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ABSTRACT

BACKGROUND
Since anecdotal series and small, prospective, controlled trials suggest that mycophe-
nolate mofetil may be effective for treating lupus nephritis, larger trials are desirable.

METHODS

We conducted a 24-week randomized, open-label, noninferiority trial comparing oral
mycophenolate mofetil (initial dose, 1000 mg per day, increased to 3000 mg per day)
with monthly intravenous cyclophosphamide (0.5 g per square meter of body-surface
area, increased to 1.0 g per square meter) as induction therapy for active lupus nephritis.
A change to the alternative regimen was allowed at 12 weeks in patients who did not have
an early response. The study protocol specified adjunctive care and the use and tapering
of corticosteroids. The primary end point was complete remission at 24 weeks (normal-
ization of abnormal renal measurements and maintenance of baseline normal measure-
ments). A secondary end point was partial remission at 24 weeks.

RESULTS

0Of 140 patients recruited, 71 were randomly assigned to receive mycophenolate mofetil
and 69 were randomly assigned to receive cyclophosphamide. At 12 weeks, 56 patients
receiving mycophenolate mofetil and 42 receiving cyclophosphamide had satisfactory
early responses. In the intention-to-treat analysis, 16 of the 71 patients (22.5 percent)
receiving mycophenolate mofetil and 4 of the 69 patients receiving cyclophosphamide
(5.8 percent) had complete remission, for an absolute difference of 16.7 percentage
points (95 percent confidence interval, 5.6 to 27.9 percentage points; P=0.005), meet-
ing the prespecified criteria for noninferiority and demonstrating the superiority of my-
cophenolate mofetil to cyclophosphamide. Partial remission occurred in 21 of the 71
patients (29.6 percent) and 17 of the 69 patients (24.6 percent), respectively (P=0.51).
Three patients assigned to cyclophosphamide died, two during protocol therapy. Fewer
severe infections and hospitalizations but more diarrhea occurred among those re-
ceiving mycophenolate.

CONCLUSIONS
In this 24-week trial, mycophenolate mofetil was more effective than intravenous cyclo-
phosphamide in inducing remission of lupus nephritis and had a more favorable safety
profile.
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NTRAVENOUS CYCLOPHOSPHAMIDE HAS

been the standard of care for treating severe

lupus glomerulonephritist; however, its use is
limited by potentially severe toxic effects including
bone marrow suppression, hemorrhagic cystitis,
opportunistic infections, malignant diseases, and
premature gonadal failure.2 Clinical trials of treat-
ment with intermittent intravenous cyclophospha-
mide combined with corticosteroids show great-
er long-term renal survival but not overall survival,
as compared with treatment with corticosteroids
alone.3-¢ Furthermore, failure to achieve remission,
which is associated with an increased rate of pro-
gression to renal failure, is reported in 18 to 57
percent of patients who received cyclophospha-
mide.7-10

Mycophenolate mofetil, an immunosuppressive
agent approved for the prevention of transplant re-
jection, has been used in patients with lupus nephri-
tis that s refractory to cyclophosphamide and in pa-
tients who cannot tolerate cyclophosphamide.11-14
Pilot studies of mycophenolate mofetil were uncon-
trolled and often appeared to be biased toward a
poor outcome, given patients’ history of therapeu-
tic failures.

In the present study, the efficacy, safety, and tol-
erability of oral mycophenolate mofetil plus corti-
costeroids were compared with those of intravenous
cyclophosphamide plus corticosteroids for induc-
ing remission of active lupus nephritis in an open-
label, randomized, noninferiority study designed
to include crossover to the alternative regimen
among patients who did not have an early response
to the study therapy.

METHODS

STUDY DESIGN

We conducted a multicenter, randomized, open-
label, controlled trial from December 1999 (when
the first patient enrolled underwent randomization)
through October 2003 (completion of the study).
Eligibility criteria included systemic lupus erythe-
matosus meeting four classification criteria of the
American College of Rheumatology>; renal biop-
sy documenting lupus nephritis according to the
classification of the World Health Organization as
proliferative glomerulonephritis class III (focal), IV
(diffuse), or V (membranous); and clinical activity
as defined by one or more of the following: inci-
dent decrease in renal function (serum creatinine,
>1.0 mg per deciliter [88.4 pmol per liter]), protein-

uria (defined as more than 500 mg of protein in a
24-hour urine specimen), microscopic hematuria
(defined as >5 red cells per high power-field) or the
presence of cellular casts, increasing proteinuria
with rising levels of serum creatinine, active urine
sediment (hematuria or cellular casts), or serologic
abnormality (anti-DNA antibodies or hypocomple-
mentemia). To ensure that patients whose biopsy
specimens indicated less severe disease required im-
munosuppressive therapy, those with class III or V
lupus nephritis were required to have a serum cre-
atinine level greater than 1.0 mg per deciliter or
proteinuria greater than 2 gin a 24-hour urine spec-
imen. Exclusion criteria were creatinine clearance
of less than 30 ml per minute, serum creatinine on
repeated testing greater than 3.0 mg per deciliter
(265.2 pmol per liter), severe coexisting conditions
precluding immunosuppressive therapy or condi-
tions requiring intravenous antibiotic therapy, pri-
or treatmentwith mycophenolate mofetil, treatment
with intravenous cyclophosphamide within the past
12 months, monoclonal antibody therapy within
the past 30 days, or pregnancy or lactation.
Institutional review boards at each study center
approved the study design. Because therapeutic re-
sponses may differ depending on the pattern of
renal histologic features, the patients were stratified
according to renal biopsy as having proliferative
glomerulonephritis (class III or IV), as compared
with membranous glomerulonephritis (class V).
Permuted blocks of patients of variable size (two
through six) were used within each group. Treat-
ment was assigned at a central site with the use
of sealed envelopes. All patients gave written, in-
formed consent before undergoing randomization.

TREATMENT PROTOCOL

Mycophenolate mofetil was initiated at a dose of
500 mg twice daily, and the dose was increased to
750 mg twice daily at week 2 and advanced weekly
to a maximum dose of 1000 mg three times daily
unless the white-cell count fell below 3000 per cubic
millimeter. Intravenous cyclophosphamide was giv-
en as monthly pulses according to a protocol of the
National Institutes of Health (NTH).3 Dosage was
modified on the basis of the nadir white-cell count
0f 2500 cells or less per square meter of body-sur-
face area at 7 to 10 days after the infusion. Patients
received prednisone at a dose of 1 mg per kilogram
of body weight per day, with tapering by 10 to 20
percent at one-week or two-week intervals, on the
basis of clinical improvement. The new appearance
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or worsening of manifestations of extrarenal dis-
ease could be treated with one three-day pulse of
intravenous methylprednisolone or increased doses
of corticosteroids to a maximum of 2 mg per kilo-
gram per day. Standard laboratory assessments
were performed locally at entry into the study and
at monthly intervals, to assess the efficacy and toxic
effects of the study drugs.

STUDY END POINTS
The primary end point was complete remission at
24 weeks, defined as the return to within 10 percent
of normal values of serum creatinine levels, pro-
teinuria, and urine sediment. A secondary end point
was partial remission at 24 weeks, defined as im-
provement of 50 percent in all abnormal renal mea-
surements, without worsening (within 10 percent)
of any measurement. Additional secondary end
points included changes in renal function, com-
plement components, anti-double-stranded DNA
(dsDNA) antibody titers, and serum albumin levels.
As a safety measure, assessment of the thera-
peutic efficacy of the treatment after 12 weeks iden-
tified patients who did not have an early response,
defined as an improvement of 30 percent in at least
two measures of renal function (serum creatinine,
proteinuria, or urine sediment) if all three measures
were abnormal at entry into the study, or an im-
provement of 30 percent in one measure if one or
two others were abnormal, provided no measures
that were normal at baseline became abnormal.
Treatment failure was defined as a condition requir-
ing higher doses of corticosteroids for disease con-
trol, failure to meet the criteria for an early response,
or failure to reach complete or partial remission at
24 weeks. Toxic effects requiring discontinuation
of the study drug or withdrawal from the study for
any other reason was also considered treatment
failure.

STATISTICAL ANALYSIS

The protocol was designed as a noninferiority
trial’® to demonstrate that mycophenolate mofetil
is at least as efficacious as intravenous cyclophos-
phamide as induction therapy for active lupus ne-
phritis. The criterion for establishing noninferiority
was that the lower bound of the two-sided 95 per-
cent confidence interval for the difference in rates
of complete remission (mycophenolate mofetil mi-
nus intravenous cyclophosphamide) must exceed
the predefined noninferiority margin (minus 10 per-
cent). To determine the size of the sample, we as-

sumed a rate of expected complete remission at 24
weeks in the cyclophosphamide group of 30 per-
cent. On the basis of anecdotal success with myco-
phenolate mofetil in cyclophosphamide-resistant
nephritis, the likelihood that mycophenolate mo-
fetil would be even more efficacious as primary
therapy, and the drug’s low reported incidence of
serious toxic effects,11:12 the rate of complete re-
mission with mycophenolate mofetil was expected
to be between 40 and 45 percent. Under these as-
sumptions, a sample size of 70 patients in each of
the two treatment groups was calculated to yield
80 percent power to conclude that mycophenolate
mofetil was not inferior to intravenous cyclophos-
phamide with a one-sided alpha level of 0.025.

The analysis was based on the intention-to-treat
principle, regardless of treatment adherence. The
proportions of patients in the two groups who had
complete remission and partial remission at 24
weeks were compared with the use of Pearson’s
chi-square test. In our primary analysis, patients for
whom outcome data were missing because of loss
to follow-up were assumed not to have had a re-
sponse. The data were also analyzed by including
only patients for whom outcome information was
available. Differences in the baseline characteristics
between the two groups and changes from base-
line at each time point were evaluated with the use
of the two-sample t-test for continuous variables
and the chi-square test for categorical variables.
Times to event for the end points of partial and
complete remission were analyzed with the use of
the Cox proportional-hazards model. All reported
P values are two-sided. No interim analyses were
performed.

The study was designed as a 24-week induction
trial with no protocol specified for maintenance
therapy. Data were not collected prospectively with
regard to post-induction outcomes or therapy. Sub-
sequently, the study sites were asked to provide lab-
oratory data, data on maintenance therapy, and
dates of nephritis flares, renal failure, and death at
years 1 and 2 after randomization and at the last
follow-up visit with the use of a standard database.

This investigator-generated study was designed
and conducted by the authors (with other site in-
vestigators), and the data were analyzed solely by
the authors, who hold the data and prepared the
manuscript. Roche Laboratories provided a sup-
plemental grant but had no role in the design and
conduct of the study or in the analysis of the re-
sults.
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RESULTS

Of 140 patients recruited at 19 study sites, 71 were
assigned to mycophenolate mofetil and 69 to intra-
venous cyclophosphamide. The characteristics of
the patients in the two groups were similar at base-
line (Table 1).

STUDY END POINTS

At 12 weeks, 56 patients in the mycophenolate
group and 42 in the cyclophosphamide group had
responses that met the criteria for an early response
(Fig. 1). Seven patients (9.9 percent) assigned to
mycophenolate mofetil and 15 patients (21.7 per-
cent) assigned to cyclophosphamide were lost to

Table 1. Characteristics of Patients at the Beginning of Induction Therapy.*
Mycophenolate Mofetil Intravenous Cyclophosphamide P
Characteristic (N=71) (N=69) Valuey
Age —yr 32.5£10.0 31.0+£9.0 0.35
Female sex — no. (%) 61 (86) 65 (94) 0.10
Duration of SLE — mo 43.7+66.9 58.7+80.6
Race or ethnic group — no. (%) 0.38
Black 43 (61) 36 (52) 0.32
White 12 (17) 12 (17) 0.94
Hispanic 10 (14) 18 (26) 0.08
Asian 6 (8) 2(3) 0.16
Other 1
Renal biopsy according to WHO class — no. (%)§ 0.99
I 11 (15) 11 (16) 0.94
\Y 39 (55) 37 (54) 0.88
v 14 (20) 13 (19) 0.90
Mixed membranoproliferative 7 (10) 8 (12) 0.74
Serum creatinine — mg/d|] 1.06+0.52 1.08+0.49 0.84
Urine protein — g per 24-hr urine sample 4.11£3.1 4.4+3.5 0.54
Nephrotic-range proteinurea — no. (%) || 30 (42) 32 (46) 0.62
Serum albumin — g/d| 2.81+0.95 2.69+0.56 0.36
Serum C3 — mg/dl** 69.6+30.0 71.9+31.5 0.67
Serum C4 — mg/dl** 13.2+8.5 15.7+14.7 0.22
dsDNA antibodies{T 1.26+1.05 1.29+1.0 0.85
Urinalysis
White cells — per HPF 12.6+23.5 10.3£17.3 0.51
Red cells — per HPF 24.1+50.3 33.2£115.5 0.56
Cellular casts — no. (%)% 13 (18) 10 (14) 0.54
Prior intravenous cyclophosphamide — no. (%) 6 (8) 7 (10) 0.73

Plus—minus values are means +SD. WHO denotes World Health Organization, anti-dsDNA anti-double-stranded

DNA antibodies, SLE systemic lupus erythematosus, and HPF high-power field.
7 Pvalues were calculated with the use of Student’s t-test for continuous variables and with the use of the chi-square test

and Fisher's exact test for categorical variables.
I Race was self-determined.
Because of rounding, percentages may not total 100.

)
9§ To convert values for creatinine to micromoles per liter, multiply by 88.4.

Nephrotic-range proteinurea was defined as 3.5 g of protein per 24-hour urine sample.
* Because the normal ranges for serum complement C3 and C4 assayed at the study sites varied, values were corrected

to a single normal reference range for each (for C3, 83 to 201 mg per deciliter, and for C4, 16 to 47 mg per deciliter).

71 Because values for anti-dsDNA antibodies obtained at local study sites varied owing to the use of different methods of
measurement, the values were converted into scores based on the degree of abnormality as determined at each site,
with normal given a score of 0, mild abnormality 1, moderate abnormality 2, and severe abnormality 3.

4% On urinalysis, samples containing any cellular casts (granular, red, or white cells) were recorded as positive.
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follow-up. In the intention-to-treat analysis, assum-
ing that those lost to follow-up did not have an early
response, 16 of 71 patients in the mycophenolate
group (22.5 percent) and 4 of the 69 patients in the
intravenous cyclophosphamide group (5.8 percent)
had complete remission, yielding an absolute treat-
ment difference of 16.7 percentage points (95 per-
cent confidence interval, 5.6 to 27.9 percentage
points; P=0.005). Since the lower bound of the con-
fidence interval not only exceeds the predetermined
noninferiority margin (minus 10 percent) but also
exceeds 0 percent, both the noninferiority and the
superiority of mycophenolate mofetil to intrave-
nous cyclophosphamide are demonstrated. When
patients for whom outcome data were missing were

excluded from the analysis, 16 patients (25.0 per-
cent) of 64 in the mycophenolate group had com-
plete responses, and 4 patients (7.4 percent) of 54
in the cyclophosphamide group had complete re-
sponses, a difference of 17.6 percent (95 percent
confidence interval, 4.9 to 30.3 percent; P=0.01).
Partial remission occurred in 21 patients (29.6
percent) in the mycophenolate mofetil group and 17
patients (24.6 percent) in the cyclophosphamide
group in the intention-to-treat analysis (P=0.51).
When these totals are combined, 37 patients (52.1
percent) of the 71 assigned to mycophenolate
mofetil and 21 patients (30.4 percent) of the 69 as-
signed to cyclophosphamide had either complete or
partial remission (P=0.009). Similar results were

Eligible patie

(N-

signed consent enrolled

nts providing

140)

(N=

Underwent randomization

140)

Assigned to MMF (N=71)
Received MMF (N=71)

l

Assigned to IVC (N=69)
Received IVC (N=66)
Declined therapy (N=3)

MMF for 24 wk (N=56) Discontinued (N=15)

CR (N=16) Withdrew before Wk 12
PR (N=21) (N=6)
NR (N=19) Did not have early response

by Wk 12 (N=8; 6 patients
crossed to IVC, 2 refused)
Withdrawn because of
toxic effects after Wk 12
(N=1)

IVC for 24 wk (N=42) Discontinued (N=24)

CR (N=4) Withdrew before Wk 12
PR (N=17) (N=10)
NR (N=21) Did not have early response

by Wk 12 (N=12)
Withdrawn and crossed
to MMF because of
toxic effects after Wk 12
(N=2; both patients lost
to follow-up)

Included in analysis (N=71)
Excluded (N=0)

Included in analysis (N=69)
Excluded (N=0)

and NR no response.

Figure 1. Enrollment of Patients, Treatment Assignments, and Outcomes, According to the Intention-to-Treat Analysis.

MMF denotes mycophenolate mofetil, IVC intravenous cyclophosphamide, CR complete response, PR partial response,
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obtained after patients lost to follow-up were ex-
cluded from the analysis.

Patients in whom treatment failed included all
those without complete or partial remission at 24
weeks, plus those who stopped treatment for any
reason, yielding failure rates of 34 of 71 (47.9 per-
cent) in the mycophenolate mofetil group, as com-
pared with 48 of 69 in the cyclophosphamide
group (69.6 percent, P=0.01) (Fig. 1). At 24 weeks,
the differences between the two groups with re-
spect to levels of serum creatinine, proteinuria,
urine sediment (red and white cells), serum albu-
min, complement C3 and C4, and anti-dsDNA
were not significant (Table 2).

RATES OF CROSSOVER AND WITHDRAWAL

Twenty-four patients were withdrawn from the
study, 9 in the mycophenolate mofetil group and
15 in the cyclophosphamide group (Fig. 1). Of the
nine in the mycophenolate mofetil group, five were
withdrawn within 3 to 60 days after randomization
because of the increasing severity of disease. One
of these patients was withdrawn because of non-

compliance with the protocol; two of the eight pa-
tients who did not have an early response refused
to change therapy to cyclophosphamide; and one
withdrew because of a generalized rash. Of the 15
patients in the cyclophosphamide group who
withdrew, 3 patients refused treatment; 3 patients
were withdrawn because of the severity of disease,
6 were withdrawn because of noncompliance, and
1 was withdrawn because lymphopenia developed.
Two patients in this group were lost to follow-up.

IMMUNOSUPPRESSIVE THERAPY
The mean maximal tolerated dose of mycopheno-
late mofetil was 2680 mg per day; of a total of 83
patients receiving mycophenolate mofetil (includ-
ing those who crossed over to the therapy), 52 (63
percent) tolerated a dose of 3000 mg per day. Of the
69 patients in the intravenous cyclophosphamide
group, 43 (62 percent) received six monthly doses
of the drug. The cumulative dose of cyclophospha-
mide per patient after three months was 3430+355
mg, and after six months it was 73021695 mg.
The mean dose of cyclophosphamide among

Table 2. Laboratory Values for Primary and Secondary End Points.*

Variable

mg/dli
Albumin — g/dI

Urine protein —
g/24 hr

Urinalysis

no. (%)§
C3 —mg/dlq
C4 —mg/dlq
Anti-dsDNA|

Serum creatinine —

White cells per HPF
Red cells per HPF

Cellular casts —

12 Weeks of Treatment

[
MMF IvC Difference (95% Cl) Value
0.96+0.36  0.98+0.68  0.02 (-0.17 to 0.21) 0.84
3.26+0.29 3.17+0.25 0.09 (-0.01 to 0.19) 0.07
2.50+3.01 2.97+3.06 0.47 (-0.60 to 1.54) 0.39
5.65+18.28 4.59+9.50  1.06 (-4.23 to0 6.36) 0.69
12.53+19.28 20.22+94.39 7.69 (-16.02 to 31.40) 0.52
6/63 (9.52) 5/53 (9.43) 0.09 0.99
101.41+22.78 87.80+35.79 13.61 (3.06 to 24.15) 0.01
21.48+9.76 18.37+8.41  3.11 (0.20 to 6.42) 0.07
0.66+0.82  0.82+0.68  0.16 (-0.11 to 0.43) 0.25

24 Weeks of Treatment
[}
T MMF \Ye Difference (95% Cl) Value
0.91+0.25 0.85+0.28 0.06 (-0.5t0 0.17)  0.27
3.42+0.42  3.44+0.25 0.02 (-0.12t0 0.16) 0.79
2.03+2.79 1.46+1.27 0.57 (-0.35t0 1.49) 0.22
2.89+4.60 10.51+41.19 7.62 (-3.38 to 18.62) 0.17
5.80+9.03 13.90+64.17 8.10 (-9.11 to 25.31) 0.35
6/49 (12.24) 3/40 (7.50) 4.74 0.46
96.84+29.93 91.87+29.52 4.97 (-7.18 to 17.12) 0.42
21.08+10.84 17.30+9.02 3.78 (-0.35t0 7.91) 0.07
0.93+1.03  0.88+0.86 0.05 (-0.34 to 0.44) 0.80

* Plus—minus values are means +SD. MMF denotes mycophenolate mofetil, IVC intravenous cyclophosphamide, Cl confidence interval, HPF
high-power field, and anti-dsDNA anti-double-stranded DNA.
T Student’s t-test was used to determine P values for continuous variables, and the chi-square test was used to determine P values for categor-

ical variables.

1 To convert values for creatinine to micromoles per liter, multiply by 88.4.

§ A urinalysis showing any cellular casts (granular, red, or white cells) was recorded as positive.

9§ Because normal ranges for complement C3 and C4 assayed at participating sites varied, the values were corrected to a single normal reference
range for each (83—201 mg per deciliter for C3, and 16—47 mg per deciliter for C4).

| Because values for anti-dsDNA antibodies obtained at local study sites varied according to the method used, values were converted to scores
based on the degree of abnormality as determined at each laboratory, with a score of 0 assigned to normal values, 1 to mild abnormality, 2 to
moderate abnormality, and 3 to severe abnormality.
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patients receiving treatment for 24 weeks was
909.7+176.0 mg per square meter of body-surface
area per month among those who had a complete
response, 746.0+174.4 mg among those who had a
partial response, and 725.5+190.3 mg among those
who had no response. The use of prednisone ther-
apy was similar in the two groups; patients in the
mycophenolate mofetil group received mean dos-

es of prednisone at baseline, week 12, and week
24 of 47.8+19.0 mg per day, 24.1+16.4 mg, and | 20 > Adverse Events.®
12.9+11.0 mg, respectively. In comparison, patients Mycophenolate Intravenous
in the cyclophosphamide group received mean dos- Mofetil Cyclophosphamide
. . (N=83) (N=75)
es at these time points of 49.5£20.2 mg per day,
23.5+15.4 mg, and 14.1+11.6 mg, respectively | Severeinfections} 1 6
(P=0.67, P=0.81, and P=0.60, respectively). Necrotizing fasciitis 0 1
Gram-negative sepsis 0 1
ADVERSE EVENTS Pneumonia, lung abscess 1 4
There were two deaths in the cyclophosphamide | other infections 3 5
group during treatment. One patient died from a Oral or vaginal candida 4 3
cerebral hemorrhage within a week of receiving the Tinea of skin, nails 1 5
first dose. The other patient received two doses, the llulitis. skin abscess 5 .
second of which was delayed by sepsis; death oc- ce '
. Herpes zoster 3 4
curred three weeks later and was related to active
lupus and recurrent sepsis. A third patient assigned Mucocutaneous herpes ! 4
to cyclophosphamide declined therapy and died tfieall g 1
from pulmonary hemorrhage and renal failure at URI, bronchitis, pharyngitis 18 18
another hospital. There were no deaths during treat- Urinary tract infection 5 4
ment in the mycophenolate mofetil group. Upper Gl symptoms (nausea, vomiting, 23 25
Infection and gastrointestinal side effects ac- bloating, epigastric pain)
counted for most of the adverse events (Table 3). Chronic or recurrent episodes 4 10
Severe infections (pneumonia and lung abscess, | Diarrhea 15
necrotizing fasciitis, and gram-negative sepsis) Persistent 3
occurred only with intravenous cyclophosphamide. | Rectal bleeding 0 3
Pyogenic infections were significantly less frequent | Lymphopenia (new onset)i 18 28
among patients receiving mycophenolate mofetil | sustained lymphopenia 5 14
than among those receiving cyclophosphamide Neutropenia§ 1 1
(relaFiye risk, 0.36; P:Q.OBO). Hospi'talization.s for | anemia unrelated to SLE 9 9
vomiting and dehyflranon occ1‘1r.red in five patients Menstrual irregularities 2 1
(a total of seven episodes) receiving cyclophospha- '
. . . Change in menstrual cycle 8 13
mide. Diarrhea occurred more frequently with
mycophenolate mofetil (15 patients) than with cy- Amenorrhea 0 2
clophosphamide (2 patients); 3 patients in the my- | Alopecia unrelated to SLE 0 8
cophenolate mofetil group had chronic diarrhea, | Severe generalized rash 1 0
1 of whom required a reduction in the dose to 1750 | Urticaria or angioedema 1 0
mg per day. Duration of therapy (patient-wk) 1738 1350

Apparent drug-related hematologic toxic effects

patients and 2 patients, respectively, the lymphope-
niawas resolved. Herpes simplex developed in four
patients with lymphopenia in the cyclophospha-
mide group and in two patients with lymphopenia
in the mycophenolate mofetil group, both of them
within one week of entry into the study. One patient
treated with mycophenolate mofetil had an exten-

* The patients in each of the two groups include those initially assigned to the
regimen and those who crossed over to the regimen. Adverse events during
crossover therapy are included. URI denotes upper respiratory infection, Gl
gastrointestinal, and SLE systemic lupus erythematosus.

T Severe infections were defined as those requiring intravenous antibiotic therapy.

I Lymphopenia was defined as fewer than 800 lymphocytes per cubic millimeter.

§ Neutropenia was defined as fewer than 1000 neutrophils per cubic millimeter.

were uncommon. Incident neutropenia alone was
responsible for a reduction in the dose of cyclo-
phosphamide at only eight infusions among six
patients. Baseline lymphopenia was present in 22
patients in the mycophenolate mofetil group and
15 patients in the cyclophosphamide group; in 13
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sive rash that recurred with rechallenge. Menstrual
irregularities occurred in 8 patients receiving myco-
phenolate mofetil, as compared with 11 patients re-
ceiving cyclophosphamide, 2 of whom had irrevers-
ible amenorrhea.

After induction therapy, the subsequent risks of
renal flare, renal failure, and death on the basis of
the initial induction-treatment assignment were
examined with the use of a survival analysis of
data collected after completion of the study protocol
(Table 4). Although data on laboratory values and
maintenance therapy after induction were not al-
ways available for individual patients, the dura-
tion of follow-up was similar in the two groups
(36.2+16.9 months in the mycophenolate mofetil
group vs. 37.2+16.9 months in the intravenous cy-
clophosphamide group, P=0.72). Renal failure and
death were twice as frequent among patients in the
cyclophosphamide group, as compared with those
in the mycophenolate mofetil group, but the num-
ber of events was small and was not statistically
significant.

DISCUSSION

Despite the general acceptance of cyclophospha-
mide as the standard of care in lupus nephritis, se-
rious toxic effects and imperfect efficacy have led to
the search for alternative treatments. On the basis
of anecdotal reports of success with mycopheno-
late mofetil in patients with lupus nephritis at high
risk for poor outcomes, we hypothesized that my-
cophenolate mofetil would have an efficacy equiva-
lent to that of intravenous cyclophosphamide in
inducing remission of active nephritis, with fewer
toxic effects and better acceptance by patients.
Before our trial was completed, two randomized

Table 4. Outcomes during Follow-up after Induction Therapy.*
Relative Risk P
Event No. of Events (95% Cl)7 Value
Mycophenolate Intravenous
Mofetil Cyclophosphamide
First renal flare 8 8 0.98 (0.37-2.61) 0.96
Renal failure 4 7 0.53 (0.15-1.81) 0.31
Death 4 8 0.48 (0.15-1.60) 0.24

* Relative risks were determined with the use of the Cox proportional-hazards
model.

T Values are for mycophenolate mofetil therapy as compared with intravenous
cyclophosphamide therapy.
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studies comparing mycophenolate mofetil with cy-
clophosphamide for lupus nephritis were reported.
Chan etal. reported on a 12-month study involving
42 patients with class IV nephritis in which myco-
phenolate mofetil was as effective as oral cyclophos-
phamide in inducing remission. In their study, the
rate of infectious complications was similar in the
two treatment groups, but only patients treated with
cyclophosphamide had amenorrhea, alopecia, or
leucopenia, or died.1” Hu et al. reported on 46 pa-
tients with class IV nephritis and concluded that six
months of mycophenolate mofetil was more effec-
tive than intravenous cyclophosphamide in reduc-
ing proteinuria, hematuria, and autoantibody pro-
duction.8

In our short-term study, the toxicity and tolera-
bility profile of mycophenolate mofetil compared
favorably with that of cyclophosphamide. Although
upper gastrointestinal symptoms were common in
the two groups, in the mycophenolate mofetil
group the symptoms tended to be mild and self-
limited, whereas in the intravenous cyclophospha-
mide group dehydration following treatment ne-
cessitated seven hospitalizations. Our findings are
consistent with those in other studies; Mok and Lai
noted that gastrointestinal intolerance was the most
common side effect of mycophenolate mofetil but
rarely led to withdrawal of the drug.1® The good
tolerance among our patients may have been due to
the regimen of gradual dose increases. Serious in-
fections were less common with mycophenolate
mofetil, which was similar to the findings of Hu
etal.18 and of Chan etal.1”

Our prospective controlled study was relatively
large and involved a heterogeneous cohort, includ-
ing patients from 19 academic and private-practice
centers in the United States. Fifty-six percent of the
patients were black, a subgroup often underrepre-
sented in clinical trials but constituting a majority
among Americans with lupus. Race was self-deter-
mined. Black race, minority ethnic background,
and low socioeconomic status are associated with
poor outcome — an outcome not mitigated by cy-
clophosphamide therapy.20-24 Therapeutic suc-
cess in our study, in which high-risk patients were
the majority, may be related to the high target dose
of 3 g per day of mycophenolate mofetil. This regi-
men was based on transplantation data suggesting
that black patients require higher doses of this
agent.25.26

A limitation of our study is that treatment as-
signmentwas not blinded. Although this could lead
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to potential bias in patient recruitment and in the
interpretation of results, the marked differences in
the side-effect profiles of the two drugs would prob-
ably make true blinding difficult. Potential bias was
minimized by selecting a primary end point with
the use of objective laboratory measures. Although
the early crossover design was chosen for safety, it
may have led to a premature designation of treat-
ment failure. In recent reports, the average time to
remission with cyclophosphamide is 10 months.%-27
Our low response rate with cyclophosphamide may
reflect an inability to achieve the recommended NIH
protocol dosing; doses were regulated on the basis
of toxic effects, primarily gastrointestinal symp-
toms. The trend toward better response with higher
doses of cyclophosphamide highlights the associ-
ation between efficacy and tolerability.

Another limitation of our study is its short dura-
tion and the restriction to induction therapy. Long-
term experience in clinical trials using intravenous
cyclophosphamide shows a relapse rate of up to
45 percent in patients with proliferative lupus ne-
phritis, despite a complete clinical response to
induction therapy.28 Furthermore, the type of main-
tenance therapy after successful intravenous cyclo-
phosphamide appears to be important; Contreras
et al. found the composite end point of death or
chronic renal failure and the rate of relapse-free
survival to be significantly higher with mycopheno-
late mofetil than with cyclophosphamide.29 Hos-
pitalizations, amenorrhea, infections, and upper
gastrointestinal symptoms were also significantly
less frequent with mycophenolate mofetil than with
cyclophosphamide. In contrast to the study by Con-
treras et al., an interim report by Chan et al. sug-
gested an increased rate of flare associated with
low-dose mycophenolate mofetil maintenance, as
compared with azathioprine.3° The long-term fol-
low-up (median, 63 months) in the study by Chan
etal. showed a similar rate of renal relapse in both
treatment groups with more gradual tapering of
the maintenance dose of mycophenolate mofetil3?
than in their initial study.1”

Alternatives to cyclophosphamide and mycophe-
nolate mofetil have been proposed, in particular
maintenance with azathioprine.29:32 Cost—benefit

considerations are important. Despite the higher
cost of mycophenolate mofetil, as compared with
intravenous cyclophosphamide, there are addition-
al costs associated with cyclophosphamide infu-
sion, including reimbursement for the infusion unit
and the cost for antiemetic agents, mesna, and leu-
prolide. Thus, the actual cost of cyclophosphamide
therapy may surpass that of mycophenolate mofetil.

In summary, induction therapy with mycophe-
nolate mofetil was superior to intravenous cyclo-
phosphamide in inducing complete remission of
lupus nephritis in this study. Mycophenolate mofe-
til appeared to be better tolerated than cyclophos-
phamide. Unresolved issues include determining
the flare rate after induction with mycophenolate
mofetil, as compared with that for cyclophospha-
mide, and determining the appropriate dose and
duration of mycophenolate mofetil maintenance
therapy.
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APPENDIX

The following institutions and investigators enrolled patients in the study: SUNY Downstate Medical Center, Brooklyn, N.Y. — E. Ginzler,
C. Aranow; Hospital for Joint Diseases at NYU Medical Center, New York — J. Buyon; University of North Carolina at Chapel Hill, Chapel
Hill — M. Dooley; St. Luke’s—Roosevelt Hospital, New York — J. Merrill; Oklahoma Medical Research Foundation, Oklahoma City —J.
Merrill; Johns Hopkins University, Baltimore — M. Petri; Cedars—Sinai Medical Center, Los Angeles — D. Wallace, M. Weisman; Columbia
University, New York — G. Appel, J. Radhakrishnan; Medical University of South Carolina, Charleston — G. Gilkeson; George Washington

N ENGL J MED 353;21 WWW.NEJM.ORG NOVEMBER 24, 2005

Downloaded from www.nejm.org on November 27, 2009 . For personal use only. No other uses without permission.

Copyright © 2005 Massachusetts Medical Society. All rights reserved.

2227



2228

MYCOPHENOLATE OR CYCLOPHOSPHAMIDE FOR LUPUS NEPHRITIS

University, Washington, D.C. — A. Weinstein, R. Curiel; Washington Hospital Center, Washington, D.C. — A. Weinstein; Vanderbilt Uni-
versity, Nashville — N. Olsen; Louisiana State University, Shreveport — M. Hearth-Holmes; Cleveland MetroHealth Center, Cleveland —
S. Ballou; Ohio State University, Columbus — L. Hebert; University of Chicago, Chicago — T. Utset; University of California at Los An-
geles, Los Angeles — K. Kalunian, J. Grossman; Hospital for Special Surgery, New York — D. Erkan; Lahey Clinic, Burlington, Mass. —

A. Schneebaum.
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