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Benefits and risks of low-dose glucocorticoid
treatment in the patient with rheumatoid arthritis

Arthur Kavanaugh' and Alvin F. Wells?

Abstract

Glucocorticosteroids (GCs) have been employed extensively for the treatment of rheumatoid arthritis (RA)
and other autoimmune and systemic inflammatory disorders. Their use is supported by extensive literature
and their utility is reflected in their incorporation into current treatment guidelines for RA and other con-
ditions. Nevertheless, there is still some concern regarding the long-term use of GCs because of their
potential for clinically important adverse events, particularly with an extended duration of treatment and
the use of high doses. This article systematically reviews the efficacy for radiological and clinical outcomes
for low-dose GCs (defined as <10mg/day prednisone equivalent) in the treatment of RA. Results re-
viewed indicated that low-dose GCs, usually administered in combination with synthetic DMARDs, most
often MTX, significantly improve structural outcomes and decrease symptom severity in patients with RA.
Safety data indicate that GC-associated adverse events are dose related, but still occur in patients
receiving low doses of these agents. Concerns about side effects associated with GCs have prompted
the development of new strategies aimed at improving safety without compromising efficacy. These in-
clude altering the structure of existing GCs and the development of delayed-release GC formulations so
that drug delivery is timed to match greatest symptom severity. Optimal use of low-dose GCs has the

potential to improve long-term outcomes for patients with RA.

Key words: rheumatoid arthritis, glucocorticoids, prednisone, disease modifying, treatment strategies,

benefit-risk.

Introduction

The role of glucocorticoids in the treatment of RA

Glucocorticosteroids (GCs) have a long history of good
efficacy and safety in the treatment of RA. This has re-
sulted in their inclusion in guidelines for the management
of this disease. For example, the European League
Against Rheumatism (EULAR) guidelines recommend
that GCs be added at low to moderately high doses to
synthetic DMARD monotherapy (or combinations of syn-
thetic DMARDs) since they have been shown to provide
benefit as an initial short-term treatment. However, it
is also generally recommended that GCs should be
tapered as rapidly as clinically feasible [1]. The Canadian
Rheumatology Association treatment recommendations
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state that GCs (oral, intramuscular or intra-articular) can
be added to DMARD therapy as part of the initial treat-
ment strategy for patients with RA, and may be an option
for managing flares as bridge therapy while waiting for a
DMARD to take effect, or for symptom control if no other
options exist [2].

While the use of GCs in patients with RA is supported
by clinical trial results, there is still some concern sur-
rounding their use because of potential associations
with clinically important adverse events, particularly
when they are administered at high doses and/or for
long duration [3-5]. While caution is certainly warranted
in the use of GCs in patients with RA, results from a
large number of studies have indicated that combination
of low doses of these agents with DMARDs may have
significant benefit with respect to joint preservation and
also acceptable safety. In addition, new GC molecules are
being developed in an effort to improve their efficacy and
tolerability.

The aim of this article was to systematically review the
efficacy (radiological and clinical outcomes) and safety of
low-dose GCs when used as part of treatment regimens
for patients with RA. The analysis included studies in
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which GCs were administered at low doses (<10 mg/day
prednisone equivalent). In some trials, GCs were delivered
at higher doses for a short interval prior to tapering to a
dose <10mg/day.

Literature review

PubMed was searched using the following query,
rheumatoid AND (hydrocortisone OR methylprednisolone
OR budesonide OR betamethasone OR dexamethasone
OR prednisone OR prednisolone OR corticosteroid OR
glucocorticoid). The results were limited to randomized
controlled trials with the appearance of the words in the
title or abstract. This search resulted in retrieval of 218
studies. The abstract or, when necessary, full text of
each study was then reviewed for relevance for this article
using the following criteria: (i) treatment of adult patients
with RA, (ii) use of oral GC doses <10 mg/day, (iii) treat-
ment arms and data presentation that permitted assess-
ment of the effects of GCs on treatment outcomes (e.g.
studies in which GCs were permitted along with other
treatments in multiple study arms; studies in which results
were not presented separately for patients receiving and
not receiving GCs were excluded). Secondary and redun-
dant publications of results from a given study were also
excluded. The reference sections of the papers included
in the review were also evaluated for additional citations
not recovered by the PubMed search. The search resulted
in retrieval of 55 papers that met the above-listed criteria.
This total included non-redundant reports at different time
points for several long-term studies, all of which are
included in the analysis.

Effects of GCs on structural outcomes in
patients with RA

Fifteen of the studies retrieved provided information about
radiological outcomes for patients receiving low-dose
GCs (Table 1). Analysis of the results from these 15 stu-
dies supports the view that administration of GCs in com-
bination with synthetic DMARDs, most often MTX,
significantly improves structural outcomes in patients
with RA. Results from all 15 clinical trials with results for
this endpoint are summarized in Table 1. One of the more
convincing demonstrations of the efficacy of adding GCs
to conventional treatment for RA is the Combination
Therapy of RA (COBRA) trial. In this study, 155 patients
with early RA received SSZ monotherapy (SSZ group) or a
combination of step-down prednisolone, MTX and SSZ
(COBRA group). After 11 years of follow-up, less progres-
sion of joint damage was observed in the COBRA group
[11]. However, it should also be noted that the incidence
of treatment for hypertension, diabetes and cataracts
were all significantly higher in the COBRA group vs the
SSZ group. Conversely, hypercholesterolaemia, cancer,
infection and mortality all showed trends favouring initial
high-dose GC treatment in COBRA [11]. A second long-
term trial, the BeSt study, compared four treatment stra-
tegies: sequential substitution DMARD monotherapy,
step-up add-on DMARD combination therapy, initial
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combination therapy that included prednisone (60 mg/
day initial dose tapered to 7.5 mg/day over 7 weeks; simi-
lar to that in COBRA) and initial combination therapy with
a DMARD plus the TNF inhibitor infliximab.

Results from the BeSt study showed that combination
therapy that included initial high-dose prednisone slowed
joint erosion vs sequential monotherapy or step-up com-
bination treatment that did not include a high-dose GC
[13-15]. After 5 years, the initial benefit of combination
therapy was maintained, with significantly less joint
damage than in patients who did not receive a GC [16].
The Better Anti-rheumatic Farmacotherapy (BARFOT)
study showed that the addition of prednisolone 7.5mg/
day to initial DMARD therapy retarded the progression
of erosions after 2 years in patients with early RA and
provided a higher remission rate than DMARD therapy
alone. Remission achieved after 2 years was associated
with less radiographic damage after 4 years, which when
analysed according to initial treatment group, was statis-
tically significant only for patients receiving early GC ther-
apy [19, 20]. Results from the COBRA, BeSt and BARFOT
studies are consistent with those from a large number of
additional studies that assessed radiographic damage
(e.g. joint erosion) in patients with RA who received GCs
for shorter periods (Table 1).

Not all studies retrieved demonstrated a significant
benefit of GC treatment on structural outcomes
(Table 1). A trial that included 167 patients with RA who
were followed for 2 years indicated no radiological or clin-
ical benefit of adding 7 mg/day prednisolone to SSZ [21].
A 3-year study compared radiographic progression rates
in paired hand radiographs in patients taking NSAIDs
alone or NSAIDs plus <5mg/day prednisolone. Study re-
sults indicated that for a subset of 252 patients with an RA
duration of 12-24 months, changes from baseline radio-
graphic scores were not different in those taking or not
taking prednisone (P =0.994) [23].

Effects of GCs on clinical
outcomes: efficacy

The majority of the 55 studies reviewed indicated that
treatment with low-dose GC alone vs placebo or a com-
bination of low-dose GCs with DMARDs vs DMARDs only
significantly improved outcomes for measures that
included ACR responses [21, 24], HAQ scores [14, 25],
tender and swollen joint counts [24] and DAS [26] (see
supplementary Table S1, available at Rheumatology
Online).

An example of the effects of low-dose GC monotherapy
on clinical endpoints is provided by a 12-week, double-
blind, randomized controlled trial in which 143 patients
with active RA received budesonide 3 or 9mg/day,
prednisolone 7.5mg/day or placebo. Treatment with
either 9 mg/day budesonide or prednisolone significantly
decreased tender and swollen joint counts vs placebo
(P <0.05) and ACR20 responses were achieved by 22%
and 42% of patients who received budesonide 3 or
9mg/day and 56% of those on prednisolone vs 25%

1743


``
)''. 
R
s
were 
paper
1
2
3
,
GC's 
'
methotrexate (MTX)
Rheumatoid Arthritis 
sulfasalazine (
)
.
,
versus
,
.
,
tumor necrosis factor (
)
,
versus
.
.
analyzed 
.
,
,
sulphasalazine
.
nonsteroidal anti-inflammatory drugs (
)
-
p=
.
versus
versus
American College of Rheumatology (
)
Health Assessment Questionnaire (
)
,
Disease Activity Scores (
)
.
.
S
http://rheumatology.oxfordjournals.org/lookup/suppl/doi:10.1093/rheumatology/keu135/-/DC1
,
il
,
versus
p<
;
versus 

Arthur Kavanaugh and Alvin F. Wells

(penuiuo9)

SO 8SOP-MO| INOYUM 3SOU}
SA  UOIEDIPAW-0D DB UUM Sjual}
-ed ul yY oAIsose jo Aousanbauy ayi
Ul PaAISSqO Sem uofonpal ueoniubls v

dnouf 1uswieal
uoleuIquIod 8y ul abewep julol ssa|
pajeoipul osfe dn-mojjoy Jesh-|| 8yl
dnouf 1uswiesa
uoleulquiod ayi ul 9'g pue dnoib
7SS ©8yr ul Jesh/syjuiod 9'g sem
ojeJs uoissalboid dieys eyy ‘pouad
dn-mojjoy JesA-g 01 -4 ayr bBuung
ck shy
aJaM (8 Y99M je senjea aAioadsal ay|
'ZSS 104
¥ SA sdnoib juswies} UOIBUIQUIOD
oy} ul | Aq pasealoul sal100s abewep
ojydeiboipes uelpaw a8y} syeam 9g Jopy

dnoib suojosiupaid 8y} Ul % ||
Ag pue dnoub ogsaoe|d 8y} ul 8100s
wnwixew 8y} Jo %9'g Aq pasea.oul
pey 8J00S [B}0} 8y} Syjuow Hg Jopy

dnoub |0u00 By} Ul paAIasqo

jeyy o} Jejwis uoissaiboid oses

-SIp ul paynsaJl Apnis auy Jo Jeak paiyy
oyl Buunp suosiupaid JO [eMeIPYUAA

ogeoe|d

sA sebueyd oAIsoIe Jama) Ajjueodiu
-BIs ul paynsaJ juswieal} suojoSIUPaId

dnoub ogeoeld
ay} ul ueyy dnoib suosiupaid ay; ul
uoissaiboid sso| Ajpueoiubls pamoys
$2100s [eolbojolpe) ‘9 yuow  Jopy

awooIno

uoljenjens
|eoibojolpes auinoy

198} pue spuey
ul 8409s abewep olydeib
-olpel aplieH Jap uen-dieys

poyew s.dieys
4o uoreoyipow s aplieH
JOp UBA pue 8109s usbuney
oy} Buisn pajenjens
pue syuow ¢ pue g|

‘g 1e uaye)} asem sydeiboipey

Bunoos
uasJeT Yim puey ayj Jo
uolen[eAs [eolbojoipes [enuuy

syjuow 9 Aians pawJiopad
aJam salpnis [eolbojoipey

julodpua/suoinenjeas

V2V pue
‘ODH ‘ZSS ‘X1 ‘(useainbs suosiupaud
Bw g'/) sOH Buipnjoul ‘syuswieall SnoUep
syluow g9-g Joy
pamojjo} siuaied Jo sisAjeue aAoadsollay

‘AjlaAnoadsal
‘Syjodm QO pue gg Joye paddols
pue paiade} alem X]|N PUB 8UO|OSIUPaId
auole
7SS 1o (Aep/bwi g, 01 sdeis Apjeam
9 ul paJadey ‘Aep/Bbw 09 Aj[enul) suojosiu
-paid pue (eem/Bw g /) X1IN ‘(kep/Bg)
7SS JO UOiBUIqWOD B PaAIedal sjualied
[euy paziw
-Opuel ‘pulg-s|gnop ‘esuadiynw  ‘Jeah-|

XLIN
JO 9)ejewolyl Wnipos pjob Jayue yum
juswieal QUVYING PoAIedas Os|e sjualed
ogeaoe|d
JO auojosiupaid Bw g oABoa)  sjuslied
Apnis anua0
-lnw  ‘paziwopuel ‘pulig-s|gnop ‘desk g

vy Apes yum sjusied
8Z] Ul sieak g JoA0 uonedlpaw auinold
0} uonippe ul Ajep suojosiupaid Bw g,
[el} Pa||0Jlu02-0g8d
-e|d  ‘puig-s|gnop  ‘paziwopues  ‘Jesh-g

anosal Joy paquosaid 8q pjnod 7SS

pue sdnoib yjoq ul pamoje aiem sq|vSN
ogaoe|d

Jo suosjupaid Bw Q| pPaAeoal  sjuslied
[el} [eD1UljD PSJ|0JIU0D

-ogeoe(d ‘pullg-s|gnop ‘paziwopuel Jesh-g

juawijeas} pue ubisap ‘uoneing

Vv yum sjusned 4G

vd
Apes yum sjusned GG

vy
onnoe yum sjuened g6

VY 8Aljoe
Aues yum sjusied gz

sSadving

YHMm pajeal] usaq jou

pey oym vy enioe
Aes yum sjuaned | g

sjuaned

[2H]
‘e 18 enaysAe

[Li] e e

IAn1 uea ‘[o1]

‘e 1@ amepue]
‘[e] 're 10 sie0g

[8] /e 1o ney

[2] /e 18 BuipioiHy

[o] e 1o
uabuipiang uea

2ouaIayey

swuaied vy JO JuawWieal} 8y} Ul papn|oul 8Jom SOK) 8SOP-MO| YOIYM Ul SBIPNIS JO} SSWO0DIN0 [edlbojoipey | 31av]

www.rheumatology.oxfordjournals.org

1744



d treatment

icoi

Benefits and risks of low-dose glucocorti

"SPI0481s00110200N|6 :SHH) ‘uljoueine HNY

(¥66'0=d)
auosiupaid Buper jou Jo  Buper
9SOU} Ul Judlaylp jou aJam (uols
-0Jd Alyuow uesw) sai09s olydelb
-olpeJ Ul 8uleseq wol} sabueyo
‘syuow  yg-zl o uoneinp vy
yum sjusned ggg jo dnoisbgns sy} Jo4

(L00°0=d) suoisose pey
dnoib ogeoe|d ayj Ul @S0y} JO %9°Gh
pue dnoib suojosiupaid 8y} ul 8soy}
10 %1'ze ‘sieehk g v "Apnis ay) Jo
HE}S 8Y} }E SUOISOJS OU peY %E'69
‘sjueied esauy} Jo spuey glz 8ui JO

(00°0 =) dnoub ogeoe|d
oyl ul N /g6 Agq pue dnoib suojo
-sjupaid 8yl ul N 220 0 ueaw e Aq
paseaJoul S8J0ds uasie ‘sieak g Jeny

sJieak g 1e sainseawl
Alojeioge| pue [eOlUID JO  S8I0DS
[eoibojoipes  ul  seouataylp dnolb
-usamiaq JUedIUBIS ou BaJem  aJsyl

Adelsayy auojosiupaid Apes Buinieoal
sjuened Joy Auo ueoyubls  Aje
-opsiels sem dnoub juswieasy [eiul
0} Buipioooe pasAjeue uaym yoiym
‘sieak ¢ Joye juesaud |is abewep
olydesbolpes SS8| YUM pPalEIooSSEe
SeM SJeaA g Jo)je pansIiyoe uoissiwey
auofe Adesayy
d4dvINg ueyy 81es uoissiwal Jaybiy
e paplrnoid pue vy Aues yum spusiyed
ul sJieak g Jaye suoisotd Jo uoissalb
-oid eyl pepJelas Adessyr QUVING
[eul 0} suojosiupaid Jo  UOIPPY

uoissaiboid abewep julof

sso| Ajueoyiubls ur paynsal  Ade
-J8Yy} uoieUIqWIOD [ellul ‘SIeak G Jayy

AjAnoadsal ‘-1 sdnoub ur g0

pue Q| ‘Gz ‘0’z &em aioos juiof

olydesboipes splisH J4op uen-dieys
[B101 BY} Ul S8sealoul uelpawl ‘Jesh | 1y

awooIn0

$8100S
UOoISOJS Ul 8sesaloul JO aley

aul|@seq 1B SUOIS0Jd OU pey
Jey} spuey ui sUoISOJS JO
aoueseadde sy} pue‘xapul
uasJeT] ay} AQq painseawl
sk ‘sieak g pue | Jaye puey
ay} Jo sydeibolpes uo usss
se abewep jo uoissaiboid

poulew dieys
paiipow 8y} Aq passes
-se se abewep |eolbojoipey

Bunoos ussie] yum sieak
2 1e uolienfens olydesboipey

9J09s aplioH Jop ueA-dieys
payipow 8y} 0} Buiplioooe
abewep juiof olydeiboipey

julodpua/suonenjeny

pamoj|e Jou alem suels auosiupaid

Mau ng ‘Aius Apnis aiojeq sypuow

9< Adeisy} suosiupaid papeis pey oym

(Aep/Bw 2¢y =osop uesw) sjuaied /6|
AQ panupuod sem Aep/BulGs auosiupaid
paniwiad jou aiem SQUVING

usjoidnq| pue

2oB|OpPOI® SOIVSN oyl Buuedwoo |euy
[eoluld paziwopues ‘sAnoadsold Jesh-g

uoneolpaw paquoseld
Jayjo Aue snid ogeoe|d Jo suojosiupaid
Jo Pwg/, 0} paziwopuel alem sjusiied
[eL} Pa||0JlU0D-0099
-eid  ‘puig-s|gnop  ‘paziwopues  ‘Jeah-g

ogeoe|d
J0  Aep/bw/ ouojosiupaid 0} paziw
-OpueJ puB 7SS UO PSaME]S 8Jom Ssjuslied
[el} P8||04u02-0082
-eid  ‘pulg-s|gnop ‘paziwopues  ‘Ueah-g

dny 10 7SS

() Jo (poppe sem XN ‘sjusired gg Joj)

suojosiupaid Bw G, yum yuow | Joy

swiealy el (1) :loqe] uado 01 paziw
-opuels aiom syuaired gL ‘Apnis syl UIYHA

uspamg

wieyinos ul vy Apes yum sjuened jo
Apnis [BUOIIBAJIOSUO SJIUSDIHNW WIS}-Buo]

qewixijul
yum  Adessyy  uoieuIqWOD  [BIJUI
(n)) pue suosiupaid esop-ybly pasede)
yum  Adeseyy uoneuiquioo  femul (i)
‘Adesay} uoneuiquod dn-deis (1) ‘Ade
-Joyjouow [epuenbas (1) :sdnosb jusw
-1eaJ} JNOJ YIIM [BL] PaZIWOPUERI 8J1UsdiN|p

juawyeas} pue ubisap ‘uoneing

vy yum sjusied ygg

sJieak g> o} vy
SAIOE yum sjusired gz |

sieak ¢> 1o}
V4 yum spuened 9|

vy
Apes yum sjueied /g

vy
Aues yum sjusned gog

sjuaned

[e2] fe 1o snined

[ee] e 1o uemiry

[12] 12 10 lleden

[o]

‘Je 1@ woJisyeH

‘6Ll 1210

uossuang ‘[g|]
‘Je 18 UOSSUBAS

[21]

‘[e 18 [looy| Jep

uen ‘[91] e 1o

Yoaqualey

‘g1-¢1l

‘e 1@ uew.siny

-dooxe0n

CLITEYETENY|

psnuniuo) | anavy]

1745

www.rheumatology.oxfordjournals.org



Arthur Kavanaugh and Alvin F. Wells

for placebo. Results for both 9mg/day budesonide
(P <0.001) and prednisolone (P=0.02) were significantly
different from placebo [24]. The benefit of adding low-
dose GC to MTX-based treatment was demonstrated by
results from the Computer-Assisted Management in Early
Rheumatoid Arthritis (CAMERA) Il trial. This study included
236 patients with early RA (<1 year) who received either
MTX or MTX plus 10 mg prednisone and were followed for
2 years. Results for the 28-joint DAS (DAS28), pain and
HAQ scores decreased more rapidly in patients who
received MTX plus prednisone vs those on MTX alone,
but differences between treatment groups declined over
the course of follow-up. Longitudinal regression analysis
indicated lower significantly better improvement for all
disease activity variables with MTX plus prednisone vs
MTX alone (P <0.001). At the end of the 2-year follow-
up period, 65% of patients receiving MTX plus prednisone
and 61% on MTX only achieved a 20% improvement in
ACR criteria (ACR20; P=0.56); the respective values for
ACR50 were 53% and 42% (P=0.091) and those for
ACR70 were 38% and 19% (P=0.002) [27].

There is considerable ongoing debate about the optimal
means of defining remission in RA, and various measures
have been suggested [28]. Nevertheless, remission has
come to be considered the primary therapeutic goal of
RA treatment [1, 2]. Results from several studies, using
varying definitions, have shown that the addition of GC
to the treatment regimen for a patient with RA may in-
crease the probability of achieving disease remission
[19, 27, 29-32] (see supplementary Table S1, available
at Rheumatology Online). Results from a study of 105 pa-
tients with early active RA indicated that the addition of
low-dose prednisone to treatment significantly increased
the probability of achieving and sustaining remission over
2 years of follow-up [31]. A randomized trial of 220 pa-
tients with active RA <2 years from symptom onset indi-
cated that addition of 6.25mg/day prednisone to MTX
resulted in significant increases in both clinical (DAS28
<2.6) and ultrasonographic remission rates vs MTX plus
placebo over 12 months of follow-up [30]. Results from
the CAMERA |l trial, a 2-year prospective study that
included 236 patients with early RA (<1 year), indicated
that the combination of prednisone and MTX was superior
to MTX alone in slowing erosive joint damage, reducing
disease activity and physical disability and achieving sus-
tained remission [27]. Results from the Finnish RA com-
bination therapy trial showed that inclusion of prednisone
with other conventional DMARDs in 199 patients with RA
significantly increased the probability of achieving the
modified minimum disease activity (MDA) and strict ACR
criteria for remission over 11 years of follow-up [32].

It is important to note that not all of the studies reviewed
indicated sustained clinical benefit of low-dose GC in
patients with RA. A study of 81 patients with early RA
(<1 year duration) indicated that 10 mg/day prednisone
was significantly superior to placebo for decreasing pain
at 3 months (P=0.003) and improving general well-being
at 3 and 6 months (P=0.003 and P=0.04, respectively),
but not thereafter over a 2-year follow-up period [33].

1746

Effects of GCs on clinical
outcomes: safety

The adverse events associated with GC treatment in pa-
tients with RA have been enumerated in many publica-
tions over the years. Commonly reported adverse events
include weight gain, elevated blood pressure (BP), glu-
cose intolerance and increased risk for diabetes and its
complications, development of cataracts and increased
incidence of glaucoma, increased susceptibility to infec-
tions, hyperlipidaemia, gastrointestinal adverse events
(e.g. ulcers, lower gastrointestinal bleeding, perforations),
development of osteoporosis and insufficiency fractures,
osteonecrosis and changes in physical appearance (e.g.
Cushingoid appearance, hirsutism, abdominal striae)
[34-37]. GC-associated adverse events are significantly
associated with the daily dose and treatment duration
[38]. An important question related to long-term use of
low-dose GCs in patients with RA is the extent to which
risks for GC-associated adverse events might be attenu-
ated at lower doses of these agents.

The results from the clinical trials included in this sys-
tematic review indicate that at least some of the adverse
events observed with high-dose GCs also occur with
lower doses of these drugs. The studies reviewed indi-
cated that treatment with low-dose GCs were associated
with weight gain [21, 39], hyperglycaemia [30] and dia-
betes [11, 19], increased blood pressure [21, 40, 41] and
hypertension [11, 42], decreased BMD [42-45], increased
risk for fractures [46], cognitive dysfunction [47], increased
risk of infection [48] and cataracts [11].

Discussion

The results summarized in the preceding sections, Table 1
and supplementary Table S1 (available at Rheumatology
Online) support the conclusion that the addition of low-
dose GC to treatment with conventional DMARDs signifi-
cantly improves both clinical and radiological outcomes in
patients with RA, but that there are still safety concerns
associated with the long-term use of these agents. The
results of this review concerning radiological outcomes
with GCs are consistent with those from two previously
published meta-analyses. Results from an analysis of 15
trials that included 1414 patients (mean cumulative GC
dose of 2300mg prednisone equivalent/year) indicated
that GCs given in addition to standard therapy can sub-
stantially reduce the rate of erosions in RA. For all the
studies, the standardized mean difference in progression
was 0.40 in favour of GCs (95% CI 0.27, 0.54). In studies
lasting at least 2 years, the standardized mean difference
in progression in favour of GCs at the end of the study
period was 0.42 (95% CI 0.30, 0.55). All studies except
one showed a numerical treatment effect in favour of GCs
[49]. A more recent meta-analysis carried out to inform
EULAR recommendations for the treatment of RA indi-
cated that the addition of GCs to either standard synthetic
DMARD monotherapy or combinations of synthetic
DMARDs vyielded clinical benefits and inhibition of
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TaeLE 2 Adverse events with low-dose GCs

No GCs in past
12 months, %

<5mg/day, %

Patients with GC intake for >6 months

5-7.5mg/day, % >7.5mg/day, %

Cushingoid phenotype 2.7
Ecchymosis 6.8
Leg oedema 9.5
Mycosis 4.5
Parchment-like skin 3.2
Shortness of breath 9.5
Sleep disturbance 20.7
Eye cataract 2.7
Epistaxis 1.4
Weight gain 9.5
Depression, listlessness 12.6
Glaucoma 2.7
Increase in blood pressure 18.9

4.3 15.8 24.6
17.4 23.5 24.6
11.6 20.2 26.2

5.8 6.6 8.2
10.1 15.8 21.3
10.1 12.6 16.4
33.3 37.2 44.3
10.1 7.7 8.2

1.4 6.6 4.9

8.7 22.4 21.3
10.1 13.7 19.7

2.9 2.7 6.6
18.8 16.4 23.0

GCs: glucocorticosteroids. Modified from Huscher et al. [36] with permission from the copyright holder, BMJ Publishing

Group Ltd.

radiographic progression that may extend over many
years [50].

The benefits of low-dose GCs in patients with RA have
led to multiple statements that these agents should be
employed as part of the initial therapeutic regimen for pa-
tients with RA [51-54].

The safety of low-dose GCs was addressed in a com-
bined analysis of results from four placebo-controlled
trials in which RA patients received GC doses <10mg/
day and were followed for 2 years. The results from this
analysis indicated no excess cardiovascular events with
low-dose GCs; no effect on BMD; a small rise in plasma
glucose (from 5.1 to 5.9 mmol/l) in only one of the four
studies; no increase in risk for cataracts, but increased
risk for glaucoma; no increased risk for upper gastrointes-
tinal ulcers and bleeds; no increased risk for infections
and no increased risk for dermatological adverse events
[35]. Analysis of 1066 patients included in the German
Collaborative Centres database who received GCs for
>6 months at doses of <5, 5-7.5 and >7.5mg/day indi-
cated that different adverse events with these drugs may
have different thresholds (Table 2). The risk for some ad-
verse events (e.g. ecchymosis, parchment-like skin, sleep
disturbance and cataracts) appears to be increased with
any GC dose, while others only increase with doses
>5mg (e.g. Cushingoid symptoms, leg oedema, weight
gain) or >7.5mg/day (e.g. shortness of breath, epistaxis,
depression/listlessness, glaucoma) [36].

The concerns about side effects associated with GCs
have prompted substantial efforts to improve safety pro-
files without compromising efficacy. Several alternative
strategies have been tested in an effort to achieve this
highly desirable goal.

GCs with altered structural characteristics aimed at
decreasing the risk for adverse events have been evalu-
ated in patients with RA. Deflazacort, an oxazoline
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derivative of prednisolone with anti-inflammatory and im-
munosuppressive activity, first became available in 1969.
The severity of steroid-induced osteoporosis and growth
retardation due to deflazacort is less than that associated
with other steroids [55]. Multiple randomized clinical trials
appeared to indicate that deflazacort had less severe side
effects than conventional GCs, but the dose to achieve
and maintain equivalent anti-inflammatory efficacy was
usually higher than predicted [56]. At these higher
doses, the safety advantages of deflazacort were mini-
mized [57]. It is also important to note that the bone-
sparing effects of agents used to treat RA have generally
been evaluated in small-scale, short-term studies. Well-
designed long-term, large-scale trials are needed to
address this issue.

Selective GC receptor agonists (SEGRAs) represent an-
other approach to modification of the steroid molecule
with the aim of improving safety. The classical genomic
mechanism of GC action involves transrepression, which
has been suggested to be primarily responsible for a large
number of the desirable anti-inflammatory and immuno-
modulating effects of these drugs, and transactivation,
which is suggested to be more closely associated with
side effects as well as with some immunosuppressive
activities [58]. This understanding has prompted the de-
velopment of SEGRAs aimed at retaining the benefits of
conventional GCs while decreasing their adverse effects
[59]. To our knowledge, SEGRAs have not yet been eval-
uated in patients with RA.

So-called soft drug approaches have been used to
design new drugs by attempting to alter molecules in
order to impact their activity, as well as the most desired
way for deactivation and detoxification. This approach has
been used for GCs with the molecule loteprednol
etabonate [60]. Loteprednol has been shown to be as ef-
fective as dexamethasone when injected directly into the
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joint of rabbits with experimentally induced arthritis [61].
Agents in this class have not yet been evaluated in
patients with RA.

A macromolecular pro-drug of dexamethasone, N-
(2-hydroxypropyl) methacrylamide (HPMA) copoly-
mer-dexamethasone conjugate, has been developed
with the aim of selectively targeting inflamed tissues.
Results from studies of animal models of inflammatory
diseases, including LN, have indicated that this dexa-
methasone formulation provides sustained resolution of
inflammation [62, 63]. Studies have not yet been reported
in patients with RA.

New GC formulations have also been developed.
Encapsulation of conventional GCs in liposomes has the
potential to improve efficacy and decrease adverse ef-
fects by targeting delivery more directly to inflammatory
sites and decreasing drug exposure to normal tissue. This
approach has shown promise in animal models of arthritis,
and a liposomal prednisolone preparation has been tested
in a small number of patients with RA [64-66].

Efforts have also been directed towards optimizing the
timing of low-dose GC delivery. RA symptoms have a cir-
cadian rhythm with the greatest severity in the early morn-
ing. A number of hypotheses have been put forward to
explain this, including redistribution of interstitial fluids,
circadian changes in synovial fluid composition and re-
sultant oedema of the synovium and the peri-articular
structures that interfere with joint biomechanics and noc-
turnal elevation in inflammatory mediators such as IL-6
that are not counterbalanced by a concomitant increase
in cortisol [67, 68]. Increased production of melatonin at
night may also contribute to the circadian pattern of clin-
ical symptoms of RA [69]. Until recently, only two small-
scale studies had evaluated the benefits of delivering GCs
with regimens other than once-daily dosing at an unspeci-
fied time during the day. One small-scale trial compared
once- and twice-daily GC administration (dose range
5-10mg/day) in a small group of 20 RA patients.
Qualitative evaluation indicated no efficacy differences
between the two regimens [70]. A second 2-week rando-
mized trial compared administration of indomethacin
(100mg) and prednisolone (5mg) at night in 24 patients
with RA. Both treatments significantly decreased morning
stiffness and increased grip strength [71].

Delivery of a delayed-release prednisone formulation
aimed at combatting the effects of the night-time in-
creases in proinflammatory cytokines has been shown
to be effective in RA. A delayed-release prednisone for-
mulation has been developed that begins to release the
drug ~4h after ingestion. Taking this preparation at bed-
time (approximately 10 p.m.) would result in the initiation of
drug release at approximately 2 aA.m., thereby theoretically
more closely matching the increases in proinflammatory
cytokines [3]. This preparation has been evaluated in two
studies of patients with RA. In a 12-week, multicentre,
randomized, double-blind trial, 288 patients with active
RA were randomly assigned to either delayed-release
prednisone or to immediate-release prednisone. The
mean relative change in duration of morning stiffness of
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the joints from baseline to the end of treatment was sig-
nificantly higher with delayed-release prednisone than
with immediate-release prednisone (—22.7% vs —0.4%,
P =0.045). In this study, delayed-release prednisone also
decreased IL-6 concentrations by ~50% vs no change
for immediate-release prednisone [72]. Another similar
12-week study included 350 patients with active RA who
were randomized to receive delayed-release prednisone
5mg or placebo. The primary endpoint was the percent-
age of patients achieving an ACR20. Delayed-release
prednisone plus DMARD treatment produced higher
ACR20 (48% vs 29%, P <0.001) and ACR50 (22% vs
10%, P < 0.006) responses and a greater median relative
reduction from baseline in morning stiffness compared
with placebo (55% vs 35%, P <0.002) [73]. A 9-month
extension of these studies has been reported [67].

Safety results obtained to date with this delayed-
release GC indicate that it did not appear to significantly
suppress the hypothalamic-pituitary-adrenal axis [74].
Patients treated for ~9 months in extensions of the
phase 3 trials reported a total of 51 serious adverse
events. Bone fractures occurred in three patients and
tendon rupture in one. The other serious adverse events
included gynaecological problems, cardiovascular dis-
ease, respiratory disease, joint replacement surgery and
synovectomy. Much more information about the side ef-
fects associated with long-term administration of this new
GC formulation is needed to fully understand its safety
profile.

An important issue that has not been addressed in the
development of new GCs and formulations is resistance
to these drugs, which has been suggested to occur in as
many as 30% of patients with RA [75]. Mechanisms
underlying GC resistance have been studied most exten-
sively in the setting of chronic obstructive pulmonary dis-
ease and several possibilities have been supported.
These include cytokine activation of mitogen-activated
protein (MAP) kinase pathways, excessive activation of
transcription factor activator protein 1, reduced histone
deacetylase-2 (HDAC?2) expression, increased levels of
macrophage migration inhibitory factor and increased
P-glycoprotein-mediated drug efflux [76]. Some these re-
sistance mechanisms may be at least partially reversible.
For example, it has been suggested that elevated HDAC2
expression can be reduced by administration of theophyl-
line. In addition, several p38 MAP kinase inhibitors are
currently in development that might impact steroid resist-
ance [76].

Conclusions

With increases in the number and mechanisms of action
of potent traditional and biologic DMARDs available for
the treatment of RA, the goals of treatment have been
raised. Thus there is still an unmet need to allow ever
more patients to achieve the highest levels of disease
control [77]. There is substantial evidence that low-dose
GC treatment, when combined with conventional
DMARDs, can significantly slow disease progression and
increase the number of patients who achieve disease
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remission. Therefore GCs remain a useful adjunctive treat-
ment for RA and for other systemic inflammatory and
autoimmune disorders. Physicians and other health
care providers have had concerns about long-term GC
treatment because of the well-known adverse events
associated with high doses of these drugs. However, ad-
verse events with GCs are dose related and longer-term
use of low-dose GCs may still be a viable therapeutic
option for some patients.

Multiple approaches have been undertaken to improve
the benefit-risk profile for GC treatment in patients with
RA, including the development of a delayed-release low-
dose prednisone formulation that has shown some clinical
benefit. Additional approaches are in earlier stages of de-
velopment. Optimal use of low-dose GCs has the poten-
tial to improve long-term outcomes for patients with RA.

Rheumatology key messages

o Addition of low-dose glucocorticosteroids to syn-
thetic DMARDs improves structural outcomes,
decreases inflammatory markers and reduces
symptom severity in RA patients.

e New approaches to glucocorticoid delivery may
further improve RA outcomes.
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