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Abstract
Objectives
The present paper aims at identifying the predictors of end-stage renal disease (ESRD) and at determining the long-term
outcome of ESRD patients according to renal replacement modality in Korean patients with lupus nephritis (LN).

Methods
Between 1985 and 2010, 321 Korean patients with LN were enrolled in this study. We analysed the clinical and laboratory
indices, the treatment responses and the biopsy findings. The events of interest were estimated by the Kaplan-Meier method
and the risk factors were assessed by univariate and multivariate Cox proportional hazards regression analyses.

Results
The median follow-up time after the diagnosis of LN was 84 months. During follow-up, twenty-nine patients evolved to ESRD.
Renal survival rate at 5 and 10 years after LN onset was 95.9% and 91.1%, respectively. Deteriorated renal function (estimated
glomerular filtration rate <60 ml/min/1.73m?) at LN onset (hazard ratio: 9.223) was found to be an independent risk factor for
the development of ESRD. Recurrence of lupus nephritis in renal allograft and flare-ups of lupus activity were not observed
among the patients undergoing kidney transplantation (KT) (n=11). In contrast, those with maintenance dialysis (n=18)
developed 13 episodes of lupus flare in 10 patients and 5 died of either infection (n=2) or lupus flare (n=3).

Conclusion
The impaired renal function at baseline is an independent predictor of ESRD in Korean patients with LN.
The benefits of KT on the control of lupus activity and survival should be emphasised.
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Introduction

Lupus nephritis (LN) accounts for most
of the morbidity and mortality of pa-
tients with systemic lupus erythema-
tosus (SLE). Despite advances in the
management strategies, 5 to 22% of LN
patients eventually progress to end-stage
renal disease (ESRD), requiring either
dialysis or transplantation (1-3). Renal
failure remains an independent risk fac-
tor for death in patients with LN.

A number of demographic, histopatho-
logical, serological and racial factors
have been discovered to be associated
with the outcome of LN (4, 5). Many
multivariate or adjusted analyses have
revealed more than twenty risk factors
associated with progressive renal fail-
ure. These risk factors are male gen-
der, age less than 24 years, crescents in
more than 50% of the glomeruli, high
chronicity index, treatment with ster-
oids alone, initial high serum creatinine
level, relapse, hypertension, anaemia
and serum antiphospholipid antibodies
(5-7). However, due to differences in
the definition of outcome measures, the
composition of the cohort studied, the
duration of follow-up and the number
of patients enrolled, the predictive fac-
tors associated with poor renal outcome
have varied with different studies. In
addition, it has been recently shown
that ethnicity may affect the treatment
response and clinical course of LN (8,
9). Therefore, it is difficult to extrapo-
late the previously known risk factors
for progressive renal failure to Korean
patients with LN.

Interestingly, the SLE disease activity
has been reported to decline in patients
who progress to ESRD, but the disease
activity is not abolished in many studies
(3, 10). Nossent et al. reported that the
survival of renal graft in SLE was good.
They also identified that the disease ac-
tivity after kidney transplantation (KT)
is low and the recurrence of LN is rare
(11). In their report, the use of immuno-
suppressive agents was decreased after
transplantation. Nevertheless, the “burn-
out” phenomenon of lupus activity in
patients with ESRD has made many
rheumatologists anticipate that lupus
activity in patients undergoing mainte-
nance dialysis tends to be low enough to
avoid life-threatening SLE flare-ups.
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The recurrence of LN after KT is an
issue of great concern (12) and could
be an obstacle to undergo KT in SLE
patients with ESRD.

There has been no investigation to clar-
ify the risk factors of developing ESRD
or the long-term prognosis in Korean
patients with LN. Therefore, we con-
ducted an observational cohort study
of 321 Korean patients with LN. We
examined the cumulative incidence of
ESRD in the patients with LN and we
also investigated their clinical, labora-
tory and histopathological characteris-
tics and mortality. Finally, we identified
the risk factors for the development of
ESRD and suggested the relationship
between mortality or disease flare-ups
and the treatment options of renal re-
placement in the patients with LN-in-
duced ESRD.

Patients and methods

Subjects

Between January 1985 and January
2011, 451 patients with lupus nephritis
were identified from the lupus cohort at
Seoul St. Mary’s Hospital. All the pa-
tients met the classification criteria for
SLE, as defined by the American Col-
lege of Rheumatology (ACR) criteria
(13). Subjects were excluded if they had
less than 6 months of follow-up after
the diagnosis of LN, they had diabetes
as a comorbid condition or they lacked
clinical data. The patients who under-
went quantitative examination for pro-
teinuria at the onset of LN and whose
results met the ACR renal disorder cri-
terion (14) were recruited for this study.
Finally, 321 patients were enrolled. The
study received approval from the In-
stitutional Review Board of Seoul St.
Mary’s Hospital (KC11RISI0090).

Definition

The response criteria were defined ac-
cording to the ACR 2006 clinical trial cri-
teria (15). Complete remission (CR) was
defined as (1) a normal glomerular filtra-
tion rate (GFR) =90mls/min/1.73m2 or
>25% increase from baseline, (2) a urine
protein-to-creatinine ratio <0.2 or a dip-
stick test of O to trace, (3) less than five
red blood cells /high power field (HPF)
and (4) no cellular casts in the urine. Par-
tial remission (PR) was defined as meet-



ing the ACR 2006 clinical trial criteria
for remission with the exception of a
urine protein-to-creatinine ratio between
0.2 and 2. If the patients met at least
two parameters, but they were missing
information on the other criteria, then
they were labelled as partial responders.
Patients were defined as non-responders
if they failed to meet any of the criteria
for remission. Nephrotic proteinuria was
defined as proteinuria >3.5g/24hr or a
uninary protein:urinary creatinine ratio
of >3.0. Hypertension (HTN) was de-
fined as a supine systolic blood pressure
(SBP) =140 mmHg or a diastolic blood
pressure (DBP) =90mmHg. Initial-onset
LN (I-LN) was defined as LN diagnosed
at the time of SLE onset. In contrast, de-
layed-onset LN (D-LN) was defined as
newly developed LN after the onset of
SLE.

Collection of the clinical, laboratory
and histological data

The demographic data, clinical data
(the treatment regimens, the body mass
index [BMI] and blood pressure), the
autoantibody profiles measured at the
onset time of LN (anti-double stranded
DNA [anti-dsDNA], anti-nuclear, anti-
ribonucleoprotein  [RNP], anti-Ro/La,
anti-cardiolipin antibodies and lupus
anticoagulants [LAC]), the biochemi-
cal parameters (haemoglobin [Hb], the
presence or absence of thrombocytope-
nia (defined as less than 100,000/mm?),
the serum creatinine, serum albumin
and serum complement (C3, C4) levels,
the level of 24-hr urinary protein excre-
tion, the absence or presence of haema-
turia (>5 erythrocytes/HPF) and the es-
timated GFR (eGFR) at baseline and 6
and 12 months after the diagnosis of LN
were obtained from the medical records
review. The GFR was calculated by
the Modification of Diet in Renal Dis-
ease study equation: eGFR (ml/minute/
1.73m?) = 1.86 x [serum creatinine (mg/
dD] 13 x (age)?2* x (0.742 if female)
x(1.21 if African American).

The histological pattern of disease was
established using the 1982 modified
World Health Organisation (WHO)
classification, and the activity and chro-
nicity index (AI and CI) scores were
calculated using the scoring systems
of the US National Institutes of Health
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Table I. Clinical characteristics and renal parameters at the presentation of lupus nephritis

according to the renal survival.

Renal survival p-value
Non-ESRD ESRD
(n=292) (n=29)
Gender (female) 268/292 (91.8) 27/29 (93.1) 0.803
Age at onset of SLE, years 26.8+10.5 25.1+8.6 0.542
Age at onset of LN, years 28.6+10.5 28.0+7.3 0.946
Disease duration at the time of LN onset, months 22.1+40.3 292+35.6 0.083
Disease duration at the time of LN onset, months 52.9+475 46.4+349 0.859
(restricted to patients with D-LN)
BMI 22.1+£34 22.1+19 0.806
Newly developed HTN in previously 33/186 (17.7) 2/12 (16.7) 0.925
normotensive patients
SBP, mmHg 1205+17.4 1292+254 0.176
DBP, mmHg 76.7+11.7 833+183 0.031
Hb, g/dl 10622 94=x15 0.022
Hb <11 g/dl 133/221 (60.2) 15/16 (93.8) 0.007
Platelet <100,000/ul 26/220 (11.8) 1/16 (6.3) 0.499
ANA positivity 257/271 (94.8) 20/24 (83.3) 0.024
Anti-RNP antibody positivity 68/135 (50.4) 0/10 (0.0) 0.002
Anti-Ro antibody positivity 99/169 (58.6) 2/13 (15.4) 0.003
Anti-La antibody positivity 30/140 (21.4) 1/10 (10.0) 0.389
Increased anti-dsDNA antibody 156/188 (83.0) 11/14 (78.6) 0.674
C3, mg/dl 445244 478 +25.6 0.608
C4, mg/dl 10.7+£7.3 11.7+50 0.157
I-LN 168/290 (57.9) 10/27 (37.0) 0.036
Cr, mg/dl 0.92+0.42 1.72+2.13 0.002
eGFR at LN, ml/min/1.73m? 86.9£29.7 61.6+30.8 0.004
eGFR at LN <60 ml/min/1.73m? 42/224 (18.8) 9/15 (60.0) <0.001
Proteinuria, g/24hours 532+£592 6.11 £6.86 0.990
Nephritic proteinuria 115/217 (53.0) 7/14 (50.0) 0.828
Haematuria 160/222 (72.1) 13/16 (81.3) 0.426
Serum albumin, g/dl 2.83£0.68 2.68 £0.62 0436

Values are given as mean + SD for the continuous variables, and n (%) for the categorical variables.
SLE: systemic lupus erythematosus; LN: lupus nephritis; D-LN: delayed-onset LN; BMI: body mass
index; HTN: hypertension; SBP: systolic blood pressure; DBP: diastolic blood pressure; Hb: haemo-
globin; ANA: anti-nuclear antibody; anti-RNP antibody: anti-ribonucleoprotein antibody; dsDNA: dou-
ble-stranded DNA; I-LN: Intitial-onset LN; Cr: creatinine; eGFR: estimated glomerular filtration rate.

(NIH) (16). Other pathological findings
were also reviewed at the same time.
The renal biopsies have been inter-
preted simultaneously by two different
pathologists.

Treatment regimen

This was a retrospective, observational
study and consequently the therapeutic
regimens were not standardised.

Statistical analysis

Statistical analysis was performed us-
ing the SPSS statistical software pack-
age standard version 16.0 (SPSS Inc.,
Chicago, IL). When comparing the two
groups, the Mann-Whitney U-test was
used for the continuous variables and
the chi-square test was employed for
the categorical variables. Cox’s pro-
portional hazards model for estimat-
ing the hazard ratio (HR) and the 95%
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confidence interval (CI) was used to
identify the predictive factors for the
development of ESRD. The cumula-
tive incidence of events of interest over
time was determined using life-table
analysis and the Kaplan-Meier plot.
The events of interest were compared
using the log-rank test. The p-values
less than 0.05 (two-tailed) were con-
sidered as statistically significant.

Results

Baseline demographic, clinical and
laboratory profiles

Among our 321 patients with LN, we
identified twenty-nine patients who de-
veloped ESRD during the follow-up pe-
riod. The median duration of follow-up
was 84 months. There was no difference
in the baseline demographic character-
istics, which included gender and age
at the onset of LN and SLE, between
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the patients who developed ESRD and
those who did not (Table I). All the
study subjects were Korean. The disease
duration at the time of LN onset was not
different. The BMI, newly developed
HTN, the presence of thrombocyto-
penia, positivity for anti-La and anti-
dsDNA antibodies, the C3 and C4 lev-
els, the presence of haematuria and the
serum albumin level at LN onset were
not associated with the development
of ESRD. The proportion of patients
with Hb level <11 g/dl at baseline was
greater for the patients with ESRD. Our
data showed the anti-Ro and anti-RNP
antibody positivity were correlated with
better prognosis for renal survival. The
proportions of the patients with LAC
or anti-cardiolipin antibody positivity
were not different between the groups
(data not shown). Interestingly, the rate
of I-LN was significantly higher in the
non-ESRD group, as compared with
that of the ESRD group. The renal func-
tion at the time of LN onset represented
by the serum creatinine and eGFR was
significantly decreased in the patients
with ESRD. The level of 24-hr proteinu-
ria and the rate of nephrotic proteinuria
were not different between the groups.

Renal biopsy findings

The characteristics of the renal histo-
pathology in the two groups are summa-
rised in Table II. Two hundred and two
patients (69.2%) from the non-ESRD
group underwent renal biopsy and 20
patients (69.0%) from the ESRD group
underwent renal biopsy. Proliferative
lupus glomerulonephritis (WHO class
IIT and class IV) comprised a higher
proportion in the ESRD group (85%),
compared to that of non-ESRD (73.3%).
We identified that a high AI (12 or high-
er), a high CI (4 or higher), presence of
glomerular sclerosis, fibrous crescent
formation and the presence of chronic
tubulointerstitial changes were associ-
ated with the development of ESRD.

Treatment strategies and the clinical

profiles following induction therapy

Sixty-seven percent of the patients with
renal survival were treated with cyto-
toxic agents, including cyclophospha-
mide (CYC) and mycophenolate mofetil
(MMF), as primary induction therapy.

Table II. Comparison of the initial renal biopsy findings according to renal survival in the

patients with lupus nephritis.

Renal survival p-value
Non-ESRD ESRD

WHO classification 0.027
11 13/202 (6.4) -
11 16/202 (7.9) -
TI+1V 1/202 (0.5) -
+Vv 8/202 (4.0) 2/20 (10.0)
v 115/202 (56.9) 13/20 (65.0)
IV+V 8/202 (4.0) 2/20 (10.0)
v 37/202 (18.3) 2/20 (10.0)
V+II 4/202 (2.0) -
VI 1/20 (5.0)
Activity index score 59+3.7 80+38 0.069
Activity index score =12 10/137 (7.3) 3/11 (27.3) 0.024
Chronicity index score 23+20 58+2.1 <0.001
Chronicity index score =4 36/136 (26.5) 9/11 (81.8) <0.001
Present glomerular sclerosis 70/127 (55.1) 11/12 (91.7) 0014
Present crescent formation 41/124 (33.1) 10/12 (83.3) 0.001
Cellular crescent 31/122 (25.4) 6/12 (50.0) 0.069
Fibrocellular crescent 20/122 (16.4) 4/12 (33.3) 0.144
Fibrous crescent 5/124 (4.0) 4/12 (33.3) <0.001
Present tubular atrophy 88/133 (66.2) 12/12 (100.0) 0.015
Present interstitial fibrosis 83/133 (62.4) 12/12 (100.0) 0.009

Values are given as mean + SD for continuous variables, and n (%) for the categorical variables. ESRD:
end-stage renal disease; WHO: World Health Organization.

Table III. The difference in clinical parameters that represent a treatment response accord-

ing to the final renal survival.

Renal survival p-value

Non-ESRD ESRD

(n=292) (n=29)
Serum Cr at 6 months, mg/dl 0.83+0.32 3.03+2.89 <0.001
eGFR at 6 months, ml/min/1.73m? 92.5+27.1 46.0+36.9 <0.001
A eGFR at 6 months, ml/min/1.73m? 8.3+29.7 -144+344 0.045
Proteinuria at 6 months, g/24hr 1.61+2.14 2.59+1.21 0.005
Serum albumin at 6 months, g/dl 357054 325+0.44 0.020
C3 at 6 months, mg/dl 724+279 56.6+27.9 0.055
C4 at 6 months, mg/dl 172+93 189+10.6 0.500
Hb at 6 months, g/dl 11.6£1.6 102+19 0.010
A Hb at 6 months, g/dl 1.12+2.15 021+2.58 0.166
Serum Cr at 12 months, mg/dl 0.86+£0.49 2.66+2.44 <0.001
eGFR at 12 months, ml/min/1.73m? 914+29.0 443 +31.7 <0.001
AeGFR at 12 months, ml/min/1.73m? 55+320 -16.5+19.2 0.007
Proteinuria at 12 months, g/24hr 3.63+6.31 2.53+1.66 0.469

Values are given as mean + SD. ESRD: end-stage renal disease; Cr: creatinine; eGFR: estimated
glomerular filtration rate; Hb: hemoglobin; A eGFR at a given time: defined as the eGFR at a given

time — the eGFR at the onset of LN.

The majority of the patients (92%) who
progressed to ESRD were also treated
with these agents as induction therapy.
As regards maintenance therapy, both
groups showed similar rates of treat-
ment with CYC, MMF or azathioprine
(389% vs. 36.8%, 153% vs. 10.5%
and 17.2% vs. 21.1% in the non-ESRD
and the ESRD patients, respectively).
Briefly, it could be concluded that
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the patients who finally progressed to
ESRD were administered no less cy-
totoxic agents than those with renal
survival. According to the previously
defined remission criteria, we classi-
fied the cohort patients into 4 groups
according to the treatment response at
6 and 12 months following induction
therapy. Forty-four percent of the pa-
tients with renal survival had achieved



CR or PR at 6 months after induction
therapy, whereas only 4% of the pa-
tients who developed ESRD achieved
the remission criteria at that time. The
12 months evaluation showed similar
results (49.8% and 5.0% in non-ESRD
and ESRD patients, respectively).
Table IIT shows the different clinical
profiles presented at 6 and 12 months af-
ter induction therapy. The average GFR
normally declines 0.96 ml/min/year or
about 10 ml/min/decade (17). While the
eGFR of the non-ESRD group tended to
increase following induction therapy, the
patients who went on to ESRD showed
worsening renal function during the
same period. This result suggests that
a relatively rapid decline of the eGFR
within 12 months after induction thera-
py could predict a poor renal outcome in
the patients with LN.

Patient survival and causes of death

In this study, we found 25 mortality cas-
es during the follow-up period. Twenty
cases among them had developed in
non-ESRD group. And remaining five
cases occurred in the patients who pro-
gressed into ESRD. The 5 and 10-year
cumulative patient survival rates are
95.3% and 80.2% respectively. Twelve
patients died of disease flares (haema-
tologic manifestation [n=5], diffuse
alveolar haemorrhage [n=4], neuropsy-
chiatric manifestation [n=3]). The other
causes of death are infection (n=9),
bleeding (n=3), and heart failure (n=1).

Predictors of developing ESRD

in the patients with LN

For our LN cohort, ESRD occurred
in 4.1% and 8.9% of all the patients
within 5 years and 10 years after the di-
agnosis of LN, respectively. The mean
time interval between LN onset and the
evolution to ESRD was 95.4 months.
Univariate and multivariate Cox re-
gression analyses were performed to
assess the effects of variables on the
development of ESRD, in which the
potential confounders were included
(Table IV). On univariate analysis,
various factors seem to be risk factors
for the development of ESRD. They in-
cluded the D-LN, low Hb level at LN
onset, impaired renal function (eGFR
<60 ml/min/1.73 m?) at baseline, high
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Table IV. Cox proportional hazards regression analyses for the predictors of developing
ESRD in patients with LN. Conditional stepwise analysis with adjustment for the effect of

age and gender.

Variable Univariate analysis Multivariate analysis
HR (95% CI) p-value HR (95% CI) p-value
D-LN 3.581 (1.578-8.126) 0.002
Absent anti-Ro antibody 5.297 (1.159-24.201) 0.031
Absent anti-RNP antibody 55.641 (0.253-12254.254) 0.144
Hb at LN < 11g/dl 7.686 (1.014-58.277) 0.048
Serum Cr* at LN 2.548 (1.492-4.350) 0.001
eGFR at LN < 60 ml/min/1.73m?>  6.083 (2.160-17.128) 0.001 9.223 (1.633-52.100) 0.012
eGFR at LN® 0.748 (0.621-0.901) 0.002
Al=12 3.985 (1.047-15.167) 0.043
Cl=4 12.311 (2.633-57.549) 0.001
Glomerular sclerosis 10.456 (1.336-81.858) 0.025
Fibrous crescent 7462 (2.244-24.810) 0.001
Tubular atrophy 42.794 (0.311-5895.884)  0.135
Interstitial fibrosis 45.051 (0.350-5806.013) 0.125

a: change in Cr by 1mg/dl; b: change in eGFR by 10 ml/min/1.73m2; HR: hazard ratio; 95% CI: 95%
confidence interval; D-LN: delayed-onset lupus nephritis; Hb: haemoglobin; Cr: creatinine; eGFR:
estimated glomerular filtration rate; Al: activity index; CI: chronicity index.

100 -
- 80 ]
9
s
g
3
(2] 60 1
:
©
o
2
3 40+
:

3
o

20

T e,

eGFR at LN2 60 ml/min/m2

eGFR at LN < 60 ml/min/m?

T T T

0 60 120

T T

180 240 Log rank

p-value < 0.001

Time after Lupus Nephritis Diagnosis (Months)

Fig. 1. Kaplan-Meier curve compared cumulative renal survival in patients with LN according to the
initial renal function. Patients who showed preserved renal function at the time of LN onset showed
higher renal survival rate than those with impaired renal function.

histological indices (Al and CI), the
presence of glomerular sclerosis, the
presence of fibrous crescent and the
absence of anti-Ro antibody. The vari-
ables of p<0.20 in the univariate analy-
sis were included in the multivariate
model. Only one variable was selected
among those involved in multicol-
linearity. To assess multicollinearity,
we used the variance inflation factor,
values of which greater than five were
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considered to show multicollinearity.
On multivariate analysis, only deterio-
rated renal function at the time of LN
onset remained significantly associated
with the development of ESRD. Fig-
ure 1 shows the cumulative incidence
of developing ESRD in the patients
with LN, according to baseline renal
function. The patients with relatively
preserved renal function (eGFR at LN
onset =60 ml/min/1.73m?) showed a
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low incidence of ESRD (4%) within 10
years after LN. In contrast, a larger por-
tion of the patients (24%) who showed
deteriorated renal function (eGFR <60
ml/min/1.73m?) at LN onset progressed
to ESRD within the same period.

The effects of renal replacement
modality on lupus flare-ups and
mortality in the patients with ESRD
due to LN

Among the 29 patients with ESRD, the
majority (n=27) were female. The mean
age at the initiation of dialysis was 35
years. The median interval between LN
onset and the initiation of maintenance
dialysis was 83 months (range 0 to 228
months). On reviewing the types of re-
nal replacement modality, 18 patients
have steadily maintained dialysis after
ESRD onset and 11 have undergone
KT (10 recipients of living donor trans-
plantation and 1 recipient of deceased
donor transplantation). The median
duration of dialysis before transplanta-
tion was 10 months. In the patients who
progressed into ESRD, all the mortali-
ties occurred from the group that was
on maintenance dialysis. Out of five
deceased cases in ESRD group, three
patients died as a result of disease flare-
ups and the remaining two patients died
of infection. In contrast, all 11 patients
who underwent KT survived during the
follow-up period (median follow-up
periods after KT and ESRD diagnosis
were 47 and 53 months, respectively).
For the allograft survival, two recipi-
ents developed allograft loss due to
chronic allograft rejection, which were
confirmed by renal biopsies. None of
the patients who had undergone KT
developed renal flare-up, non-renal
flare-up or death during the follow-up
period. Immunosuppressants adminis-
tered to those patients were composed
of a calcineurin inhibitor (cyclosporine
or tacrolimus) and prednisolone (dose
ranging from 2.5 mg to 10 mg), with or
without mycophenolate mofetil. On the
other hand, 10 out of 18 patients under-
going maintenance dialysis developed
thirteen episodes of disease flare-up that
required hospitalisation after ESRD di-
agnosis during a median follow-up pe-
riod of 29 months. As shown in Table
V, all the patients had received pred-

Table V. Summary of clinical characteristics of 13 SLE flare events in 10 patients with

ESRD.
Patient  Flare Age/sex Administered Interval Flare event ~ Treatment Prognosis
number  case medication from ESRD
number before flare  diagnosis
to flare
(months)
1 1 47/F PD 7.5mg 4 thrombocytopenia, High dose 1
arthritis steroid
1 2 47/F PD 2.5mg 5 TTP Plasmapheresis I
2 3 52/F PD 7.5mg 0.5 pancytopenia High dose I
steroid
2 4 53/F PD 10mg 14 LMV High dose 1
steroid
3 5 27/F PD 62.5mg 1 CNS vasculitis High dose I
steroid
3 6 28/F PD 30mg 11 arthritis High dose I
+ Cs 200mg steroid
4 7 32/F PD10mg 5 alveolar High dose I
haemorrhage steroid
5 8 35/F PD 30mg 4 CNS vasculitis High dose E
+ mizoribine steroid
6 9 32/F PD 30mg 29 CNS vasculitis High dose I
+ HCQ steroid
7 10 33/F PD 7.5mg 78 HPS Steroid + E
Plasmapheresis
8 11 50/F PD 20mg 2 thrombocytopenia  High dose E
steroid
9 12 42/F PD 10mg 40 CNS vasculitis High dose I
steroid
10 13 38/F PD10mg 86 LMV High dose I
+AZP steroid

ESRD: end-stage renal disease; F: female; PD: prednisolone; I: improved; E: expired; Cs: cyclosporine;
HCQ: hydroxychloroquine; AZP: azathioprine; TTP: thrombotic thrombocytopenic purpura; LMV: lu-
pus mesenteric vasculitis; CNS: central nervous system; HPS: haemophagocytic syndrome.

nisolone for the maintenance therapy
before the diagnosis of SLE flare-ups.
The majority of flare-ups required high-
dose glucocorticoid therapy and two
cases required plasmapheresis. Among
the flares, three events led to death, de-
spite of the immediately administered
immunosuppressive therapy. Seven
out of 13 flare-up episodes occurred
within six months after the diagnosis of
ESRD. Among the patients with ESRD,
the Kaplan-Meier curves showed a sta-
tistically significant lower risk of death
and disease flare-up for the patients
with KT, compared to patients on main-
tenance dialysis (Fig. 2).

Discussion

This is the first study that identified the
time-dependent predictive factors for
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the development of ESRD and the long-
term prognosis in Korean patients with
LN-induced ESRD. Although the sur-
vival and renal outcome of LN patients
have been investigated in both short-
and medium-term follow-up studies,
our study was based on long-term co-
hort data.

The 5-year incidence of ESRD in our
cohort was lower than that from the
UK, in which ESRD occurred at a rate
ranging from 6.9 to 8.1% during the
past three decades (18). Ten year re-
nal survival rate of our study is good
in comparison to other series. In other
previous reports, that was revealed to
be about between 80 and 85% (19-22).
Even when restricting the analysis to
the patients who failed to achieve re-
mission at 6 months after induction
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Fig. 2. Kaplan-Meier curves compared cumulative survival (A) and the incidence of SLE flare-up
(B) in patients with ESRD, according to the renal replacement modalities. Patients who had sustained
dialysis after ESRD onset showed poor survival and more frequent episodes of disease flare-up than

those who underwent KT.

therapy, several factors remained as
significantly poor prognostic factors for
renal survival in the univariate analy-
sis (the HRs for eGFR at LN <60 ml/
min/1.73m?, D-LN, CI >4 and present
fibrous crescent were 4.32, 3.38, 10.53
and 16.25, respectively). On multivari-
ate analysis, impaired renal function
at LN onset (HR=5.34) and present fi-
brous crescent (HR=6.04) were finally
the only independent risk factors for the
progression to ESRD. That suggested

that other factors besides achieving re-
mission could affect renal survival.

Although some studies showed disap-
pointing results, the therapeutic options
for the treatment of LN have increased,
such as MMF, anti-CD20 and other B-
cell directed therapies. Since achieving
remission is basically an important is-
sue for preventing renal dysfunction
in patients with LN, those agents have
been thought to have beneficial effects
on the preservation of renal function.
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However, it is not yet known whether
these treatments will reduce the devel-
opment of ESRD.

Ward MM reported that the incidence
of ESRD secondary to LN in the US
rose from 1.13 in 1982 to 3.20 cases per
million in 1995 (23), and this had not
decreased between 1996 and 2004 (24).
The same is true of the data from the
UK (18). When combined with these
discouraging reports, our study also
showed that it might be difficult to pre-
vent the development of ESRD in the
patients with LN, because the baseline
renal function (the only significant risk
factor for the progression to ESRD in
our study) is an unpredictable and un-
correctable factor. Without the devel-
opment of novel drugs, preventing the
occurrence of ESRD due to LN is still a
difficult and complicated task.
Considering survival, the cumulative 5-
year survival of the patients with LN has
increased from below 50% in the 1960s
to more than 80% in the 1990s (25).
However, recent reports from both the
US and the UK showed a constant mor-
tality rate from mid 1990s to mid 2000s
(18, 26). That implicated we are now
facing the limitations of the currently
used treatment strategies to achieve sur-
vival benefit for LN patients.

A recent article by Rietveld and Berden
(27) reviewed the results of the various
forms of renal replacement therapy in
LN patients. Although the clinical and
serological disease activity tended to
decrease during the dialysis in lupus
patients, there are some reports on on-
going extrarenal disease activity in the
first year after the initiation of dialysis
(28,29).

In 1975 the American Colleges of Sur-
geons/NIH Transplant Registry reported
that the allograft and recipient survival
rates of LN patients were comparable
with those of the non-SLE KT recipients
(30). Recently, a large follow-up study
that used the data from both the United
States Renal Data System and United
Network of Organ Sharing registry has
compared 2886 SLE recipients with
89958 non-SLE recipients (31). Among
the living allograft recipients, there was
no difference in allograft and recipient
survival, as compared with those of the
non-SLE recipients. A study by Nossent
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et al. (11) revealed that the maximal
non-renal Systemic Lupus Erythema-
tosus Disease Activity Index decreased
after transplantation compared to dur-
ing dialysis and before dialysis. How-
ever, the clinical outcome of KT in SLE
patients remains a topic of controversy,
due to concerns about disease recur-
rence and allograft rejection.

The present study showed the excellent
survival, no recurrence of LN, as well
as stable disease activity in the patients
undergoing KT. On the other hand,
those under dialysis underwent disease
flares, even though all of the patients
had taken low to medium dose of gluco-
corticoids (32). It might be a hasty con-
clusion that KT is superior than dialysis
in survival and stabilisation of disease
activity, owing to a limited number of
patients with ESRD. Unfortunately, we
cannot ascertain whether or not there
is a difference in medical condition or
disease activity at the time to start di-
alysis between the groups. Those fac-
tors might contribute to better survival
and lessen the disease flare-ups in KT
recipients. Additionally, immunosup-
pressants to avoid graft rejection could
stabilise the disease activity. Neverthe-
less, KT as a renal replacement modal-
ity should be more stressed in the LN
patients who progress to ESRD, when
judging on the previous reports and our
present study.

Like our study, Chien et al. (33) pre-
viously reported that a lower anti-Ro
antibody titer was correlated with the
occurrence of proteinuria in Taiwanese
patients with SLE. Although the sig-
nificance of anti-RNP antibody in the
pathogenesis of LN remains uncertain,
our results show that anti-RNP antibody
positivity is correlated with a renal sur-
vival. Likewise, several studies elucidat-
ed anti-RNP antibodies exert opposite
effects on the severity of LN (34, 35).
The onset time of LN was revealed to
be a predictor for the development of
ESRD in univariate Cox regression
model. Because, it is notorious that the
prompt therapy with immunosuppres-
sive agents in LN has a beneficial ef-
fect on long-term renal function (36), it
is also speculated that the patients with
D-LN had received treatment later than
those with I-LN.

In conclusion, deteriorated renal func-
tion at LN onset predicts the devel-
opment of ESRD in Korean patients
with LN. Among the patients who
progressed to ESRD due to LN, those
who underwent KT showed excellent
clinical course without any evidence
of renal flare-up, non-renal flare-up
or death during the follow-up period.
In contrast, the patients under mainte-
nance dialysis showed a significantly
greater frequency of disease flares-ups
and death.
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