, Pfizer and
UCB., LCC has received grants/research support from AbbVie, Amgen, Celgene, Eli Lilly,

Janssen, Novartis, Pfizer and UCB.

Corresponding author

Laura C Coates, Nuffield Department of Orthopaedics, Rheumatology and Musculoskeletal
Sciences (NDORMS), Botnar Research Centre, Windmill Road, Oxford, OX3 7HE, UK;
laura.coates@ndorms.ox.ac.uk ORCiD iD: 0000-0002-4756-663X

Page 2 of 15



Statement of ethics and consent:

Ethics committee approval was granted by Northern and Yorkshire Research Ethics

Committee (ref: 07/H0903/72). All patients were provided written informed consent.

Abstract

Objective

The Tight Control of Psoriatic Arthritis (TICOPA) study was the first to undertake treat-to-
target approach in PsA. Our aim was to further investigate the radiographic changes in the

TICOPA study.

Methods

The TICOPA trial recruited patients with early DMARD naive psoriatic arthritis (PsA). Plain
radiographs of the hands and feet were taken at weeks 0 and 48. Clinical outcomes were
recorded by a blinded assessor every 12 weeks. In post-hoc analysis, bootstrapped quantile
regression, adjusting for baseline values and minimisation factors, was used to compare
radiographic scores (modified van der Heijde-Sharp; mvdH-S) defined according to treatment

arm or disease activity states.

Results

Paired baseline and week 48 radiographs were available for 169/206 (82.0%) at week 48; 84
tight-control, 85 standard therapy. There was no difference in change in total mvdH-S score
median (IQR) seen with tight control compared to standard therapy [0.0 (-2.0, 0.5) vs 0.0 (-
2.0, 0.0); difference (95% Cl) 0.0 (0.0, 0.0)]. Median total mvdH-S score change was lower in
those achieving MDA, DAPSA remission and VLDA.
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The number of people with radiographic progression (a total erosion score of 22 at week 48)
was numerically lower in the tight control group (5/84 [5.9%] versus 12/85 [14.1%]).
Patients with radiographical progression presented with polyarticular disease, high C-

reactive protein and had poorer clinical outcomes at weeks 12 and 24.

Conclusion

These data confirm the benefit of achieving low disease activity states on subsequent
radiographic outcome but did not show a significant impact related to a tight-control

management approach.

Background:

Psoriatic arthritis (PsA) is a systemic inflammatory condition that presents with varying
levels of severity that can manifest in six distinct domains, including peripheral arthritis,

axial disease, enthesitis, dactylitis, and psoriatic skin and nail disease[1].

PsA in the peripheral joints can exhibit radiographic damage, including bone erosions, joint
space narrowing (JSN), periostitis, pencil-in-cup-like joint deformity, acro-osteolysis,
subluxation, and ankylosis. However, the extent and progression of this damage can vary
significantly between patients.[2] It is possible for radiographic damage to be present before
any physical symptoms, such as limited movement, deformities, and ankylosis [3].
Uncontrolled inflammation, particularly the number of active swollen and tender joints, has
been shown to accelerate radiological damage progression [4]. Radiological damage can

negatively impact patients’ physical function and lead to poor functional outcomes|2, 5].
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Identifying patients with PsA who suffer from destructive arthritis is crucial for effective
treatment measures. In 2016, the GRAPPA-OMERACT PsA working group advised that drug
evaluations in studies should include at least one measurement of structural damage, such

as through imaging.[6]

The modified van der Heijde-Sharp (mvdH-S) scoring method is commonly used to evaluate
radiographic changes in PsA[7]. Previous studies have shown that an increase in mvdH-S
score negatively affects functional outcomes, which is indicated by a higher score on the
Health Assessment Questionnaire (HAQ)[8]. This method meets many aspects of the
OMERACT filter, making it an important tool in the assessment of PsA[6] assessing both

erosion and JSN.

The Tight Control of PsA (TICOPA) study [9] was the first to address treat-to-target in PsA
using the minimal disease activity (MDA) criteria[10], confirming a benefit in terms of
minimising disease activity, normalisation of function, social participation and improve

health-related quality of life (HRQoL) [9].

Aim:

This report investigates whether treat-to-target or achieving low disease activity states

impacts on radiographic change/progression based on the TICOPA study results.
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Methods:

The TICOPA clinical trial was conducted across eight UK rheumatology secondary care
centres between May 2008 and March 2012. Ethics committee approval was granted by
Northern and Yorkshire Research Ethics Committee (ref: 07/H0903/72). It was a
randomised, controlled, parallel group, open label trial that recruited patients with early
treatment-naive PsA who were randomly assigned to tight control or standard care. The trial
is registered with ClinicalTrials.gov (NCT01106079); and with Current Controlled Trials
(ISRCTN 30147736). The complete protocol details can be found in the published paper.[9]

https://pubmed.ncbi.nlm.nih.gov/26433318/

The PsA disease activity was evaluated objectively using the following criteria: American
College of Rheumatology improvement scores of 20%, 50% and 70% (ACR20/50/70), Disease
Activity in Psoriatic Arthritis (DAPSA) remission and Minimal or Very Low Disease Activity
(MDA/VLDA) defined as meeting all seven of the MDA cut points at any at any given

time[10]. Clinical outcomes were documented by a blinded assessor.

The participants underwent radiographs of their hands and feet at weeks 0 and 48. These
radiographs were centrally read by two independent readers (PSH and LCC) using the mvdH-
S scoring method. The scores were determined by consensus between LCC and PSH. The
radiographic readers were blinded to all aspects, including treatment allocation,
demographics, outcomes, and the order of the X-rays. In a post-hoc analysis, bootstrapped

guantile regression was employed to compare changes in radiographic scores.
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Statistical analysis:

All statistical analyses were carried out in SAS version 9.2 and Stata V12.0. Adjusting for
baseline values and minimisation factors, bootstrapped quantile regression was used to
compare changes in radiographic scores defined according to treatment or disease states at
the 50th, 75th and 90th percentiles. The bootstrap method provides a simple way to create
confidence intervals in a small sample study[11]. Additionally, the method's estimations are

not required to rely on the underlying distributional assumptions[11].

Results:

The TICOPA study included 206 participants randomly assigned to either the tight control

(TC) (n=101, 49.0%) or standard care (StdC) (n=105, 51.0%) group. Of the TC participants,

87.6% (92) completed treatment and follow-up to week 48, which was comparable to the
percentage of StdC patients who did the same (87.6%, n=92). Additionally, 188 of the 206
patients (91.3%) met the CIASsification of Psoriatic ARthritis (CASPAR) criteria for PsA, and
the study population had similar baseline characteristics across both treatment arms

(Supplementary file 1).

Radiographs were available for 195 (94-7%) participants at baseline and 176 (85-:4%) at week
48; 169 (82.0%; 84 TC, 85 StdC) had both sets. In total, 25:1% of participants had erosive

disease and 84.6% JSN at baseline. The total mvdH-S scores (erosions + JSN) at baseline
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were low with an overall median (IQR) score of 8:0 (2:0, 16-0), predominantly due to JSN.
Table 1 shows that the total scores median (IQR) were similar at baseline in both treatment
arms. Both treatment arms experienced a slight increase in radiological damage at 48

weeks.

The impact of tight control vs standard care

At the median (50 percentile) there was no evidence of a difference in the change in
mvdH-S scores between the treatment arms at week 48 (p=1.000; Table 2), with median

change of zero in both arms (Table 1).

As there was no difference at the median, we also investigated differences at the 757 and
90t percentiles (Table 2). Using this analysis there was no difference in radiographic
progression between the two arms of the study. The differences in changes in erosion
scores were not clinically or statistically significant. The cumulative probability of total
mvDH-S score change, and erosion only change, between the two arms showed no

difference (Figures 1a and 1b).

Impact of clinical disease control

Regardless of allocated treatment group, achieving good clinical outcomes was associated

with lower radiographic progression. The cumulative probability of total mvdH-S score
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change was lower in those achieving MDA at 48 weeks (Figure 1c). This was consistent

across different disease activity measures (Table 2).

Characteristics of radiographic progressors in the TICOPA dataset

On evaluation of radiographic progression (defined as a total erosion score of 22), at week
48, 17/169 patients (10.1%) were found to have radiographic progression, representing
14.1% (12/85) of the StdC arm versus 5.9% (5/84) of the TC arm. When comparing those
with radiographic progression to those who did not, 82% were found to have polyarticular
disease, compared to 68%. Additionally, 77% (13 out of 17) of the patients with radiological
progression had nail disease, compared to 58% in the non-radiographic progression group.
Almost half of the radiographic progression group had dactylitis (47%, 8 out of 17) versus
28% in the non-radiographic progression group. The mean CRP at baseline in those with
radiographic progression was higher than that in those who did not (CRP 34 mg/L, CRP 17.5

mg/L, respectively).

The fifth metatarsophalangeal (MTP) joint was found to be the most commonly eroded joint
in the feet, followed by MTP 1 and MTP 2. In the hand joints, the second distal
interphalangeal (DIP) and second metacarpophalangeal (MCP) joints were the most
commonly affected. Male patients exhibited a higher likelihood of experiencing foot erosion
(71%) compared to female patients (29%), while hand erosion rates were equal between the

StdC and TC arm.
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Patients with radiological progression were less likely to show clinical improvement,
particularly at the 3- and 6-month timepoints (Supplementary File 2). By week 48, clinical
outcomes were similar in progressors vs non-progressors. At this time, of the 17 patients
showing radiographic progression, twelve continued on single DMARD therapy, three were
receiving combination DMARDs (methotrexate and sulfasalazine) and two were receiving

biologic DMARD therapy.

Discussion

The TICOPA study has confirmed that a treat-to-target strategy can be beneficial in clinical
outcomes for PsA patients, especially when implemented early to improve clinical
outcomes. During the study, individual radiographs of PsA patients were examined to
determine if tight disease control could affect radiographic outcomes in people with early
PsA (those with less than 2 years of symptom duration and no prior treatment). However, it
was found that radiographic progression did not vary between the groups, and tight control
had no impact on the erosion score. This could be attributed to the study's design, which
included a population with early milder disease (30% of participants had oligoarthritis), no

comparison with a placebo, and a step-up treatment protocol.

Comparisons at the 75th and 90th percentiles, i.e. at the upper distribution of the change

scores, representing those with the most progression, showed that reaching MDA, DAPSA
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remission, or VLDA is a strong indicator of the overall MvdH-S score at 48 weeks. Individuals
who accomplished these disease states had a lower total MvdH-S scores. In exploratory
analysis, it appeared that early achievement of good clinical outcomes such as MDA was
associated with less radiographic progression. The study found that those who had
radiographic progression had higher levels of CRP at the beginning and were less likely to
achieve good clinical outcomes at 12 and 24 weeks on treatment. This is in keeping with

other studies in PsA and other forms of inflammatory arthritis.

Complementing our data, low clinical activity or remission was associated with minimal
radiographic progression has been consistently reported in earlier studies[4, 12-14]. In
addition, there is evidence that biologics such as adalimumab effectively prevent
radiographic progression, independent of clinical activity control suggesting an added
benefit related to the biologic mechanism of action[15, 16]. This was also confirmed in trials
of golimumab[17]. In TICOPA, most individuals who experienced radiographic progression
(n=17) continued with single DMARD therapy which may explain their ongoing radiographic

progression. Due to the small sample size, drawing definitive conclusions is challenging.

This study assessed the radiological outcomes in the foot and ankle which are often
overlooked in clinical practice despite their potential for causing significant functional
problems. A higher percentage of male patients experienced foot erosions than female
patients, while radiological progression scores in both hands and feet remained similar.

Dactylitis is often linked with more erosive forms of PsA and can act as an early indicator of
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the disease[18]. The foot is the common site of dactylitis, with the fourth MTP joint being
the most affected joint[19]. The current study found that the fifth MTP joint is the most
commonly affected with joint erosions in the feet, while the second DIP and second MCP
joints are the most frequently affected in the hands. The findings were similar to the

recently published results from the SpARRO cohort study[20].

Limitations

This study has a few limitations in that it only analysed radiographs of hands and feet. Plain
radiographs may not accurately depict the extent of damage in patients with a complex 3D
structure, which is difficult to assess using a 2D imaging modality. Given the subjective
interpretation of radiographic changes, assessing radiographic progression might be prone
to measurement errors and variability. While this raises concerns about score reliability, the
reporters mitigated errors by independently scoring the radiographs while being blinded.
Furthermore, it may not reflect the radiographic damage in patients who had oligoarthritis
affecting large joints that are not included in the x-ray imaging. However, reassuringly, 3D
imaging in a sub-set of patients from the TICOPA trial also failed to demonstrate between

treatment group differences[21].

Another potential drawback is the limited duration of follow-up. However, newer drug trials
have confirmed the finding of limited progression of structural damage over a longer period
of follow-up. For instance, patients treated with tofacitinib for up to 5 years showed limited

progression of structural damage, with similar results found for both monotherapy and
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combination therapy for up to 3 years.[22] Similarly, a 10-year observational cohort study
demonstrated a slowing of radiographic progression following treatment with anti-TNF

treatment as measured by the mSvdHS[23].

Additionally, the mvdH-S score does not measure bone proliferation, which means that it
may not fully reflect the extent of structural damage[24]. Alternative PsA-specific scoring
methods include the Psoriatic Arthritis Ratingen score (PARS)[25]. PARS is a validated
framework based on the extent of joint-surface damage per joint, while also taking into

account bone pathology changes involving destruction and proliferation[2].

The study observed no significant difference in radiographic progression between the StdC
and TC groups. This outcome is not unexpected given that the participants were in the early
stages of the disease, and all underwent active treatment. Consistent with other studies,
this analysis indicated that maintaining low disease activity minimises radiographic damage
and progression. Nevertheless, it is important to interpret these results cautiously due to
the small number of people showing radiographic damage. To date, no comparable studies

on tight control have been conducted.

Acknowledgements:

Page 13 of 15



The TICOPA study was funded by the Arthritis Research UK (grant 18825) and Pfizer. The

research team acknowledges the support of the National Institute for Health Research and

the Comprehensive Clinical Research Network in supporting this research.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Helliwell, P.S. and W.J. Taylor, Classification and diagnostic criteria for psoriatic arthritis. Ann
Rheum Dis, 2005. 64 Suppl 2(Suppl 2): p. ii3-8.

Van Der Heijde, D., et al., Assessing structural damage progression in psoriatic arthritis and
its role as an outcome in research. Arthritis Research & Therapy, 2020. 22(1).

Siannis, F., Clinical and radiological damage in psoriatic arthritis. Annals of the Rheumatic
Diseases, 2006. 65(4): p. 478-481.

Bond, S.J., et al., Predictors for radiological damage in psoriatic arthritis: results from a single
centre. Ann Rheum Dis, 2007. 66(3): p. 370-6.

Belasco, J. and N. Wei, Psoriatic Arthritis: What is Happening at the Joint? Rheumatology and
Therapy, 2019. 6(3): p. 305-315.

Ogdie, A., et al., Defining Outcome Measures for Psoriatic Arthritis: A Report from the
GRAPPA-OMERACT Working Group. J Rheumatol, 2017. 44(5): p. 697-700.

van der Heijde, D., et al., Psoriatic arthritis imaging: a review of scoring methods. Ann
Rheum Dis, 2005. 64 Suppl 2(Suppl 2): p. ii61-4.

Kerschbaumer, A, et al., The effects of structural damage on functional disability in psoriatic
arthritis. Ann Rheum Dis, 2017. 76(12): p. 2038-2045.

Coates, L.C,, et al., Effect of tight control of inflammation in early psoriatic arthritis (TICOPA):
a UK multicentre, open-label, randomised controlled trial. The Lancet, 2015. 386(10012): p.
2489-2498.

Coates, L.C., J. Fransen, and P.S. Helliwell, Defining minimal disease activity in psoriatic
arthritis: a proposed objective target for treatment. Ann Rheum Dis, 2010. 69(1): p. 48-53.
Nikitina, L., R. Paidi, and F. Furuoka, Using bootstrapped quantile regression analysis for
small sample research in applied linguistics: Some methodological considerations. PLOS ONE,
2019. 14(1): p. e0210668.

Koc, G.H., et al., Determinants of radiographic progression in early psoriatic arthritis: insights
from a real-world cohort. RMD Open, 2024. 10(2).

Simon, P., et al., Swollen joint count in psoriatic arthritis is associated with progressive
radiological damage in hands and feet. Clin Exp Rheumatol, 2012. 30(1): p. 45-50.

Mease, P.J., et al., Earlier clinical response predicts low rates of radiographic progression in
biologic-naive patients with active psoriatic arthritis receiving guselkumab treatment. Clin
Rheumatol, 2024. 43(1): p. 241-249.

Landewe, R., et al., Inhibition of radiographic progression in psoriatic arthritis by
adalimumab independent of the control of clinical disease activity. Rheumatology (Oxford),
2019. 58(6): p. 1025-1033.

Gladman, D.D., et al., Risk factors for radiographic progression in psoriatic arthritis:
subanalysis of the randomized controlled trial ADEPT. Arthritis Research & Therapy, 2010.
12(3): p. R113.

Mease, P., et al., Inhibition of radiographic progression across levels of composite index-
defined disease activity in patients with active psoriatic arthritis treated with intravenous
golimumab: results from a phase-3, double-blind, placebo-controlled trial. Arthritis Research
& Therapy, 2020. 22(1).

Kaeley, G.S., et al., Dactylitis: A hallmark of psoriatic arthritis. Semin Arthritis Rheum, 2018.
48(2): p. 263-273.

Page 14 of 15



19.

20.

21.

22.

23.

24.

25.

Patience, A., P.S. Helliwell, and H.J. Siddle, Focussing on the foot in psoriatic arthritis:
pathology and management options. Expert Rev Clin Immunol, 2018. 14(1): p. 21-28.

Hen, O., et al., High prevalence of radiographic erosions in early, untreated PsA: results from
the SpPARRO cohort. RMD Open, 2024. 10(2).

Helliwell, P.S., et al., Comparing Psoriatic Arthritis Low-field Magnetic Resonance Imaging,
Ultrasound, and Clinical Outcomes: Data from the TICOPA Trial. ) Rheumatol, 2020. 47(9): p.
1338-1343.

van der Heijde, D., et al., Assessment of radiographic progression in patients with
rheumatoid arthritis treated with tofacitinib in long-term studies. Rheumatology (Oxford),
2021. 60(4): p. 1708-1716.

Allard, A., et al., Trajectory of radiographic change over a decade: the effect of transition
from conventional synthetic disease-modifying antirheumatic drugs to anti-tumour necrosis
factor in patients with psoriatic arthritis. Rheumatology (Oxford), 2019. 58(2): p. 269-273.
Paulus, H., et al., How to read radiographs according to the Sharp/van der Heijde method -
Discussion. Journal of Rheumatology, 2000. 27(1): p. 263-263.

Wassenberg, S., et al., A method to score radiographic change in psoriatic arthritis. Z
Rheumatol, 2001. 60(3): p. 156-66.

Page 15 of 15



