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ABSTRACT
Objectives  Psoriatic arthritis (PsA) phenotypes are 
typically defined by their clinical components, which may 
not reflect patients’ overlapping symptoms. This post hoc 
analysis aimed to identify hypothesis-free PsA phenotype 
clusters using machine learning to analyse data from the 
phase III DISCOVER-1/DISCOVER-2 clinical trials.
Methods  Pooled data from bio-naïve patients with active 
PsA receiving guselkumab 100 mg every 8/4 weeks were 
retrospectively analysed. Non-negative matrix factorisation 
was applied as an unsupervised machine learning 
technique to identify PsA phenotype clusters; baseline 
patient characteristics and clinical observations were input 
features. Minimal disease activity (MDA), disease activity 
index for psoriatic arthritis (DAPSA) low disease activity 
(LDA) and DAPSA remission at weeks 24 and 52 were 
evaluated.
Results  Eight clusters (n=661) were identified: cluster 
1 (feet dominant), cluster 2 (male, overweight, psoriasis 
dominant), cluster 3 (hand dominant), cluster 4 (dactylitis 
dominant), cluster 5 (enthesitis, large joints), cluster 6 
(enthesitis, small joints), cluster 7 (axial dominant) and 
cluster 8 (female, obese, large joints). At week 24, MDA 
response was highest in cluster 2 and lowest in clusters 
3, 5 and 6; at week 52, it was highest in cluster 2 and 
lowest in cluster 5. At weeks 24 and 52, DAPSA LDA 
and remission were highest in cluster 2 and lowest in 
clusters 4 and 6, respectively. All clusters improved with 
guselkumab treatment over 52 weeks.
Conclusions  Unsupervised machine learning identified 
eight PsA phenotype clusters with significant differences in 
demographics, clinical features and treatment responses. 
In the future, such data could help support individualised 
treatment decisions.

INTRODUCTION
Psoriatic arthritis (PsA) is a heterogeneous, 
chronic, progressive, immune-mediated 

inflammatory joint disease1 2 with an 
average global prevalence of approximately 
0.13%, although this could be as high as 
0.42%.3 4 Currently, PsA is considered based 
on the domains or clinical components of the 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Patterns of joint involvement in psoriatic arthritis 
(PsA) are difficult to define, largely due to the com-
plex and heterogeneous nature of the disease.

	⇒ Treatment selection is currently based on the individ-
ual domains or clinical components of the disease, 
as well as the related conditions and comorbidities, 
but this is of limited use in individualised medicine.

WHAT THIS STUDY ADDS
	⇒ This study demonstrates that it is possible to use 
machine learning analytics to identify PsA pheno-
type clusters that differ in their demographic and 
clinical characteristics.

	⇒ Using data from a phase III clinical trial programme 
evaluating guselkumab in a bio-naïve population of 
patients with PsA, eight phenotype clusters were 
identified.

	⇒ These could be clearly distinguished by patterns of 
involvement of joints, skin/nails, dactylitis, enthesitis 
and axial manifestations.

	⇒ Response to therapy also differed across clusters.
	⇒ These clusters also demonstrated some alignment 
with patients enrolled in real-world evidence studies.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ Our findings support the use of unsupervised ma-
chine learning for the identification of PsA phenotype 
clusters, which may help inform treatment choices.

	⇒ In this analysis, guselkumab, an interleukin-23 in-
hibitor, demonstrated efficacy across all clusters.
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disease, which is useful for classification and diagnosis, 
but may not reflect the whole spectrum and overlap of 
disease phenotypes.5 At disease onset, oligoarthritis is 
considered the most frequent joint pattern, although 
several other patterns have been identified.1 Muscu-
loskeletal involvement includes arthritis, enthesitis, 
dactylitis and axial involvement.1 Extra-articular manifes-
tations are common, particularly skin (psoriasis) and nail 
(eg, pitting, onycholysis) changes.1 Furthermore, comor-
bidities (eg, obesity, cardiovascular diseases, depression, 
anxiety) are frequent in patients with PsA.1 6–8

Several PsA therapies are available, including non-
steroidal anti-inflammatory drugs, conventional disease-
modifying anti-rheumatic drugs (DMARDs), biologic 
DMARDs and targeted synthetic DMARDs.1 9 However, 
PsA management is frequently associated with chal-
lenges, including lack of response to therapy or loss 
of response over time.2 10 The large spectrum of PsA 
phenotypes contributes to these challenges.10 Therefore, 
optimal clinical management of PsA requires a person-
alised approach to treatment, based on the specific clin-
ical manifestations in each individual patient, as well as 
related conditions and comorbidities.5

Guselkumab has high specificity and affinity for the 
p19 subunit of interleukin (IL)-23, the overexpression 
of which is a key driver of clinical features in PsA.2 The 
efficacy of guselkumab in improving symptoms of joint 
and skin disease and preventing structural damage 
progression and its safety versus placebo have been 
demonstrated at week 24 of the phase III COSMOS 
(NCT03796858),11 DISCOVER-1 (NCT03162796)12 and 
DISCOVER-2 (NCT03158285)13 clinical trials. Data are 
available through 1 year for COSMOS and DISCOVER-1 
and through 2 years for DISCOVER-2.2 11 12

We performed a post hoc analysis using unsupervised 
machine learning analytics14 to identify clusters of PsA 
phenotypes, which were defined according to patients’ 
clinical features and characteristics at baseline, using data 
from bio-naïve patients with PsA enrolled in DISCOV-
ER-1 and DISCOVER-2. For each phenotype cluster, the 
clinical response to guselkumab at week 24 and week 52 
was assessed.

METHODS
Data sources
The design and methods of DISCOVER-1 and DISCOV-
ER-2 are described in detail elsewhere.12 13 Briefly, 
DISCOVER-1 and DISCOVER-2 were randomised 
controlled trials in adults with active PsA despite standard 
treatment. Patients from DISCOVER-1 who had prior 
biological treatment with one or two tumour necrosis 
factor (TNF) inhibitors (approximately 30% of study 
participants)12 were excluded from this analysis. The 
combined inclusion criteria were: ≥3 swollen and ≥3 
tender joints, and C reactive protein (CRP) ≥0.3 mg/dL 
in DISCOVER-1; and ≥5 swollen and ≥5 tender joints, and 
CRP ≥0.6 mg/dL in DISCOVER-2.12 13 Presence of spon-
dylitis was assessed at enrolment, and spondylitis with 
peripheral disease was the primary presentation in ~35% 
of patients. This study retrospectively analysed pooled 
data from bio-naïve patients with active PsA treated with 
guselkumab 100 mg every 8 or 4 weeks.

Machine learning analytics
The main objective of this analysis was to use unsupervised 
machine learning to identify PsA phenotype clusters that 
could be differentiated in terms of demographic and clin-
ical features. Non-negative matrix factorisation (NMF) 
was applied to identify PsA phenotype clusters, with base-
line characteristics and baseline clinical observations as 
input features. NMF is a frequently used dimensionality 
reduction technique,15 whereby a matrix (M) comprising 
m rows and n columns decomposes into two non-negative 
matrices (U and N) of the original n columns by u clus-
ters and those same u clusters by the m original rows 
(figure 1).15 16 Mathematically, the following distance is 
minimised: 

‍
∥M − UN∥2

F =
∑
i,j

(
M − UN

)2
ij

‍
, whereby the F 

subscript denotes the Frobenius norm.
NMF was performed in Python, using the Frobenius 

distance as the beta divergence cost function. All avail-
able baseline variables were converted to a set of 115 
non-negative features in the range 0–1. Variables used 
to identify PsA phenotypes were: involved joint location, 
including the hand, wrist, elbow, shoulder, temporo-
mandibular joint, hip, knee, ankle and foot; number 

Figure 1  Non-negative matrix factorisation.
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of involved joints assessed using 68/66 tender joint 
count (TJC)/swollen joint count (SJC); skin involve-
ment assessed using Psoriasis Area and Severity Index 
(PASI) and psoriasis location (nail, scalp and hand and/
or foot); dactylitis assessed using digit count and total 
dactylitis score; and enthesitis of Achilles tendon inser-
tion (left/right), lateral epicondyle humerus (left/right) 
and medial femoral condyle (left/right). Baseline char-
acteristics were selected for feasibility of clustering and 
included: age group (<45, 45–65, >65 years), sex, body 
mass index (BMI) (<25, 25 to <30, ≥30 kg/m2), CRP 
(continuous), PsA duration (continuous), PsA subtype 
(arthritis mutilans, asymmetric peripheral arthritis, distal 
interphalangeal (DIP) joint involvement, polyarticular 
arthritis, spondylitis with peripheral arthritis), body 
surface area (BSA) (<3%, ≥3% to <10%, ≥10%), PASI 
and smoking status (past and current history). These 
variables were agreed prior to analysis.

Different numbers of PsA phenotype clusters were 
tested (four to eight). The optimal number of clusters, 
eight, was determined by assessing the clinical relevance 
and discriminatory ability for different cluster numbers; 
U and N matrices were calculated for these eight clus-
ters. As shown in figure 1, the N matrix is an m×8 matrix 
and gives the relative weight for each subject to the eight 
dimensions, while the U matrix gives the weight of each 
variable to the eight dimensions. Following the NMF clus-
tering method, patients were assigned automatically to 
the dominant cluster (ie, the column in matrix N where, 
for a given patient, the maximum value was calculated). 
Only baseline characteristics and disease features, not 
treatment response, were included in the clustering. 
Cluster homogeneity and heterogeneity were expressed 
as average distances.

Identified clusters were described according to their 
characteristics and clinical features, as well as achievement 
of stringent composite disease activity scores—minimal 
disease activity (MDA), disease activity index for psoriatic 
arthritis (DAPSA) low disease activity (LDA) and DAPSA 

remission—and lack of radiographic progression at week 
24 and week 52. Radiographic progression was assessed 
in DISCOVER-2 only, resulting in a smaller sample size.

Descriptive statistics were used to describe the clusters 
when evaluating MDA/DAPSA response.

Patient and public involvement
Patients and/or the public were not involved in the 
design, or conduct, or reporting, or dissemination plans 
of this research.

RESULTS
Phenotype clusters
The original dataset included 669 bio-naïve patients. After 
removing patients for whom one or more observed varia-
bles were missing, data were pooled from 661 patients, and 
8 distinct PsA phenotype clusters were identified (figure 2). 
Baseline characteristics of the eight PsA phenotype clusters 
are presented in table 1 and for the overall patient popula-
tion in online supplemental table 1.

Cluster 1
Cluster 1 was characterised by a high frequency of lower 
limb involvement (predominantly impacting the meta-
tarsophalangeal joints, ankles and knees) including 
enthesitis, particularly in the Achilles tendon. The 
proportion of patients with severe psoriasis was low (only 
36.7% had BSA >10%).

Cluster 2
Cluster 2 was characterised by high psoriasis skin involve-
ment, the highest proportion of overweight (not obese) 
patients (70.4% with BMI 25 to <30 kg/m2), the highest 
proportion of male patients (80.0%), high scalp (88.8%) 
and nail (74.4%) psoriasis involvement and an asym-
metric phenotype. The transverse tarsal joint was involved 
in 70% of patients.

Figure 2  Identified PsA phenotype clusters based on frequency of joint involvement and clinical features. BSA, body surface 
area; PsA, psoriatic arthritis; PsO, psoriasis.
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Cluster 3
Cluster 3 was characterised by higher disease burden in 
hands and wrists, particularly the metacarpophalangeal 
and proximal interphalangeal joints, but very low DIP 
joint involvement compared with most other clusters. 
The total joint counts were high because of the high 
rate of small joint involvement. There were low rates 
of enthesitis and moderate rates of dactylitis and more 
female than male patients in this cluster.

Cluster 4
Cluster 4, the smallest cluster, scored highly in all cate-
gories, indicating severe disease and high inflammatory 
burden; it was distinguished by the highest degree of 
dactylitis involvement, the second highest proportion of 
enthesitis involvement, the highest skin involvement, high 
joint counts and the highest inflammatory burden, along 
with the second highest proportion of male patients.

Cluster 5
Cluster 5 had the highest proportion of patients with base-
line enthesitis, particularly in the epicondyle humerus 
and femoral condyle, the highest proportion of female 
patients (64.9%), the lowest mean age (43.6 years) and 
the highest rate of large joint involvement. This cluster 
also had a high proportion of patients with no/mild 
psoriasis (BSA <3%), along with the longest disease dura-
tion of any cluster.

Cluster 6
Cluster 6 was characterised by a high level of small joint 
involvement in hands and feet, especially the DIP and 
interphalangeal joints, and a high rate of axial involve-
ment and baseline enthesitis (mostly medial epicondyle 
humerus) but low mean dactylitis score; nail involvement 
was also present (78.3%), and this cluster had the highest 
TJC-68.

Cluster 7
Cluster 7 was characterised by axial involvement 
confirmed by imaging at baseline (100% of patients had 
imaging-confirmed sacroiliitis), dactylitis in nearly half 
of patients and enthesitis in more than two-thirds of 
patients. This cluster contained the highest proportion 
of HLA-B27-positive patients (34.8%). Additionally, most 
patients had BSA ≥3% at baseline, which included 41.5% 
of patients with BSA ≥3% to <10%, indicating moderate 
disease, and 40.2% with BSA ≥10%, indicating severe 
disease. Compared with most other clusters, a larger 
proportion of patients were male. There were also low 
rates of small joint involvement, resulting in a relatively 
low TJC-68/SJC-66.

Cluster 8
Cluster 8 was characterised by high rates of extensive 
skin involvement, the highest proportion of patients with 
obesity (66.9% with BMI >30 kg/m2), low rates of small 
joint involvement and higher rates of large joint involve-
ment than other clusters (approximately 70% and 50% 

with knee and ankle involvement, respectively), resulting 
in low TJC-68/SJC-66. Additionally, there was a high 
proportion of female patients (61.3%), and most patients 
had BSA ≥3% at baseline (BSA ≥3% to <10%, 46.0%; BSA 
≥10%, 44.4%).

Treatment response
Minimal disease activity
Among all 661 bio-naïve patients treated with gusel-
kumab, 24.7% and 34.5% of patients achieved an MDA 
response at week 24 and week 52, respectively, with 
increases between the two timepoints in all clusters. This 
composite measure includes assessment of multiple PsA 
domains, including skin and enthesitis, and patient-
reported outcomes. At week 24, MDA response rates 
were highest in cluster 2 and lowest in clusters 3, 5 and 6. 
At week 52, MDA response rates were highest in cluster 2 
and lowest in cluster 5; clusters 7 and 8 had consistently 
high response rates at week 24 and week 52 (figure 3). 
Clusters 3 and 4 were characterised by low MDA response 
rates at week 24, which increased at week 52 (figure 3).

Responses for individual MDA domains were also 
assessed (online supplemental figure 1). In general, MDA 
thresholds for SJC, PASI and Leeds Enthesitis Index were 
achieved more frequently than those for TJC, Health 
Assessment Questionnaire Disability Index (HAQ-DI), 
pain visual analogue scale (VAS) and patient global VAS. 
Increases in the proportion of patients achieving MDA 
thresholds from week 24 to week 52 differed by cluster: 
cluster 4 had the largest increases and cluster 7 had the 
smallest increases, across most domains. Larger increases 
in HAQ-DI, pain VAS and patient global VAS from week 
24 to week 52 were seen in clusters 3 and 4 than in other 
clusters.

Disease activity index for psoriatic arthritis
Overall, DAPSA LDA response was achieved by 41.6% of 
patients at week 24 and 58.2% at week 52; 9.9% and 19.9% 
achieved DAPSA remission at week 24 and week 52, respec-
tively. Increased DAPSA response rates were observed across 
all clusters from week 24 to week 52. DAPSA responses 
followed a similar pattern to MDA, although some of the 
factors assessed in this composite score differ, as it focusses 
on joint counts, CRP and patient-reported outcomes. DAPSA 
LDA response and DAPSA remission rates at week 24 and 
week 52 were highest in cluster 2 and lowest in clusters 4 
and 6, respectively (figure 4). Clusters 3, 4 and 6 showed low 
DAPSA LDA response rates at week 24, which increased by 
26.5%, 17.3% and 16.1%, respectively, at week 52. The clus-
ters characterised by small joint involvement, clusters 1, 3, 4 
and 6, showed low DAPSA remission rates at week 24; these 
increased by 14.0%, 8.7%, 11.3% and 8.9%, respectively, at 
week 52.

Radiographic progression
Overall radiographic progression in DISCOVER-2 
was low, although clusters with more small joint 
involvement appeared to have greater progression 
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than those with low small joint involvement (online 
supplemental figure 2).

DISCUSSION
Unsupervised machine learning14 identified eight distinct 
PsA phenotype clusters showing significant differences in 
demographic and clinical features, including patterns of 
joint involvement, dactylitis, enthesitis, skin/nail mani-
festations and MDA and DAPSA response rates. MDA is a 
multidomain composite score that includes joint counts, 
patient pain and patient global assessment, and other 
domains such as skin and enthesitis,17 thereby providing 
a holistic overview of patient improvement; whereas 
DAPSA is a composite score focussing on joint counts, 
patient pain, patient global assessment and CRP.18 MDA 
and DAPSA are tools designed specifically for the assess-
ment of PsA; despite its focus on joints, DAPSA corre-
lates well with structural damage, physical function and 
patient perception.17 19 20 Evaluating both scores together 
provides a comprehensive overview of patient responses, 
and the similarity of MDA and DAPSA response rates 
across clusters indicates the consistency of this analysis 
method.

Despite different MDA and DAPSA response rates, 
guselkumab was effective across all clusters, with contin-
uous improvement through week 52. Clusters character-
ised by high skin involvement (clusters 2 and 8) showed 
strong responses by week 24, increasing through week 52. 
Importantly, these clusters had the highest proportions of 
overweight patients or patients with obesity, who typically 
have poor responses to TNF inhibitors.21 This finding is 

consistent with the results of the PsABIO study, a real-
world cohort including many overweight (BMI >27 kg/
m2) patients with PsA, in which patients with similar clin-
ical characteristics to the patients in this study demon-
strated improved joint-related measures with IL-12/23 
and TNF inhibitors, although responses to the latter were 
negatively influenced by higher BMI.21 Cluster 5, charac-
terised by enthesitis and large joints, had a lower rate of 
clinical response than clusters 2 and 8, and the baseline 
characteristics may indicate a low inflammatory burden, 
which is supported by the CRP level, rates of dactylitis, 
skin burden and SJC. This cluster also had the lowest 
rate of radiographic progression through week 24 and 
was among those with the lowest rates through week 52 
(online supplemental figure 2).

Clusters appeared to differ in their initial versus late 
responses to guselkumab, and greater differences were 
seen for clusters with small joint involvement (clusters 
3, 4 and 6), in which increasing therapy responses were 
seen from week 24 to week 52, particularly in achieving 
the MDA thresholds for SJC, PASI and patient-reported 
outcome domains. Furthermore, the increase in response 
rates over time for cluster 4, which had a high burden 
of inflammation and high rates of dactylitis, was consis-
tent with temporal patterns of improvement in dactylitis 
reported with other biologics.22–26 Taken together, these 
data may have relevance for clinical decision-making and 
require further analysis to clarify domains involved in 
response kinetics.

The response pattern in cluster 7 (axial dominant), 
confirmed by baseline imaging (previous radiograph or 

Figure 3  MDA response to guselkumab 100 mg (every 8 weeks and every 4 weeks pooled) at week 24 and increased at week 
52 across PsA phenotype clusters. MDA, minimal disease activity; PsA, psoriatic arthritis; PsO, psoriasis.
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MRI of sacroiliac joints, or pelvic radiograph at screening in 
DISCOVER-2), suggests that patients with axial involvement 
seem to respond strongly when using composite endpoints 
that include overall patient pain and patient global assess-
ment. Axial disease management is typically challenging, 
and an increased understanding of the pathophysiology and 
differentiation from ankylosing spondylitis is still needed. 
Prospective data on axial disease management are rare, 
currently limited to the MAXIMISE study (a limitation of 
which is use of ankylosing spondylitis disease measures as 

endpoints) and post hoc analyses, including those suggesting 
guselkumab may be effective at alleviating axial symptoms of 
PsA.27 28 The efficacy of guselkumab in the treatment of axial 
symptoms and inflammation in active PsA axial disease is 
currently under investigation in the STAR study.29

The use of machine learning to classify phenotypes is an 
expanding area of research, and differences in clustering 
between studies are to be expected due to differences in 
methodology and patient population, such as inclusion 
criteria and treatment prior to clinical trial enrolment. 

Figure 4  DAPSA LDA response (A) and DAPSA remission (B) with guselkumab 100 mg (every 8 weeks and every 4 weeks 
pooled) at week 24 and increased at week 52 across PsA phenotype clusters.* *Patients with missing data at week 52: cluster 
1, n=4; cluster 2, n=5; cluster 3, n=6; cluster 4, n=1; cluster 5, n=4; cluster 6, n=4; cluster 7, n=2; cluster 8, n=6. DAPSA, 
disease activity index for psoriatic arthritis; LDA, low disease activity; PsA, psoriatic arthritis; PsO, psoriasis.
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Importantly, characteristics of clusters from this analysis 
are consistent with real-world data, current literature and 
PsA pathophysiology. For example, the largest clusters, 
clusters 2 and 8, appear to reflect patient characteristics 
seen in clinical practice, as observed through similarities 
in joint counts, BMI and skin involvement, and similari-
ties with patient populations in the PsABIO study.21 There 
could be a potential link between cluster 3, which showed 
index finger predominance, and the research conducted 
by Tillett et al on frequent erosion in dominant joints30 
and by Helliwell et al in feet.31 Finally, the characteristics 
of cluster 6 (enthesitis, small joint involvement and nail 
psoriasis involvement in almost 80% of patients) can be 
linked back to PsA pathophysiology, where it has been 
hypothesised that nail psoriasis is related to enthesitis.32

Further confirmation of this cluster analysis in real-
life situations (eg, application to data from real-world 
evidence studies, such as PsABIO),21 could support with 
defining treatment strategies, such as intensified and 
comprehensive early treatment approaches.

One strength of this analysis is use of robust data from 
two large-scale clinical trials with well-documented base-
line characteristics. The analysis included only bio-naïve 
patients, resulting in a homogenous cohort, and response 
rates by cluster were consistent across multiple endpoints. 
Use of unsupervised machine learning provides an objec-
tive hypothesis-free method of classification without the 
bias of human interference.

However, this unsupervised technique and lack of 
defined number of clusters are also limitations of this 
study. We recognise this is a novel trend in research 
requiring further validation. We acknowledge the impor-
tance of physicians and patients being able to understand 
the applicability of these artificial intelligence methods 
and the caution needed in interpretation, particularly 
in clusters with low patient numbers.33 Additionally, it 
is widely accepted that patients in clinical trials are not 
necessarily representative of patients in clinical prac-
tice, and potentially relevant variables may not have 
been captured at enrolment. The inclusion criteria 
that required patients to have ≥3 swollen and ≥3 tender 
joints (DISCOVER-1) and ≥5 swollen and ≥5 tender 
joints (DISCOVER-2) results in these clusters excluding 
patients with PsA and low joint involvement or isolated 
axial disease.

Our study adds valuable information to the current 
understanding of patterns of joint involvement and 
therapy response in patients with PsA. It demonstrates 
that unsupervised machine learning may support the 
identification of PsA phenotype clusters differentiated by 
demographic and clinical features as well as MDA and 
DAPSA responses. Using this method, the IL-23 inhib-
itor guselkumab was shown to be effective across clusters, 
with continuous improvement through week 52. Given 
that optimal clinical management of PsA requires a 
personalised treatment approach based on each patient’s 
specific clinical manifestations, larger future studies 
could apply phenotype clusters to real-world cohorts to 

progress our understanding of disease heterogeneity in 
PsA and optimise individualised treatment selection.
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