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Abstract

Objectives. To delineate the impact of peripheral musculoskeletal manifestations on stratification of disease
phenotype and outcome in new-onset spondyloarthritis (SpA), using a prospective observational nationwide incep-
tion cohort, the BelGian Inflammatory Arthritis and spoNdylitis cohorT (Be-Giant).

Methods. Newly diagnosed adult SpA patients, fulfilling the Assessment of SpondyloArthritis International Society
(ASAS) criteria for axial or peripheral SpA, were included in Be-Giant and prospectively followed every six months.
Peripheral involvement (defined as arthritis, enthesitis and/or dactylitis) was determined in relation to clinically simi-
lar patient subsets at baseline and disease activity patterns during two-year follow-up, identified through K-means
cluster analysis and latent class growth analysis.

Results. From November 2010 to March 2020, 367 patients were enrolled in Be-Giant, of whom 162 (44%) had
peripheral manifestations. Two patient clusters [A, axial predominant (n=248) and B, peripheral predominant
(n=119)] were identified at diagnosis. Longitudinal analysis (n=115) revealed two trajectories of disease activity in
each cluster: one with persistently high disease activity over time (‘High’), the other rapidly evolving to low disease
activity (‘Low’). In cluster A patients, peripheral manifestations predisposed to the ‘High’ trajectory [odds ratio
(OR)=2.0, 95% CI: 1.3, 3.1, P = 0.001], despite more rapid initiation of biologics compared with patients without
peripheral manifestations (hazard ratio (HR) =2.1, 95% CI: 1.0, 4.4, P = 0.04 - Cox proportional-hazards model).
Conclusion. Peripheral musculoskeletal manifestations are major determinants of phenotypical diversity in new-
onset SpA. Intriguingly, stratification of axial SpA according to concomitant peripheral involvement identified an
endotype with an unfavorable outcome despite more prompt therapeutic intensification with biologics. These obser-
vations justify an endotype-tailored approach beyond current ASAS/EULAR management recommendations.
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Rheumatology key messages

o Cluster analysis divides the SpA spectrum in an axial or peripheral predominant phenotype at diagnosis.
o Longitudinal follow-up reveals two distinct patterns of disease activity in each cluster.
« Clinical clues (i.e. concomitant axial and peripheral disease) support endotype-based patient stratification.

Introduction

Spondyloarthritis  (SpA), a heterogeneous group of
chronic immune-mediated inflammatory conditions, rep-
resents a commonly encountered rheumatic disease
with potential impact on patients’ physical, emotional
and societal well-being [1]. The SpA concept covers
symptoms associated with spinal, joint and entheseal in-
flammation, besides extra-musculoskeletal manifesta-
tions such as acute anterior uveitis (AAU), psoriasis and
IBD [2].

The diagnostic and therapeutic approach in SpA has
previously been determined by prototypic diseases like
ankylosing spondylitis (AS) and PsA. However, in 2009,
the Assessment of SpondyloArthritis International
Society (ASAS) developed new classification criteria that
acknowledged SpA as a single condition, albeit with
predominant axial or peripheral symptomatology [3, 4].
Inherent to the concept of a disease spectrum, a con-
siderable overlap between axial and peripheral symp-
toms can be observed in a subgroup of patients. They
are currently classified as axial SpA (axSpA) with periph-
eral involvement, independent of the most disabling
symptom. A recent study revealed that half of the
patients who are classified as axSpA indeed show one
or more peripheral manifestations, contributing signifi-
cantly to the overall disease activity [5]. Whether this
impacts long-term outcomes is, however, poorly
studied. The failure to recognize these clinically import-
ant nuances could be due to the current—widely
adopted—binary classification. Notably, the ASAS clas-
sification co-exists with the ClASsification criteria for
PsA (CASPAR), with peripheral PsA being the most
studied peripheral SpA (pSpA) subtype [6].

Few studies have addressed the diagnostic and prog-
nostic value of peripheral manifestations, considering
the entire SpA spectrum. This study therefore aimed to
explore their prevalence in newly diagnosed SpA
patients, their contribution to baseline clinical phenotyp-
ing, and their predictive value in relation to trajectories
of disease activity and associated therapeutic implica-
tions during the first two years of follow-up.

Patients and methods
Study design

Clinical data originated from the Be-Giant (BelGian
Inflammatory Arthritis and spoNdylitis cohorT), a
Belgian multicentre prospective observational cohort of
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newly diagnosed SpA patients. From November 2010,
eligible patients were enrolled at the rheumatology out-
patient clinic of one academic and nine peripheral hos-
pitals no more than one year after the diagnosis. The
Be-Giant’s global objective consists of providing accur-
ate data on the epidemiology and disease course (clin-
ical and radiographic evolution) of newly diagnosed
SpA patients in Belgium since the introduction of the
ASAS classification criteria [3, 4], which facilitated early
diagnosis. Enrolment of new patients is still ongoing.

Adult patients with an expert opinion diagnosis of SpA
were consecutively included if they fulfilled the ASAS
classification criteria for axSpA or pSpA [3, 4]. Exclusion
criteria were previous exposure to biological disease-
modifying anti-rheumatic drugs (bDMARD, e.g. for
non-SpA indications such as psoriasis or IBD) and the
presence of syndesmophytes on spinal radiographs,
which was considered indicative of advanced axial dis-
ease. Experienced rheumatologists performed a com-
prehensive patient description at baseline, followed by a
systematic follow-up with six-month intervals.

All patients provided written informed consent. The
ethical review boards of Ghent University Hospital and
every participating center (ZNA Jan Palfijn Merksem,
ASZ Aalst, AZ Alma Eeklo, AZ Sint-Lucas Assebroek,
AZ-Sint Jan Brugge and AZ Maria Middelares Gent)
approved this study, which was executed according to
the Declaration of Helsinki and Good Clinical Practice
standards. Patients were not involved in the design or
the conduct of this study.

Clinical assessment

Data collected at baseline comprised demographics,
personal and family medical history, previous and con-
comitant medication (including the use of and response
to NSAIDs), alcohol use, smoking status, inflammatory
back pain (IBP) features and HLA B27 status. The treat-
ing rheumatologist documented peripheral manifesta-
tions (defined as arthritis, enthesitis or dactylitis) only in
case of sufficient clinical and/or imaging evidence at the
baseline visit or at an earlier time point. Enthesitis in par-
ticular was an expert opinion diagnosis. Thus, pain eli-
cited by local pressure on a limited number of entheseal
sites as evaluated by the Maastricht AS Enthesitis Score
(MASES) was neither necessary nor sufficient [7]. By
convention, arthritis was documented in digits affected
by dactylitis. Diagnosis of present or prior extra-
musculoskeletal manifestations required the confirmation
by a respective specialist. Clinical examination com-
prised the assessment of weight (kg) and height (cm),
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linear Bath AS Metrology Index (BASMI), 78/76 tender
and swollen joint count (TJC/SJC), MASES + plantar fa-
scia and dactylitic digits. Patient reported outcomes
(PRO) consisted of the Bath AS Disease Activity Index
(BASDAI) and the Bath AS Functional Index (BASFI). The
patient’s and physician’s global assessment of disease
activity (PGA and PhGA) and the patient’s pain scores
were assessed on a numeric rating scale (0-10). Finally,
ESR (mm/h) and CRP (mg/l) were recorded, and the AS
Disease Activity Score (ASDAS) was determined [8-10].
At follow-up visits, patients were systematically ques-
tioned about axial, peripheral or extra-musculoskeletal
symptoms besides therapeutic modifications in the previ-
ous six months. Baseline clinical examination, PRO and la-
boratory investigations were consistently repeated.

Statistical analysis

Statistical analyses were performed using R (version
4.0.2) and RStudio. Continuous variables were com-
pared using the Student’s-T or Wilcoxon rank-sum test
in case of small and non-normally distributed variables.
Proportions were compared with the %2 or Fisher’s exact
test. Regarding the initiation of bDMARDs, patient
groups were compared by a time-to-event analysis
(survival analysis) whereby a Cox proportional-hazards
model estimated the effect of peripheral involvement on
bDMARD initiation. Statistical tests were two-sided;
P-values <0.05 were considered statistically significant.

Two multivariate approaches were applied to identify
and group SpA patients with similar profiles in terms of
clinical characteristics (at baseline) and evolution of dis-
ease activity (longitudinal analysis from baseline until
two years of follow-up).

Cluster analysis, an unsupervised classification
method that groups patients with similar characteris-
tics, relied on 15 baseline demographic and clinical
variables, congruent with the ASAS classification fea-
tures. A first step consisted of dimension reduction and
imputation of missing values using factor analysis for
mixed data (FAMD, R packages FactoMineR and
missMDA). In a second step, partition-based K-means
clustering was performed on the FAMD coordinates of
the individual observations. The optimal number of
clusters was chosen according to the ‘elbow method’,
the silhouette coefficient and the gap statistic [11].
Stability of the cluster configuration was verified by 100
bootstrap iterations, calculating the Jaccard similarity
coefficients between the original clusters and the most
similar ones obtained from the resampled data [12].
Jaccard coefficients >0.75 were considered to indicate
stable clusters.

Latent class growth analysis grouped patients with
shared trajectories of disease activity (i.e. latent classes)
during the first two years of follow-up (R package
lcmm). ASDAS-CRP was chosen as the dependent out-
come variable because it is a validated measure for dis-
ease activity, containing both an axial and peripheral
disease component besides an objective inflammatory
marker [8]. In contrast to the cluster-based approach at
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baseline, longitudinal patient trajectories were identified
according to a model-based approach, which has some
advantages over longitudinal clustering techniques such
as formal statistics to choose the optimal number of
classes and probability-based classification allowing to
generalize the results to a broader population [13]. One
to six classes were tested, each for three distinct poly-
nomial trajectory shapes: linear, quadratic and cubic.
Model parameters were based on maximum likelihood
estimation. Each model was run 100 times with varying
start values based on the 1-class model [14]. The opti-
mal model was chosen according to statistical fit and
clinical relevance. Baseline clinical characteristics were
compared between trajectories using binomial (logit)
regression.

Results
Baseline characteristics

On 1 March 2020, the Be-Giant cohort included 367
newly diagnosed SpA patients: 257 (70%) and 110
(80%), respectively, fulfilled the ASAS axSpA and pSpA
classification criteria. A total of 190 of 367 (52%) were
male with a mean (s.p.) age of 34 (10.9) years. Peripheral
manifestations were present at or prior to baseline in
162 of 367 (44%) patients. These comprised 52 of 257
(20%) axSpA classified patients and 110 pSpA classified
patients, among which 52 (47%) fulfiled the CASPAR
criteria for PsA. Among the 162 patients with peripheral
involvement, 143 had arthritis, 52 had enthesitis and 55
had dactylitis (Table 1). Only a minority of patients al-
ready presented with peripheral symptoms prior to the
SpA diagnosis [26 of 143 (18%) arthritis, 17 of 52 (33%)
enthesitis and 5 of 55 (9%) dactylitis] with a median [in-
ter-quartile range (IQR)] diagnostic delay of, respectively,
3 (1-12), 4 (1-22) and 2 (1-5) months. Clinical character-
istics of the entire cohort and different subtypes are
summarized respectively in Table 1 and Supplementary
Table S1, available at Rheumatology online.

Baseline cluster analysis

K-means cluster analysis was performed using the
baseline clinical features of all Be-Giant patients
(Supplementary Table S2, available at Rheumatology
online). Supplementary Fig. S1A and S1B (available at
Rheumatology online) show the results of the preliminary
FAMD analysis, providing imputation of missing values
in 44 of 367 (12%) patients and subsequent dimension
reduction. A configuration with two groups, named clus-
ter A (n=248) and cluster B (n=119), proved to be op-
timal in terms of minimizing the total within-cluster
variation and maximizing cluster stability with median
Jaccard coefficients >0.90 (Supplementary Fig. S1C-S1E,
available at Rheumatology online).

Cluster A mainly consisted of axSpA classified
patients [242 of 248 (98%)] while the majority of patients
in cluster B were classified as pSpA [104 of 119 (87%)]
(Fig. 1). Although patients with peripheral manifestations
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TaBLE 1 Baseline demographic and clinical characteristics of patients included in the Be-Giant cohort

All SpA patients (n = 367) Axial SpA (n = 257) Peripheral SpA (n = 110) P-value
Male 190 (51.8) 128 (49.8) 62 (56.4) 0.25
Age, years 34 (10.9) 32 (8.3 41 (13.3) <0.001
Caucasian ethnicity 349 (95.1) 243 (94.6) 106 (96.4) 0.46
Current alcohol use 302 (83.4) 21 3(83.9) 89 (82.4) 0.73
Current smoker 72 (19.9) 52 (20.5) 20 (18.5) 0.67
Symptom duration, months 4 (4-57) 27 (10-83) 2(1-9) <0.001
(median, IQR)
Disease duration, months 2.3 1.4 (2.4) 0.8(1.8) 0.005
HLA B27 positive 228 (64.4) 181 (70.7) 47 (48.0) <0.001
Family history of SpA? 140 (38.3) 99 (38.7) 41 (37.3) 0.80
Inflammatory back pain® 242 (65.9) 226 (87.9) 16 (14.5) <0.001
Any peripheral manifestation 162 (44.1) 52 (20.2) 110 (100.0) <0.001
(now/ever)
Arthritis 143 (39.0) 38(14.8) 105 (95.5) <0.001
Enthesitis 52 (14.2) 24 (9.3) 28 (25.5) <0.001
Dactylitis 55 (15.0) 5(1.9) 50 (45.5) <0.001
Any extra-musculoskeletal 116 (31.6) 63 (24.5) 53 (48.2) <0.001
manifestation (now/ever)
Psoriasis skin/nails 70(19.1) 23(8.9) 47 (42.7) <0.001
Acute anterior uveitis 33(9.0 31 (12.1) 2(1.8) 0.002
IBD 17 (4.6) 12 (4.7) 5(4.5) 0.96
BMI, kg/m? 24.6 (4.2) 24.3 (4.0) 25.1(4.4) 0.11
Linear BASMI 2.1(0.8) 2.1(0.8) 2.1(0.9) 0.99
MASES + plantar fascia 0(0-1) 0(0-1) 0(0-1) 0.48
(median, IQR)
TJC (median, IQR) 0(0-3) 0(0-0) 5 (2-8) <0.001
SJC (median, IQR) 0(0-1) 0(0-0) 3(1-5) <0.001
CRP, mg/I 10.6(18.9) 7.0(9.6) 19.1(29.7) <0.001
Elevated CRP (>5 mg/l) 159 (43.6) 98 (38.9) 61 (56.0) 0.002
ESR, mm/h 17(18.4) 13(11.9) 26(25.7) <0.001
ASDAS-CRP 2.8(1.0) 2.6(1.0) 3.1(1.1) <0.001
DAPSA - — 24 (13.1) -
BASDAI 4.5 (2.0) 4.3 (2.0) 4.9 (2.0) 0.008
BASFI 3.1(2.2) 2.8(2.1) 3.6(2.4) 0.003
PGA 5(2.9) 5(2.8) 6(2.8) <0.001
PhGA 5(2.6) 4(2.4) 6(2.3) <0.001
Patient pain 4(2.6) 4(2.6) 5(2.6) 0.01
NSAID use 267 (73.0) 187 (72.8) 80 (73.4) 0.90
NSAID index 1 month prior to 48 (43) 48 (43) 49 (41) 0.86
baseline
csDMARD use 24 (6.5) 8(3.1) 16 (14.5) <0.001
Radiographic sacroiliitis® 45(13.2) 43 (17.9) 2(2.0 <0.001
Positive MRI-SIJ° 233 (69.3) 215 (87.0) 18 (20.2) <0.001

Categorical variables are presented as n (%), continuous variables are presented as mean (s.p.) unless indicated otherwise.
P-values represent comparison of axSpA vs pSpA. ®Presence of ankylosing spondylitis, psoriasis, acute uveitis, reactive
arthritis or IBD in a first-degree or second-degree relative. PInflammatory back pain (IBP) according to the ASAS criteria,
history of IBP in case of pSpA. °Radiographic sacroiliitis according to modified New York criteria and a positive MRI-SIJ
according to the ASAS consensus definition as assessed by the local investigator. Data were missing for alcohol use
(n=5), smoking status (n=5), HLA B27 status (n=13), family history of SpA (n=1), BMI (h=17), BASMI (n=40), MASES
(n=9), CRP (n=2), ESR (n=230), ASDAS-CRP (n=23), BASDAI (n=14), BASFI (n=15), PGA (n=21), PhGA (n=6), NSAID
use (n=1), radiographic sacroiliitis (n=27), and positive MRI-SIJ (n=31). ASDAS: Ankylosing Spondylitis Disease Activity
Score; BASDAI: Bath Ankylosing Spondylitis Disease Activity Index; BASFI: Bath Ankylosing Spondylitis Functional Index;
BASMI: Bath Ankylosing Spondylitis Metrology Index; csDMARD: conventional synthetic disease modifying anti-rheumatic
drugs; DAPSA: Disease Activity in PsA; IQR: inter-quartile range; MASES: Maastricht Ankylosing Spondylitis Enthesitis
Score; PGA: patient global assessment; PhGA: physician global assessment; SIJ: sacroiliac joints; SJC: swollen joint count;
SpA: spondyloarthritis; TJC: tender joint count. Bold type indicates significance.
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Fic. 1 Cluster analysis on FAMD coordinates of individual patients included in the Be-Giant cohort
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were primarily allocated to cluster B [117 of 162 (72%)]
compared with cluster A [45 of 162 (28%)], 39 of 52
(75%) axSpA classified patients with peripheral involve-
ment were found in cluster A, as well as the majority of
IBP patients with peripheral symptoms [40 of 61 (66%)].
Besides IBP, other features typically associated with
axSpA such as HLA B27, AAU and sacroilitis were
more abundant in cluster A while psoriasis and older
age at symptom onset were more prevalent in cluster B
(Supplementary Table S3, available at Rheumatology on-
line). Indices of disease activity and functional impair-
ment were significantly higher in cluster B compared
with cluster A.

https://academic.oup.com/rheumatology

Longitudinal follow-up

Of the 367 patients included in Be-Giant, 195 (53%)
attained a follow-up of minimum two years and 115 (31%)
attended every follow-up visit. Longitudinal analysis was
based on the latter group. Excluded patients participated
in a phase lll clinical trial (n=60), were lost-to-follow-up
(n=46), did not reach two years of follow-up yet (n = 66)
or did not attend every follow-up visit (n=280). Sensitivity
analysis did not indicate clinically significant differences
between patients in- and excluded from longitudinal ana-
lysis (Supplementary Table S4, available at Rheumatology
online). ADSAS-CRP values were available from 110
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Fic. 2 Distribution of ASDAS-CRP over time across distinct trajectories in cluster A and cluster B
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(96%), 80 (70%), 79 (69%), 79 (69%) and 81 (70%)
patients at baseline, 6, 12, 18 and 24 months, respectively.

Longitudinal analysis identified two clinically relevant
trajectories of disease activity in cluster A and cluster B
(Supplementary Table S5, available at Rheumatology on-
line). In cluster A, the ‘High’ and the ‘Low’ trajectory rep-
resented respectively 34 (38%) and 55 (62%) of 89
patients. Baseline disease activity was high [ASDAS-
CRP 3.2 (1.1)] and remained relatively stable in the
‘High’ trajectory. Patients in the ‘Low’ trajectory started
at a lower level [ASDAS-CRP 2.0 (1.0)] that declined dur-
ing follow-up (Fig. 2). Patients in the ‘High’ trajectory
were less frequently male or HLA B27 positive, but were
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more often affected by peripheral manifestations, which
remained a significant predictor in multivariate analysis
[odds ratio (OR) = 2.4, 95% CI: 1.5, 3.8] (Table 2).
Moreover, bDMARDs [>95% TNF inhibitors (TNFi)] were
more promptly initiated in cluster A patients with periph-
eral manifestations compared with those without (hazard
ratio (HR) = 2.1, 95% CI: 1.0, 4.4, P = 0.04, adjusted
for csDMARD use). PGA, pain and function scores fol-
lowed a pattern largely comparable to ASDAS-CRP in
the ‘Low’ trajectory, whereas a slight decrease in these
outcomes could be observed in the ‘High’ trajectory
(Supplementary Fig. S2, available at Rheumatology
online).
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TaBLE 2 Baseline demographic and clinical characteristics across trajectory groups in cluster A and cluster B

Cluster A Cluster B
‘High’ n = 34 ‘Low’ n =55 OR (95% ClI) P-value ‘High’n=9 ‘Low’n=15 OR (95% CI)
Male 11 (32) 29 (53) 0.4 (0.3, 0.6) <0.001 3(33) 9 (60) 0.3(0.2,0.7) 0.005
Age, years 33 (11.0) 32(13.4) 1.0(0.9, 1.0) 0.13 50(11.6) 44 (18.0) 1.0(1.0,1.1) 0.02
Symptom dur- 27 (8-65) 39 (18-105) 1.0(1.0,1.1) 0.14 17 (7-18) 11 (5-35) 1.0(0.8,1.1) 0.60
ation, months
(median, IQR)
Inflammatory back 31(91) 52 (95) 0.6(0.3,1.2) 0.17 1(11) 2(13) 0.8 (0.3, 2.5) 0.72
pain
HLA B27 21 (64) 42 (76) 0.6 (0.4, 0.8) 0.004 2 (25) 4 (31) 0.8(0.3,1.8) 0.53
Peripheral 10 (30) 9 (16) 2.0(1.3,3.1) 0.001 9 (100) 15 (100) - -
manifestation
Arthritis 7 (21) 4(7) 3.7(2.1,6.4) <0.001 8 (88) 15 (100) - -
Enthesitis 4(12) 5(9) 1.4(0.8,2.4) 0.21 2(22) 3(20) 1.1(0.5,2.8) 0.77
Dactylitis 0(0) 0(0) — - 5 (55) 7 (47) 1.4 (0.7, 3.0) 0.35
PRO?
BASDAI 5.6(2.5) 3.4 (2.2 - - 5.9 (2.8) 4.4(2.5) - -
BASFI 4.3(2.3) 1.9(2.1) — - 5.6(2.5) 2.4(2.3) - -
ASDAS-CRP 3.2(1.1) 2.0(1.0 - - 3.6(1.2) 2.8(1.3) - -
PGA 7(3.0 4(3.4) - - 7(3.6) 5(3.4) - -
Pain score 6 (2.6) 3(2.8) - - 6 (3.6) 4 (2.8) - -
PhGA 5(3.0) 3(2.7) — - 7(2.4) 6(2.6) - -
Elevated CRP 12 (35) 12 (22) 1.4(0.8,2.3) 0.24 6 (66) 8 (53) 4.3(1.9,9.7) <0.001
Positive MRI-SIJ? 28 (85) 47 (87) 0.8 (0.5, 1.5) 0.52 2 (25) 4 (36) 0.4(0.2,1.0) 0.06
csDMARD 3(9 12 — - 7(77) 13(87) - -
initiation®
bDMARD 18 (53) 20 (36) — - 3(33) 4(27) - -
initiation®

Odds ratios (OR) are calculated for the ‘High’ disease activity trajectory, considering the ‘Low’ trajectory as a reference; P-values are given for the ORs. Categorical variables
are presented as n (%), continuous variables are presented as mean (s.n.) unless indicated otherwise. ®Patient-reported outcomes (PRO) were not included in the binomial logit
regression model as a potential predictor of trajectories because of risk of collinearity, because the trajectories are constructed based on ASDAS-CRP. PPositive magnetic res-
onance imaging of the sacroiliac joints according to the ASAS consensus definition as assessed by the local investigator. °cs/bDMARD initiation during two-year follow-up (not
a baseline feature). Data were missing in cluster A for HLA B27 status (n=1), BASDAI (n=1), BASFI (n=1), ASDAS-CRP (n=1), PGA (n=1), pain score (n=1), and ASAS posi-
tive MRI (n=3), and in cluster B for HLA B27 status (n=3), BASDAI (n=1), BASFI (n=1), ASDAS-CRP (n=1), PGA (n=1), pain score (n=1) and ASAS positive MRI (n=5).
ASDAS: Ankylosing Spondylitis Disease Activity Score; ASAS: Assessment of SpondyloArthritis international Society; BASDAI: Bath Ankylosing Spondylitis Disease Activity
Index; BASFI: Bath Ankylosing Spondylitis Functional Index; bDMARD: biological disease modifying anti-rheumatic drugs; csDMARD: conventional synthetic disease modifying
anti-rheumatic drugs; IQR: inter-quartile range; PGA: patient global assessment; PhGA: physician global assessment; SIJ: sacroiliac joints. Bold type indicates significance.
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In cluster B, the ‘High’ and the ‘Low’ trajectory repre-
sented, respectively, 9 (38%) and 15 (62%) of 24 patients
(Fig. 2). Similarly to cluster A, patients in the ‘High’ and
‘Low’ trajectory differed in baseline disease activity
[ASDAS-CRP 3.6 (1.2) vs 2.8 (1.3), P = 0.08], which
showed minor improvement in the ‘High’ trajectory but re-
markably decreased in the ‘Low’ trajectory. Patients in
the former group were older, less frequently male and
more often had elevated CRP (Table 2). Male sex (OR =
0.2, 95% CI: 0.1, 0.6) and elevated CRP (OR = 5.8, 95%
Cl: 2.2, 15.5) remained independently associated with the
‘High’ trajectory after multivariate adjustment. In the
‘High’ and the ‘Low’ trajectory, patterns of PGA, pain and
function scores were fluctuating over time respectively
comparable to ASDAS-CRP (Supplementary Fig. S2,
available at Rheumatology online).

Discussion

This prospective study is the first to comprehensively
describe the prevalence, clinical patterns and prognostic
implications of peripheral manifestations across the en-
tire SpA spectrum. It benefited from the unique design
of the Be-Giant cohort: longitudinal observation of well-
characterized, newly diagnosed SpA patients, irrespect-
ive of the predominant symptom or symptom duration.
Our study emphasized a marked heterogeneity within
SpA, identifying two phenotypical clusters at the initial
diagnosis with differential responses in longitudinal
follow-up. In particular, peripheral manifestations add to
the disease burden and appear to be a poor prognostic
factor in axSpA.

In the Be-Giant cohort, documented peripheral mani-
festations were present in 44% of patients at or prior to
diagnosis while 30% fulfilled the ASAS pSpA criteria. A
similar pSpA proportion was found in the ESPeranza co-
hort (23%), one of the few cohort studies that equally
included early axSpA and pSpA patients [15]. In Be-
Giant patients classified as axSpA, only 20% had per-
ipheral manifestations: 15% arthritis, 9% enthesitis and
2% dactylitis. These rates are comparable to the
SPACE cohort but largely deviate from the GESPIC co-
hort (18-41% peripheral arthritis, 25-44% enthesitis and
3-4% dactylitis in recent onset non-radiographic axSpA)
[16, 17] and the DESIR cohort (55% arthritis—including
arthralgia—and 48% enthesiopathy in patients with early
IBP classified as axSpA) [18]. The wide range of esti-
mates regarding peripheral involvement in axSpA may
have several reasons, besides the intrinsic differences in
design between the aforementioned cohorts. First and
foremost, various definitions of arthritis and enthesitis
and possible incorrect patient recall of past symptoms
complicate comparison. In this respect, the Be-Giant
investigators adopted stringent criteria to prevent over-
diagnosis, i.e. excluding arthralgia without evidence of
joint swelling/inflammation and tender entheseal sites
without (imaging) evidence of true enthesitis. This ambi-
guity does not apply to dactylitis, which is generally a
clear clinical feature. Alternatively, a varying prevalence
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of peripheral manifestations may be attributed to differ-
ent genetic susceptibility accounting for geographical
variation [19]. This hypothesis is, however, unlikely be-
cause most studies report on Caucasian populations in
Europe. Finally, peripheral involvement may be limited in
Be-Giant axSpA patients because of their early disease
stage (median symptom duration of 27 months). These
patients might have had less time to accumulate periph-
eral manifestations. However, studies comparing early
and advanced axSpA did not reveal a significant in-
crease of peripheral manifestations in more long-
standing disease [20, 21].

Through the use of cluster analysis on baseline patient
characteristics, we identified two major SpA phenotypes
with a predominant axial (cluster A) respectively periph-
eral clinical profile (cluster B). Patients with a mixed
phenotype (axial and peripheral disease) generally
shared more clinical features with patients in cluster A
compared with cluster B, and thus did not segregate
from the pure axSpA patients at baseline. While these
results independently confirm the binary classification
proposed by ASAS, they contrast to previous findings.
In particular, a separate cluster enriched in peripheral
manifestations was identified in a subset of IBP patients
suspect for axSpA (DESIR cohort) as well as in a recent-
onset chronic back pain cohort (SPACE) [22, 23]. These
apparent differences may be due to distinct cohort entry
criteria or the strikingly lower proportion of peripheral
disease in Be-Giant patients classified as axSpA. In line
with previous reports, peripheral involvement adds to
the disease burden, with phenotypes or clusters involv-
ing peripheral manifestations showing higher disease ac-
tivity compared with pure axSpA [5, 22, 24].

Analysis of disease activity patterns additionally
revealed important differences in long-term outcomes
within and between the clinical clusters identified at
baseline. In the axial predominant cluster (A), 62% of
patients followed a trajectory towards low disease activ-
ity (‘Low’ trajectory), which is consistent with other stud-
ies reporting on usual care [25]. More importantly,
peripheral manifestations were independently associated
with persistent high disease activity (‘High’ trajectory),
even though bDMARDs—the vast majority being TNFi—
were initiated twice as quickly in these patients com-
pared with those with pure axial disease. In other words,
despite more prompt therapeutic intensifications in SpA
patients with a mixed phenotype, clinically defined as
axial and peripheral disease, they do not respond ac-
cordingly. These clinical observations advocate strongly
for the presence of a distinct SpA endotype, based on
potentially different immunopathological mechanisms
and characterized by high disease activity at initial pres-
entation with lack of substantial improvement upon
follow-up. Accordingly, one may question the need for
other therapeutic strategies (i.e. bPDMARDs with distinct
modes of action) in this specific endotype. Its aberrant
longitudinal behaviour is probably insufficiently recog-
nized today because of baseline similarities with pure
axSpA, as demonstrated in the cluster analysis.

https://academic.oup.com/rheumatology
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In addition to this, patients in the peripheral predomin-
ant cluster (B) also showed differential responses during
follow-up. Higher baseline disease activity proved to be
a common feature in ‘High’ trajectory patients from both
clusters, independently driven by peripheral disease in
cluster A and elevated CRP in cluster B [26]. Moreover,
male sex was identified as a predictor for a more favor-
able outcome in both clusters, consistent with previous
findings [27].

Our study has several strengths. First, the Be-Giant
consortium adopted broad but clearly defined inclusion
criteria, resulting in a well-characterized patient cohort
that covers the entire SpA spectrum. Second, the set-
up closely reflected daily clinical practice because
patients were included from the diagnosis onwards and
therapeutic interventions were left at the discretion of
the treating rheumatologist. Third, enrolment in geo-
graphically spread academic and peripheral outpatient
clinics adequately represented the SpA population in
our country.

A limitation to this study would be the exclusion of
patients who were not adherent to follow-up, reducing
the sample size in the longitudinal analysis. Although
sensitivity analysis did not suggest major baseline differ-
ences between patients with complete or incomplete
follow-up, our main results indeed indicate a potential
different trajectory of patient populations with similar
baseline profiles. In fact, patients’ non-adherence also
mirrors follow-up in routine clinical practice.

In conclusion, almost half of the newly diagnosed Be-
Giant patients presented with peripheral manifestations,
which determined baseline phenotypes and long-term
outcomes. Stratification of axial predominant patients
according to peripheral involvement permits the identifi-
cation of an endotype with an unfavourable outcome
after two-year follow-up, emphasizing its prognostic
value as well as the need for an endotype-tailored rather
than an ASDAS-driven therapeutic approach.
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