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In the past decade, clinical practice in
rheumatology has been transformed by
the advent of ‘biologicals’. The use of these
new drugs has significantly improved the
outcome of patients with rheumatoid
arthritis especially for those refractory to
(patient-tailored) conventional disease-
modifying antirheumatic drug (DMARD)
therapy. The question is, is it now time for
a gap-bridging, large step forward in the
treatment of an even more commonly seen
rheumatic disease, osteoarthritis? Has the
era of the disease-modifying osteoarthritis
drug (DMOAD) begun? Is ‘OA the new
RA’ (quote from Professor P Conaghan,
2012 annual meeting of the British Society
of Rheumatology (BSR)), or is this still
wishful thinking?

It no longer needs proclamation of
worldwide numbers of patients who
suffer from non-attendance and decreased
productivity at work and unemployment,
or costs of medical and paramedical care,
medication use, and surgical treatments
with joint replacement in the end, to rec-
ognise that osteoarthritis is a huge socio-
economic problem.1 Osteoarthritis is the
most common disabling joint disease
worldwide. Moreover, its incidence and
prevalence are increasing because of
ageing, higher life expectancy, and life-
style changes, leading to a growing popu-
lation of patients with osteoarthritis.2

Osteoarthritis is clinically characterised
primarily by joint pain and consequently
functional limitations. Cartilage degrad-
ation is still considered pivotal in its path-
ology. This might be considered surprising,
since cartilage is not innervated, so osteo-
arthritic pain must arise from other tissues
involved. Changes in periarticular bone,
synovial tissue and other periarticular soft

tissue structures such as ligaments and
muscles are inextricably related to the
osteoarthritic process. Obviously, all these
structural changes are part of a cascade
that eventually leads to overt osteoarth-
ritis, and they need to be considered in
unison when related to clinical symptoms.
The sequence and relative importance of
each of these processes may differ between
individuals, between joints, between
disease stages, and over time.2

Appreciating this, it might well be that not
all patients at all phases in their disease
need the same treatment approach.
The growing body of literature on

osteoarthritis shows that this disease is
still a major challenge for scientists as
much as clinicians. Early in the disease,
general practitioners and rheumatologists
may be able to help with non-
pharmacological therapy combined with
pain medication and, when necessary,
anti-inflammatory drugs, but these will
not stop the degenerative process.3 In
end-stage disease, orthopaedic interven-
tions are effective for a certain time
period but are not curative; joint replace-
ment is the final solution. Within these
boundaries of early and late stage treat-
ment, there is a huge gap where there is
an urgent need for new therapies, par-
ticularly treatment modalities with
structure-modifying properties4 (figure 1).
It will be a challenge for rheumatologists
and orthopaedic surgeons in the coming
decade to jointly fill this gap.
Early attempts to modify tissue struc-

ture in osteoarthritis were hampered by a
lack of proper biochemical and imaging
markers to evaluate functional joint
tissue repair. In response, more effort was
put into improving surrogate markers to
demonstrate more subtle changes in
tissue repair. This field is making pro-
gress,5 6 but the steps made are small,
and implementation in trials and clinical
practice is costly. Large-scale, lengthy, and
therefore costly, clinical trials are still
required to demonstrate tissue structure
modification. Nevertheless, the need to
find a solution to the huge socioeconomic
problem of joint degeneration has

encouraged some to persevere in their
search for joint tissue repair modalities.
However, at present, the regulatory
authorities have still not approved any of
the current potential DMOAD treat-
ments, as researchers have failed to
provide evidence of both structural and
clinical improvement as laid out in guide-
lines.7 But, maybe, the quest for
DMOADs has now become fruitful.

Annals of Rheumatic Diseases features
potentially the first DMOAD. The first
data of a large double-blind, randomised
placebo-controlled clinical trial on the
‘Efficacy and safety of strontium ranelate
in the treatment of knee osteoarthritis’
(SEKOIA; controlled Strontium ranelate
Efficacy in Knee Osteoarthritis triAl),
sponsored by Servier (Suresnes, France),
are presented by Reginster et al.8

Strontium ranelate is licensed for the
treatment of osteoporosis. The most com-
monly used osteoporosis treatments (oes-
trogen replacement therapy, selective
oestrogen-receptor modulators, bispho-
sphonates and calcitonin) act by inhibiting
bone resorption. Strontium ranelate, in
contrast, may have a dual mode of action,
simultaneously increasing bone formation
while decreasing bone resorption.9

There was a rationale for testing this
anti-osteoporotic drug for the treatment of
osteoarthritis.10 In post hoc analyses of
two large osteoporosis studies, strontium
ranelate was suggested to beneficially influ-
ence cartilage in the osteoarthritic popula-
tion within these osteoporosis cohorts.
Strontium ranelate-treated patients with a
history of clinical osteoarthritis (vertebral,
hip, knee, hand or other) had a significant
decrease in urinary collagen type II C-ter-
minal telopeptide (CTX-II), considered a
marker of cartilage degradation, compared
with placebo-treated patients.11 However,
surprisingly (to us at least), the non-
osteoarthritic patients who were not
expected to have cartilage degeneration,
also showed a clear decrease in CTX-II
levels. The reason for this may be that
CTX-II is now no longer considered a
marker of cartilage damage alone, but may
also be released from bone.12 In trials of
the anti-osteoporotic drug, risedronate, in
patients with knee osteoarthritis, urinary
CTX-II levels also decreased significantly
over time, but no beneficial effect of rise-
dronate on joint space narrowing ( JSN)
was observed.13 This raises questions as to
whether a decrease in urinary CTX-II
levels can be used as a reliable marker for
chondroprotection per se.

In another post hoc evaluation of
cohorts of patients with high risk of, or
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prevalent, vertebral fractures, radiographs
were taken for detection of these frac-
tures. These radiographs were reused to
identify patients with radiographic
lumbar spine osteoarthritis, based on a
combined score of JSN and osteophytes.14

After 3 years of treatment with stron-
tium ranelate, 10% experienced an
increase in the overall osteoarthritis score
versus 17% in the placebo-treated group.
For JSN alone, this was 8% and 12%,
respectively. This more convincingly
argues for a chondroprotective role of
strontium ranelate than a change in
CTX-II levels. However, it should be kept
in mind that radiographs not taken in a
highly standardised way for the purpose
of evaluating radiographic characteristics
of osteoarthritis should be interpreted
with caution.15

The fact that osteoarthritis is increas-
ingly considered a disease in which peri-
articular bone changes take a central role
was an additional motivation to test
strontium ranelate for treatment of this
disease. For example, oedema-like bone
marrow lesions (BMLs) are considered to
be associated with articular cartilage
loss16 and, most importantly, with pain
sensation.17

In vitro experiments suggested direct
effects of strontium ranelate on cartilage
as well. Strontium ranelate increased car-
tilage matrix formation by isolated chon-
drocytes by stimulating anabolism
without influencing the (interleukin 1β
induced) catabolic pathways.18 In this
way, it could restore the imbalance
between cartilage matrix formation and
breakdown as observed during osteoarth-
ritis. This positive effect on anabolism

fits with the observation that strontium
ranelate increases serum insulin-like
growth factor 1 (IGF-1) levels in osteo-
porotic postmenopausal women,19 IGF-1
being a known stimulant of cartilage
matrix synthesis.20 Of note, it had
already been observed that strontium
might directly influence cartilage back in
1985.21 In strontium-induced rickets in
rats (characterised by bone ‘softening’),
an increased aggregability of proteoglycan
monomers with hyaluronate was found
in the epiphyseal growth plate. It was
suggested that strontium not only has an
effect on bone but also induces chondro-
cytes to produce a matrix with a differ-
ent macromolecular composition.

Apparently, this was sufficient for the
SEKOIA investigators and the trial’s
sponsor to start a large-scale, prospective,
multicentre, international, double-blind,
placebo-controlled trial of strontium
ranelate in patients with knee osteoarth-
ritis.10 Despite some changes in design
during the study,8 this study can be clas-
sified as well designed, with appropriate
data collection and analyses. In the
context of discussions on the, in general,
better outcomes of industry-driven versus
investigator-driven DMOAD studies, the
role of the sponsor is clearly described.8

After slightly less than 5 years, the last
of more than 1000 patients completed
the 3-year follow-up. Loss to follow-up
was high, but in the same range as in
other large trials in osteoarthritis.22

Unfortunately, the reasons for loss to
follow-up were not provided in detail.
Most importantly, good care was taken
to obtain optimal standardisation during
acquisition of radiographs to prevent

disappointment previously observed in
such large-scale DMOAD studies.23 As
such, the outcome provides convincing
radiographic data demonstrating that
strontium ranelate treatment for 3 years
results in less progression of radiographic
JSN (the primary outcome of the study).
Also, when analysed by numbers of
patients with more than 0.5 mm progres-
sion in JSN, differences were (statistic-
ally) significantly in favour of the
strontium ranelate groups. Although the
authors state that there was no statistic-
ally significant difference between the
two doses, the lower dose of 1 g/day was
more effective in slowing down JSN than
the higher dose of 2 g/day.
In addition to this structure-modifying

activity, the drug had a beneficial effect on
symptoms, albeit modest. There was
hardly any effect on the overall Western
Ontario and McMaster Universities
Arthritis Index (WOMAC) score or
WOMAC pain score, but after 3 years the
symptomatic benefit of the higher 2 g/day
dose was significantly different from
placebo. The study showed a marked
placebo effect over the whole 3-year study
period, and, although in line with results
from earlier osteoarthritis trials,24 this
might have been a disadvantage in detect-
ing clinical benefit of the drug.
The limited effect on pain relief is

reflected by a lack of a difference between
the treatment arms in concomitant medi-
cation use during the study period. It is
tempting to speculate that the cartilage
structure-modifying effect of this drug
might have, at least in part, benefitted
from the limited effect on pain relief. The
recent tanezumab (anti-nerve growth
factor) studies suggest that significant
pain relief may induce progressive cartil-
age tissue structure damage.25 It could
well be that significant pain relief alone
encourages more intensive use of a com-
promised joint, leading to further wear
and tear of the already damaged cartilage
and, with that, progression of radio-
graphic JSN. On the other hand, pain
relief may improve training and, with
that, the strength of ligaments and
muscles, increasing joint stability, pro-
tecting against wear and tear of cartilage
and, with that, JSN. This balance
between favourable joint use and harmful
overloading is fundamental in treatment
of osteoarthritis. Clearly, the complex
relationship between pain and cartilage
degeneration poses challenges for any
DMOAD clinical development pro-
gramme. There may be rather different
aetiological pathways in structural and
symptomatic osteoarthritis. This raises

Figure 1 The gap in treatment modalities between rheumatology and orthopaedics. OA,
osteoarthritis.
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the question as to whether both cartilage
structure modification and pain relief can
be gained by a single drug or whether a
combination of drugs is necessary to
tackle both, in the light of requirements
by the regulatory authorities for cartilage
tissue structure modification to be neces-
sarily accompanied by pain relief. On the
other hand, cartilage damage will contrib-
ute to clinical symptoms. In that case,
cartilage tissue structure repair should, at
least over time (but probably not dir-
ectly), lead to a reduction in pain.

A key question is, will patients be per-
suaded to take strontium ranelate—a
drug with a risk, albeit low, of allergy
and thromboembolism26—for prolonged
periods of time, knowing that the effects
on cartilage damage take time and may
not have immediate clinical benefit? The
authors state that the observed 27%
reduction in radiological JSN translates
into saving nearly a year of average radio-
logical osteoarthritis progression over
3 years. This implies that, on average,
14 patients would need to be treated over
3 years to prevent a single case of radio-
logical progression of more than 0.5 mm,
a threshold predicting osteoarthritis-
related surgery. It is of interest to study
post hoc or upon extended follow-up
whether this benefit actually prevents or
delays joint replacement surgery. But,
with minimal clinical benefit over 3 years
use, would patients be compliant in
taking daily medication with these drug
characteristics? Moreover, which dose is
recommended to treat patients? A low
dose of strontium ranelate induces a
DMOAD effect, but the symptomatic
effect is present with the high dose.
Perhaps it is possible to start administra-
tion of the drug at high dose to control
pain and then to reduce the dose to
control progression of cartilage loss. On
the other hand, considering the side
effects, the low dose to slow down joint
damage might be combined with other
strategies to diminish pain. As mentioned
above, we might be expecting too much
from a single drug to encompass both.

Answers to these questions require
further studies which build on the results
of the SEKOIA trial. The identification of
strontium ranelate as a DMOAD is a
milestone in osteoarthritis research, but
we still have some miles to go, and future
(post hoc and new) studies on this drug
are needed to consolidate this step
forward in the treatment of osteoarth-
ritis. Pressing questions are, for which
patients (which phenotype2) and at what
stage of the disease is strontium ranelate
most effective? Clearly, not all patients

with osteoarthritis benefit from each spe-
cific treatment, so identification of pre-
dictive factors of (non)responsiveness
would be of great help.
Being a modulator of bone turnover,

strontium ranelate would be expected to
act on the aberrant periarticular bone
turnover in osteoarthritis. Although
speculative, the drug may, via ‘normalisa-
tion’ of bone turnover, indirectly, mechan-
ically and biochemically influence
cartilage turnover. Diminished bone scler-
osis may soften the bone matrix, provid-
ing better biomechanical conditions for
the affected overlaying cartilage. Also,
altered release of soluble mediators from
the bone during treatment may influence
cartilage beneficially. Using bone scintig-
raphy, Paul Dieppe demonstrated years
ago that the activity of subchondral bone
determines loss of cartilage.27 A clear role
for involvement of periarticular bone
would fit the observations from the recent
zolendronate study.28 This study included
60 patients with evident BMLs assessed
by MRI divided over two treatment arms
with just 1-year follow-up, and demon-
strated significant reduction in BML size
accompanied by a decrease in pain.
On the other hand, direct effects on

cartilage cannot be ruled out. In this
context, it would have been informative
if the authors had provided more data on
bone changes; its importance could have
been anticipated. The CTX-II data are
suggestive, at least. Post hoc analyses
may give us better insight into the char-
acteristics of responders and non-
responders. In this respect, it might be
relevant to take the osteoporotic status of
the patients into account considering the
supposedly mutual exclusion of the two
disorders29 and the mode of action of this
specific drug. These analyses may be fol-
lowed by smaller more-targeted studies
on subpopulations, such as the zolendro-
nate study. Only then can a full assess-
ment of the drug’s potential benefit in
osteoarthritis be made. An additional
advantage of such smaller studies is that
more sophisticated analyses of joint
tissue degeneration, such as MRI, can be
incorporated, which is too costly in large
cohort studies.
With respect to the underlying

mechanisms of the structure-modifying
properties of strontium ranelate, another
paper in this issue of Annals of Rheumatic
Diseases provides some clarification.
Pelletier et al30 provide data on strontium
ranelate in an animal model of osteoarth-
ritis. They postulate that ‘Strontium
ranelate reduces the progression of experi-
mental dog osteoarthritis by inhibiting

the expression of key proteases in cartil-
age and of interleukin-1β in the
synovium’.

The anterior cruciate ligament transec-
tion model was used in which permanent
joint instability results in cartilage
damage, evident changes in subchondral
bone, and (depending on surgery) signifi-
cant synovial inflammation. Importantly,
owing to unloading of the affected
unstable joint in this model, the osteope-
nic trabecular bone changes are extended
to the metaphyseal area.31 This makes it
not likely that the observed histological
and biochemical changes in cartilage are
secondary to the bone changes in this
prevention protocol. Similarly, previous
results on other osteoarthritis drugs by
this group may have indirectly been
caused by control of synovial inflamma-
tion rather than by direct effects on car-
tilage. The treatment, started shortly
after surgery, might have prevented sig-
nificant bone changes from occurring
and, with that, diminished cartilage
changes. This fits with the observed
decrease in disorganisation of the cartil-
age collagen network in the strontium
ranelate-treated animals. With the knowl-
edge of the half life of collagen, this is
clearly prevention, and not treatment, of
the disease. A causal relation between
changes in subchondral plate thickness
and cartilage damage in animal models
has been reported.32 As such, the dimin-
ished cartilage damage, as observed in
this canine study, may be the result of
prevention of subchondral bone plate
thickening induced by strontium ranelate
treatment of the animals. The absence of
an effect on chondrocyte catabolism in
previous studies with isolated chondro-
cytes19 supports the idea that the
observed decrease in cartilage catabolism
by strontium ranelate in the present
canine study is probably an indirect
effect. Of interest in this respect is the
recent observation that strontium rane-
late stimulates differentiation of bone
marrow mesenchymal stem cells into
osteoblasts.33 Unfortunately, not all data
on bone changes were provided in detail
in this in vivo animal study, and more
sophisticated analyses of bone by
microCT31 32 or MRI—with which the
group has extensive experience34—were
lacking. As for the clinical trial, no rela-
tions between bone and cartilage changes
were provided.

A completely different, hypothetical
and potentially additional effect of stron-
tium ranelate may be related to its
physicochemical properties. During treat-
ment, some strontium is incorporated
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into hydroxyapatite, where it can substi-
tute for up to 1 in 10 calcium atoms.
This could in part explain the increase in
bone mineral density in osteoporosis
studies because strontium has a higher
atomic number than calcium, with
greater attenuation of the x-rays used
for dual-energy x-ray absorptiometry
(DEXA) measurements.35 Whether such a
physicochemical activity of strontium—

that is, incorporation into cartilage matrix
components—plays a role in the chondro-
protective effects requires further study.

Two other DMOAD studies are pre-
sented in this issue. A well-designed and
performed randomised, placebo-controlled,
double-blind trial on the oral selective
inhibitor of inducible nitric oxide synthase
(iNOS), cindunistat (SD-6010), from Pfizer
in almost 1500 patients did not demon-
strate superiority of this drug over placebo
on JSN in patients with evident (Kellgren
and Lawrence (K&L) grade 2–3) radio-
graphic knee osteoarthritis.22 A retrospect-
ive evaluation of the use of statins in more
than 2000 patients of the Osteoarthritis
Initiative with suspected or confirmed
knee osteoarthritis evaluated over 4 years
revealed ∼20% statin users.36 However,
statin use was not associated with
improvement in knee pain, function or
structural progression. This contrasts with
a recent study in the Rotterdam cohort
(where retrospective evaluation was carried
out in almost 3000 patients): statin use
(10% of patients) was associated with
reduced incidence and progression of knee
osteoarthritis.37 This apparent discrepancy
is extensively discussed and thought to be
related to differences in the populations
evaluated. Interestingly, in the iNOS
inhibitor study, in a subgroup of patients,
omitting those with the most severe
damage (K&L grade 3), after 1 year of treat-
ment with 50 mg/day cindunistat, JSN
was statistically significantly (∼50%) less
than in the placebo-treated patients.
Clearly, the results of the studies on these
two potential DMOADs also warrant
more-targeted approaches in smaller more
defined cohorts based on selection of spe-
cific distinct phenotypes and severity of
disease from the general osteoarthritis
patient population.

Clearly, none of the three drugs pre-
sented is ready for use as a DMOAD in
clinical practice. The quest for an appro-
priate treatment of osteoarthritis
between analgesics and pain medication
on the one hand and surgical solutions
on the other has only just begun.
Modification of cartilage tissue structure
might be obtained not only by DMOADs
that interfere with (periarticular) bone

turnover, but also by anti-inflammatory
medication, via other mechanisms.4 Most
recently, (apparently) effective anti-
inflammatory treatment of knee osteo-
arthritis by glucocorticoids has been
reported,38 and more will definitely come.
This supports the idea of differentiation
of subpopulations of patients, providing
more-targeted treatment during the vari-
able process of this highly prevalent
disease.
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