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A B S T R A C T   

Objectives: In the ULTIMATE study with an open label extension, we assessed the long-term effect of secukinumab 
at tissue level on synovitis and enthesitis, and across all psoriatic arthritis (PsA) manifestations, using both 
clinical evaluations and power Doppler ultrasonography (PDUS). 
Methods: This randomised, placebo-controlled, Phase 3 study (ULTIMATE) included biologic-naïve patients with 
PsA with active PDUS synovitis and clinical enthesitis, and inadequate response to conventional synthetic 
disease-modifying antirheumatic drugs. The study consisted of 3 treatment periods; in the first period (baseline 
to week 12) patients were randomised to receive subcutaneous secukinumab (150 mg or 300 mg according to 
severity of skin psoriasis) or placebo every week until week 4 and once every 4 weeks up to week 12. In the 
second period (weeks 12–24) all patients received open-label secukinumab with placebo patients switching to 
secukinumab (150 mg or 300 mg). The third period (weeks 24–52) was an extended open-label treatment period. 
The long-term responsiveness of the Global EULAR-OMERACT Synovitis Score (GLOESS), clinical enthesitis and 
global PDUS-detected enthesitis score (using two candidate definitions of activity) at patient level, together with 
clinical efficacy across key manifestations of PsA and safety were assessed. 
Results: Of the 166 patients enrolled, 144 completed week 52. A significant reduction in GLOESS was demon-
strated in the secukinumab group vs placebo at week 12, followed by a stable reduction of synovitis until week 52 

Trial registration. ClinicalTrials.gov, NCT02662985. Registered on 26 January 2016. 
* Corresponding author. 

E-mail address: mariaantonietta.dagostino@unicatt.it (M.A. D’Agostino).  

Contents lists available at ScienceDirect 

Seminars in Arthritis and Rheumatism 

journal homepage: www.elsevier.com/locate/semarthrit 

https://doi.org/10.1016/j.semarthrit.2023.152259    

mailto:mariaantonietta.dagostino@unicatt.it
www.sciencedirect.com/science/journal/00490172
https://www.elsevier.com/locate/semarthrit
https://doi.org/10.1016/j.semarthrit.2023.152259
https://doi.org/10.1016/j.semarthrit.2023.152259
https://doi.org/10.1016/j.semarthrit.2023.152259
http://crossmark.crossref.org/dialog/?doi=10.1016/j.semarthrit.2023.152259&domain=pdf
http://creativecommons.org/licenses/by/4.0/


Seminars in Arthritis and Rheumatism 63 (2023) 152259

2

in the secukinumab group while placebo switchers from week 12 reached a similar level of reduction at week 24 
with stability thereafter. Likewise, a significant reduction in the Spondyloarthritis Research Consortium of 
Canada (SPARCC) enthesitis index was shown in the secukinumab group vs placebo at week 12 with sustained 
improvement to week 52. Global OMERACT PDUS enthesitis scores were numerically lower in secukinumab vs 
placebo switchers in the first two treatment periods, with some stability in the third period in both groups. 
Improvements in clinical responses were also observed across all key domains of PsA up to week 52 in both 
treatment groups with no new or unexpected safety signals. 
Conclusions: ULTIMATE showed consistent improvements in clinically and ultrasound-assessed synovitis and 
enthesitis and sustained clinical efficacy through week 52 in patients with PsA treated with secukinumab and 
placebo switched to secukinumab.   

Background 

Psoriatic arthritis (PsA) is a chronic inflammatory disease of the 
joints leading to progressive damage of articular and periarticular 
structures, which can result in disability [1]. Synovitis is an important 
feature of PsA that impacts peripheral joints and may lead to structural 
damage and impairment of physical function [1]. Enthesitis, the 
inflammation of the insertion of tendons, ligaments, aponeurosis and 
capsules into the bone, is considered a pathological hallmark of PsA [2]. 

Power Doppler ultrasonography (PDUS), a combination of ultraso-
nography in B-mode and power Doppler (PD), permits visualisation of 
different forms of synovial and extrasynovial inflammation in PsA, such 
as synovitis, enthesitis, dactylitis, bursitis, and tenosynovitis, as well as 
structural lesions, such as bone proliferation and erosions [3–6]. The 
introduction of PD in addition to B-mode has provided greater details of 
synovial blood cell movements and increased sensitivity to low-volume 
and low-velocity blood flow at the microvascular level [7]. The Euro-
pean Alliance of Associations for Rheumatology (EULAR) and Group for 
Research and Assessment of Psoriasis and Psoriatic Arthritis (GRAPPA) 
have released treatment and management recommendations for pre-
dominant peripheral arthritis and entheseal disease in PsA that include 
ultrasound evaluation as an accepted method for detecting synovitis and 
enthesitis. 

EULAR and the Outcome Measures in Rheumatology (OMERACT) 
initiative have recently standardised the use of PDUS for detecting sy-
novitis and have developed a composite scoring system at joint and 
patient level, the global EULAR-OMERACT Synovitis Score (GLOESS), 
and have demonstrated its reliability, validity and feasibility to detect 
and score synovitis in rheumatoid arthritis and PsA [3,8]. PDUS is also a 
sensitive method for detecting enthesitis because it depicts the structural 
modifications and the increased vascularity of the enthesis once 
inflamed [9]. Within OMERACT, the development of a PDUS enthesitis 
score started with a Delphi exercise to define enthesitis and its core 
components [10]. The definitions include hypoechogenicity, thickening, 
and Doppler signal as signs of inflammation, as well as erosions, 
enthesophytes, calcifications, and cortical irregularities as signs of 
structural changes [11,12]. In addition, a PDUS scoring system for 
enthesitis for use in clinical studies has been developed [2]. 

Secukinumab, a fully human monoclonal antibody that inhibits 
interleukin (IL)-17A has demonstrated sustained efficacy and safety in 
patients with PsA up to 5 years and sustained inhibition of structural 
damage progression in PsA up to 3 years [13–15]. ULTIMATE 
(NCT02662985) was the first, large, randomised, double-blind, place-
bo-controlled, 52-week Phase 3 study that assessed the responsiveness of 
PDUS parameters to PsA treatment using GLOESS as the primary 
endpoint. It demonstrated that secukinumab rapidly and significantly 
decreased synovitis in PsA. All key secondary endpoints were also ach-
ieved, including the effect on clinical enthesitis as measured by the 
Spondyloarthritis Research Consortium of Canada (SPARCC) index, and 
the superior American College of Rheumatology (ACR) responses versus 
placebo at 12 weeks [8,16]. We report here the 52-week results of 
PDUS-assessed synovitis, clinical enthesitis, and of two “novel candi-
date” OMERACT enthesitis PDUS scores, as well as long-term clinical 
response across key manifestations of PsA. 

Methods 

Study design and patients 

ULTIMATE was a multicentre, randomised, double-blind, placebo- 
controlled, 52-week Phase 3 study, conducted across 37 sites in 17 
countries. Details of the study design have been published elsewhere 
[8]. The study consisted of 3 treatment periods (TPs) following a 
screening phase: treatment period 1 (TP1 from baseline to week 12) 
which was a double-blind, placebo-controlled phase where patients 
were either randomly assigned to placebo or secukinumab 150 mg or 
300 mg according to the severity of skin psoriasis; treatment period 2 
(TP2 from week 12 to week 24) which was an open-label phase where 
patients receiving placebo were switched to secukinumab similar to the 
initial secukinumab group who continued on the same dose, and; 
treatment period 3 (TP3 from week 24 to week 52) which was an 
optional open-label extension period. 

Detailed inclusion and exclusion criteria previously published [8] are 
provided in the Supplementary Appendix. The main inclusion criteria 
were adult patients with active PsA defined by at least 3 clinical tender 
joints and 3 swollen joints, active PDUS-detected synovitis according to 
a pre-defined cut-off, and at least one clinical enthesitis site, as defined 
by the SPARCC index. Importantly, there was no requirement for the 
presence of an active PDUS enthesitis. Patients had an inadequate 
response to conventional synthetic disease-modifying anti-rheumatic 
drugs (csDMARDs) and were naïve to biologic DMARDs. 

Patients could receive a stable dose of background rheumatic therapy 
during the first 24 weeks and adjustments of these treatments were 
allowed afterwards from weeks 24 to 52. 

Clinical evaluations 

A detailed physical examination of joints and entheses was per-
formed at each visit, blinded to the results of the other evaluations and of 
the responses to composite indexes. Clinical assessments across different 
manifestations of PsA were made on joints with ACR20/50/70 re-
sponses, on clinical enthesitis with SPARCC assessment, on dactylitis 
based on the Leeds Dactylitis Index (LDI), and on skin with the Psoriasis 
Area and Severity Index (PASI) score in patients with a psoriasis body 
surface area (BSA) ≥3%. All evaluations were performed from baseline 
to week 12 and in the open-label period of the study from week 12 to 
week 52. In addition, more stringent composite indices, i.e. disease ac-
tivity in PsA (DAPSA) remission, and DAPSA low disease activity (LDA), 
minimal disease activity (MDA), and very low disease activity (VLDA) 
were assessed at weeks 24 and 52. 

Safety assessments for the occurrence of adverse events (AEs), 
serious AEs (SAEs), and serious or other significant events were con-
ducted for the entire TP of up to 52 weeks. 

Details on clinical evaluations and of randomisation and drug 
administration are provided in the Supplementary Appendix. 

The study protocol and its amendments were reviewed and approved 
by the respective independent ethics committee or institutional review 
board of each participating centre. The study was conducted according 
to the International Council for Harmonisation (ICH) E6 Guideline for 
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Good Clinical Practice (GCP) that has its origin in the Declaration of 
Helsinki [17]. Written informed consent was obtained from all enrolled 
patients. Data were collected in accordance with the GCP guidelines by 
the study investigators and analysed by the study sponsor. 

Assessment of joints and enthesitis by ultrasound 

PDUS evaluation of synovitis and enthesitis was performed at 
screening, baseline and weeks 1, 2, 4, 8, 12, 16, 20, 24, 36, and 52. A 
total of 24 pairs of joints were evaluated bilaterally [8]. The presence of 
synovitis according to EULAR-OMERACT definition [8] was scored on a 
PDUS composite semi-quantitative scale (range 0–3) [3–6] at joint level 
and its core components: hypoechoic synovial hypertrophy (SH) and PD 
synovial signals at each visit. The GLOESS at patient level was calculated 
as the sum of each PDUS composite score for 24 pairs of joints examined, 
with a score range of 0–144. Further details on PDUS measures of sy-
novitis and grading of severity are provided in Supplementary Table 1 
and was reported in the primary manuscript [8]. 

Simultaneously, a total of 6 targeted pairs of entheses were examined 
bilaterally: common extensor tendon at the lateral humeral epicondyle 
insertion, quadriceps tendon at its insertion at the superior pole of the 
patella, patellar tendon at its proximal insertion at the inferior pole of 
the patella, patellar tendon at its distal insertion at the tibial tuberosity, 
Achilles tendon at its insertion at the calcaneus, and plantar aponeurosis 
at its insertion at the calcaneus. 

Each affected enthesis out of the 6 bilateral sites was scored in terms 
of inflammatory and morphological components according to the 
OMERACT enthesitis composite semi-quantitative scale (range 0–3). 
Two definitions of activity at site level were used to derive two 
OMERACT (PDUS) enthesitis scores (at patient level) for the first time in 
this study and are reported in Table 1. Definition 1 combines the rating 
of inflammatory abnormalities with B-mode (range 0–1) and inflam-
mation activity with PD signal (range 0–3); Definition 2 only uses the PD 
signal rating (range 0–3) [8,18]. The severity was graded with the help 
of an atlas, available in each centre that had examples of B-mode and PD 
grading for each examined enthesis site (Supplementary Table 2). 

The global OMERACT enthesitis score comprises the sum of each 
single abnormal site of the 6 bilateral targeted entheses, with a range of 
0–48 using Definition 1 and a range of 0–36 using Definition 2. The total 
time required for each PDUS assessment of joint inflammation and 
enthesitis in the study was recorded in the electronic case report form 
(eCRF) to evaluate the variability of time spent by ultrasonographers to 
assess multiple joints and enthesitis across the sites. 

All PDUS evaluations were performed at each site by an independent 
expert with more than 5 years of experience in musculoskeletal ultra-
sonography and who was blinded to clinical evaluation. To ensure ho-
mogeneity of PDUS synovitis and enthesitis scoring, all ultrasonography 
investigators were EULAR-certified and completed an extensive 2-day 
training session, including ultrasound examination of patients with 

PsA [8]. In addition, ultrasound settings were not changed during the 
study, standardised joint, enthesis, and probe positions were used, and 
software was not upgraded. Centres were advised to create a fixed study 
setting to be used at each evaluation. Moreover, the quality and the 
Doppler capability of the ultrasound machines were verified prior to 
confirming site participation in the trial according to previous ultra-
sound studies [19]. 

All images for enthesitis and synovitis were also recorded, anony-
mised, and sent for central reading for the first patient enrolled at each 
centre to allow a verification of the consistent scoring across sites. 
Training session and central reading of images collected from the first 
patient enrolled in each site were considered adequate to ensure a ho-
mogeneous rating across sites. High-resolution PDUS machines 
(ESAOTE, Acuson, Logic Series 9, 7 and enext GE, Siemens or other, such 
as Toshiba Xario 200, Toshiba Aplio [300, 400], Aloka Arietta V70, and 
Samsung HS60) with high frequency transducers in the range of 12–18 
MHz were used. B-mode and Doppler parameters were adjusted based 
on the device used (range of pulse repetition frequency 400–800 Hz; 
Doppler frequency 7–14.1 MHz). During follow-up, each patient was 
examined with the same PDUS machine. 

Statistical analysis 

The detailed primary analysis and key secondary analyses of the 
ULTIMATE study for the first 12 weeks have been published previously 
[8]. All efficacy analyses were performed based on the full analysis set 
that comprised all randomised patients to whom study treatment had 
been assigned. All safety analyses were performed based on the safety 
set which included all patients who took at least one dose of study 
treatment during the TP. 

Inferential efficacy comparisons between the secukinumab and pla-
cebo groups were limited to the first 12 weeks of treatment before any 
treatment switch. After week 12, only descriptive summaries were 
provided by treatment sequences, which represent the treatment com-
binations the subjects experienced over the course of the entire trial: 
secukinumab (150 mg and 300 mg groups combined) and placebo to 
secukinumab (150 mg and 300 mg groups combined). The between- 
treatment differences at week 12 were compared with a mixed-effect 
repeated measures model that included treatment regimen, centre, 
and analysis visit as factors and baseline weight and baseline score as 
continuous covariates. Treatment by analysis visit was also included as 
an interaction term in the model. 

All descriptive summaries of efficacy variables up to week 52 were 
presented as observed. Safety analyses included all patients who 
received at least one dose of study medication. AEs were reported as 
absolute frequencies during the placebo-controlled period. All statistical 
analyses were performed by Novartis with SAS version 9.3 or higher. 

Results 

Demographics and baseline disease characteristics 

Of the 166 patients randomised to secukinumab (N=83) or placebo 
(N=83), 144 patients completed 52 weeks (75 [90%] patients in the 
secukinumab group and 69 [83%] patients in the placebo to secukinu-
mab [placebo switchers] group). Details on patient disposition across 
the 3 treatment periods are provided on Supplementary Fig. 1. Seven 
patients (2 patients [2%] in the secukinumab group and 5 patients [6%] 
in the placebo switcher group) discontinued the study during TP3, 
mainly due to AEs (n=2, one in each treatment group) and patient/ 
guardian decisions (n=2, one in each treatment group). Discontinuation 
rates were higher during TP3 than TP2 mainly due to the COVID-19 
pandemic and not due to lack of treatment efficacy. 

The proportion of patients with at least one protocol deviation was 
41% in the secukinumab group and 39% in the placebo switcher group, 
with details presented in Supplementary Table 3. Ten patients (6%) 

Table 1 
OMERACT Definitions for PDUS enthesitis: at enthesis level and at patient level   

Definition 1 (activity and 
structure) 

Definition 2 
(activity only) 

OMERACT enthesitis score 
(at enthesis level) 

PD signal (range 0–3) + Grey 
Scale (B-mode, range 0–1) 

PD signal only 

Score range 0–4 0–3 
Global OMERACT 

enthesitis score (at 
patient level) 

Sum over 6 sites scored 
bilaterally 

Sum over 6 sites 
scored bilaterally 

Score range 0–48 0–36 

At each visit the inflammatory and structural components of all affected enthesis 
sites were scored. The sum of site scores comprises the global OMERACT 
enthesitis score at patient level. 
OMERACT, Outcome Measures in Rheumatology; PD, power Doppler; PDUS, 
power Doppler ultrasonography 
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received prohibited concomitant medication, of which 3 received an 
unstable and transient dose of non-steroidal anti-inflammatory drugs 
(NSAIDs) from week 16 to 20 (due to AE) and from week 20 to 24 
(patient decision). Overall, 24 patients (14%) in the entire TP had ≥1 
coronavirus disease 2019 (COVID-19) pandemic-related protocol devi-
ation (secukinumab group: 11 patients [13%]; placebo switcher group: 
13 patients [16%]), which was mainly due to lockdown/quarantine of 
patients due to the COVID-19 situation and drug supply issues. 

Demographics and baseline clinical characteristics have been 
described previously [8] and were comparable between treatment 
groups (Supplementary Table 4). The mean tender joint count was 13 in 
the secukinumab group and 15 in the placebo group; the mean swollen 
joint count was 10 in the secukinumab group and 9 in the placebo group. 
Furthermore, the mean GLOESS scores were 24 in the secukinumab 
group and 27 in the placebo group (Table 2). 

During the course of the trial, 59%, 43%, 22% and 13% of patients 
received NSAIDs, methotrexate, systemic corticosteroids and DMARDs, 
respectively. 

Efficacy on PDUS synovitis over time 

In TP1 the secukinumab group showed a significant decrease in 
PDUS synovitis versus placebo (GLOESS − 9 [0.9] versus − 6 [0.9], dif-
ference [95% CI]: − 3 [− 6; − 1]; one-sided P=0.004) as described pre-
viously [8]. In TP2 and TP3, PDUS synovitis remained stable up to week 
52 in the secukinumab group, while it continued to gradually decrease 
in the placebo switcher group to reach levels similar to those of the 
secukinumab group from week 24 onwards (Fig. 1A–1C, Supplementary 
Table 5). Among the two core components of GLOESS, PD signal showed 
smaller improvements than SH score throughout the trial. The distri-
bution of synovitis by grade of severity at joint level showed that met-
atarsophalangeal joints, wrist, knee, and metacarpophalangeal 1 and 2 
joints, which contributed to the severity at baseline, were the most 
responsive over time (Fig. 2). Clinical synovitis as assessed by swollen 
joint counts also improved from baseline to week 52 (Supplementary 
Table 6). 

Efficacy on clinical and PDUS enthesitis over time 

In TP1 the secukinumab group showed a significant decrease in 
clinical enthesitis versus placebo (SPARCC, − 2.2 [0.3] versus − 1.6 
[0.3], difference [95% CI]: − 0.7 [− 1.37, 0.04]; one-sided P=0.03). In 

TP2 enthesitis improved in both groups with the placebo switcher group 
catching up to reach levels similar to secukinumab; these levels were 
sustained in TP3 (Fig. 3). 

At baseline, compared to the mean number of clinical entheses (4 in 
both groups) the mean global PDUS enthesitis scores were lower for 
Definition 2 and imbalanced between the two treatment groups for 
Definition 1 (Table 2), reflecting the lack of an ultrasound-detected 
enthesitis inclusion criterion. In addition, more patients with clinical 
enthesitis met PDUS enthesitis Definition 1 (B-mode and PD signal 
combined) than Definition 2 (PD signal only): 88% secukinumab and 
73% placebo; versus 41% and 24%, respectively. At baseline, PDUS 
enthesitis (Definition 1) was frequently found at the quadriceps tendon 
insertion, Achilles tendon, and lateral epicondyle, consistent with clin-
ical findings (medial epicondyle also clinically affected but not assessed 
by ultrasound) (Fig.s 4 and 5). The distribution of PDUS enthesitis as per 
Definition 2 was consistent with that of Definition 1 (Fig. 4), but the 
prevalence was lower by this definition as some sites (especially the 
plantar fascia) were PD-negative. 

In TP1 the secukinumab group showed a trend for a greater decrease 
in PDUS enthesitis versus placebo (Fig. 6A and 6B). Differences between 
groups were more profound for Definition 1 than for Definition 2. In TP2 
PDUS enthesitis improved in both groups with the placebo switcher 
group catching up to reach levels similar to those of secukinumab; these 
levels were sustained in TP3, with some variability at the study end in 
the placebo switcher group related to a lower number of patients 
(Fig. 6A and 6B, Supplementary Table 7). The mean global OMERACT 
enthesitis scores were higher in Definition 1 than Definition 2 in both 
treatment groups at all timepoints (score >0; Supplementary Fig. 2A and 
2B). The most responsive enthesitis sites by PDUS were the lateral epi-
condyle, followed by the quadriceps tendon and patellar ligament 
(Fig. 5). 

No meaningful correlation was observed between global OMERACT 
enthesitis score and corresponding clinical enthesitis from total SPARCC 
scores with regards to change from baseline to week 24 (Supplementary 
Table 8). 

Other clinical efficacy assessments 

Sustained clinical improvements up to week 52 were observed in 
ACR responses (Supplementary Fig. 3), dactylitis as assessed by LDI 
resolution and in the PASI 90 response in both treatment groups up to 
week 52 (Supplementary Table 6). An increasing proportion of patients 
met LDA or remission according to MDA, DAPSA LDA+ remission or 
VLDA and DAPSA remission between weeks 24 and 52 in both the 
secukinumab and placebo switcher groups. 

No correlation was observed at any time point between changes from 
baseline in GLOESS versus any ACR core components. 

The safety profile of secukinumab in the current study was consistent 
with the known safety profile of secukinumab in previously published 
studies [13,20], with no new or unexpected safety signals (Supple-
mentary Table 9). The open label extension phase overlapped with the 
beginning of the COVID-19 pandemic and one patient died owing to 
COVID-19 while receiving secukinumab 150 mg. Two other patients had 
confirmed COVID-19 infection; the events were not considered related 
to the study drug, and both resolved. 

Discussion 

ULTIMATE study was the first international multicentre long-term 
study to document the responsiveness of PDUS on synovitis and on 
enthesitis in patients with PsA with inadequate response to csDMARDs 
starting treatment with secukinumab. It showed that the IL-17A inhi-
bition led to a rapid reduction of PDUS-detected synovitis (primary 
endpoint) through week 12 followed by a plateau effect up to week 52. A 
similar pattern was seen for the clinical enthesitis response (key sec-
ondary endpoint). Two new scoring systems have been proposed for the 

Table 2 
Baseline clinical and ultrasound synovitis and enthesitis  

Values, mean (SD) Secukinumab 
(N=83) 

Placebo 
(N=83) 

Total 
(N=166) 

Enthesitis    
Clinical (SPARCC index) n=83; 4 (3) n=81; 4 (3) n=164; 4 (3) 
PDUS Global OMERACT 
Definition 1 

n=73; 6 (5) n=61; 5 (3) n=134; 6 (4) 

PDUS Global OMERACT 
Definition 2 

n=34; 3 (3) n=20; 3 (2) n=54; 3 (3) 

Synovitis    
Tender joint count (out of 
78) 

n=83; 13 (8) n=83; 15 
(12) 

n=166; 14 
(10) 

Swollen joint count (out of 
76) 

n=83; 10 (8) n=83; 9 (9) n=166; 9 (8) 

GLOESS n=83; 24 (16) n=83; 27 
(17) 

n=166; 26 
(16) 

Synovial hypertrophy 
(SH) 

n=83; 24 (16) n=83; 27 
(17) 

n=166; 25 
(16) 

Power Doppler (PD) n=83; 8 (8) n=83; 7 (7) n=166; 7 (7) 

EULAR, European Alliance of Associations for Rheumatology; GLOESS, Global 
EULAR-OMERACT Synovitis Score; n, number of patients with complete 
assessment at baseline; OMERACT, Outcome Measures in Rheumatology; PDUS, 
power Doppler ultrasonography; SPARCC, Spondyloarthritis Research Con-
sortium of Canada 
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Fig. 1. Mean change from baseline in GLOESS by treatment up to week 52 (A), and its components synovial hypertrophy (B) and power Doppler (C) from baseline up 
to week 52. 
Data presented as observed. Open-label period from week 12 to 52 (shaded area). GLOESS using PDUS composite score of 24 paired joints. The range for the GLOESS 
score is 0-144. 
EULAR, European Alliance of Associations for Rheumatology; GLOESS, Global EULAR-OMERACT Synovitis Score; OMERACT, Outcome Measures in Rheumatology; 
PDUS, power Doppler ultrasonography. 
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evaluation of ultrasound detected enthesitis to explore enthesitis activ-
ity, which showed similar trends, but the low prevalence of PDUS- 
positive enthesitis at baseline precluded a full assessment of the value 
of these scores. These data complement earlier studies showing benefi-
cial effects of secukinumab on signs and symptoms of PsA and suggest 
that this treatment approach has the potential to control the inflam-
mation of joints and entheses in PsA. So far, only short-term effects of 
secukinumab in controlling synovitis were reported [8]. 

With respect to the PDUS synovitis response, a small decrease of 
synovitis was also observed in the placebo group over the first 12 weeks 
followed by a rapid reduction of synovitis, once placebo patients were 
switched to secukinumab similar to that of secukinumab group up to 
week 52 and was consistent with the long-term response on clinical 
synovitis observed in FUTURE 2 and FUTURE 5 studies [20,21]. The 
composite score incorporates both PD and SH measures of synovitis, 
evaluating changes in both activity and morphology of synovitis. Of 
interest, it was the SH score but not PD signal that contributed pre-
dominantly to responsiveness in this trial. This may be explained by the 
high number of large joints evaluated in the study, which usually show 
lower Doppler signal. The distribution of synovitis included selected 

small (feet and hands) and large joints (wrists and knees), which were 
mostly responsive to secukinumab over time, and which is consistent 
with observations from clinical practice. Since SH score and PD signal 
are expressions of the same imaging inflammatory process (i.e., syno-
vitis), it is worth remembering that the suppression of ultrasound sy-
novitis inflammation by secukinumab in the PSARTROS study was 
associated with no radiographic progression of the joints in patients with 
PsA over 24 weeks [12]. 

The usefulness of PDUS evaluation of enthesitis has been reported in 
patients with PsA [22]. However, this is the first study using the vali-
dated OMERACT PDUS enthesitis score that combines B-mode 
morphologic inflammatory abnormalities and PD abnormal vascular-
isation at bony insertions at the enthesitis level [2,10]. In addition, two 
novel candidate OMERACT PDUS enthesitis scores were derived at the 
patient level, based on different standardised definitions of activity (the 
first combining B-mode and PD, and the second focusing on PD alone). 
They demonstrated very good feasibility and numerical responsiveness, 
especially Definition 1, which covered a higher number of patients. 

The clinical response on enthesitis in patients treated by secukinu-
mab (150 mg and 300 mg) is consistent with the FUTURE 2 and FUTURE 

Fig. 2. Distribution of PDUS-detected synovitis by grade of severity over time. 
All placebo patients switched to active treatment at week 12. Lower patient numbers at week 52 due to delayed or missing efficacy assessments because of con-
founding effect of the COVID-19 pandemic. 
For each joint, sum of left and right side EULAR-OMERACT PDUS composite score is presented. Data for top nine pairs of joints with most frequently detected PDUS 
synovitis are presented here. 
EULAR, European Alliance of Associations for Rheumatology; OMERACT, Outcome Measures in Rheumatology; MCP, metacarpophalangeal; MTP, meta-
tarsophalangeal; PDUS, power Doppler ultrasonography. 
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5 studies, as well as the post hoc analysis of the EXCEED study, as 
assessed by Leeds Enthesitis Index and SPARCC [20,21,23]. Of note, the 
SPARCC clinical index and global OMERACT enthesitis scores are not 
correlated because they measure different aspects of enthesitis. The 
OMERACT PDUS enthesitis score measures inflammation based on 
morphological and functional tissue changes whereas the SPARCC index 
evaluates inflammation based on the clinical tenderness of the enthesis. 
Their effect size cannot be compared because of differences in number of 
enthesitis sites and ratings used in the two scores. Finally, our data 
showed that placebo responses in enthesitis indices can be substantial. 
This study illustrates the current challenges in assessing longitudinal 
responses in ultrasound enthesitis in PsA. In part, placebo responses may 
result from natural fluctuations in entheseal inflammation, which may 
be more pronounced than with synovitis and the potential effect of 
background therapy. On the other hand, placebo responses during the 
blinded 12-week phase were much higher for clinical response than for 
ultrasound enthesitis indices, indicating that ultrasound may also allow 
more objective assessment of enthesitis. 

The ULTIMATE trial showed a sustained clinical benefit of secuki-
numab treatment across multiple domains of the disease up to 52 weeks 
with numerically higher response rates than previously published long- 
term efficacy data of secukinumab in patients with PsA. This observation 
may be related to the more specific additional inclusion criteria such as 

PDUS active synovitis and the presence of at least one clinical enthesitis 
at baseline compared to the FUTURE 1 through FUTURE 5 trials, as well 
as by the tight clinical and ultrasound monitoring of these patients 
during the trial [13,15,20,21,24,25]. The safety profile of secukinumab 
was also consistent with previous studies on PsA [14,15] with no new or 
unexpected safety findings to 52 weeks. 

Some limitations related to the study design should be acknowl-
edged: pooling of the two secukinumab doses in the same treatment 
group, inferential efficacy comparisons between the secukinumab and 
placebo groups limited to the first 12 weeks (TP1), ultrasound and 
clinical efficacy outcomes assessed as exploratory endpoints beyond 
week 12, and increased drop-out rates in the open label extension period 
related to the COVID pandemic. 

In conclusion, the ULTIMATE study showed that IL-17A inhibition 
with secukinumab provided stable improvement of synovitis at tissue 
level and sustained clinical improvement in enthesitis up to week 52 in 
patients with PsA. PDUS-assessed enthesitis scores tended to be 
numerically improved with secukinumab and remained stable up to 
week 52. These results reinforce the evidence of responsiveness of in-
flammatory changes in joints and entheses in PsA clinical trials. 

Fig. 3. Mean change from baseline in SPARCC index clinical enthesitis score to week 52. 
Data presented as observed. Open-label period from week 12 to 52 (shaded area). The total score for the SPARCC index ranges from 0 to 16. 
SPARCC, Spondyloarthritis Research Consortium of Canada. 

Fig. 4. Baseline distribution of PDUS enthesitis (Definition 1 [A] and Definition 2 [B]) and clinical enthesitis (C) in the secukinumab group 
The numbers indicate the overall prevalence of enthesitis on either side (bilateral occurrence counted once). 
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Statement of clinical significance 

What was already known before the study was performed? 

Secukinumab, a human monoclonal antibody that directly inhibits 
interleukin 17A, has previously demonstrated sustained efficacy on 
signs and symptoms, inhibition of structural damage progression, and a 
favourable long-term safety profile in patients with psoriatic arthritis 
(PsA) over 5 years. However, little is known on its direct effect on sy-
novitis and enthesitis and the dynamics of such response measured by 
power Doppler ultrasound (PDUS). 

What does this study add? 

In PsA patients followed over 52 weeks, secukinumab led to stable 
improvement of clinical synovitis and enthesitis. In addition, PDUS 
confirmed improvements in synovitis at tissue-level, and numerical 
improvements in PDUS-detected enthesitis were observed. 
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