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ABSTRACT... Objective: To compare efficacy of mycophenolate mofetil to intravenous cyclophosphamide as inductive
therapy for lupus nephritis at 1 years after induction. Study Design: Observational Prospective Cohort study. Setting:
Department of Rheumatology, Fauji Foundation Hospital Rawalpindi, Pakistan, Period: 26th Jan, 2024 to 28th Feb 2025.
Methods: Sixty two LN patients of both genders and at least 18 years of age were recruited into MMF & CYC groups with
equal numbers in each group. Induction therapy with MMF & IV CYC were given for 6 months in the respective group
followed by MMF for next 6 months. CRR, PRR and TRR were obtained at 1 year after induction. Excel software was used
to analyse the data obtained. Results: The mean age of the patients in MMF group was 39.68=5 years while the mean
age of the patients in CYC group was 37.45+4.87 years. Female gender outnumbered in both the groups. At 1 year of
induction therapy, complete renal remission (CRR) in MMF group was observed in 77% patients while in CYC group it was
observed in 29% patients. Partial renal remission (PRR) in MMF group was observed in 16% patients while in CYC group it
was observed in 16% patients. Total renal remission (TRR) in MMF group was observed in 94% patients while in CYC group
it was observed in 45% patients. Conclusion: MMF is more affective as induction therapy for lupus nephritis as compared to

IV CYC. Moreover it is more safe and tolerable.
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INTRODUCTION

Kidneys are most commonly affected in patients
with systemic lupus erythematosus (SLE) as a
result of damage to glomeruli, tubule-interstitial
tissues, and blood vessels. Lupus nephritis (LN)
occurs in about 40% of all patients with SLE,
and usually within the first five years following
diagnosis. Nevertheless, in spite of more
advanced treatment, LN is still considered as a
serious risk factor for development of renal failure,
having a progression rate of 4.3%to 10.1%. Failing
kidneys, along with infections, malignancies,
and cardiovascular injuries lead to death in SLE
patients. The risk of developing LN also varies
considerably among different ethnic groups, and
the clinical features can vary substantially-from
almost asymptomatic urinary abnormalities to
severe cases manifesting as nephritic syndrome
or an almost rapid decline in kidney functions.’

Cyclophosphamide, Induction Therapy, Lupus Nephritis, Mycophenolate Mofetil.

The last four decades have been very fruitful in
terms of novel therapeutic modalities for lupus
nephritis (LN), administering corticosteroids at
very high doses, intravenous cyclophosphamide
(CYC), and mycophenolate mofetil (MMF), which
has greatly improved clinical outcomes.? Current
treatment guidelines have recognized both MMF
and CYC as standard first-line induction therapies
for LN, largely due to RCTs that have proven
equivalent effectiveness of both in terms of gut
function and renal economy. These are meant
to be more tolerable in efficacy as MMF is safer
than CYC, which is linked with a higher number
of adverse effects. However, both remain the two
cornerstones and primary agents of management
for LN, and this fact underlines the valuable place
that modern treatment protocols occupy.®®
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Therapy to induce rapid remission is of utmost
importance to safeguard renal function and long-
term outcome.® Intravenous cyclophosphamide
has been the standard induction agents supported
by the NIH trials. However, it has a limited
application due to its toxicity, which includes
gonadal toxicity and opportunistic infections. As
a promising alternative, mycophenolate mofetil
has shown, via the Aspreva Lupus Management
Study (ALMS), to be non-inferior to IVC in
attaining renal response at 24 weeks, with a more
favourable safety profile.”

But there still remains a question about the
long-term effectiveness, particularly after a year
follows induction. Long-term effectivity when
compared between the MMF and IVC, although
real-world data show variations according to the
existing influencing factors such as adherence,
comorbidities, and other demographics.®
Considerable recent advances, including the use
of biologics like rituximab, have made treatment
situations even more complicated, necessitating
fresh comparisons between the older agents.®

Existing studies mostly target short-term
outcomes, leaving evidence gaps concerning
sustained renal response and safety beyond one
year. Research on the management of LN has
not been duly addressed in Pakistan. The subject
lacks local data as most studies have been done
in Caucasian, African American, and Chinese
populations. This study, therefore, will compare
the efficacy of MMF with [V CYC in LN as induction
therapy at a year with the renal response rates
assessed.

METHODS

This observational prospective cohort study was
conducted at department of Rheumatology, Fauji
Foundation Hospital Rawalpindi, Pakistan, from
26™ Jan, 2024 to 28™ Feb 2025. Ethical approval
was obtained from Ethical Review Committee,
Fauji Foundation Hospital Rawalpindi, Pakistan
under reference No. 933/RC/FFH/RWP. Sample
size was 62 patient, 31 patients in each group
determined through OpenEpi sample size
calculator by taking complete renal response
in mycophenolate mofetil group to be 71.4%"

& complete renal response in intravenous
cyclophosphamide group to be 36.4%'"°, power
of test 80% & significance level of 95%. All LN
patients of both genders and at least 18 years
of age, visiting the rheumatology unit were
included in the study after verbal invitation and
briefing them about the details of the study and
data collection. Diagnosis of LN was defined
as persistent proteinuria =0.5gm/24 hours or
UPCR =0.5gm/gm with or without active urinary
sediment in at least two urine samples within 6
weeks." Patients were divided into two groups
i.e., mycophenolate mofetii (MMF) group &
intravenous cyclophosphamide (IV CYC) group,
with equal number of participant in each. Patients
age, gender, pretreatment total urinary 24 hours
urinary protein, pretreatment serum creatinine
and any pretreatment hematuria were noted in
both groups. All the participants were followed
til 1 year of the initiation of the treatment.
Patients with inconsistent follow-ups or who
were non-compliant with their medications
were excluded. The IV CYC group received
intravenous cyclophosphamide (CYC) as per the
Euro Lupus Nephritis Trial protocol comprising
i.e., 500mg intravenous cyclophosphamide
(CYC) every two weeks for three months and the
MMF group received oral mycophenolate mofetil
(MMF) 2-3 gm/day as tolerated for six months as
induction therapy. Both the groups also received
intravenous methylprednisolone 3gm at the start,
followed by oral prednisolone 0.5mg/kg/day
for 30 days and tapering to 10mg/day over the
next 2 months. Both the groups also received
oral hydroxychloroquine, angiotensin-converting
enzyme (ACE) inhibitors or angiotensin receptor
blockers (ARBs) if not contraindicated. All patients
in the MMF group continued it beyond six months
of induction as maintenance. Patients in the IV
CYC group were transitioned to MMF after six
months of induction. The maintenance dose of
MMF was gradually increased to a maximum of 2
grams per day. Additionally, tacrolimus (TAC) was
introduced at a dose of 0.05 mg/kg/day alongside
MMF, if a patient experienced disease flare. In
case of intolerance to MMF, it was replaced with
TAC.

At 1 year oftreatment total urinary 24 hour’s urinary
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protein, serum creatinine, hematuria were again
noted in both groups. Complete renal remission
(CRR) and partial renal remission (PRR) were
assessed 1 year after starting induction therapy.
CRR was defined as a 24-hour urine total protein
(24h-UTP) of less than 0.5 g, with serum creatinine
(SCr) remaining within 10% of the baseline value.
PRR was defined as at least a 50% reduction in
24h-UTP to a level below the nephrotic range but
still above 0.5 g, with SCr also staying within 10%
of baseline. The total renal remission (TRR) was
the combined total of both CRR and PRR.

Excel software was used to analyze the data
obtained. Categorical variable were described
as percentages and continuous variables were
described as mean* standard deviations.
Student t test and chi square test both at p value
<5% significance were applied where needed.

RESULTS

The mean age of the patients in MMF group was
39.68+5 years while the mean age of the patients
in CYC group was 37.45+4.87 years with p
value of 0.0276. Female gender outnumbered in
both the groups. Pre induction 24 hours urinary
protein was 3.65=1.08 g/dl in MMF group while
3.65+0.36 g/dl in CYC group with p value of
0.4938. Pre induction serum creatinine in MMF
group was 74.88+7.55 mmol/L while in CYC
group was 78.98+9.29 with p value of 0.000029.

Pre induction hematuria in MMF group was in 17
(55%) patients and in CYC group itwas in 16 (52%)
patients with p value of 0.7990. Pre induction C3
level was in MMF group was 0.48+0.09 while in
CYC group was 0.48+0.09 with p value of 0.4188.
Pre induction C4 level was in MMF group was
0.13%=0.17 while in CYC group was 0.11=0.06
with p value of 0.2713. (Table-I)

At 1 year post-induction therapy, 24 hours urinary
protein was 0.89+0.98 g/dl in MMF group while
2.34=1.57 g/dl in CYC group with p value of
0.0000006. Post-induction serum creatinine in
MMF group was 63.65+6.77 mmol/L while in CYC
group was 81.22+18.03 with p value of 0.000002.
Post-induction hematuria in MMF group was in
14 (45%) patients and in CYC group it was in

13 (42%) patients with p value of 0.7978. Post-
induction C3 level in MMF group was 0.52+0.01
while in CYC group was 0.54=0.1 with p value
of 0.04482. Post-induction C4 level was in MMF
group was 0.07+0.01 while in CYC group was
0.22+0.27 with p value of 0.00186. (Table-Il)

Parameters MMF Group CYC Group P-Value
Age (years) 39.68+5 37.45+4.87 0.0276
Female, n (%) 29 (94%) 30 (97%)

Male, n (%) 2 (6%) 1 (3%)

2ahrsurinary 560,108 365+036  0.4938
protein (g)

Serum

creatinine 74.88+x7.55 78.98+x9.29 0.000029
(mmol/dL)

';f)mat“r'a’ n 17 (55%) = 16 (52%) = 0.7990

(o]

C3 level (g/l) 0.48+0.09 0.48+0.09 0.4188
C4 level (g/l) 0.13+0.17 0.11x0.06 0.2713

Table-l. Pre-induction therapy characteristics of the
participants

Parameters MMF Group CYC Group  P-Value
24hrsurinay 694098 | 234+1.57 | 0.0000006
protein (g)

Serum

creatinine 63.65+6.77 81.22+18.03 0.000002
(mmol/dL)

'('c',/f)mat“”a’ N 14 (45%) 13 (42%)  0.7978
C3 level (g/l) 0.52+0.01 0.54+0.1 0.04482
C4 level (g/l) 0.07=0.01 0.22+0.27 0.00186

Table-Il. Post-induction therapy characteristics of the
participants at 1 year

At 1 year of induction therapy, complete renal
remission (CRR) in MMF group was observed
in 24 (77%) patients while in CYC group it was
observed in 9 (29%) patients with p value of
0.000135. Partial renal remission (PRR) in MMF
group was observed in 5 (16%) patients while in
CYC group it was observed in 5 (16%) patients.
Total renal remission (TRR) in MMF group was
observed in 29 (94%) patients while in CYC group
it was observed in 14 (45%) patients with p value
of 0.000036. (Figure-1)

Post treatment different complications were
observed in 16 (52%) patients in MMF group
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while in all 26 (83.9%) patients in CYC group.
Leucopenia was present in 1 (3%) patient in MMF
group and in 2 (6%) in CYC group with p value
of 0.5539. Alopecia was present in 3(10%) in
MMF group & in 3 (10%) patients in CYC group
with p value of 1.000. Infections were observed
in 8 (26%) patients in MMF group & in 9 (29%)
patients in CYC group with p value of 0.7759. Gl
disturbances were observed in 4 (13%) in MMF
group & in 12 (39%) patients in CYC group with p
value of 0.020237. (Figure-2).
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Figure-1. Renal remission in both treatment groups 1
year after induction
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Figure-2. Post treatment complications at 1 year

DISCUSSION

SLE is actually a long term state which brings
along a huge burden of complications with it while
also leaving a high risk of death. Lupus nephritis
is a type of SLE complication that involves the
kidney and offers very grim prospects for the
patient, should diagnosis fail to be made, or
start treatment is put on hold at an early state.
Cyclophosphamide has been considered as the
standard for treating lupus nephritis, yet serious

side effects and limited effectivity have led to the
search for alternative therapies. Supported by
previous reports of successful outcomes with
mycophenolate mofetil for high-risk lupus nephritis
patients with poor prognosis, we proposed that
mycophenolate mofetil could be superior in
efficacy to intravenous cyclophosphamide in
achieving remission of active nephritis.'? We also
assumed it might be better tolerated by patients
with fewer adverse effects.

Attaining renal remission post-induction therapy
has been established to correlate with better
long-term kidney survival. Multiple observational
studies as well as randomized trials have
reported that Mycophenolate Mofetil (MMF) is
at least as effective as low-dose intravenous
Cyclophosphamide (CYC) but with fewer side
effects.1218

The very first study comparing the efficacy of
MMF versus CYC in the treatment of proliferative
lupus nephritis (LN) came to light in the year
2000. The research further revealed that
complete renal response (CRR) was attained
within a year by 81% of patients receiving MMF
while 14% had partial renal response (PRR). In
comparison, the group receiving CYC followed by
azathioprine had CRR in 76%, and PRR in 14%."®
This finding underscored the role that MMF might
play in achieving remission in LN, a hypothesis
later confirmed by several other studies.5 18202
In a global randomized controlled trial with
approximately 370 LN patients, after a period of
24 weeks, 56.2% of patients treated with MMF
and 53.0% of those receiving intravenous CYC
reached the primary efficacy endpoint.® Some
researchers have even suggested that MMF could
be more effective than CYC in inducing remission
for LN.'*22 In a meta-analysis of controlled trials
with 1,989 patients suffering from lupus nephritis
(LN): mycophenolate mofetil (MMF) was found to
be superior to cyclophosphamide (CYC). Indeed,
this medication presented a greater complete
remission rate (CRR) as well as an increase in C3
levels compared to that obtained with CYC.23

In our setting we evaluated and compared the
effectiveness and safety of MMF versus CYC in
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our study. There was little difference between the
two groups regarding the baseline characteristics
of the patients. Our results have found the renal
remission rates among patients with LN treated
with MMF is much better than those treated with
CYC. These findings are relatively similar to those
from prior studies. The MMF group achieved
significantly higher rates of TRR and CRR at 1
year compared with the CYC group. MMF-treated
patients had lower 24-hour urinary protein levels,
lower serum creatinine values, and lower immune
mediators’ levels as compared with patients in
CYC group. These all finding were statistically
significant. Similarly less number of complications
were encountered in MMF group post therapy as
compared to CYC group. Our findings in all these
aspects are similar to the findings presented by
similar studies conducted in the past.'0424

CONCLUSION

MMF is more affective as induction therapy for
lupus nephritis as compared to IV CYC. Moreover
it is more safe and tolerable.

LIMITATIONS

Our study is a single center prospective cohort
study, where there are chances of bias. So, multi-
center randomized trials are recommended.
Similarly, the sample size of our study was low as
compared to previous published studies.
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