
Saudi J Kidney Dis Transpl 2016;27(4):717-725
© 2016 Saudi Center for Organ Transplantation

Original Article
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ABSTRACT. To compare the efficacy of mycophenolate mofetil (MMF) with that of aza-
thioprine (AZA) drugs in the maintenance therapy of lupus nephritis (LN) patients, we studied 81
Sudanese patients with LN (32 in Class III, 34 in Class IV, and 15 in combined Class V + IV of
the ISN/RPS 2003 Classification). All patients received induction therapy consisting of monthly
intravenous pulse doses of cyclophosphamide (CYC) (500 mg/m2 of body-surface area) for six
months, plus three consecutive pulses of intravenous methylprednisolone 15 mg/kg/day of body
weight (maximum 500 mg). Subsequently, 41 (50.6%) patients were randomized into a group that
received oral MMF (22 mg/kg/day), and 40 (49.4%) patients randomized to a group that received
oral AZA (2 mg/kg/day). All patients initially received oral prednisone (1 mg/kg of body weight
daily) for four weeks. The baseline characteristics of the two groups were similar. Total remission
rate was 75.3% (80.5% in MMF and 70% in AZA), complete remission rate of 54.3% (56.1%
with MMF and 52.5% with AZA), and a partial remission rate of 21% (24.4% with MMF and
17.5% with AZA) over 29 months. During maintenance therapy, six patients died (four in the
AZA group and two in the MMF group), and end-stage renal disease (ESRD) developed in five
patients (three in the AZA group and two in the MMF group). During the 36-months of the study,
both groups had comparable event-free survival rate for the composite end point of death or
ESRD and rate of relapse-free survival. Furthermore, both groups had no significant differences
in terms of frequency of hospitalization, amenorrhea, infection, nausea, and vomiting. We conclude
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that our study showed that short-term therapy
with intravenous CYC followed by mainte-
nance therapy with oral MMF or AZA had
similar efficacy and safety for the treatment of
patients with moderate to severe LN.
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Introduction

  Lupus nephritis (LN) is one of the most
serious complications of systemic lupus
erythematosus (SLE), and it can be asso-
ciated with high morbidity and progression
to end-stage renal disease (ESRD).1 The
incidence of LN is more variable and ranges
from 25–75% depending on the population
studied and the diagnostic criteria used to
identify it.2,3 There is a general consensus
that 60% of lupus patients will develop LN
sometime in the course of their illness.4

Evidence of LN usually arises within the
first three years after SLE diagnosis; how-
ever, at that time, decline of renal function is
quite uncommon.5 About 5–20% of LN pa-
tients progress despite treatment to ESRD.2,6

Kidney biopsy is the mainstay for diagnosis
of LN. Tissue obtained by renal biopsy is
evaluated by light microscopy, immunofluo-
rescence, and electron microscopy.4

  Optimal management of LN remains a
challenge because of the heterogeneity of the
disease at presentation and its unpredictable
course.
  Owing to the relatively limited studies on
LN in our population, we aimed in our study
to compare two drugs [mycophenolate mofetil
(MMF) and azathioprine (AZA)] in the
management of LN in patients from mixed
tribes of blacks in Africa (Sudanese).

Materials and Methods

This randomized clinical trial was conducted
in the Renal Units at Omdurman Military
Hospital (Karary University) and The National
Ribat University Hospital, Khartoum, Sudan,
in the period from March 2008 to August 2011.
The patients enrolled in the study aged from
12 to 75 years and have been diagnosed with
SLE according to the American College of
Rheumatology (ACR) revised criteria. The
criteria for the diagnosis of LN included per-
sistent proteinuria >0.5 g/day and presence of
active urine sediment. Renal biopsies were
performed at presentation, and all specimens
were examined by light and immunofluore-

scence microscopy and the histopathological
observations were categorized according to the
ISN/RPS 2003 reclassification of LN by a renal
pathologist who was unaware of the patients’
treatment assignment. Only patients who had a
histological diagnosis of severe proliferative
LN (ISN/RPS 2003) Classification; Class III
and IV and/or membranous Class V were
enrolled in the study.
  Patients with ESRD, malignancy, severe
cardiovascular or liver disease, and severe
infection were excluded from the study.
  All patients were subjected to the following
baseline investigations: complete blood count
(CBC), erythrocyte sedimentation rate (ESR),
serum electrolytes, blood urea, serum crea-
tinine and uric acid, urinalysis, and 24 h urine
for protein. Anti-nuclear antibodies and anti-
dsDNA antibody levels were measured with
(ELISA, orgentec diagnostika GmbH, Mainz,
Germany) according to the manufacturer’s
instructions.

Eighty-one patients with LN [32 in Class III,
34 in Class IV, and 15 in combined mem-
branous (Class V + IV) ] received induction
therapy consisting of intravenous pulse of
cyclophosphamide (CYC) (500 mg/m2 of body-
surface area with a maximum dose ≤500 mg)
monthly for six months, plus three consecutive
pulses of intravenous methylprednisolone 15
mg/kg/day (maximum 500 mg). Subsequently,
the patients were assigned by stratified block
randomization (stratification factors were gen-
der, age, and weight) to one of two mainte-
nance therapies: either open-label oral AZA (2
mg/kg per day) or oral MMF (CellCept) (22
mg/kg/day, range 1000–3000 mg/day). The
dosages of MMF and AZA remained unchanged
within the 1st year, and then they were reduced
by 25% in stable patients after the 1st year and
continued for at least another year before
further tapering. All patients initially received
oral prednisone (1 mg/kg of body weight
daily) for four weeks. Then, the daily dose of
prednisolone was reduced by 5 mg per day
every two weeks until the dose was 20 mg per
day after which it was reduced by 2.5 mg per
day every two weeks until a maintenance dose
of 10 mg per day was reached, at approxi-
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mately six months. The dose of prednisolone
was reduced further to 7.5 mg/day after 12
months from baseline and to 5 mg/day at 15
months, and then maintained at the same dose
thereafter. In patients with mild leukopenia
[total white blood cell (TWBC) 2.0–4.0 × 109

L], thrombocytopenia (platelet count 50–100 ×
109/L), amenorrhea, or gastrointestinal dis-
comfort, the dosage of MMF or AZA was
halved and then reincreased slowly to the
original level. Maintenance immunosuppres-
sive therapy was stopped in the event of persis-
tent leukopenia (TWBC below 2.0 × 109/L),
thrombocytopenia, pregnancy, persistent ame-
norrhea, and severe gastrointestinal upset des-
pite reduction of drug dosage, severe sepsis, or
the patient’s refusal to continue. Patients with
relapsed disease received intravenous CYC
(500 mg/m2 of body-surface area, the maxi-
mum dose did not exceed 500 mg) and intra-
venous methylprednisolone (500 mg/day) for
three days, and then they were continued on
the original regimen.
  The following parameters were measured
monthly during the induction and maintenance
therapy: serum creatinine, blood urea, CBC,
urinalysis, and 24 h urine protein. The patients
were evaluated monthly during the mainte-
nance therapy. Clinical and bio-chemical para-
meters including blood pressure and adverse
effects were recorded at follow-up.
  The primary endpoints of the study were pa-
tient survival and renal survival (ESRD with
estimated glomerular filtration rate (eGFR)
<15 mL/min or need for long-term mainte-
nance dialysis or renal transplantation). Treat-
ment failure was defined as a <50% reduction
in proteinuria, persistence of proteinuria ex-
ceeding 2 g/day or any increase in the protei-
nuria. A complete remission was defined as
reduction in proteinuria to ≤0.2 g/day with
normal serum creatinine. A partial remission
was defined as a reduction of proteinuria from
nephrotic range to a range between 0.2 and
2.0 g/day or reduction of proteinuria more
than 50% with normal serum creatinine.
  The secondary end points of the study were
renal relapse. For patients who were in com-
plete or partial remission, disease relapse was

defined by an increase in serum creatinine
levels 50% or more over the last value besides
a nephritic urinary sediment and generally
increased proteinuria (nephritic flare) or by an
increase in proteinuria without modification of
serum creatinine (proteinuric flare). Protei-
nuria had to increase by at least 2 g per day if
the basal proteinuria was <3.0 g per day, or
double if the patient had already nephrotic
range proteinuria. The efficacy of the two
studied drugs was compared with changes in
serum creatinine and eGFR and 24 h urine
protein excretion rate.
  Data collection was accomplished by direct
interviews of the patients using a self-
constructed questionnaire that consisted of six
parts of study variables and by observation and
follow-up (medical examination and investiga-
tions).
  The purpose of this study was clarified and
discussed with the patients, their permission
and support were requested, and informed con-
sents were obtained from the patients before
the beginning of any intervention or data col-
lection. Furthermore, ethical approval of the
concerned institutions was obtained.

Statistical Analysis

  We used the Statistical Package for the
Social Sciences version 17.0 (SPSS, Inc.,
Chicago, IL, USA) for the analysis of data.
The relationship between the categorical va-
riables in small samples was tested by Chi-
square test. The relationship between conti-
nuous variables in two independent groups
was performed using the Student’s t-test. The
patient survival, event-free survival, and relapse-
free survival were calculated according to the
Kaplan–Meier method. P <0.05 was consi-
dered statistically significant.

Results

  Forty-one (50.6%) out of the 81 study
patients were randomized into the MMF
group, and 40 (49.4%) patients were rando-
mized into the AZA group; 92.7% were females
and 92.5% were females in MMF group and in
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AZA groups, respectively. Table 1 shows the
comparison of demographics data between the
two groups. The ACR revised criteria for
classification of SLE (1982) were similar bet-
ween the two groups (Table 2).
  The mean of serum creatinine was 1.5 ± 1.1
mg/dL in the MMF group and 1.9 ± 1.5
mg/dL in AZA group (P = 0.12). The mean of
proteinuria was 3.2 ± 2.1 mg/dL in the MMF
group, and 3.2 ± 4 mg/dL in the AZA group
(P = 0.97). Table 3 shows the comparison of

the main laboratory data between the two
study groups.
  The serum creatinine levels decreased insig-
nificantly from 1.5 ± 1.1 mg/dL to 1.2 ± 1.2
mg/dL in the MMF group (P = 0.3319), and
decreased insignificantly from 1.9 ± 1.5 mg/dL
to 1.7 ± 1.7 mg/dL in the AZA group (P = 0.49).
  Serum creatinine levels improved in 11
patients in the MMF group and ten patients in
the AZA group, remained stable (within nor-
mal range) in 24 and 22 patients, and became

Table 1. Comparison of the demographic data between two groups.
Number of patients (%)

Manifestation
MMF AZA

Age at presentation/year (mean±SD) 27.1±9.8 29.4±11.6
Gender

Male 3 (7.3%) 3 (7.5%)
Female 38 (92.7%) 37 (92.5%)

Marital status
Married 19 (46.3%) 19 (47.5%)
Single 22 (53.7%) 21 (52.5%)

Weight/kg (mean±SD) 53.5±15.6 57.3±13.6
Duration of disease/month (mean±SD) 58.6±50.6 54.7±44.7
Total number 41 (100) 40 (100)
SD: Standard deviation, MMF: Mycophenolate mofetil, AZA: Azathioprine.

Table 2. Comparison of the American Rheumatology Association criteria between the lupus nephritis
patients treated with mycophenolate mofetil and azathioprine.

Number of patients (%)
Manifestations of disease

MMF AZA
Malar rash 21 (51.2) 24 (60)
Discoid lupus 4 (9.8) 9 (22.5)
Photosensitivity 7 (17.1) 11 (27.5)
Oral ulcer 8 (19.5) 15 (37.5)
Articular 35 (85.4) 33 (82.5)
Serositis 15 (36.6) 16 (40)
Neuropsychiatric 6 (14.3) 1 (2.5)
Hematological 18 (43.9) 19 (47.5)
Hemolytic anemia 11 (26.3) 9 (22.5)
Leukopenia 12 (29.3) 12 (30)
Thrombocytopenia 3 (7.3) 1 (2.5)
Lymphopenia 6 (14.6) 4 (10)
Renal 41 (100) 40 (100)
Positive ANA 41 (100) 38 (95)
Positive Anti-ds DNA 28 (68.3) 30 (75)
False positive VDRL 0 0
Number of ARA criteria 6 (4–8) 6 (4–10)
Total number of patients 41 40
MMF: Mycophenolate mofetil, AZA: Azathioprine, ARA: American Rheumatology Association, ANA:
Anti-nuclear antibodies, VDRL: Venereal Disease Research Laboratory.
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worse in six and eight patients, respectively.
Seven patients showed doubling of baseline
serum creatinine levels (2 in the MMF and 5 in
the AZA groups). In both groups, the protei-
nuria decreased significantly from 3.2 ± 2.1
g/day to 1.2 ± 1.8 g/day (P = 0.0001) after
MMF treatment and from 3.2 ± 4 g/day to 1.6
± 2.4 g/day in AZA group, (P = 0.03).
  In the MMF group, blood pressure was con-
trolled with the use of angiotensin-converting
enzyme inhibitors (ACEi) drugs in 22 patients,
with lifestyle modification and diet in 12
patients, and with three drugs in seven pa-
tients. In the AZA group, blood pressure was
controlled with the use of ACEi drugs in 23
patients, with lifestyle modification in ten pa-
tients, and with three drugs in seven patients.
  The total remission rate in the MMF and the
AZA groups was 80.5% and 70%, respectively;
23 patients in the MMF group and 21 in the
AZA had complete remission and 10 and seven
patients achieved partial remission, respectively
(P = 0.81). The incidence of complete remis-
sion was unrelated to baseline values of protei-

nuria, creatinine, or anti-dsDNA antibodies.
  Disease relapsed in four patients in the MMF
group and four patients in the AZA group after
achieving remission, at 13.5 ± 5.8 and 11.8 ±

Figure 1. Adverse events in the lupus nephritis
patients treated with mycophenolate mofetil and
azathioprine.

Table 3. Comparison of the main laboratory data between the lupus nephritis patients treated with
mycophenolate mofetil and azathioprine.

Data MMF AZA
Hb mg/dL (mean±SD) 9.3±1.6 9.7±2.4
WBCC cell/mm3 (mean±SD) 6.6±3.9 6.1±2.8
Platelets cell/mm3 (mean±SD) 272±108.1 339.3 (±187.1)
ESR mm/h (mean±SD) 100.6±27.9 92.2±35.1
Urine sugar 1 (2.4%) 4 (10%)
Urine RBC cell 28 (68.3%) 27 (67.5%)
Urine pus cell 32 (78%) 34 (85%)
Urine casts 26 24

Granular 24 23
Hyaline 2 2
RBC 2 0
Cellular 0 1
Wax 1 0

Blood urea mg/dL (mean±SD) 34 37
Serum creatinine mg/dL (mean±SD) 1.5±1.1 1.9±1.5
Creatinine clearance (mean±SD) 63.3±26.1 59.3±36.5
24 h urine protein (g/day)

>3 17 17
>2–3 15 6
>0.2–2 9 17

Total number of patients 41 40
SD: Standard deviation, MMF: Mycophenolate mofetil, AZA: Azathioprine, ESR: Erythrocyte
sedimentation rate, WBCC: White blood cell count, RBC: Red blood cell.
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Figure 2. Kaplan–Meier estimates patient
survival of the lupus nephritis patients treated
with mycophenolate mofetil and azathioprine.

4.8 months from baseline, respectively (P =
0.63).

Four patients in the MMF group and five
patients in the AZA group showed progressive
renal impairment during follow-up. Two of the
four patients in MMF group and three of the
five patients in the AZA group reached ESRD,
(P = 0.29).
  Adverse effects (AEs) shown in Figure 1
occurred in 29 (70.7%) patients in the MMF
group and in 30 (75%) patients in the AZA
group. Major infection developed in one pa-
tient of each group (pneumonia), minor infec-
tions developed in 24.4% of the MMF group,
and in 22.5% of the AZA group (urinary tract
infection, upper respiratory tract infection,
herpes zoster, cellulitis, and malaria).
  The gastrointestinal tract adverse effects
occurred in 34.1% of the patients in the MMF
and 20% of the patients in the AZA group.
  Transient amenorrhea developed in two
(7.3%) patients in the MMF group, and in two
(12.5%) patients in the AZA group. In both
groups, no patients were diagnosed with pre-
mature ovarian failure (postmenopausal before
40 years of age, proven with high FSH and LH
levels). One patient in the AZA group deve-
loped reactive follicular hyperplasia.
  There were three withdrawals from the study;

one in MMF group as a result of sustained
diarrhea and two in the AZA group due to
severe leukopenia. Six patients died, two in
MMF group (both due to infection), and four
in the AZA group (two due to infection and
two due to myocardial infarction). One patient
in the MMF group was non-compliant and one
patient lost to follow-up in the AZA group. In
relation to most commonly reported AEs in the

Figure 3. Kaplan–Meier estimates of event-free
survival in the lupus nephritis patients treated
with mycophenolate mofetil and azathioprine.

Figure 4. Kaplan–Meier estimates of relapse-free
survival of the lupus nephritis patients treated
with mycophenolate mofetil and azathioprine.
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two groups (P = 0.65).
  The estimated 36-month-patient survival rate
in the MMF group was 95.1% and 90% in the
AZA group, (P = 0.37, Figure 2). The esti-
mated 36-month-event-free survival rate for
the composite end points of death and ESRD
was 95.1% in the MMF group and 91.3% in
the AZA group (P = 0.31, Figure 3). The esti-
mated 36-month-relapse-free survival rate was
90.2% in the MMF group and 85% in the AZA
group (P = 0.45, Figure 4).

Discussion

  The regional variation in the presentation of
SLE is related to different genetic and envi-
ronmental influences.7 Renal involvement is
common in SLE and often determines the
course of the disease.8 The prevalence of LN
in the Sudan was previously reported as
14.7% of all glomerulonephritidis.9 In this
study, female to male ratio was found to be
15.7:1. This ratio is similar to what was seen
in the United Arab Emirates (UAE)10 and
South Africa.11 However, the ratio is higher
compared to other studies from Senegal,12

Tunisia,13 Saudi Arabia,14 Lebanon,15 Kuwait,16

USA,17 and Europe,18 and lowers than studies
from Nigeria,19 Zimbabwe,20 and Sudan.21 The
mean age at presentation was 27.9 ± 10.2
years; this is similar to the pattern seen in
Senegal,12 Zimbabwe,20 UAE,10 Saudi Arabia,14

Lebanon,15 and Europe.18 However, it differs
from previous studies from Sudan,21 Nigeria,19

Tunisia,13 South Africa,11 Kuwait,16 and the
USA.17 In this study, we achieved a total
remission rate 75.3% (80.5% with MMF and
70% with AZA), complete remission rate of
54.3% (56.1% with MMF and 52.5% with
AZA), and a partial remission rate of 21%
(24.4% with MMF and 17.5% with AZA)
over 29 ± 5.1 months. The survival rate, the
event-free survival rate, and relapse-free sur-
vival were insignificantly higher in the pa-
tients in the MMF group than those in the
AZA group.
  Regarding side effects of drug therapy, gas-
trointestinal complications were more fre-
quent within the MMF group than the AZA

group. However, leukopenia was more com-
mon in the patients treated with AZA than
those treated with MMF. Hospitalization,
amenorrhea, infections, bleeding, hair loss,
and gain weight frequencies were similar with
MMF and AZA. Most events were mild and
reversible with dose reduction. A recent
retrospective study in Turkey reported by
Sahin et al22 evaluated the efficacy of main-
tenance regimens using either MMF or AZA
in LN. The study population included 32 pa-
tients (17 in MMF and 15 in AZA), all pa-
tients were Caucasian. The total remission
occurred in 84% of patients (82% with MMF
and 87% with AZA), complete remission rate
of 59.3% (58% with MMF and 60% with
AZA), and a partial remission rate of 25%
(22% with MMF and 27% with AZA) over
41.5 ± 7 months. The adverse events expe-
rienced during this study were mostly unre-
markable and were not severe enough to lead
to the interruption of therapy.
  Moreover, Contreras et al23 found that fewer
patients treated with AZA and MMF reached
the primary end points of death and CRF
compared to the CYC group. Relapse-free sur-
vival was higher with MMF (78%) and AZA
(58%) compared to IV CYC (43%). Mortality
was increased with IV CYC compared to both
oral agents. They concluded that maintenance
therapy with either MMF or AZA was supe-
rior to IV CYC.
  Recently, Houssiau FA, et al24 compared
AZA versus MMF for long-term immuno-
suppression in lupus nephritis; the results were
from the MAINTAIN Nephritis Trial, which
was limited to European patients. They con-
cluded that fewer renal flares were observed in
patients receiving MMF, but the difference did
not reach statistical significance.
  Another trial comparing MMF against AZA
as remission-maintaining treatment for PLN
following induction with a short course of
intravenous CYC of the Aspreva Lupus
Management Study.25 It did not show any
difference in the incidence of renal flares bet-
ween the two maintenance therapies regarding
the adverse events in our study, gastrointes-
tinal complications were more common in the
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MMF group than the AZA group. Leukopenia
was more frequent with AZA than MMF, and
hospitalization, ame-norrhea, and infections
frequencies were similar in patients in the
MMF group and the AZA group.
  There were some limitations of our study.
Our study was not powered to detect small
differences between the two groups. In addi-
tion, our results cannot be generalized to pa-
tients with mild forms of LN since such pa-
tients were excluded from the trial.

Conclusion

  We conclude that short-term therapy with
intravenous CYC followed by maintenance
therapy with oral MMF or AZA has similar
efficacy and safety for the treatment of pa-
tients with moderate to severe LN. Oral MMF
and AZA have similar effects in reducing the
risk of relapse or ESRD and maintaining
remission of LN. There is no significant diffe-
rence between the two groups. Although our
study supports the use of oral MMF or AZA as
the first-line maintenance agent for LN, large
controlled trials with long-term follow-up to
confirm these findings are still needed.
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