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Effects of Prasterone on Corticosteroid Requirements of
Women With Systemic Lupus Erythematosus

A Double-Blind, Randomized, Placebo-Controlled Trial

Michelle A. Petri,1 Robert G. Lahita,2 Ronald F. van Vollenhoven,3 Joan T. Merrill,2

Michael Schiff,4 Ellen M. Ginzler,5 Vibeke Strand,3 Arlene Kunz,6 Kenneth J. Gorelick,6

and Kenneth E. Schwartz,6 for the GL701 Lupus Study Group

Objective. To evaluate whether treatment with
prasterone (dehydroepiandrosterone [DHEA]) would
allow the dosage of prednisone (or an equivalent cortico-
steroid) to be reduced to <7.5 mg/day for 2 months or
longer while maintaining stable or reduced disease
activity in steroid-dependent women with systemic lu-
pus erythematosus (SLE).

Methods. In a double-blind, randomized trial, 191
female SLE patients receiving prednisone (10–30 mg/
day) were treated daily with either placebo, 100 mg of
oral prasterone (an adrenal androgen), or 200 mg of
oral prasterone for 7–9-months. At monthly intervals,
corticosteroid dosages were reduced by algorithm in
patients whose SLE Disease Activity Index (SLEDAI)
score was stable or improved. Patients for whom a
sustained reduction in the dosage of prednisone (<7.5

mg/day) was achieved for at least the last 2 months of
the 7–9-month treatment period were classified as re-
sponders.

Results. Response rates were 41% in the placebo
group, 44% in the 100-mg prasterone group, and 55% in
the 200-mg group (P � 0.110, 200 mg versus placebo).
Among the 137 subjects (45 in the placebo group, 47 in
the 100-mg group, and 45 in the 200-mg group) who had
active disease at baseline (defined as SLEDAI score
>2), 29%, 38%, and 51%, respectively, were responders
(P � 0.031 for 200 mg prasterone versus placebo). Acne
was the most common adverse event but was generally
mild. Clinical and laboratory changes primarily re-
flected androgenic effects of prasterone.

Conclusion. Among women with lupus disease
activity, reducing the dosage of prednisone to <7.5
mg/day for a sustained period of time while maintaining
stabilization or a reduction of disease activity was
possible in a significantly greater proportion of patients
treated with oral prasterone, 200 mg once daily, com-
pared with patients treated with placebo.

Systemic lupus erythematosus (SLE) is a chronic,
autoimmune, inflammatory disease of unknown etiol-
ogy. After puberty, SLE is more common in women than
in men, with a ratio of 9:1 (1). Abnormalities of both
estrogen and androgen metabolism have been described
in SLE patients, including enhanced formation of 16-�
hydroxyestrone, an active metabolite of estradiol (2,3),
and depressed blood androgen concentrations (4). An-
drogen treatment induces a delay in the appearance of
anti-DNA antibodies and the onset of nephritis and
decreases mortality in female (NZB � NZW)F1 hybrid
mice, a well-characterized animal model of SLE (5–7).
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Decreased secretion of interleukin-2 (IL-2) occurs in the
murine model of SLE and in SLE patients (8–10). The
adrenal hormone dehydroepiandrosterone (DHEA) has
been reported to increase the secretion of IL-2 by
stimulated murine (11) and human T cells (12). Addi-
tionally, circulating levels of the proinflammatory cyto-
kine IL-6 are elevated in active SLE (13,14). DHEA has
been reported to inhibit the release of IL-6 from human
mononuclear cells in vitro (15).

Van Vollenhoven et al reported preliminary evi-
dence of corticosteroid-sparing effects of prasterone
(the United States Adopted Names Council designation
for DHEA) in patients with mild to moderate SLE (16).
In a subsequent double-blind, placebo-controlled assess-
ment of prasterone (200 mg orally for 3 months) in
patients with mild to moderate SLE, values for all 4
primary efficacy parameters (patient and physician over-
all assessments, SLE Disease Activity Index [SLEDAI]
score, and glucocorticoid dose) improved in the praster-
one group (17).

The current multicenter, double-blind, random-
ized, placebo-controlled trial was designed to determine
whether treatment with prasterone would allow sus-
tained reduction in corticosteroid doses while maintain-
ing stable or reduced disease activity in women with
corticosteroid-dependent SLE.

PATIENTS AND METHODS

Patients. The study group comprised women 18 years
of age or older who had a history of fulfilling at least 4 of the
American College of Rheumatology criteria for SLE (18).
Women were eligible for entry into the study if they had been
treated for at least 12 months with 10–30 mg/day of prednisone
(or an equivalent corticosteroid), either as a single or divided
dose, and were deemed corticosteroid-dependent by either of
2 criteria: 1) in the last 12 months an attempt to taper the
prednisone dosage had failed, and the prednisone dosage had
been stable for at least 6 weeks preceding the study, or 2) no
attempt had been made during the past 12 months to taper the
dosage of prednisone, but the patient had been on a stable
dosage for at least 3 months preceding the study. Patients using
an alternate-day dosing regimen were not included unless they
had converted to daily dosing and the dosage had been stable
for 6 weeks prior to the study. Use of nonsteroidal antiinflam-
matory drugs (NSAIDs) and/or hydroxychloroquine must have
been constant, with no change in dosage for at least 1 month
preceding the study. Patients who had been treated with
adrenocorticotropic hormone, cyclophosphamide, azathio-
prine, other immunosuppressive agents, intravenous immuno-
globulin, or androgens within the 3 months preceding study
entry were excluded.

The study was approved by the institutional review
boards for each of the participating institutions and investiga-

tors and all procedures were conducted in accordance with the
Declaration of Helsinki.

Baseline assessments. Study eligibility was determined
at a screening visit and was confirmed at a qualifying visit 7–10
days later. Baseline assessments included a review of the
medical history, physical examination, physician-scored
SLEDAI (19), patient-scored assessment of health status by
Short Form 36 (SF-36) Health Survey (20) and fatigue by the
Krupp Fatigue Severity Questionnaire (21), patient and phy-
sician global assessments using a 10-cm visual analog scale
(VAS), and the Systemic Lupus International Collaborating
Clinic (SLICC) damage index (22). All investigators were
trained in the use of the SLEDAI, the SLICC damage score,
and VAS scoring, and evaluations of individual patients were
conducted by the same physician.

Analytic measurements. Blood samples were drawn
after an 8-hour fast but were not timed to prasterone admin-
istration. Laboratory assessments included anti–double-
stranded DNA (anti-dsDNA) antibodies, C3 and C4, IgG and
IgM anticardiolipin antibodies, serum lipids (total cholesterol,
high-density lipoprotein [HDL] cholesterol, calculated low-
density lipoprotein [LDL] cholesterol, and total triglycerides),
routine serum chemistries, complete blood counts, urinalyses,
24-hour urine collections for creatinine clearance and protein
quantitation, and serum levels of 17ß-estradiol, testosterone,
follicle-stimulating hormone, luteinizing hormone, and
DHEA-S (the sulfated ester of DHEA). To avoid unblinding,
results from hormone assays were not returned to investigators
or Genelabs study monitors until the study was complete. All
blood and urine assays were conducted at a central laboratory
(Covance Laboratories, Indianapolis, IN).

Treatments. After qualifying for the study, patients
were randomly assigned to receive 1 of 3 treatments: placebo,
100 mg/day of prasterone (GL701, the Genelabs formulation
for DHEA), or 200 mg/day of prasterone. All patients were to
receive study medication (prasterone and/or placebo) for at
least 7 months, administered as 4 capsules every morning.
Patients returned at monthly intervals, at which time the
clinical and laboratory assessments performed at baseline
(except the SLICC) were repeated.

The goal of treatment was to achieve a sustained
(defined as 2 consecutive months, including the last month on
study) decrease in the dosage of prednisone, to �7.5 mg/day.
The daily prednisone dose was reduced by algorithm if the
patient’s SLEDAI score was stable or had improved compared
with the score from the previous monthly visit (Table 1). If the
SLEDAI score had increased, signifying worsening of disease
activity, the daily dose of prednisone could be increased at the
investigator’s discretion. If a patient’s prednisone dosage had
not been reduced to �7.5 mg/day at the end of 7 months, she
was withdrawn from the study. If, however, at the end of 6 or

Table 1. Algorithm for reducing the dosage of prednisone

Daily dose, mg Dose reduction, mg

�0–5 1.0
�5–10 2.5
�10–30 5.0
�30 Taper at investigator’s discretion

EFFECTS OF PRASTERONE (DHEA) ON CORTICOSTEROID REQUIREMENTS IN SLE 1821
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7 months of treatment, a patient’s prednisone dosage had been
reduced to �7.5 mg/day but had not yet been sustained for 2
months, she continued to receive study medication for 2
additional months (for a total of 8 or 9 months of treatment)
or until the prednisone dosage was increased to �7.5 mg/day
(whichever happened first).

Statistical analysis. The primary protocol-specified
efficacy variable was achievement of a decrease in the dosage
of prednisone to 7.5 mg/day or less for 2 consecutive months,
including the last 2 months of the 7–9-month trial. Patients
meeting this criterion were categorized as responders. Patients
who received stress doses of hydrocortisone (or a cortico-

steroid equivalent) for acute (1–3 day), non–SLE-related
events (e.g., minor surgery) were classified as nonresponders if
the stress doses were administered during the last 2 months of
the study period.

A substantial number of patients had low baseline
SLEDAI scores, suggesting that their SLE was relatively
inactive. Prior to unblinding, the overall response rate for all
patients was analyzed according to baseline SLEDAI score.
The response rate for patients with the mildest disease
(SLEDAI score �2) was unexpectedly high (�65%), and the
response rate decreased progressively and sharply as baseline
SLEDAI scores increased (�2) (Figure 1). This suggested that
patients with baseline SLEDAI scores �2 might represent a
population different from the population of patients with
baseline SLEDAI scores �2. Based on these observations, a
subgroup was defined prospectively, prior to unblinding, that
included patients with more active disease as reflected by a
baseline SLEDAI score �2. Approximately 72% of patients
(137 of 191) met this criterion.

The proportion of responders was determined by lo-
gistic regression analysis, with treatment group (prasterone or
placebo) as a factor, and any statistically significant baseline
variables were incorporated into statistical modeling proce-
dures. The total number of days during which the prednisone
dosage was �7.5 mg/day was assessed by one-way analysis of
variance (ANOVA), with treatment as a factor. Treatment
group comparisons for laboratory variables and adverse events
were performed by either the Cochran-Mantel-Haenszel test
or one-way ANOVA.

RESULTS

Participants and demographic characteristics.
The study population comprised 191 women who met
the entry criteria and were enrolled at 18 centers (see
Appendix A). The treatment groups were well matched
for baseline characteristics such as age, race, meno-
pausal status, SLE disease activity, patient and physician
global assessment scores (by VAS), and concomitant use

Figure 1. Responder rates prior to unblinding of data. All patients
from all 3 treatment groups are included. SLEDAI � Systemic Lupus
Erythematosus Disease Activity Index.

Table 2. Summary of demographic/medical history characteristics*

Parameter
Placebo
(n � 64)

100 mg prasterone
(n � 63)

200 mg prasterone
(n � 64)

Age, mean (median) years 40.6 (39.0) 40.0 (39.0) 40.2 (41.0)
Caucasian, no. (%) 44 (69) 36 (57) 35 (55)
African American, no. (%) 17 (27) 16 (25) 17 (27)
Postmenopausal, no. (%) 16 (25) 17 (27) 7 (11)
Prednisone dosage, mg/day, mean

(median)
15.2 (15.0) 13.7 (12.5) 13.7 (10.0)

Antimalarial use, no. (%) 33 (52) 27 (42.9) 33 (51.6)
SLEDAI score, mean (median) 6.4 (4.0) 5.5 (4.0) 5.9 (6.0)
Patient-scored global VAS, mean

(median)
49.1 (48.5) 46.4 (47.0) 46.8 (47.5)

Physician-scored global VAS, mean
(median)

28.0 (23.0) 26.0 (24.0) 23.3 (21.5)

Krupp Fatigue Score, mean (median) 5.3 (5.7) 5.1 (4.9) 5.4 (5.7)

* SLEDAI � Systemic Lupus Erythematosus Disease Activity Index; VAS � visual analog scale.

1822 PETRI ET AL
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of medications for SLE (Table 2). There were no
significant differences in baseline characteristics be-
tween treatment groups. However, in the subgroup of
patients with a baseline SLEDAI score �2 (137 pa-
tients), an imbalance in the baseline dosage of pred-
nisone reached statistical significance, with mean (me-
dian) dosages of placebo, 100-mg prasterone, and
200-mg prasterone of 15.7 (15.0), 13.6 (12.5), and 13.0
(10.0) mg/day, respectively (P � 0.039 for comparisons
among the 3 treatment groups). The distribution of
baseline prednisone dosages was skewed primarily to-
ward the lower end for all treatment groups, however.
For example, among patients with baseline SLEDAI
scores �2, 30 of 45 in the placebo group, 39 of 47 in the
100-mg prasterone group, and 38 of 45 in the 200-mg
prasterone group were treated with prednisone doses of
15 mg or less at baseline.

Efficacy. The proportion of responders was high-
est in the 200-mg prasterone group (55%) and lowest in
the placebo group (41%; P � 0.111, prasterone 200 mg
versus placebo) (Figure 2). For patients with active
disease, defined as a baseline SLEDAI score �2, there
was a dose-response relationship (P � 0.033 for linear
trend), with responder rates of 13 of 45 (29%), 18 of 47
(38%), and 23 of 45 (51%) in the placebo, 100-mg

prasterone, and 200-mg prasterone groups, respectively
(P � 0.031, prasterone 200 mg versus placebo) (Figure 2).

The difference in the proportion of responders in
the prasterone group and the placebo group was partic-
ularly evident among patients who had more severe
disease at baseline (baseline SLEDAI scores of 3–4, 5–8,
and �8) (Figure 3). The decline in pooled overall
responder rates that was demonstrated with increasing
SLEDAI scores, as shown in Figure 1, appeared to be
primarily attributable to a decline in responder rates
among patients in the placebo group whose SLEDAI
scores increased from baseline. Thus, patients in the
placebo group who had higher baseline SLEDAI scores
tended to have lower response rates, while the response
rate for patients in the 200-mg prasterone group and for
each of the categorical groups with baseline SLEDAI
scores �2 was maintained at �50% (Figure 3).

There were no significant differences between
treatment groups in percentage change in the pred-
nisone dosage from baseline to the last visit. The
mean � SD (median) percentage decreases in pred-
nisone dosages were �36 � 50% (�50%) for placebo,
�14 � 91% (�41%) for 100-mg prasterone, and �30 �
74% (�53%) for 200-mg prasterone (P � 0.094 and P �
0.672 for 100 mg and 200 mg versus placebo, respective-
ly). However, this end point compared only the pred-
nisone dose on a single day (the last day of treatment)
with that at baseline.

To further assess the durability of a reduction in
the dosage of corticosteroids, the total number of days
that the prednisone dosage was �7.5 mg/day was as-

Figure 2. Percentage of responders in each treatment group accord-
ing to baseline Systemic Lupus Erythematosus Disease Activity Index
(SLEDAI) scores. � � P � 0.111 versus placebo; �� � P � 0.031 versus
placebo.

Figure 3. Responders by categorical baseline Systemic Lupus Ery-
thematosus Disease Activity Index (SLEDAI) scores.

EFFECTS OF PRASTERONE (DHEA) ON CORTICOSTEROID REQUIREMENTS IN SLE 1823
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sessed. Among patients whose baseline SLEDAI scores
were �2, the number of days that the prednisone dosage
was reduced to �7.5 mg/day was significantly higher in
the 200-mg prasterone group compared with the placebo
group (P � 0.015, prasterone 200 mg versus placebo)
(Table 3).

Safety evaluation. Withdrawals due to adverse
events occurred in 5% of the placebo group (3 patients),
6% of the 100-mg prasterone group (4 patients), and 9%
of the 200-mg prasterone group (6 patients). No deaths
in any treatment group occurred during the study, and
only 2 events (both pneumonia) meeting Food and Drug
Administration criteria for “serious and unexpected”
occurred (1 each in the placebo and 200-mg prasterone
groups). Overall, 142 of the 191 patients completed the
study (49, 46, and 47 in the placebo, 100-mg prasterone,
and 200-mg prasterone groups, respectively). Of these,
132 patients (46 in the placebo group, 43 in the 100-mg
prasterone group, and 43 in the 200-mg prasterone
group) elected to participate in a subsequent 1-year,
open-label extension study.

Adverse events that were determined by the
investigators as being probably or possibly related to the

study drug are presented in Table 4. Acne was the most
common adverse event in both prasterone groups and
was reported by 41% of patients in each group, com-
pared with 19% of patients in the placebo group (P �
0.05 for both comparisons). Hirsutism, another andro-
genic effect, was reported by 5% of patients treated with
placebo and by 11% and 8% of patients treated with
100-mg prasterone and 200-mg prasterone, respectively
(P not significant [NS]). Both side effects were generally
mild, however, and only 1 patient each in the 100-mg and
200-mg prasterone treatment groups withdrew because
of acne and/or hirsutism.

Menstrual abnormalities, including spotting or
metrorrhagia, were reported by 8% of patients in the
placebo group, 10% in the 100-mg prasterone group,
and 13% in the 200-mg prasterone group (P NS).
Menorrhagia was reported as an adverse event by 3% of
patients in the placebo group, 2% in the 100-mg pras-
terone group, and 2% in the 200-mg prasterone group (P
NS).

Adverse events grouped according to the
COSTART (Coding Symbols for Thesaurus of Adverse
Reaction Terms) (23) term “abdominal pain” occurred
more frequently in the 200-mg prasterone group, but
most of these events were transient, did not require
discontinuation of the study drug, and resolved either
spontaneously or with the use of H2 receptor antago-
nists. These events were diverse and included abdominal
tenderness, stomach cramps, or pain, and some of the
patients had a preexisting history of abdominal pain or
distress.

Serum concentrations of DHEA-S and testoster-
one increased significantly, and in a clear dose-related
manner, in the 100-mg and 200-mg prasterone groups,
but no change was demonstrated in the placebo group
(Table 5). Among premenopausal patients, there were
no significant differences between groups in serum
estradiol levels before and after treatment (results not

Table 3. Number of days prednisone dosage was �7.5 mg/day

Treatment

All patients
Patients with baseline SLEDAI

score �2*

n Mean (median) no. of days n Mean (median) no. of days

Placebo 64 71.7 (66.5) 45 59.7 (28.0)
Prasterone, 100 mg 63 77.7 (81.0) 47 74.0 (55.0)
Prasterone, 200 mg 64 92.1 (111.5†) 45 93.4‡ (110.0§)

* SLEDAI � Systemic Lupus Erythematosus Disease Activity Index.
† P � 0.069 versus placebo, by nonparametric Wilcoxon’s rank sum test.
‡ P � 0.015 versus placebo, by parametric test.
§ P � 0.013 versus placebo, by nonparametric Wilcoxon’s rank sum test.

Table 4. Adverse events occurring in �5% of patients*

Adverse event
Placebo
(n � 64)

100 mg prasterone
(n � 63)

200 mg prasterone
(n � 64)

Acne 12 (19.0) 26 (41.0)† 26 (41.0)‡
Rash 3 (4.7) 3 (4.8) 7 (11.0)
Abdominal pain 0 (0.0) 3 (4.8) 5 (7.8)§
Hirsutism 3 (4.7) 7 (11.0) 5 (7.8)
Metrorrhagia 3 (4.7) 5 (7.9) 5 (7.8)
Headache 1 (1.6) 3 (4.8) 4 (6.3)
Asthenia 3 (4.7) 4 (6.3) 3 (4.7)
Insomnia 2 (3.1) 4 (6.3) 3 (4.7)

* Adverse events were assessed by investigators as being possibly or
probably related to the study drug. Values are the number (%).
† P � 0.007 versus placebo, by Fisher’s exact test.
‡ P � 0.011 versus placebo, by Fisher’s exact test.
§ P � 0.058 versus placebo, by Fisher’s exact test.
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shown). Only 17 postmenopausal patients who received
prasterone were not receiving exogenous hormone re-
placement therapy. Within this group, increases in se-
rum estradiol to premenopausal levels (�120 pg/ml)
were observed in 1 patient receiving 100 mg of praster-
one and in 2 patients receiving 200 mg of prasterone.
Both of the latter 2 patients were age 48 years, however,
and in all likelihood were perimenopausal rather than
truly postmenopausal. Consistent with hormone-related
feedback on pituitary gonadotropin secretion, statisti-
cally significant dose-related reductions in serum lutein-

izing hormone and follicle-stimulating hormone were
observed in postmenopausal patients receiving 200 mg
of prasterone (data not shown).

A reduction in the level of HDL cholesterol
occurred in the 200-mg prasterone group, with mean �
SD changes from baseline of �6.0 � 11.8, �8.2 � 14.8,
and �13.5 � 11.8 mg/dl for placebo, 100-mg prasterone,
and 200-mg prasterone, respectively (P � 0.002, 200-mg
prasterone versus placebo). Reductions in LDL choles-
terol and total cholesterol levels occurred in all treat-
ment groups, without a distinct pattern or any significant
treatment differences. For the level of total triglycerides,
mean changes from baseline were not significantly dif-
ferent between groups, with mean � SD changes of
1.5 � 53.9, �20.0 � 60.1, and �2.2 � 141.1 mg/dl for
placebo, 100-mg prasterone, and 200-mg prasterone,
respectively. Given the skewed distribution, however,
median values are more meaningful, with demonstrated
changes from baseline of 6, �21, and �19 mg/dl for
placebo, 100-mg prasterone, and 200-mg prasterone,
respectively.

The mean and median C3 and C4 levels at last
visit in both prasterone treatment groups were lower
than the values in the placebo group (Table 6). There
were no significant differences between groups in
changes in the levels of anti-dsDNA (Table 6) or in IgG
or IgM anticardiolipin antibodies from baseline to the
last visit (results not shown).

Table 5. Change in serum DHEA-S and testosterone*

Hormone, treatment group Baseline

Change from
baseline to last

visit

DHEA-S, �g/dl
Placebo (n � 60) 29.1 � 29.6 12.8 � 42.6
100 mg prasterone (n � 61) 28.9 � 40.7 476.7 � 489.2†
200 mg prasterone (n � 62) 66.2 � 329.9 784.9 � 1,029.9†

Testosterone, ng/dl
Placebo (n � 59) 16.9 � 16.0 0.47 � 14.1
100 mg prasterone (n � 60) 16.7 � 14.6 22.2 � 35.1‡
200 mg prasterone (n � 57) 16.7 � 13.2 56.9 � 60.2§

* Only patients with baseline and at least 1 postbaseline measurement
are included. DHEA-S � sulfated ester of dehydroepiandrosterone.
Values are the mean � SD.
† P � 0.001 versus placebo, by one-way analysis of variance (ANOVA).
‡ P � 0.004 versus placebo, by one-way ANOVA.
§ P � 0.001 versus placebo, by one-way ANOVA.

Table 6. Changes in serum C3 and C4 and anti-dsDNA levels*

Placebo
(n � 64)

100 mg prasterone
(n � 63)

200 mg prasterone
(n � 64)

C3, mg/dl
Mean � SD at baseline 100.5 � 27.4 89.2 � 33.5 100.3 � 32.6
Median at baseline 99.0 91.0 95.0
Mean � SD change from baseline to last visit �2.7 � 16.1 �8.8 � 20.1† �9.1 � 19.2‡
Median change from baseline to last visit �1.0 �8.0 �8.0

C4, mg/dl
Mean � SD at baseline 18.3 � 7.4 17.5 � 9.5 19.3 � 12.6
Median at baseline 17.0 15.0 15.0
Mean � SD change from baseline to last visit �0.8 � 4.2 �1.4 � 5.3 �2.2 � 6.4§
Median change from baseline to last visit 1.0 0.0 �1.0

Anti-dsDNA, IU/ml
Mean � SD at baseline 28.3 � 77.6 87.9 � 429.1 62.5 � 169.7
Median at baseline 3.6 5.9 0.0
Mean � SD change from baseline to last visit 33.4 � 166.3 30.3 � 145.5 �6.2 � 186.1
Median change from baseline to last visit 0.2 0.0 0.0

* Only patients with baseline and at least 1 postbaseline measurement are included. Reference laboratory C3 normal range
85–193 mg/dl, C4 normal range 12–36 mg/dl. Normal anti–double-stranded DNA (anti-dsDNA) value �3.6 IU/ml.
† P � 0.066 versus placebo.
‡ P � 0.052 versus placebo.
§ P � 0.030 versus placebo.
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DISCUSSION

Corticosteroids are one of the mainstays of treat-
ment in SLE to suppress end-organ inflammation. Al-
though administration of corticosteroids can be instru-
mental in controlling and/or preventing disease flares,
corticosteroid toxicity contributes to the morbidity and
perhaps even the mortality of SLE (24–26). Therefore,
reducing the dosage of corticosteroids to the lowest
possible level while maintaining stability of disease
activity is paramount. In the current study, the end point
of a sustained reduction in the dosage of prednisone to
�7.5 mg/day was chosen because it is close to the
replacement dosage used for patients with primary
adrenal insufficiency (27).

In this study of women with SLE who were
corticosteroid dependent, more patients in the 200-mg
prasterone group than in the other 2 groups were able to
reduce their dosage of prednisone to 7.5 mg/day without
worsening of SLE. There was a strong trend favoring
prasterone over placebo: the response rate in the pla-
cebo group was 41%, compared with 44% in the 100-mg
prasterone group and 55% in the 200-mg prasterone
group (P � 0.111, 200-mg prasterone versus placebo).

In patients with active SLE (defined before com-
pletion of the study and unblinding as a baseline
SLEDAI score �2), there was a dose-response relation-
ship (P � 0.033 for linear trend): 51% of patients in the
200-mg prasterone group were responders, compared
with 38% in the 100-mg prasterone group and 29% in
the placebo group (P � 0.031, 200-mg prasterone versus
placebo).

SLEDAI descriptors for patients with baseline
SLEDAI scores �2 suggested that disease was not active
in this group. Of the 54 patients in this subgroup, 28
(52%) had a SLEDAI score of 0. Additionally, 20 (37%)
had SLEDAI scores of 2, based only on serologic
findings (i.e., increased DNA binding [n � 18] and low
complement level [n � 2], which tend to remain positive
regardless of disease activity) (28–30). The remaining 6
patients had mucosal ulcers (n � 2), alopecia (n � 1),
new rash (n � 1), leukopenia (n � 1), and pleurisy (n �
1). Based on the results of this study, however, we now
believe that in future trials, only patients with active
disease should be enrolled.

Among patients with baseline SLEDAI scores
�2, the differences between treatment groups in base-
line prednisone dosages (mean 15.7, 13.6, and 13.0
mg/day for placebo, 100-mg prasterone, and 200-mg
prasterone, respectively) were statistically significant.
Importantly, patients starting at high dosages could still

achieve the study end point, because the final visit had to
be included in the evaluation. For example, compared
with a patient who was receiving 10 mg of prednisone
per day at entry, a patient who was receiving 15 mg per
day at entry would require only 1 more month of
treatment to achieve a daily prednisone dosage of 7.5
mg, according to the protocol-specified algorithm. Be-
cause the definition of responder required that the
prednisone dosage of �7.5 mg/day be sustained for at
least the last 2 months, including the termination visit,
achieving this dosage earlier would not necessarily have
improved an individual patient’s chances of being a
responder, because that patient’s dosage would have to
have been 7.5 mg/day for a longer duration.

According to the trial design, a reduction in the
dosage of prednisone at protocol-specified visits was
mandated when a patient’s SLEDAI score was stable or
had improved. As a result, the SLEDAI score and other
secondary outcome measures (SF-36, Krupp Fatigue
Severity Score, and physician and patient global assess-
ments on a VAS) would not be expected to improve
(data not shown), because at each monthly visit, only
those patients with improved or stable SLE, as measured
by SLEDAI, would have had their corticosteroid dose
reduced by algorithm. Similarly, there were no statisti-
cally significant differences between treatment groups in
changes in the level of anti-dsDNA at last visit.

Although there were no statistically significant
differences in pairwise comparisons between treatment
groups for percentage change in prednisone dosage
from baseline to last visit, this end point assessed only
the dose of prednisone on the last day of treatment
rather than the durability of the reduction in prednisone
dosage (i.e., the ability to maintain a sustained reduction
of prednisone for at least 2 months). Because some
patients experienced a disease flare during the reduction
in the dosage of corticosteroids, and because an algo-
rithm for increasing the dosage of prednisone was not
stipulated in the protocol, an analysis of the prednisone
dosage only on the last study day was of limited use in
characterizing steroid reduction.

Acne was the adverse event that occurred most
frequently during prasterone therapy and was probably
related to the androgenic effects of prasterone. Al-
though almost 20% of patients in the placebo group also
reported acne (which was probably related to cortico-
steroid use), the rate of acne in the prasterone groups
was double that in the placebo group. Acne was gener-
ally mild, however, and only 1 patient each in the 100-mg
prasterone and the 200-mg prasterone groups withdrew
because of this side effect.
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The observed reductions in HDL cholesterol and
total triglyceride levels were expected and may reflect
androgenic stimulation of hepatic lipase and enhanced
clearance of HDL cholesterol (31–33) as well as reduc-
tion in the dosage of prednisone, because prednisone
treatment increases total HDL cholesterol (34). The
reduction in C3 has also been demonstrated in other
trials of prasterone in SLE (35,36). Although this reduc-
tion could reflect C3 consumption, the reduced steroid
requirements shown in this study and the clinical im-
provement that occurred during trials of prasterone
therapy in SLE are not consistent with this. Further-
more, a reduction in the level of C3 and C4 without signs
of inflammation has been observed in men with
Klinefelter syndrome during testosterone replacement
therapy (37) and in normal female volunteers treated
with 200 mg of DHEA for 28 days (Genelabs: unpub-
lished observations), suggesting a physiologic effect.
Consistent with this, the proinflammatory cytokine IL-6,
the level of which is elevated in active SLE (13–14), is
known to stimulate hepatic secretion of C3 as an acute-
phase reactant (38). DHEA has been reported to inhibit
IL-6 release from human mononuclear cells in vitro (15),
and it is plausible that observed reductions in the level of
C3 and C4 may reflect reduced tissue inflammation,
reduction in circulating IL-6 levels, or a direct effect on
hepatic complement synthesis.

Dose-related mean and median increases in the
testosterone level were observed in both prasterone
treatment groups, which is consistent with the known
metabolism of DHEA (39). Serum estradiol levels also
increased in some postmenopausal patients, in some
cases to premenopausal levels, although the number of
postmenopausal women in the study who were not
receiving exogenous hormone replacement therapy was
small (only 4 postmenopausal women in the 200-mg
group were not receiving exogenous estrogens), and 3 of
the 4 women were age 48–51 years and were probably
perimenopausal.

Lowering the dosage of corticosteroids may lead
to positive outcomes in terms of bone loss, cataracts,
osteonecrosis, and other side effects of steroid use.
Long-term evaluations will be required, however, to
assess whether corticosteroid reduction can be sustained
and achieves these goals. The potential benefits of
corticosteroid reduction will need to be weighed against
the possible long-term androgenic effects of prasterone
use, including HDL reduction, which could increase
cardiovascular risk (40). However, reduced HDL choles-
terol and triglycerides, as noted earlier, may result from
enhanced clearance of lipid particles, which could po-

tentially be beneficial. Long-term studies will be needed
to further characterize these effects.

It is important to note that only female SLE
patients were enrolled in this study. Few men with SLE
have been treated with androgens in the past. A pro-
spective study to assess efficacy and safety of prasterone
in male SLE patients is currently ongoing. Until data
from this or other studies are available, any use of
DHEA in men with SLE should occur in a carefully
controlled investigative setting only.

Finally, to determine that the steroid-sparing
effects of prasterone are caused not simply by changes in
prednisone kinetics, a separate study was conducted
(41). Prasterone was shown not to alter the kinetics,
protein binding, or conversion of prednisone to pred-
nisolone, its active metabolite (41). Several potential
activities attributed to prasterone may perhaps enable
steroid reduction in patients with active SLE, including
enhanced secretion of IL-2 (11,12) and inhibition of
release of inflammatory cytokines IL-1, IL-6, and tumor
necrosis factor � (15,42–44).

In summary, this study presents evidence that
prasterone has corticosteroid-sparing effects in SLE,
especially among patients with active disease. Patients
with SLE who are maintained for long periods of time
on supraphysiologic doses of glucocorticoids may benefit
from controlled tapering of glucocorticoids to physio-
logic doses, with consequent reduction of glucocorticoid
toxicity, during treatment with prasterone.

REFERENCES

1. Wallace DJ. The clinical presentation of systemic lupus erythem-
atosus. In: Wallace DJ, Hahn B, editors. Dubois’ lupus erythem-
atosus. 5th ed. Baltimore: Williams & Wilkins; 1997. p. 627–33.

2. Lahita RG, Bradlow HL, Kunkel HG, Fishman J. Increased 16
alpha hydroxylation of estradiol in systemic lupus erythematosus.
J Clin Endocrinol Metab 1981;53:174–8.

3. Lahita RG, Kunkel HG, Bradlow HL. Increased oxidation of
testosterone in systemic lupus erythematosus. Arthritis Rheum
1983;26:1517–21.

4. Lahita RG, Bradlow HL, Ginzler E, Pang S, New M. Low plasma
androgens in women with systemic lupus erythematosus. Arthritis
Rheum 1987;30:241–8.

5. Roubinian J, Talal N, Siiteri PK, Sadakian JA. Sex hormone
modulation of autoimmunity in NZB/NZW mice. Arthritis Rheum
1979;22:1162–9.

6. Melez KA, Boegel WA, Steinberg AD. Therapeutic studies in New
Zealand mice. VII. Successful androgen treatment of NZB/NZW
F1 females of different ages. Arthritis Rheum 1980;23:41–47.

7. Lucas JA, Ahmed SA, Casey ML, MacDonald PC. Prevention of
autoantibody formation and prolonged survival in New Zealand
black/New Zealand white F1 mice fed dehydroisoandrosterone.
J Clin Invest 1985;75:2091–3.

8. Wofsy D, Murphy ED, Roths JB, Dauphinee MJ, Kipper SB, Talal
N. Deficient interleukin 2 activity in MRL/Mp and C57BL/6J mice
bearing the lpr gene. J Exp Med 1981;154:1671–80.

EFFECTS OF PRASTERONE (DHEA) ON CORTICOSTEROID REQUIREMENTS IN SLE 1827

 15290131, 2002, 7, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/art.10364 by T

est, W
iley O

nline L
ibrary on [03/02/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



9. Alcocer-Varela J, Alarcon-Segovia D. Decreased production of
and response to interleukin-2 by cultured lymphocytes from pa-
tients with systemic lupus erythematosus. J Clin Invest 1982;69:
1388–92.

10. Linker-Israeli M, Bakke AC, Kitridou RC, Gendler S, Gillis S,
Horwitz DA. Defective production of interleukin 1 and interleukin
2 in patients with systemic lupus erythematosus (SLE). J Immunol
1983;130:2651–5.

11. Daynes RA, Dudley DJ, Araneo BA. Regulation of murine
lymphokine production in vivo. II. Dehydroepiandrosterone is a
natural enhancer of interleukin 2 synthesis by helper T cells. Eur
J Immunol 1990;20:793–802.

12. Suzuki T, Suzuki N, Daynes RA, Engleman EG. Dehydroepi-
androsterone enhances IL2 production and cytotoxic effector
function of human T cells. Clin Immunol Immunopathol 1991;61:
202–11.

13. Brink I, Thiele B, Burmester GR, Trebeljahr G, Emmrich F,
Hiepe F. Effects of anti-CD4 antibodies on the release of IL-6 and
TNF-alpha in whole blood samples from patients with systemic
lupus erythematosus. Lupus 1999;8:723–30.

14. Zietz B, Reber T, Oertel M, Gluck T, Scholmerich J, Straub RH.
Altered function of the hypothalamic stress axes in patients with
moderately active systemic lupus erythematosus. II. Dissociation
between androstenedione, cortisol, or dehydroepiandrosterone
and interleukin 6 or tumor necrosis factor. J Rheumatol 2000;27:
911–8.

15. Straub RH, Konecna L, Hrach S, Rothe G, Kreutz M, Scholmerich
J, et al. Serum dehydroepiandrosterone (DHEA) and DHEA
sulfate are negatively correlated with serum interleukin-6 (IL-6),
and DHEA inhibits IL-6 secretion from mononuclear cells in man
in vitro: possible link between endocrinosenescence and immu-
nosenescence. J Clin Endocrinol Metab 1998;83:2012–7.

16. Van Vollenhoven RF, Engleman EG, McGuire JL. An open study
of dehydroepiandrosterone in systemic lupus erythematosus. Ar-
thritis Rheum 1994;37:1305–10.

17. Van Vollenhoven RF, Engleman EG, McGuire JL. Dehydroepi-
androsterone in systemic lupus erythematosus: results of a double-
blind, placebo-controlled, randomized clinical trial. Arthritis
Rheum 1995;38:1826–31.

18. Tan EM, Cohen AS, Fries JF, Masi AT, McShane DJ, Rothfield
NF, et al. The 1982 revised criteria for the classification of systemic
lupus erythematosus. Arthritis Rheum 1982;25:1271–7.

19. Bombardier C, Gladman DD, Urowitz MB, Caron D, Chang CH.
Derivation of the SLEDAI: a disease activity index for lupus
patients. Arthritis Rheum 1992;35:630–40.

20. Ware J, Snow K, Kosinski M, Gandek B. SF-36 Health Survey
manual and interpretation guide. Boston (MA): Nimrod Press;
1993.

21. Krupp LB, LaRocca NG, Muir-Nash J, Steinberg AD. The fatigue
severity scale: application to patients with multiple sclerosis and
systemic lupus erythematosus. Arch Neurol 1989;46:1121–3.

22. Gladman D, Ginzler E, Goldsmith C, Fortin P, Liang M, Urowitz
M, et al. Systemic lupus international collaborative clinics: devel-
opment of a damage index in systemic lupus erythematosus.
J Rheumatol 1992;19:1820–1.

23. Department of Health and Human Services, Food and Drug
Administration (FDA). COSTART: Coding Symbols for Thesau-
rus of Adverse Reaction Terms. Washington (DC): Food and
Drug Administration; 1995.

24. Zonana-Nacach A, Barr SG, Magder LS, Petri M. Damage in
systemic lupus erythematosus and its association with cortico-
steroids. Arthritis Rheum 2000;43:1801–8.

25. Ramsey-Goldman R, Dunn JE, Huang C-F, Dunlop D, Rairie JE,
Fitzgerald S, et al. Frequency of fractures in women with systemic
lupus erythematosus: comparison with United States population
data. Arthritis Rheum 1999;42:882–90.

26. Van Staa TP, Leufkens HG, Abenhaim L, Zhang B, Cooper C.

Use of oral corticosteroids and risk of fractures. J Bone Miner Res
2000;15:993–1000.

27. Orth DN, Kovacs WJ. The adrenal cortex. In: Wilson JD, Foster
DW, Kronenberg HM, Larsen PR, editors. Williams textbook of
endocrinology. 9th ed. Philadelphia: W.B. Saunders; 1998. p.
517–664.

28. Gladman DD, Urowitz MB, Keystone EC. Serologically active
clinically quiescent systemic lupus erythematosus: a discordance
between clinical and serologic features. Am J Med 1979;66:210–5.

29. Esdaile JM, Joseph L, Abrahamowicz M, Li Y, Danoff D, Clarke
AE. Routine immunologic tests in systemic lupus erythematosus:
is there a need for more studies? J Rheumatol 1996;23:1891–6.

30. Esdaile JM, Abrahamowicz M, Joseph L, MacKenzie T, Li Y,
Danoff D. Laboratory tests as predictors of disease exacerbations
in systemic lupus erythematosus: why some tests fail. Arthritis
Rheum 1996;39:370–8.

31. Haffner SM, Kushwaha RS, Foster DM, Applebaum-Bowden D,
Hazzard WR. Studies on the metabolic mechanism of reduced
high density lipoproteins during anabolic steroid therapy. Metab-
olism 1983;32:413–20.

32. Lambert G, Chase MB, Dugi K, Bensadoun A, Brewer HB Jr,
Santamarina-Fojo S. Hepatic lipase promotes the selective uptake
of high density lipoprotein-cholesteryl esters via the scavenger
receptor B1. J Lipid Res 1999;40:1294–303.

33. Lambert G, Amar MJ, Martin P, Fruchart-Najib J, Foger B,
Shamburek RD, et al. Hepatic lipase deficiency decreases the
selective uptake of HDL-cholesteryl esters in vivo. J Lipid Res
2000;41:667–72.

34. Ettinger WH Jr, Hazzard WR. Prednisone increases very low
density lipoprotein and high density lipoprotein in healthy men.
Metabolism 1988;37:1055–8.

35. Mease PJ, Merrill JT, Lahita RG, Petri MA, Ginzler EM, Katz RS,
et al. GL701 (prasterone, dehydroepiandrosterone) improves sys-
temic lupus erythematosus [abstract]. Arthritis Rheum 2000:43
Suppl 9:S271.

36. Chang DM, Lan JL, Luo SF. GL701 (prasterone, dehydroepi-
androsterone) significantly reduces flares in female patients with
mild to moderate systemic lupus erythematosus (SLE) [abstract].
Arthritis Rheum 2000;43 Suppl 9:S241.

37. Yesilova Z, Ozata M, Kocar IH, Turan M, Pekel A, Sengul A, et
al. The effects of gonadotropin treatment on the immunological
features of male patients with idiopathic hypogonadotropic hypo-
gonadism. J Clin Endocrinol Metab 2000;85:66–70.

38. Falus A, Rokita H, Walcz E, Brozik M, Hidvegi T, Meretey K.
Hormonal regulation of complement biosynthesis in human cell
lines. II. Upregulation of the biosynthesis of complement compo-
nents C3, factor B and C1 inhibitor by interleukin-6 and interleu-
kin-1 in human hepatoma cell line. Mol Immunol 1990;27:
197–201.

39. Labrie F, Belanger A, Simard J, Van Luu-The, Labrie C. DHEA
and peripheral androgen and estrogen formation: intracinology.
Ann N Y Acad Sci 1995;774:16–28.

40. Gordon T, Castelli WP, Hjortland MC, Kannel WB, Dawber TR.
High density lipoprotein as a protective factor against coronary
heart disease: the Framingham study. Am J Med 1977;62:707–14.

41. Meno-Tetang GML, Blum RA, Schwartz KE, Jusko WJ. Effects of
oral prasterone (dehydroepiandrosterone) on single-dose pharma-
cokinetics of oral prednisone and cortisol suppression in normal
women. J Clin Pharmacol 2001;41:1195–205.

42. Hennebold JD, Daynes RA. Regulation of macrophage dehydro-
epiandrosterone sulfate metabolism by inflammatory cytokines.
Endocrinology 1994;135:67–75.

43. Kimura M, Tanaka S, Yamada Y, Kiuchi Y, Yamakawa T,
Sekihara H. Dehydroepiandrosterone decreases serum tumor ne-
crosis factor-alpha and restores insulin sensitivity: independent
effect from secondary weight reduction in genetically obese
Zucker fatty rats. Endocrinology 1998;139:3249–53.

1828 PETRI ET AL

 15290131, 2002, 7, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/art.10364 by T

est, W
iley O

nline L
ibrary on [03/02/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



44. Padgett DA, Loria RM. Endocrine regulation of murine macro-
phage function: effects of dehydroepiandrosterone, andro-
stenediol, and androstenetriol. J Neuroimmunol 1998;84:61–8.

APPENDIX A: INVESTIGATORS OF THE GL701
STUDY GROUP

Investigators and study centers in the GL701 Study Group are
as follows: J. P. Buyon, MD, New York University, New York; S.
Cohen, MD, Metroplex Clinical Research, Dallas, TX; E. M. Ginzler,
MD, State University of New York, Downstate Medical Center,
Brooklyn; D. John, MD, Queen’s Medical Center, Honolulu, HI; L.
Kahl, MD, Washington University School of Medicine, St. Louis, MO;
A. Kavanaugh, MD, Southwest Medical School, Dallas, TX; J. Merrill,
MD, R. Lahita, MD, PhD, St. Luke’s/Roosevelt Hospital, Columbia
University School of Medicine, New York, NY; S. Manzi, MD, MPH,
University of Pittsburgh School of Medicine, Pittsburgh, PA; J.
McGuire, MD (deceased), R. van Vollenhoven, MD, PhD, Stanford
University School of Medicine, Stanford; N. Olsen, MD, Vanderbilt

University School of Medicine, Nashville, TN; M. Petri, MD, MPH,
Johns Hopkins University School of Medicine, Baltimore, MD; R.
Ramsey-Goldman, MD, DrPH, Northwestern University School of
Medicine, Chicago, IL; N. Rothfield, MD, University of Connecticut
School of Medicine, Farmington; M. Schiff, MD, Denver Arthritis
Clinic, Denver, CO; P. Schur, MD, Harvard Medical School, Boston,
MA; R. Spencer, MD, University of Colorado School of Medicine,
Denver; D. Wallace, MD, Cedars-Sinai Medical Center, Los Angeles,
CA; M. Weisman, MD, School of Medicine, University of California,
San Diego.

Genelabs study personnel are as follows: A. Kunz, BS; K.
Gorelick, MD; K. Schwartz, MD.

Members of the Data Safety and Monitoring Board are as
follows: T. Fleming, PhD, Department of Biostatistics, University of
Washington, Seattle; R. Kitridou, MD, University of Southern Cali-
fornia School of Medicine, Los Angeles; A. J. Morales, MD, University
of California, San Diego; M. Urowitz, MD, University of Toronto,
Toronto, Canada.

Consultant to Genelabs Technologies, Inc.: V. Strand, MD.
Statistical consultants: ACRO, Inc., Morris Plains, NJ.
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