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Abstract

Background: Lupus nephritis (LN) is a major source of morbidity and mortality in patients with systemic lupus ery-
thematosus (SLE), with 10-25% of patients progressing to end-stage renal disease (ESRD).

Objective: This study aims to elucidate the predictive capabilities of 24-h proteinuria (24PTU) and serum creatinine
(sCr) after 12 months of treatment with respect to long-term renal outcomes in LN in a single-center cohort of LN
patients.

Methods: A retrospective analysis was performed on 214 patients diagnosed with LN followed in our center. Values
of 24PTU and sCr were assessed at baseline and after 3, 6 and 12 months, and after 5 years and/or the last evaluation.
Chronic kidney disease (CKD) was defined as an estimated glomerular filtration rate (eGFR) <60 mlL/min/1.73 m? for
3 months or longer. End-stage renal disease (ESRD) was defined as the need for permanent dialysis. Receiver operat-
ing characteristics curves (ROC) were used to test the best cut-off value of 24PTU and sCr at 12 months who predict
bad long-term renal outcomes.

Results: The mean follow-up period was 11.2 £ 7.2 years. The best cut-off values for 24PTU and sCr as predictor of
CKD were, respectively, 0.9 g/24 h and 0.9 mg/dL. ROC curve for 24PTU had a slightly lower performance than ROC
curve for sCr as predictor for CKD (PTU AUC=0.68; sCr AUC=10.70), but sensitivity and specificity were better for
24PTU (24PTU: sensitivity = 63.5%, specificity = 71.2%; sCr: sensitivity = 54.8%, specificity = 75.3%). When the outcome
was ESRD the best cut-off points were 0.9 g/24hs and 1.3 mg/dL for 24PTU and sCr, respectively, and the curve perfor-
mance was better for 24PTU (PTU AUC=0.72; sCr AUC=0.61).

Conclusions: In this ethnically diverse population with LN followed for a long time (> 10 years), levels of 24PTU > 0.9/
day at 12 months was a good predictor of bad long-term renal outcome. The serum creatinine > 0.9 mg/dL

and>1.3 mg/dL at 12 months were also good predictors of CKD and ESRD, respectively. Patients with 24PTU <0.9 g/
day and sCr< 1.3 mg/dL at 12 months are not likely to develop ESRD because of the high negative predictive values
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(NPV) (93.2% and 82%). 24PTU and sCr are relevant as components for a treat-to-target strategy for LN treatment,
since their high NPV corroborates their importance as good predictors of long-term renal outcome.

Keywords: Nephrology, Lupus nephritis, Lupus erythematosus, Systemic, Proteinuria

Background

Lupus nephritis (LN) occurs in about 50-60% of all
patients with systemic lupus erythematosus (SLE) [1-3]
and, despite the availability of guidelines and immuno-
suppressive treatment, kidney disease progresses to end-
stage renal disease (ESRD) in 10-25% of such patients [1,
4, 5]. The identification of short-term prognostic factors
predictive of poor long-term outcome in LN would be
helpful in clinical practice and in treat-to-target strate-
gies in clinical trials. Many studies have been conducted
to identify these predictors and some of them identi-
fied 24-h proteinuria (24PTU) as the single-best predic-
tor [6-10]. Koo et al. studied 193 Korean adult patients
with renal biopsy-diagnosed diffuse proliferative LN
during a mean follow-up of 13.1£5.7 years and showed
that proteinuric remission (urine protein to creatinine
ratio <0.3 g/g or negative dipstick test) was an independ-
ent predictive prognostic marker of good renal survival
and mortality [6]. Tamirou et al. [7] followed 90 patients
(most of whom Caucasian) for 7 years and concluded
that 24PTU<0.7 g/day at 12 months was the single-best
predictor of good outcome, with 71% sensitivity and
75% specificity. The addition of serum creatinine (sCr)
to the model, did not significantly improve the perfor-
mance of 24PTU alone, and addition of urine red blood
cells reduced sensitivity from 71 to 41% [7]. Dall’Era et al.
analysed 370 patients from Aspreva Lupus Management
Study (ALMS) trial and found that 24PTU <0.8 g/day and
levels of anti-dsDNA during treatment induction were
the best predictors of renal outcome over 3 years, with
the sensitivity and specificity of 24PTU of 81% and 78%,
respectively [8]. In Southeast of Brazil, Ugolini-Lopes
et al. [9] followed 94 patients for 7 years and confirmed
that 24PTU<0.8 g/day at 12 months as the best predic-
tor of renal outcome (sensitivity 90%, specificity 78%).
Addition of sCr and urinary red blood cells to the model
of PTU in a multivariate analysis, did not improve its
performance [9]. A Canadian study (2017) performed
a retrospective analysis on a cohort of 101 SLE patients
with LN in order to determine the predictive capabilities
of 24PTU, and also sCr and urinary red blood cells with
respect to long-term renal outcome (7 years of follow-
up). 24PTU < 0.6 g/d and sCr <83 mmol/L (<0.94 mg/dL)
at 12 months performed independently moderately well
in predicting good long-term renal outcomes while uri-
nary red blood cell was less accurate [10]. Despite differ-
ences in studies design, criteria renal outcomes, sample

size, characteristic of the study population, follow-up
time, the 24PTU has remained the best early predictor of
long-term LN outcome, and the cut-off of PTU was very
similar between studies.

It is very important to validate PTU and sCr as
long-term predictors of renal outcome for different
populations, ethnicities, histological classes, immunolog-
ical profiles, follow-up periods, and in real-life situation,
especially since they are easily quantifiable with inexpen-
sive and non-invasive laboratory methods and has been
shown to reliably reflect renal injury. The renal outcomes
of patients with LN vary in different ethnic groups. Brazil
is a continental country with many racial, geographical
and ethnic differences between regions.

The purpose of the current study was to evaluate the
ability of 24PTU and sCr as predictors of long-term renal
outcomes in a large cohort of LN patients from North-
eastern Brazil.

Methods

Patients

The medical records of 414 patients with SLE previ-
ously or currently followed from 1974 to 2018 at the
rheumatology division of a tertiary university hospital
were reviewed. To be included in the sample, patients
had to have been diagnosed with SLE according to the
2012 Systemic Lupus International Collaborating Clin-
ics (SLICC) classification criteria [11], have no associated
autoimmune disorders (such as rheumatoid arthritis,
polymyositis, dermatopolymyositis, systemic sclerosis),
and have been followed at the university hospital for
at least one year or until their death. The prevalence of
LN in our cohort of 414 patients was 53.9% (n=233).
Nineteen patients were excluded because of incomplete
data (n=15), wrong diagnosis (n=1) or overlap with
systemic sclerosis (n=3). We retrospectively studied all
214 patients with LN. The LN criteria for patients who
have not undergone renal biopsy included the presence
of two consecutive 24PTU readings>500 mg and an
additional feature supporting active lupus such as posi-
tive serologies (hypocomplementemia and/or elevated
anti-dsDNA antibodies) and/or active urinary sediment,
in the absence of other causes [12]. In case of renal biopsy
any class in the pathological classification of the World
Health Organization/International Society of Nephrol-
ogy were included as LN [13].
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Study parameters

Information was retrieved from the patients’ records,
including demographic data (gender, race, age at diagno-
sis of SLE and LN), clinical data (SLE manifestations at
any stage, time between LN diagnosis and the first treat-
ment for LN, follow-up time [from diagnosis of LN to the
development of chronic kidney disease, ESRD, last evalu-
ation and/or death], induction and maintenance immu-
nosuppressive treatment), immunological data at any
time of the disease (antinuclear antibodies, IgG/IgM anti-
cardiolipin antibodies, lupus anticoagulant, anti-dsDNA
and anti-Sm antibodies), and laboratory data (serum cre-
atinine, estimated glomerular filtration rate [eGFR], and
24PTU).

Chronic kidney disease (CKD) was defined accord-
ing to the Kidney Disease Improving Global Outcome
definition (eGFR<60 mL/min/1.73 m? for 3 months or
longer irrespective of cause). End-stage renal disease was
defined as the need for permanent hemodialysis or peri-
toneal dialysis [14]. The study protocol was approved by
the institutional Research Ethics Committee and filed
under number 90562917.1.3001.5045.

Statistical analysis

All statistical analyses were performed with the software
Research Electronic Data Capture (RedCap) and Jamovi
2.0. The results were expressed as mean values + stand-
ard deviation (SD), or medians and interquartile ranges
(IQR) for continuous variables and absolute numbers
(percentages) for categorical variables. The level of sta-
tistical significance was set at 5% (p<0.05). Serum cre-
atinine, eGFR and 24PTU were registered at baseline, at
3, 6 and 12 months, at 5 years and/or the last evaluation.
Continuous variables were compared using the ¢ test or
the Mann—Whitney test, while categorical variables were
analyzed with the chi-squared test and Fisher’s exact
test. Receiver operating characteristic (ROC) curves
were plotted and the area under the curve was calculated
(Youden index) to test the performance of 24PTU and
sCr measurements at 12 months for CKD and ERSD. The
sensitivity, specificity, positive predictive value (PPV) and
negative predictive value (NPV) were also calculated.

Results

This study enrolled 214 LN patients from a single
center. Most patients were female (90.6%) and non-
white (78.7%), with a mean age at LN diagnosis of
27.3£9.2 years. Clinical manifestations were mostly
musculoskeletal (82.2%), mucocutaneous (73.8%), serosi-
tis (46.7%) and leukopenia/lymphopenia (41.5%). The
ANA test was positive in 95% (anti-dsDNA 58%, anti-Sm
38.9%, lupus anticoagulant 26.4%, anticardiolipin 15.5%).
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Baseline values were registered: sCr=1.45+1.28 mg/
dL; 24PTU=2903.9+3051.3 mg serum albu-
min=2.51+0.78 g/dL; and eGFR=77.5+40.9 mL/
min/1.73m2 More than half of the patients (57.0%,
122/214) were submitted to renal biopsy. The most prev-
alent histological LN class was IV (53.9%), followed by III
(21.6%). The immunosuppressive drug most frequently
used to induce the first remission of LN was IV cyclo-
phosphamide (55.6%), followed by azathioprine (33.5%)
and mycophenolate mofetil (10.8%). The mean follow-up
period of the cohort was 11.24+7.2 years. At the end of
follow-up, 93 of 197 patients had CKD, but 49 of these
93 patients were in regular dialysis (24.8%). Reliable
information about death was obtained from 150 patients
records and 20 patients had died (infections n=5, acute
renal failure n=2, rupture of cerebral aneurysm n=1,
rupture of aortic aneurysm n=1, bleeding n=3, stroke
n=1, other causes n="7) (Table 1).

SLE patients were divided into two groups: those
who developed CKD and those who remained with
eGFR>60 mL/min/1.73 m? during follow-up. Patients
were also grouped according to whether they developed
ESRD, and the parameters 24PTU and sCr were com-
pared at baseline, 3, 6 and 12 months, at 5 years and/
or the last evaluation (Fig. 1). Patients with and with-
out ESRD differed significantly with regard to PTU at
12 months, but a trend towards difference has already
been seen at 6 months (p=0.06). During all follow-up
of LN patients, CKD patients differed significantly with
regard to sCr values.

ROC curves of 24PTU and sCr at 12 months of follow-
up were plotted in order to identify the target that would
best predict a bad long-term renal outcome (Fig. 2). The
best cut-off values that maximized sensitivity and speci-
ficity for 24PTU and sCr as predictor of CKD were,
respectively, 0.9 g/24hs and 0.9 mg/dL at 12 months.
ROC curve for 24PTU had a slightly lower performance
than ROC curve for sCr as predictor for CKD (PTU
AUC=0.68; sCr AUC=0.70), but sensitivity and speci-
ficity values were higher for 24PTU (24PTU: sensitiv-
ity=63.5%, specificity="71.2%; sCr: sensitivity =54.8%,
specificity=75.3%). When the outcome was ESRD the
best cut-off points were 0.9 g/24hs and 1.3 mg/dL for
24PTU and sCr, respectively, and the curve performance
was better for 24PTU (PTU AUC=0.72; sCr AUC=0.61)
(Fig. 2). Sensitivity, specificity, positive predictive value
(PPV), and negative predictive value (NPV) for bad long-
term renal outcome are indicated in Table 2.

Discussion

The current study analysed 214 LN patients from a sin-
gle referral center in Northeastern Brazil followed for
11 years on average, 22.3% of whom progressed to
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Table 1 Demographics and disease related features in 214 patients with lupus nephritis

Variable

Female; n (%) 194 (90.6)
Level of schooling; n (%)

Basic literacy 23(10.7)
Elementary school 33(154)
High school 58(27.1)
College or higher 12 (5.6)
Unknown information 88(41.2)
Racial distribution; n/total (%)

White 31/146 (21.3)
Non-white 115/146 (78.7)
Age at diagnosis of SLE; mean £ SD 258+£89
Age at diagnosis of LN; mean 45D 273492
Time between SLE and LN diagnosis; median (IQR), months 0(0-19.5)
Clinical manifestation; n (%)

Mucocutaneos 158 (73.8)
Arthritis 176 (82.2)
Serositis 100 (46.7)
Leukopenia/lymphopenia 89 (41.5)
Hemolytic anemia 41(19.1)
Thrombocytopenia 59 (27.5)
Neuropsychiatric 40 (18.6)
Unknown 4(1.9
Comorbidities; n (%)

Arterial hypertension 133 (62.1)
Diabetes 14 (6.5)
Thrombosis 24(11.2)
Biomarkers at diagnosis; n/total (%)

Antinuclear antibodies 203/214 (95)
Anti dsDNA 47/81 (58)
Anti Sm 30/77 (389)
Low levels of C3 and/or C4 100/128 (78.2)
Lupus anticoagulant 28/106 (26.4)
Anticardiolipin 14/90 (15.5)
Serum creatinine at diagnosis of LN; mean £ SD, mg/dL 14541.28
Proteinuria 24 h at diagnosis of LN; mean = SD, mg 29039430513
Serum albumin at diagnosis of LN; mean £ SD, g/dL 2514078
eGFR; mean = SD (ml/min/1.73m?) 775+409
Dialysis at diagnosis of LN; n/total (%) 12/192 (6.2)
Histological classification of LN (122 patients)

Ill; n/total (%) 22/102 (21.6)
IV; n/total (%) 55/102 (53.9)
V; n/total (%) 14/102 (13.7)
Activity index; mean £ SD 76+44
Chronicity index; mean = SD 1.1£19
First treatment to induction of remission; n/total (%)

Intravenous cyclophosphamide 108/194 (55.6)
Azathioprine 65/194 (33.5)
Mycophenolate mofetil 21/194 (10.8)

Follow-up duration; mean £ SD, years 112+72
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Variable

Complete remission after first induction of remission treatment; n/total (%)
Partial remission after first induction of remission treatment; n/total (%)
Time to achieve CR or PR; median (IQR), months

Renal relapses; n/total (%)

Chronic kidney disease; n/total (%)

Time to develop CKD; median (IQR), months

End-stage renal disease; n/total (%)

Time to develop ESRD; median (IQR), months

Death; n/total (%)

SLICC/ACR-DI (at the end of follow-up); mean £ SD

39/214(18.2)
7/214 (3.3)
12 (6-28)
81/208 (38.9)
44/197 (22.3)
60 (12-141)
49/197 (24.8)
72 (20~150)
20/150 (13.3)
21420

SLE, systemic lupus erythematosus; LN, lupus nephritis; eGFR, estimated glomerular filtration rate; CR, complete renal remission; PR, partial renal remission; IQR,
interquartile range; CKD, chronic kidney disease; ESRD, end-stage renal disease; SLICC, Systemic Lupus International Collaborating Clinics/American College of
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Fig. 1 24-h proteinuria (g/day) and serum creatinine (mg/dL) during follow-up in patients with LN who developed chronic kidney disease (CKD)

baseline 5 years

Mean (CI95%) 24-hour creatinine (mg/day)

CKD and 24.8% to ESRD. This study demonstrated that
achievement of a 24PTU value>0.9 g/day at month 12
is a good predictor of a bad long-term renal outcome
(CKD or ESRD), and that a sCr>0.9 mg/dL and > 1.3 mg/
dL at month 12 is also good predictor of CKD and ESRD,
respectively.

Several clinical studies have evaluated the ability of
short-term prognostic factors to predict long-term renal
outcome in LN patients, such as elevated sCr, hyperten-
sion, proteinuria, haematuria, elevated anti-dsDNA,
diffuse proliferative glomerulonephritis, chronic paren-
chymal injury and tubulointerstitial abnormality [5-10,
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15-18]. However, PTU has recently gained prominence
as the best predictor of long-term renal outcome in LN
[6—-10]. The best cut-off of 24PTU at 12 months has
varied from 0.6 to 0.8 g/day across studies [7—10]. The
renal outcomes of patients with LN vary in different eth-
nic groups, with the best renal prognosis in Caucasian
patients, the worst in African patients and the medium
in Asia and Hispanic patients [5, 18-23]. Most studies
conducted to evaluate the ability of short-term prog-
nostic factors to predict long-term renal outcome in LN
patients were in white populations. A Brazilian study car-
ried out in the Southeast of Brazil had 40.4% non-white
patients [9], while in our study carried out in the North-
east of Brazil, the population of non-whites was the vast
majority (78.7%). There are some racial, ethnic and geo-
graphical differences between the regions of Brazil, justi-
fying the need for more studies to generalize the findings.

Studies with objectives similar to ours found 24PTU
sensitivity and specificity values ranging from 58 to 90%
and from 75 to 83%, respectively, with cut-oftf points
from 0.6 to 0.8 g/day [7-10]. Two of these used data from
European clinical trials (MAINTAIN and Euro-Lupus) [7,
8] while the other two were retrospective analyses [9, 10].
Clinical trials are designed for specific treatments and
adherence to intervention protocols tends to be much
higher than in observational studies; thus, outcomes are
likely to be better than in real-life settings. In their cohort
of predominantly Caucasian patients, Tamirou et al
defined good long-term outcome as sCr <1.0 mg/dL at
least 7 years after entry into the trial and observed that
24PTU<0.7 g/day at 12 months was the best predictor
of good outcome, with 71% sensitivity and 75% specific-
ity [7]. Dall’Era et al. concluded that 24PTU<0.8 g/day

at 12 months maximized sensitivity (81%) and specific-
ity (78%) for good renal outcome [8]. In our study we
considered two clinical bad outcomes (CKD and ESRD)
and found similar sensitivity and specificity values, but
a slightly higher cut-off for 24PTU (0.9 g/day). Both
trial found that the inclusion of microscopic haematuria
at 12 months in the set of outcome criteria significantly
decreased sensitivity. The Brazilian retrospective cohort
study found a similar cut-off (0.8 g/day) with a better
sensitivity of 90%, and also showed that the haematuria
is not a good predictor of renal outcome [9]. This can
be explained by the lack of standardization in the analy-
sis of the urine sediment, delays in sample examination,
the use of automated techniques instead of microscopic
reading, and by the many other reasons for haematuria in
a population of mainly young women. Fung et al. found
a conspicuously lower cut-off (0.6 g/day), though at the
expense of much lower sensitivity (58%) and area under
the curve [10]. The authors pointed out that their cohort
had lower baseline 24PTU values than the cohorts of
other studies and, in fact, baseline PTU levels were higher
in the European studies (Euro-Lupus: 3.0+2.3; MAIN-
TAIN: 3.442.9) [8, 10], in the Brazilian study (5.4 £4.5)
[9], and in the present investigation (2.943.0) than in the
Canadian study (2.3 +2.3) [10]. Baseline sCr values were
also high in the study by Ugolini-Lopes et al. (1.73 mg/
dL) [9], and in our study (1.45 mg/dL) compared to the
values reported in the MAINTAIN study (0.95 mg/dL)
[7], the Euro-Lupus study (1.15 mg/dL) [8] and the Cana-
dian study (0.72 mg/dL) [10], indicating more severe LN
in Brazilian studies.

In a cohort of 1814 Chinese patients with biopsy-
proven LN followed for 7.7 +5 years, the time-average
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proteinuria (TA-Pro) during the follow-up was an inde-
pendent risk factor for ESRD, with better predictive
value than baseline PTU. The patients with TA-Pro 0.5—
1.0 g/24 h and TA-Pro>1 g/24 h were associated with a
12.5-fold and 237.6-fold higher risk for ESRD than those
with TA-Pro<0.5 g/24 h, respectively [5]. Although the
methodology of this study is different from the studies
already mentioned, it reinforces the importance of con-
trolling PTU during the follow-up of patients with NL.
The PTU levels should be controlled at least to<1.0 g/
day, and optimally to <0.5 g/day.

Although the 24PTU at 12 months has been proved to
be the single best predictor of long-term renal outcome
[6, 7, 9], we believe that other biomarkers are needed
to impact therapeutic decision making in individual
patients in the clinical, and also are needed to be used
in controlled clinical trials of LN. The sCr at 12 months
was a good predictor for long-term renal outcome in our
cohort. The Canadian study suggests that while 24PTU
may be more appropriate as a biomarker due its sensi-
tivity to short-term change, there may be value in com-
bining it with sCr [10]. Mackay et al. developed risk
models to predict future adverse kidney outcomes based
on clinical data acquired during the first year of therapy
after diagnosis of LN. All these CKD, ESRD and severe
kidney injury predictive models included PTU and sCr
at 12 months [23]. The sCr values of patients develop-
ing CKD in our study were significantly higher from
baseline and at 3, 6, 12 months, and during all follow-
up than sCr values of patients who did not progress to
CKD, suggesting that from baseline onwards sCr is a
good predictor of renal outcome. In patients progressing
to CKD and ESRD, sCr values decrease between base-
line and 6 months after treatment, after which they rise
again, possibly because the effective treatment of the first
months is followed by a decline in immunosuppressants
and corticosteroids. In short, the presence of elevated
creatinine levels at the beginning of treatment suggests
an increased risk of ESRD and the need to optimize
immunosuppressive treatment.

An important point to note is about the high negative
predictive value of 24PTU and sCr for ESRD. The prob-
ability that a patient with 24PTU<0.9 g/day at 12 months
not progressing to ESRD is 93.2%. Likewise, the probabil-
ity that a LN patient with sCr<1.3 mg/dL at 12 months
not progressing to ESRD is 82%. Since predictive values
depend on the prevalence of the outcome in the popula-
tion being studied, these values tend to be higher in refer-
ral centers where severe patients are treated.

Our study may have been limited by the retrospec-
tive design and by the real-life setting since LN treat-
ment heterogeneity may have influenced PTU response
and outcome. Besides this, only 57% of the patients were
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submitted to renal biopsy. To avoid misdiagnosis of NL
we strictly followed the clinical diagnostic criteria that
include the presence of two consecutive 24PTU read-
ings >500 mg and an additional feature supporting active
lupus such as positive serologies (hypocomplementemia
and/or elevated anti-dsDNA antibodies) and/or active
urinary sediment, in the absence of other causes [12].
On the other hand, compared to most other studies, our
sample was large and follow-up was long, with focus on
24PTU and sCr as predictors of long-term renal out-
come. In addition, our patients came from a single refer-
ral center in Northeastern Brazil.

Conclusion

In a population with more severe LN followed for a long
period (>10 years), the cut-off point of PTU>0.9 g/day
at 12 months is a good biomarker for predicting progres-
sion to CKD and ESRD. The sCr also is a good predictor
of long-term lupus renal outcome, with a cut-off point
of 0.9 mg/dL and 1.3 mg/dL for CKD and ESRD, respec-
tively. The high NPV values for both variables emphasizes
the need for a 1-year PTU and sCr based LN treat to tar-
get treatment as predictors of long-term renal outcome.
Further studies are crucial to define the therapeutic and
follow-up approach in this high risk of developing ESRD
population.
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