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N REVIEW

Corticosteroid Therapy

in Pulmonary Sarcoidosis
A Systematic Review

Shanthi Paramothayan, PhD, MRCP
Paul W. Jones, PhD, FRCP

ARCOIDOSIS IS A COMMON MUL-

tisystem granulomatous disor-

der. The lungs are frequently in-

volved and pulmonary fibrosis
may result. Black American and Afro-
Caribbean populations have a higher in-
cidence of the disease and may exhibit
a more relentless course with higher
morbidity and mortality.! The sever-
ity of lung involvement is assessed on
the basis of symptoms (particularly dys-
pneaand cough), changes on chest ra-
diograph (which are staged from 1-4),
and lung function. Spontaneous reso-
lution can occur without treatment.?
Corticosteroids are given to reduce
symptoms and speed resolution and in
the hope of minimizing long-term ef-
fects (ie, modify progression of the
disease). There is no consensus as to
when corticosteroid therapy should be
initiated, the dose, or treatment dura-
tion. Studies in sarcoidosis must take
into account the spontaneous resolu-
tion that occurs frequently and the pos-
sibility that steroid responsiveness may
vary by baseline severity. It is impor-
tant to ensure that treatment and con-
trol groups share the same baseline
characteristics and receive the same
clinical management. This can be
achieved only by randomization and
blinding of the trialists to treatment al-
location. Many studies have failed to

See also Patient Page.
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Context Corticosteroids are used in pulmonary sarcoidosis to reduce symptoms and
minimize long-term damage. Spontaneous recovery is a common feature. Both the
decision to initiate therapy and the treatment response may be influenced by disease
severity, so trials need to use a randomized controlled design.

Objective To assess the effect of oral and inhaled corticosteroids on chest radio-
graph results, symptoms, pulmonary function, and long-term outcome in pulmonary
sarcoidosis.

Data Sources MEDLINE, EMBASE, CINAHL, and the Cochrane Controlled Trials Reg-
ister were searched all years through December 2001. Bibliographies of review articles
and retrieved articles were searched, and pharmaceutical companies and authors of iden-
tified trials were contacted for other studies. There was no language restriction.

Study Selection Trials were randomized and included a control group. Participants
were adults with histologic evidence of pulmonary sarcoidosis. Treatments included
the use of oral and inhaled corticosteroids for at least 8 weeks. The search identified
150 studies; 9 met the inclusion criteria, but only 8 provided usable data.

Data Extraction Two reviewers assessed trial quality using the Jadad score, which
evaluates the quality of randomization, blinding, and reasons for withdrawal. Data were
extracted and sent to primary authors for verification.

Data Synthesis In patients with stage 2 and 3 disease, oral corticosteroids im-
proved findings on the chest radiograph after 6 to 24 months (Peto odds ratio, 2.54;
95% confidence interval [Cl], 1.69-3.81; P<<.001). Forced vital capacity improved with
oral corticosteroids (weighted mean difference [WMD], 4.2% predicted; 95% Cl, 0.4 %-
7.9% predicted) and diffusing capacity also improved (WMD, 5.7 % predicted; 95%
Cl, 1.0%-10.5% predicted). In 2 small studies of inhaled corticosteroids, there was no
effect on chest radiograph and inconsistent effects on lung function in one and only a
small improvement in symptoms in the other. There were no data following cortico-
steroid withdrawal to assess any disease-modifying effect.

Conclusions Oral corticosteroids improved results on the chest radiograph follow-
ing 6 to 24 months of treatment and produced a small improvement in vital capacity
and diffusing capacity. Trials of inhaled corticosteroids were small and results too in-
consistent to make firm conclusions concerning their efficacy. There are no data to
suggest that corticosteroid therapy alters long-term disease progression.
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minimize selection and treatment bias
in this way. Furthermore, recent stud-
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ies® appear to have been designed on the
premise that evidence for the efficacy
of corticosteroids was so clear that ran-
domization to treatment or control
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could not be justified. This review aims
to synthesize all available data ob-
tained from randomized controlled tri-
als (RCTs) to provide a least-biased es-
timate of the efficacy of corticosteroid
therapy in pulmonary sarcoidosis.

METHODS
Literature Search and
Identification of Trials

A search was performed using
MEDLINE, EMBASE, CINAHL, and the
Cochrane Controlled Trials Register of
218352 RCTs through December 2001.
The Medical Subject Heading, title, ab-
stract, and key words were searched us-
ing the following terms: sarcoidosis and
steroid or corticosteroid or predniso-
lone or prednisone or beclomethasone or
budesonide or fluticasone. The RCTs
were identified using the following
terms: placebo or trial or random or
double-blind or double blind or single-
blind or single blind or controlled study
or comparative study. The bibliogra-
phies of review articles and each RCT
retrieved were searched for additional
RCTs. Pharmaceutical companies were
contacted for additional data and au-
thors of identified RCTs were con-
tacted for other published and unpub-
lished studies. All trials were included,
irrespective of language.

Study Selection

One reviewer assessed all retrieved ab-
stracts, excluding those that were clearly
not clinical trials using corticoste-
roids. We then assessed full-text ar-
ticles for inclusion using the follow-
ing criteria: (1) type of trial: RCTs or
controlled clinical trials in which the
noncorticosteroid interventions were
standardized; (2) trial participants:
adults with histologic evidence of pul-
monary sarcoidosis (patients with other
types of interstitial lung disease were
excluded); (3) treatment: oral or in-
haled corticosteroids given for a mini-
mum of 8 weeks (the control group had
to have received placebo or no treat-
ment and interventions that used other
drugs were not included); and (4) out-
comes: at least 1 usable outcome of
any kind.
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Where there was doubt about the in-
clusion of a trial, a third reviewer was
consulted. Two attempts were made to
contact authors of included studies to
verify data and check trial design.
Where verification could not be ob-
tained, the second reviewer extracted
the data independently.

Study Quality

Two reviewers assessed allocation con-
cealment® for each trial. Overall meth-
odologic quality was assessed using the
5-point Jadad score,” which evaluates
the quality of randomization, blind-
ing, and reasons for withdrawal.

Statistical Analyses

Where possible, all trials were com-
bined into meta-analyses using the Re-
view Manager version 4.1 (Revman, The
Cochrane Collaboration, Oxford, En-
gland). Continuous data were aggre-
gated to calculate a weighted mean dif-
ference (WMD) using an inverse
variance method. Dichotomous data
were expressed as a Peto odds ratio
(OR). Statistical significance for pooled
data was accepted at P<<.05. Random
and fixed-effects models were both
tested. Data from the fixed-effects mod-
els are presented, because there were no
differences in the results between the 2
methods. Tests for heterogeneity in the
size of response between studies were
performed. We performed subgroup
analysis if the tests for heterogeneity
were significant at P<<.10. Planned
analyses included corticosteroid dose,
disease stage, and disease duration.

RESULTS
Description of Studies

The search strategies identified 150 ci-
tations. Following review of their titles,
key words, Medical Subject Headings,
and abstracts, 50 full articles were re-
trieved. Several articles were excluded
because they were not RCTs. For ex-
ample, the study by Eule et al® was a
controlled study with a “no treat-
ment” arm. It was neither randomized
nor blinded, and there were no details
of treatment withdrawal or dropout, so
it was not possible to assess the poten-

tial for survivor effects. Nine RCTs met
the inclusion criteria, but results from
one’ could not be included because the
results were presented in insufficient
detail and no data were forthcoming
from the author. Of the remaining 8
RCTs, 5 compared oral corticoste-
roids with a control group.®!'* Four
compared inhaled corticosteroids with
a control group. Two of these were
performed in patients who received
oral corticosteroids before inhaled
therapy.!'? (The first phase of 1 of these
studies' is included among the 5 RCTs
of oral corticosteroids.) The patients in
the remaining 2 studies'*** of inhaled
therapy had not received prior treat-
ment with oral corticosteroids. Full de-
tails of the included studies are con-
tained in TABLE 1. Trials using oral
corticosteroids date from the 1960s, but
studies of inhaled corticosteroids in sar-
coidosis have only been performed for
little more than the last decade.

Exclusions, Withdrawals,
and Dropouts

It was not possible to assess the size of
the total pool of patients from which
the participants were drawn for any of
the included studies. Similarly, details
of potential participants who either did
not meet the entry criteria or were ex-
cluded from entry for other reasons
were not available. There was incon-
sistent reporting of the numbers of pa-
tients who were excluded from analy-
sis, withdrew from the study, or lost to
follow-up (TABLE 2). Patients were
withdrawn or excluded largely be-
cause of concomitant disease or dete-
rioration requiring treatment with oral
corticosteroids.

Oral Corticosteroids

Changes on the chest radiograph at the
end of treatment were reported in 407
patients from 4 of the 5 trials that used
oral corticosteroids alone. In these stud-
ies, the treatments and doses were as
follows: methylprednisolone, 4 to 32
mg®; prednisolone, 20 mg’; predni-
sone, 20 to 40 mg'’; and predniso-
lone, 10 to 20 mg." The period of treat-
ment ranged from 3 to 24 months. In

©2002 American Medical Association. All rights reserved.
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3 of the studies,”! patients in the con-
trol group were given a placebo, but in
1 trial® the control group received no
treatment. One of these studies in-
cluded a heterogeneous group of pa-
tients with evidence of multisystem sar-
coidosis, not just pulmonary disease.’
Combining all 4 studies, a x* test showed
a significant difference in the response
of the chest radiograph between corti-
costeroid-treated and control patients.
When the chest radiograph responses
were examined in detail, there was a sig-
nificant improvement in chest radio-
graph findings at the end of the treat-
ment period in the treated group
compared with the control group (Peto
OR, 2.54; 95% confidence interval [CI],
1.69-3.81; P<.001) (FIGURE 1A). By
contrast, more control group patients
had an unchanged chest radiograph at
the end of treatment compared with the
treated group (Peto OR, 0.51; 95% CI,
0.33-0.77) (Figure 1B). Patients in the
control group had a significantly greater
deterioration in findings on their chest
radiograph (Peto OR, 0.29; 95% ClI,
0.14-0.61) (Figure 1C). There was no
heterogeneity in the size of effect be-
tween trials in any of these compari-
sons (x%=5.30 [P=.15] for radiograph

CORTICOSTEROID THERAPY FOR SARCOIDOSIS

improvement; x*=3.78 [P=.29] for ra-
diograph unchanged; and x?;=1.83
[P=.61] for radiograph deterioration).
As such, the treatment effect appeared
to be of similar size in all 4 studies.

A further study' recorded chest ra-
diograph changes, lung function, and
symptoms in 83 patients. These clini-
cal measures were grouped together as
a global score, although the method by
which they were combined was not ex-
plained in the study report and could not
be obtained from the authors. After 3
months of treatment with predniso-
lone (15 mg/d), there was an improve-
ment in the global score compared with
the placebo group. Subgroup analysis
showed an improvement in the global
score in patients with radiographic stage
2 and 3 disease but not with stage 1 dis-
ease. There was no significant differ-
ence between the treated and control
groups with regard to the number of pa-
tients whose global scores remained un-
changed or had deteriorated.

Lung function data from the differ-
ent trials could not be aggregated. One
study measured forced expiratory vol-
ume in 1 second (FEV,), forced vital ca-
pacity (FVC), and diffusing capacity of
carbon monoxide (DLCO) in 159 pa-

tients after treatment with oral cortico-
steroids for 2 years.'® There was no sig-
nificant difference between the treated
and control groups in any of these mea-
surements. Subgroup analysis of the dif-
ferent radiographic stages did not re-
veal differences between treated and
control groups. Two other studies®!!
measured FVC and DLCO in 163 of 228
patients after treatment with oral corti-
costeroids for 3 to 7 months. There was
a significant improvement in FVC
(WMD, 4.2% of predicted; 95% ClI, 0.4%-
7.9% of predicted). The DLCO also im-
proved (WMD, 5.7% of predicted; 95%
CI,1.0%-10.5% of predicted) (FIGURE 2).

Inhaled Corticosteroids—
Prior Oral Corticosteroids

Two studies reported the results of
treatment with inhaled corticoste-
roids following a period in which most
patients received oral corticosteroids ei-
ther as prior treatment'® or as part of
the study protocol.! Differences in the
level of corticosteroid treatment be-
fore the inhaled corticosteroid phase of
these 2 studies did not permit aggre-
gation of their data in a meta-analysis.
In one of the studies,'® patients were
randomized to receive either inhaled

Table 1. Details of Included Studies

Study
Treatment Arms Treat- Follow-up Quality
Disease | ' ment Age After (Jadad
Source, y Stage Active Control Duration Sex Range,y Treatment Blinding Score)*
Alberts et al,™ 1995 1-3 Budesonide, 1.2 mg  Placebo 6 mo 21 M 20-65 6 mo Adequate 3
26 F
DuBois et al,'® 1999 2,3 Fluticasone, 2 mg Placebo 6 mo 17 M 18-65 None Adequate 4
26 F
Erkkila et al,’® 1988 1-2 Budesonide, 0.8 mg  Placebo 8-10wk 8M 27-59 None Unclear 3
11F
Israel et al,’? 1973 1-3 Prednisone, 15mg  Placebo 3mo 23 M 21-40 5.3y Unclear 2
60 F
James et al,® 1967 Multisystem  Prednisolone, 20 mg  Placebo 6 mo 42 M 0-60 None Adequate 4
33F
Pietinalho et al, " 1-3 Prednisolone, Placebo 18 mo 105 M Not stated 18 mo Adequate 3
1999 10-20 mg for 84 F
3 mo followed
by budesonide,
1.6 mg for 15 mo
Selroos and 2 Methylprednisolone,  No treatment 7 mo 19M Not stated 4y Inadequate 1
Sellergren,® 1979 4-32 mg 18F
Zaki et al,'® 1987 1-3 Prednisone, Placebo 2y 25% M Allt >2y Unclear 2
20-40 mg 75% F

*The Jadad scoring system ranges from O to 5.

TIn the study, 33 patients were younger than 25 years, 72 patients were aged 25 to 34 years, 29 patients were aged 35 to 44 years, 23 patients were aged 45 years or older, and

the age of 2 patients was unspecified.

©2002 American Medical Association. All rights reserved.
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fluticasone propionate or placebo for 6
months. Three quarters (n=44) of these
patients were receiving oral corticoste-
roids at the start of the study. There was
no statistically significant difference be-
tween treated and control groups in any
of the parameters measured: symp-
tom scores, peak expiratory flow, FEV;,
FVC, DLCO, total lung capacity, and
use of rescue bronchodilator medica-
tion. However, general health percep-
tion was improved. In another study,**
patients received either oral predniso-
lone or placebo for 3 months followed
by inhaled budesonide or placebo-
inhaled therapy. Oral corticosteroids

followed by inhaled corticosteroids pro-
duced a significantly greater effect on
the chest radiograph compared with
placebo in patients with stage 2 dis-
ease but not with stage 1 disease. The
authors concluded that, for stage 2 dis-
ease, sequential oral then inhaled
therapy may provide an alternative to
treatment with oral corticosteroids only.

Inhaled Corticosteroids—

No Prior Oral Corticosteroids

There were 2 RCTs that assessed in-
haled corticosteroids alone. None of the
data were presented in a form that per-
mitted meta-analysis. In 1 study'* of 47

patients, there was no improvement in
inspiratory vital capacity, FEV,, or
DLCO after treatment with inhaled
budesonide for 6 months. A com-
bined score for self-reported symp-
toms (dyspnea, cough, malaise, and fa-
tigue) improved by the end of treatment
(P=.03). The second trial® studied 19
patients treated with budesonide for 8
to 10 weeks. The number of patients
whose chest radiograph results im-
proved, remained unchanged, or dete-
riorated was the same in both groups.
The DLCO, when reported as a con-
tinuous variable, did not improve. How-
ever, when corrected for lung volume

]
Table 2. Details of Patients Randomized, Excluded, Withdrawn, and Lost to Follow-up and Reported Adverse Effects

No. of Patients

Lostto  Total Withdrawn or
Source, y Randomized Completed Excluded Withdrawn Follow-up Lost to Follow-up Reasons Adverse Effects
Alberts et al,** 47 40 0 6 1 4 Budesonide group 5 Withdrew consent None described
1995 3 Placebo group (2 required oral
prednisolone),
1 withdrew due to
intercurrent disease
DuBois et al,™ 43 34 4 6 0 4 Fluticasone group 4 Excluded because of Adverse events reported:
1999 2 Placebo group lack of diary card fluticasone, 18/21
data; 6 withdrew patients; placebo,
due to serious 19/22 patients
adverse events;
no explanation for
discrepancy in
numbers
Erkkila et al,™® 19 18 0 1 0 1 Adverse effects in Sensation of swelling of
1988 treated group mouth
Israel et al,'? 90 83 0 0 7 7 Not clear why 7 None described
1973 patients did not
complete treatment
James et al,® 84 75 0 2 7 3 Prednisolone group 1 Withdrawal due to None described
1967 3 Oxyphenbutazone pregnancy, 1
group withdrawal given
3 Placebo group corticosteroids
unintentionally
Pietinalho et al," 189 154 0 35 0 16 Prednisolone/ 7 Withdrew consent, Patients withdrawn
1999 budesonide 3 due to adverse because of adverse
group events, 16 due to event: prednisolone
19 Placebo group treatment failure, followed by
5 due to poor budesonide, 2;
compliance, 4 due placebo, 1; decrease
to other reasons in serum cortisol below
normal range; 11/92
corticosteroid treated,
1/97 placebo treated
Selroos and 37 32 2 5 0 All placebo group 2 Excluded due to 6 Developed moonface,
Sellergren,® noncompliance, 7 had weight increase,
1979 5 withdrew due to 1 developed
symptoms hyperglycemia during
requiring treatment, 4 developed
prednisolone hypokalemia requiring
treatment, 1 developed
hypertension requiring
treatment
Zaki et al,® 183 159 24 0 0 0 Due to lack of None described
1987 cooperation,
relocation,

concomitant clinical
condition, or death

1304 JAMA, March 13, 2002—Vol 287, No. 10 (Reprinted)
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studied (DLCO/VA; diffusing capacity
of carbon monoxide corrected for lung
volume) and reported in terms of im-
proved or not improved using a change
of 15% increase as the criterion for im-
provement, there appeared to be a sig-
nificant benefit in the treated group
compared with the controls (P=.04). Of
the budesonide-treated patients, 3 of 8
improved, compared with 0 of 10 in the
placebo group, whereas 4 of 8 budes-
onide-treated patients remained un-
changed as opposed to all patients in
the placebo group.

Subgroup and Quality-Based
Sensitivity Analyses

There were too few trials to permit analy-
sis of the impact of trial quality on the
calculated effect size or to permit any of
our planned subgroup analyses.

Uncontrolled Follow-up Data

Patients in 5 RCTs were followed up for
periods ranging from 6 months to more
than 5 years from the end of the ran-
domized controlled period of the stud-
ies. Four used oral corticosteroids®'*!2
and 1 used inhaled corticosteroids.'*
Data on chest radiograph changes, lung
function, and symptoms were re-
corded, but these were rarely reported
in a systematic manner and none could
be aggregated. None of these studies
demonstrated a statistically significant
difference between the treatment and
control groups at the end of their re-
spective follow-up periods. Patients who
had shown an improvement in chest ra-
diograph findings, symptoms, global
scores, or lung function at the end of the
treatment period did not appear to main-
tain this improvement, relative to the
control group, at follow-up. There was
no standardized data collection follow-
ing a period of corticosteroid with-
drawal in any study.

Adverse Effects

Several trials did not report adverse ef-
fects or corticosteroid-induced com-
plications (Table 2). In these trials, it
was not clear how prospective moni-
toring or patient self-report collected
the data.

COMMENT

CORTICOSTEROID THERAPY FOR SARCOIDOSIS

24 months improved the chest radio-

Treatment of pulmonary sarcoidosis with ~ graph findings, regardless of radio-
oral corticosteroids for a period of 6 to

graphic stage at baseline. Patients not

Figure 1. Effect of Oral Corticosteroids on Chest Radiograph Findings

Improved Chest Radiograph Findings

Source, y

James et al,® 1967

Pietinalho et al,"" 1999
Selroos and Sellergren,® 1979

Zaki et al,’® 1987

Total

Patients With Improved

Findings, n/N

I
Corticosteroid Control
Group Group
16/27 4/24
69/91 49/94
17/19 11/18
51/77 33/57
153/214 97/193

Unchanged Chest Radiograph Findings

Source, y

James et al,® 1967

Pietinalho et al,'" 1999
Selroos and Sellergren,® 1979

Zaki et al,’® 1987

Total

Patients With Unchanged

Findings, n/N
I

Corticosteroid Control
Group Group
8/27 13/24
21/91 43/94
2/19 2/18
21/77 17/57
52/214 75/193

Deterioration in Chest Radiograph Findings

Source, y

James et al,® 1967

Pietinalho et al,'" 1999
Selroos and Sellergren,® 1979

Zaki et al,'© 1987

Total

Patients With Deterioration
in Findings, n/N

Corticosteroid Control
Group Group
3/27 7/24

1/91 5/94

0/19 5/18

4/77 6/57

8/214 23/193

Favors Favors
Control Corticosteroids
Weight, %
———O—— 133
— O 46.1
7.5
— 00— 33.1
— 100.0
R T .
0.5 1.0 10.0 20.0

Peto Odds Ratio (95% Confidence Interval)

Favors Favors
Corticosteroids Control
Weight, %
- O— 14.8
— 00— 49.4
4.3
S a— 31.6
—— 100.0
I SRR T
0.1 1.0 10.0

Peto Odds Ratio (95% Confidence Interval)

Favors Favors
Corticosteroids Control
Weight, %
—O— 29.6
—_—O— 21.2
O 16.1
I e 33.1
— 100.0
I R T |
0.01 0.1 1.0 2.0

Peto Odds Ratio (95% Confidence Interval)

The analyses are presented as Peto odds ratios (with 95% confidence intervals) using fixed-effects models. A,
More patients improved in the corticosteroid-treated group (effect size, P=.15). B, More patients in the con-
trol group were unchanged than in the corticosteroid group (effect size, P=.29). C, More patients in the con-
trol group deteriorated than in the corticosteroid group (effect size, P=.61).
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]
Figure 2. Effects of Oral Corticosteroids on Diffusing Capacity

No. of Subjects

% Change in Diffusing Capacity

Corticosteroid

Source, y Group
Selroos and Sellergren,® 1979 19 18
Pietinalho et al,’” 1999 56 70
Total 75 88

Control
Group

‘ Favors Favors
Corticosteroids Control
Weight, %
- 45.2
— O 54.8
— 100.0
T T 1
20 10 0 -10

Weighted Mean Difference
(95% Confidence Interval)

treated with corticosteroids were more
likely to have deterioration in chest ra-
diograph findings compared with those
receiving prednisolone. In one study,"
a global score that aggregated chest ra-
diograph results, symptoms, and lung
function improved in the corticoste-
roid group. Subgroup analysis of that
study showed an improvement in pa-
tients with stage 2 and 3 disease, but not
stage 1 disease. Pulmonary function data
were not reported in a consistent man-
ner across trials, so it was not possible
to pool the results. Within individual
studies, there was usually no signifi-
cant effect of oral corticosteroids, al-
though 1 small study® of low quality
showed an improvement in DLCO and
vital capacity in the treated group. In that
study, subgroup analysis showed no dif-
ference in the effect of oral corticoste-
roids on DLCO between patients with
different radiographic stages of the dis-
ease. Data on clinically important out-
comes, such as respiratory symptoms and
exercise tolerance, are not available.
Overall, results from these RCTs con-
firm the currently held view that pa-
tients with stage 1 disease (bilateral hi-
lar lymphadenopathy alone) do not
require treatment with oral corticoste-
roids, but those with interstitial lung
disease (stages 2 and 3) may show ra-
diologic improvement. There is little
evidence for a beneficial effect on lung
function. Sarcoidosis is commonly an
endobronchial disease and can cause a
troublesome cough, so inhaled therapy
might be beneficial for this symptom.

1306 JAMA, March 13, 2002—Vol 287, No. 10 (Reprinted)

One study'* reported an improvement
in global symptom score that in-
cluded cough along with dyspnea, mal-
aise, and fatigue, but this is the only
RCT evidence for symptomatic ben-
efit with this type of treatment.

All clinical trials are potentially sub-
ject to biases that can influence the es-
timated treatment effect. Poor trial de-
sign, such as inadequate concealment of
treatment allocation, may cause over-
estimation of the size of the apparent
treatment effect.*!' Scoring systems that
attempt to categorize the level of ran-
domization and blinding have been de-
veloped. The Jadad scoring system
ranges from 0 to 5, based on random-
ization, blinding, withdrawals, and drop-
outs.* Trials with a score of 2 or less have
been reported to show consistently
greater effects of treatment than those
with a score 3 or more.'® Most trials (5/8)
included herein had a score of 3 using
this scale. In the context of trials of cor-
ticosteroid treatment for sarcoidosis, it
is difficult to predict the effect of fail-
ure to blind the trialists and patients. In
an unblinded study, physicians may have
alow threshold for prescribing oral cor-
ticosteroids to patients in the placebo
group, should they fail to improve spon-
taneously or appear to deteriorate. These
patients would then be withdrawn from
the study, causing the placebo group to
be subject to survivor effects (ie, only
those who did not deteriorate would re-
main in the study). This could mini-
mize the difference between corticoste-
roid- and placebo-treated patients at the

final assessment. Of the trials of oral cor-
ticosteroids that contributed to the meta-
analysis, 2 (accounting for 60% of the
patients) had evidence of adequate con-
cealment. These 2 studies also showed
the greatest proportion of corticosteroid-
treated patients whose chest radio-
graph findings improved compared with
placebo (Figure 1). There were too few
trials to permit an adequate sensitivity
analysis based on study quality, but we
conclude that it was unlikely that our
estimate of the efficacy of corticoste-
roids was inflated through lack of blind-
ing to treatment allocation.

Recruitment bias will occur in all tri-
als due to the operation of inclusion and
exclusion criteria. Although trial re-
ports may detail the criteria that were
used, the value of this can be dimin-
ished by a failure to present details of
all potentially eligible patients who were
excluded because they did not meet the
criteria or for other reasons. In the con-
text of sarcoidosis studies, trialists may
not have included patients in whom
they thought that corticosteroids might
be indicated at some stage, regardless
of the entry criteria to the trial. Since
none of the trials indicated the num-
ber of patients who were eligible for in-
clusion, it is not possible to determine
whether there may have been selec-
tive enrollment of patients. In terms of
radiographic disease stage at baseline,
in the 4 oral corticosteroid studies that
reported chest radiograph changes, 39%
of patients had stage 1 disease, 49% had
stage 2 disease, and 12% had stage 3 dis-
ease.®!! This suggests that there was
no major recruitment bias toward pa-
tients with less severe disease in these
particular studies.

The biases that are usually of great-
est concern are those that lead to over-
estimation of the treatment efficacy;
however, itis not possible to predict the
effect of selection bias in trials in sar-
coidosis. For example, patients with few
symptoms and/or mild radiographic dis-
ease (and thereby perceived by their
physicians not to need corticoste-
roids) may have a greater likelihood of
improving spontaneously. This may
narrow the difference between the treat-
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ment groups, especially if patients with
more severe disease were less respon-
sive to treatment due to more aggres-
sive disease activity and more irrevers-
ible fibrosis. The survivor effect in
placebo patients mentioned herein may
also produce the same result.

Some recent large studies in sarcoid-
osis have been neither randomized nor
blinded; for example, the British Tho-
racic Society multicenter sarcoidosis
study.? Patients were recruited to that
study if, during a 6-month observa-
tion period, they had neither symp-
toms sufficient for their physician to
commence prednisolone nor an im-
provement in the chest radiograph re-
sults. Of the 149 patients who entered
the observation period, 33 were given
oral corticosteroids for symptoms and
58 showed radiographic improve-
ment. The remaining 58 patients were
allocated alternately to either tapering-
dose, long-term prednisolone (n=25),
or selective, as-needed oral corticoste-
roids according to prespecified crite-
ria (n=31). During the study, 20% of
the selective patients had received pred-
nisolone in a mean dose of 8.9 mg/d.
This dose was almost identical to that
in the long-term group. By the end of
the 18-month treatment period, less
than 20% of patients in either group
were receiving oral corticosteroids.
There were small differences in symp-
toms, chest radiographs, and lung spi-
rometry that favored the long-term cor-
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ticosteroid-treated group. This study
was open to many different biases, but
the size of the treatment effect was still
small. Furthermore, the results were ob-
tained in a highly selected group of pa-
tients, which limits the generalizabil-
ity of its findings.

Some of these studies provided ad-
ditional observations after the end of the
randomized controlled period, but these
data were subject to survivor effects,
lack of adequate control, blinding, or
standardization of measurement. Sur-
vivor effects may diminish the effect of
treatment during follow-up; lack of
blinding can lead to an overestimation
of a treatment’s efficacy. Despite the po-
tential for bias that may have favored
corticosteroids, the follow-up studies
showed no significant benefit of oral
corticosteroids.

In conclusion, this systematic re-
view of the RCT evidence for the effect
of corticosteroids in sarcoidosis pro-
vides only limited guidance to physi-
cians. Following oral corticosteroids,
chest radiograph findings may im-
prove in patients with more severe stage
2 and 3 disease, though it is not clear
whether this is maintained beyond 2
years. There are no RCT data to test for
a disease-modifying effect of cortico-
steroids. Such a trial would require a
randomized treatment period, fol-
lowed by withdrawal of therapy and de-
tailed reassessment after an extended
period, with the treatment allocation

still concealed from patient and inves-
tigator. In view of the lack of evidence
of sustained benefit and the known, but
unquantified, adverse effects of oral cor-
ticosteroids in this population, corti-
costeroid therapy should be restricted
to those patients in whom there is a
clear clinical need. This can only be de-
termined through careful clinical as-
sessment with monitoring of chest ra-
diographs and lung function. After a
period of 6 months to 2 years, oral cor-
ticosteroids should be withdrawn un-
der careful monitoring. The trials of in-
haled corticosteroids were small and
their results too inconsistent to make
firm conclusions concerning the effi-
cacy of this mode of corticosteroid
delivery.

Author Contributions: Study concept and design,
analysis and interpretation of data, and critical revi-
sion of the manuscript for important intellectual con-
tent: Paramothayan, Jones.

Acquisition of data, drafting of the manuscript, and
administrative, technical, or material support: Para-
mothayan.

Statistical expertise, obtained funding, and study su-
pervision: Jones.

Funding/Support: Dr Paramothayan received a Na-
tional Health Service South Thames Research and Train-
ing Bursary.

Other Sources: Some analyses included herein are
reported in a Cochrane Collaboration systematic re-
view (Paramothayan NS, Jones PW. Corticosteroids
in pulmonary sarcoidosis [Cochrane Review].
Cochrane Library. Oxford, England: Update Soft-
ware; 2001:2). Cochrane Collaboration reviews are up-
dated at regular intervals to take account of new RCTs.
Acknowledgment: We thank Anna Bara, BSc, Jane
Dennis, PhD, and Steve Milan, BSc from the
Cochrane Airways Group for their help with this re-
view and Geraint James, Olof Selroos, and Martin
Boorsma for clarifying various aspects of their trials.

REFERENCES

1. Sharma OP. Sarcoidosis. Dis Mon. 1990;36:469-
535.

2. Lynch JP. Pulmonary sarcoidosis: current concepts
and controversies. Compr Ther. 1997;23:197-216.

3. Gibson GJ, Prescott RJ, Muers MF, et al. British Tho-
racic Society sarcoidosis study: effects of long term cor-
ticosteroid treatment. Thorax. 1996;51:238-247.

4. Schulz KF, Chalmers I, Hayes RJ, Altman DG. Em-
pirical evidence of bias: dimensions of methodologi-
cal quality associated with estimates of treatment ef-
fects in controlled trials. JAMA. 1995;273:408-412.
5. Jadad A, Moore RA, Carroll D, et al. Assessing the
quality of reports of randomized controlled trials: is blind-
ing necessary? Control Clin Trials. 1996;17:1-12.

6. Eule E, Roth I, Ehrke I, Weinecke W. Corticoste-
roid therapy of intrathoracic sarcoidosis stages 1 and
2: results of a controlled clinical trial. Z Erkr Atmugs-
organe. 1977;149:142-147.

©2002 American Medical Association. All rights reserved.

7. Milman N, Graudal N, Grode G, Munch E. No effect
of high-dose inhaled corticosteroids in pulmonary sar-
coidosis: a double-blind, placebo-controlled study.
J Intern Med. 1994,236:285-290.

8. Selroos O, Sellergren TL. Corticosteroid therapy of
pulmonary sarcoidosis: a prospective evaluation of al-
ternate day and daily dosage in stage 2 disease. Scand
J Respir Dis. 1979;60:215-221.

9. James DG, Carstairs LS, Trowell J, Sharma OP. Treat-
ment of sarcoidosis: report of a controlled therapeu-
tic trial. Lancet. 1967,2:526-528.

10. Zaki MH, Lyons HA, Leilop L, Huang CT. Cortico-
steroid therapy in sarcoidosis: a 5 year controlled fol-
low-up study. N Y State J Med. 1987;87:496-499.
11. Pietinalho A, Tukiainen P, Haahtela T, et al. Oral
prednisolone followed by inhaled budesonide in newly
diagnosed pulmonary sarcoidosis. Chest. 1999;116:
424-431.

12. Israel HL, Fouts DW, Beggs RA. A controlled trial
of prednisone treatment of sarcoidosis. Am Rev Respir
Dis. 1973;107:609-614.

13. DuBois RM, Greenhalgh PM, Southcott AM, et
al. Randomized trial of inhaled fluticasone propio-
nate in chronic stable pulmonary sarcoidosis: a pilot
study. Eur Respir J. 1999;13:1345-1350.

14. Alberts C, Van der Mark TW, Jansen HM. In-
haled budesonide in pulmonary sarcoidosis: a double-
blind, placebo-controlled study. Eur Respir J. 1995;
8:682-688.

15. Erkkila S, Froseth B, Hellstrom PE, et al. Inhaled
budesonide influences cellular and biochemical ab-
normalities in pulmonary sarcoidosis. Sarcoidosis. 1988;
5:106-110.

16. KhanKS, Daya S, Jadad AR. The importance of qual-
ity of primary studies in producing unbiased systematic
reviews. Arch Intern Med. 1996,156:661-666.

(Reprinted) JAMA, March 13, 2002—Vol 287, No. 10 1307

Downloaded from www.jama.com at Univ Maastricht on May 24, 2008


http://jama.ama-assn.org

