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ABSTRACT

The increased prevalence of osteo -
porosis and recognition of the impor -
tance of subchondral bone marrowin -
flammation in ankylosing spondylitis,

together with in vitro and animal mod -
el data indicating that bisphospho -
nates may possess anti-inflammatory

properties, constitute a theoretical ra -
tionale for their evaluation in this dis -
ease. Open evaluation of intravenous
pamidronate in some but not all studies
has demonstrated efficacy whilst con -
trolled evaluation of a monthly regime
has shown that therapy is efficaciousin

about 60% of patients, although effects
are delayed, treatment being necessary
for at least 6 months.

Recent development of new therapeu-
tic modalities and diagnostic imaging
techniques may change the current
treatment paradigms for SpA.

Bone - A therapeutic target in
spondyloarthritis

Over the past decade, ongoing refine-
ments in magnetic resonance imaging
(MRI) together with reappraisal of the
histopathology of early disease have
highlighted the significance of inflam-
mation within subchondral bone mar-
row as an integra component of the
primary lesion both in the sacroiliac
joint as well as in the enthesis (1-3).
Schichikawa et al. (4) examined open
biopsies from sacroiliac joints of pa
tients with disease of less than two
years duration and remarked on the
presence of subchondral bone marrow
inflammation in all patients, particular-
ly in theiliac portion of the joint. In a
more recent analysis, Francois et al.
(5) confirmed the presence of subchon-
dral bone marrow inflammation as a
characteristic feature of sacroiliitis and
noted that enthesitis was unimpressive.
Lalou et al. (6) compared biopsy mate-
rial from cruciate ligament entheses in
the knee and vastus lateralis femoral
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entheses in patients with SpA, RA and
controls. Bone marrow inflammation
and infiltration with CD8+ T-cells was
confined to biopsies from patients with
SpA.

The extent of change observed on MRI
of the sacrailiac joints is commensu-
rate with histopathological grading on
biopsies taken at the time of imaging
(7). There has aso been recognition
that active disease is associated with
increased bone turnover and excess
bone resorption leading to the prema
ture onset of osteoporosis despite the
concomitant development of ankylosis
(8). Excess bone turnover and penetra-
tion of subchondral bone with invasion
of cartilage by granulation tissue has
also been recognized in the sacroiliac
joint of B27 transgenic rats (9).

Bisphosphonates - Potential
anti-inflammatory agents
Bisphosphonates are synthetic ana-
logues of pyrophosphate and have
found widespread use in disorders of
bone metabolism. Their potential value
as anti-inflammatory agents was first
recognized several decades ago when
they were shown to be of benefit in
limited numbers of patients with RA
(10).

Several observations in vitro have sug-
gested that they could exert beneficial
anti-inflammatory properties. These
include inhibition of antigen presenta
tion by monocytes associated with im-
pairment of IL-1b generation as well
as inhibition of macrophage growth,
migration, differentiation, and viability
(11-13). Their effects on cytokine gen-
eration are complex and dependent on
the molecular class of bisphosphonate
examined, the concentration employ-
ed, the cell type examined, evaluation
of cultured cells versus whole blood
assays, and single versus chronic dos-
ing. Those bisphosphonates containing
nitrogen in the R2 side chain (Fig. 1),
the so-called aminobisphosphonates
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Fig. 1. The molecular structure of aminobisphosphonates, which contain anitrogen in the R2 side chain.

such as ibandronate and pamidronate,
have been shown to sensitize cells to
the generation of pro-inflammatory
cytokines in whole blood assays cul-
tured with lipopolysaccharide (14). On
the other hand, exposure of cultured
macrophage cell lines to pamidronate
suppresses generation of pro-inflam-
matory cytokines (15). This suppres-
sion appears to be a dose-dependent
phenomenon (observed at concentra-
tions > 10°M) and unlikely to be evi-
dent with serum levels achieved by
conventional dosing in vivo [peak level
attained following a single intravenous
infusion of 60 mg pamidronate equals
10° M (16)]. However, it has been esti-
mated that drug levelsin the vicinity of
resorbing bone may be as high as 10
M (17).

Recent work has shown that the amino-
bisphosphonates specifically inhibit
the enzyme farnesyl diphosphate syn-
thase in the mevalonate pathway re-
sulting in decreased generation of
prenyl groups which are necessary for
the lipid modification of small GTP-
binding proteins e.g. Ras, Rac, Rho
(18, 19). Thisisrelevant to the mecha-
nism by which inflammation is mediat-
ed since the action of many pro-in-
flammatory cytokines occurs through
the Ras superfamily of small mono-
meric GTPases that transduce a wide

array of signals from cytokine cell sur-
face receptors to the nucleus (20). It is
of further interest that statins have been
shown to possess anti-inflammatory
properties since these agents al so inhi-
bit an enzyme in the meval onate path-
way (21).

Bisphosphonates, particularly amino-
bisphosphonates, appear to be particu-
larly efficacious in adjuvant and anti-
gen-induced arthritis but have been
less effective in collagen-induced arth-
ritis (22-24). One study has shown that
pamidronate retards structural damage
in a TNFa transgenic mouse model
(25).

Intravenous (iv) administration of ami-
nobisphosphonates in patients induces
clinical and immunological effects not
observed with oral dosing. A transient
acute phase reaction consisting of arth-
ralgias, myalgias, and fever accompa
nied by short-lived lymphopenia (7-10
days), elevated C-reactive protein, and
interleukin 6 levels, has been recog-
nized for severa years (26). Lympho-
peniarecurs with subsequent infusions
but is usually less dramatic (unpub-
lished observations). Some have sug-
gested that lymphopeniais a reflection
of upregulation of adhesion molecules
and redistribution of lymphocytes to
certain vascular beds, eg. small intes-
tine (27). However, we have been un-
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able to verify these observations (un-
published). One report describes the
use of high dose aendronate, 40mg a
day for 90 days, in patients with RA
which was followed by amelioration of
disease, suppression of pro-inflamma-
tory cytokines and reduced acute phase
reactants (28). Another report des-
cribes decreased spontaneous IL1b
after 1 year in peripheral blood mono-
cytes of RA patients receiving 60mg
pamidronate iv every 3 months (29).

In concluding, there is accumulating
evidence that bisphosphonates possess
anti-inflammatory properties, particu-
larly at the high concentrations found
inthevicinity of resorbing bone, which
provides a theoretical rationale for
their evaluation as anti-inflammatory
agentsin AS.

Bisphosphonate therapy in spondy-
loarthritis—Why pamidronate?
Pamidronate is the most potent bispho-
sphonate available as an intravenous
preparation and its tolerability and ad-
verse event profile has been particular-
ly well studied in the long-term man-
agement of Paget’s disease. It has also
been given long-term to breast carcino
ma patients with bone metastases at a
dose of 90 mg intravenously every
three to four weeks for up to two years
(30).

The anti-inflammatory properties of
bisphosphonates demonstrable in vitro
are clearly dose dependant. Thisraises
the question as to whether the concen-
trations required to modify immune
cell functionin vitro can be achieved in
vivo. In contrast to the orally adminis-
tered bisphosphonates currently used
in clinical practice, the intravenous ad-
ministration of pamidronate temporar-
ily exposes circulating immune cells
and peripheral tissuesto relatively high
concentrations (10° M), followed by
selective localization to sites of active
bone turnover. One study has shown
that iv pamidronate induces prompt re-
solution of bone marrow edema syn-
drome as documented on MRI (31).

Open studies evaluating pamidro-
natein NSAID-refractory AS

In Edmonton, two regimes of iv pami-
dronate in patients with NSAID refrac-
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tory AS were evaluated. In the first stu-
dy, 16 patients with mean disease dura-
tion of 12.3 years were examined: one
group of 8 patients received six month-
ly infusions, 30 mg for the first three
months and 60 mg for the next 3
months, whilst a second group of 8 pa-
tients received 60 mg monthly for three
months (32). The 30-60 mg dosage
range was chosen as this fals within
the range used in the management of
Paget’'s disease and osteoporosis. Ad-
verse eventswere therefore predictable.
Significant improvement was noted in
indices of disease activity (BASDAI)
(33), metrology (BASMI) (34), and
ESR, primarily in those patients who
received six rather than three monthly
infusions. A 38% reduction in the mean
BASDAI score was noted by 6 months.
Treatment was well tolerated with only
one withdrawal due to adverse events
over the six-month period. Five out of 7
patients who completed 6 months of
therapy had reductions in BASDAI
score of greater than 30% that persisted
for at |least three months post treatment.
This outcome compared favorably with
aprevious study of AS patients receiv-
ing three weeks of an intensive in-
patient physiotherapy program where a
reduction of 16.4% in the BASDAI
score was hoted (33). However, 40% of
patients reported post infusion arthral-
gias after the first intravenousinfusion,
precluding further study using a dou-
ble-blinded placebo controlled design.
The largest changesin clinical parame-
ters and ESR were observed between
the 3- and 6-month assessment time
points, indicating that further evalua
tion of monthly pamidronate should
incorporate at least a six month obser-
vation period.

In a second open analysis, dynamic
MR imaging with gadolinium augmen-
tation was used that allows quantifica
tion of the severity of inflammation as
accumulation of gadolinium depends
on blood flow and vascular permeabili-
ty (35). In addition, a more intensive
regime of iv pamidronate administra-
tion was examined in view of the obser-
vation that pamidronate induces lym-
phopenia lasting 1-2 weeks that could
be associated with immunomodul atory
conseguences (26). Nine patients with

short disease duration (mean of 5.5
years) were studied, of whom 5 had
ankylosing spondylitis, 3 had undiffer-
entiated spondyloarthropathy and 1 had
reactive arthritis. Sixty milligrams of
pamidronate was given intravenously
ondays1, 2,14, 28 and 56. All had per-
sistently active peripheral synovitis
despite therapy with NSAID. Treat-
ment was well tolerated with al pa
tients completing the study. The mean
BASDAI decreased by 44.2%, the Bath
AS functional index (BASFI) (36) by
47.3%, the mean swollen joint count by
93.8% and the CRP by 66.9%. Maxi-
mal rate and magnitude of enhanced
MR signal after gadolinium augmenta-
tion decreased after pamidronate thera-
py, especially in the bone marrow. Cli-
nical benefit was often delayed until
patients had received at least four infu-
sions. The more impressive effects of
treatment on bone marrow compared to
synovial inflammation could reflect
both localization of drug to sites of ac-
tive bone turnover with resultant higher
concentrations aswell asthe short half-
life of drug in the peripheral blood (1
hour).

In Berlin, 12 patients (11 male, 1 fe-
male), all HLA-B27 positive, mean age
45 (range 25 - 68), mean disease dura
tion 20 years (range 2 - 41) with active
ankylosing spondylitis (mean BASDAI
5.5, range 3.8 - 8.1) were treated with
pamidronate 60 mg intravenously at
day 1, 2, 14, 28 and 56 while they were
hospitalized for 14 days. The dose and
scheme of administration was chosen
based on previous experience (see
above). Clinical outcome assessments
included BASDAI, function (BASFI),
BASMI, patient and physician global
assessments(VAS), quality of life (SF-
12) and CRP. A BASDAI improvement
of 30% after 3 months was taken as the
primary outcome parameter. Reduction
in NSAID dose was alowed. Most
patients (n=11) received al 5 infu-
sions. Three patients dropped out be-
cause of inefficacy. In contrast to the
previous report from Edmonton evalu-
ating this regime (35), aBASDAI 30%
improvement was noted in only 2/11
patients after 3 months. According to
the recently proposed ASAS response
criteria, improvement was observed in
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2/11 patients after 3 months. There was
no significant change at any time in
BASFI, BASMI, pain, SF-12 mental
score, NSAID usage and CRP. No not-
able differences were found in the char-
acteristics of patients who improved
compared to the remaining patients.
Even in those who improved no signifi-
cant change in CRP-levels were seen.
Side effects in 6/12 patients were tran-
sient arthralgias and myalgias one day
after the first infusion. Two patients
had a relapse of anterior uveitis, and
one patient had a tympanic inflamma-
tion during the infusion period. Taken
together, in the Berlin study, there were
positive effectsin single patients but no
dramatic mean changes in the whole
group. However, the mean disease dur-
ation in this cohort was 20 years which
contrasts with the Edmonton cohort
(mean disease duration of 5.5 years),
which aso included patients with
uSpA, and there are few reports of any
therapeutic being dramatically effec-
tive in such long standing disease.

A preliminary report from Cordoba
describes 8 AS patients with mean dis-
ease duration of 14 years that were giv-
en 60 mg pamidronate monthly for 6
months (37). A significant reduction in
mean BASDAI (50%) was reported but
not the BASFI or acute phase reactants.
However, the mean baseline BASFI in
these patients was only 3.7 indicating a
relatively low degree of functiona im-
pairment to begin with.

A further preliminary report from
Montreal describes an open tria of 14
AS patients, mean disease duration of
13.2 years, who were given 60mg pa-
midronate monthly for 6 months (38).
Two patients withdrew after 3 months
for musculoskeletal side effects, one
patient received 60 mg pamidronate
every 2 weeks for 3 months only, and 2
patients did not attend for 6 month fol-
low up, one for development of verte-
bral fracture and one was lost to follow
up. Intention to treat analysis revealed
no significant differencesin clinical or
laboratory outcomes although 5 of 9
patients who completed the 6-month
course had an ASAS 20 response.

In summary, the limited open analyses
have not provided consistent data but
suggest that efficacy is delayed and tha



a6-month trid is necessary to adequate-
ly assess the effects of pamidronate.

Controlled evaluation of pamidro-
natein NSAID-refractory AS

The observation that the most impres-
sive changes in clinical parameters in
the first open study from Edmonton
were observed between the three and
six month assessment time points and
the high incidence of post infusion
arthralgias and myalgias on first expo-
sure to pamidronate led to the design of
a double-blinded dose response com-
parison of 60 mg versus 10 mg given iv
monthly for sx months. The 10 mg
dose is the lowest dose of iv pamidro-
nate shown to induce post infusion
arthralgiaand myalgia (26).
Eighty-four patients with NSAID
refractory AS from university and com
munity based practice, were random-
ized to treatment and 72 completed six
months of therapy (39). Treatment was
well tolerated despite the high inci-
dence of post-infusion reactions fol-
lowing the first exposure to pamidro-
nate. Only one patient withdrew from
the 60 mg group because of adverse
events. Significant efficacy was not ob-
served at 3 months but significant re-
ductionsin disease activity (BASDALI),
and improvement in function (BASFI),
patient global (BASGI) (40) and metro-
logy (BASMI), was evident by six
months. Sixty-three percent of patients
had at least a 25% reduction in the
BASDAI. A recent preliminary report
indicates that the minimally clinically
detectable change in the BASDAI is
23% (41), suggesting that the majority
of patients who received 60 mg of pam-
idronate experienced clinically mean-
ingful improvement. This compared
with only 30.2% of patients who re-
ceived the 10 mg dose. Post hoc analy-
sis employing the ASAS working group
response criteria (42) indicated that
60.2% of patients were considered re-
sponders in the 60mg group versus
28.2% who received 10 mg. In fact, the
25% reduction in BASDAI response
criterion captured virtually all respon-
ders defined by the ASAS working
group criteria (unpublished data). 39%
of patients experienced a3 50% reduc-
tion in the BASDAI although further

analysis did not reveal any predictive
demographic or clinical variables.
There were no significant differences
between the 60 mg and 10 mg groups
with respect to changes in acute phase
reactants. Several factors could account
for this: (i) The mean levels for ESR
and CRP were only modestly elevated
at baseline, especialy in the 60 mg
group; (ii) Dosing may have been inad-
equate; (iii) In view of the short serum
half-life of pamidronate of only one
hour, this agent is likely to exert anti-
inflammatory effects primarily at sites
of active bone turnover in subchondral
bone where it is concentrated rather
than on the adjacent synovitis, consis-
tent with the lack of significant effect
on peripheral joint pain. It is also rec-
ognized that there is a poor correlation
between clinical measures of disease
activity and levels of acute phase reac-
tants.

Conclusions

Intravenous pamidronate therapy may
constitute a new therapeutic advance in
the management of NSAID refractory
AS. Severa questions need to be ad-
dressed.

Since response to treatment is delayed,
requiring a six-month trial of therapy,
additional studies should clarify poten-
tial demographic and clinical variables
predictive of response. In this regard,
bone edema observed on MRI might be
an appropriate starting point. Addition-
al studies should examine different
dosing schedules, particularly in the
context of ensuing response duration,
and the effects of ora administration
with considerably more potent bisphos
phonates e.g risedronate, recognizing
that anti-resorptive potency may not
reflect anti-inflammatory activity. With
the availability of validated measures
for assessing structural damage in AS
based on plain radiographic analysis
e.g. the BASRI (43), it is increasingly
essential to incorporate long-term stud-
ies of at least one year duration. How-
ever, limited sensitivity to change over
time using these instruments is ill a
significant impediment to the practical
evaluation of structural damage. By
anaogy with RA and with the sensitiv-
ity afforded by MRI, future therapeutic
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studies should target patients early in
the disease course and aim for clinical
and radiological remission. Finally, it is
now perhaps appropriate to consider
potential combination strategies with
other ther gpeutics shown to be benefi-
cial in spondyloarthritis such as sala
zopyrin and anti-TNF directed thera-
pies. In particular, although anti-TNF
directed therapies appear to be highly
effective in ankylosing spondylitis,
they require repeated administration,
long term side effects remain to be
determined, and costs are formidable.
Future therapeutic studies are, there-
fore, likely to examine concomitant use
of less costly therapies that might serve
to minimize the frequency of adminis-
tration of the more costly therapies.
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