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s u m m a r y

Objective: To evaluate the efficacy and safety of the anti-catabolic ADAMTS-5 inhibitor S201086/
GLPG1972 for the treatment of symptomatic knee osteoarthritis.
Design: ROCCELLA (NCT03595618)wasa randomized,double-blind,placebo-controlled,dose-ranging,phase
2 trial in adults (aged 40e75 years) with knee osteoarthritis. Participants hadmoderate-to-severe pain in the
target knee, KellgreneLawrence grade 2 or 3 and Osteoarthritis Research Society International joint space
narrowing (grade 1 or 2). Participantswere randomized1:1:1:1 to once-daily oral S201086/GLPG197275,150
or 300 mg, or placebo for 52 weeks. The primary endpoint was change from baseline to week 52 in central
medial femorotibial compartment (cMFTC) cartilage thickness assessedquantitativelybymagnetic resonance
imaging. Secondary endpoints included change from baseline to week 52 in radiographic joint space width,
Western Ontario and McMaster Universities Osteoarthritis Index total and subscores, and pain (visual
analogue scale). Treatment-emergent adverse events (TEAEs) were also recorded.
Results: Overall, 932 participants were enrolled. No significant differences in cMFTC cartilage loss were
observed between placebo and S201086/GLPG1972 therapeutic groups: placebo vs 75 mg, P ¼ 0.165; vs
150 mg, P ¼ 0.939; vs 300 mg, P ¼ 0.682. No significant differences in any of the secondary endpoints
were observed between placebo and treatment groups. Similar proportions of participants across
treatment groups experienced TEAEs.
Conclusions: Despite enrolment of participants who experienced substantial cartilage loss over 52 weeks,
during the same time period, S201086/GLPG1972 did not significantly reduce rates of cartilage loss or
modify symptoms in adults with symptomatic knee osteoarthritis.
© 2023 The Authors. Published by Elsevier Ltd on behalf of Osteoarthritis Research Society International.

This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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Introduction

Osteoarthritis (OA) is the most common form of arthritis and is
characterized by joint pain, activity limitation, reduced health-
related quality of life and excess mortality1,2. However, despite its
prevalence, no disease-modifying OA drugs (DMOADs) have been
approved by either the US Food and Drug Administration or the
European Medicines Agency3e8.

OA is characterized by changes in the subchondral bone9,10 and
progressive degradation of articular cartilage11,12. Aggrecan is a
major structural component of the articular cartilage extracellular
matrix11e15. The aggrecanase, ‘a disintegrin and metalloproteinase
with thrombospondin motif-5’ (ADAMTS-5), is responsible for
aggrecan cleavage16, and is upregulated in OA11,15,17. Inhibition of
the aggrecanase activity of ADAMTS-5 is considered a potential
therapeutic target for the treatment of OA14,17,18.

S201086/GLPG1972 is a potent and highly selective inhibitor of
ADAMTS-5 in development for the treatment of OA. S201086/
GLPG1972 successfully inhibited ADAMTS-5-driven aggrecan degra-
dation in mouse and human cartilage explants and significantly
decreased cartilage degradationwhen administered orally to rodents
with surgery-induced OA (by meniscal transection in rats and
destabilization of medial meniscus in mice)19. Furthermore, the
safety, pharmacokinetics and pharmacodynamics of S201086/
GLPG1972 were investigated in a first-in-human randomized, pla-
cebo-controlled study in healthy men (ClinicalTrials.gov: NCT0261
2246), as well as in men and women with knee or hip OA (Clinical-
Trials.gov: NCT03311009) inwhom S201086/GLPG1972 was found to
be generally well tolerated and to significantly reduce the aggreca-
nase activity of ADAMTS-5 vs placebo20.

The aim of the present phase 2 trial was to evaluate the efficacy,
in terms of slowing cartilage loss and improving symptoms, and
safety of three doses of S201086/GLPG1972 vs placebo in partici-
pants with knee OA.

Methods

Study design

ROCCELLA was a randomized, double-blind, placebo-controlled,
dose-ranging phase 2 trial carried out in 12 countries between 14
August 2018 and 14 July 2020 (ClinicalTrials.gov: NCT03595618).
The full methodology of the trial has been described previously21.
Briefly, the trial comprised a 5-week screening period and a 52-
week double-blind treatment period followed by a 2-week safety
follow-up period. Baseline was defined as the last assessment
before the first treatment. Clinic visits were every 4e12 weeks.
Treatment was discontinued at week 52 and participants attended
an end-of-study visit 2 weeks after their last dose. In cases of early
discontinuation, participants underwent an early withdrawal visit
followed by an end-of-study visit 2 weeks later, unless they with-
drew consent. The schedule of study procedures is given in Table S1.

Participants were randomly assigned 1:1:1:1 to S201086/
GLPG1972 75, 150 or 300 mg, or placebo orally once daily21.
Randomization was stratified by geographical zone (Japan, South
Korea/Taiwanand rest of theworld). All participantsprovidedwritten
informed consent, and the final protocol and two protocol amend-
ments (three amendments in the USA and Brazil) were reviewed and
approved by the institutional review board or independent ethics
committee at each participating centre. The trial was performed in
accordance with the ethical principles of the Declaration of Helsinki.

Participants

Participants between 40 and 75 years of age, with body weight
>40 kg and body mass index <40 kg/m2, who met eligibility criteria
were included. Participantshad tohave a clinical diagnosis of kneeOA
and fulfil clinical and radiological American College of Rheumatology
classificationcriteria forkneeOA22, andhavekneepain for�6months
and on most days in the month before screening. Participants were
included if they had pain between 40 and 90mmon a 100mmvisual
analogue scale (VAS) in the sameknee at both screening and baseline.
Additionally, participants' target knees had to show, based on the
central reading of a knee X-ray taken at screening, predominantly
medial compartment radiographic disease (medial femorotibial joint
space narrowing [JSN] > lateral JSN), and meet the following radio-
graphic severity criteria: KellgreneLawrence (KL) grade 2 or 3 and
Osteoarthritis Research Society International (OARSI) medial JSN
grade 1 or 2. JSN was graded for degree of change from 0 to 3
(0 ¼ normal, 1 ¼ mild change, 2 ¼ moderate change, 3 ¼ severe
change), as per OARSI atlas criteria23. All radiographic knee assess-
mentswere based onposteroanteriorfixed flexionweight-bearing X-
rays (Synaflexer positioning frame)21,24. Radiograph readings were
conducted by experienced musculoskeletal radiologists. Complete
inclusion and exclusion criteria have been published elsewhere21.

Patient and public involvement

The study participants and the public were not involved in the
design or conduct of ROCCELLA or in the reporting or dissemination
of the study data.

Objectives and endpoints

The primary objectivewas to demonstrate the efficacy of at least
one dose of S201086/GLPG1972 in reducing cartilage loss in the
target knee vs placebo after 52 weeks of treatment. Primary and
secondary efficacy endpoints were recorded in the target knee. The
primary efficacy endpoint was change from baseline to week 52 in
central medial femorotibial compartment (cMFTC)25 cartilage
thickness, measured quantitatively through a blinded, quality-
controlled, central readout of standardized, quality-controlled
magnetic resonance imaging (MRI) data21,26. Cartilage segmenta-
tion was performed manually by seven experienced readers (with
�11 years of experience with manual cartilage analysis at the start
of the study). All segmentations were quality-controlled by one of
two experienced experts, and the cartilage segmentation was cor-
rected by the readers after quality checks, when appropriate.
Further details of MRI acquisition and assessment are provided
elsewhere21 and in Supplementary Material 1. The root-mean
square standard deviation (SD) and coefficient of variation were
determined to assess the intra-reader testeretest reliability27.

Secondary structural endpoints included change from baseline
to week 52 in radiographic medial joint space width (JSW) by fixed
location assessment (at x ¼ 0.25), and the proportion of partici-
pants who had prespecified cartilage loss in the cMFTC of �8% at
week 52 (herein called “structural progressors”) as assessed byMRI.
Additional secondary structural endpoints (each assessed by MRI)
included change from baseline to week 52 in cartilage thickness of
the total femorotibial compartment (tFTC) and change from base-
line to weeks 28 and 52 in subchondral bone area of the medial
femoral condyle surface.

Clinical secondary endpoints were change from baseline to
week 52 in Western Ontario and McMaster Universities Osteoar-
thritis Index (WOMAC) total score and subscale scores of function,
pain and stiffness; change from baseline to week 52 in pain using a
100 mm VAS; change from baseline to week 52 in patient global
assessment (PGA) of disease activity using a 100 mm VAS; the
proportion of participants who achieved an Outcome Measures in
Rheumatology (OMERACT)-OARSI response at week 5228; and
participants' use of analgesics for treatment of knee pain at each
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study visit. Change from baseline to week 52 in bone shape as
measured by MRI was assessed as an exploratory endpoint.

Safety endpoints included the occurrence of treatment-emergent
adverse events (TEAEs) and serious TEAEs. Additionally, changes over
time in vital signs, laboratory values, physical examinations, body
weight and electrocardiogram (ECG) parameters were recorded.

Statistical analyses

In total, 852 participants (213 per treatment group) were ex-
pected to provide a minimal power of 70% to conclude that at least
one dose of S201086/GLPG1972 was superior to placebo, with a
difference of 0.0825mm (SD, 0.30mm) in the primary endpoint at a
two-sided significance level of 5%, using analysis of covariance
(ANCOVA) adjusted for multiple testing by a Dunnett procedure. A
treatment effect of 0.0825 mm corresponds to 75% of the expected
cartilage loss in the placebo group (0.11 mm over 1 year)6,21.

The modified randomized set consisted of all included partici-
pants to whom a therapeutic unit was randomly assigned using an
interactive web response system; this set was used for all efficacy
analyses. Participants were analysed according to the randomized
treatment. The safety set included all participants who took at least
one dose of S201086/GLPG1972 or placebo; the safety set was used
for all safety analyses according to the treatment received by par-
ticipants at inclusion.

The primary endpoint, change from baseline to week 52 in
cMFTC cartilage thickness, was evaluated using a restricted
Screen
(n = 3,3

Random
(n = 9

Modified ran
(n = 9

Completed study (n = 191)
Discontinued study (n = 43)
 Adverse event (n = 16)
 Protocol violation (n = 2)
 Participant withdrawal (n = 12)
 Lost to follow-up (n = 6)
 Other (n = 7)

S201086/GLPG1972 75 mg

S201086/GLPG1972 75 mg

Modified randomized set (n = 234)
Safety set (n = 234)

Placebo

Placebo

Completed study (n = 200)
Discontinued study (n = 34)
 Adverse event (n = 8)
 Protocol violation (n = 2)
 Physician decision (n = 2)
 Participant withdrawal (n = 10)
 Lost to follow-up (n = 6)
 Other (n = 6)

Modified randomized set (n = 234)
Safety set (n = 234)

Fig. 1

Participant disposition. One serious, fatal TEAE due to COVID-19 was rep
2 months after the last treatment intake. *Participants could have not bee
flexion weight-bearing X-ray of the target knee and a central readout of: pre
and OARSI grade 1 or 2 medial tibiofemoral joint space narrowing. z�40
radiological criteria of the ACR. ǁKnee pain for �6 months and on most
randomized to treatment but did not receive the study drug and were not
Rheumatology; KL: KellgreneLawrence; OARSI: Osteoarthritis Research S
maximum likelihood-based, mixed-effects model for repeated
measures using all longitudinal observations at each postbaseline
visit, preceded by a multiple imputation step for participants
without a postbaseline measurement. Sensitivity analyses for the
management of missing data and for delayed week 52 MRI data
owing to the COVID-19 pandemic were performed to evaluate the
robustness of the results of the primary analysis. To account for the
multiplicity of comparisons associated with multiple doses, a
Dunnett procedure was used for primary and secondary endpoints.
There was no multiplicity adjustment for analyses of multiple
secondary endpoints.

Change from baseline to week 52 in cartilage thickness of the
tFTC, change from baseline to week 52 in subchondral bone area
of the medial femoral condyle surface of the target knee, WOMAC
scores, VAS pain and PGA disease activity were evaluated using
the same method as the primary endpoint. Differences between
treatment groups in the proportion of structural progressors at
week 52 and the proportion of participants who achieved an
OMERACT-OARSI response were analysed using a logistic model,
preceded by a multiple imputation step for missing data. Com-
parisons between treatment groups for changes in subchondral
bone area of the medial femoral condyle of the target knee from
baseline to week 28 and in JSW from baseline were assessed
using an ANCOVA model. Safety data were analysed for all par-
ticipants in the safety set and were reported using descriptive
statistics. Statistical analyses were carried out using SAS software
version 9.4.
Not meeting structural inclusion criteria† (n = 1,691)
Not meeting pain criteria‡ (n = 159)
Not meeting diagnosis criteria§ (n = 71)
Not meeting pain history criteriaǁ (n = 8)

Reasons for non-inclusion*
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Completed study (n = 177)
Discontinued study (n = 56)
 Adverse event (n = 20)
 Protocol violation (n = 6)
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 Participant withdrawal (n = 14)
 Lost to follow-up (n = 5)
 Other (n = 10)

S201086/GLPG1972 300 mg

Modified randomized set (n = 233)
Safety set (n = 232)

Completed study (n = 191)
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 Adverse event (n = 17)
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Osteoarthritis and Cartilage

orted in the S201086/GLPG1972 150 mg group; COVID-19 started
n included in the trial for more than one reason. yBased on a fixed
dominant medial compartment radiographic disease; KL grade 2 or 3;
mm and �90 mm on a 100 mm VAS. xBased on the clinical and
days during the preceding month. ¶A total of six participants were
included in the modified randomized set. ACR: American College of
ociety International; VAS: visual analogue scale.
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Results

Baseline demographics and characteristics

Overall, 3,319 participants from 12 countries underwent
screening and 932 were randomized (placebo, n ¼ 234; 75 mg,
n ¼ 234; 150 mg, n ¼ 231; 300 mg, n ¼ 233; Fig. 1). The numbers of
participants randomized by country are given in Table S2. Baseline
demographics and characteristics were similar across treatment
groups (Table I). The mean (SD) age of participants was 62.9 (7.3)
years and most (69.3%) were women. In total, 88.8% of target knees
were KL grade 3, and 67.3% had medial OARSI JSN grade 2. The
overall mean (SD) time since diagnosis was 7.2 (6.9) years. In total,
173 participants discontinued the study (placebo, n ¼ 34/234
[14.5%]; 75 mg, n ¼ 43/234 [18.4%]; 150 mg, n ¼ 40/231 [17.3%];
300 mg, n ¼ 56/233 [24.0%]; Fig. 1).

Cartilage loss in the cMFTC

In all treatment groups, target knees demonstrated substantial
cartilage loss from baseline to week 52. The mean (95% confidence
interval [CI]) change in cMFTC cartilage thickness was greatest in
the placebo group (�0.12 [�0.16 to �0.07] mm), followed by the
S201086/GLPG1972 150 mg (�0.10 [�0.14 to �0.06] mm), 300 mg
(�0.09 [�0.12 to �0.05] mm) and 75 mg (�0.07 [�0.10 to �0.04]
mm) groups. No statistically significant differences in cMFTC
cartilage thickness loss were observed between the placebo and
Demographic/characteristic Placebo (n ¼ 234)

Age, mean (SD), years 63.3 (7.1)
Age, n (%), years
�40e54 28 (12.0)
�55e64 95 (40.6)
�65 111 (47.4)

Women, n (%) 163 (69.7)
Race, n (%)
White 171 (73.1)
Asian 32 (13.7)
Black or African American 25 (10.7)
Multiple 6 (2.6)
American Indian, native Alaskan or native
Hawaiian or other Pacific Islander

0

Time since first diagnosis, mean (SD), years 7.3 (6.7)
KL grade, n (%)
2 29 (12.4)
3 205 (87.6)
4 0

Medial compartment OARSI JSN grade, n (%)
0 0
1 70 (29.9)
2 164 (70.1)
3 0

Cartilage thickness in cMFTC, mean (SD), mm 3.19 (0.82)
Joint space width, mean (SD), mm 2.48 (0.86)
WOMAC total score, mean (SD) 48.3 (14.5)
Pain (VAS), mean (SD) 63.5 (11.0)
PGA (VAS), mean (SD) 50.4 (19.2)

cMFTC: central medial femorotibial compartment; JSN: joint space narrowing; KL: Kellg
global assessment; SD: standard deviation; VAS: visual analogue scale; WOMAC: Wes

Table I

Baseline demographics and characteristics
S201086/GLPG1972 treatment groups (placebo vs 75 mg, treatment
effect estimate [E] ¼ 0.045 [95% CI �0.003 to 0.093], P ¼ 0.165; vs
150 mg, E ¼ 0.012 [95% CI �0.039 to 0.063], P ¼ 0.939; vs 300 mg,
E ¼ 0.023 [95% CI �0.026 to 0.073], P ¼ 0.682; Table II). These re-
sults were confirmed by sensitivity analyses for delayed MRI at
week 52 owing to the COVID-19 pandemic (Fig. S1), and for the
management of missing data. Post hoc analyses of OMERACT-OARSI
responders vs non-responders did not reveal any significant dif-
ferences in baseline characteristics between the two groups (data
not shown). The study-specific testeretest precision has also been
reported previously27.
Structural secondary endpoints

In all groups, mean radiographic JSW decreased between
baseline and week 52 (Table II), with no significant differences in
change in JSW observed between the placebo group and any of the
S201086/GLPG1972 treatment groups. The proportions of structural
progressors at week 52 were similar between groups (placebo,
20.3%; 75 mg, 13.6%; 150 mg, 21.5%; 300 mg, 16.6%), and were not
significantly different when comparing S201086/GLPG1972 treat-
ment groups with placebo (Table II). Change from baseline in
cartilage thickness of the tFTC and change frombaseline in the bone
area of the medial femoral condyle surface were not significantly
different between S201086/GLPG1972 and placebo groups
(Table S3).
S201086/GLPG1972
75 mg (n ¼ 234)

S201086/GLPG1972
150 mg (n ¼ 231)

S201086/GLPG1972
300 mg (n ¼ 233)

62.9 (7.5) 63.2 (7.2) 62.1 (7.4)

31 (13.2) 29 (12.6) 33 (14.2)
94 (40.2) 96 (41.6) 97 (41.6)
109 (46.6) 106 (45.9) 103 (44.2)
164 (70.1) 165 (71.4) 154 (66.1)

167 (71.4) 177 (76.6) 168 (72.1)
31 (13.2) 28 (12.1) 30 (12.9)
27 (11.5) 19 (8.2) 25 (10.7)
8 (3.4) 6 (2.6) 8 (3.4)
1 (0.4) 1 (0.4) 2 (0.9)

6.9 (6.4) 7.6 (7.4) 7.1 (7.2)

15 (6.4) 30 (13.0) 29 (12.4)
219 (93.6) 200 (86.6) 204 (87.6)
0 1 (0.4) 0

1 (0.4) 1 (0.4) 0
74 (31.6) 73 (31.6) 84 (36.1)
159 (67.9) 156 (67.5) 148 (63.5)
0 1 (0.4) 1 (0.4)
3.25 (0.76) 3.23 (0.76) 3.33 (0.80)
2.50 (0.78) 2.50 (0.78) 2.58 (0.84)
48.0 (15.2) 48.7 (15.0) 47.0 (15.2)
63.3 (11.4) 63.8 (11.5) 63.3 (12.1)
47.1 (18.3) 47.9 (19.0) 49.4 (17.5)

reneLawrence; OARSI: Osteoarthritis Research Society International; PGA: patient
tern Ontario and McMaster Universities Osteoarthritis Index.
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Endpoints Placebo (n ¼ 234) S201086/GLPG1972
75 mg (n ¼ 234)

S201086/GLPG1972
150 mg (n ¼ 231)

S201086/GLPG1972
300 mg (n ¼ 233)

Primary endpoint
Cartilage thickness in cMFTC, mm
Change from baseline at week 52
Number of participants 172 162 158 151
Mean (SD) �0.116 (0.273) �0.068 (0.202) �0.097 (0.268) �0.085 (0.217)

Treatment effect at week 52
E (SE) e 0.045 (0.025) 0.012 (0.026) 0.023 (0.025)
95% CI e �0.003 to 0.093 �0.039 to 0.063 �0.026 to 0.073
P value e 0.165 0.939 0.682

Structural secondary endpoints
Joint space width, mm
Change from baseline at week 52
Number of participants 179 169 163 155
Mean (SD) �0.174 (0.470) �0.087 (0.397) �0.167 (0.506) �0.113 (0.464)

Treatment effect at week 52
E e 0.095 0.016 0.075
95% CI e �0.003 to 0.193 �0.086 to 0.118 �0.029 to 0.179
P value e 0.141 0.981 0.349

Proportion of structural progressors*
Number of participants 172 162 158 151
Progressor at week 52, n (%) 35 (20.3) 22 (13.6) 34 (21.5) 25 (16.6)

Treatment effect at week 52
E e 1.47 0.89 1.08
95% CI e 0.8 to 2.6 0.5 to 1.5 0.6 to 1.8
P value e 0.396 0.951 0.985

CI: confidence interval; cMFTC: central medial femorotibial compartment; E: treatment effect estimate; OA: osteoarthritis; SD: standard deviation; SE: standard error.
* Defined as a patient who had �8% cartilage loss in the cMFTC between baseline and week 52.
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Clinical secondary endpoints

There were no significant differences between any of the
S201086/GLPG1972 groups and the placebo group for each of the
clinical secondary endpoints (Table III, Fig. 2, Tables S4 and S5).
These results were confirmed by sensitivity analyses assessing
treatment effect at week 40 (with <1% of visits impacted by the
COVID-19 pandemic). In addition, completer analyses revealed no
differences between treatment groups in the primary or secondary
endpoints (data not shown).

Exploratory endpoint

No differences in change frombaseline toweek 52 in bone shape
were detected between treatment groups (data not shown).

Safety

Mean (SD) treatment duration was 46.7 (13.8) weeks and mean
(SD) compliance with study treatment was 89.1% (14.5%), with
similar results observed across all groups. Serious TEAEs occurred
in similar proportions of participants across treatment groups
(Table IV). One serious, fatal TEAE due to COVID-19 was reported in
the S201086/GLPG1972 150 mg group; COVID-19 started 2 months
after the last treatment intake.

TEAEs were experienced by similar proportions of participants
across treatment groups (Table IV). The most common TEAEs in the
placebo and S201086/GLPG1972 75, 150 and 300 mg groups were
arthralgia (8.1%, 11.5%, 15.2% and 11.2%, respectively), nasophar-
yngitis (8.5%, 9.0%, 6.9% and 9.5%, respectively) and fall (5.6%, 6.4%,
8.7% and 6.9%, respectively; Table IV). The proportion of partici-
pants experiencing back pain was lower in those receiving
S201086/GLPG1972 (75 mg, 4.7%; 150 mg, 4.3%; 300 mg, 3.0%) than
in those receiving placebo (8.1%). A numerically greater proportion
of participants receiving S201086/GLPG1972 300 mg had AE re-
ports of increased gamma-glutamyl transferase compared with
those receiving placebo and S201086/GLPG1972 75 and 150 mg
(6.9% vs 1.7%, 1.3% and 0.9%, respectively). No structural joint-spe-
cific AEs were observed in the study.

Slightly higher proportions of patients in the three S201086/
GLPG1972 dose groups withdrew from treatment owing to TEAEs
(75mg, 6.8%; 150mg, 7.4%; 300mg, 8.6%) than in the placebo group
(3.8%) (Table IV). Individual TEAEs leading to treatment withdrawal
were reported in two or fewer participants in all treatment groups,
except arthralgia (three participants in the S201086/GLPG1972
75 mg group) and increased alanine aminotransferase and
increased aspartate aminotransferase (three participants in the
S201086/GLPG1972 300 mg group for each event). Participants in
the S201086/GLPG1972 300 mg group experienced a small tran-
sient increase in mean alanine aminotransferase at week 8. One
participant in Brazil who received placebo met Hy's law.

No clinically relevant differences were observed between
groups in mean changes for body weight, heart rate, blood pressure
and ECG parameters during the trial (Table S6).

Discussion

The international, randomized, double-blind, placebo-
controlled, dose-ranging phase 2 ROCCELLA trial used state-of-the-
art methodology to determine whether at least one dose of the



Endpoints Placebo (n ¼ 234) S201086/GLPG1972
75 mg (n ¼ 234)

S201086/GLPG1972
150 mg (n ¼ 231)

S201086/GLPG1972
300 mg (n ¼ 233)

Clinical secondary endpoints
WOMAC total score
Change from baseline at week 52
Number of participants 200 189 187 176
Mean (SD) �18.4 (18.9) �16.3 (17.7) �16.9 (17.7) �16.1 (19.8)

Treatment effect at week 52
E (SE) e �2.1 (1.7) �1.9 (1.8) �1.9 (1.8)
95% CI e �5.6 to 1.3 �5.4 to 1.5 �5.3 to 1.6
P value e 0.467 0.557 0.593

Pain (VAS)
Change from baseline at week 52
Number of participants 199 191 185 178
Mean (SD) �28.9 (25.0) �27.2 (24.3) �25.6 (26.9) �28.2 (27.1)

Treatment effect at week 52
E (SE) e �2.2 (2.5) �4.1 (2.5) �1.1 (2.5)
95% CI e �7.1 to 2.7 �9.0 to 0.8 �6.1 to 3.9
P value e 0.705 0.243 0.949

PGA (VAS)
Change from baseline at week 52
Number of participants 200 191 187 178
Mean (SD) 14.0 (31.3) 19.4 (30.0) 14.3 (30.7) 14.1 (28.4)

Treatment effect at week 52
E (SE) e 1.4 (2.5) �2.3 (2.5) 0.1 (2.5)
95% CI e �3.4 to 6.3 �7.1 to 2.6 �4.8 to 5.0
P value e 0.890 0.682 1.000

Proportion of OMERACT-OARSI responders
Number of participants 200 189 187 176
Responder at week 52, n (%) 127 (63.5) 125 (66.1) 119 (63.6) 103 (58.5)

Treatment effect at week 52
E e 1.05 0.95 0.82
95% CI e 0.7 to 1.6 0.6 to 1.4 0.6 to 1.2
P value e 0.991 0.992 0.653

CI: confidence interval; E: treatment effect estimate; OA: osteoarthritis; OMERACT-OARSI: Outcome Measures in RheumatologyeOsteoarthritis Research Society In-
ternational; PGA: patient global assessment; SD: standard deviation; SE: standard error; VAS: visual analogue scale;WOMAC:Western Ontario andMcMaster Universities
Osteoarthritis Index.

Table III Osteoarthritis and Cartilage

Summary of key secondary clinical endpoints in participants with knee OA
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ADAMTS-5 inhibitor S201086/GLPG1972 slows cartilage loss in
participants with knee OA at high risk of cartilage loss. After 52
weeks, no significant differences in cMFTC cartilage thickness in the
target knee were detected between any of the S201086/GLPG1972
groups and the placebo group. In addition, no differences between
treatment groups in any of the secondary structural or clinical
endpoints were observed.

One of the key challenges for DMOAD trials has been the se-
lection of appropriate patient populations for detection of a treat-
ment effect29,30. Recently, there has been a shift toward identifying
study participants with advanced radiographic OA and elevated
pain. In a post hoc analysis of the sprifermin phase 2 trial, for
example, a subgroup of participants at high risk of disease pro-
gression had a structural response to treatment, which translated
into symptomatic clinical benefit31. In ROCCELLA, selection criteria
were based on previous studies of cartilage loss over time25,32e34,
and meant that more participants with KL grade 3 than grade 2
knees were included. Participants did, however, have cartilage
present, as shown by the mean baseline cartilage thickness values
(placebo, 3.19 mm; 75 mg, 3.25 mm; 150 mg, 3.23 mm; 300 mg,
3.33 mm). Cartilage loss in the placebo group was in line with that
expected for knees of that radiographic severity, and was notably
greater than that observed in the placebo group of the sprifermin
FORWARD study5. Cartilage thickness was measured in the medial
compartment of the knee, since this carries the highest weight-
bearing burden and is the compartment where cartilage loss is
most likely to occur35. ROCCELLA was powered to detect a moder-
ate to large effect size to increase the likelihood that any treatment
effect on cartilage loss detected would be associated with a clini-
cally meaningful improvement in symptoms.

The availability of reliable imaging technologies is a require-
ment for the accurate assessment of structural outcomes in DMOAD
trials. It is also important to consider the method of measurement
(e.g., quantitative vs semi-quantitative), as well as different defi-
nitions of full-thickness cartilage loss, when interpreting changes
to cartilage thickness in different patient cohorts. For example, the
MOST study included whole-organ MRI score (WORMS) grade 5
(multiple areas of full-thickness loss or grade 2.5 lesions wider than
1 cm but <75% of the region) in their definition of widespread full-
thickness cartilage damage36. In comparison, our study reported
the number of participants who displayed full-thickness cartilage
loss (presence of denuded areas of subchondral bone) throughout
the entire central medial tibia and central region of the central
medial femur subregions. These differences in definition of full-
thickness cartilage loss very likely contribute to differences in the
percentage of participants with full-thickness cartilage damage
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Mean (standard error) change over time in WOMAC total score and subscale scores. *Numbers of participants in the placebo, S201086/
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function, pain and stiffness. The scores ranged from 0 to 96 for the total score, and 0 to 86, 0 to 20 and 0 to 8 for the function, pain and stiffness
subscale scores, respectively. Full data are given in Table S4. W: week; WOMAC: Western Ontario and McMaster Universities Osteoarthritis
Index.
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between this and the MOST study36. Until recently, measurements
of structural changes in patients with OA relied upon conventional
radiography. Though radiography can be used to detect osseous
changes, such as changes in osteophytes, JSN, sclerosis, cysts and
bone attrition, these features are not normally considered treat-
ment targets in clinical trials37. Furthermore, JSN is only a surrogate
marker of cartilage loss38,39. In the present trial, we used state-of-
Events, n (%) Placebo (n ¼ 234) S2
75

Deaths 0 0
TEAEs 174 (74.4) 17
Severe TEAEsy 29 (12.4) 25
Treatment-related TEAEs 37 (15.8) 36
Serious TEAEs 18 (7.7) 17
Serious treatment-related TEAEs 2 (0.9) 0
TEAEs leading to drug withdrawal 9 (3.8) 16
TEAEs occurring in �5% of participants
Arthralgia 19 (8.1) 27
Nasopharyngitis 20 (8.5) 21
Fall 13 (5.6) 15
Back pain 19 (8.1) 11
Headache 9 (3.8) 15
Hypertension 16 (6.8) 6
Osteoarthritis 10 (4.3) 8
Increased blood creatine phosphokinase 8 (3.4) 12
Upper respiratory tract infection 10 (4.3) 7
Increased gamma-glutamyl transferase 4 (1.7) 3

TEAE: treatment-emergent adverse event.
* Fatal event due to COVID-19, which started 2 months after the last study treatme
y Common Terminology Criteria for Adverse Events grade 3.

Table IV

Summary of safety outcomes
the-art quantitative MRI assessment of cartilage loss, with rigorous
quality controls on image acquisition and central reading, to
enhance the reliability of our results21.

Further considerations for DMOAD evaluation include the
mechanism of drug action and the nature of the disease. OA is a
heterogeneous disorder with multiple phenotypes that may result
from distinct and complex molecular mechanisms30,40. Each of
01086/GLPG1972
mg (n ¼ 234)

S201086/GLPG1972
150 mg (n ¼ 231)

S201086/GLPG1972
300 mg (n ¼ 232)

1 (0.4)* 0
4 (74.4) 177 (76.6) 174 (75.0)
(10.7) 27 (11.7) 30 (12.9)
(15.4) 30 (13.0) 47 (20.3)
(7.3) 17 (7.4) 18 (7.8)

2 (0.9) 1 (0.4)
(6.8) 17 (7.4) 20 (8.6)

(11.5) 35 (15.2) 26 (11.2)
(9.0) 16 (6.9) 22 (9.5)
(6.4) 20 (8.7) 16 (6.9)
(4.7) 10 (4.3) 7 (3.0)
(6.4) 12 (5.2) 11 (4.7)

(2.6) 9 (3.9) 12 (5.2)
(3.4) 12 (5.2) 11 (4.7)
(5.1) 7 (3.0) 9 (3.9)

(3.0) 12 (5.2) 6 (2.6)
(1.3) 2 (0.9) 16 (6.9)

nt intake.
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these mechanisms may require a different, targeted therapy. In
pharmacological studies, S201086/GLPG1972 successfully inhibi-
ted ADAMTS-5-driven aggrecan degradation in mouse and human
cartilage explants, and significantly reduced cartilage degradation
in an animal model of OA19. However, animal models of OA do not
necessarily accurately reflect human disease pathology41.
S201086/GLPG1972 100, 200 and 300 mg also significantly
decreased plasma concentrations of alanine-arginine-glycine-
serine fragments vs placebo in participants with knee or hip OA in
a phase 1 study, confirming target engagement of the drug20. That
study, though, was not designed to assess the effect of S201086/
GLPG1972 on joint cartilage. In the present trial, despite having
successfully selected a large number of participants with a high
likelihood of cartilage loss, the anti-catabolic effect of 12 months
of treatment with S201086/GLPG1972 on cartilage loss was below
what was expected. Failure of the study drug to reach the target
tissue following oral administration, however, cannot be
excluded. It remains unknown whether aggrecanase inhibition
was strong enough with S201086/GLPG1972, and thus if this
single target approachwould be sufficient to prevent cartilage loss
in humans, or whether a multifactorial strategy is required. There
is also the possibility that the trial was too short to determine a
treatment effect.

Despite the strengths of our study, there were some limitations.
Detailed semi-quantitative assessment of structural joint pathology
was not undertaken, as the current study relied on quantitative
analysis of articular cartilage as a structural outcome. In ROCCELLA,
no clinical benefit of S201086/GLPG1972 on pain was demon-
strated. A complex issue for long-term DMOAD trials is the
requirement (on ethical grounds) for use of concomitant analgesics.
Although analgesics were used by similar proportions of patients
across treatment groups during our study, the confounding effect of
their use may have diminished any differences in clinical outcomes
that otherwise may have been observed. Only participants with a
consistent pain signal at screening and baseline were enrolled in
the study, with the aim of reducing floor and ceiling effects.
Nevertheless, not all possible preventive measures were taken to
increase sensitivity to changes in pain, for example, washout of
analgesic medications was not required before assessment of clin-
ical endpoints. Furthermore, it may be difficult to demonstrate that
slowing of structural progression and reduction of pain occur at the
same time40,42. Indeed, while sprifermin and the cathepsin K in-
hibitor MIV-711 have been shown to reduce cartilage loss, these
drugs had no significant effect on pain in their respective trials5,8.

A promising approach for future DMOAD trials may be using OA
biomarkers to identify subgroups of patients who are likely to
respond to a particular treatment18,42,43. Several structural phe-
notypes have been proposed, with MRI-based screening or
simplified eligibility assessments potentially able to help stream-
line identification of patients with these phenotypes. Nevertheless,
these phenotypes are rarely mutually exclusive and likely over-
lap44. Thus, progress is still to be made in delineating OA endotypes
and/or phenotypes, and in understanding how these may affect
responses to treatments and prevention strategies45.

ROCCELLA was a large, international, placebo-controlled, dose-
ranging trial that assessed the safety and efficacy of the novel
ADAMTS-5 inhibitor, S201086/GLPG1972, in the treatment of knee
OA. The trial successfully enrolled a large population with knee OA
that experienced detectable cartilage loss over time. Despite this,
S201086/GLPG1972 was not efficacious in reducing cMFTC cartilage
loss or in improving function or pain in the target knee. S201086/
GLPG1972 was generally well tolerated, and no safety signals were
identified. Lessons from this and other DMOAD trials could be
applied to future trials of anti-catabolic agents in OA. Nevertheless,
considerations for alternative trial designs may be warranted for
the development of successful knee OA treatments46.
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