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ABSTRACT

CLINICAL RESEARCH

Our previous studies showed that multitarget therapy is superior in efﬁcacy to intravenous cyclophosphamide as an
induction treatment for lupus nephritis in Asian populations. We conducted an open label, multicenter study for
18 months as an extension of the prior induction therapy trial in 19 renal centers in China to assess the efﬁcacy and
safety of multitarget maintenance therapy in patients who had responded at 24 weeks during the induction phase.
Patients who had undergone multitarget induction therapy continued to receive multitarget therapy (tacrolimus,
2–3 mg/d; mycophenolate mofetil, 0.50–0.75 g/d; prednisone, 10 mg/d), and patients who had received intravenous
cyclophosphamide induction treatment received azathioprine (2 mg/kg per day) plus prednisone (10 mg/d). We
assessed the renal relapse rate during maintenance therapy as the primary outcome. We recruited 116 patients in the
multitarget group and 90 patients in the azathioprine group. The multitarget and azathioprine groups had similar
cumulative renal relapse rates (5.47% versus 7.62%, respectively; adjusted hazard ratio, 0.82; 95% conﬁdence interval,
0.25 to 2.67; P=0.74), and serum creatinine levels and eGFR remained stable in both groups. The azathioprine group
had more adverse events (44.4% versus 16.4% for multitarget therapy; P,0.01), and the multitarget group had a
lower withdrawal rate due to adverse events (1.7% versus 8.9% for azathioprine; P=0.02). In conclusion, multitarget
therapy as a maintenance treatment for lupus nephritis resulted in a low renal relapse rate and fewer adverse events,
suggesting that multitarget therapy is an effective and safe maintenance treatment for patients with lupus nephritis.
J Am Soc Nephrol 28: 3671–3678, 2017. doi: https://doi.org/10.1681/ASN.2017030263

The treatment of lupus nephritis (LN) usually involves two phases: an aggressive induction therapy
and a longer period of maintenance treatment.
Induction therapy aims to reverse the immunemediated inﬂammatory processes and achieve disease remission with the administration of high doses
of immunosuppressants over a short period of
time. 1,2 Maintenance treatment is intended to
ensure a durable response and prevent recurrences
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the adverse effects, particularly the nephrotoxicity of calcineurin inhibitors, are
always the focus of attention during the
long-term use of these regimens.9–11
On the basis of previous multitarget induction therapy, we continued to observe
the efﬁcacy and safety of multitarget therapy as a maintenance treatment in patients
with LN who had responded at 24 weeks
during the induction phase and compared
them with those of azathioprine (AZA)
treatment.
RESULTS
Patient Characteristics

Figure 1. The study design and ﬂow diagram.

using lower and presumably less toxic levels of immunosuppressive medications, keeping patients in remission. 3
Clinicians are continuously searching for optimal immunesuppressive therapies for use as induction and maintenance
treatment of LN.
As shown in our previous study, the induction treatment
of LN with multitarget therapy (tacrolimus [FK506] and
mycophenolate mofetil [MMF] combined with glucocorticoids) for 24 weeks achieved a complete remission (CR) rate
of 45.9%, which was much higher than that with intravenous
cyclophosphamide therapy (IVCY) in a multicenter, randomized, controlled trial.4 However, the efﬁcacy of maintenance
treatment with multitarget therapy in patients with LN remains
unclear. We continued to treat patients in remission with a
multitarget maintenance treatment for an additional 18
months to assess the efﬁcacy of multitarget therapy for LN.
This continuous design has been reported in a previous study
of MMF2,5 and abatacept6 as treatments for LN and rituximab
as a treatment for ANCA-associated vasculitis.7,8
The ideal maintenance treatment scheme for patients with
LN requires not only a low relapse rate but also, fewer adverse
effects, which are suitable for long-term application. Although
our previous study showed no differences of adverse events
between multitarget and IVCY groups in the induction phase,4
3672
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In total, 368 patients were randomized for
induction therapy; 310 patients completed
the induction therapy (155 in the multitarget group and 155 in the IVCY group).4
A total of 206 patients from 19 centers
agreed to continue the maintenance treatment study between October of 2009 and
December of 2011: 116 patients in the multitarget group and 90 patients in the AZA
group. In the multitarget group, 101 patients completed the 18-month maintenance therapy, whereas 64 patients in the
AZA group completed the study (Figure
1). The patients’ baseline disease and demographic characteristics at the initiation of the maintenance
treatment are shown in Table 1.
Reasons for Premature Withdrawal from
Maintenance Treatment

Forty-one patients (15 in the multitarget group and 26 in the
AZA group) did not complete the 18-month maintenance
treatment (Supplemental Table 1). Three patients (2.6%) in
the multitarget group reached renal end point events, and
comparable results (3.3%) were observed in the AZA group
(P.0.99). The main reasons for early withdrawal were a loss
to follow-up, relapse, and adverse events. Twelve patients
withdrew because of relapse (renal relapse, n=11; extrarenal
relapse, n=1), and one patient experienced renal relapse in
the 18th month. The dropout rate in the multitarget group
was less than that in the AZA group (7.8% versus 22.2%;
P,0.01).
Renal Relapse Rate in the 18-Month
Maintenance Treatment

Each group had six patients who experienced renal relapse,
including ﬁve patients who had CR (three in the multitarget
group and two in the AZA group) and seven patients who had
partial remission (PR; three in the multitarget group and four
J Am Soc Nephrol 28: 3671–3678, 2017
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Table 1. Patient demographics and baseline characteristics
Characteristic

Multitarget, n=116

AZA, n=90

Total, n=206

Sex, women/men
Age, yr
Pathologic classiﬁcation, n (%)
Class III
Class IV
Class V
Class III1V
Class IV1V
Remission condition (%)a
CR
PR
SLEDAIa
Urinary protein, g/24 ha
Serum albumin, g/L
SCr, mmol/L
eGFR, ml/min per 1.73 m2, n (%)
$90
$60 to ,90
$30 to ,60
,30
Serum C3, mg/dl
Serum C4, mg/dl
Hemoglobin, g/L
Anti-dsDNA positive rate, n (%)
Renal tubular function
NAG, U/g creatinine
RBP, mg/L

108/8
30.0 (24.0, 38.0)

81/9
33.0 (26.0, 40.0)

189/17
32.0 (24.0, 39.0)

5 (4.3)
50 (43.1)
14 (12.1)
15 (12.9)
32 (27.6)

7 (7.8)
39 (43.3)
12 (13.3)
2 (2.2)
30 (33.3)

12 (5.8)
89 (43.2)
26 (12.6)
17 (8.3)
62 (30.1)

69 (59.5)
47 (40.5)
4.0 (2.0, 4.5)
0.35 (0.16, 0.63)
43.464.1
61.9 (54.9, 74.4)

40 (44.4)
50 (55.6)
4.0 (2.0, 6.0)
0.49 (0.17, 0.90)
42.464.2
61.0 (54.0, 74.3)

109 (52.9)
97 (47.1)
4.0 (2.0, 6.0)
0.38 (0.17, 0.77)
42.964.1
61.4 (54.8, 74.3)

94 (81.0)
18 (15.5)
3 (2.6)
1 (0.9)
85.05 (74.20, 105.00)
16.55 (12.20, 21.30)
118.0 (110.5, 126.5)
29/115 (25.2)

72 (80.0)
15 (16.7)
3 (3.3)
0 (0)
80.70 (69.60, 94.60)
15.60 (12.00, 19.30)
121.5 (112.0, 130.0)
24/83 (28.9)

166 (80.6)
33 (16.0)
6 (2.9)
1 (0.5)
82.00 (72.20, 100.00)
16.00 (12.10, 20.95)
119.0 (111.0, 128.0)
53/198 (26.8)

5.53 (3.50, 9.80)
0.35 (0.20, 0.50)

4.80 (4.19, 5.81)
0.53 (0.42, 0.80)

5.30 (3.50, 9.60)
0.40 (0.20, 0.72)

Data are expressed as numbers (%), medians (25th, 75th percentiles), or means (SD). Reference ranges were as follows: urinary protein, #0.4 g/24 h; serum albumin,
35–55 g/L; SCr, men: 45–110 mmol/L (0.51–1.24 mg/dl) and women: 45–93 mmol/L (0.51–1.05 mg/dl); eGFR, 90–120 ml/min per 1.73 m2; hemoglobin, 130–175 g/L
(men) and 115–150 g/L (women); serum C3, 80–180 mg/dl; serum C4, 10–40 mg/dl; NAG, #16.5 U/g creatinine; RBP, #0.5 mg/L. Anti-dsDNA, antidoublestranded DNA.
a
P,0.05.

in the AZA group) at beginning of the maintenance therapy.
No signiﬁcant differences in the cumulative renal relapse rate
were observed (5.47%; 95% conﬁdence interval [95% CI],
2.50% to 11.78% versus 7.62%; 95% CI, 3.48% to 16.26%;
P=0.49; unadjusted hazard ratio [HR], 0.68; 95% CI, 0.22 to
2.10; P=0.50; adjusted HR, 0.82; 95% CI, 0.25 to 2.67; P=0.74)
(Figure 2). The median time of renal relapse was 12 months
(interquartile range [IQR], 12–15 months) and 9 months
(IQR, 3–12 months) in the multitarget and AZA groups, respectively (P=0.24). One patient in the AZA group had experienced extrarenal relapse at the 15th month compared with
no patients in the multitarget group.
Subgroup Analyses of Renal Relapse According to the
Baseline Renal Response

A between-group difference in the CR or PR rate at baseline was
observed (Table 1). Therefore, a subgroup analysis of renal
relapse according to the baseline renal response was performed. The renal relapse rate did not show a statistically
signiﬁcance difference between patients with CR in the multitarget and AZA groups or between patients with PR in the two
groups (Supplemental Table 2).
J Am Soc Nephrol 28: 3671–3678, 2017

Patients in Each Group Maintained Their CR Status
during Maintenance Treatment

A total of 65.9% of patients in the multitarget group achieved
CR by 6 months, similar to the percentage in the AZA group
(55.1%; difference, 10.8%; 95% CI, 2 5.5% to 27.1%;
P=0.19). The percentages of patients in the multitarget
group who maintained their CR status at 12 and 18 months
were 72.5% and 78.3%, respectively, and the corresponding
percentages in the AZA group were 67.6% and 78.0%, respectively. However, the differences were not signiﬁcant
between the two groups at 12 and 18 months (difference,
4.9%; 95% CI, 210.1% to 20.0%; P=0.52 and difference,
0.3%; 95% CI, 214.1% to 14.7%; P=0.97, respectively)
(Figure 3).
Changes in Clinical Parameters during
Maintenance Treatment

The serum creatinine (SCr) level and eGFR of the multitarget
and AZA groups remained stable during the maintenance
treatment (Figure 4). There were no signiﬁcant differences
in the SCr levels (P=0.76) or eGFR (P=0.75) between the
two groups.
Multitarget Maintenance Therapy for Lupus Nephritis
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DISCUSSION

Figure 2. Probability of patients without renal relapse during the
maintenance treatment.

No signiﬁcant differences in the proteinuria, serum albumin, and complement levels were observed between the two
groups during the maintenance treatment (Supplemental Figure 1, A–D). Although a signiﬁcant difference was noticed in
the SLE disease activity index (SLEDAI), it was consistent with
the baseline value in the AZA group compared with in the
multitarget group at the beginning of the maintenance treatment (Supplemental Figure 1E).
The blood trough concentration of FK506 was measured
in some patients. During the ﬁrst 6 months of the maintenance treatment, their trough concentrations of FK506 were
within the therapeutic window of 4–8 ng/ml. The trough
concentrations of FK506 were 3.3761.08, 3.2361.37, and
3.5561.20 ng/ml at 12, 15, and 18 months, respectively
(Supplemental Table 3). The post hoc analysis did not reveal
signiﬁcant differences in the urine levels of N-acetyl-b-Dglucosaminidase (NAG) or retinol binding protein (RBP) after
the multitarget therapy treatment (Supplemental Table 4).

Renal involvement continues to be a major contributor to the
morbidity and mortality of patients with SLE. Disease relapse
is a major problem for patients with LN who achieve remission
after induction treatment, and it affects the long-term outcomes of patients with LN.12,13 Maintenance treatment is required after induction therapy to prevent disease relapse in
patients who achieve remission.3 As shown in our previous
studies, the induction treatment of LN with multitarget therapy for 24 weeks achieved a higher CR rate than IVCY therapy.4 In this study, we observed the efﬁcacy and safety of
multitarget therapy as a continuing maintenance treatment
for patients with LN who had responded to induction therapy.
This study showed that the relapse rate of patients with LN
treated with multitarget therapy was 5.47%, but the difference
was not signiﬁcant compared with that of the AZA treatment
(7.62%). According to previous literatures, the relapse rate was
12.9%–19% for patients with lupus who received maintenance treatment with MMF (2.0 g/d) for 3 years, and the relapse rate of patients who underwent the AZA treatment (2
mg/kg per day) was 23.4%–25%.3,14 The relapse rate of multitarget maintenance therapy in our study was less than the rates
reported in previous studies. Two reasons may contribute to
the lower relapse rate observed in this trial. In this study,
59.5% of patients in the multitarget group achieved CR before
the maintenance study, whereas in the Aspreva Lupus Management Study (ALMS), the rate of CR at the end of induction
therapy was ,10%.3 Compared with subjects who achieved
CR, patients who obtained PR are more likely to experience a
relapse and disease progression.15 The higher CR rate might
explain why our studies showed lower relapse rates during the

Safety and Tolerability

There was a 16.4% (19 of 116) adverse event rate in the multitarget group, whereas it was 44.4% (40 of 90) in the AZA group
(Table 2). The incidences of liver dysfunction and leukopenia
in the multitarget and AZA groups were 0.9% versus 6.7%,
respectively, and 7.8% versus 25.6%, respectively. Only one
patient with leukopenia experienced an infection (herpes
zoster); the other 22 patients with leukopenia underwent a
transient withdrawal or alteration in the AZA dose. Two patients (1.7%) in the multitarget group and eight patients
(8.9%) in the AZA group dropped out due to adverse events
(P=0.02) (Supplemental Tables 1 and 5).
Two patients (1.7%) in the multitarget group and three
patients (3.3%) in the AZA group experienced serious adverse
events. None of the patients in either treatment group died.
3674
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Figure 3. Patients in each group maintained their CR status
during the maintenance treatment. The CR rates were calculated
using the generalized linear mixed model.
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maintenance treatment. Thus, the superior efﬁcacy of multitarget therapy in the induction treatment phase provides clinician an opportunity to prevent relapse and stabilize renal
function during the maintenance treatment phase. Another
reason for the lower relapse rate may be related to the relatively
shorter time of maintenance treatment used in this study. Our
observation lasted only 18 months. The relapse rate of patients
with LN treated with AZA was also less than the relapse rate
reported in the literature.3,14 It may also be related to the
higher baseline CR rate. In this study, 44.4% of patients in
the AZA group achieved CR before entering the maintenance
study. The possible explanation for the relatively high incidence of remission using IVCY during induction treatment
has been discussed in a previous report.4 The relapse rate
would be increased with the prolonged treatment and observation period.
The long-term prognosis of patients with LN is determined
by whether remission is achieved. As shown in the study by
Chen et al.,16 the 10-year renal survival rate in patients who
achieved CR was 94%, whereas it was 45% in patients with
PR.16 With the extension of the treatment time, the number of
patients who achieved CR was increased in our study. Some
patients with PR achieved CR. According to the ALMS, 62.1%
of patients in the MMF group (72 of 116) and 59.5% in the
AZA group (66 of 111) achieved CR during maintenance therapy.3 Notably, the CR rates were 59.5% in the multitarget
group and 44.4% in the AZA group at baseline; however, the
CR rates increased to 78.3% and 78.0%, respectively, in these
groups at 18 months. This catchup phenomenon was observed
in the AZA arm, and it strengthens the value of using AZA as a
maintenance therapy. On the basis of these ﬁnding, an effective maintenance treatment not only controls disease relapse
but also, continually increases the CR rate during maintenance
treatment, which might improve the long-term outcomes of
the patients.
The clinical outcomes of patients with LN are affected directly by target organ damage and indirectly by therapy complications. The side effects of drugs must be considered during
the long-term use of immunosuppressive agents. Multitarget
therapy, which uses a combination of different drugs, aims to
improve the efﬁcacy and reduce the dose and side effects.4 The
incidence rates of overall adverse events were 16.4% in the
multitarget group and 44.4% in the AZA group. In particular,
the incidences of liver dysfunction and leucopenia were higher
in the AZA group than those in the multitarget group. Therefore, only 1.7% of patients in the multitarget group withdrew
from the study due to adverse events, whereas 8.9% of patients
in the AZA group withdrew from the study due to adverse
events. Consistent with our results, the ALMS reported a lower
withdrawal rate of patients treated with MMF due to adverse
events of MMF than patients treated with AZA (25.2% versus
39.6%, respectively).3 In addition, the incidence of adverse
events of the multitarget maintenance treatment was also
lower than that reported for MMF (25.2%) and FK506 (32.4%)
monotherapies as maintenance treatment.3,17
J Am Soc Nephrol 28: 3671–3678, 2017
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The long-term use of calcineurin inhibitors in patients with
kidney transplants causes renal toxicity, including tubular atrophy, interstitial ﬁbrosis, and hyaline degeneration of small
arteries.9,18,19 According to the results of clinical trials in patients with LN, the use of cyclosporin as a maintenance treatment for LN did not induce obvious renal toxicity.20 Using the
same regimen as in this study, the Symphony Study of kidney
transplantation revealed that the use of low-dose FK506,
MMF, and prednisone for 3 years, with a trough FK506 concentration of 3–7 ng/ml, had no effect on the patients’
eGFRs.21,22 In this study, during the 18-month maintenance
treatment, the SCr levels and eGFR remained stable in the
multitarget and AZA groups, with no signiﬁcant difference between the two groups. Additionally, the urine NAG level and
RBP excretion are used as surrogate markers to reﬂect renal
tubular injury, and the changes in these markers were observed
during treatment. Neither the urinary NAG levels nor RBP
excretion increased in the two groups after treatment. On the
basis of these results, multitarget therapy is a safe regimen for
the maintenance treatment of LN.
Certain limitations exist in this study. Patients who did not
respond to the induction therapy were not recruited; thus,
some data were missing, which was a ﬂaw in the design of
this study. This study was conducted only in a Chinese

Figure 4. The changes in SCr levels and eGFR during the
maintenance treatment. (A) SCr; (B) eGFR.
Multitarget Maintenance Therapy for Lupus Nephritis
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Table 2. Adverse events during the maintenance treatments
Adverse events
AEs (includes SAEs)a
Infection
Herpes zoster
Pneumonia
Upper respiratory tract infection
Herpes simplex
Urinary tract infection
Liver dysfunctionb
Leukopeniaa
Osteonecrosis
Upper gastrointestinal symptoms
Menstrual disorder
SAEs
Pneumonia
Liver dysfunction
Leukopenia

Multitarget, n=116

AZA, n=90

Event No. Crude Rate, % Rate per 100 patient-yr Event No. Crude Rate, % Rate per 100 patient-yr
19
12
2
2
7
1
0
1
9
1
1
0
2
2
0
0

16.4
10.3
1.7
1.7
6.0
0.9
0
0.9
7.8
0.9
0.9
0
1.7
1.7
0
0

11.59
7.32
1.22
1.22
4.27
0.61
0
0.61
5.49
0.61
0.61
0
1.22
1.22
0
0

40
9
2
0
6
0
1
6
23c
1
5
2
3
0
1
2

44.44
10.0
2.2
0
6.7
0
1.1
6.7
25.6
1.1
5.6
2.2
3.3
0
1.1
2.2

35.57
8
1.78
0
5.34
0
0.89
5.34
20.45
0.89
4.45
1.78
2.67
0
0.89
1.78

Leukopenia was deﬁned as a peripheral white blood cell count ,4000 cells per 1 ml. The deﬁnition of liver dysfunction was a serum alanine aminotransferase and/or
aspartate transaminase level .50 U/L. The crude rates were compared using the Fisher exact method. AE, adverse event; SAE, serious adverse event.
a
P,0.01.
b
P,0.05.
c
Only one patient with leukopenia experienced an infection (herpes zoster); the other 22 patients with leukopenia underwent transient withdrawal or an alteration
in the AZA dose.

population. A randomized, controlled trial is needed to
further evaluate the efﬁcacy and safety of multitarget therapy as a maintenance treatment for patients with LN.
In conclusion, the use of multitarget therapy as a maintenance treatment for LN resulted in a low renal relapse rate and
fewer adverse events, suggesting that multitarget therapy is an
effective and safe maintenance treatment for patients with LN.

inclusion, exclusion, and withdrawal criteria are available in Supplemental Material.
The study was conducted in 19 renal centers across China. The local
ethics committees approved the study, and all participants provided
written informed consent. The study adhered to the principles of the
Declaration of Helsinki and the principles outlined in the Guidelines
for Good Clinical Practice International Conference on Harmonization Tripartite Guideline (January of 1997).

CONCISE METHODS

Immunosuppressive Treatment and Study Schedule

Study Design
This study was a continuation of the induction-phase study, the results
of which have been reported.4 We continued multitarget therapy as a
maintenance treatment and did not rerandomize the patients before
the maintenance treatment. This study was a prospective, open label,
multicenter study that compared the efﬁcacy and safety of multitarget
therapy with AZA treatment in patients who had responded to induction therapy. The study protocol was registered at ClinicalTrials.
gov (NCT01056237); the full trial protocol and major changes are
summarized in Supplemental Material.

Study Participants
Patients with LN ages 18–65 years old who had responded (experienced CR or PR) to multitarget therapy or IVCY during the 24-week
induction treatment were recruited. The key exclusion criteria included patients who did not achieve CR or PR at the end of the
24-week induction phase, patients with liver dysfunction or a white
blood cell count ,3000/mm3, and patients suffering from chronic
infections (Supplemental Figures 2 and 3). Details on the patient
3676

Journal of the American Society of Nephrology

Eligible patients who underwent the multitarget therapy during the
induction phase continued to receive the multitarget therapy, and
patients who received the IVCY induction treatment were switched
to AZA as a maintenance treatment. The patients in the multitarget
group continued to receive MMF (0.75 g/d for 6 months and then
tapered to 0.5 g/d for another 12 months) and FK506 (3 mg/d for
6 months and then tapered to 2 mg/d for another 12 months), whereas
patients in the AZA group were orally administered AZA (2 mg/kg
body wt per day for 18 months). Oral prednisone was administered to
both groups at a dose of 10 mg/d.23 Angiotensin-converting enzyme
inhibitors and angiotensin II receptor blockers were continued if they
were administered during the induction phase, and calcium channel
blockers, diuretics, and b- or a-receptor blockers were permitted for
new-onset hypertension. Patients were prohibited from taking methotrexate, leﬂunomide, antimalarials, nonsteroidal anti-inﬂammatory
drugs/cyclooxygenase-2 inhibitors, and other immunosuppressants
during the maintenance treatment phase. Any drugs that affected
the blood concentrations of FK506 (e.g., macrolides antibiotics, estradiol, rifampicin, phenobarbital, carbamazepine, and ﬂuconazole)
were avoided.
J Am Soc Nephrol 28: 3671–3678, 2017
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Subjects’ visits were scheduled at 0, 1, 3, 6, 9, 12, 15, and 18
months during the study. Efﬁcacy evaluations and safety assessments
(histories, physical examinations, laboratory tests, concomitant medications, and adverse events) were performed at each visit.

Outcomes and Efﬁcacy Assessments
The primary end point was the cumulative rate of renal relapse at
18 months as determined by the Clinical Endpoints Committee.
The secondary end points included the rate of extrarenal relapse;
the time to relapse; the rate of renal end point events (including ESRD,
sustained doubling of the SCr level greater than the normal level, or a
30% reduction in the eGFR compared with the baseline value); the CR
status at 6, 12, and 18 months during the maintenance treatment
phase; changes in proteinuria, albumin, SCr, eGFR, immunologic
indices (antibodies, C3, and C4), and SLEDAI scores from baseline
to month 18; and the reasons why patients withdrew or discontinued
therapy.
CR was deﬁned as a 24-hour urinary protein excretion #0.4 g, the
absence of active urine sediments, a serum albumin level $35 g/L,
and a normal SCr level. PR was deﬁned as a $50% reduction in
proteinuria, a urine protein level ,3.5 g/24 h, a serum albumin level
$30 g/L, and normal or #25% increase in the SCr level from baseline.4
Relapse included renal relapse and extrarenal relapse. Renal relapse
was deﬁned by the presence of any one of the following: (1) a relapse of
proteinuria deﬁned as persistent proteinuria $1.0 g/24 h after CR or
an increase of $2.0 g/24 h after PR with or without hematuria and (2)
an increase in SCr levels deﬁned as a $50% increase in the SCr level
compared with the normal level at baseline or a 30% increase in SCr
level compared with an abnormal level at baseline with increased
hematuria (deﬁned as doubling of red blood cell count in urinary
sediment, ten or more cells per high power ﬁeld, or the appearance of
red cellular casts and white cellular casts, with the exception of a
urinary tract infection). Extrarenal relapse was deﬁned as the new
appearance of skin erythema, vasculitis, joint pain, blood system diseases (platelets ,50,000/mm3 or hemolytic anemia), neurologic
symptoms, lupus myocarditis, lupus pneumonia, serous cavity inﬂammation, or abnormal results on laboratory tests (antibodies,
C3, and C4) associated with SLEDAI scores greater than or equal to
four. These indices were reassessed 2 weeks later.

Statistical Analyses
This study was a continuation of our previous study of the use of
multitarget therapy as an induction treatment.4 Continuous data were
presented as the means6SDs and analyzed using the t test if they were
normally distributed; for data with a non-normal distribution, medians (IQRs) were presented, and the Wilcoxon rank sum test was
used for the analysis. Categorical data were presented as ratios or
proportions and analyzed using the Fisher exact method. Time to
event data were analyzed using Kaplan–Meier curves, and betweengroup differences were compared using the log rank test. The frailty
model was used to estimate the HRs and 95% CIs, which included the
center as a random effect; treatment was the only factor used to obtain
the unadjusted HR, and the treatment, the condition of remission,
24-hour urinary protein levels, and SLEDAI were used to obtain
J Am Soc Nephrol 28: 3671–3678, 2017
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adjusted HRs. Data that were measured repeatedly were analyzed
using the longitudinal data analysis method. For clinical parameters,
the differences between the groups were obtained using the mixed
model that included the baseline value, treatment, visit, and the
interaction between treatment and visit. The CR rates at 6, 12, and
18 months were obtained using by the generalized linear mixed
model that included the condition of remission, treatment, visit,
and the interaction between treatment and visit. The statistical analyses were performed using SAS software, version 9.3 (SAS Institute,
Cary, NC). Differences were determined to be statistically signiﬁcant
when the two-sided P value was ,0.05.
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