Modified release prednisone in
patients with rheumatoid arthritis
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Since the demonstration of the potent
anti-inflammatory and immunosup-
pressive effects of glucocorticoids (GCs)
halfway through the previous century,
GCs have been the most frequently and
generally used anti-inflammatory and
immunosuppressive class of drugs in a
wide spectrum of immune-mediated
diseases such as systemic autoimmune
diseases, including the arthritides like
rheumatoid arthritis (RA), vasculitides
and allergic conditions. Their low cost
has enabled their application worldwide.
The rationale for their use in active RA
is the fast symptomatic relief through
inhibition of the inflammatory process.!
In addition, in the last decades GCs
have also been shown to inhibit radio-
graphic joint damage in early RA, which
led to the paradigm shift that GCs are
disease-modifying antirheumatic drugs
(DMARDs).2 3 In modern treatment
strategies which aim for fast remission
in patients with early RA (tight con-
trol strategies), GCs are often used in
combination with other DMARDs.4 ®
Although the adverse effect (AE) spec-
trum of low- to medium-dose GCs seems
to be modest,® AEs of GCs have been an
issue for many years. Research has been
aimed at decreasing the risk of AEs of
GCs and at improving the therapeutic
ratio of this class of drugs. In this paper,
after a short description of developments
to improve the therapeutic ratio of GCs,
we will discuss modified-release pred-
nisone (MR prednisone) and the study
published in this issue on this new drug
formulation.”

DEVELOPMENTS TO IMPROVE THE
THERAPEUTIC RATIO OF GCS

In addition to guidelines to improve the
clinical use of existing GCs,® new formu-
lations have beenand are being developed
to improve the therapeutic ratio of GCs.
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Deflazacort,” an oxazoline derivative of
prednisolone, was initially thought to be
as effective as prednisone while inducing
fewer AEs, but there was a problem with
the real equivalence ratio compared with
prednisone!?and this drughasnotbecome
a major breakthrough. Knowledge about
the mechanisms of GCs leading to ben-
eficial effects (predominantly by the
genomic effects of transrepression) and
to AEs (predominantly by the genomic
effects of transactivation) led to the
development of selective GC-receptor
agonists (SEGRAs) or dissociating GCs.!!
However, a major limiting factor in com-
paring AEs of SEGRAs with those of
conventional GCs is that precise data on
the frequency and severity of AEs of GCs
and methods on how to assess them are,
to a large extent, lacking.!’> Initiatives
to improve monitoring and documenta-
tion of AEs of GCs have recently been
developed.® GC preparations releasing
nitric oxide, the so-called nitrosteroids,
could induce stronger anti-inflammatory
effects because nitric oxide also has anti-
inflammatory effects.!® These drugs
could have an improved therapeutic ratio
but have yet to be tested in patients. The
combination of prednisolone and dipyri-
damole has been reported to boost and
extend the net GC effect in laboratory
models.’ The next step is to demonstrate
an improved therapeutic ratio in patients
in adequate comparative clinical trials,
assessing predefined beneficial effects
and AEs in a standardised manner.!"”
Liposomes containing GCs and targeted
to integrins expressed on endothelial cells
at sites of inflammation, which deliver
their GC specifically to these sites, have
been studied.!¢ Their selective biodistri-
bution might enable less frequent and
lower dosing which could result in an
improved therapeutic ratio. The safety of
liposomal prednisolone has been evalu-
ated in a small group of patients with RA
and the results (published as an abstract)
seem promising.!”

Based on the cyclical variability of
biological processes (chronobiology), an
MR prednisone tablet has recently been
developed to increase the therapeutic
ratio of prednisone in RA. In this issue of

the journal, Buttgereit et al describe the
results of a 9-month open-label extension
of a 3-month double-blind trial published
earlier.”

CHRONOBIOLOGY IN RA

In healthy controls, plasma cortisol lev-
els exhibit a circadian (approximately
24 h) rhythm: they start to rise in the
early hours of the morning, peak around
06:00-08:00 h and have a nadir around
22:00-02:00 h, after which they start
to rise again. Patients with active RA
have an earlier rise, starting at 23:00—
02:00 h,'81% and a higher peak (figure 1).
Nevertheless, it is suggested that this
increased secretion of cortisol in RA is
insufficient in view of the arthritis activ-
ity.'® This earlier rise is preceded and
possibly caused by arise in the proinflam-
matory cytokine interleukin 6 (IL-6),!
which plays a pleiotropic role in the
pathogenesis of RA including the typical
pattern of joint pain, swelling and stiff-
ness which are most severe on waking.
IL-6 also stimulates the hypothalamic-
pituitary-adrenal (HPA) axis which leads
to increased levels of cortisol and sup-
pression of arthritis (see figure 1). Early
morning stiffness is characteristic of
inflammation in RA, and its duration and
severity are measures of disease activity:.
Both IL-6-targeting therapy,?? which has
been shown to suppress disease activ-
ity and prevent joint destruction in RA,
and the present study suggest that this
pathophysiological model applies.?!

To try to turn this biorhythm to
advantage, an earlier study showed
that low doses of prednisolone taken at
02:00 h had more effect on severe morn-
ing symptoms of RA than the same dose
at 07:30 h.?? However, patients had to be
woken up for their medication at 02:00 h
which itself will influence the biorhythm
and HPA axis.

MR PREDNISONE

The newly-developed MR prednisone
releases prednisone about 4 h after inges-
tion. By taking it in the evening and
thus adapting its release to the circadian
increases in proinflammatory cytokine
concentrations, the symptoms of RA
early in the morning could be less than
when the same dose of prednisone is
taken early in the morning. In a 3-month
double-blind trial, patients with a dura-
tion of morning stiffness >45 min, a pain
score of 230 mm on a 100 mm visual ana-
logue scale, >3 painful joints, >1 swollen
joint(s) and an erythrocyte sedimentation
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Figure 1

Diagram of chronological biological processes in rheumatoid arthritis (RA) compared

with those in healthy controls. ACTH, adrenocorticotrophic hormone; CRH, corticotrophin-

releasing hormone.

rate >28 mm or C reactive protein con-
centration >1.5 times the upper limit of
normal who were on GC >3 months with
a stable daily dose of 2-10 mg prednisone
equivalent for >1 month were included. In
a double-dummy manner, patients were
randomised either to continue their pred-
nisone or to switch to MR prednisone. At
the end of the trial the difference in dura-
tion of morning stiffness between the
two groups was about 30 min in favour
of MR prednisone. IL-6 levels decreased
significantly in the group using MR pred-
nisone compared with the levels in the
prednisone group. Remarkably, there
were no differences in the other assessed
variables of disease activity between
the two groups. The safety profile did
not differ between treatments,?® 24 but
no checklists with predefined AEs were
used for scoring them.

In the open extension which added 9
months to the 3-month trial, the patients
in the group allocated to continue the
prednisone were also switched to MR
prednisone. The duration of morning
stiffness in these patients also improved.
At 12 months, both former groups
showed a decrease in IL-6 level to 50%,
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a decrease in VAS pain of about 10 mm
and a decrease in DAS28 of 1 unit. About
one-third of patients achieved an ACR20
response. AEs were comparable to those
of historical controls.

WHAT DOES THIS 9-MONTH
OPEN-LABEL EXTENSION SHOW?

First, the effect of MR prednisone on
morning stiffness and IL-6 levels in
patients with RA already on GC is cor-
roborated as these effects were also seen
in the former prednisone group after
switching to MR prednisone. Second, it
shows that the beneficial effect on morn-
ing stiffness and the reduction in IL-6 lev-
els are sustained up to 12 months. Third,
it demonstrates the difficulty in interpret-
ing clinical results of trials or extensions
that are not double-blind. We will dis-
cuss this, looking in detail at figure 2 in
the paper by Buttgereit et al.” In the group
originally randomised to MR prednisone,
the effect on morning stiffness seemed
to stabilise after 2 months at a decrease
of about 35% but, after the switch at 3
months to the open-label study, a fur-
ther decrease of about 20% was seen at
month 6. The total decrease equals the

fall in duration of morning stiffness in the
group switching to the open-label study
at 3 months from prednisone to MR pred-
nisone (about 55%). In this latter group,
however, this decrease is already seen
after 3 months and, in the former group,
only after 6 months, of which 3 months is
open label. Stabilisation of the effectin the
original MR prednisone group at 2 months
and the 3-month difference between the
groups in the period to achieve the maxi-
mal reduction in morning stiffness are
compatible with a placebo effect during
the open-label phase of about 20% further
improvement in morning stiffness. An
alternative explanation could be changes
in the medication as, in the open-label
extension, medication was free. Although
the authors report that no important
changesinmedication were recorded, con-
comitantnon-steroidal anti-inflammatory
drug use and even non-pharmacological
therapies may influence the clinical effect
of GCs.? Either way;, it is difficult to attri-
bute the full effect on morning stiffness
at 6 months to MR prednisone alone (a
smaller part of the effect might be attrib-
uted to a placebo effect) and to appreciate
the other modest beneficial clinical effects
during the open-label phase, especially
because these effects were not present in
the double-blind phase of the study. The
sustained reduction in IL-6 levels up to 12
months was, of course, not subject to a
placebo effect.

WHAT DO WE KNOW IN ADDITION?

MR prednisone decreased levels of IL-6
in comparison with the continued use of
prednisone. IL-6, next to IL-1 and tumour
necrosis factor «, stimulates the adrenal
glands to secrete cortisol via the HPA axis
(see figure 1).!8 Theoretically, this further
decrease in IL-6 levels could result in a
greater risk of MR prednisone inducing
HPA axis suppression than prednisone.
The authors state that there were no signs
or symptoms to indicate any aggravation
of HPA axis suppression in their study, but
this is clinically difficult to detect during
ongoing GC therapy. However, an analy-
sis of corticotrophin-releasing hormone
tests in a subgroup of 28 patients at three
time points during the total 12-month
study period (3 months double-blind and
9 months open-label) has been reported,
and no sign of increased adrenal impair-
ment on treatment with MR prednisone
was observed.?®

WHAT DO WE NOT YET KNOW?
Although there seems no clear reason to
assume MR prednisone would be very
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different from prednisone in inhibiting
the development of radiological joint
damage, the DMARD properties of MR
prednisone in RA should be investigated.
The same applies to other disease and
outcome variables in RA. At the EULAR
2010 Congress, a study was reported in
patients with active RA not receiving GC
therapy and with an inadequate response
to DMARD:s starting concomitant 5 mg
MR prednisone daily or placebo. After
12 weeks a statistically significantly and
clinically relevantly higher response rate
(ACR20 and ACRS0 criteria) was found
in the MR prednisone group compared
with the placebo group (49% vs 29% and
23% vs 9%, respectively). However, we
do not know whether the effect of pred-
nisone in this situation would have been
less. It would be interesting to assess the
effects of MR prednisone versus those
of prednisone in other rheumatological
and non-rheumatological diseases such
as polymyalgia rheumatica and Crohn’s
disease. Furthermore, the spectrum of
long-term AEs is important. To discrimi-
nate between the AEs of MR prednisone
and those of prednisone, standardised
scoring in large groups of patients using a
predefined AE list is necessary.®

CONCLUSION

Although in our view the superior bene-
ficial effects of MR prednisone compared
with those of prednisone on clinical dis-
ease and outcome variables other than
morning stiffness have not yet been
firmly established, for patients with RA
on low to medium doses of prednisone
who still experience a long duration of
morning stiffness, MR prednisone seems
to be a valuable new asset which reduces
the duration of stiffness to a clinically
relevant extent. The new drug is clearly
superior to prednisone in this respect.
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