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Predictors of renal relapse in Koreans with lupus nephritis after achieving
complete response: a 35-years of experience at a single center
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Aims

Find out predictors of renal relapse in Korean patients

with lupus nephritis after achieving complete response. Young-age onset of LN severe proteinuria
serum hypoalbuminemia

Studies on more effective maintenance treatment regimens and duration are needed to

Conclusion reduce renal relapse.

Background/Aims: Renal relapse has known to be a poor prognostic factor in patients with lupus nephritis (LN), but there
were few studies that identified the risk factors of renal relapse in real world. We conducted this study based on 35-years of
experience at a single center to find out predictors of renal relapse in Korean patients with LN after achieving complete re-
sponse (CR).

Methods: We retrospectively analyzed the clinical, laboratory, pathologic and therapeutic parameters in 296 patients of
LN who reached CR. The cumulative risk and the independent risk factors for renal relapse were examined by Kaplan-Meier
methods and Cox proportional hazards regression analyses, respectively.
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Results: The median follow-up period from CR was 123 months. Renal relapse had occurred in 157 patients. Renal relapse
occurred in 38.2%, 57.6% and 67.9% of patients within 5-, 10-, and 20-year, respectively. The age at diagnosis of SLE and
LN were significantly younger, and the proportions of severe proteinuria and serum hypoalbuminemia were higher in patients
with renal relapse. Interestingly, the proportion of receiving cytotoxic maintenance treatment was higher in patients with re-
nal relapse. In Cox proportional hazards regression analyses, only young-age onset of LN (by 10 years, HR = 0.779, p = 0.007)
was identified to independent predictor of renal relapse.

Conclusions: Young-age onset of LN was only independent predictor and the patients with severe proteinuria and serum
hypoalbuminemia also tended to relapse more, despite of sufficient maintenance treatment. Studies on more effective main-

tenance treatment regimens and duration are needed to reduce renal relapse.
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INTRODUCTION

Systemic lupus erythematosus (SLE) is a systemic autoim-
mune disease characterized by diverse clinical manifesta-
tions, ranging from non-life-threatening manifestation such
as mucocutaneous symptoms to severe life-threatening or-
gan involvement [1]. Renal involvement is known to be the
most commonly affected major organ, with lupus nephritis
(LN) occurring in 20-65% of patients with SLE [2]. The pres-
ence of LN is associated with poor prognosis including re-
nal function deterioration and mortality [3]. It is known that
10-30% of LN patients progress to end-stage renal disease
(ESRD) [4]. Such patients have a 26-fold increase in mortality
compared to he general population [5].

To date, many studies have been conducted to find out
the predictors of ESRD development and mortality in pa-
tients with LN. Among them, renal relapse has been prov-
en to be able to predict poor renal outcomes and mortality
[6-11]. Repeated LN flares can exacerbate this poor prog-
nosis [12,13]. Although many attempts have been made to
lower the incidence of renal flare and renal flare rate has
been shown to be decreased due to long-term maintenance
therapy such as mycophenolate mofetil (MMF) [14,15], it is
still challenging to prevent renal flare.

Many studies have reported the rate of renal relapse and
its predictors. However, only a few recent studies have been
conducted in a real-world setting [10,16-18]. According to
results of these studies, the renal relapse rate was 30-50%
after 10 years of follow-up. Several clinical and pathological
factors that could predict renal relapse have been reported.
Race and ethnicity could affect the response to treatment
and clinical course [19,20], however, those studies only
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demonstrated the results derived from Whites [17,18] and
Hispanics [10] with the exception of our previous study [16].
In addition, the number of study subjects and follow-up pe-
riods were relatively small and short.

Previously, we have reported predictive factors for renal
relapse based on our experience of Korean patients with
LN for 25 years. Since then, MMF has become a major drug
for induction and maintenance therapy and new treatment
strategies such as calcineurin inhibitors (CNIs) have been in-
troduced [21]. Hence, we extended our study to 35 years
of experience in a single center. Unlike our previous study
on patients who reached partial response (PR) and com-
plete response (CR), we confined patients to those who had
achieved CR.

METHODS

Patients

A total of 532 patients with LN who were treated at Seoul
St. Mary's Hospital between January 1985 and December
2019 were identified from the chart. All patients met the
classification criteria for SLE and LN as defined by 1997
American College of Rheumatology (ACR) criteria [22]. We
excluded patients if they were younger than 16 years at di-
agnosis, those who had other comorbidities such as diabe-
tes that could cause proteinuria, those who were followed
up for less than one year after LN diagnosis, those who had
poor adherence that could affect treatment response, those
who were prescribed any biologic agents, and those who
lacked important clinical data. A total of 401 patients were
included in our LN cohort. We reviewed their medical charts
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retrospectively. Among patients in the LN cohort, 296 pa-
tients who reached CR were finally enrolled in the present
study. This study received approval from the Institutional
Review Board of Seoul St. Mary's Hospital (KC21RASI0046).
Written informed consent was waived by the board.

Definition

Response to treatment and renal relapse were defined ac-
cording to 2019 European League Against Rheumatism and
European Renal Association-European Dialysis and Trans-
plant Association (EULAR/ERA-EDTA) recommendations for
management of LN [21]. CR was defined as 24-hour urinary
protein < 500 mg or urine protein creatinine ratio (UPCR) <
0.5 and normal or near-normal estimated glomerular filtra-
tion rate (eGFR) (within 10% of normal eGFR if previously
abnormal). As a response criterion, PR and non-responder
(NR) were also defined according to the above recommen-
dation. Renal relapse was defined as nephritic flare (repro-
ducible increase of serum creatinine by > 30% or decrease
in eGFR by > 10% with active urine sediment and an in-
crease in glomerular hematuria by > 5 red blood cells per
high power field irrespective of changes in proteinuria) and
proteinuric flare (reproducible doubling of UPCR > 1.0 after
CR). The patients were classified as “renal relapse” only if
test results consistent with the definition of renal relapse
were repeated and the treatment strategy was modified
based on the judgement of the expert rheumatologist by
integrating other clinical and laboratory findings. eGFR was
calculated by the Modification of Diet in Renal Disease study
equation:

eGFR (mL/min/1.73 m2) = 186 x [SCr (mg/dL)] - 1.154 x
(age) - 0.203 x (0.742 if female).

Delayed-onset LN was defined as LN that occurred after
the diagnosis of SLE (i.e., it did not occur at the diagnosis
of SLE simultaneously). Hypertension (HTN) was defined as
a systolic blood pressure > 140 mmHg or a diastolic blood
pressure > 90 mmHg and/or previous diagnosis of HTN
and prescription of antihypertensive medication. Acute
renal dysfunction was defined as an acute nephritic syn-
drome (serum creatinine > 1 mg/dL and eGFR < 60 mL/min/
1.73 m2) or rapidly progressive renal insufficiency [23]. Ne-
phrotic-range proteinuria was defined as 24-hour urinary
protein > 3.5 g or a UPUC > 3. Hypoalbuminemia was de-
fined as serum albumin < 3.5 g/dL. Clinically significant hy-
poalbuminemia was defined as serum albumin < 2.5 g/dL
that could cause systemic symptoms such as generalized

https://doi.org/10.3904/kjim.2023.255

KJIM™

edema and pleural effusion [24].

Collection of clinical, laboratory, and
histological data

Baseline clinical characteristics (including sex, age at the di-
agnosis of SLE and LN, total follow-up duration from the
diagnosis of SLE, LN and CR, medication usage (steroid and
hydroxychloroquine [HCQ]) at the diagnosis of LN, body
mass index (BMI) and presence of HTN) were collected
from medical charts at the diagnosis of LN. Laboratory re-
sults including levels of hemoglobin (Hb), platelet (PIt), se-
rum creatinine, eGFR, albumin, uric acid, and the degree
of proteinuria at baseline, 6 months and 12 months after
treatment initiation were obtained. Immunologic laboratory
results including complements level (C3 and C4), anti-nu-
clear antibody (ANA), anti-dsDNA antibody, anti-Sm/Ro/La/
RNP antibodies, and antiphospholipid antibodies (anti-32
glycoprotein, anti-cardiolipin antibodies, and lupus antico-
agulants [LACs]) at baseline were also obtained. In addition,
we collected anti-phospholipid Ab positivity as a cumulative
manner.

The histological type of LN was reported based on the
1982 modified World Health Organization (WHO) classifica-
tion or the 2003 International Society of Nephrology/Renal
Pathology Society (ISN/RPS) classification criteria according
to the date of the biopsy was performed [25,26]. If a case
was reported as a mixed type, it was assigned to the domi-
nant class. Activity index (Al) and chronicity index (Cl) were
calculated using the scoring system of the US National In-
stitutes of Health (NIH) [27]. Detailed pathological findings
such as glomerular sclerosis, crescents (cellular/fibro-cellular/
fibrous), tubular atrophy, interstitial fibrosis, and intramural
thrombi were also recorded. In our hospital, renal biopsies
have been reported by two different pathologists simulta-
neously.

Therapeutic regimens and outcomes

Therapeutic regimens were not standardized since this was a
retrospective and observational study. However, all patients
received appropriate treatments under the clinical judge-
ment of professional rheumatologists. These therapeutic
regimens are acceptable universally. Induction treatment
regimens were categorized into steroid only, cyclophospha-
mide (CYC), MMF, and CNIs. Maintenance treatment regi-
mens were categorized into steroid only, azathioprine (AZP),
CYC, MMF, and CNIs. The usage of adjuvant treatment
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options including angiotensin-converting enzyme inhibitor
(ACEi) or angiotensin-receptor blocker (ARB), statin, and
HCQ was also obtained. We also investigated delayed time
from diagnosis of LN to induction treatment, duration of
maintenance, and duration of steroid treatment. We then
assessed treatment response at 6 months and 12 months
after treatment and determined the time to CR.

The Korean Journal of Internal Medicine Vol. 39, No. 2, March 2024

Statistical analysis

Al statistical analyses were performed using the SPSS sta-
tistical software package standard version 25 (IBM Corp.,
Armonk, NY, USA). Continuous variables are described as
mean =+ standard deviation and categorical variables are de-
scribed as counts and percentages. \WWhen comparing vari-
ables between two groups, Student'’s t-test or Mann-Whit-

Table 1. Comparison of clinical characteristics and laboratory findings at the diagnosis of LN depending on relapse

Variable Total Relapse Relapse free DU
(n =296) (n =157) (n=139)
Female 271/296 (91.6) 144/157 (91.7) 127/139 (91.4) 0.913
Age at SLE diagnosis, yr 279 £ 10.2 263+9.4 29.7 +10.8 0.006*
Age at LN diagnosis, yr 29.8+10.2 28.1+93 31.7+£109 0.004*
SLE follow-up duration at the time of LN diagnosis, mo 22.2+39.8 211 £35.1 23.5+445 0.744
Delayed-onset LN 176/296 (59.5) 91/157 (58.0) 85/139 (61.2) 0.577
Total follow-up duration from LN diagnosis, mo 1589 +91.4 172.5 + 80.1 143.5 + 100.7 0.002*
Total follow-up duration from CR, mo 135.5+85.9 150.6 + 75.0 118.8 +94.5 0.001*
Medication at LN diagnosis
Steroid 80/91 (87.9) 47/53 (88.7) 33/38(86.9) 0.791
Steroid dose, g/day 10.02 £ 6.20 10.26 + 6.95 9.69 + 5.05 0.988
Hydroxychloroquine 51/91 (56.0) 26/53 (49.1) 25/38 (65.8) 0.113
SLEDAI 18.4 7.0 17.4 £5.2 19.9+£9.2 0.343
Body mass index, kg/m? 22.03 +3.31 2223 £3.16 21.76 = 3.51 0.388
Hypertension 42/212 (19.8) 20/116 (17.2) 22/96 (22.9) 0.302
Hemoglobin less than 10 g/dL 98/238 (41.2) 56/127 (44.1) 42/111 (37.8) 0.328
Platelets less than 100,000/uL 43/238 (18.1) 21/126 (16.7) 22/112 (19.6) 0.551
Serum creatinine, mg/dL 1.02 £ 0.68 1.03+£0.79 1.01 +£0.54 0.358
Serum eGFR, mL/min/1.73 m? 88.9 +34.1 91.7 £355 859+ 325 0.189
Acute renal dysfunction at LN onset, eGFR < 60 48/240 (20.0) 25/125 (20.0) 23/115 (20.0) >0.999
Severe renal dysfunction at LN onset, eGFR < 30 10/240 (4.2) 5/125 (4.0) 5/115 (4.3) >0.999
Urinary casts 97/227 (42.7) 55/118 (46.6) 42/109 (38.5) 0.219
Proteinuria, g/day or PC ratio 5.4250 + 5.8261 6.050 + 6.8927  4.7789 + 4.4020 0.101
Nephrotic range proteinuria 126/241 (52.3) 68/123 (55.3) 58/118 (49.2) 0.341
Proteinuria over 6 g 72/240 (30.0) 46/122 (37.7) 26/118 (22.0) 0.008*
Serum albumin, g/dL 2.81+0.74 274 £0.77 2.90 £ 0.69 0.115
Hypoalbuminemia, less than 3.5 g/dL 185/235 (78.7) 99/123 (80.5) 86/112 (76.8) 0.489
Clinically significant hypoalbuminemia, less than 2.5 g/dL ~ 77/235 (32.8) 46/123 (37.4) 317112 (27.7) 0.113
Albumin less than 2.0 g/dL 34/235 (14.5) 25/123 (20.3) 9/112 (8.0) 0.007*
Serum uric acid, mg/dL 6.35+2.28 6.35+2.30 6.34 +2.27 0.964

Values are presented as number (%) or mean = standard deviation.

CR, complete response; eGFR, estimated glomerular filtration rate; LN, lupus nephritis; PC, protein to creatinine; SLE, systemic lupus

erythematosus; SLEDAI, SLE diasese activity index.
*p < 0.05.
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ney U test was used depending on whether they showed a
normal distribution. Chi-squared test or Fisher’s exact test
was used when comparing categorical variables. Cox pro-
portional hazard regression analysis was performed to iden-
tify predictive factors for relapse after achieving CR. Hazard
ratio (HR) and 95% confidence interval are reported. The
Kaplan-Meier method was used to identify time-dependent
relapse rate after achieving CR. Log rank test was used to
compare two groups. All p values less than 0.05 were con-
sidered statistically significant.

RESULTS

Among 401 patients of LN treated at Seoul St. Mary’s Hos-
pital from 1985 to 2019, 296 patients who reached CR
were enrolled. The median follow-up period after the on-
set of LN and CR were 155 months (range, 82-229 mo)
and 123 months (range, 65-203 mo), respectively. Among
them, renal relapse occurred in 157 patients during the fol-
low-up period.

Baseline clinical characteristics and laborato-
ry findings

Baseline clinical characteristics and laboratory findings of
patients at LN onset are presented in Table 1. There were

KJIM™

no significant differences in baseline clinical characteris-
tics, including sex, SLE disease duration at the time of LN
diagnosis, the proportion of delayed-onset LN, medications
used at the time LN development (steroid and HCQ), SLE-
DAI, BMI, or the proportion of HTN. Ages at diagnosis of
SLE and LN were significantly younger in patients with renal
relapse (26.3 vs. 29.7 yr, p = 0.006 and 28.1 vs. 31.7 yr,
p = 0.004). Total follow-up duration from LN diagnosis or
CR was significant longer in patients with renal relapse,
compared with those sustaining CR (172.5 vs. 143.5 mo,
p =0.002 or 150.6 vs. 118.8 mo, p = 0.001).

Regarding laboratory findings, the proportion of low Hb
(less than 10 g/dL) and low PIt counts (less than 100,000/uL)
were not significantly different between the two groups.
Serum Cr, eGFR, and uric acid levels and presence of urinary
casts were similar between the two groups. There was no
significant difference in the amount of proteinuria or the
ratio of nephrotic range proteinuria between the patients
who developed renal relapse during the follow-up period
and those who had maintained CR state. Serum albumin
level, proportion of hypoalbuminemia, and clinically signif-
icant hypoalbuminemia were not significantly different ei-
ther. However, severe proteinuria (over 6 g/day) and severe
hypoalbuminemia (less than 2.0 g/dL) were more frequently
detected in the group of renal relapse, compared with those
sustaining CR state.

Table 2. Comparison of immunological laboratory findings at the diagnosis of lupus nephritis depending on relapse

Variable Total (n = 296) Relapse (n = 157) Relapse free (n = 139) p value
C3, mg/dL 43.28 + 24.90 43.46 + 23.37 43.08 + 26.59 0.624
C4, mg/dL 9.99 + 743 9.47 + 6.44 10.56 + 8.40 0.751
ANA positivity 273/283 (96.5) 147/151 (97.4) 126/132 (95.5) 0.523
Anti-dsDNA Ab positivity 198/215 (92.1) 107/114 (93.9) 91/101 (90.1) 0.308
Anti-dsDNA Ab titer, far assay, IU/mL 289.42 + 344.84 243.72 +314.89 347.08 = 357.20 0.322
Anti-Sm Ab positivity 67/207 (32.4) 43/114 (37.7) 24/93 (25.8) 0.068
Anti-Ro Ab positivity 129/220 (58.6) 70/122 (57.4) 59/98 (60.2) 0.672
Anti-La Ab positivity 43/198 (21.7) 27/110 (24.5) 16/88 (18.2) 0.281
Anti-RNP Ab positivity 95/191 (49.7) 54/107 (50.5) 41/84 (48.8) 0.820
Anti-phospholipid Ab positivity 101/247 (40.9) 53/139 (38.1) 48/108 (44.4) 0.317
Anti-B2-glycoprotein Ab positivity 48/244 (19.7) 24/138 (17.4) 24/106 (22.6) 0.306
Anti-cardiolipin Ab positivity 70/285 (24.6) 40/153 (26.1) 30/132 (22.7) 0.504
Lupus anticoagulant positivity 33/274 (12.0) 24/154 (15.6) 9/120 (7.5) 0.041*

Values are presented as mean = standard deviation or number (%).

Ab, antibody; ANA, anti-nucleic antibody; DNA, deoxyribo ucleic acid; RNP, ribonucleoprotein.

*p < 0.05.
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Immunologic laboratory findings

As shown in Table 2, most variables including C3 and C4
levels, ANA positivity, anti-dsDNA Ab positivity as well as
its titer (by far assay), and the positivity for anti-Sm/Ro/La/
RNP Ab were all similar between the two groups. Among
anti-phospholipid Ab, LAC was only found more frequently
in renal relapse group (15.6 vs. 7.5%, p = 0.041).

Pathological findings

Of 296 patients, 228 (77.0%) had undergone a kidney bi-
opsy. Their pathologic findings are presented in Table 3.
The proportion of patients who had undergone renal biopsy
within 1 month after LN development were similar between
the two groups. We did not find any significant differences
in pathological findings, including WHO or ISN/RPS classifi-
cation, Al, and Cl. Proportions of those with Al more than
6 and 12 and those with Cl more than 4 were also similar
between the two groups. There were no significant differ-
ences in specific pathological findings such as glomerular
sclerosis, cellular/fibro-cellular/fibrous crescents, interstitial

The Korean Journal of Internal Medicine Vol. 39, No. 2, March 2024

fibrosis, tubular atrophy, or intramural thrombi either.

Therapeutic regimens and treatment responses
We analyzed types of therapeutic regimens and treatment
responses. Results are shown in Table 4. There was no sig-
nificant difference in time interval from diagnosis of LN to
the initiation of induction therapy between the two groups.
Treatment for the induction was divided into steroid only,
CYC, MMF, and CNis. The results, as shown in Table 4, did
not show any difference between the two groups. Treat-
ment for the maintenance was divided into no maintenance
treatment, steroid only, CYC, MMF, AZP, and CNIs. There
was a significant difference in maintenance treatment type
between the two groups (p = 0.049). We subdivided main-
tenance treatment type into two groups - cytotoxic mainte-
nance treatment or not. The proportion of those receiving
cytotoxic maintenance treatment was significantly higher
in the relapsed group (77.4 vs. 62.4%, p = 0.008). Other
variables associated with treatment - including duration of
maintenance treatment and steroid usage, the proportion

Table 3. Comparision of pathological findings at the diagnosis of lupus nephritis depending on relapse

Variable Total (n = 296) Relapse (n = 157) Relapse free (n = 139) p value
Time interval from LN diagnosis 173/219 (79.0) 95/123 (77.2) 78/96 (81.3) 0.469

to renal biopsy < 1 mo
WHO or ISN/RPS classification 0.464

I 16/228 (7.0) 11/130 (8.5) 5/98 (5.1)

1] 35/228 (15.4) 22/130 (16.9) 13/98 (13.3)

v 134/228 (58.8) 76/130 (58.5) 58/98 (59.2)

V 43/228 (18.9) 21/130 (16.2) 22/98 (22.4)
Activity index 55+36 51+34 6.0+3.7 0.141
Activity index > 6 71/167 (42.5) 37/97 (38.1) 34/70 (48.6) 0.179
Activity index > 12 10/167 (6.0) 6/97 (6.2) 4/70 (5.7) > 0.999
Chronicity index 2220 2220 23+20 0.839
Chronicity index > 4 39/167 (23.4) 21/97 (21.6) 18/70 (25.7) 0.540
Glomerular sclerosis 91/174 (52.3) 53/94 (56.4) 38/80 (47.5) 0.242
Cellular crescents 40/170 (23.5) 22/93 (23.7) 18/77 (23.4) 0.966
Fibro-cellular crescents 29/170 (17.1) 18/93 (19.4) 11/77 (14.3) 0.382
Fibrous crescents 9/170 (5.3) 4/93 (4.3) 5/77 (6.5) 0.733
Interstitial fibrosis 101/174 (58.0) 53/94 (56.4) 48/80 (60.0) 0.630
Tubular atrophy 100/174 (57.5) 52/94 (55.3) 48/80 (60.0) 0.534
Intramural thrombi 1/173 (0.6) 1/94 (1.1) 0/79 (0.0) >0.999

Values are presented as number (%) or mean = standard deviation.
ISN/RPS, International Society of Nephrology/Renal Pathology Society; WHO, World Health Organization.
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Table 4. Comparison of therapeutic regimens and treatment response depending on relapse

Variable Total (n = 296) (Eezla?;% R((er!azs;e3f9r(;e p value
Delay time from diagnosis of LN to treatment, mo 26+89 29+104 23+67 0.630
Induction treatment type 0.604

Steroid only 93/281 (33.1) 50/151 (33.1) 43/130 (33.1)

Cyclophosphamide 132/281 (47.0) 73/151 (48.3) 59/130 (45.4)

MMEF 40/281 (14.2) 18/151 (11.9) 22/130(16.9)

CNIs 16/281 (5.7) 10/151 (6.6) 6/130 (4.6)
Maintenance treatment type 0.049*

None 23/262 (8.8) 8/137 (5.8) 15/125 (12.0)

Steroid only 55/262 (21.0) 23/137 (16.8) 32/125 (25.6)

Cyclophosphamide 50/262 (19.1) 29/137 (21.2) 21/125 (16.8)

MMF 57/262 (21.8) 28/137 (20.4) 29/125 (16.8)

AZP 61/262 (23.3) 37/137 (27.0) 24/125 (19.2)

CNIs 16/262 (6.1) 12/137 (8.8) 4/125(3.2)
Cytotoxic maintenance treatment 184/262 (70.2) 106/137 (77.4) 78/125 (62.4) 0.008*
Maintenance treatment duration, mo 220+ 250 19.4 + 221 246 +274 0.505
Steroid treatment duration (tapered to 5 mg/day), mo 30.4 +33.6 28.1+285 327 +379 0.796
Steroid hold 68/232 (29.3) 27/114 (23.7) 41/118 (34.7) 0.064
Adjuvant treatment

ARB or ACEi 113/227 (49.8) 60/115 (52.2) 53/112 (47.3) 0.465

Statin 53/227 (23.3) 34/115 (29.6) 19/112 (17.0) 0.025*

HCQ 113/227 (4.8) 58/115 (50.4) 55/112 (49.1) 0.841
Treatment response at 6 months 0.555

CR 142/260 (54.6) 77/135 (57.0) 65/125 (52.0)

PR 39/260 (15.0) 21/135 (15.6) 18/125 (14.4)

NR 79/260 (30.4) 37/135 (27.4) 42/125 (33.6)

Serum eGFR, mL/min/1.73 m? 96.4+ 269 100.5 + 27.5 91.7 £25.4 0.017*

Proteinuria, g/24 h 1.5957 + 4.3749 1.9375 + 5.7858 1.2081 £ 2.8520 0.739
Treatment response at 12 months 0.758

CR 163/257 (63.4) 88/136 (64.7) 75/121 (62.0)

PR 38/257 (14.8) 18/136 (13.2) 20/121 (16.5)

NR 56/257 (21.8) 30/136 (22.1) 26/121 (21.5)

Serum eGFR, mL/min/1.73 m? 101.3+ 325 104.7 £ 34.5 975+ 29.8 0.100

Proteinuria, g/24 h 1.5502 + 4.4654 1.1659 + 2.2486 2.0776 + 6.3621 0.768
Time to CR, mo 19.1 £26.7 16.3 +£23.2 22.2+299 0.120

Values are presented as mean + standard deviation or number (%).
ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin-receptor blocker; AZP, azathioprine; CNIs, calcineurin inhibitors;
CR, complete response; eGFR, estimated glomerular filtration rate; HCQ, hydroxychloroquine; LN, lupus nephritis; MMF, mycophe-

nolate mofetil; NR, no response; PR, partial response.

*p < 0.05.
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Table 5. Univariate and multivariate Cox proportional hazards analyses of the predictors of relapse in patients with LN

Univariate analysis

Multivariate analysis

Variable

HR (95% CI) p value HR (95% Cl) p value
Age at SLE, 10 yr 0.781 (0.650-0.939) 0.008*
Age at LN, 10 yr 0.779 (0.650-0.933) 0.007* 0.779 (0.650-0.933) 0.007*
Proteinuria over 6 g 1.322 (0.912-1.915) 0.140
Albumin less than 2.0 g/dL 1.361 (0.870-2.130) 0.177
Lupus anticoagulant positivity 1.196 (0.744-1.923) 0.460

Cl, confidence interval; HR, hazard ratio; LN, lupus nephritis; SLE, systemic lupus erythematosus.

*n < 0.05.

Kaplan-Meier plot of relapse
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Figure 1. Time-dependent relapse rate in total patients.

of steroid cessation, adjuvant medication like ACEi or ARB,
HCQ - showed no significant differences between the two
groups. Only statin usage was significantly more frequent in
the relapsed group (29.6 vs. 17.0%, p = 0.025).

Treatment responses at 6 months and 12 months after
induction were not different between the two groups. In
both groups, more than 50% of patients achieved CR after
6 months and more than 60% of patients achieved CR after
12 months. The time to CR was not significantly different
between the two groups. Regarding serum eGFR and pro-
teinuria at 6 months and 12 months after starting treatment,
only serum eGFR after 6 months was significantly high-
er in the relapsed group (100.5 vs. 91.7 mL/min/1.73 m2,
p=0.017).

Predictors of relapse

We performed Cox proportional hazards analyses to identify
predictors of relapse. Results are summarized in Table 5. We
performed univariate analysis with various factors proven to

354  www.kjim.org

be associated with renal relapse mentioned above. Age at
SLE diagnosis (by 10 years, HR 0.781, p = 0.008) and the
age at LN diagnosis (by 10 years, HR 0.779, p = 0.007) were
associated with relapse. As shown in Table 1, since the peri-
od from SLE diagnosis to LN diagnosis did not show a signif-
icant difference between the two groups, we selected only
one variable, age at LN diagnosis (by 10 years, HR 0.779,
p =0.007), as a predictor of relapse to avoid multicollinear-
ity problem.

Time-dependent relapse rate

From our study, Kaplan-Meier method showed that renal
relapse occurred in 38.2, 57.6, and 67.9% of patients with-
in 5-, 10-, and 20-year after achieving CR, respectively, as
shown in Figure 1.

DISCUSSION

In this study, we evaluated the incidence rate and predic-
tors of renal relapse with 296 patients of LN who achieved
CR based on more than 35 years of experience in a single
center. We observed renal relapse incidence in 38.2, 57.6,
and 67.9% of patients within 5-, 10-, and 20-year after
reaching CR, respectively. And we found that young-age
onset of LN was the only predictor for renal relapse and the
patients with initially severe proteinuria (over 6 g/day) and
severe hypoalbuminemia (less than 2.0 g/dL) also tended to
relapse more.

It is quite disappointing that so many patients eventually
relapsed despite receiving more aggressive cytotoxic main-
tenance therapy than in the relapse-free group. This is be-
cause the patients eventually relapsed despite all of them
reaching CR and receiving appropriate doses and durations
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of following maintenance treatment, although the time to
reach CR was different. In patients with LN who developed
at young age or initially presented severe proteinuria, cur-
rently recommended maintenance treatment may be insuf-
ficient in terms of renal protection. And this raises the need
for a different strategy - stratified treatment according to
the clinical characteristics of the patient.

Previous studies have included both patients achieving
CR and PR. Most of these studies showed that failure to
reach CR was a risk factor for renal relapse compared with
reaching CR [9,10,28-30]. CR itself has been proven to be
a protective factor against renal relapse. Thus, we decid-
ed to conduct a study only for patients who reached CR.
In this study, subjects were followed up for a median of
155 months from the time of LN diagnosis and a median of
123 months from CR. The relapsed group had a significant-
ly longer follow-up duration than the relapse-free group.
However, the duration from CR to relapse was 56.4 + 49.4
months. Most relapses occurred within 120 months. Thus,
the follow-up duration 118.8 + 94.5 months for the re-
lapse-free group was enough to analyze predictors of renal
relapse.

There have been reports of relapse rate in the past. How-
ever, most of them reported outcomes of controlled studies
examining effect of an induction regimen with data mainly
from the CYC era [31-34]. Thus, there was a gap with real
clinical practice. Recent studies conducted in a real-world
setting with whole population of patients with LN (includ-
ing various pathologic types and treatment regimens) con-
cluded that renal relapse rate was 30-50% after 5 to 10
years of follow-up duration [10,16-18]. Results of our study
showed a relapse rate of 38.2% at 5 years and 57.6% at
10 years, which tended to be slightly higher than those of
previous studies. This might be because only patients who
had reached CR were enrolled in this study. In addition, our
hospital is a tertiary and referral hospital. Thus, it might con-
tain more relapsed cases during treatment who are referred
from other hospitals.

Among clinical variables reported as predictors of renal
relapse so far, age has been reported the most. Previous
studies have reported that the younger the age of LN di-
agnosis or biopsy timing, the higher the probability of re-
nal relapse, including our prior study [7,10,16,32,35-37].
As shown in Table 1, the present study showed the same
results with a larger population and a longer follow-up du-
ration. In addition, previous studies have suggested factors
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that could predict LN relapse from clinical characteristics and
laboratory findings at the time of LN diagnosis, including
male sex [6,36], delayed-onset LN [38], presence of HTN [6],
and elevated baseline creatinine [10]. In the present study,
as shown in Table 1, proportions of patients with extreme-
ly severe proteinuria (over 6 g) and hypoalbuminemia (less
than 2.0 g/dL) were higher in the relapsed group than in the
relapse-free group. However, these variables did not appear
significant in Cox proportional hazards analysis, suggesting
that a different approach might be needed for patients with
more severe presentations at the time of initial diagnosis.

In terms of immunological laboratory findings and patho-
logical findings, only LAC positivity was found to be asso-
ciated with LN relapse, unlike various predictors previously
reported. Baseline hypocomplementemia has been reported
to be associated with renal relapse [8,39]. However, our re-
sults did not show such association. Regarding various au-
toantibodies, many studies have presented the importance
of persistence of anti-dsDNA Ab after 6 months of induc-
tion treatment [16,17,37,39]. Our prior study showed the
association of anti-Ro Ab negativity with renal relapse [16].
However, our present study with a larger population and a
longer follow-up duration did not show such associations
(persistence of anti-dsDNA Ab after 6 months of induction
treatment between the two groups was 57.8 vs. 55.3%,
p = 0.812, not shown in Table 4). The higher incidence of
relapse in LAC-positive patients is a previously unreported
finding. However, since there was no significant difference
in the thromboembolic event occurrence rate between two
groups (data are not shown, 29.2 vs. 44.4%, p = 0.438),
further research is needed to determine whether there is
a clinical relevance. Pathological parameters including dif-
fuse proliferative LN (class IV) itself [35,40], higher Al or Cl
[7,28,34], and tubulointerstitial lesion in membranous LN
(class V) [41] have been proven to be risk factors for renal
relapse. However, the present study showed that none of
these pathological findings appeared to be related with re-
nal relapse.

Itis known that renal relapse most often occurs after reduc-
tion or cessation of immunosuppressive therapy. What has
recently attracted the most attention in association with re-
lapse is the maintenance treatment among therapeutic strat-
egies [42]. Recently, the mainstream of maintenance regimen
is AZP or MMF. However, comparative studies on effects
of these two drugs are yielding different results in two
studies [43,44]. In both of these two studies, maintenance
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treatment itself was found to be effective in flare preven-
tion. When effects of the two drugs were compared, MMF
showed a better effect than AZP in preventing renal relapse
in the ALMS study [43], whereas there was no difference in
efficacy between the two drugs in the MAINTAIN study [44].
Accordingly, in recent guidelines, MMF and AZP are recom-
mended in equal positions for maintenance treatment [21].
Real-world data have revealed that discontinuation of im-
munosuppressive therapy is a predictor of renal relapse [35]
and use of AZP as a maintenance treatment has been shown
to increase renal relapse rate more than MMF [10,36].

Interestingly, as shown in Table 4, our data showed that
the relapsed group received more immunosuppressive main-
tenance treatment and more statin as an adjuvant therapy.
Even in treatment response, eGFR after 6 months of treat-
ment was rather good in the relapse group. Although there
was no significant difference in response to induction treat-
ment or baseline disease severity between the two groups
at the time of LN diagnosis, the relapsed group more tended
to relapse more even after receiving more intensive mainte-
nance treatment. Although the average duration of main-
tenance treatment was rather short at about 2 years, there
was no significant difference in the duration of maintenance
treatment between the two groups, suggesting that the
currently used immunosuppressive maintenance treatment
strategy is insufficient to effectively reduce renal relapse. In
addition, recent guidelines recommend a maintenance du-
ration of 3 to 5 years [21]. However, as described above,
near half of patients were relapsed after 5 years (56.4 +
49.4 mo). Therefore, we concluded that current treatment
strategy is insufficient to prevent renal relapse and addition-
al research for modification of current treatment strategy or
novel treatment strategy is needed. Recently, results from
randomized-controlled trials on belimumab add-on therapy
were published [45,46], and these research trends support
our conclusions. Regarding other treatment strategies, we
did not find any statistical significance with respect to pre-
dictors of renal relapse suggested in previous studies, in-
cluding delayed treatment initiation [30,32], achievement of
early CR within 12 months [47], amount of proteinuria after
12 months [17,18], or time to CR [40].

Recently, one of the most important topics in LN treat-
ment, especially maintenance treatment and relapse, is ad-
herence to immunosuppressive agents [48]. We also consid-
ered this aspect, but there were limitations because it is a
retrospective medical chart review study. To overcome these
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limitations, as we analyzed patients’ medical records, we ex-
cluded the cases when follow-up was interrupted to the ex-
tent that recurrence was likely to occur, or when medication
was prescribed for less than 80% of the follow-up period
due to notification that the patient did not take enough
medication. However, since it cannot be confirmed whether
all the prescribed drugs were actually taken, additional re-
search is needed on this.

Finally, this study focused only on treatment until relapse
in patients who relapsed after reaching CR. However, we
think that the change in treatment after relapse and its re-
sults are also areas that clinicians should pay attention to. In
our cohort, as a result of analyzing treatment changes in pa-
tients who relapsed, 40 patients (27.2%) were treated again
with the initial induction regimen, 73 patients (49.7 %) were
treated with a different induction regimen, and 24 patients
(16.3%) were treated only with maintenance treatment
modification (data are not shown in Table). In the future, it
would be interesting to analyze the outcomes according to
the difference in treatment regimens in patients who relapsed.

This study was conducted by retrospectively analyzing
medical records of cohort. There are some limitations. Be-
cause medical records were recorded in routine medical
practice, there were some missing data that might have
affected results of analysis. In addition, treatment man-
ners were heterogenous depending on patients’ health
conditions, socioeconomic status, and insurance problems.
However, to the best of our knowledge, this study has the
longest follow-up with the largest number of patients in a
real-world setting. In addition, this is a single-center and sin-
gle-ethnicity study with the advantage that characteristics of
patients are homogenous.

In conclusion, this study showed that 38.2, 57.6, and
67.9% of Korean patients with LN who achieved CR relapsed
within 5, 10, and 20 years, respectively. We found that only
onset at a younger age was an independent predictor of
renal relapse. In addition, patients with severe initial presen-
tation regarding proteinuria and serum hypoalbuminemia
tended to relapse more despite receiving immunosuppres-
sive maintenance treatment for a sufficient period of time.
Therefore, studies on more effective maintenance treatment
regimens and duration are needed to reduce renal relapse.
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KEY MESSAGE

1. Young-age onset of LN was an only independent
predictor for renal relapse in Korean patients with
LN who achieved CR.

2. The patients with severe proteinuria and serum
hypoalbuminemia at diagnosis of LN tended to re-
lapse more, despite of more intensive maintenance
treatment with sufficient duration.

3. Studies on more effective maintenance treatment
regimens and duration are needed to reduce renal
relapse rate.
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