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Treatment of lupus nephritis (LN) remains challenging. A prospective observational study on the children
with newly diagnosed LN class Ill and IV from 9/2019 to 9/2021 intended to examine the efficacy of MMF with
corticosteroids as induction therapy for pediatric lupus nephritis class Ill and V. All patients received 3 days of pulse
methylprednisolone followed by a tapering course of oral prednisone therapy in combination with Mycophenolate
mofetil (MMF) 1200mg/m2/day (max 2g/day). Those with urine protein-creatinine ratio (UPCR) > 200mg/mmol
and normal renal function after 1-month treatment received MMF and low dose Calcineurin Inhibitors (CNI). There
were 57 children who were 75.4% females, 42.1% of children in class Ill, and 57.9% in class IV. The mean age
was 10.88. 82.5% of patients r eceived Corticosteroid and MMF, and 10 children were treated with Corticosteroid,
MMEF, and CNI. Early responses at week 12 were achieved by 71.9%. The overall response was seen in 93.3%
of patients after 6 months of therapy ( 42.2% complete response and 51.1% partial response). 2 patients (3.5%)
had infections. MMF is effective in the treatment of children with proliferative lupus nephritis in induction therapy.
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. INTRODUCTION

Childhood-onset systemic lupus erythema-
tosus (cSLE) has an incidence of 0.3 to 0.9 per

may necessitate potent immunosuppressive
medications such as cyclophosphamide (CYC)

100,000 children-years and a prevalence of 3.3
- 8.8 per 100,000 children with higher preva-
lence rates in non-white populations including
Asians." About 10 - 20% of cases of SLE are di-
agnosed during childhood with a median age of
onset of 11 - 12 years, and these patients have
increased disease severity and lower survival
rates.? Renal disease occurs in 50 - 75% of all
cSLE patients, mostly within the first two years
of diagnosis.?

Children with lupus nephritis, especially diffuse
proliferative and membranous glomerulonephritis,
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or mycophenolate mofetii (MMF).2 In the last
30 years of the last century, randomized clinical
trials performed primarily at the National Institutes
of Health demonstrated that regimens using
cyclophosphamide with corticosteroids were
superior to corticosteroids alone for the treatment
of proliferative lupus nephritis. However, the
success of cyclophosphamide regimens comes
with the burden of adverse events. The incidence
of amenorrhea is significantly increased,
ranging from 45 to 71% in patients who receive
cyclophosphamide for 6 months. In addition, the
incidence of herpes zoster infection is significantly
increased, ranging from 25 to 33% with the use
of cyclophosphamide. Hemorrhagic cystitis is
seen primarily with the long-term use of oral
cyclophosphamide with an incidence ranging
from 14 to 17%.4
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In the past decade, the immunosuppressive
agent mycophenolate mofetil (MMF) has been
used in the treatment of lupus nephritis. The
efficacy of MMF was demonstrated in rodent
models of lupus nephritis. The meta-analysis of
Moore and Derry that evaluated MMF in lupus
nephritis, pooling five induction trials, showed
that MMF was superior to cyclophosphamide.
Combined partial and complete remission was
significantly more frequent with MMF (66%)
than with cyclophosphamide (54%), Serious
infections, leucopenia and Amenorrhea
occurred less frequently with MMF than with
cyclophosphamide.® Experience in the pediatric
population is quite limited. And there is currently
no data on response to MMF treatment for
pediatric lupus nephritis in Vietham. The aim of
this study was to examine the efficacy of MMF
with corticosteroids as induction therapy for
pediatric lupus nephritis in children.

Il. MATERIALS AND METHODS
1. Study Design

The prospective observational, single-
center-based study was performed at the
Nephrology and Dialysis Department in
Vietnam National Children’s Hospital, from
9/2019 to 9/2021. All children younger than
18 with presented clinical features of LN
were recruited. SLE was diagnosed using the
Systemic Lupus Erythematosus International
Collaborating Clinics (SLICC) criteria for SLE
classification.® We defined LN as the 24-hour
urinary protein = 500 mg (or uPCR = 0.5g/
mmol) or the appearance of red blood cell casts
in urine (> 5 RBC/HPF by manual analysis of
the urine sediment). Then all patients who
underwent renal biopsy to determine LN class
Il or IV were recruited. These children received
3 days of pulse methylprednisolone followed by
a tapering course of oral prednisone therapy
in combination with MMF 1200mg/m?/day

(max 2g/day). Some of them who had high
urine protein-creatinine ratio (UPCR > 200mg/
mmol) and normal renal function after 1-month
treatment with MMF were used MMF and low
dose CNI. They were followed up for at least 3
months and patients who switched therapies or
received other modalities were excluded.

2. Clinical and Laboratory Dataset

For each participant, the following laboratory
data were collected at 3 time points at diagnosis,
12 and 24 weeks after treatment, including: full
blood count, immuno-biological tests (blood
glucose, serum albumin, serum protein, serum
C-reactive protein, serum double-stranded DNA
(dsDNA), and serum C3 and C4 levels, urine
analysis, urine protein/creatinine rate, estimated
glomerular filtration rate (eGFR). Clinical
parameters (age, sex, skin lesions, rheumatism,
neurological lesion, and heart lesion, edema,
hypertension) were also documented for each
subject. The systemic lupus erythematosus
disease activity index (SLEDAI) was calculated
for all patients to determine SLE activity levels.®
Hypertension is defined as blood pressure
higher than the 95th percentile value of healthy
people of the same age and sex.” The eGFR
was calculated based on the Schwartz formula.?
An eGFR < 60 ml/min per 1.73 m? was moderate
chronic kidney disease. We defined nephrotic
syndrome as uPCR = 200 mg/mmol and serum
albumin < 30 g/L.

The indications of kidney biopsy were
proteinuria > 0.5 g/ 24 hours (UPCR > 50mg/
mmol) plus hematuria, defined as 5 RBCs per
hpf, or plus cellular casts; or proteinuria > 1g/24
hours (UPCR > 100mg/mmol); or rising serum
creatinine®. Renal biopsies were done by a
Tru-Cut semi-automated renal biopsy gun. The
trained pathologists at our hospital examined
all renal biopsy specimens. Histopathology
classification of lupus nephritis was performed
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using six classes (i.e., | to VI) as the criteria of
the International Society of Nephrology and
the renal pathology society (ISN/RPS) in 2003
revised in 2018."°

Outcome measures were defined as
per the Kidney Disease: Improving Global
Outcomes guidelines." Complete response
(CR) was defined as return of renal function
to normal and uPCR < 50 mg/mmol or < 500
mg/g, or < 0.5 g/24 h. Partial response (PR)
was = 50% decrease in proteinuria, to at least
sub-nephrotic levels, plus stabilization or
improvement of serum Creatinine.

3. Statistical Analyses

We represented continuous data by the
mean and standard deviation (with normal
distribution data) or median and interquartile
range (with non-normal distribution). In
addition, categorical data using frequency and
percentage.

4. Ethical Approval

This study was approved by the Ethical
Committee of Vietnam National Children’s
Hospital (no:1271/Qb-BVNTU) and Hanoi

Medical University (n0:477/GCN-HDDDNCY SH-
DHYHN). All human research procedures
followed the committee’s ethical standards
responsible  for human experimentation
(institutional and national) and the Helsinki
Declaration of 1975, as revised in 2008.

lll. RESULTS

A total of 57 proliferative LN children, 43
(75.4%) were females and the average age
was 10.88 + 2.105 years. In this proliferative
LN patients, 24 (42.1%) were class lll and 33
were (57.9%) class IV. At week 24, 45 (79%)
patients remained in the study and 4 (7%)
patients withdrew from the study because of the
covid 19 epidemic. During the study period from
September 2019 to September 2021, there
were 8 children (14%) treated for 3 months.

The most common symptom was skin lesion
(75.4%) followed by rheumatism (43.9%) and
fever (17.5%). Most patients had systemic lupus
erythematosus disease activity index (SLEDAI)
scores in high and very high activity (75.4% and
8.8% respectively).

Table 1. Clinical and laboratory characteristics of lupus nephritis patients before treatment

Some Characteristics of Lupus Nephritis

Frequence (N = 57)

Edema 37 (64.9%)
Hypertension 18 (31.6)
Hematuria 40 (70.2%)

uPCR < 200 mg/mmol

31.6%)

uPCR =200 mg/mmol

18 (
39 (68.4%)

Serum albumin < 30 g/l

37 (64.9%)

Serum albumin = 30 g/l

20 (35.1%)

eGFR 60 - <90 ml/min/1.73 m?

15 (26.3%)

eGFR < 60 ml/min/1.73 m?

8 (14%)

(uPCR: urine protein-creatinine ratio, eGFR: estimated glomerular filtration rate)
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As shown in table 1, those with clear LN
with edema, hematuria and hypertension
accounting for 64.9%, 70.2% and 31.6% of
all participants respectively. Up to 68.4% of
patients had an increase in uPCR = 200 mg/

mmol. The rate of hypoalbuminemia was high
too with 64.9% of children. There was 40.3%
children that had eGFR < 90 ml/min/1.73 m?, in
which 8 participants (14%) had eGFR < 60 ml/
min/1.73 m2.

Table 2. Treatment outcomes of lupus nephritis at National Children’s Hospital.

Outcomes 12 weeks (n =57) 24 weeks (n = 45)
<200 43 (75.4%) 42 (93.3%)
uPCR (mg/mmol)
=200 14 (24.6%) 3 (6.7%)
<30 4 (7%) 1(2.2%)
Serum albumin (g/1)
=30 3 (93%) 44 (97.8%)
60-<90 3 (5.3%) 3 (6.7%)
eGFR (ml/min/1.73 m?)
<60 1(1.7%) 0
Overall remission 41 (71.9%) 42 (93.3%)
Overall remission complete response 16 (28.1%) 19 (42.2%)
partial response 25 (43.8%) 3 (51.1%)
No response 16 (28.1%) 3 (6.7%)

As shown in table 2, the rate of
hypoalbuminemia had dramatically decreased
from 64.9% at start therapy to 7% at 3 months
and 2.2% at 6 months. At 3 months, the
proportion of patients with uPCR > 200mg/mmol
decreased more than 2.5 times compared to the
time of diagnosis and only 3 out of 45 patients
(6.7%) at 6 months had uPCR > 200 mg/mmol.
4 out of 57 children in this study had eGFR < 90
ml/min/1.73 m?, in which 1 patient had eGFR <
60 ml/min/1.73 m? after 3 months of treatment.
At 12 weeks, 41(71.9%) patients had response
and 16 of the 57 patients had complete
remission. The rate of no response was quite
high (28.1%). At 24 weeks, total respone
increased in 93.3%. Partial remission occurred
in 23 of 45 patients (51.1%) and CR reached
to 42.2%. The number of no response children
decreased to 3 (6.7%). In this study, there were

4 patients who dropped out of treatment as they
could not come to our hospital because of the
covid-19 pandemic.

In our study, 2 (3.5%) of the total patients had
infections. 1 patient was lower respiratory tract
infection, 1 child was urinary tract infection. No
patients had leucopenia, diarrhea, or alopecia.
Steroid-related adverse reactions seen in 3
participants with “moon face”.

IV. DISCUSSION

cSLE is an autoimmune disease that causes
multi-system damage and LN is one of its most
important complications. Childhood LN is often
more serious than LN onset in later adulthood.'?
Therefore, early diagnosis, timely treatment,
and reasonable management are essential to
improving the prognosis of children with LN. In
ourstudy, the epidemiological characteristicsand
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clinical manifestations were similar to previous
reports. Of the 57 children with LN included in
this study, 14 were males (24.6%) and 43 were
females (75.4%), with a male:female ratio of
1:3.4. The mean age at diagnosis was 10.88 £
2.105 years. Of initial non-renal manifestations,
rash and rheumatism were the most common
(75.4% and 43.9%, respectively), while patients
with fever accounted for 10.6%. The average
SLEDAI score is up to 14.69 point.

The initial manifestation of kidney
involvement was mainly proteinuria. Kidney
biopsy data in this study showed that the
number of patients with class IV LN was more
than one with class Ill LN (57.9% and 42.1%
respectively). These findings were consistent
with those of another study that class IV LN
was the most common pathological type.
Clinical manifestations of LN also had a certain
relationship to the pathological type of LN. For
example, urine protein level was significantly
higher in class IV LN than in class Ill LN, and
kidney function was better in pure class V LN
than in proliferative LN. Carrying out a study on
57 children with class Ill and IV LN, we found
that kidney lesions’ clinical and subclinical
symptoms were evident with 64.9% edema,
34.1% hypertension and 70.2% hematuria.
Various studies reported that hypertension
accounts for 30 to 50%.2 Nearly 70% of patients
had an increase in uUPCR = 200 mg/mmol and
the rate of hypoalbuminemia was high too
with 64.9% children. In our study, the ratio of
patients with nephrotic syndrome was 49.1%,
similar to Batinic et al'*treatment and outcome
of 37 Croatian children with biopsy-proven
lupus nephritis seen over a 30-year period. The
mean age at lupus nephritis presentation was
12.11 + 2.59 years (range 4.66-17.0. But 14%
of patients had eGFR < 60 ml/min/1.73 m?2.

Over the past decade several randomised
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controlled trials (RCTs) have been conducted
for class Ill and IV LN, both in the induction
and maintenance phase. Consequently,
the guidelines are uniform in their
recommendations for induction treatment:
intravenous cyclophosphamide (ivCYC) or
MMF (2-3 g total daily dose) in combination
with oral glucocorticoids with or without three
pulses of intravenous methylprednisolone (MP)
at start of induction treatment. As per the ACR
recent recommendation for class Ill/IV LN,
MMF and glucocorticoids (GC) can be used
as induction agents for African-American and
Hispanic patients, whereas Cyc and GC remain
the first choice for White populations®. Meta-
analyses of smaller studies have suggested
that more patients respond to MMF than to
IVC, and the results from the large and racially
diverse population of Gerald B. Appel's study
indicate that these drugs in combination with
prednisone have similar efficacy in short-term
induction therapy.” We apply the treatment
regimen of proliferative LN under the guidance
of KDIGO, ACR, CARA. All patients received
3 days of pulse methylprednisolone (30 mg/
kg/dose up to 1000 mg/dose) followed by a
tapering course of oral prednisone therapy in
combination with MMF 1200mg/m?/day (max
2g/day). CNI-based regimens have been
studied in Asia, and often combine MMF and
steroids with a CNI (‘multitarget therapy’).
A large Chinese randomized trial reported
improved rates of complete and partial renal
remission at 24-weeks in patients treated
with low-dose MMF, tacrolimus, and steroids
compared to monthly IV-CYC and steroids for
induction of proliferative LN.'"® Therefore, in
this study, 10 patients (17.5%) who had high
urine protein-creatinine ratio (UPCR > 200mg/
mmol) and normal renal function after 1-month
treatment with MMF were used multitarget
therapy of prednisolon MMF and low dose CNI.
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In our study, there were 4 patients who dropped
out of treatment as they could not come to our
hospital because of the covid-19 pandemic, 8
of 57 children has been treated for 3 month,
and 45 patients were followed for 6 months. At
3 months, the proportion of patients with uPCR
> 200mg/mmol decreased more than 2.5 times
compared to the time of diagnosis and only
3 out of 45 patients (6.7%) at 6 months had
uPCR >200 mg/mmol. Moreover, the rate of
hypoalbuminemia had dramatically decreased
from 64.9% at start therapy to 7% at 3 months
and 2.2% at 6 months. Before treatment, there

was 40.4% children that had eGFR < 90 ml/
min/1.73 m?, in which 8 participants (14%)
had kidney failure. But, after 3 months of
treatment, 4 out of 57 children in this study had
eGFR < 90 ml/min/1.73 m?, in which 1 patient
had eGFR < 60 ml/min/1.73 m?. At 12 weeks,
41(71.9%) patients had response and 16 of
the 57 patients had complete remission. The
rate of no response was quite high (28.1%). At
24 weeks, total response increased in 93.3%.
Partial remission occurred in 23 of 45 patients
(51.1%) and CR reached to 42.2%. This result
was similar to previous study (table 3)

Table 3. Comparison with other studies

Study Ginzler et al'® Xuebing Feng et al'” Our stydy
Year 2005 2014 2021
N 71/140 30/90 57
CR + PR at 12 weeks 78% 90% (CR: 24%) 71.9%(CR:28.1%)
CR + PR at 24 weeks 52.1%(CR: 22.5) 72% 93.3%(CR:42.2)

(CR: complete response, PR: partial Response)

In our stdudy, 2 (3.5%) of the patients had
infections. 1 patient was lower respiratory tract
infection; 1 child was urinary tract infection. No
patients had leucopenia, diarrhea, or alopecia.
Steroid-related adverse reactions seen in 3
participants with “moon face”.

Limitation: The study was limited to 24
weeks of follow-up.

V. CONCLUSIONS

Mycophenolate Mofetil is effective in the
treatment of children with proliferative lupus
nephritis in induction therapy.
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