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IMPORTANCE Sprifermin is under investigation as a disease-modifying osteoarthritis drug.

OBJECTIVE To evaluate the effects of sprifermin on changes in total femorotibial joint
cartilage thickness in the more symptomatic knee of patients with osteoarthritis.

DESIGN, SETTING, AND PARTICIPANTS FORWARD (FGF-18 Osteoarthritis Randomized Trial
with Administration of Repeated Doses) was a 5-year, dose-finding, multicenter randomized
clinical trial conducted at 10 sites. Eligible participants were aged 40 to 85 years with
symptomatic, radiographic knee osteoarthritis and Kellgren-Lawrence grade 2 or 3.
Enrollment began in July 2013 and ended in May 2014; the last participant visit occurred on
May 8, 2017. The primary outcome at 2 years and a follow-up analysis at 3 years are reported.

INTERVENTIONS Participants were randomized to 1 of 5 groups: intra-articular injections of
100 μg of sprifermin administered every 6 months (n = 110) or every 12 months (n = 110), 30
μg of sprifermin every 6 months (n = 111) or every 12 months (n = 110), or placebo every 6
months (n = 108). Each treatment consisted of weekly injections over 3 weeks.

MAIN OUTCOMES AND MEASURES The primary end point was change in total femorotibial
joint cartilage thickness measured by quantitative magnetic resonance imaging at 2 years.
The secondary end points (of 15 total) included 2-year change from baseline in total Western
Ontario and McMaster Universities Osteoarthritis Index (WOMAC) scores. The minimal
clinically important difference (MCID) is unknown for the primary outcome; for total WOMAC
score in patients with hip and knee osteoarthritis, the absolute MCID is 7 U (95% CI, 4 to 10
U) and the percentage MCID is 14% (95% CI, 9% to 18%).

RESULTS Among 549 participants (median age, 65.0 years; 379 female [69.0%]), 474
(86.3%) completed 2-year follow-up. Compared with placebo, the changes from baseline to 2
years in total femorotibial joint cartilage thickness were 0.05 mm (95% CI, 0.03 to 0.07 mm)
for 100 μg of sprifermin administered every 6 months; 0.04 mm (95% CI, 0.02 to 0.06 mm)
for 100 μg of sprifermin every 12 months; 0.02 mm (95% CI, −0.01 to 0.04 mm) for 30 μg of
sprifermin every 6 months; and 0.01 mm (95% CI, −0.01 to 0.03 mm) for 30 μg of sprifermin
every 12 months. Compared with placebo, there were no statistically significant differences in
mean absolute change from baseline in total WOMAC scores for 100 μg of sprifermin
administered every 6 months or every 12 months, or for 30 μg of sprifermin every 6 months
or every 12 months. The most frequently reported treatment-emergent adverse event was
arthralgia (placebo: n = 46 [43.0%]; 100 μg of sprifermin administered every 6 months:
n = 45 [41.3%]; 100 μg of sprifermin every 12 months: n = 50 [45.0%]; 30 μg of sprifermin
every 6 months: n = 40 [36.0%]; and 30 μg of sprifermin every 12 months: n = 48 [44.0%]).

CONCLUSIONS AND RELEVANCE Among participants with symptomatic radiographic knee
osteoarthritis, the intra-articular administration of 100 μg of sprifermin every 6 or 12 months vs
placebo resulted in an improvement in total femorotibial joint cartilage thickness after 2 years that
was statistically significant, but of uncertain clinical importance; there was no significant difference
for 30 μg of sprifermin every 6 or 12 months vs placebo. Durability of response also was uncertain.
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O steoarthritis most commonly affects the knee joints.1

Symptomatic knee osteoarthritis is associated with
physical disability, reduced quality of life, and in-

creased mortality in older adults.1,2

Osteoarthritis is characterized by articular cartilage loss,
joint tissue remodeling, and inflammatory changes in the
synovial membrane.3 Articular cartilage loss is an accepted
measure of structural disease progression, and is assessed
directly by magnetic resonance imaging (MRI) or indirectly
by radiographs.4,5 An MRI provides a more accurate quanti-
tative assessment of cartilage thickness,4 and can predict
the likelihood of future knee replacement with comparable
or greater accuracy than radiographs.6

Disease-modifying osteoarthritis drugs should target
structural disease progression and symptoms.7 Osteoarthri-
tis therapies primarily target symptoms, and no disease-
modifying osteoarthritis drugs have been approved in the
United States or Europe. Sprifermin is a recombinant hu-
man fibroblast growth factor 18, and has been investigated
as a potential anabolic intra-articular disease-modifying
osteoarthritis drug. In rat osteoarthritis models, sprifermin
induces proliferation of hyaline cartilage–producing articu-
lar chondrocytes, stimulates synthesis of hyaline extracellu-
lar matrix in vitro and ex vivo,8-10 and increases knee joint
cartilage thickness.11

In a dose-ascending phase 1 study, sprifermin showed no
measurable systemic effects or safety concerns in patients with
osteoarthritis scheduled for total knee replacement,12 and there
were no safety concerns in a 1-year phase 1b proof-of-concept
study. The latter showed statistically significant dose-
dependent effects on total and lateral compartment cartilage
thickness in patients receiving 100 μg of sprifermin vs pla-
cebo, but failed to meet its primary end point of change from
baseline in central medial femorotibial compartment carti-
lage thickness.13

The phase 2 study reported herein examined joint struc-
tural changes in cartilage and evaluated the efficacy and ad-
verse events for 2 doses and 2 frequencies of intra-articular in-
jections of sprifermin among participants with symptomatic
radiographic knee osteoarthritis.

Methods
The study protocol was approved by independent ethics com-
mittees or institutional review boards at all 10 study sites. Writ-
ten informed consent was obtained from all participants, and
the study was performed in accordance with the ethical prin-
ciples of the Declaration of Helsinki.14

Study Design and Participants
FORWARD (FGF-18 Osteoarthritis Randomized Trial with
Administration of Repeated Doses) was a 5-year, dose-
finding, double-blind, placebo-controlled, multicenter
randomized clinical trial. The study protocol appears in
Supplement 1 and the statistical analysis plan appears
in Supplement 2. The study design appears in eFigure 1 in
Supplement 3.

Eligible participants were aged 40 to 85 years; had symp-
tomatic radiographic primary femorotibial knee osteoarthri-
tis (medial, lateral, or both compartments); had Kellgren-
Lawrence grades of 2 or 3 for radiographic severity in the
more symptomatic knee; had medial minimum joint space
width of 2.5 mm or greater; had knee pain lasting 6 months
or longer; had symptoms requiring pain medication for more
than 50% of the days during the month prior to screening;
and had a pain score of 4 to 9 points in response to question 1
(How much pain have you had [in the more symptomatic
knee, over the past 48 hours] when walking on a flat sur-
face?) on the Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC) pain scale (an 11-point pain
numerical rating scale with a score range of 0-10; worst score:
10) at screening and baseline after a pain medication washout
period of at least 5 half-lives. The exclusion criteria were sec-
ondary osteoarthritis; malalignment greater than 5° on radio-
graph; surgery planned for the more symptomatic or contra-
lateral knee within 2 years; and use of a trial-incompatible
concomitant medication.

Randomization and Interventions
Participants were enrolled between July 29, 2013, and
May 12, 2014. The last participant visit during the 2-year
follow-up analyses occurred on May 5, 2016; and the last
visit of the 3-year follow-up analysis occurred on May 8, 2017.
Computer-generated randomization was performed in
block sizes of 5, stratified by country, and coordinated cen-
trally. An interactive web response system was used to assign
a blinded treatment kit number to each participant at each
visit for administration of sprifermin. The investigator or a
suitably qualified designee administered study treatment to
the more symptomatic knee using an ultrasound-guided
intra-articular injection.

Participants were randomized 1:1:1:1:1 to 5 treatment
groups: 100 μg of sprifermin administered every 6 months
or every 12 months; 30 μg of sprifermin administered every
6 months or every 12 months; and placebo administered
every 6 months. Sprifermin treatments were administered
in cycles either every 6 months (at months 0, 6, 12, and 18)

Key Points
Question Does intra-articular administration of sprifermin
structurally modify cartilage, as measured by cartilage thickness
on quantitative magnetic resonance imaging, in patients with
knee osteoarthritis?

Findings In this dose-finding trial including 549 participants
randomized to 30 μg or 100 μg of sprifermin every 6 or 12 months
vs placebo, there was a significant increase after 2 years in total
femorotibial cartilage thickness for 100 μg of sprifermin every
6 months (0.05 mm) and every 12 months (0.04 mm).

Meaning Compared with placebo, intra-articular administration
of 100 μg of sprifermin every 6 or 12 months resulted in
improvement in femorotibial joint cartilage thickness after 2 years
that was statistically significant, but of uncertain clinical
importance; the durability of response also was uncertain.
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or every 12 months (at months 0 and 12, alternating with
placebo [phosphate-buffered saline] at months 6 and 18)
(Figure 1). Placebo treatment cycles were administered
every 6 months. Each cycle consisted of 3 injections of spri-
fermin or placebo over 3 weeks (eTable 1 in Supplement 3).
The total study duration was 5 years and the primary out-
come was evaluated at 2 years after baseline. Outcomes also
were evaluated 3 years after baseline and are reported

herein. Participants were followed up until 5 years after
baseline (eFigure 1 in Supplement 3).

Imaging
Quantitative MRI analyses (blinded to treatment and order
of the image acquisition) of the femorotibial cartilage subre-
gions were performed centrally at Chondrometrics GmbH
using version 3.0 of Chondrometrics Platform software.

Figure 1. Study Disposition at Year 2

1366 Patients assessed for eligibility

817 Excluded
649 Did not meet inclusion criteria
134 Refused to participate
34 Other reasons

549 Randomized

101 Included in primary
analysisf

9 Excluded from primary
analysisg

96 Included in primary
analysisf

12 Excluded from primary
analysisg

99 Included in primary
analysisf

11 Excluded from primary
analysisg

99 Included in primary
analysisf

12 Excluded from primary
analysisg

96 Continued in extended
follow-up phasee

89 Completed 3-y
follow-up

1 Lost to follow-up
6 Discontinued study
3 Withdrew consent
3 Other reasons

87 Continued in extended
follow-up phasee

82 Completed 3-y
follow-up

1 Lost to follow-up
4 Discontinued study
2 Withdrew consent
2 Other reasons

98 Continued in extended
follow-up phasee

93 Completed 3-y
follow-up

0 Lost to follow-up
5 Discontinued study
2 Withdrew consent
2 Disease progression
1 Adverse event

92 Continued in extended
follow-up phasee

85 Completed 3-y
follow-up

0 Lost to follow-up
7 Discontinued study
4 Withdrew consent
1 Disease progression
1 Adverse event
1 Nonadherence

100 Continued in extended
follow-up phasee

93 Completed 3-y
follow-up

1 Lost to follow-up
6 Discontinued study
3 Withdrew consent
1 Adverse event
2 Other reasons

96 Completed 2-y follow-up
14 Did not complete 2-y

follow-up

11 Discontinued
intervention
2 Adverse event
1 Nonadherenced

3 Withdrew consent
5 Other reasons

3 Lost to follow-up

87 Completed 2-y follow-up
21 Did not complete 2-y

follow-up

20 Discontinued
intervention
2 Adverse event
6 Nonadherenced

7 Withdrew consent
1 Death
4 Other reasons

1 Lost to follow-up

98 Completed 2-y follow-up
12 Did not complete 2-y

follow-up

12 Discontinued
intervention
2 Adverse event
2 Nonadherenced

6 Withdrew consent
2 Other reasons

0 Lost to follow-up

93 Completed 2-y follow-up
18 Did not complete-2 y

follow-up

17 Discontinued
intervention
5 Adverse event
2 Nonadherenced

6 Withdrew consent
4 Other reasons

1 Lost to follow-up

100 Completed 2-y follow-up
10 Did not complete 2-y

follow-up

9 Discontinued
intervention
3 Adverse event
5 Withdrew consent
1 Other reasons

1 Lost to follow-up

99 Included in primary
analysisf

11 Excluded from primary
analysisg

110 Randomized to receive
100 μg of sprifermin
every 6 mo
109 Received intervention

as randomized
1 Did not receive any

interventiona

108 Randomized to receive
placebo every 6 mo
107 Received intervention

as randomized
1 Received different

interventionc

110 Randomized to receive
100 μg of sprifermin
 every 12 mo
110 Received intervention

as randomized

111 Randomized to receive
30 μg of sprifermin
every 6 mo
111 Received intervention

as randomized

110 Randomized to receive
30 μg of sprifermin
every 12 mo
108 Received intervention

as randomized
1 Did not receive any

interventiona

1 Received different
interventionb

a Participant was not included in any adverse event analyses.
b Participant was randomized to 30 μg of sprifermin every 12 months, but

received 100 μg of sprifermin at visit 3. Actual treatment is set as 100 μg of
sprifermin every 12 months for the adverse event analyses and as 30 μg of
sprifermin every 12 months for the other analyses.

c Participant was randomized to placebo, but received 30 μg of sprifermin at
visit 7. Actual treatment was set as 30 μg of sprifermin every 12 months for the
adverse event analyses and as placebo for the other analyses.

d Nonadherence refers to protocol nonadherence.

e Participants may not be included in the primary analysis population
(due lack of quantitative magnetic resonance imaging measurement),
but may still be included in the year 3 analysis (in the other efficacy and
adverse event analyses).

f Participants may be included in the primary analysis population even if they
discontinued treatment.

g There were no quantitative magnetic resonance imaging measurements
up to year 2.
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Segmentation of medial and lateral femorotibial cartilage
plates (tibia and weight-bearing femur) was conducted on
coronal fast low-angle shot 3D T1-weighted gradient echo fat
saturated sequences, which has been described.13,15

All MRI data were acquired at baseline and before the first
injection of each cycle at the 6-, 12-, and 18-month visits and
at the 24- and 36-month visits using 1.5- or 3-Tesla clinical MRI
scanners. The test-retest reliability analyses for MRI using the
coronal fast low-angle shot MRI sequences have been
reported,16,17 and have demonstrated MRI reproducibility and
sensitivity for detecting changes in cartilage thickness in pa-
tients with osteoarthritis.

Fixed flexion radiographs of the knee were obtained using
the SynaFlexer Plexiglass positioning frame and were ac-
quired prior to treatment and at 12, 24, and 36 months. Knee
minimum joint space width was measured in the medial and
lateral femorotibial compartments using the BioClinica knee
joint space width tool, which is a component of the Study-
Direct reading system.18 Full imaging methods appear in
Supplement 3.

Outcomes
The study protocol (Supplement 1) and statistical analy-
sis plan (Supplement 2) are inconsistent regarding the cat-
egorization of the sprifermin serum and synovial level end
points or the neutralizing antibodies against sprifermin
end points. These discrepancies are described in eTable 2 in
Supplement 3.

Primary End Point
The primary end point was change in total femorotibial joint
cartilage thickness in the more symptomatic knee from
baseline to 2 years measured by quantitative MRI. The mini-
mal clinically important difference for the primary end
point is unknown.

Secondary End Points
The reported secondary end points include mean 2-year
changes from baseline in cartilage thickness in the medial
and lateral femorotibial compartments measured by quanti-
tative MRI; cartilage volume in the total, medial, and lateral
femorotibial joint measured by quantitative MRI; minimum
joint space width in the medial and lateral compartments by
radiography; WOMAC total score and pain, function, and
stiffness subscale scores (range, 0-100; 0 represents no
symptoms; 100 represents extreme symptoms); and sprifer-
min serum levels (assessed at baseline and at weeks 2, 28,
54, 80, and 104).19 The unreported secondary end points
include the 20-m walk test, the patient global assessment,
and sprifermin synovial fluid levels.

The minimal clinically important difference is only
known for the WOMAC scores. The minimal clinically
important difference for the WOMAC total score is 7 U (95%
CI, 4-10 U) and the minimal clinically important difference
percentage is 14% (95% CI, 9%-18%); pain score, 9 (95% CI,
6-12); function score, 6 (95% CI, 3-9); and stiffness score, 7
(95% CI, 6-9).20 There were discrepancies between the pro-
tocol and the statistical analysis plan for the definitions of

the secondary outcomes. These discrepancies are summa-
rized in eTable 2 in Supplement 3.

Adverse Events
The end points consisted of adverse events, treatment-
emergent adverse events, and serious adverse events; the
development of binding and neutralizing antibodies against
sprifermin (at baseline and at weeks 3, 26, 29, 52, 55, 78, 81,
and 104); and the incidence of acute inflammatory reactions
(defined as a pain increase of ≥30 mm on a 100-mm visual
analog scale with self-reported joint swelling within 3 days
following intra-articular injection21).

Concomitant medications, vital sign measurements, elec-
trocardiogram, laboratory parameters, and physical examina-
tions were recorded throughout the study. An independent data
and safety monitoring committee performed periodic re-
views of adverse events. Additional adverse events appear in
eTable 3 in Supplement 3.

Post Hoc and Exploratory Outcomes
Post hoc quantitative MRI analyses were conducted to deter-
mine the mean change in cartilage thickness from baseline to
2 years for the central medial and central lateral femorotibial
compartments; and the medial femorotibial compartment in
participants with predominantly medial disease.

End points examined during the 3-year analysis were
not prespecified and are considered exploratory. Three-year
efficacy end points were change from baseline in total,
medial, lateral, central medial, and central lateral femoro-
tibial joint cartilage thickness measured by quantitative
MRI; medial and lateral minimum joint space width mea-
sured by radiography; and WOMAC total score.

Statistical Analysis
To detect an overall treatment effect and a linear dose-
response relationship over 2 years for the primary and
secondary end points, a sample size of 545 randomized par-
ticipants (109 per group) was required to provide 90%
power. For the primary end point, the minimum treat-
ment effect for a dose-response relationship was 0.03 mm
for 100 μg of sprifermin administered every 6 months;
0.01 mm for 100 μg of sprifermin administered every 12
months; 0.01 mm for 30 μg of sprifermin administered
every 6 months; −0.01 mm for 30 μg of sprifermin adminis-
tered every 12 months; and −0.03 mm for placebo adminis-
tered every 6 months.

The assumptions were based on previous studies using
similar analysis techniques, such as mean cartilage loss of
0.02 mm per year observed in patients with knee osteoarthri-
tis in the Osteoarthritis Initiative (relevant only for the pla-
cebo effect),17,22 and difference of 0.04 mm in total cartilage
thickness between the 100 μg of sprifermin group and the
placebo group in the sprifermin phase 1b study.13 The mini-
mal clinically important difference for the primary end point
is unknown.

The treatment effect on efficacy end points was ana-
lyzed with mixed models and repeated measurement for
absolute change from baseline, including baseline value,
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treatment group, visit, visit × treatment group interaction,
and geographical region (as a fixed effect). An additional post
hoc analysis (model 2) was performed, which included site
within a country as a random effect and the number of days
since baseline as a numerical variable. The prespecified sig-
nificance level was .05 using a 2-sided P value for all tests.
Statistical significance was based on 2 P values for overall
treatment effect and dose response. The P values from a pair-
wise comparison were considered supportive.

Dunnett adjustment for multiple comparisons was used
within the mixed model for each treatment vs placebo over-
all (for the whole period) and at each visit. The SAS code for
this adjustment is included in the statistical analysis plan
(§11 in Supplement 2). Participants were analyzed according
to their randomization group for efficacy end points. The
intent-to-treat (ITT) population included all randomized
participants for nonquantitative MRI end points; and the
primary analysis population included all ITT participants
with quantitative MRI measurements at baseline and 1 or
more posttreatment quantitative MRI measurement up to
year 2 for all MRI end points.

Adverse event end points were analyzed according to
the actual treatment received (subset of participants in the
ITT population who received ≥1 dose of trial treatment). To
be conservative, as prespecified in the statistical analysis

plan, any participants randomized to placebo who received
an injection with active treatment were included in the
active group for the adverse event analyses. No imputation
of missing data was performed independently of the statisti-
cal methods. However, using within-participant correlation
in the mixed models, some information was used when the
treatment effect was estimated. No interim analyses were
performed. Because of the potential for type I error due to
multiple comparisons, findings for the analyses of secondary
end points should be interpreted as exploratory. All statisti-
cal analyses were performed using SAS version 9.4 (SAS
Institute Inc).

Results
Participants
Among 1366 participants screened, 549 (40.2%) were
randomized and included in the ITT analyses (Figure 1).
The primary analysis set consisted of 494 participants
and the adverse event analysis set consisted of 547 partici-
pants. One participant randomized to the placebo group
received one 30-μg injection of sprifermin. In the ITT popu-
lation, 18.4% of participants (81 of 441) receiving sprifermin
and 25.9% of participants (28 of 108) receiving placebo

Table. Demographic and Baseline Characteristics of the Intent-to-Treat Population

100 μg of Sprifermin 30 μg of Sprifermin Placebo
Every 6 mo
(n = 108)

Every 6 mo
(n = 110)

Every 12 mo
(n = 110)

Every 6 mo
(n = 111)

Every 12 mo
(n = 110)

Age, median (range), y 66.0 (44-84) 65.0 (40-80) 65.0 (41-80) 66.5 (41-80) 64.5 (41-83)

Sex, No. (%)

Female 73 (66.4) 77 (70.0) 80 (72.1) 73 (66.4) 76 (70.4)

Male 37 (33.6) 33 (30.0) 31 (27.9) 37 (33.6) 32 (29.6)

Body mass index, median (Q1-Q3)a 29.4 (25.46-33.32) 27.9 (24.84- 32.14) 28.2 (25.03-31.99) 28.8 (25.87-32.58) 29.2 (25.30-33.64)

Kellgren-Lawrence grade for radiographic
severity, No. (%)b,c

2 78 (70.9) 77 (70.0) 77 (69.4) 73 (66.4) 74 (68.5)

3 32 (29.1) 33 (30.0) 34 (30.6) 37 (33.6) 34 (31.5)

Time since diagnosis, median (Q1-Q3), yb 6.0 (4.0-11.0) 7.0 (3.0-11.0) 7.0 (4.0-12.0) 6.0 (4.0-10.0) 7.0 (4.0-12.0)

Medial minimum joint space width,
mean (SD), mmb

4.2 (1.1) 4.3 (1.2) 4.2 (1.3) 4.1 (1.1) 4.2 (1.3)

Total femorotibial joint cartilage thickness,
mean (SD), mmb,d

1.81 (0.26) 1.81 (0.27) 1.84 (0.29) 1.78 (0.22) 1.81 (0.27)

Response to WOMAC question 1,
mean (SD)e

5.8 (1.4) 5.5 (1.2) 5.6 (1.4) 5.6 (1.4) 5.6 (1.4)

Laterality, No./total No. (%)f

Predominately medial 64/84 (76.2) 64/88 (72.7) 61/83 (73.5) 62/86 (72.1) 53/78 (67.9)

Predominantly lateral 16/84 (19.0) 18/88 (20.5) 19/83 (22.9) 20/86 (23.3) 19/78 (24.4)

Medial and lateral 4/84 (4.8) 6/88 (6.8) 3/83 (3.6) 4/86 (4.7) 6/78 (7.7)

Abbreviation: WOMAC, Western Ontario and McMaster Universities
Osteoarthritis Index.
a Calculated as weight in kilograms divided by height in meters squared.
b In the more symptomatic knee.
c Grading system progresses from grade 0 to 4. Grade 2 indicates the presence

of osteophytes and possible joint space narrowing on radiographic analysis;
grade 3, multiple osteophytes, definite joint space narrowing, sclerosis, and
possible bony deformity.

d Calculated as the total volume divided by the total surface area (ie, average
cartilage thickness) in the primary analysis population.

e The question asked was “How much pain have you had [in the more
symptomatic knee, over the past 48 hours] when walking on a flat surface?”
The WOMAC is a self-administered questionnaire with questions scored
on a scale of 0 to 10 (0, no pain; 10, extreme pain).

f Subset of participants with available readings.
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discontinued treatment within 2 years, and 12.2% (54 of
441) and 19.4% (21 of 108), respectively, discontinued the
study (Figure 1 and eTable 4 in Supplement 3).

Baseline characteristics by treatment group are reported
in the Table. The median patient age was 65 years (age range,
40-84 years). Most participants were women (69%), white
(80%), and had a Kellgren-Lawrence grade of 2 for radio-
graphic severity in the more symptomatic knee (69%).

Primary End Point
Statistically significant, dose-dependent increases in total femo-
rotibial joint cartilage thickness were observed over 2 years with
sprifermin vs placebo (P < .001 for both treatment effect and
dose response). There was a mean increase in total femoro-
tibial joint cartilage thickness from baseline to 2 years in the
group administered 100 μg of sprifermin every 6 months (0.03
mm; difference vs placebo, 0.05 mm [95% CI, 0.03 to 0.07 mm])
and in the group administered 100 μg of sprifermin every 12
months (0.02 mm; difference vs placebo, 0.04 mm [95% CI, 0.02
to 0.06 mm]) compared with a mean loss in cartilage thickness
(−0.02 mm) observed in the placebo group.

Two-year changes in cartilage thickness showed no sig-
nificant difference vs placebo in the group administered 30 μg
of sprifermin every 6 months (0 mm; difference vs placebo,
0.02 [95% CI, −0.01 to 0.04 mm]) or in the group adminis-
tered 30 μg of sprifermin every 12 months (−0.01 mm; differ-
ence vs placebo, 0.01 mm [95% CI, −0.01 to 0.03 mm]) (Figure 2
and eFigure 2 in Supplement 3).

Secondary End Points
Statistically significant dose-dependent increases in carti-
lage thickness over 2 years were observed in the medial and
lateral femorotibial compartment (Figure 3 and eFigure 3 in
Supplement 3). Consistent increases in cartilage volume were
observed over 2 years (eFigure 4 in Supplement 3).

Statistically significant dose-dependent effects in joint
space width were observed in the lateral compartment
(P = .004 for treatment effect; P < .001 for dose response),
but not for the medial compartment. The 2-year change from
baseline in joint space width for the lateral compartment was
significantly different among the groups receiving 100 μg of
sprifermin administered every 6 months (0.19 mm; differ-
ence vs placebo, 0.26 mm [95% CI, 0.12 to 0.41 mm]) and
every 12 months (0.19 mm; difference vs placebo, 0.26 mm
[95% CI, 0.12 to 0.40 mm]) and the placebo group (−0.07
mm). In contrast, the 2-year change from baseline in joint
space width for the lateral compartment was not significantly
different among the groups receiving 30 μg of sprifermin
administered every 6 months (0.01 mm; difference vs pla-
cebo, 0.08 mm [95% CI, −0.08 to 0.25 mm]) and every 12
months (−0.03 mm; difference vs placebo, 0.04 mm [95% CI,
−0.13 to 0.20 mm]) and the placebo group (−0.07 mm) (eFig-
ure 5 in Supplement 3).

Compared with placebo, there were no statistically sig-
nificant differences in mean absolute change from baseline
for total WOMAC score in the group administered 100 μg of
sprifermin every 6 months (−0.06 [95% CI, −5.76 to 5.65]),
100 μg of sprifermin every 12 months (3.65 [95% CI, −1.99 to

9.28]), 30 μg of sprifermin every 6 months (2.58 [95% CI,
−3.47 to 8.64]), or 30 μg of sprifermin every 12 months (1.29
[95% CI, −4.53 to 7.10]). Similarly, no significant differences
were observed in mean absolute change from baseline for the
WOMAC pain, function, or stiffness subscale scores (Figure 4
and eFigure 6 in Supplement 3). Pain medication use was
similar in the sprifermin groups compared with the placebo
group (eTable 5 in Supplement 3).

All sprifermin serum concentrations were below the lower
limit (100 pg/mL) of quantification.

Adverse Events
Treatment-emergent adverse events were reported by more
than 90% of participants. Treatment-emergent adverse events
were reported by 99 participants (90.8%) in the group receiv-
ing 100 μg of sprifermin administered every 6 months; by 101
(91.0%) in the group receiving 100 μg of sprifermin every 12
months; by 100 (90.1%) in the group receiving 30 μg of sprif-
ermin every 6 months; by 106 (97.2%) in the group receiving
30 μg of sprifermin every 12 months; and by 99 (92.5%) in the
placebo group.

Treatment-emergent adverse events were mostly mild or
moderately severe and considered unrelated to the treatment

Figure 2. Change From Baseline in Total Femorotibial Joint Cartilage
Thickness Over 2 Years in the Primary Analysis Population
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by the site investigators. The most frequent treatment-
emergent adverse events were musculoskeletal and connec-
tive tissue disorders (arthralgia and back pain), infections and
infestations (upper respiratory infection and nasopharyngi-
tis), vascular disorders (hypertension), and nervous system
disorders (headache) (eTable 6 in Supplement 3). The most
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Acute Inflammatory Reactions
Acute inflammatory reactions were reported by 24 partici-
pants (22.2%) in the group receiving 100 μg of sprifermin
administered every 6 months, 25 (22.9%) in the group receiv-
ing 100 μg of sprifermin every 12 months, 18 (16.4%) in

the group receiving 30 μg of sprifermin every 6 months,
21 (19.3%) in the group receiving 30 μg of sprifermin every 12
months, and 14 (13.5%) in the placebo group. None led
to treatment discontinuation (eTable 7 in Supplement 3).
The majority of patients did not have more than 2 acute

Figure 4. Change From Baseline in Total WOMAC Score and in the WOMAC Subscale Scores Over 2 Years in the Intent-to-Treat Population
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inflammatory reactions over 4 cycles of treatment; however,
1 patient in the group receiving 100 μg of sprifermin every 12
months had 3 acute inflammatory reactions during cycle 3.

Post Hoc Analyses
Increased Cartilage Thickness in the Central Medial
and Lateral Femorotibial Compartments
Compared with placebo, statistically significant dose-
dependent increases in cartilage thickness over 2 years were
observed in the central medial and central lateral femoro-
tibial compartments (eFigure 7 in Supplement 3).

Medial Femorotibial Cartilage Thickness in Participants
With Predominantly Medial Disease
Among 304 participants who had predominantly medial femo-
rotibial compartment disease at baseline, 2-year changes from
baseline in the medial femorotibial compartment were con-
sistent with the results of the primary analysis population (eFig-
ure 8 in Supplement 3).

Statistical Analysis Model 2
The primary outcome data were analyzed further using an ad-
ditional statistical model (model 2) that included site within
a country as a random effect and the number of days since base-
line as a numerical variable. Analyses of change from base-
line in total cartilage thickness over 2 years using model 2 were
consistent with the original model and estimated a similar ef-
fect size for active treatment groups vs placebo (eTable 8 in
Supplement 3).

Exploratory 3-Year Efficacy and Adverse Events
A total of 442 participants (80.5%) completed 3 years of follow-
up. An overall decrease in mean total femorotibial joint carti-
lage thickness was observed in all study groups between years
2 and 3 (eFigure 9 in Supplement 3). Statistically significant dif-
ferences between sprifermin and placebo in 3-year changes from
baseline (0.05 mm [95% CI, 0.03-0.07 mm]) were observed for
the group receiving 100 μg of sprifermin every 6 months.

Compared with placebo, no significant differences were ob-
served in mean absolute change from baseline in total WOMAC
scores in any sprifermin group (eFigure 10 in Supplement 3).
Other 3-year findings appear in Supplement 3 (eTable 9
[patient reason and time to study withdrawal], eTable 10 [ad-
verse events], and eFigure 11 [change from baseline in carti-
lage thickness and joint space width in other compartments]).

Discussion
This study demonstrated that intra-articular administration of
100 μg of sprifermin every 6 or 12 months, compared with pla-
cebo, resulted in statistically significant increases in total femo-
rotibial joint cartilage thickness after 2 years among partici-
pants with symptomatic radiographic knee osteoarthritis. No
significant difference vs placebo was observed with 30 μg of
sprifermin administered every 6 or 12 months.

Osteoarthritis is characterized by cartilage degradation due
to imbalance between catabolism (degradation) and anabo-

lism. Progressive cartilage loss can be measured as a decline
in cartilage thickness by MRI or a reduction in joint space width
by radiography.3 Prevention of cartilage loss, or increasing car-
tilage thickness, can be considered a disease-modifying qual-
ity, and is among the criteria required for an agent to qualify
as a disease-modifying osteoarthritis drug, in addition to im-
proved symptoms and clinical outcomes such as knee replace-
ment. Although most available therapies focus on symptom
alleviation, treatments that halt or delay disease progression
may prevent worsening of symptoms.23

This study investigated whether sprifermin had an effect
on cartilage thickness in participants with knee osteoarthri-
tis. Increased cartilage thickness on quantitative MRI was
observed after treatment with 100 μg of sprifermin in all
compartments investigated.24,25 The effect on cartilage thick-
ness was supported by significant reductions in lateral mini-
mum joint space width narrowing vs placebo. In an analysis
of participants from the Osteoarthritis Initiative, the total
femorotibial cartilage thickness change over 2 years in those
who received knee replacement within 7 years of follow-up
was −0.07 mm compared with −0.03 mm in those who did
not (difference of 0.04 mm).22 The data reported herein
showed that 100 μg of sprifermin administered every 6
months was associated with a 0.05-mm increase in cartilage
thickness compared with placebo, the clinical significance of
which remains to be determined. As with the prior sprifermin
phase 1 studies, the rates of treatment-emergent adverse
events in this phase 2 study were similar across treatment
groups. There were no treatment-related deaths.

This study was not designed primarily to assess clinical
benefit. The clinical outcome that was investigated was the
WOMAC score; however, there was no significant effect of spri-
fermin on change in the WOMAC scores. The WOMAC total
score and the pain, function, and stiffness subscale scores im-
proved in all study groups. The association of change in car-
tilage thickness with change in osteoarthritis symptoms is un-
known. Absence of significantly different WOMAC scores also
was reported in clinical trials of intra-articular steroid vs sa-
line (placebo) injections.26-28 It is possible that using intra-
articular saline injections as a control may act as an active pla-
cebo, masking symptomatic improvements associated with
sprifermin in this study.

Furthermore, approximately 90% of participants in
each treatment group took at least 1 pain medication during
the 2-year treatment period. Although the overall use of
pain medications was similar among treatment groups, it is
possible that the use of pain medication may have con-
founded the evaluation of symptoms and function. Analysis
of a more select group of participants, who have baseline
characteristics associated with rapid structural and sympto-
matic progression of knee osteoarthritis, may indicate
symptom differences vs placebo and should be investigated
in future studies.

Using both quantitative MRI and radiographic analyses,
with the former being used to assess the primary end point,
was a strength of this study. Even though radiographs are an
acceptable method of measuring disease progression in os-
teoarthritis clinical trials, the imaging data from this study and
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others29-31 suggest that an MRI may be more sensitive for de-
tecting subtle structural modification, including changes in car-
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