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ABSTRACT
Recent studies have suggested that mycophenolate mofetil (MMF) may offer advantages over intravenous
cyclophosphamide (IVC) for the treatment of lupus nephritis, but these therapies have not been compared in an
international randomized, controlled trial. Here, we report the comparison of MMF and IVC as induction treatment
for active lupus nephritis in a multinational, two-phase (induction and maintenance) study. We randomly assigned
370 patients with classes III through V lupus nephritis to open-label MMF (target dosage 3 g/d) or IVC (0.5 to 1.0
g/m2 in monthly pulses) in a 24-wk induction study. Both groups received prednisone, tapered from a maximum
starting dosage of 60 mg/d. The primary end point was a prespecified decrease in urine protein/creatinine ratio
and stabilization or improvement in serum creatinine. Secondary end points included complete renal remission,
systemic disease activity and damage, and safety. Overall, we did not detect a significantly different response rate
between the two groups: 104 (56.2%) of 185 patients responded to MMF compared with 98 (53.0%) of 185 to IVC.
Secondary end points were also similar between treatment groups. There were nine deaths in the MMF group and
five in the IVC group. We did not detect significant differences between the MMF and IVC groups with regard to
rates of adverse events, serious adverse events, or infections. Although most patients in both treatment groups
experienced clinical improvement, the study did not meet its primary objective of showing that MMF was superior
to IVC as induction treatment for lupus nephritis.
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Lupus nephritis (LN) occurs in up to 60% of adults
with systemic lupus erythematosus (SLE) and predicts
poor survival.1,2 The prevalence of SLE and LN and
treatment response vary by age, gender, location, and
race/ethnicity; LN is especially common in black and
Hispanic patients in the United States.3,4

Use of intravenous cyclophosphamide (IVC) is
based on studies in the 1970s and 1980s at the Na-
tional Institutes of Health (NIH).5,6 The subsequent
induction regimen, widely considered the standard
of care, requires monthly intravenous drug infu-
sions.7 Response is often slow,8 and treatment fails
to control LN fully and is associated with increased
risks for adverse effects, including gonadal toxicity.9

Among other immunosuppressants, recent studies
have focused on mycophenolate mofetil (MMF).10
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Unlike IVC, MMF has not been associated with an increased
risk for bladder or ovarian toxicity in LN10 or during long-term
use after transplantation.11

MMF was at least as effective as IVC in induction treatment
in previous trials in Hong Kong,12,13 Malaysia,14 China,15 and
the United States.16 Meta-analyses of these and smaller trials
suggested that MMF may offer advantages over IVC, but they
have not yet been compared in an international randomized,
controlled trial.17–19 We therefore undertook one of the largest
studies to date in patients with LN, a two-part trial to assess the
efficacy and safety of MMF as induction therapy and subse-
quently as maintenance therapy for LN. This report describes
the comparison of MMF with IVC, both with corticosteroids,
for the induction treatment of active classes III, IV, and V LN.
The hypothesis was that more patients with LN would respond
to MMF than to IVC during 24 wk.

RESULTS

Demographics
Of 460 patients screened, 370 were randomly assigned (Figure
1). Most patients excluded did not meet the study criteria for
baseline disease. At baseline, all patients enrolled had active
proliferative (class III/IV) and/or membranous (class V) LN.
Demographics and baseline disease characteristics were similar

between the treatment groups (Table 1). Six randomly as-
signed patients (one in the MMF group and five in the IVC
group) were excluded from the safety analysis because they
received no study drug. At week 24, 306 (82.7%) patients re-
mained in the study. In the MMF group, 35 (18.9%) patients
withdrew from the study, compared with 29 (15.7%) in the
IVC group. The reasons for withdrawal before 24 wk in both
groups are described in Table 2. There were no crossovers be-
tween treatments during the study.

Exposure
The median dosage was calculated for 179 patients in the MMF
group as 2.6 g/d; median average dosage was similar for each of
the racial groups (white 2.6 g/d; Asian 2.6 g/d; black 2.4 g/d;
and other 2.8 g/d). The corresponding mean � SD average
dosage was 2.47 � 0.58 g/d. A maximum MMF dosage of 2.5 to
3.0 g/d was achieved in 168 (91.3%) of 184 patients. For 180
patients in the IVC group and for patients in each of the self-
reported racial groups, the median number of doses was 6.0.
Overall, the median total dosage per infusion of IVC was 0.75
g/m2; the median total dosage per infusion was slightly higher
in the “other” and black racial groups (0.840 and 0.875 g/m2,
respectively) compared with the Asian and white groups (0.785
and 0.750 g/m2, respectively). The corresponding mean num-
ber of doses of IVC was 5.6 � 1.1. The mean duration of treat-
ment was 156.2 d for the MMF group and 162.5 d for the IVC

Completed 24-week induction
phase (n=150)

Analyzed for primary endpoint: randomized intent-to-treat population (n=370)

Completed 24-week induction
phase (n=156) 

Screened (n=460)
Age 12–75 years; SLE diagnosis by ACR criteria;

kidney biopsy in prior 6 months;
LN classes III, IV & V

Did not meet entry criteria (n=90)
Insufficient proteinuria (n=53)

Concurrent infection or illness* (n=20)
Consent issue (n=7)

Prohibited concurrent medication (n=6)
Pregnancy (n=1)

Low white blood cell count (n=1)
>6 months from renal biopsy (n=1)

Unknown (n=1)

Allocated to
mycophenolate mofetil (n=185)

Received treatment (n=184)
Did not receive treatment (n=1)

Lost to follow-up (n=1)

Withdrawn (n=35)
Due to adverse event (n=24)

Consent withdrawn (n=6)
Other reason (n=5)

Allocated to intravenous
cyclophosphamide (n=185)

Received treatment (n=180)
Did not receive treatment (n=5)

Lost to follow-up (n=2)

Withdrawn (n=29)
Due to adverse event (n=13)

Consent withdrawn (n=5)
Other reason (n=11)

Randomized (n=370)
Open-label treatment

Figure 1. Patient disposition. *Hepatitis/cytomegalovirus infection (n � 16) or other illness (n � 4). ACR, American College of
Rheumatology.
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Table 1. Demographics and baseline disease characteristicsa

Characteristic MMF (n � 185) IVC (n � 185) Total (N � 370)

Gender (n �%�)
male 28 (15.1) 29 (15.7) 57 (15.4)
female 157 (84.9) 156 (84.3) 313 (84.6)

Race (n �%�)
white 75 (40.5) 72 (38.9) 147 (39.7)
Asian 62 (33.5) 61 (33.0) 123 (33.2)
otherb 48 (25.9) 52 (28.1) 100 (27.0)

Ethnicity (n �%�)
Hispanic 64 (34.6) 67 (36.2) 131 (35.4)
non-Hispanic 121 (65.4) 118 (63.8) 239 (64.6)

Region (n �%�)
Asia 57 (30.8) 60 (32.4) 117 (31.6)
Latin America 56 (30.3) 50 (27.0) 106 (28.6)
United States/Canada 37 (20.0) 38 (20.5) 75 (20.3)
rest of world 35 (18.9) 37 (20.0) 72 (19.5)

Renal biopsy class (n �%�)
III/III � V 32 (17.3) 26 (14.1) 58 (15.7)
IV/IV � V 124 (67.0) 128 (69.2) 252 (68.1)
V only 29 (15.7) 31 (16.8) 60 (16.2)

Scarring on renal biopsy (n �%�)c 66 (35.7) 56 (30.3)d 122 (33.0)d

Serum creatinine (�mol/L �mg/dl�;
mean � SD)

108.6 � 1.2 (97.2 � 1.1) 92.7 � 1.0 (56.9 � 0.6)d 100.6 � 1.1 (80.0 � 0.9)d

Urine protein/creatinine ratio (mean � SD) 4.1 � 4.2e 4.1 � 3.2f 4.1 � 3.7e,f

Range of GFR (ml/min per 1.73 m2; n �%�)d,g

�90 80 (43.2) 86 (46.7) 166 (45.0)
�60 to �90 53 (28.6) 52 (28.3) 105 (28.5)
�30 to �60 32 (17.3) 34 (18.5) 66 (17.9)
�30 20 (10.8) 12 (6.5) 32 (8.7)

Range of anti-dsDNA antibody titer
(IU/ml; n �%�)h

�30 (negative) 32 (18.4) 23 (13.5) 55 (15.9)
30 to 60 (low positive) 25 (14.4) 24 (14.0) 49 (14.2)
�60 to 200 (positive) 52 (29.9) 40 (23.4) 92 (26.7)
�200 (strong positive) 65 (37.4) 84 (49.1) 149 (43.2)

Range of C3 concentration (g/L; n �%�)i

�1.8 1 (0.6) 1 (0.6) 2 (0.6)
0.9 to 1.8 (normal) 50 (28.4) 34 (19.5) 84 (24.0)
�0.9 (low) 125 (71.0) 139 (79.9) 264 (75.4)

Range of C4 concentration (g/L; n �%�)j

�0.47 2 (1.1) 1 (0.6) 3 (0.9)
0.16 to 0.47 (normal) 70 (39.8) 47 (27.2) 117 (33.5)
�0.16 104 (59.1) 125 (72.3) 229 (65.6)

Age at enrollment (yr; mean � SD) 32.4 � 11.2 31.3 � 10.3 31.9 � 10.7
Age at diagnosis of lupus nephritis

(yr; mean � SD)
30.2 � 11.0 28.8 � 10.2 29.5 � 10.6

Time since diagnosis of lupus nephritis
(yr; median �range�)k

1.0 (1 to 21) 1.0 (1 to 23) 1.0 (1 to 23)

aAnti-dsDNA, antibodies reactive to double-stranded DNA; C3, complement factor 3; C4, complement factor 4.
bRace self-reported as black (46), Mexican-Mestizo (28), mixed race (9), Hispanic (3), North African (2), Chinese (1), South/Central America/Caribbean (3), Native
American (1), Pacific Islander (1), Eritrean (1), East Indian (1), Middle Eastern (1), Latin (1), brown (1), or white (1).
cScarring defined according to ISN classification of class III/IV active/chronic lupus nephritis.20

dData missing for one patient in the IVC group.
en � 180.
fn � 181.
gGFR was estimated by the Modification of Diet in Renal Disease method.21

hData missing for 11 patients in the MMF group and for 14 patients in the IVC group.
iData missing for nine patients in the MMF group and for 11 patients in the IVC group.
jData missing for nine patients in the MMF group and for 12 patients in the IVC group.
kTime since diagnosis was rounded up to 1.0 yr for patients whose time was �1 yr.
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group. Overall, the mean dosage of prednisone did not differ
between groups (25.8 and 26.0 mg/d for the MMF and IVC
groups, respectively), and the steady decrease in prednisone
dosage in each group during the course of the 24-wk induction
phase was consistent with the mandated steroid-tapering
schedule (Supplemental Figure 1). The numbers of patients
receiving concomitant medications were mostly similar be-
tween treatment groups.

Efficacy
The primary efficacy end point was achieved in 104 (56.2%)
patients receiving MMF, compared with 98 (53.0%) patients
receiving IVC (odds ratio [OR] 1.2; 95% confidence interval
[CI] 0.8 to 1.8; P � 0.58; Figure 2). There were statistically
significant interactions between treatment group and race
(P � 0.047) and between treatment group and region
(P � 0.069). In the sensitivity analysis, the number of patients

achieving the primary efficacy end point was not statistically
significantly different between treatment groups, irrespective
of adjustment for covariates. Data for the per-protocol popu-
lation was supportive of that observed for the intention-to-
treat population; the primary efficacy end point was achieved
by 86 (63.7%) of 135 patients in the MMF group compared
with 89 (57.1%) of 156 patients in the IVC group (OR 1.4; 95%
CI 0.8 to 2.2; P � 0.32). Response rates according to self-clas-
sification of race with MMF and IVC were similar for Asian (33
[53.2%] of 62 versus 39 [63.9%] of 61; OR 0.6; 95% CI 0.3 to
1.3; P � 0.24) and white patients (42 [56.0%] of 75 versus 39
[54.2%] of 72; OR 1.1; 95% CI 0.6 to 2.1; P � 0.83; Figure 2);
however, among patients grouped as “other,” a group mostly
comprising black (n � 46) and mixed-race (n � 37) patients
(see Table 1 for detailed racial breakdown), 29 (60.4%) of 48
patients responded with MMF and 20 (38.5%) of 52 patients
with IVC (OR 2.4; 95% CI 1.1 to 5.4; P � 0.033). Post hoc
analysis showed that response rates among Hispanic patients
(n � 131) were 60.9% (39 of 64) for MMF and 38.8% (26 of 67)
for IVC (OR 2.5; 95% CI 1.2 to 5.1; P � 0.011).

There were no statistically significant differences between
the scores of each treatment group on any of the secondary
efficacy end points (Table 3). The response rates were similar
between patients with renal biopsy class III or IV and those
with renal biopsy class V, irrespective of treatment. At week 24,
130 (70.3%) patients in the MMF group had normal serum
creatinine, compared with 125 (67.6%) in the IVC group; and
44 patients (23.8%) in the MMF group had �0.5 g/d protein-
uria, compared with 50 (27.0%) patients in the IVC group.
Only 16 (8.6%) patients in the MMF group and 15 (8.1%) in
the IVC group achieved complete remission after 24 wk, with
substantial urine protein persisting in many patients (Supple-
mental Figure 2). Overall, 32 patients had an estimated GFR
�30 ml/min per 1.73 m2 at baseline.21 Of the 12 such patients
in the IVC group, two (16.7%) responded and two (16.7%)
died; of 20 in the MMF group, four (20.0%) responded and
three (15.0% died). There was no progression on the Systemic

Table 2. Summary of reasons for premature withdrawal from treatment (intention-to-treat population)

Parameter
MMF

(n � 185; n �%�)
IVC

(n � 185; n �%�)

Completed 24-wk open-label induction phase 150 (81.1) 156 (84.3)
Total no. of patients withdrawn prematurely 35 (18.9) 29 (15.7)
Reasons for withdrawal from induction phase

adverse event 21 (60.0) 12 (41.4)
deterioration with respect to serum

creatinine after 12 and 16 wk of treatment
0 (0.0) 2 (6.9)

dosage reduction of MMF �2 g/d for �14 d 1 (2.9) 0 (0.0)
lost to follow-up 1 (2.9) 2 (6.9)
patient died 3 (8.6) 1 (3.4)
patient withdrew consent 6 (17.1) 5 (17.2)
physician decision 1 (2.9) 3 (10.3)
sponsor decision 2 (5.7) 1 (3.4)
noncompliance 0 (0.0) 1 (3.4)
reason not noted 0 (0.0) 2 (6.9)
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Figure 2. Response rates of study population and by racial
group.
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Lupus International Collaborating Clinics damage index in ei-
ther patient group.

Adverse Events
Of the 184 patients treated with MMF and 180 with IVC, the
proportions reporting adverse events (AEs) were similar
(96.2% for MMF versus 95.0% for IVC; treatment difference
1.20%; 95% CI �3.02 to 5.42%; P � 0.58; Table 4). There were
40.6% more AEs in the IVC group (2088) than in the MMF
group (1485) during the 24-wk treatment period. In both
treatment groups, the most common types of AE were infec-
tions (68.5% with MMF; 61.7% with IVC; treatment difference
6.81%; 95% CI �2.96 to 16.58%; P � 0.17; Supplemental Ta-
ble 1) and gastrointestinal disorders (61.4% with MMF; 66.7%
with IVC). The most commonly reported AEs are shown in
Table 4. There were 24 withdrawals (13.0% of patients) as a
result of AEs in the MMF group compared with 13 (7.2%) in

the IVC group (treatment difference 5.82%; 95% CI �0.34 to
11.99%; P � 0.07).

In the safety population, 51 (27.7%) patients in the MMF
group and 41 (22.8%) in the IVC group had at least one serious
AE (treatment difference 4.90%; 95% CI �4.01 to 13.81%; P �
0.28). The most commonly reported types of serious AEs in
both groups were infections, occurring in 22(12.0%) patients
with MMF and 18 (10.0%) patients with IVC; gastrointestinal
disorders, occurring in eight (4.3%) patients with MMF and
three (1.7%) patients with IVC; and renal and urinary disor-
ders, occurring in eight (4.3%) patients with MMF and three
(1.7%) patients with IVC.

There were nine deaths in the MMF group and five in the
IVC group. In the MMF group (treatment difference 2.11%;
95% CI �1.82 to 6.04%; P � 0.29), seven deaths were due to
infection and none were due to SLE, compared with two that
were due to infections and two that were due to SLE in the IVC

Table 3. Summary of results of secondary efficacy end pointsa

Parameter
MMF

(n � 185)
IVC

(n � 185)
Odds Ratio (95% CI)

Responders with renal biopsy class III or IV 88 (56.4)b 83 (53.9)c 1.1 (0.7 to 1.8)
Patients with renal biopsy class V 16 (55.2)d 15 (48.4)e

Renal remission criterion met Treatment difference (% �95% CI�)
serum creatinine 130 (70.3) 125 (67.6) 2.7 (�6.7 to 12.1)
urine protein 44 (23.8) 50 (27.0) �3.2 (�12.1 to 5.6)
urine sediment 58 (31.4) 44 (23.8) 7.6 (�1.5 to 16.6)
all three criteria 16 (8.6) 15 (8.1) 0.5 (�5.1 to 6.2)

Renal and extrarenal remission
complete absence of BILAG As and Bs 54 (29.7)f 45 (24.9)g 4.8 (4.3 to 14.0)

SELENA-SLEDAI Difference between means (95% CI)
change in score from baseline to end point
(mean � SD)

�6.2 � 10.1h �6.6 � 8.0i 0.41 (�1.48 to 2.30)

Anti-dsDNA
patients with dsDNA �60 IU/ml at baselinej 117 (67.2)k 124 (72.5)l

patients with dsDNA �60 IU/ml at end point 72 (41.4)k 91 (53.2)l

C3
patients with low C3 at baselinem 125 (71.0)n 139 (79.9)k

patients with low C3 at end pointm 70 (39.8)n 90 (51.7)k

C4
patients with low C4 at baselineo 104 (59.1)n 125 (72.3)p

patients with low C4 at end pointo 51 (29.0)n 72 (41.6)p
aData are n (%), unless specified otherwise. BILAG, British Isles Lupus Assessment Group Scale; SELENA-SLEDAI, Safety of Exogenous Estrogens in Lupus
Erythematosus National Assessment / Systemic Lupus Erythematosus Disease Activity Index.
bn � 156.
cn � 154.
dn � 29.
en � 31.
fn � 182.
gn � 181.
hn � 179.
in � 178.
jThe threshold �60 IU/ml was twice the upper limit of the range defined as normal.
kn � 174.
ln � 171.
mLow C3 was defined as �0.9 g/L.
nn � 176.
oLow C4 was defined as �0.16 g/L in one laboratory and �0.10 g/L in the other; each patient’s baseline and end point samples were analyzed at the same
laboratory.
pn � 173.
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group. In the MMF group, there were two deaths in Latin
America and seven in Asia. In the IVC group, there were two
deaths in North America, two in Asia, and one in Europe.

DISCUSSION

In this study, MMF did not show superiority over IVC for the
induction therapy of LN, as measured by renal response rate
after 24 wk of treatment (95% CI 0.8 to 1.8; P � 0.58). Inter-
estingly, there was a statistically significant interaction between
treatment group and race (P � 0.047) and between treatment
group and region (P � 0.069). Results did not differ between
treatment groups for any secondary renal or nonrenal efficacy
end points. Serious AEs were reported at similar rates in the
two treatment groups (95% CI �3.02 to 5.42%; P � 0.58),
whereas the most common types of AE were infections (95%
CI �2.96 to 16.58%; P � 0.17). A total of 14 patients died
during the study: Nine in the MMF group and five in the IVC
group (95% CI �1.82 to 6.04%; P � 0.29). Seven deaths in the
MMF group were due to infection and none were due to SLE,
compared with two that were due to infections and two that
were due to SLE in the IVC group. Treatment discontinuation
owing to AEs was responsible for 24 study withdrawals in the
MMF group and 13 in the IVC group.

Although meta-analyses of smaller studies17–19 have sug-
gested that more patients respond to MMF than to IVC, results
from the large and racially diverse population of this study
indicate that these drugs in combination with prednisone have
similar efficacy in short-term induction therapy. The open-

label design of this study was chosen because the AE profiles of
the two study drugs would interfere with attempted blinding;
the randomization of patients to treatment groups should mit-
igate any potential bias produced as a result of this design.

Although the primary objective was not met, there were
important differences across racial and ethnic groups, with
more patients in the high-risk, nonwhite, non-Asian group
responding to MMF than to IVC. Statistically significant inter-
actions between treatment and race and between treatment
and region were not explained by differences in disease char-
acteristics at baseline between the subgroups. Subanalyses re-
vealed that statistically significantly fewer patients responded
to IVC than to MMF in the “other” group, most of whom were
black or Latin American mixed race. Similarly, fewer Hispanic
patients responded to IVC than to MMF. It has been reported
that black and Hispanic patients are at an increased risk for
aggressive disease.4,22 Furthermore, a greater prevalence of re-
nal failure has been reported among black patients,23 with ge-
netic rather than socioeconomic factors believed to be a more
likely cause. Conversely, environmental, socioeconomic/de-
mographic, psychosocial, genetic, and clinical factors were
thought to play an important role as determinants of ethnic
differences observed in LN outcome.24 Socioeconomic and
medical factors were largely controlled in the trial setting, and
socioeconomic data were not recorded as part of this study;
consequently, the impact of socioeconomic factors on the effi-
cacy of therapeutic interventions for LN remains to be deter-
mined. The results of this study may support the clinical im-
pression that the efficacy of IVC varies between racial and
ethnic groups and that IVC is less effective in patients of Afri-
can or Hispanic descent.3,22–26 In contrast, MMF has seemed to
be consistently effective in all racial/ethnic groups. The wide
variation in response by race/ethnicity for IVC may have been
confounded by regional variations, possibly as a result of dif-
ferences in clinical practice.

Data on response to any previous therapies were unavail-
able, so investigation was not possible into this potential source
of bias; however, �50% of patients had received a diagnosis of
LN �1 yr before enrollment. Complete remission rates were
low for both treatments in comparison with previous random-
ized studies in Hong Kong and the United States, although the
definitions of remission vary between studies.12,16 Persistent
urine protein is common after 6 mo of treatment for severe LN,
regardless of treatment regimen, and usually decreases further
with continued follow-up.16,27 The low remission rates across
all of the racial/ethnic groups studied in the Aspreva Lupus
Management Study (ALMS) highlight the need to investigate
the ideal regimen and its duration in patients with LN. Param-
eters such as the duration of the induction phase and the re-
sponse criteria were based on previously reported tri-
als12,16,25,27,28; however, 24 wk may be too short to differentiate
between the treatments, because the disease may continue to
improve and AEs may continue to emerge.8 After the induc-
tion phase, patients who responded to treatment were ran-
domly assigned again to receive double-blinded MMF or aza-

Table 4. Incidences of adverse events reported by �10%
of patientsa

Parameter

Patients Who Experienced
at Least One AE

MMF
(n � 184)

IVC
(n � 180)

Deaths 9 (4.9) 5 (2.8)
Withdrawals as a result of AEs 24 (13.0) 13 (7.2)
All AEs 177 (96.2) 171 (95.0)

diarrhea 52 (28.3) 23 (12.8)
headache 38 (20.7) 47 (26.1)
peripheral edema 35 (19.0) 30 (16.7)
arthralgia 29 (15.8) 43 (23.9)
nausea 27 (14.7) 82 (45.6)
hypertension 26 (14.1) 25 (13.9)
nasopharyngitis 25 (13.6) 29 (16.1)
vomiting 25 (13.6) 68 (37.8)
cough 24 (13.0) 16 (8.9)
anemia 23 (12.5) 12 (6.7)
alopecia 20 (10.9) 64 (35.6)
abdominal pain 19 (10.3) 13 (7.2)
back pain 19 (10.3) 16 (8.9)
muscle spasms 19 (10.3) 17 (9.4)
rash 19 (10.3) 21 (11.7)
urinary tract infection 19 (10.3) 17 (9.4)
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thioprine in the maintenance phase, which remains in
progress.

The overall AE profiles of both MMF and IVC in this study
are consistent with previous studies12,16 –19,25; however, differ-
ences in the relative proportions of patients reporting specific
AEs in the two treatment groups in this study were apparent
when compared with previously reported rates. For both treat-
ments, the most common AEs were infections and gastrointes-
tinal disorders, occurring in approximately two thirds of pa-
tients. Nausea and vomiting were the most common
gastrointestinal disorder in patients with IVC, but diarrhea
predominated with MMF. Alopecia, an undesirable AE in a
disease that mainly affects young women, occurred mostly in
the IVC group. It should be noted that, unlike the renal out-
come measures, patients’ reports of some AEs may have been
influenced by the open-label trial design. During 24 wk, in-
creased malignancy risk or gonadal toxicity with IVC was not
expected.29 –31 These results will be examined in the ongoing
maintenance phase of ALMS.

There were more deaths in the MMF group, contrasting
with previous trials.12,14,16 There seemed to be no single factor
that led to death of these patients; however, especially in the
Asian patients, a complex interaction between severe underly-
ing lupus disease and the rapid deterioration in and late pre-
sentation of respiratory signs and symptoms may have led to
particularly adverse outcomes. In some patients, this led to
continued aggressive treatment of lupus with MMF and high-
dosage corticosteroids, which we speculate may have contrib-
uted to the overwhelming infection in patients whose immune
status was unstable at study entry. The different infection rates
and mortality data in ALMS compared with previous trials
remain unexplained, but, clearly, these agents are potent im-
munosuppressants and infectious complications must be ex-
pected.

Examination of the data did not reveal an association of
region, race, body weight, or body surface area with safety out-
comes of either treatment group. Most patients who died had
severe renal disease at baseline. Unlike previous studies, which
excluded patients with substantially reduced GFR, ALMS in-
cluded 32 patients with GFR �30 ml/min per 1.73 m2.

In this induction phase of ALMS, one of the largest and
most racially diverse studies of treatments for LN to date,
the efficacy and tolerability of oral MMF during 6 mo did
not differ from those of IVC, the current standard treat-
ment; however, other measures of clinical effectiveness are
important to clinicians and patients and may influence pre-
scribing decisions. These include the convenience of twice-
daily oral medication (MMF) versus a monthly infusion
(IVC) and the impact on women of child-bearing age as a
result of the potential of IVC to cause ovarian dysfunction.
Neither of these was objectively addressed in this study be-
cause of the length of follow-up and limited health eco-
nomic assessments undertaken. On the basis of these study
data, physicians may consider MMF as an alternative ther-
apy to IVC in induction treatment of LN.

CONCISE METHODS

Design Overview
This was a prospective, randomized, open-label, parallel-group, mul-

ticenter study. Detailed methods of ALMS (protocol WX17801, reg-

istered at ClinicalTrials.gov, NIH registration no. NCT00377637) has

been published.32 The study was conducted in accordance with the

Declaration of Helsinki and the principles of Good Clinical Practice.

The institutional review boards at all participating centers approved

the protocol, and all patients provided written informed consent.

Setting and Participants
Patients (n � 370) were enrolled at 88 centers in 20 countries in North

America, Latin America, Asia, Australia, and Europe. Patients who

were aged 12 to 75 yr and had a diagnosis of SLE (by American College

of Rheumatology criteria33) were enrolled between July 27, 2005, and

October 6, 2006. LN (active or active/chronic) was confirmed by kid-

ney biopsy within 6 mo before randomization as International Society

of Nephrology/Renal Pathology Society 2003 class III, IV-S or IV-G,

V, III�V, or IV�V.20 Patients with class III or V LN must have had

proteinuria (at least 2 g/d), which was considered a clinically signifi-

cant level of proteinuria, and might indicate a recent deterioration in

renal function. Reasons for exclusion were treatment with MMF or

IVC within the previous year, continuous dialysis for �2 wk before

randomization or anticipated duration longer than 8 wk, pancreatitis,

gastrointestinal hemorrhage within 6 mo or active peptic ulcer within

3 mo, severe viral infection, severe cardiovascular disease, bone mar-

row insufficiency with cytopenias not attributable to SLE, or current

infection requiring intravenous antibiotics. Pulse intravenous corti-

costeroids were prohibited within 2 wk before first randomization

and throughout the study. During the study, any drugs affecting the

angiotensin system were taken at stable dosage. Detailed inclusion

and exclusion criteria are given in Supplemental Table 2.

Randomization and Interventions
Patients were randomly assigned (1:1, stratified by race and biopsy

class, nonblocked) to treatment with MMF or IVC by a central, com-

puterized, interactive voice response system. Oral MMF was given

twice daily, titrated from 0.5 g twice daily in week 1 and 1.0 g twice

daily in week 2, to a target dosage of 1.5 g twice daily in week 3.

Reduction was permitted to 2 g/d in response to AEs. IVC was given in

monthly pulses of 0.5 to 1.0 g/m2, according to the modified NIH

protocol.34 Both groups received oral prednisone, with a defined taper

from a maximum starting dosage of 60 mg/d. The induction phase

was defined as 24 wk, because 24-wk response can predict disease

outcome25,27 and minimize the risks for long-term AEs of IVC.30,34

After screening, randomization, and treatment initiation, patients

were assessed at weeks 2 and 4 and then every 4 wk.

Patients were withdrawn at week 12 when their serum creatinine

was �30% above baseline on two successive measurements separated

by at least 4 wk or when they required other immunosuppressive

treatment. Patients could be withdrawn if the MMF dosage fell below

2 g/d for �14 d or was stopped for �7 d.
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Outcome, Measurements, and Follow-up
The objective of this study was to test whether MMF was superior to

IVC in the primary end point, namely the proportion of patients

responding to treatment. Response was defined as a decrease in urine

protein/creatinine ratio (P/Cr), calculated from a 24-h urine collec-

tion, to �3 in patients with baseline nephrotic range P/Cr (�3), or by

�50% in patients with subnephrotic baseline P/Cr (�3), and stabili-

zation (�25%) or improvement in serum creatinine at 24 wk as ad-

judicated by a blinded Clinical Endpoints Committee. The 24-h urine

collections were obtained at baseline and every 4 wk thereafter until

completion of the 24-wk induction phase. Any patient who did not

complete the 24-wk induction phase for any reason or who received

pulse methylprednisolone therapy for major renal or extrarenal flare

was classified as a nonresponder. Reasons for early withdrawal and

hence nonresponse included AEs leading to withdrawal, intolerance

of either therapy, or requirement to receive prohibited treatments.

Assuming a 70% response rate, on the basis of previous studies,12,16 a

population of 358 patients was predicted to provide 90% power to

detect a 15% difference between the groups, with a 0.05 level of sig-

nificance.

Key secondary end points included the proportion of patients who

achieved complete remission, defined as return to normal serum cre-

atinine, urine protein �0.5 g/d, and inactive urinary sediment (�5

white blood cells per high-power field and �5 red blood cells per

high-power field, and a reading of lower than 2� on dipstick and

absence of red cell casts); proportion of patients who achieved any one

of these renal outcomes; combined renal and extrarenal remission,

defined as absence of A and B scores on the British Isles Lupus Assess-

ment Group system; mean change on the Safety of Exogenous Estro-

gens in Lupus Erythematosus National Assessment/Systemic Lupus

Erythematosus Disease Activity Index; and mean change on the Sys-

temic Lupus International Collaborating Clinics–American College

of Rheumatology damage index.

Safety assessments included the assessment of laboratory tests, vi-

tal signs, and spontaneous reporting of AEs. An independent Data

and Safety Monitoring Board, comprising two physicians and one

biostatistician, was convened every 3 mo to review study data on an

ongoing basis.

Statistical Analysis
The primary end point analysis was performed on the intention-to-

treat population. Odds ratios were calculated using logistic regression

models for response. Models included a term for treatment group and

covariates of race (Asian, white, or other), class of disease (V or other),

and location (United States/Canada, Asia, Latin America, or rest of

world). In the initial, prospectively planned, primary efficacy analysis,

interactions between treatment and these covariates were added and

assessed at the 0.1 level. When the P value of the interaction term was

�0.10, the interaction for that term was explored. In a sensitivity

analysis, the analysis of the primary efficacy end point was adjusted for

age, gender, and nephrotic/subnephrotic proteinuria at entry (P/Cr

�3 versus �3). Two-sided 95% CIs were calculated for secondary

efficacy end points as descriptive analyses. Statistical analysis was per-

formed using SAS software (SAS Institute, Cary, NC). Post hoc safety

analyses were performed using a �2 test.
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pel, Columbia University Medical Center, New York, NY; Hilario

Avila, Hospital Civil de Guadalajara Dr Juan I. Menchaca, Guadala-

jara, Mexico; Cornelia Blume, Universitätsklinikum Düsseldorf, Düs-
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