
ARTHRITIS & RHEUMATOLOGY

Vol. 67, No. 11, November 2015, pp 2916–2922

DOI 10.1002/art.39265
VC 2015 The Authors. Arthritis & Rheumatology published by Wiley Periodicals, Inc.

on behalf of the American College of Rheumatology. This is an open access article under
the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which
permits use and distribution in any medium, provided the original work is properly cited,
the use is non-commercial and no modifications or adaptations are made.

BRIEF REPORT

Intraarticular Sprifermin Not Only Increases Cartilage Thickness, but Also
Reduces Cartilage Loss: Location-Independent Post Hoc Analysis Using Magnetic
Resonance Imaging

Felix Eckstein,1 Wolfgang Wirth,1 Ali Guermazi,2 Susanne Maschek,1 and Aida Aydemir3

Objective. To determine whether an anabolic drug
(sprifermin) is capable of reducing cartilage loss wherever
it occurs in a given knee, using a subject-specific, location-
independent analysis of cartilage change in patients with
knee osteoarthritis (OA).

Methods. Study participants (n 5 168; ages ‡40
years, 69% women) had symptomatic femorotibial OA not
confined to the medial compartment. Sprifermin (10, 30,
or 100 mg) or placebo was injected intraarticularly 3 times
over 3 weeks, both after randomization (baseline) and 3
months later. Coronal magnetic resonance images were
acquired at baseline and 3, 6, and 12 months after treat-
ment. The femorotibial cartilage of each subject was seg-
mented, and changes in cartilage thickness were computed
across 16 subregions. Location-independent post hoc anal-
ysis was used to compute summary scores of negative and
positive changes in the subregions, summarized as the
total cartilage thinning sum score (ThCTnS) and the total
cartilage thickening sum score (ThCTkS), capturing
change in either direction in each knee. Ordered values of
the magnitude of subject-specific subregional changes in

thickness were determined. The ThCTnS and ThCTkS in
each sprifermin dose group at 12 months of followup were
compared with the values in the matched placebo groups,
using the Wilcoxon-Mann-Whitney test.

Results. The mean 6 SD ThCTnS was 2591 6 617
mm (median 2360 mm, Q1/Q3 5 2820/2200 mm) in
patients treated with 100 mg sprifermin (n 5 57), and
2921 6 777 mm (median 2745 mm, Q1/Q3 5 21,190/
2380 mm) in patients given placebo (n 5 18). The mean
difference in the ThCTnS between the 100-mg sprifermin
group and the placebo group was 331 mm (95% confi-
dence interval [95% CI] 24, 685), a difference that was
statistically significant (P 5 0.03). The mean difference in
the ThCTkS in the 100-mg sprifermin group compared
with the placebo group was 237 mm (95% CI 34, 440),
also a statistically significant difference (P 5 0.028).

Conclusion. Sprifermin not only increases cartilage
thickness, but also reduces cartilage loss. Subject-specific,
location-independent analysis of both cartilage thinning
and thickening represents a sensitive and informative
approach for studying the effects of disease-modifying OA
drugs.

Osteoarthritis (OA) is the most common form of
arthritis, and the lifetime risk of symptomatic knee OA is
45% (1). Current treatments focus on symptom manage-
ment (2) or joint surgery (3); no disease-modifying OA
drug (DMOAD) aimed at modifying structural pathologic
progression in the synovial tissue has been approved by
regulatory agencies (2). In the US, 1 of every 2 patients in
whom knee OA is diagnosed eventually receives surgical
knee replacement, and the average age at which patients
undergo knee replacement has been decreasing (3). Thera-
pies that could delay structural pathologic development
and reverse symptoms and functional limitations, thereby
preventing joint replacement, would thus represent an
important, unmet medical need.

Most DMOAD studies have evaluated structural
progression as a reduction in radiographic joint space
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width (JSW) (4–6), an end point that is accepted by regu-
latory agencies. However, accurate measurement of min-
imum JSW is technically challenging, is limited to
progression in the medial compartment, and requires
large sample sizes and long observation periods (6).
Recent DMOAD trials used magnetic resonance imaging
(MRI) and cartilage thickness or volume as structural
outcome measures (6–9). Many of these trials demon-
strated significant DMOAD effects in the lateral, but not
the medial, femorotibial compartment, albeit the studies
were conducted in patients with predominantly medial dis-
ease (7–9). In a recent study by Lohmander et al, patients
with knee OA (not specifically selected for medial
compartment disease) were evaluated in a randomized
controlled trial (RCT) of intraarticular sprifermin (recom-
binant human growth factor 18), and the results indicat-
ed that treatment with sprifermin had statistically
significant, dose-dependent effects on total and lateral
femorotibial cartilage thickness (10). With the highest
dose of sprifermin (100 mg), cartilage thickness and JSW
in the lateral compartment were shown to increase over
12 months, but no statistically significant dose response
could be ascertained with regard to changes in central
medial femorotibial cartilage thickness (10).

These observations have raised questions as to
whether the effects of DMOADs are greater in joint
regions where mechanical challenges are potentially
small and cartilage thickness may be static, and whether
drugs can also be effective in regions where mechanical
challenges are high and cartilage loss is supposedly most
progressive. These considerations apply between com-
partments (i.e., medial versus lateral), but also within
these compartments (i.e., peripheral versus central). In
several studies, subregional cartilage change was shown
to be highly variable between knees (11,12), and often
occurred in opposite directions (loss versus gain), there-
by canceling each other out when the mean change
across different knees from different participants (11)
was reported. Therefore, analyses to ascertain the aver-
age cartilage change across compartments, plates, or
subregions of the cartilage among patients are unable to
conclusively answer whether, at an individual level, carti-
lage loss is reduced by a DMOAD.

The objective of this post hoc analysis of the results
from the recent RCT evaluating sprifermin for the treat-
ment of knee OA (10) was to use subject-specific, loca-
tion-independent analysis of cartilage change, in order to
test whether an anabolic drug such as sprifermin increases
cartilage thickness at some locations in the joint, and
whether the treatment is also capable of reducing cartilage
loss wherever it occurs in a given knee.

PATIENTS AND METHODS

Study design. A multicenter, randomized, double-
blind, placebo-controlled trial evaluating the effects of sprifer-
min was conducted in patients with knee OA across 30 sites on
multiple continents. The inclusion/exclusion criteria for this
RCT have been previously published (10). Trial investigators
selected patients with radiographic knee OA in the femoro-
tibial compartment, whether in the medial or lateral region or
both.

The efficacy of intraarticular sprifermin was evaluated
in 168 participants, using multiple ascending-dose regimens of
10, 30, and 100 mg (10). Eligible patients were randomized 3:1
within each cohort to receive sprifermin or placebo (Table 1).
An intraarticular injection was administered once per week
over 3 weeks to one or both knees of the participants after ran-
domization and baseline MRI, and was again administered 3
months later, once per week over 3 weeks. The results reported
herein are from those patients in the sprifermin dose groups
(100 mg n 5 57, 30 mg n 5 40, and 10 mg n 5 18) and the
matched placebo groups (100 mg n 5 18, 30 mg n 5 12, and 10
mg n 5 7) who had MRI data available at baseline and at the
12-month followup. The dropout rate observed in this study
has been reported previously (10).

MRI acquisition and analysis. MRIs were acquired
using 1.5T or 3T magnets and knee coils (10). Coronal spoiled
gradient-recalled sequences, known to be accurate and robust
with regard to delineating cartilage in multicenter trials (6),
were acquired at baseline and at 3, 6, and 12 months of followup
(6,10). Images were acquired with a contiguous 1.5-mm slice
thickness and with in-plane resolutions ranging from 0.23 3
0.23 mm to 0.32 3 0.32 mm (repetition time 18–50 msec, echo
time 6.5–14 msec, flip angle 15–208) depending on the magnet
and on the fat saturation/water excitation status. Identical
parameters were used at the baseline and followup assessments
in all cases. No test–retest MRI acquisitions to assess the repro-
ducibility of the study were planned in the protocol.

Segmentation of the femorotibial cartilage was per-
formed at a single center (Chondrometrics GmbH, Ainring,
Germany). The subchondral bone and cartilage surface area
were traced manually in the medial and lateral femorotibial
plates, excluding osteophyte cartilage (10). Baseline and fol-
lowup images were processed in one session, and all images
were blinded with regard to acquisition order and active treat-
ment/placebo status. All segmentations were checked by 1 of 2
experts (SM and FE). Measures of compartment, plate, and sub-
region cartilage thickness (13,14) were computed using software
from Chondrometrics (provided by WW). The specific imple-
mentation for determining the 16 femorotibial subregions, and
the reliability (test–retest reproducibility with repositioning of
the joint between acquisitions) have been published previously
(13), with the root mean square coefficient of variation and stan-
dard deviation for subregion cartilage thickness ranging from
1.5% and 19 mm to 4.7% and 84 mm, respectively, across
regions. The RCT results with regard to compartment measures
and safety, symptom, and radiographic outcomes have been
reported previously (10). The current analysis focused on the 12-
month cartilage change in 16 femorotibial subregions (results in
the cohort receiving 100 mg sprifermin are reported herein; results
in the 10-mg and 30-mg cohorts are reported in Supplementary
Tables 1 and 2, available on the Arthritis & Rheumatology web
site at http://onlinelibrary.wiley.com/doi/10.1002/art.39265/abstract).
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Three- and 6-month data on cartilage change were not included, in
order to limit multiple comparisons and because the 12-month
observation interval was shown to provide a robust and persistent
treatment effect in the RCT (10).

Location-independent analysis of cartilage change. To
derive subject-specific, location-independent measures of carti-
lage change, all subregions with negative changes were summa-
rized (cartilage thinning sum score [ThCTnS]) over as many of
the 16 subregions that displayed cartilage thickness loss in each
patient. Furthermore, all subregions with positive changes
were summarized (cartilage thickening sum score [ThCTkS])
over as many of the 16 subregions that displayed cartilage
thickness gain. Moreover, to demonstrate the relationship
between loss and gain (in different subregions) occurring with-
in the same knee, the ratio of median ThCTnS to median
ThCTkS was determined in each patient. Finally, a previously
described ordered value (OV) approach (14) was applied, in
which subject-specific subregional change in cartilage thickness
was sorted from most negative (OV1) to least negative or most
positive (OV16).

Statistical analysis. Statistical testing was performed
using SAS software version 9.1 (SAS Institute). Analyses were
conducted in a subset of patients in the modified intent-to-treat
population, as described by Lohmander et al (10), for whom effi-
cacy data were available from the baseline and 12-month fol-
lowup assessments. No imputations of missing data were applied.

The ThCTnS of cartilage thinning was defined as the
primary focus, while the ThCTkS of cartilage thickening and
the ThCTnS:ThCTkS ratio were secondary analytic end points

of this post hoc exploratory analysis. Subregions (13) and OVs
(14) were used as exploratory and explanatory outcomes. For
each of these structural measures of the cartilage, the mean 6 SD
and median values (with Q1 and Q3 of the interquartile range)
for the change in thickness were analyzed. Differences between
treatment groups are reported as the mean difference with 95%
confidence intervals (95% CIs). Given the non-normal distribu-
tion of change and the small sample size, differences between the
sprifermin- and placebo-treated patients were tested for statisti-
cal significance using the Wilcoxon-Mann-Whitney test. P values
less than 0.05 were considered significant. The P values were not
adjusted for multiple testing.

RESULTS

Baseline characteristics of the patients. Baseline
demographic and clinical characteristics and the baseline
cartilage thickness values across subregions of the femoroti-
bial cartilage of patients in the 100-mg sprifermin group and
matching placebo group are shown in Table 1. The baseline
demographic and clinical characteristics of patients in the
10-mg and 30-mg sprifermin groups and matching placebo
cohorts are listed in Supplementary Table 1.

Cartilage thinning and thickening summary
scores in patients treated with 100 mg sprifermin versus
placebo. One-year changes from baseline and differ-
ences in cartilage thickness change in patients treated

Table 1. Baseline characteristics and subregional cartilage thickness among patients treated with 100 mg
sprifermin and matched placebo-treated patients*

100 mg sprifermin
(n 5 57)

Matched placebo
(n 5 18)

Characteristic
Age, mean 6 SD years 61.2 6 9.1 60.9 6 6.9
Female, no. (%) 39 (68.4) 12 (66.7)
BMI, mean 6 SD kg/m2 30.5 6 5.0 31.5 6 5.3
K/L grade 3, no. (%) 29 (50.9) 11 (61.1)
Time since OA onset, mean 6 SD years 7.1 6 5.4 7.4 6 3.7

Cartilage subregion thickness, mean 6 SD mm
cMT 2,189.5 6 556.1 2,236.1 6 560.5
eMT 1,194.4 6 378.9 1,168.9 6 427.1
iMT 1,858.6 6 329.6 1,871.1 6 269.3
aMT 1,487.2 6 251.8 1,453.9 6 345.9
pMT 1,408.6 6 223.4 1,478.3 6 263.9
ccMF 1,920.4 6 658.4 1,800.0 6 738.1
ecMF 1,281.8 6 393.0 1,265.0 6 367.3
icMF 1,772.6 6 383.5 1,740.0 6 419.1
cLT 2,775.3 6 869.6 2,593.9 6 813.4
eLT 1,431.1 6 393.9 1,370.6 6 542.3
iLT 1,790.0 6 438.7 1,758.3 6 280.6
aLT 1,585.6 6 305.0 1,628.3 6 319.3
pLT 1,653.3 6 427.9 1,484.4 6 316.3
ccLF 2,157.0 6 416.5 2,205.6 6 546.1
ecLF 1,563.5 6 348.1 1,550.0 6 456.8
icLF 1,681.4 6 308.9 1,759.4 6 400.3

* Thickness of cartilage from the medial tibia (MT), central part of the medial weight-bearing femur (cMF),
lateral tibia (LT), and central part of the lateral weight-bearing femur (cLF) was determined in the central (c),
external (e), internal (i), anterior (a), and posterior (p) subregions. BMI 5 body mass index; K/L5 Kellgren/
Lawrence; OA5 osteoarthritis.
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with sprifermin compared with the matched placebo
groups are shown in Table 2. The mean 6 SD ThCTnS
was 2591 6 617 mm (median 2360 mm, Q1/Q3 5 2820/
2200 mm) in knees treated with 100 mg sprifermin, and
2921 6 777 mm (median 2745 mm, Q1/Q3 5 21,190/
2380 mm) in knees treated with placebo. The mean dif-
ference in CThTnS change between the groups was 331
mm (95% CI 224, 685 mm); this was a statistically signifi-
cant difference (P 5 0.03).

Knees treated with 100 mg sprifermin also dis-
played significantly greater cartilage thickening than did
knees treated with placebo (P 5 0.029), with a mean 6 SD
ThCTkS of 744 6 360 mm (median 710 mm, Q1/Q3 5 540/
950 mm) in the 100-mg sprifermin group compared with
507 6 429 mm (median 380 mm, Q1/Q3 5 140/750 mm) in
the placebo group (mean difference 237 mm, 95% CI 34,
440). The individual ThCTnS:ThCTkS ratio medians were
20.6 (Q1/Q3 5 21.0/20.3) in the sprifermin-treated

Table 2. One-year changes from baseline in cartilage thickness in patients treated with 100 mg sprifermin compared
with matched placebo-treated patients, according to thinning and thickening scores, OVs of the magnitude of change,
and anatomic subregions*

One-year change from baseline
Between-group

difference,
mean (95% CI) mm

100 mg sprifermin
(n 5 57)

Matched placebo
(n 5 18) P

ThCTnS 2590.5 6 616.8 (2360) 2921.1 6 776.8 (2745) 330.6 (223.7, 684.9) 0.0304
ThCTkS 744.2 6 360.4 (710) 507.2 6 429.0 (380) 237.0 (33.6, 440.4) 0.0286
ThCTnS:ThCTkS ratio 23.1 6 9.0 (20.55) 29.4 6 16.1 (22.1) 6.3 (0.3, 12.3) 0.0143
OVs

OV1 2178.6 6 151.1 2217.2 6 158.1 38.6 (243.7, 121.0) 0.1208
OV2 2122.8 6 121.6 2153.3 6 114.7 30.5 (234.2, 95.2) 0.1758
OV3 285.6 6 92.9 2121.1 6 88.2 35.5 (214.0, 85.0) 0.0699
OV4 253.5 6 64.7 297.2 6 77.4 43.7 (7.1, 80.3) 0.0297
OV5 236.0 6 61.0 281.1 6 67.6 45.1 (11.4, 78.9) 0.0086
OV6 222.3 6 55.8 266.7 6 63.2 44.4 (13.4, 75.4) 0.0074
OV7 28.1 6 54.7 246.1 6 57.7 38.0 (8.2, 67.9) 0.0226
OV8 5.4 6 50.2 227.2 6 59.8 32.7 (4.3, 61.0) 0.0429
OV9 17.5 6 49.5 28.3 6 60.1 25.9 (22.2, 54.0) 0.0786
OV10 31.8 6 46.7 6.7 6 63.8 25.1 (22.5, 52.7) 0.0747
OV11 47.0 6 45.6 15.0 6 62.9 32.0 (5.0, 59.1) 0.0343
OV12 63.3 6 42.0 25.0 6 64.6 38.3 (12.4, 64.3) 0.0280
OV13 81.8 6 46.2 43.3 6 63.5 38.4 (11.1, 65.8) 0.0332
OV14 103.2 6 49.9 68.3 6 71.0 34.8 (4.9, 64.7) 0.0450
OV15 131.4 6 59.1 93.9 6 74.1 37.5 (3.6, 71.4) 0.0274
OV16 179.1 6 70.9 152.2 6 101.5 26.9 (215.7, 69.5) 0.1644

Cartilage subregion
thickness†

cMT 22.6 6 144.9 222.8 6 193.3 20.1 (264.7, 105.0) 0.6595
eMT 210.9 6 129.5 225.0 6 101.3 14.1 (252.4, 80.7) 0.1925
iMT 10.5 6 82.0 222.8 6 92.7 33.3 (212.3, 78.9) 0.2587
aMT 18.2 6 103.2 22.8 6 110.4 24.5 (261.1, 52.0) 0.9950
pMT 27.0 6 85.8 221.7 6 85.0 48.7 (2.5, 94.8) 0.0463
ccMF 229.6 6 176.2 286.1 6 145.8 56.5 (234.9, 147.8) 0.0750
ecMF 4.4 6 146.3 228.3 6 115.6 32.7 (242.6, 108.0) 0.4128
icMF 25.6 6 110.1 257.8 6 106.2 52.2 (26.7, 111.0) 0.0463
cLT 20.4 6 129.7 253.9 6 184.8 53.5 (224.3, 131.4) 0.1646
eLT 21.8 6 103.3 226.7 6 86.1 48.4 (25.2, 102.1) 0.0205
iLT 3.5 6 73.2 215.0 6 98.5 18.5 (224.5, 61.5) 0.5267
aLT 8.4 6 91.6 27.8 6 102.4 16.2 (234.6, 67.0) 0.4641
pLT 22.6 6 108.5 214.4 6 91.5 37.1 (219.4, 93.6) 0.2940
ccLF 32.3 6 116.4 212.2 6 172.7 44.5 (226.5, 115.5) 0.2287
ecLF 43.5 6 89.7 229.4 6 108.0 73.0 (22.1, 123.8) 0.0088
icLF 10.5 6 109.1 212.8 6 105.7 23.3 (235.0, 81.7) 0.2310

* Values are the mean 6 SD (median) mm. ThCTnS 5 total femorotibial subregional cartilage thinning summary
score of negative change; ThCTkS 5 total femorotibial subregional cartilage thinning summary score of positive
change; OVs 5 ordered values of subregional change in cartilage thickness (ranging from OV1, representing greatest
cartilage loss, to OV16, representing greatest cartilage thickening).
† Thickness of cartilage from the medial tibia (MT), central part of the medial weight-bearing femur (cMF), lateral
tibia (LT), and central part of the lateral weight-bearing femur (cLF) was determined in the central (c), external (e),
internal (i), anterior (a), and posterior (p) subregions.
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patients and 22.1 (Q1/Q3 5 29.8/20.4 mm) in the place-
bo group (P 5 0.014).

Observational results in femorotibial subregions
and ordered values. Compared with placebo-treated
patients, those treated with 100 mg sprifermin gained
more cartilage thickness over 12 months in 11 of the 16
subregions and lost less cartilage in 5 of the 16 subre-
gions. However, the difference between the sprifermin-
and placebo-treated patients reached significance (P ,

0.05) in only 4 of the subregions (absolute mean change
from baseline ranging from 48.4 mm to 73.0 mm) (Table
2 and Figure 1A).

Sprifermin-treated patients either gained more or
lost less cartilage thickness than placebo-treated patients in

all 16 OVs, with the difference reaching significance (P ,

0.05) in 10 of the 16 OVs (absolute mean change from
baseline ranging from 32.0 mm to 45.1 mm) (Table 2 and
Figure 1B). These 10 OVs included 5 (OV4–OV8) for
which greater cartilage loss was observed in the placebo-
treated patients as compared with the sprifermin-treated
patients, and 5 (OV11–OV15) for which greater cartilage
gain was observed in the sprifermin-treated patients as
compared with the placebo-treated patients (Figure 1B).

Results in the 10-mg and 30-mg sprifermin co-
horts. Results in patients treated with 10 mg or 30 mg
sprifermin are provided in Supplementary Table 2.
Differences in thinning and thickening of the cartilage,
subregions of the cartilage, and OVs did not reach statis-
tical significance between the sprifermin- and placebo-
treated patients in these dose groups.

DISCUSSION

This is the first study to apply a location-independent
approach to the analysis of cartilage change in a DMOAD
trial, the first to use summary scores of cartilage thinning and
thickening as exploratory end points, and the first to show
that an anabolic drug such as sprifermin has the potential to
reduce cartilage loss.

Limitations of the study include the small sample
size, in particular in the sprifermin cohorts receiving the
lower doses. Furthermore, we used only matched placebo-
treated patients, rather than all placebo-treated patients,
for comparison with the 100-mg sprifermin cohort, because
this was a dose escalation safety study, and therefore the
10-mg, 30-mg, and 100-mg cohorts were randomized and
matched with placebo controls at different times through-
out the study. Moreover, the current analysis did not
account for missing data and did not adjust for baseline
values and covariance.

Another limitation is that this study was a post hoc
analysis, being completed after the RCT; although the
ThCTnS was a prespecified primary focus of this analysis,
it was not a prespecified end point in the original study pro-
tocol. Furthermore, it has to be noted that, like the subre-
gion analysis, the OV approach (14) is subject to
multiplicity issues and needs to be formally adjusted for
multiple parallel testing, when all 16 OVs are evaluated. In
contrast, a strength of using thinning and thickening sum-
mary scores is the reduction in statistical multiplicity (2 ver-
sus 16).

Finally, the spatial resolution of MRI is limited and
relatively coarse, in view of the changes in cartilage thick-
ness seen in knee OA during typical trial durations of #1
year. Nevertheless, the mean thickness measurements are
averaged over .2,000 single measurements per subregion

Figure 1. Change from baseline in subregional cartilage thickness at
12 months of followup, according to A, subregions of the cartilage
and B, ordered values (OVs) of the magnitude of change in cartilage
thickness (ranging from OV1, representing greatest cartilage loss, to
OV16, representing greatest cartilage thickening). Significant treat-
ment effects (unadjusted P , 0.05) were detected in 4 of 16 subre-
gions and in 10 of 16 OVs. Bars show the mean and 95% confidence
interval (95% CI). Symbols indicate individual change values that
differed significantly between the 100 mg sprifermin–treated and
placebo-treated patients. MT 5 medial tibia; cMF 5 central part of
the medial weight-bearing femur; LT 5 lateral tibia; cLF 5 central
part of the lateral weight-bearing femur.
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(13), and OV1 (the subregion with the greatest loss)
assumed a mean 6 SD cartilage thickness change of
2217 6 158 mm in the placebo-treated patients (those
matched to the 100-mg sprifermin cohort), which compares
very favorably with the test–retest error (with reposition-
ing) of 19–84 mm reported for subregions (13). The thin-
ning and thickening scores provide a further advantage
over OVs in this context, representing averages across sev-
eral subregions. Averaging results of cartilage thickness
change over defined anatomic regions, however, has inher-
ent limitations; this is because knee OA is spatially hetero-
geneous, and local change in cartilage thickness occurs at
different, largely unpredictable joint locations (11), owing,
at least in part, to the biomechanical (micro)environment
(12). Averaging results over regions in DMOAD trials
would be similar to limiting observations to single vertebrae
(e.g., T10) in osteoporotic fracture trials, whereas the sub-
regional summary score equates to taking all vertebral frac-
tures into account, independent of the thoracolumbar level
at which they occur. With regional approaches, DMOAD
effects may be obscured and cancel out each other, when
occurring in different directions across different knees
from different patients, in the same anatomic location (11).
Thus, the subject-specific, location-independent approach
of determining cartilage thinning and thickening summary
scores is more informative and sensitive in detecting effica-
cy when compared with subregion analysis, because
“noise” from the spatial heterogeneity of cartilage change
is reduced.

Sprifermin is known to stabilize an anabolic chon-
drocyte phenotype, stimulate chondrogenesis in vitro,
and induce cartilage repair in OA animal models (15).
The current results suggest that, when compared with
placebo, treatment with sprifermin not only adds carti-
lage in some locations in the joint (to increase cartilage
volume and thickness globally, or at regions where carti-
lage thickness can be expected to be static), but also
reduces cartilage loss, if it occurs. As demonstrated by
ThCTnS:ThCTkS ratio medians of 20.6 mm in the 100-
mg sprifermin–treated patients and 2.1 mm in the
placebo-treated patients, on a location-independent sub-
ject level, the gain in cartilage thickness in sprifermin-
treated patients was greater than the loss, whereas in
placebo-treated patients, the loss was greater than the
gain. These findings are generally consistent with the
results from the RCT reported previously (10).

Therefore, when administered intraarticularly at
a 100-mg dose in 2 cycles of 3 once-weekly injections,
sprifermin appears to be effective at locations of carti-
lage loss. To what extent these disease-modifying effects
translate into clinical benefit, and at what point in time

they occur, are beyond the scope of this report and will
have to be explored in future studies.

In conclusion, this study shows that sprifermin not
only increases cartilage thickness, but also reduces carti-
lage loss. Subject-specific, location-independent analysis
of cartilage thinning and thickening represents a sensitive
and informative approach to studying disease-modifying
drugs for the treatment of knee OA.
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