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Clinical Outcome and Predictive Factors for Remission and
Relapse of Proliferative Lupus Nephritis after
Intravenous Cyclophosphamide Pulse Therapy

Min-Chan Park, Sang-Won Lee, Yong-Beom Park, Kyu Hun Choi, Soo-Kon Lee

Department of Internal Medicine, Yonsei University College of Medicine, Seoul, Korea

Objective: This study was designed to investigate the clinical outcomes of proliferative lupus
nephritis and to identify the predictive factors of remission and relapse of proliferative lupus
nephritis after intravenous cyclophosphamide (IVCYC) pulse therapy.

Methods: Seventy-four patients with proliferative lupus nephritis that had been diagnosed by
renal biopsy and treated with IVCYC pulse therapy were studied. Their demographic data, clinical
manifestations, laboratory findings, disease activity index, damage index, activity and chronicity
indices of renal pathology, and treatment modalities were evaluated. Clinical outcomes of lupus
nephritis were assessed by defined criteria.

Results: Remission or response were achieved in 79.7% of patients with proliferative lupus
nephritis (remission in 32.4% and response in 47.3%, respectively), and 30.5% of those with
remission or response experienced relapse or flare of lupus nephritis (relapse in 20.8% of those
with remission and flare in 37.1% of those with response) after IVCYC pulse therapy. High
creatinine clearance at diagnosis of lupus nephritis, short lag time from diagnosis of lupus
nephritis to initiation of immunosuppressive treatment, and long-term cyclophosphamide pulse
therapy were the independent predictive factors for remission or response. Long lag time from
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completion of immunosuppressive treatment to onset of remission or response, and incomplete
cyclophosphamide were the independent risk factors for relapse or flare of lupus nephritis.
Conclusion: Good renal function and early initiation of long-term IVCYC pulse therapy are
important in induction of remission or response, while delayed remission or response and
incomplete immunosuppressive treatment is strongly associated with poor outcome.
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Table 1. Clinical outcomes of proliferative lupus nephritis according to treatment modality

Complete IVCYC

Incomplete IVCYC pulse therapy (n=39)

pulse therapy (n=35) Azathioprine Cyclosporin A No further treatment
(n=26) (n=11) (n=2)
Remission (n=24) 15 (42.9%) 5 (19.2%) 2 (18.2%) 2 (100%)
Relapse (n=5) 2 (13.3%)* 2 (40.0%)* 1 (50.0%)* 1 (50.0%)*
Response (n=35) 18 (51.4%) 13 (50.0%) 4 (36.4%) 0 (0%)
Flare (n=13) 5 (27.8%)** 7 (53.8%)** 2 (50.0%)** 0 (0%)
No response (n=15) 2 (5.7%) 8 (30.8%) 5 (45.5%) 0 (0%)

*Percentage means the number from those with remission, **Percentage means the number from those with response

IVCYC: intravenous cyclophosphamide
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Table 2. Comparisons of clinical and laboratory parameters between those with remission or response and those without

response
With remission Without response
Parameters or response p*
(n=59) (m=15)
Age at SLE diagnosis (year) 26.4£9.9 28.2£8.9 NS
SLE duration (month) 26.0+13.4 27.2+11.5 NS
BUN (mg/dL) 16.3+8.5 12.6+8.0 NS
Creatinine (mg/dL) 1.2+0.7 1.2+0.8 NS
Creatinine clearance (mL/min/mz) 63.5127.2 35.9+19.7 0.015
Amount of proteinuria (mg/day) 3311.4+1614.2 3469.4+1849.2 NS
C3 (mg/dL) 29.7£15.8 29.6£14.9 NS
C4 (mg/dL) 10.3+7.8 9.7£6.9 NS
Positive anti-dsDNA antibody 37 (62.7%) 10 (66.7%) NS
Anti-dsDNA antibody titer (IU/L) 201.5+99.1 211.14£69.3 NS
Positive lupus anticoagulant 9 (15.2%) 2 (13.3%) NS
Positive anticardiolipon Ab IgG 10 (16.9%) 3 (20.0%) NS
Positive anticardiolipon Ab IgM 5 (8.5%) 1 (6.7%) NS
SLEDAI 11.4+5.7 15.6+3.7 NS
Damage index (SLICC/ACR) 1.3£0.8 2.9+0.6 0.040
Activity index on pathology 7.845.0 10.3+5.5 NS
Chronicity index on pathology 23111 3.2+2.0 NS
Lag time from diagnosis to treatment (month) 2.5+1.4 9.6+7.6 0.018
Treatment modality
Complete IVCYC pulse therapy 33 (55.9%) 2 (13.3%) 0.003
Incomplete IVCYC pulse therapy 26 (44.1%) 13 (86.7%) 0.003
Subsequent AZA therapy 20 (33.9%) 6 (40.0%) NS
Duration (month) 34.2+14.9 30.2+5.0 NS
Subsequent CSA therapy 8 (13.6%) 3 (20.0%) NS
Duration (month) 45.7+27.2 32.9+19.9 NS

*Calculated by chi-square test or independent t-test. SLEDAI: SLE disease activity index, SLICC/ACR: Systemic Lupus
International Collaborating Clinics/American College of Rheumatology, IVCYC: intravenous cyclophosphamide, AZA:
azathioprine, CSA: cyclosporin A, NS: not significant, Remission: stabilization or improvement in renal function,
resolution of urine sediment abnormalities (absence of hematuria and cellular casts), proteinuria <1 g/day and
normalization (ideally) of complement Cs for at least 6 months, Response: stabilization or improvement in renal function,
>50% decrease in hematuria (but less than 10 RBC per HPF), and signifcant change in proteinuria (=50% decrease
if baseline nephrotic range, but to less than 3 g/day; <1 g/day if baseline non-nephrotic) for at least 6 months.
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Table 3. Comparisons of clinical and laboratory parameters between those with remission and those with response

With remission With response

Parameters (n=24) (n=35) p*
Age at SLE diagnosis (year) 26.8£10.4 27.7+£8.7 NS
SLE duration (month) 25.5%16.1 29.2421.9 NS
BUN (mg/dL) 13.6%9.8 19.0+13.1 NS
Creatinine (mg/dL) 1.4+0.7 1.2+£0.8 NS
Creatinine clearance (mL/min/mZ) 71.8%£29.9 54.5+27.4 0.033
Amount of proteinuria (mg/day) 2893.8£589.3 2920.0+683.5 NS
C3 (mg/dL) 28.5+17.8 28.0%£12.5 NS
C4 (mg/dL) 12.2+6.8 12.847.4 NS
Positive anti-dsDNA antibody 15 (62.5%) 27 (77.1%) NS
Anti-dsDNA antibody titer (IU/L) 380.0+215.4 346.5+239.8 NS
Positive lupus anticoagulant 2 (8.3%) 4 (11.4%) NS
Positive anticardiolipon Ab IgG 2 (8.3%) 6 (17.1%) NS
Positive anticardiolipon Ab IgM 1 42%) 2 (57%) NS
SLEDAI 15.2+6.6 12.4%4.2 NS
Damage index (SLICC/ACR) 22+2.4 2.9+0.9 NS
Activity index on pathology 10.4£4.6 8.4£5.0 NS
Chronicity index on pathology 2.1+£1.9 33+24 0.039
Lag time from diagnosis to treatment (month) 1.2+1.0 6.0+2.4 0.022
Treatment modality
Complete IVCYC pulse therapy 14 (58.3%) 16 (45.7%) NS
Incomplete IVCYC pulse therapy 11 (45.8%) 19 (54.3%) NS
Subsequent AZA therapy 6 (25.0%) 14 (40.0%) NS
Duration (month) 41.0+10.0 33.9+13.0 NS
Subsequent CSA therapy 3 (12.5%) 5 (14.3%) NS
Duration (month) 53.1+21.8 41.0+36.8 NS

*Calculated by chi-square test or independent t-test. SLEDAI: SLE disease activity index, SLICC/ACR: Systemic Lupus
International Collaborating Clinics/American College of Rheumatology, IVCYC: intravenous cyclophosphamide, AZA:
azathioprine, CSA: cyclosporin A, NS: not significant, Remission: stabilization or improvement in renal function,
resolution of urine sediment abnormalities (absence of hematuria and cellular casts), proteinuria <1 g/day and
normalization (ideally) of complement Cs for at least 6 months, Response: stabilization or improvement in renal function,
>50% decrease in hematuria (but less than 10 RBC per HPF), and signifcant change in proteinuria (=50% decrease
if baseline nephrotic range, but to less than 3 g/day; <1 g/day if baseline non-nephrotic) for at least 6 months.
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Table 4. Comparison of laboratory and clinical parameters, treatment modality between those with relapse or flare and
those without relapse or flare

Parameters With relapse Without relapse -
or flare (n=23) or flare (n=36)
Age at SLE diagnosis (year) 27.1£6.1 27.0£8.0 NS
SLE duration (month) 26.4+11.1 25.2+11.9 NS
BUN (mg/dL) 17.7+10.0 15.3+8.8 NS
Creatinine (mg/dL) 1.5+0.6 1.3+£0.7 NS
Creatinine clearance (mL/min/mz) 50.5+27.4 77.8£29.9 0.040
Amount of proteinuria (mg/day) 2593.8+780.1 2620.0+£555.3 NS
C3 (mg/dL) 26.9£10.8 28.4%12.0 NS
C4 (mg/dL) 9.9+2.9 13.4%6.1 NS
Positive anti-dsDNA antibody 15 (65.2%) 22 (61.1%) NS
Anti-dsDNA antibody titer (IU/L) 400.0+201.3 368.0+251.2 NS
Positive lupus anticoagulant 4 (17.4%) 5 (13.9%) NS
Positive anticardiolipon Ab IgG 3 (13.0%) 7 (19.4%) NS
Positive anticardiolipon Ab IgM 2 (8.7%) 3 (8.3%) NS
SLEDAI 13.1£5.5 10.0+6.0 NS
Damage index (SLICC/ACR) 1.5+0.7 1.2+0.8 NS
Activity index on pathology 8.814.6 6.9£5.0 NS
Chronicity index on pathology 2.7+£1.0 2.0+1.4 NS
Lag time from diagnosis to treatment (month) 3.9+1.7 1.4+1.9 0.031
Lag time from treatment completion 13.4£6.0 5.514.9 0.017
to remission or response (month)
Treatment modality
Complete IVCYC pulse therapy 7 (30.4%) 25 (69.4%) 0.003
Incomplete IVCYC pulse therapy 16 (69.6%) 10 (27.8%) 0.002
Subsequent AZA therapy 10 (43.5%) 8 (22.2%) NS
Duration (month) 35.7+10.0 33.4+14.2 NS
Subsequent CSA therapy 4 (17.4%) 2 (5.6%) NS
Duration (month) 41.0+26.8 61.0£5.5 NS
No further treatment 2 (8.7%) 0 NS

*Calculated by chi-square test or independent t-test. SLEDAI: SLE disease activity index, SLICC/ACR: Systemic Lupus
International Collaborating Clinics/American College of Rheumatology, IVCYC: intravenous cyclophosphamide, AZA:
azathioprinem, CSA: cyclosporin A, NS: not significant. Relapse or flare: >2 g increase in 24 hour proteinuria, or
doubling if >3.5 g/day after response, or increased activity in urine sediment (=50% increase in hematuria and >5
RBC/HPF with or without reappearance of cellular casts, or >30% increase in serum creatinine over a period of at
least 1 month
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