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Abstract

Background Radiographic progression and course of inflammation over 2 years in patients with non-radiographic
axial spondyloarthritis (nr-axSpA) from the phase 3, randomized, PREVENT study are reported here.

Methods In the PREVENT study, adult patients fulfilling the Assessment of SpondyloArthritis International Society
classification criteria for nr-axSpA with elevated CRP and/or MRl inflammation received secukinumab 150 mg or pla-
cebo. All patients received open-label secukinumab from week 52 onward. Sacroiliac (SI) joint and spinal radiographs
were scored using the modified New York (mNY) grading (total sacroiliitis score; range, 0-8) and modified Stoke Anky-
losing Spondylitis Spine Score (MSASSS; range, 0-72), respectively. Sl joint bone marrow edema (BME) was assessed
using the Berlin Active Inflammatory Lesions Scoring (0-24) and spinal MRI using the Berlin modification of the AS
spine MRI (ASspiMRY) scoring (0-69).

Results Overall, 78.9% (438/555) of patients completed week 104 of the study. Over 2 years, minimal changes
were observed in total radiographic Sl joint scores (mean [SD] change, — 0.04 [0.49] and 0.04 [0.36]) and mSASSS
scores (0.04 [0.47] and 0.07 [0.36]) in the secukinumab and placebo-secukinumab groups. Most of the patients
showed no structural progression (increase <smallest detectable change) in Sl joint score (87.7% and 85.6%) and
mMSASSS score (97.5% and 97.1%) in the secukinumab and placebo-secukinumab groups. Only 3.3% (n=7) and
2.9% (n=3) of patients in the secukinumab and placebo-secukinumab groups, respectively, who were mNY-
negative at baseline were scored as mNY-positive at week 104. Overall, 1.7% and 3.4% of patients with no syn-
desmophytes at baseline in the secukinumab and placebo-secukinumab group, respectively, developed > 1 new
syndesmophyte over 2 years. Reduction in Sl joint BME observed at week 16 with secukinumab (mean [SD], — 1.23
[2.81] vs —0.37 [1.90] with placebo) was sustained through week 104 (— 1.73 [3.49]). Spinal inflammation on

MRI was low at baseline (mean score, 0.82 and 1.07 in the secukinumab and placebo groups, respectively) and
remained low (mean score, 0.56 at week 104).

Conclusion Structural damage was low at baseline and most patients showed no radiographic progression in Sl
joints and spine over 2 years in the secukinumab and placebo-secukinumab groups. Secukinumab reduced Sl joint
inflammation, which was sustained over 2 years.
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Background

Axial spondyloarthritis (axSpA) is a chronic inflamma-
tory disease of the axial skeleton predominantly affecting
the spine and sacroiliac (SI) joints [1]. Based on the pres-
ence or absence of definite structural changes in the SI
joints on conventional radiographs, patients with axSpA
are classified into 2 subtypes [2]. Patients with radio-
graphic evidence of sacroiliitis fulfilling the modified
New York (mNY) criteria are classified as having radio-
graphic axSpA (r-axSpA, also known as ankylosing spon-
dylitis [AS]) whereas patients who do not meet the mNY
criteria but may show evidence of sacroiliitis on magnetic
resonance imaging (MRI) are classified as having non-
radiographic axSpA (nr-axSpA) [2-5]. Patients with nr-
axSpA have largely similar levels of disease activity, pain,
and health-related quality of life impairment as patients
with r-axSpA [6, 7]. It has been reported that about 10 to
40% of patients with nr-axSpA progress to r-axSpA over
a period of 2 to 10 years [8]. The key goals of the treat-
ment of axSpA include improving symptoms, decreasing
inflammation, improving function and quality of life, and
preventing irreversible skeletal damage, e.g., new bone
formation in the spine [9].

Secukinumab, a human monoclonal immunoglobu-
lin (IgG1) antibody that selectively neutralizes human
interleukin (IL)-17A, demonstrated rapid and sustained
improvement in the signs and symptoms of AS in long-
term treatment (up to 5 years) in the phase 3 MEASURE
studies [10-13]. PREVENT was the first randomized
placebo-controlled phase 3 study to evaluate the efficacy
and safety of secukinumab in patients with nr-axSpA
with objective signs of inflammation [14]. Secukinumab
improved signs and symptoms throughout the study
period. The primary endpoint of 40% improvement in the
Assessment of SpondyloArthritis International Society
(ASAS40) criteria was met [14]. Radiographic progres-
sion and the course of inflammation as assessed by con-
ventional radiographs and magnetic resonance imaging
(MRI) of SI joint and spine, over 2 years from the PRE-
VENT study, are reported here.

Methods

Study design and patients

Study design and eligibility criteria have been
reported previously in detail [14]. Briefly, PREVENT
(NCTO02696031) was a randomized, double-blind,

placebo-controlled, phase 3 study in patients with
nr-axSpA (Additional file 1: Fig. S1). Adult patients
(aged > 18) with a clinical diagnosis of nr-axSpA who met
the ASAS classification criteria for axSpA and had objec-
tive signs of inflammation (MRI with SI joint inflamma-
tion and/or high-sensitivity C-reactive protein levels
greater than the upper limit of normal) were included.
Patients with radiographic evidence of sacroiliitis accord-
ing to the mNY criteria as assessed centrally at screen-
ing (single read for eligibility) were excluded. Eligible
patients were randomized (1:1:1) to receive subcutane-
ous secukinumab 150 mg with a loading dose, 150 mg
without a loading dose, or placebo at baseline and weeks
1, 2, and 3, followed by monthly dosing starting at week
4. The secukinumab 150 mg non-loading dose group
received placebo at weeks 1, 2, and 3 to maintain blind-
ing. In case of inadequate response (based on clinical
judgment of disease activity by the investigator and the
patient), patients were allowed to be switched to open-
label secukinumab or standard of care after week 20. All
patients (except those who switched to standard of care)
received open-label secukinumab 150 mg starting at
week 52.

The study was conducted in accordance with the Good
Clinical Practice guidelines and the Declaration of Hel-
sinki and was approved by institutional review boards
or independent ethics committees at each participating
center. Written informed consent was obtained from all
enrolled patients.

Assessments

In this exploratory analysis, radiographic progression was
assessed by conventional radiography and the course of
inflammation by MRI, of SI joints and spine, over 2 years.
Radiographs of the spine and SI joints were obtained at
baseline and at week 104. MRI images of the spine and
SI joints were obtained at baseline and weeks 16, 52, and
104.

Radiographs: Sl joint

SI joint radiographs were scored according to the mNY
grading method (grade 0: normal findings; grade 1: sus-
picious changes; grade 2: minimum abnormality with
some sclerosis, minimal erosion, no marked joint space
narrowing; grade 3: unequivocal abnormality—moderate
or advanced sacroiliitis with erosion, sclerosis, widening,
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narrowing, and/or partial joint fusion [ankylosis]; grade
4: severe abnormality [total ankylosis]) [5]. The total sac-
roiliitis score was computed as a sum of scores for the
left and right SI joints (range, 0-8). A mNY assessment
grade>2 bilaterally or>3 unilaterally was considered
mNY-positive. When 1 SI joint assessment grade was<3
and the other SI joint was not evaluable, the image was
considered not evaluable.

Radiographs: spine

Spinal radiographs were scored using the modified Stoke
AS Spine Score (mSASSS) [15]. The mSASSS scores each
vertebral unit 0 to 3 (0: no abnormality; 1: erosion, scle-
rosis, or squaring; 2: syndesmophyte; and 3: bridging
syndesmophyte) [16]. Total mSASSS ranges from 0 to 72.
The number of patients who developed new syndesmo-
phytes after 2 years was also evaluated. A syndesmophyte
was defined as a score of >2 for any individual verte-
bral corner within evaluable vertebral units. A new syn-
desmophyte was defined as an individual vertebral corner
with a score of 0 or 1 at screening that changed to a score
of 2 or 3 at week 104.

MRI: Sl joint

SI joint bone marrow edema (BME) was assessed accord-
ing to the Berlin Active Inflammatory Lesions Scoring
(0-24).

MRI: spine

Spinal MRI images were assessed for signs of inflamma-
tion using the Berlin modification of the AS spine MRI
(ASspiMRI) scoring (0-69) [17].

Reading of images

At the final reading session (week 104), all baseline and
post-baseline images were scored by 2 central independ-
ent and experienced readers who were blinded to treat-
ment assignment and image sequence. The cases with the
highest between-reader differences for change in score
from baseline were identified for adjudication review by
a third independent reader. Adjudication review was trig-
gered independently for the spine and SI joint and each
imaging modality. The top 5% of radiograph reads with
the highest difference in change of scores, the top 5% of
discrepant cases of total SI joint edema score, and the
top 10% of discrepant cases of total spine edema scores
were scored independently by a third reader. All data are
reported from the final reading session (all time points
up to week 104), which was independent from previous

Page 3 of 12

reading sessions (performed for eligibility assessment or
for primary results analysis) [14].

Statistical methods

The change from baseline in the total sacroiliitis score
and mSASSS score was calculated based on the aver-
age of scores assigned by 2 or 3 readers (if available) and
presented as a cumulative probability of change from
baseline. For binary variables (mNY criteria and syn-
desmophyte status), the analysis was carried out using a
single-reader approach or 2-reader agreement approach.
The single-reader approach considered a patient to be
mNY criteria-positive when assessed mNY-positive by
at least 1 reader. Correspondingly, if at least 1 reader
assessed a vertebral unit as 2 or 3, the patient was consid-
ered to have a syndesmophyte. The 2-reader agreement
approach considered a patient to be mNY criteria-posi-
tive or having a syndesmophyte when at least 2 readers
assessed the patient as such.

Inter-rater reliability was calculated by intraclass corre-
lation coefficient (ICC), based on 2 reading scores made
on the same subject by the primary readers. The smallest
detectable change (SDC) was calculated using the Bland—
Altman analysis at an 80% level of agreement (LoA) based
on the data from the 2 primary readers [18].

The full analysis set from week 104 database lock (final
reading campaign) was used for the analysis. Data from
the secukinumab loading and non-loading dose groups
were pooled for this imaging post hoc analysis. Data are
presented as observed.

For radiographs, data are presented according to their
original assignment at randomization with patients who
switched to standard of care included as originally ran-
domized and placebo patients who switched to secuki-
numab included in the placebo-secukinumab group.
Patients who switched from blinded to open-label secuki-
numab 150 mg were included and presented as originally
randomized (secukinumab group). For MRI, patients
originally randomized to placebo who switched to active
treatment were not included in the analysis. Patients ran-
domized to secukinumab 150 mg blinded who switched
to open-label secukinumab 150 mg were included and
presented as originally randomized.

Results

A total of 438 of the 555 patients (78.9%) completed week
104 of the study. Overall, 50.8% of the patients in the
loading dose group, 47.3% in the non-loading dose group,
and 64% in the placebo group switched to either open-
label secukinumab or standard of care (only 3 patients
switched to standard of care) between weeks 20 and 52.
Starting at week 52, all patients (except for 3 patients



Braun et al. Arthritis Research & Therapy (2023) 25:80

Table 1 Baseline imaging characteristics
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Variable Secukinumab 150 mg  Secukinumab 150 mg Secukinumab Placebo (n=186)
with loading (n=185) without loading pooled (n=369)
(n=184)
Radiographs
Total sacrailiitis score, mean (SD) (range, 0-8) 1.40 (147) 1.44 (1.50) 142 (1.48) 1.51(1.58)
mSASSS score, mean (SD) (range, 0-72) 0.80 (2.70) 0.75 (2.59) 0.77 (2.64) 0.84 (243)
Patients with syndesmophytes, n (%) 29(15.7) 33(17.9) 62 (16.8) 27 (14.7)
MRI
Sljoint bone marrow edema score, mean (SD) (0-24)  2.14 (3.52) 1.94 (3.39) 2.04 (3.45) 2.26 (3.69)
Spinal inflammation, Berlin score, mean (SD) (0-69) 0.78 (1.70) 0.86 (1.81) 0.82 (1.75) 1.07 (2.28)

All patients with baseline assessments are included

MRI magnetic resonance imaging, mSASSS modified Stoke Ankylosing Spondylitis Spine Score, SD standard deviation, S/ sacroiliac

who had switched to standard of care) received open-
label secukinumab 150 mg treatment. Thus, all patients
received secukinumab treatment for at least 1 year during
the 104-week study period. Demographic and baseline
disease characteristics were comparable across treatment
groups [14]. Table 1 shows the imaging baseline charac-
teristics in the patients.

Radiographs

Sacroiliac joints

A total of 277 patients (75.1%) in the pooled secukinumab
group and 139 (74.7%) in the placebo-secukinumab
group had SI joint radiographs evaluable for change in
total sacroiliitis score (i.e., had values available for both
baseline and week 104). The mean (standard deviation,
SD) baseline total sacroiliitis scores (range, 0-8) in the
secukinumab and placebo-secukinumab groups were
1.45 (1.53) and 1.47 (1.60), respectively. At week 104,
the scores were 1.41 (1.47) and 1.50 (1.61) in the secuki-
numab and placebo-secukinumab groups, respectively.
Thus, only minimal changes in total sacroiliitis scores
were observed over 2 years with a mean (SD) change
of —0.04 (0.49) in the secukinumab group and 0.04 (0.36)
in the placebo-secukinumab group at week 104.

Overall, 87.7% (243 of 277) of patients in the secuki-
numab group and 85.6% (119 of 139) of patients in the
placebo-secukinumab group showed no progression
in SI joint scoring by week 104. No progression was
defined as an increase in total sacroiliitis score <SDC,
which was 0.46 at an 80% LoA. Clinically meaning-
ful progression, defined as a total sacroiliitis score
increase of > 1, was observed in only 1.1% (3 of 277) of
patients in the secukinumab group and 2.2% (3 of 139)
of patients in the placebo-secukinumab group. None
of the patients had an increase of >2 in the total sac-
roiliitis score (Fig. 1). Overall, the number of patients
with clinically meaningful progression was too low to

determine if patients with definite SI joint inflamma-
tion on MRI at baseline (SI joint BME >2) were more
likely to have a total sacroiliitis score increase>1 over
2 years than those with lesser SI joint inflammation
on MRI (SI joint BME <2). ICC for inter-rater reliabil-
ity of paired total sacroiliitis score was 0.59 and 0.57
at screening and week 104, respectively, and ICC for
change from screening at week 104 was 0.29.

Patients whose screening SI joint radiographs ful-
filled the mNY criteria during the eligibility reading
session were excluded from participation in the study.
When screening radiographs of eligible patients were
scored alongside post-baseline images in the final read-
ing campaign, 24.5% of patients in either group (68 of
277 and 34 of 139 patients in the secukinumab and pla-
cebo-secukinumab groups, respectively) were evaluated
as mNY criteria-positive on radiographs obtained at
screening, by at least 1 reader. Of these patients, 16.2%
(11 of 68) in the secukinumab group and 14.7% (5 of 34)
in the placebo-secukinumab group were evaluated as
mNY-negative at week 104 (Table 2). Among patients
whose screening radiographs were mNY-negative,
96.7% (202 of 209) and 97.1% (102 of 105) of patients
in the secukinumab and placebo-secukinumab groups,
respectively, stayed negative through week 104. Only 7
patients (3.3%) in the secukinumab group and 3 (2.9%)
in the placebo-secukinumab group who were mNY-neg-
ative at baseline were scored as mNY-positive at week
104 (Table 2). Thus, in both treatment groups, fewer
patients progressed from mNY-negative to mNY-posi-
tive than had a change in the opposite direction (from
positive to negative) resulting in an overall negative net
progression. When the 2-reader agreement was con-
sidered, the rates of patients with baseline radiographs
scored as mNY-positive in the final reading campaign
were lower vs single-reader assessment (7.9% [22 of
277] in the secukinumab group and 12.9% [18 of 139]
in the placebo-secukinumab group vs 24.5% in either
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Fig. 1 Cumulative probability of change from baseline to week 104 in Sl joint total sacroiliitis score. Groups are presented as randomized
(patients who switched to standard of care or from placebo to active treatment are analyzed according to the original treatment assignment at
randomization). Green, yellow, and red lines represent the change from baseline in total sacrailiitis score of 0.46 (SDC), 1, and 2, respectively. SDC,
smallest detectable change; S|, sacroiliac

Table 2 mNY status at screening and at week 104

Screening Week 104
mNY-negative mNY-positive
Single-reader assessment® Secukinumab (N=277) mNY-negative, n=209 202/209 (96.7%) 7/209 (3.3%)
mNY-positive, n=68 11/68 (16.2%) 57/68 (83.8%)
Placebo-secukinumab (N=139) mNY-negative, n=105 102/105 (97.1%) 3/105 (2.9%)
mNY-positive, n=34 5/34 (14.7%) 29/34 (85.3%)
Two-reader agreementb Secukinumab (N=277) mNY-negative, n=255 252/255 (98.8%) 3/255 (1.2%)
mNY-positive, n=22 4/22 (18.2%) 18/22 (81.8%)
Placebo-secukinumab (N=139) mNY-negative, n=121 121/121 (100.0%) 0/121 (0.0%)
mNY-positive, n=18 4/18 (22.2%) 14/18 (77.8%)

Sljoint grade scoring was performed by 2 independent readers (or 3 if adjudicated) who were blinded to the image sequence and treatment assignment. Only
patients with both baseline and week 104 assessments are included

mNY modified New York, S/ sacroiliac
2 A patient was counted as mNY-positive if considered mNY-positive according to at least 1 reader

b A patient is counted as mNY-positive if considered mNY-positive according to at least 2 readers

group based on single reader assessment). The net to negative (18.2% [4 of 22] and 22.2% [4 of 18] in the
progression remained negative with a higher propor- secukinumab and placebo-secukinumab groups, respec-
tion of patients in either group changing from positive  tively) than those progressing from negative to positive
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(1.2% [3 of 255] and 0.0% [0 of 121] in secukinumab and
placebo-secukinumab groups, respectively) (Table 2).
This negative net progression likely reflects an inher-
ent variability of mNY criteria assessment rather than a
“healing” process.

Spine
A total of 280 patients in the pooled secukinumab group
and 136 in the placebo-secukinumab group had spine
radiographs evaluable for change in mSASSS score (i.e.,
had values available for both baseline and week 104). At
baseline, the mean (SD) mSASSS scores in the secuki-
numab and placebo-secukinumab groups were 0.68 (2.35)
and 0.81 (2.37), respectively. At week 104, the scores were
0.73 (2.49) and 0.88 (2.60) in the secukinumab and pla-
cebo-secukinumab groups, respectively. Thus, there was
a minimal change over 2 years with a mean (SD) change
of 0.04 (0.47) in the secukinumab group and 0.07 (0.36) in
the placebo-secukinumab group at week 104.

Overall, 97.5% (273 of 280) of patients in the secuki-
numab group and 97.1% (132 of 136) in the pla-
cebo-secukinumab group showed no structural
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progression over 2 years, when no progression was
defined as a change in total mSASSS score < SDC (which
was 0.76 at 80% LoA). An increase of>2 units in the
mSASSS total score was observed in 1.1% (3 of 280) of
patients in the secukinumab group and 0.7% (1 of 136)
in the placebo-secukinumab group. None of the patients
had an increase of >5 (Fig. 2). ICC for inter-rater reliabil-
ity of paired mSASSS score was 0.70 and 0.66 at screen-
ing and week 104, respectively. Due to the majority of
images indicating no change from screening to week 104,
the estimated covariance matrix for random effect was 0,
rendering the model unreliable. Therefore, the ICC for
change from screening was not meaningful.

When a syndesmophyte scored by at least 1 reader
was considered, most of the patients (84.6% [237 of 280]
in the secukinumab group and 86.0% [117 of 136] in the
placebo-secukinumab group) had no syndesmophytes
at baseline. Among these, 1.7% (4 of 237) in the secuki-
numab group and 3.4% (4 of 117) in the placebo-secuki-
numab group developed at least 1 new syndesmophyte
(at least 1 vertebral corner assigned a score of >2 by at
least 1 reader) over 2 years. On the other hand, among
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Fig. 2 Cumulative probability of change from baseline to week 104 in mSASSS total score. Groups are presented as randomized (patients who

switched to standard of care or from placebo to active treatment are analyzed according to the original treatment assignment at randomization).
Green, yellow, and red lines represent the change from baseline in total mSASSS score of 0.76 (SDC), 2, and 5, respectively. SDC, smallest detectable
change; mSASSS, modified Stoke Ankylosing Spondylitis Spine Score
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patients reported to have at least 1 syndesmophyte at
baseline (15.4% of patients [43 of 280] in the secukinumab
group and 14.0% of patients [19 of 136] in the placebo-
secukinumab group), a higher proportion of patients, i.e.,
20.9% (9 of 43) in the secukinumab group and 36.8% (7 of
19) in the placebo-secukinumab group, had developed at
least 1 new syndesmophyte by week 104. Also, irrespec-
tive of the treatment group, the majority of patients (79%
based on an assessment by a single reader) who had at
least 1 syndesmophyte at screening were mNY-negative
at baseline (Additional file 1: Table S1).

When the 2-reader agreement was considered, fewer
patients had syndesmophytes at baseline (4.6% [13 of
280] in the secukinumab group and 8.8% [12 of 136] in
the placebo-secukinumab group), and a lower propor-
tion of these patients developed new syndesmophytes
(15.4% [2 of 13] in the secukinumab group and 8.3% [1
of 12] in the placebo-secukinumab group) compared with
the single-reader assessment. Among patients without
syndesmophytes at baseline, only 1 patient (in the secuki-
numab group) had developed a syndesmophyte at week
104. Importantly, the proportion of patients who had a
syndesmophyte at baseline and were considered mNY-
negative was even higher when both evaluations required
a 2-reader agreement (88% vs 79% based on single reader
assessment) (Additional file 1: Table S1).

Overall population
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MRI

Sacroiliac joints

At week 16, the mean (SD) SI joint total edema score
decreased from baseline by 1.23 (2.81) in the secuki-
numab group vs 0.37 (1.90) in the placebo group. This
reduction in BME observed at week 16 was sustained
through week 104 (-1.49 [3.33] with secukinumab vs
—0.40 [2.28] with placebo at week 52; —1.73 [3.49] with
secukinumab at week 104) (Fig. 3). A similar trend was
observed in patients with a complete set of images
(images available at all 4 time points; sensitivity analysis)
(Additional file 1: Fig. S2). As expected, a greater reduc-
tion was seen in patients with definite SI joint inflamma-
tion at baseline defined as a baseline score of>2 (mean
reduction in score by 4.01, 4.74, and 5.40 at weeks 16, 52,
and 104 respectively, in the secukinumab group) (Fig. 3).
The ICC for inter-rater reliability of paired SI joint total
edema score change from screening was 0.79, 0.88, and
0.90 at weeks 16, 52, and 104, respectively.

Spine

Spinal inflammation on MRI (Berlin score) was low at
baseline across the groups. The mean score in the secuki-
numab group was 0.82, and it was 1.07 in the placebo
group. The mean score at week 104 in the secukinumab
group was 0.56.

Patients with baseline score >2

Baseline (mean) 2.06 215 2.19 6.31 6.36 6.41
Week 16 Week 52 Week 104 Week 16 Week 52 Week 104
0 L " N
o —H 037 -0.40 n=274
£ =11
©
@ -1.23 _
8 -2- B -1.73 140
£
o -2.32
s
=)
c
S
o
c -4.01
3
2 -5 -4.74
-5.40
_6 -
m Secukinumab = Placebo

Fig. 3 The mean change in Sl joint bone marrow edema score by MRI in the overall population and in patients with baseline score > 2 through
week 104. Data presented are as observed. The secukinumab group includes patients who continued on secukinumab to week 104. The placebo
group includes only patients randomized to placebo who remained on placebo to week 52. At each time point, only patients with a value at both
baseline and that time point are included. MRI, magnetic resonance imaging; n, number of evaluable patients; SI, sacroiliac
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Discussion

This exploratory analysis from the PREVENT study eval-
uated radiographic changes and spinal inflammation in
patients with active nr-axSpA over a period of 2 years.
This is one of the largest imaging datasets in patients
with nr-axSpA available to date. The overall radiographic
changes, along with any changes in spinal inflammation,
in a population of patients on an effective biologic ther-
apy were minimal over time, while a reduction in SI joint
inflammation was observed as previously reported [14].

Most of the patients in the secukinumab group (87.7%),
as well as those originally randomized to the placebo
group (85.6%), did not have an increase in total sacroili-
itis score above the SDC on SI joint radiographs, indicat-
ing no radiographic progression over 2 years. The SDC
for the total sacroiliitis score was 0.46. Notably, given that
the minimum possible change on mNY grading scale is
1, the smallest change that can be observed in an indi-
vidual patient when considering the average score by 2
readers is 0.5. None of the patients in either group had
an increase in total sacroiliitis score of>2, and only few
had an increase of>1 (1.1% in the secukinumab group
and 2.2% in the placebo group). Furthermore, the pro-
portion of patients who had an increase in the total sac-
roiliitis score greater than the SDC was similar to the
proportion of patients who had a decrease in the score of
similar magnitude, suggesting that the observed change
may be attributed to reader variability rather than disease
progression.

As per the eligibility criteria, any patient with mNY-
positive status at screening based on the eligibility read
by a single reader was excluded from the study. How-
ever, when the same images from screening were scored
again alongside post-baseline images at week 104, by
readers blinded to the sequence of imaging, some of the
radiographs were scored as mNY-positive. The poor-
to-moderate intra-rater and inter-rater reliability of SI
joint damage assessment according to the mNY criteria
are well described [19-21]. Cases of apparent structural
“improvement” in SI joints are found even when images
are evaluated by highly trained central readers, especially
when readers are blinded to the image sequence. An
overall net change approach accounts for measurement
error in the interpretation of radiographic damage over
time [22]. Here, despite the measurement error, about
97% of the patients in either group stayed mNY-negative
through 2 years and with fewer patients changing from
negative to positive (compared with those changing from
positive to negative), there was a negative net change.
This negative change is likely a reflection of inherent vari-
ability and limited progression rather than true improve-
ment. With the 2-reader agreement, while the number
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of patients considered positive at screening dropped, the
overall net progression remained negative, underscor-
ing the negligible progression in SI joint abnormalities
in the study population over 2 years. The generally very
low level of structural changes at baseline in a nr-axSpA
population renders the radiographic evaluation more
susceptible to reading variability. Given that high rates of
reader variability are commonly seen with SI joint radi-
ograph evaluation, an artificial and sharp cutoff of the
mNY criteria may not serve as the best tool to capture
progression.

While earlier studies suggested low but evident pro-
gression in early axSpA, more recent studies report
even lower rates of radiographic SI joint structural pro-
gression. In the RAPID-axSpA study, limited changes in
SI joint grading were observed after 4 years in patients
treated with certolizumab: 4.5% (2 of 44) of patients who
were mNY-negative at baseline fulfilled the mNY crite-
ria at week 204 and 4.3% (4 of 93) of patients who were
initially mNY-positive were evaluated as mNY-negative
at week 204 [23]. There are a limited number of rand-
omized controlled studies evaluating the progression in
nr-axSpA. However, there is some evidence from obser-
vational cohorts. Observations from a recent prospective
Esperanza cohort (2020) showed that 16 of 94 analyzed
patients changed sacroiliitis status over 6 years: 7 patients
changed from baseline mNY-negative to mNY-positive,
and 9 patients changed from baseline mNY-positive to
mNY-negative [24]. The net change in total sacroiliitis
score over a period of 6 years was—0.25 [24] compared
to—0.04 in the PREVENT study over a period of 2 years.
On the other hand, Dougados et al. reported a net pro-
gression from nr-axSpA to radiographic axSpA of 5.1%
at 5 years (N=416) in the DEvenir des Spondyloarthrites
Indifférenciées Récentes (DESIR) cohort (prevalence
cohort of early axSpA, <3 years duration) [25]. However,
the difference in patient population (broad vs controlled
with specific inclusion/exclusion criteria including dura-
tion of disease, etc.) and study design (particularly treat-
ment, which may not be controlled or defined in a cohort
study) should be considered while comparing results
from cohorts to randomized studies.

Lower rates of progression reported in more recent
studies may reflect greater awareness of the measure-
ment error in radiograph scoring leading to the imple-
mentation of central reading with more than 2 readers
and also acknowledging the measurement error in the
analysis. Another potential reason for low to negligible
progression rates reported here and in other recent stud-
ies could be the nr-axSpA population recruited into these
clinical trials, who may present with less severe disease
and have earlier access to biologic treatment.
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With regard to the mSASSS score, most patients in
both groups showed no progression to week 104. While
none of the patients in either group had an mSASSS
total score increase of>5, around 1% had an increase
of >2. The mean change in mSASSS score was 0.04 in
the secukinumab group (0.68 at baseline). Previous stud-
ies have similarly reported limited spinal progression
in patients with nr-axSpA. In the RAPID-axSpA study,
which reported 4-year imaging outcomes, the mean
mSASSS change was—0.01 (95% confidence interval
[CI],—0.19 to 0.17) from baseline to week 96 and 0.06
(95% CI,—0.17 to 0.28) to week 204 in patients with nr-
axSpA treated with certolizumab pegol [23]. Progres-
sion (defined as an mSASSS increase of >2 points) was
observed in 2 of 141 patients with nr-axSpA [23]. In the
Swiss Clinical Quality Management cohort, the mean
(SD) spinal progression in patients with nr-axSpA (with
a mean disease duration of 10 years) was 0.16 (0.62)
mSASSS units over 2 years [26]. In the DESIR cohort, the
mean (SD) mSASSS progression was 0.2 (0.9) at 2 years
and 0.4 (1.8) at 5 years [27]. The results from clinical
studies have shown the progression of spinal damage to
be very limited in this patient population thus suggesting
that radiographic progression may not be a highly valu-
able outcome measure in patients with nr-axSpA, at least
not over a relatively short duration of 2 years.

In the present study, approximately 15% of patients
had syndesmophytes at baseline identified by at least 1
reader (6% when reader agreement was required). Simi-
larly, 20% of the nr-axSpA patients in the RAPID-axSpA
study, 9% of patients in the Swiss Clinical Quality Man-
agement cohort (readers’ agreement was required in
both studies), and 7% of patients in the DESIR cohort (2
of the 3 readers were required to identify the syndesmo-
phyte) had syndesmophytes at baseline, suggesting that
the process of structural damage starts early in the dis-
ease at least in some patients [23, 26, 27]. The presence of
syndesmophytes at baseline has been consistently found
to be the strongest predictor of the development of new
syndesmophytes and radiographic progression [28-34].
Similarly in this study, in either group, the proportion of
patients who had developed new syndesmophyte(s) by
2 years was higher among patients with at least 1 syn-
desmophyte at baseline, than among patients who had
none at baseline.

Syndesmophyte formation is thought to be mainly
associated with r-axSpA [26]. However, in this study, the
majority of patients who presented with a syndesmo-
phyte at baseline were classified as mNY criteria negative
by experienced readers (79% by single reader assess-
ment or 88% when reader agreement was required).
Minor changes in pelvic radiographs in early disease are
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particularly challenging to score (grade 1 versus grade
2 sacroiliitis), resulting in limited reliability of the mNY
criteria to discriminate between patients with non-radi-
ographic versus radiographic disease [35]. Findings from
conventional radiography of the spine, including the
presence of syndesmophytes, are not taken into consider-
ation for the purpose of classification criteria defining the
non-radiographic patient population in clinical trials. A
considerable proportion of patients with spinal structural
damage as evidenced by the presence of syndesmophytes
yet no definitive SI joint changes (meeting mNY criteria)
may be classified as non-radiographic contributing to the
heterogeneity of the nr-axSpA population in the research
setting. These results, along with previous data reported
by others, question the term nr-axSpA which may be
misleading. The authors of this study agree that the term
should not be used for diagnosis but only for the classi-
fication of patients for clinical trials. For diagnosis, the
term axSpA is preferred [36].

This study had some limitations. Patients were allowed
to switch to open-label secukinumab or standard of care
leading to a lack of placebo control after 20 weeks. The
analyses of images were conducted on patients who con-
tinued on the study, thus were likely to respond well to
the treatment introducing a potential bias. Also, in this
study, inter-rater reliability was modest at best. However,
this is not surprising in sacroiliitis assessment where low-
to-moderate inter-rater/intra-rater reliability has been
reported in previous studies [37, 38].

The value of minor effects of biological disease-modi-
fying anti-rheumatic drugs (DMARDs) [39] or targeted
synthetic DMARDs [40] on structural SI joint changes
has been recently challenged [41]. In this study, with lim-
ited use of synthetic DMARDs, those effects were not
assessed.

Conclusions

In summary, in this large study of patients with nr-
axSpA, the overall level of spinal inflammation or struc-
tural damage at baseline was low. Most patients initially
randomized to secukinumab or placebo showed no radi-
ographic progression in SI joints and spine over 2 years.
Secukinumab reduced SI joint inflammation (BME) in
patients with active nr-axSpA which was sustained over
2 years.
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