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Low-dose prednisone chronotherapy for rheumatoid
arthritis: a randomised clinical trial (CAPRA-2)
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Rieke E Alten,% Jerzy Supronik,” Istvan Szombati,® Ulrike Romer,® Stephan Witte,?
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ABSTRACT

Objective To assess the efficacy and safety of
low-dose prednisone chronotherapy using a new
modified-release (MR) formulation for the treatment

of rheumatoid arthritis (RA).

Methods In this 12-week, double-blind, placebo-
controlled study, patients with active RA (n=350)

were randomised 2:1 to receive MR prednisone 5 mg

or placebo once daily in the evening in addition to their
existing RA disease-modifying antirheumatic drug
(DMARD) treatment. The primary end point was the
percentage of patients achieving a 20% improvement in
RA signs and symptoms according to American College
of Rheumatology criteria (ie, an ACR20 response) at
week 12. Changes in morning pain, duration of morning
stiffness, 28-joint Disease Activity Score and health-
related quality of life were also assessed.

Results MR prednisone plus DMARD treatment
produced higher response rates for ACR20 (48% vs

29%, p<0.001) and ACR50 (22% vs 10%, p<0.006)

and a greater median relative reduction from baseline in
morning stiffness (55% vs 35%, p<0.002) at week 12
than placebo plus DMARD treatment. Significantly greater
reductions in severity of RA (Disease Activity Score 28)
(p<0.001) and fatigue (Functional Assessment of Chronic
lliness Therapy-Fatigue score) (p=0.003) as well as a
greater improvement in physical function (36-item Short-
Form Health Survey score) (p<0.001) were seen at week
12 for MR prednisone versus placebo. The incidence of
adverse events was similar for MR prednisone (43%) and
placebo (49%).

Conclusion Low-dose MR prednisone added to
existing DMARD treatment produced rapid and relevant
improvements in RA signs and symptoms.
ClinicalTrials.gov, number NCT00650078

INTRODUCTION

Glucocorticoids such as prednisone are established
components of treatment strategies for many
inflammatory conditions, such as rheumatoid
arthritis (RA), and are widely used.!® Accumulating
evidence suggests that low-dose treatment is well
tolerated and minimises the risk of the undesirable
effects associated with higher doses.* However,
there is still a need to improve the risk-benefit
profile for these valuable anti-inflammatory drugs
by increasing the efficacy of low-dose treatment.
One promising approach is chronotherapy, in
which the delivery of treatment is coordinated

with circadian biological rhythms. The chrono-
therapeutic approach has shown promise in sev-
eral therapeutic areas, including the management
of hypertension, allergic rhinitis and bronchial
asthma.>”

Chronotherapy may be particularly appropriate
for RA because symptoms follow circadian rhythms,
with impaired function due to pain and joint stiffness
commonly being most severe in the early morning.8”
Emergence of these symptoms follows the increase
in serum levels of interleukin 6 (IL-6; a key inflam-
matory mediator), tumour necrosis factor o (TNFa)
and other proinflammatory cytokines that occur late
at night.>3 Nocturnal secretion of cortisol, which
can counter the effects of increased IL-6 levels, is
also perturbed in patients with RA and may con-
tribute to the emergence of morning symptoms.® 4
These observations suggest that the optimal time
for delivery of glucocorticoid treatment is during
the night, to mimic the normal circadian rhythm of
cortisol secretion and target the effects of nocturnal
proinflammatory stimuli.

A modified-release (MR) formulation of pred-
nisone has been developed to deliver prednisone
chronotherapy. This innovative tablet uses a pro-
grammed-release mechanism to release prednisone
approximately 4 h after ingestion (e, at approxi-
mately 02:00 am if the patient takes the tablet at
10:00 pm). We report the results of a double-blind,
placebo-controlled, multicentre study (Circadian
Administration of Prednisone in Rheumatoid
Arthritis, CAPRA-2) that investigated the efficacy
and safety of low-dose prednisone chronotherapy
in patients with active RA.

This is the first rigorous placebo-controlled
study to investigate the efficacy of low-dose
prednisone in patients with active disease
receiving disease-modifying antirheumatic drug
(DMARD) treatment and according to current
standards. It thus allows comparison with the
results of recent studies of other treatments in
patients with active RA.

METHODS

Study design

In this 12-week, double-blind, parallel-group, pla-
cebo-controlled study, following a 1-week screen-
ing period, eligible patients were randomised 2:1
to receive MR prednisone (5 mg) or placebo once
daily, taken with or after their evening meal, in
addition to their standard RA treatment.
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The study was conducted in accordance with the International
Conference on Harmonisation Guidelines for Good Clinical
Practice and the Declaration of Helsinki. The protocol was
approved by the ethics committees and institutional review
boards of all centres, and all patients provided written informed
consent before study-related procedures. The trial is registered
at ClinicalTrials.gov, number NCT00650078.

Patients

Patients aged 18-80 years with a diagnosis and documented his-
tory of RA and who had been taking DMARDs for at least 6
months were eligible for inclusion. Patients were also required
to have had a duration of morning stiffness of at least 45 min
on at least 4 days within the 7 days of screening, a swollen joint
count of >4 and a tender joint count of >4. Patients receiving
oral glucocorticoids within 6 weeks of the screening visit were
excluded from the study (see online supplementary material for
further details). The study protocol prohibited initiation of any
new DMARD or non-steroidal anti-inflammatory drug (NSAID)
treatment during the study; changes to existing DMARD treat-
ment (dosing and frequency) were also prohibited.

Outcomes and follow-up

Scheduled study visits occurred at baseline and weeks 2, 6 and
12, and were to occur between 08:00 and 10:00 pm. At each
visit, doctors assessed the number of tender and swollen joints
and global disease activity, and patients assessed pain and global
disease activity and completed the Functional Disability Index
of the Health Assessment Questionnaire.'® Disease activity at
each visit was determined using the 28-joint Disease Activity
Score (DAS28).16 Assessments of pain and global disease activity
were made using 0-100 mm visual analogue scales (0=no pain/
not active at all; 100=very intense pain/extremely active). Blood
samples were collected at each study visit.

Throughout the study, patients completed a diary card twice
daily. In the mornings they recorded whether they had joint
stiffness and its severity, the time of resolution of joint stiffness
and pain levels on waking. Evening assessments included pain
intensity during the day and whether the patient had experi-
enced recurrence of stiffness. Patients assessed their health
status using the 36-item Short-Form Health Survey (SF-36),17 1€
and the Functional Assessment of Chronic Illness Therapy-
Fatigue (FACIT-F) questionnaire!’” ?° at baseline and week 12.
Safety assessments (recording of adverse events (AEs) and vital
signs) were performed at each study visit according to standard
procedure (ie, without using checklists with predefined events).

The primary efficacy end point was the proportion of patients
with a 20% improvement in RA signs and symptoms accord-
ing to American College of Rheumatology (ACR) criteria (e, an
ACR20 response)?! at week 12. A key secondary end point was
the change in duration of morning stiffness between baseline
and week 12. (See online supplementary material for details of
secondary end points.)

Statistical analysis

The study aimed to demonstrate a difference of at least 20%
in ACR20 for MR prednisone versus placebo at week 12. The
sample size calculation was based on comparison of two pro-
portions using the y? test and a randomisation ratio of 2:1 for
MR prednisone:placebo. Assuming an ACR20 response rate of
25% for placebo, 294 patients would be required to provide
90% power to detect an ACR20 response rate of 45% in the MR
prednisone group at a significance level of 0=0.05. The study
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therefore aimed to randomise at least 294 patients; in order to
account for potential drop-outs, a total of 350 patients were
recruited to the study.

Duration of morning stiffness was the difference between the
time of resolution of morning stiffness and the time of wak-
ing. The difference between the treatment groups was assessed
using the median and the 95% CI of the median, computed
using the Hodges-Lehmann method. (See supplementary mate-
rial for further details.)

RESULTS

Study population

A total of 350 patients were randomised between April 2008
and February 2009; of these, 323 (92.3%) completed the study
(figure 1 and supplementary table 1). The main reasons for early
withdrawal were AEs and patient requests. Demographics and
baseline disease characteristics were generally well balanced
between the two treatment groups (table 1). The study popula-
tion was primarily female (84%), aged >45 to <65 years (70%),
and about half of the study population (55%) had had RA for at
least 5 years. All patients had previously received treatment for
RA: 99% with DMARDs and 73% with NSAIDs.

Virtually all patients (>98%) received concomitant DMARD
treatment, the most frequently used being methotrexate (73.7 %
of patients), sulfasalazine (14.6%) and leflunomide (11.1%).
Analgesic use was similar between treatment groups (MR pred-
nisone, 83.1%; placebo, 86.6%). The most frequently used anal-
gesics were anilides (27.4% of patients), acetic acid derivatives
(25.1%) and propionic acid derivatives (17.1%). Detailed analy-
sis showed no significant changes in DMARD and NSAID use
between baseline and end of study (supplementary table 2) indi-
cating that observed results were not confounded by changes in
concomitant treatment.

Efficacy

ACR response rate

ACR20 and ACR50 response rates at week 12 were significantly
greater with MR prednisone than with placebo. At week 12,
48% of patients receiving MR prednisone achieved an ACR20
response, compared with 29 % in the placebo group, a difference
of 19% (p<0.001). The response was achieved rapidly: a sig-
nificant difference in ACR20 response rate between treatment
groups was evident at week 2, and the difference remained sig-
nificant throughout the study (p<0.005) (figure 2A).

ACRS50 responder rates were numerically greater with MR
prednisone than with placebo at all time points, and the differ-
ence was significant at weeks 6 and 12 (22% vs 10% at week
12, p<0.006). Few patients had an ACR70 response at week 12:
7% of those taking MR prednisone and 3% of placebo recipients
(p=0.10).

Individual ACR core set measures

All individual ACR core set measures except C-reactive protein
and erythrocyte sedimentation rate showed significantly greater
improvements from baseline to week 12 with MR prednisone
than with placebo (table 2). Changes from baseline were also
significantly different between the placebo and MR prednisone
groups at weeks 2 and 6 for all clinical end points (p<0.05).

Patients achieving low disease activity

MR prednisone significantly increased the proportion of patients
achieving low disease activity (defined as having a 28-joint
Disease Activity Score (DAS28)<3.2) after 6 weeks (p<0.001)
and 12 weeks (p=0.0109) of treatment (supplementary table 3).
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389 patients screened

39 (10.0%) excluded:
24 (6.2%) did not meet criteria

N

12 (3.1%) withdrawal of

350 patients underwent
randomization failure

consent
3 (0.8%) due to AE screen

!

l

231 were assigned to
receive MR prednisone

119 were assigned to
placebo

14 (6.1%) withdrew from the
study
6 (2.6%) patient request ¢
5 (2.2%) AE
1 (0.4%) lost to follow-up
2 (0.9%) other reasons

217 completed the
study

.

231 included in
the analysis
(intention-to-treat and
safety populations)

Figure 1

13 (10.9%) withdrew from the
study

8 (6.7%) patient request

2 (1.7%) AE

1 (0.8%) lost to follow-up

2 (1.7%) other reasons

106 completed the
study

v

119 included in
the analysis
(intention-to-treat and
safety populations)

Patient disposition. A total of 350 patients were enrolled from 50 centres in six countries: Germany (3 centres, 3 patients), UK (3 centres,

12 patients), Poland (10 centres, 145 patients), Hungary (9 centres, 102 patients), Canada (2 centres, 13 patients) and USA (23 centres, 75 patients).

AE, adverse event; MR, modified release.

At 12 weeks, 11.3% patients in the MR prednisone group had
achieved a DAS28 score <2.6 (disease remission or, according to
Felson et al,?* minimal disease activity) compared with 6.7% in
the placebo group.

Morning stiffness

At baseline, the median duration of morning stiffness was simi-
lar between the two treatment groups: MR prednisone, 127 min;
placebo, 139 min. At week 12, the median duration of morning
stiffness was 46 min in the MR prednisone group (median rela-
tive reduction from baseline of 55%), compared with 79 min
for placebo (median relative reduction from baseline of 35%).
The difference between groups in median relative reduction in
duration of morning stiffness was significant at weeks 2, 6 and
12 (p<0.004 for all comparisons) (figure 2B). Significantly greater
decreases in the severity of morning stiffness and recurrence of
stiffness later in the day were also seen for MR prednisone com-
pared with placebo (p<0.01) (table 2). Further analysis showed
no correlation between disease duration and effect on morn-
ing stiffness (supplementary table 4) and a regression analysis
showed that duration of RA was not a predictor of reduced
duration of morning stiffness (p=0.8433).

Morning and evening pain

At baseline, both groups reported having considerable morning
pain (table 1). Reductions in morning pain from baseline were
seen in both treatment groups and were significantly greater in
the MR prednisone group at all time points (p<0.05) (table 2).
Significantly greater reductions in evening pain from baseline
were also seen for the MR prednisone group (p<0.05) (table 2).

Health-related quality of life
At baseline, patients were experiencing considerable fatigue
compared with the general population, as indicated by mean
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FACIT-F scores (MR prednisone, 29; placebo, 29; general popu-
lation, 44).1° FACIT-F scores increased in both treatment groups
over the course of the study, indicating a reduction in fatigue;
the change was significantly greater in the MR prednisone group
(p=0.003) (table 2).

Improvements in physical function and mental function were
also observed over the course of the study in both treatment
groups, according to SE-36 assessments (table 2). At baseline,
mean scores for physical function (MR prednisone, 32; placebo,
31) were well below that of the US general population—namely,
50.18 The improvement in physical function was significantly
greater in the MR prednisone group (3.6 vs 1.3, p<0.001).

Laboratory variables

IL-6 levels at screening were highly variable (table 1), and more
than 50% of patients had levels below the limit of detection.
Over the 12-week study, IL-6 levels decreased in both treat-
ment groups. The decrease in IL-6 was greater in the MR pred-
nisone group as evident from the geometric mean titre ratio of
0.8 (95% CI 0.7 to 0.9). Minor increases in C-reactive protein
levels and decreases in erythrocyte sedimentation rate were
seen over the course of the study and were similar in the two
treatment groups (table 2). TNFo. levels in the two groups were
comparable at baseline (table 1) and levels remained unchanged
over the 12-week study; the geometric mean titre ratio was 1.0
(95% CI 0.97 to 1.04) for the change in TNFo levels between
treatments.

Safety and tolerability

MR prednisone was generally well tolerated, and there were no
deaths or life-threatening AEs. The incidence of AEs was slightly
lower in the MR prednisone group than the placebo group (43%
vs 49%). The incidence of AEs regarded by investigators as
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Table 1 Demographics and baseline disease characteristics

MR prednisone Placebo
Characteristics (n=231) (n=119)
Demographic and disease characteristics
Age, years
Mean=SD 57.1+9.9 57.5+9.6
Median (range) 57.0 (27-80) 58.0 (32-76)
Female sex, n (%) 192 (83.1) 102 (85.7)
White race, n (%) 226 (97.8) 118 (99.2)
BMI, mean=+SD, kg/m? 28.0+5.8 28.1+5.5
Duration of RA
Mean (years) 7.98 7.94
<2 Years, n (%) 41 (17.7) 29 (24.4)
Previous RA treatments, n (%)
DMARDs 228 (98.7)* 119 (100)
NSAIDs 166 (71.9) 88 (73.9)
Other analgesics 84 (36.4) 53 (44.5)
Biological treatments 1(0.4) 1(0.8)
ACR core set measures, mean=SD (unless stated)
Tender joint count 12.6+6.17 12.5+5.94
Swollen joint count 8.4+4.40 8.6+4.65
Patient assessment of paintt 58 (3-96) 51 (0-95)
Patient assessment of disease activityt 57.4+20.1 50.9+20.9
Physician assessment of disease activityt 55.2+16.1 54.1+17.4
HAQ-DI score 1.3+£0.6 1.3+0.6
CRP, mg/It 5.2 (<0.05-91.5)  5.3(0.1-136.5)
ESR, mm/ht 32 (4-104) 30 (2-115)
Other clinical end points, mean+SD
Duration of morning stiffness, min 152.0+92.4 156.7+87.7
Severity of morning stiffnesst 54.6+21.7 50.7+21.3
Recurrence of stiffness, % of days 68.3+39.0 72.1+37.3
Morning pain scoret 54.9+21.6 50.5+22.4
Evening pain scoret 49.9+23.5 47.8+21.9
DAS28 5.2+0.8 5.1+0.8
Health-related quality of life, mean+=SD
FACIT-F score 28.8+10.4 28.7+10.7
SF-36 physical components summary score ~ 31.6+7.08 31.5+6.9
SF-36 mental components summary score 45.3+10.78 45.4+9.6
Inflammatory markers, median (range)
IL-6, pg/ml <5 (<5-3215)1 <5 (<5-266)
TNFo., pg/ml <5 (<5-65)1 <5 (<5-15)

*Three patients in the MR prednisone group did not take DMARDs during the study, but
they were not uncovered until unblinding.

tValues in mm, measured using a 0—100 visual analogue scale.

1Data presented as median (range).

8Data missing for two patients.

Data missing for one patient.

BMI, body mass index; CRP, C-reactive protein; DAS28, 28-joint Disease Activity Score;
DMARD, disease-modifying antirheumatic drug; ESR, erythrocyte sedimentation rate;
FACIT-F, Functional Assessment of Chronic lliness Therapy-Fatigue; HAQ-DI, Functional
Disability Index of the Health Assessment Questionnaire; IL-6, interleukin 6; MR,
modified release; NSAID, non-steroidal anti-inflammatory drug; RA, rheumatoid arthritis;
SF-36, 36-item Short-Form Health Survey; TNF, tumour necrosis factor.

being related to treatment was similar in the two groups (7.8%
vs 8.4%) (table 3). In both treatment groups, the most frequently
occurring AEs were related to worsening of the underlying dis-
ease—namely, arthralgia and aggravated RA/RA flare-up, and
these occurred more frequently in the placebo group. The dif-
ference in incidence was statistically significant for arthralgia
(p=0.0141), but not for aggravated RA/RA flare-up (p=0.3917).
The incidence of infections was similar for the two groups (MR
prednisone, 13%; placebo, 12%), as was the incidence of the
most frequently reported infection, nasopharyngitis; bronchitis
was reported more frequently for the placebo group, though the
increase was not significant (table 3). Most events were mild or
moderately severe.

Serious AEs were reported for one patient (0.4%) receiving
MR prednisone and two (1.7 %) receiving placebo (table 3); none

Ann Rheum Dis 2013;72:204-210. doi:10.1136/annrheumdis-2011-201067

Clinical and epidemiological research

>

60 —- MR prednisone

—{}- Placebo
50 48%

40 P <0.001
30 29%

20 —H

ACR20 responders (%)

10

Time (weeks)

o
N
N
[0}
[o2]
-
o

12

@
o
|

~10 -

-20 -

—30 4
-35%
—40 —
P <0.002

Median relative change in
duration of morning stiffness (%)

-50 |
-55%

—60 -

Figure 2 Improvements in rheumatoid arthritis symptoms. (A)
Percentage of patients achieving a 20% improvement in rheumatoid
arthritis signs and symptoms according to American College of
Rheumatology criteria (ACR20) (primary end point). p<0.003 for the
between-group difference at weeks 2, 6 and 12. (n Values for weeks
2, 6 and 12 were 231, 229 and 229, respectively, for the modified-
release (MR) prednisone group and 119, 119 and 119, respectively,
for the placebo group.) (B) Change in duration of morning stiffness
from baseline. p<0.004 for the between-group difference at weeks
2, 6 and 12. (n Values for weeks 2, 6 and 12 were 228, 220 and 216,
respectively, for the MR prednisone group and 119, 112 and 107 for the
placebo group.)

of the serious AEs were considered severe or related to study
treatment. Six patients withdrew from the study because of
AEs, five (2.2%) in the MR prednisone group (due in one case
each to: headache, headache and hypertension, glaucoma, RA
flare and vomiting) and one (0.8%) in the placebo group (due to
headache); all events except the case of RA flare in the MR pred-
nisone group were considered related to treatment. No clinically
relevant changes in haematological or biochemical parameters
or vital signs were seen during the study.

DISCUSSION

Low-dose MR prednisone chronotherapy has an important
clinical effect on symptoms of RA in patients with active dis-
ease receiving conventional DMARD:s, as evident from ACR20
and ACR50 response rates at week 12 in this study. Clinical
responses were achieved rapidly, with most clinical end points
showing statistically significant differences for MR prednisone
over placebo as early as 2 weeks after the start of treatment,
and responses were maintained for the duration of the 12-week
study. Significant improvements in health-related quality of
life (HRQoL) were also seen. The use of analgesics was simi-
lar between groups, indicating that the observed improvements
could be attributed to MR prednisone, rather than differences in
analgesic medication.
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Table 2 Mean change from baseline at week 12 in clinical variables
and health-related quality-of-life end points*t

LSM Change from baseline

MR LSM p
Prednisone Placebo Difference+SE Valuet

ACR core set measures

Tender joint count —4.7 -2.1 —2.0+0.6 0.001

Swollen joint count -3.3 =22 —-1.1+04 0.009

Patient pain scoref -21.0 —=12.7 —8.3+x25 0.001

Patient global scoret —-17.3 -79 —-9.3+25 <0.001

Physician global score¥ ~ —22.8 —-13.1 —-9.6+2.2 <0.001

HAQ-DI score —0.238 -0.079 —0.16+0.04 <0.001

CRP, mg/l 0.86 0.88 0.988 0.86

ESR after 1 h, mm/h -71.3 -59 —1.4+15 0.34

Other clinical end points

Severity of morning —214 —19.6 —7.8+2.8 0.007
stiffnesst

Recurrence of stiffness, —20.3 —6.7 —13.6+4.5 0.003
% of days (mean)

Morning pain scoret —-23.1 —16.4 —6.7+2.6 0.012

Evening pain scoret —20.2 —14.9 —5.3+2.7 0.049

DAS28 score —1.15 —0.63 —0.52+0.13 <0.001

Health-related quality of life

FACIT-fatigue score 3.8 1.6 2.2+0.8 0.003

SF-36 physical component 3.6 1.3 2.3+0.6 <0.001
score

SF-36 mental component 2.0 09 1.1+0.7 0.14
score

*Plus-minus values are means=SD.

tSee figure 2 for changes in ACR20 response rate and duration of morning stiffness.
Changes in interleukin 6 and tumour necrosis factor o from baseline to week 12 are
described in the text.

$Values in mm, measured using a 0—100 visual analogue scale.

§Geometric mean titre ratio for MR prednisone versus placebo.

ACR, American College of Rheumatology; CRP, C-reactive protein; DAS28, 28-joint
Disease Activity Score; ESR, erythrocyte sedimentation rate; FACIT-F, Functional
Assessment of Chronic lliness Therapy-Fatigue; HAQ-DI, Functional Disability Index of
the Health Assessment Questionnaire; LSM, least-squares mean; MR, modified release;
SF-36, 36-item Short-Form Health Survey.

Prednisone chronotherapy is expected to have a particular
impact on morning symptoms of RA. This is borne out in this
study, in which MR prednisone reduced the duration of morning
stiffness from approximately 2 h at baseline to 46 min at week
12, a median relative reduction of 55% which was approxi-
mately 1.5-fold greater than that seen with placebo. Morning
pain, severity of morning stiffness and RA severity (according to
DAS28 score) were also considerably reduced with MR predni-
sone over the 12-week study. This is in agreement with results
from our previous study (CAPRA-1),%3 in which MR prednisone
induced greater improvements in morning stiffness and reduc-
tions in IL-6 levels than immediate-release (IR) prednisone.
These results suggest that the timing of delivery significantly
affects the efficacy of glucocorticoid treatment and that chro-
notherapy may allow efficacious treatment with lower gluco-
corticoid doses.

Previous studies of low-dose prednisone have largely investi-
gated the benefits of adding low-dose (<10 mg/day) IR prednisone
to DMARDs in patients with early RA.?530 These placebo-
controlled studies have demonstrated more rapid improvements
in clinical symptoms over the first 6 months of treatment for pred-
nisone compared with placebo, and are thus in agreement with
ourresultsobtainedinpatients with more advanced disease.?326-30
While numerical differences in favour of the prednisone group
were also evident at 12 or 24 months, differences were no
longer statistically significant in most cases.?>-?® However, the
addition of low-dose prednisone has been reported to increase
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Table 3 Adverse events

Event, n (%)

MR prednisone n=231  Placebo n=119

Any AE 99 (42.9) 58 (48.7)
Treatment-related AE 18 (7.8) 10 (8.4)
AEs leading to discontinuation* 5(2.2) 1(0.8)
Severe AEst 3(1.3) 5(4.2)
Serious AEst 1(0.4) 2(1.7)
AEs reported in >1% of patients

Arthralgia 24 (10.4) 24 (20.2)
Aggravated RA/RA flare-up 15 (6.5) 11(9.2)
Nasopharyngitis 11 (4.8) 4(3.4)
Headache 9(3.9) 5(4.2)
Hypertension 5(2.2) 1(0.8)
Diarrhoea 4(1.7) 1(0.8)
Rash 4(1.7) 1(0.8)
Bronchitis 3(1.3) 5(4.2)
Back pain 3(1.3) 1(0.8)
Vomiting 3(1.3) 1(0.8)
Peripheral oedema 2(0.9) 2(1.7)
Haematuria 1(0.4) 3(2.5)

*AEs leading to discontinuation were headache (n=2), glaucoma (n=1), vomiting
(n=1), exacerbation of RA (n=1), anxiety (n=1), and hypertension (n=1) for the

MR prednisone group, and headache (n=1) for the placebo group. All AEs except
exacerbation of RA were considered to be related to treatment.

tSevere AEs were arthropod bite (n=1), joint sprain (n=1) and arthralgia (n=1) in the
MR prednisone group, and arthralgia (three events), aggravated RA/RA flare-up (two
events) and one event each of headache, gout and epistaxis in the placebo group.
¥The serious AE in the MR prednisone group was palpitations and chest discomfort.
One patient in the placebo group was diagnosed with ischaemic heart disease and
another underwent elective uterus extirpation for abnormal cervical cytology. All events
were classified as serious because patients required hospitalisation but none was
considered related to the study drug.

AE, adverse event; MR, modified release; RA, rheumatoid arthritis.

the probability of achieving remission over the first year of treat-
ment and of maintaining remission beyond the first year,?’ and
to decrease radiographic progression.?® -2 Given the similar
results reported for IR prednisone and MR prednisone over the
first months of treatment, prolonged treatment with MR predni-
sone can also be expected to slow radiographic progression, but
this disease-modifying effect has still to be proved.

We report that MR prednisone was well tolerated. In this
12-week study, the overall incidence of AEs was slightly lower
in patients receiving MR prednisone than in those receiving pla-
cebo, and none of the serious or severe AEs in the MR pred-
nisone group was considered related to treatment. In addition,
there was no evidence for an increased risk of infection with
active treatment; indeed the incidence of bronchitis was higher
in the placebo group. The incidences of hypertension and dis-
continuation due to AEs were low but were slightly higher in
the MR prednisone group. Notably, the incidences of arthritis
and arthralgia reported as AEs were higher in the placebo group,
again reflecting the efficacy of MR prednisone. The safety pro-
file of MR prednisone presented here is similar to that seen in
the CAPRA-1 study!! 28 and in placebo-controlled studies for IR
prednisone.?” %

Our study has several limitations. First, patients were required
to have morning stiffness of more than 45 min to be included
in the study; our results may thus not be directly applicable to
patients with less severe disease. Second, this was a 12-week
study. This duration is sufficient to demonstrate the initial ben-
efits achieved by adding MR prednisone to DMARD treatment,
including improvements in morning function and HRQoL.
However, the study did not assess effects on structural damage
and disease progression, which would require longer follow-up.
Third, while the results of this study demonstrate that short-
term treatment with MR prednisone has a similar safety profile
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to that of placebo, long-term studies are required to assess the
safety and tolerability of prolonged treatment.

In fact, this has already been demonstrated in the open-la-
bel extension to the CAPRA-1 study, where patients received
either MR prednisone or IR prednisone for 3 months, before
receiving MR prednisone for 9 months. The only AEs reported
in >2% of patients during the 9-month extension (months
4-12) were RA-related symptoms (14.5%), upper respiratory
tract infections (2.8%), back pain (2.8%) and weight increase
(2.8%).!" An integrated safety analysis (supplementary tables
5 and 6) provides further safety data from the full 12 months
of CAPRA-1 (either 12 months MR prednisone treatment or
3 months IR prednisone treatment (months 0-3) followed by
9 months MR prednisone treatment (months 4-12) depending
on initial randomisation) and combined safety data for patients
receiving MR prednisone for 3 months from both CAPRA-1
and CAPRA-2.3! The incidence of AEs was higher over the
12-month period than for the 3-month period (as would be
expected for the longer duration of treatment), though the
increase was not proportional to the duration of treatment.
For example, the incidence of severe AEs during the first 3
months of treatment was 2.4% (supplementary table 5) com-
pared with 3.3% in patients receiving 12 months MR predni-
sone treatment (supplementary table 6). Similarly, aggravated
RA/RA flare-up was reported in 12.8% of patients during the
first 3 months and in 14.2% of patients during the 12-month
treatment period (supplementary tables 5 and 6). The only AEs
reported in 4% of patients receiving MR prednisone for 12
months were aggravated RA/RA flare-up and flushing (supple-
mentary table 6).

In conclusion, the results of this study demonstrate that even
at a dose considered to be below substitution levels, MR pred-
nisone chronotherapy is highly effective and well tolerated
in patients with RA, providing rapid relief of symptoms and,
particularly, improving morning function. Further, longer-term
studies are warranted to determine the dose and strategy that
optimises the benefit-to-risk ratio for MR prednisone in the
management of RA.
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