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Abstract

Objectives A 24-hour urine protein (24hUP) is a key
measurement in the management of lupus nephritis (LN);
however, trajectories of 24hUP in LN is poorly defined.
Methods Two LN cohorts that underwent renal biopsies at
Renji Hospital were included. Patients received standard of
care in a real-world setting and 24hUP data were collected
over time. Trajectory patterns of 24hUP were determined
using the latent class mixed modelling (LCMM). Baseline
characters were compared among trajectories and
multinomial logistic regression was used to determine
independent risk factors. Optimal combinations of
variables were identified for model construction and user-
friendly nomograms were developed.

Results The derivation cohort composed of 194 patients
with LN with 1479 study visits and a median follow-up of
17.5 (12.2-21.7) months. Four trajectories of 24hUP were
identified, that is, Rapid Responders, Good Responders,
Suboptimal Responders and Non-Responders, with the
KDIGO renal complete remission rates (time to complete
remission, months) of 84.2% (4.19), 79.6% (7.94), 40.4%
(not applicable) and 9.8% (not applicable), respectively
(p<0.001). The ‘Rapid Responders’ distinguish itself

from other trajectories and a nomogram, composed of
age, systemic lupus erythematosus duration, aloumin

and 24hUP yielded C-indices >0.85. Another nomogram
to predict ‘Good Responders’ yielded C-indices of
0.73~0.78, which composed of gender, new-onset LN,
glomerulosclerosis and partial remission within 6 months.
When applied to the validation cohort with 117 patients
and 500 study visits, nomograms effectively sorted out
‘Rapid Responders’ and ‘Good Responders’.

Conclusion Four trajectories of LN shed some light to
guide the management of LN and further clinical trials
design.

INTRODUCTION

Lupus nephritis (LN) is one of the most
common and severe form of systemic lupus
erythematosus (SLE). Over half of the indi-
viduals with SLE will develop LN, and approx-
imately 10% will end up with end-stage renal
disease (ESRD) within 5 years; the number
of ESRD can reach 30% within 15 years.' 2
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= Urine protein is strongly correlated with lupus ne-
phritis (LN) prognosis and served as a major param-
eter reflecting treatment response.

WHAT THIS STUDY ADDS

= Four trajectories of 24-hour urine protein in patients
with LN in a real-world setting were revealed. User-
friendly nomograms were developed and validated
to predict specific trajectories.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= ldentification of different disease behaviours might

improve the management algorithm of LN.

Despite management advances, LN continues
to have a high rate of morbidity and mortality.

The change of 24-hour urine protein
(24hUP) level is critical in LN management.
A rapid decrease in proteinuria is the stron-
gest early indicator of a favourable long-
term renal outcome in LN.*® For instances,
patients with 24hUP levels decreased to
less than 1g/day without serum creatinine
(sCr) increase at early months compared
with baseline had a better 10-year renal
prognosis.’ Alternatively, a reduction in
urine protein of greater than 50% at 6
months is associated with a better 15-year
renal survival.” Trialists attempted to estab-
lish an appropriate cut-off value for long-
term renal outcome prediction using data
from the Euro-Lupus Nephritis cohort’
and the MAINTAIN Nephritis Trial,"
with cut-off of <0.8g/day and 0.7g/day at
lyear, respectively. Urine protein—creati-
nine ratio (uPCR) target below 0.5-0.7g/g
has been adopted by European League
Against Rheumatism and European Renal
Association-European Dialysis and Trans-
plant Association (EULAR/ERA-EDTA)

BM)

Zhang D, et al. RMD Open 2023;9:€002930. doi:10.1136/rmdopen-2022-002930

eular 1

"ybuAdoo Aq parosloid 1sanb Aq 20z ‘8T [1Mdy uo ywod fwg uadopuwiy/:dny wouy papeojumoq €202 AelN 6T U0 0£6200-2202-uadopwi/9eTT 0T Se paysignd isii :uado AWy


https://www.eular.org
http://rmdopen.bmj.com/
http://orcid.org/0000-0001-7205-8795
http://orcid.org/0000-0003-2570-4576
http://orcid.org/0000-0002-0225-1853
http://orcid.org/0000-0002-5875-4417
http://orcid.org/0000-0001-6800-6650
http://orcid.org/0000-0002-5257-5768
http://dx.doi.org/10.1136/rmdopen-2022-002930
http://dx.doi.org/10.1136/rmdopen-2022-002930
http://crossmark.crossref.org/dialog/?doi=10.1136/rmdopen-2022-002930&domain=pdf&date_stamp=2023-06-02
http://rmdopen.bmj.com/

"' recommendations as the treatment goal for LN;

whereas KDIGO guideline recommends a more strin-
gent endpoint (<0.5g/g)."”

Given the importance of treatment response at 1year
for LN, predicting models have been extensively inves-
tigated. However, even with advanced urine biomarkers
and machine learning analyses, the predicting accuracy
of the latest models are only moderate with areas under
the curve (AUGs) less than 0.80.°'* The shortage of the
outcome measure used in these studies is that participants
achieved renal response once however relapsed in 1year
will be misclassified as responders, which will introduce
bias to the prediction. Largely due to the heterogeneity
and complexity of the kinetics of urine protein in LN,
studies using more pertinent methodology are manda-
tory. Latent class mixed modelling (LCMM), a novel
method for identifying homogenous subgroups in longi-
tudinal data (trajectories), has been widely employed
in psychiatry,"” '® nephrology'’ ** and neurology'’ * to
analyse illness development and response to therapy. It
has been used in rheumatic disorders such as rheuma-
toid arthritis,21 2 gout23 and SLE.* However, LCMM has
not been used to uncover trajectories of urine protein
in LN.

The purpose of this study was to determine 24hUP
trajectories over time in patients with LN under standard
of care (SoC) in the real-world setting.

METHODS

Patients and data collection

Between January 2013 and January 2021, patients hospi-
talised to the department of Rheumatology at Renji
Hospital South Campus for renal biopsy were included
as the derivation cohort. An independent validation
cohort with Renji Hospital West Campus enrollment
during January 2017 to August 2020 was also established.
All patients fulfilled the American College of Rheuma-
tology revised classification criteria for SLE in 1997% and
had renal biopsy confirmed LN. Those with a follow-up
less than 6 months were ruled out including deceased or
rapidly progressed to ESRD or lost to follow-up within 6
months.

At baseline, the following data was collected: demo-
graphic information, medical history, laboratory tests
and pathological parameters derived from kidney biopsy.
Urine protein measurements from baseline to the last visit
up to 2 years were subjected to trajectory analysis. Urine
protein levels were recorded with 24hUP as standard or
using spot uPCR as a surrogate. Estimated glomerular
filtration rate (eGFR) was calculated with 2021 CKD-EPI
Creatinine Equation (https://www.kidney.org/profes-
sionals/kdoqi/gfr_calculator/formula). The eGFR slope
was calculated using linear regression across the eGFR
values over the 2years of follow-up. To avoid acute effects,
the first 90 days after biopsy were excluded from this
calculation.”

Definitions

KDIGO definitions of complete and partial remission
were applied, that is, complete remission (CR): protein-
uria <0.5g/day and eGFR >90mL/min/1.73 mQ; partial
remission (PR): a >50% reduction in proteinuria and
proteinuria <3 g/day for nephrotic range (24hUP >3.5¢g/
day) with stabilisation of sCr (+25%) or improvement of
sCr but not to normal range.12 New-onset LN was defined
as LN duration less than 3 months before enrollment/
renal biopsy.”” ESRD is a diagnosis determined by the
clinician initiating long-term renal replacement therapy.

Statistical analyses

The trajectories of urine protein were investigated using
latent class mixture models (LCMMs). With 24hUP as the
dependent variable, mixed effects models with random
intercepts were fitted in the ‘lemm’ R package.”® We
constructed and interpreted latent class trajectory models
using the eight-step methodology proposed by Lennon
et al® We began by developing a scoping model using
three models and examining the residual profile. After a
mixed-effect model with latent classes K=1-10 was created
using LCMM, the optimal number of classes was deter-
mined by Bayesian Information Criteria. Relative models
then were refined in three parameters (normalised or
unnormalised 24hUP, spline, time). Model adequacy
was measured with the average of posterior probability
of assignments and odds of correct classification. Further
details are available in online supplemental materials.

Patients’ baseline characteristics were then compared
between latent classes. Quantitative data was compared
by non-parametric tests. Categorical data was compared
by Pearson’s %° test with Yates’ continuity correction,
and Fisher’s exact test, as appropriate. For comparison
between multiple groups, Kruskal-Wallis rank-sum test
was used and Bonferroni method was applied to correct
for multiple comparisons. Missing data was addressed by
multiple imputation for regression. Multinomial logistic
regression analysis was carried out to identify indepen-
dent predictors for more than two groups, which were
subjected to further model construction. The adjusted
OR was calculated. Time to event (CR or first switch of
immunosuppressant as induction) were considered not
evaluable when less than 50% of individuals experienced
the event in each group.

For model construction, patients in the derivation
cohort were randomly divided into a training and testing
sets (sample size, training set: testing set=7:3). An all-
subset regression was applied in the training set using
the R package ‘leaps’ to identify the best combination
of factors for a logistic regression model. A two-sided
DelLong test was performed to compare the C-indices
of models. Nomogram constructed from the deriva-
tion cohort was used to identify the specific trajectory
in the validation cohort. Performance of nomograms
were evaluated and compared between two cohorts.
P<0.05 was considered statistically significant. Data anal-
ysis was carried out using R programming language
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(V.3.6.3; http://www.Rproject.org). All codes are acces-
sible at https://github.com/dantyzhang/trajectory-
of-24hUpro_lupus-nephritis on GitHub (GitHub, San
Francisco, California, USA).

RESULTS

Patient characteristics

Overall, 255 patients with LN received renal biopsy in
the derivation campus. Among them 48 patients (18.8%)
without an eligible follow-up for more than 6 months,
along with 3 who rapidly progressed into ESRD and 10
deceased were excluded. Finally, the derivation data set
comprised 194 patients with LN (83.5% women) with
1479 visits and a median follow-up for urine protein of
17.5 (12.2-21.7) months. Patients’ age at enrollment was
35.0+12.0 years. According to LN pathology classifica-
tion (International Society of Nephrology (ISN)/Renal
Pathology Society (RPS)),” there were 3.1%, 17.5%,
28.9%, 35.1% and 15.5%, respectively, for class 1/1I, III,
IV, mixed (III+V or IV+V) and V. The patients were under
SoC, as evidenced by the majority of patients (>85%)
received either mycophenolate mofetil (MMF) or cyclo-
phosphamide (CYC) as the first-line induction therapy.
Also, hydroxychloroquine was prescribed to 92.3% of
patients. ACE inhibitor or angiotensin receptor antago-
nist was prescribed to 84% of patients. During follow-up,
the KDIGO CR rate was 56.7%; four individuals died and
four developed ESRD.

Four trajectories of 24hUP levels in LN revealed by LCMM

A four-group cubic spline model with good adequacy was
chosen (online supplemental materials). LN from four
groups showed different response patterns (figure 1):
24hUP of most patientsin cluster 1 (n=57) rapidlyreached
0.5g/day; 24hUP of cluster 2 patients (n=49) declined
slower than cluster 1 over time but the majority reached
0.5g/day; as comparison, 24hUP of most patients in the
trajectory of clusters 3 (n=47) and cluster 4 (n=41) did
not reach 0.5g/day. The CR rates (time to CR, months)
were 84.2% (4.19) in cluster 1, 79.6% (7.94) in cluster 2,
40.4% (not applicable) in cluster 3 and 9.8% (not appli-
cable) in cluster 4, respectively. Therefore, according to
their clinical behaviours, patients were labelled as ‘Rapid
Responders’ (cluster 1), ‘Good Responders’ (cluster 2),
‘Suboptimal Responders’ (cluster 3), ‘Non-Responders’
(cluster 4) or ‘inadequate responders’ (clusters 3 and 4).

Distinct baseline clinical features and treatment exposures in
four latent clusters

Among four trajectories, ‘Rapid Responders’ had rela-
tively milder disease (table 1, online supplemental table
S4). They were older and had lower baseline 24hUP
(1.65+1.24¢g/day, p<0.001). They exhibited less class
IV and mixed type LN (24.6% and 19.3%, p=0.002), as
well as the lowest activity index (AI) in biopsy. Tubular
atrophy was likewise the least observed. Fewer individ-
uals had acute kidney injury (AKI) or hypertension. They
were exposed to a lower cumulative number of IS with

a higher frequency of MMF exposure (50.9%, p=0.001)
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Four trajectories of 24-hour urine protein levels in real-world lupus nephritis cohort. (A) Trajectory plots with average

and 95% predictive intervals of 24hUP levels for each cluster. The x axis represents time, and the y axis represents the level of
normalised urine protein converted by ‘iIcmm’ package. (B) Individual level ‘spaghetti plots’ showed changes of original urine
protein levels (UPCR as a surrogate <5%) of each patient in all clusters and in Cluster 1 (C), Cluster 2 (D), Cluster 3 (E) and
Cluster 4 (F), defined as ‘Rapid Responders’, ‘Good Responders’, ‘Suboptimal Responders’ and ‘Non-Responders’. uPCR,

urine protein—creatinine ratio; 24hUP, 24-hour urine protein.
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and a lower initiating dosage of prednisone as induction
(62.63+39.74mg, p=0.004).

For ‘Good Responders’, the CR rates were similar with
‘Rapid Responders’ but the time to CR was longer. In
terms of pathology, ‘Good Responders’ had a higher prev-
alence of type IV (34.7%) and mixed LN (34.7%) with
higher Al 65.3% ‘Good Responders’ exposure to CYC
and the average initial prednisone dosage was 160.73 mg.
Renal function was stable, with only four patients having
an over 25% increase of sCr from baseline. The mean
eGFR slope was 9.86 mL/min/1.73 m2/year.

‘Suboptimal Responders’ had the greatest percentages
of mixed type LN (48.9%). Additionally, AKI was more
frequently observed (44.4%, p=0.004) and the baseline
sCr level was higher with higher brain natriuretic peptide
level. As for ‘Non-Responders’, 29.3% patients had an
elevation of sCr more than 25% from the baseline during
follow-up. Notably, no specific pathological features were
detected among ‘Non-Responders’; except for urinary
red blood cells/high power was the least observed.

Moreover, switches of IS for induction therapy were
increasingly documented through cluster 1 to cluster
4 during a similar follow-up time. The proportions of
patients with more than one IS for induction were 13%,
29.2%, 48.9% and 77.5% in the four respective clusters.
Serology markers including anti-double-stranded DNA
antibody, complement levels or antiphospholipid anti-
bodies were not helpful to distinguish clusters.

Multinomial logistic regression models for trajectory
recognition

To determine independent risk factors of each cluster, 20
statistically significant features identified above were then
enrolled in the multinomial logistic regression. Several
significant determinants related to the latent classes of
clusters 2, 3, 4, in comparison to ‘Rapid Responders’
(cluster 1) were identified (table 2). Age, gender, cell cres-
cents, glomerulosclerosis, tubular atrophy, tubulointersti-
tial sclerosis, baseline 24hUP and albumin were shared
independent indicators for non-‘Rapid Responders’.

Table 2 Multinomial logistic regression models of baseline variables associated with being in either the ‘Good Responders’,
‘Suboptimal Responders’ or ‘Non-Responders’ latent class compared with ‘Rapid Responders’ using data from the whole

cohort
‘Good Responders’ ‘Suboptimal Responders’ ‘Non-Responders’
OR (95% CI) P value OR (95% CI) Pvalue OR (95% Cl) P value
Age/years 0.9 (0.85t0 0.95) 0.001 0.91 (0.86 to 0.96) 0.001 0.91 (0.86 to 0.97) 0.001
Male (ref: female) 11.23 (2.12 to 0.005 1.71 (0.26 to 11.13) 0.577 6.3 (1.37 t0 28.96) 0.018
59.62)
SLE duration/years 1.11 (0.96 to 1.28) 0.172 1.13 (0.97 to 1.32) 0.11 1.05 (0.91 to 1.21) 0.517
New-onset LN (%) 0.36 (0.09 to 1.49) 0.159 2.01 (0.46t0 8.71) 0.353 0.52 (0.14 to 1.94) 0.329
LN (%)
Mixed ref / ref / ref /
lorll / / / / 1.18 (0.11 to 12.49) 0.889
Il or IV 0.92 (0.25t03.4) 0.895 1.23 (0.35t0 4.31) 0.748 0.57 (0.16 to 1.95) 0.367
Vv 2.72 (0.64 to 0.174 12.83 (2.93 to 0.001 3.02 (0.82 to 11.04) 0.095
11.52) 56.31)
Acute kidney injury (%) 1.6 (0.2t012.89) 0.661 0.66 (0.09 to 4.65) 0.676 1.06 (0.14 to 7.86) 0.952
Activity index 1.05 (0.89 to 1.24) 0.525 1.08 (0.93 to 1.26) 0.308 1.03(0.89t0 1.2) 0.67

Karyorrhexis 0.64 (0.1310 3.3) 0.598
7.9 (1.18 t0 52.69) 0.033

3564.23 (339.14 to <0.001
37 458.2)

Cell crescents
Glomerulosclerosis

Tubular atrophy 1.17 (1.03 to 1.32) 0.012
Tubulointerstitial sclerosis (%) 0.14 (0.02 to 0.74) 0.021
24-hour urine protein (g/day) 2.2 (1.45103.35) <0.001
Albumin (g/L) 0.9 (0.83t0 0.98) 0.012
Urine red blood cells/high 1.02 (1 to 1.04) 0.059
power

Serum creatinine (umol/L) 1(0.98 to 1.02) 0.871

LN, lupus nephritis; SLE, systemic lupus erythematosus.

8.17 (1.51 to 44.17) 0.015
0.1(0.01t00.8)  0.03

1.14 (0.25 t0 5.27) 0.863
1.87 (0.28 to 12.58) 0.52

158.05 (19.61t0  <0.001  14.11 (8.31to <0.001
1274.06) 23.96)

113(1t01.28)  0.052 1.2(1.06t01.35)  0.004
0.22 (0.04 to 1.14) 0.071 0.1 (0.02t00.52)  0.006
2.02 (1.33 10 3.07) 0.001 1.86 (1.22 t0 2.84) 0.004
0.83 (0.76t0 0.91) <0.001  0.94 (0.88 t0 1.02) 0.129
1.03 (1.01 to 1.05) 0.009 1 (0.97 to 1.03) 0.933
1.01 (0.99 t0 1.03) 0.471 1.01 (0.99 to 1.03) 0.379
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Figure 2 Nomograms for distinguishing ‘Rapid Responders’ (A) and ‘Good Responders’ (B) in the derivation cohort.
Univariable areas under the curve and cut-off values of each continuous item in the training set were listed. LN, lupus nephritis;
new-onset LN, duration <3 months; PR, partial remission; SLE, systemic lupus erythematosus; 24hUP, 24-hour urine protein.

Multinomial logistic regression models using ‘Non-
Responders’ (cluster 4) as the reference group, on the
other hand, was unsatisfactory in terms of group discrim-
inative capability (online supplemental table S5).

Nomograms developed for predicting ‘Rapid Responders’ and
‘Good Responders’
Since ‘Rapid Responders’ (cluster 1) distinguished itself
from the other three clusters, a nomogram was devel-
oped to facilitate its identification in clinical practice. We
merged clusters other than cluster 1 as the comparator
(online supplemental table S6). Twenty clinical features
were subjected to all-subset regression to determine
models combining three, four or five predictors with the
greatest adjusted R? (online supplemental figure S3). To
assess the robustness of three logistic models, C-indices
were generated in both training and testing sets. Model 2
was superior to Model 1 in both sets in terms of C-indices
(0.87 and 0.88, p=0.048and 0.001, DeLong test, respec-
tively), and comparable with Model 3 (p=0.31and 0.78,
Delong test). Considering both the feasibility and
discriminative ability, Model 2 combining four variables
(age, SLE duration, albumin and baseline 24hUP) was
selected to identify ‘Rapid Responders’ (online supple-
mental table S7), plotted with nomogram in figure 2A.
To make a step forward after removal of ‘Rapid
Responders’,  clinical  characteristics of  ‘Good
Responders’ (cluster 2) were compared with those
‘inadequate responders’ (clusters 3 and 4). Another
round of allsubset regression was performed (online
supplemental table S8). As a result, the models had an
unstable predictive accuracy with C-indices in training
(<0.79) and testing set (<0.67). Therefore, we included
time to PR to enhance the model performance. The cut-
off value of time to PR was 6 months for discrimination
(online supplemental figure S4). Finally, a nomogram
to predict ‘Good Responders’ yielded a fair robustness
with C-indices of 0.78 and 0.73, composed four factors
with female gender, new-onset LN, proportions of

glomerulosclerosis in pathology and PR within 6 months
(figure 2B, online supplemental figure S5 and table S9).

Validation cohort supported the effectiveness of two
nomograms

One hundred and seventeen patients (93.2% women)
were enrolled as an independent validation cohort with
500 study visits and a median follow-up for urine protein
of 18.00 (12.30-23.70) months. A comparison between
the derivation and validation cohorts was shown in
online supplemental table S10. In the validation cohort,
there were fewer male patients, and the baseline eGFR
and albumin were higher. Other parameters including
age, SLE duration, LN class, baseline 24hUP and the CR
rates were comparable.

Nomograms sorted out 28 (23.9%) ‘Rapid Responders’
and 19 (16.2%) ‘Good Responders’ in the validation
cohort, respectively. Baseline characteristics of these two
clusters were compared between two cohorts. (table 3) For
‘Rapid Responders’, the CR rates between the validation
and derivation cohort were 64.3% versus 84.2%, (p=0.1);
and the time to CR was 4.86+3.09 versus 4.19+3.45 months
(p=0.171), respectively. Numerical differences can be
appreciated yet without statistical significance. For ‘Good
Responders’, the CR rates between two cohorts (68.4% vs
79.6%, p=0.512) and time to CR (6.62+4.27 vs 7.94+5.36
months, p=0.347) were similar. (Spaghetti plots for two
subsets in the validation cohort were presented in online
supplemental figure S6 and S7).

DISCUSSION

In our renal biopsy-proven LN cohorts, four trajectories
of urine protein changes over time were revealed. This
is the first study, by using a semi-supervised machine
learning approach, to delineate LN behaviour under the
SoC in a real-world setting. Clinical patterns as ‘Rapid
Responders’ and ‘Good Responders’ and their indicators
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Table 3 Comparisons of clinical and response features between ‘Rapid Responders’/‘Good Responders’ in the derivation
cohort and those identified by nomogram models in the validation cohort

‘Rapid
Responders’ in the in the validation

‘Rapid Responders’

‘Good Responders’
in the derivation

‘Good Responders’
in the validation

derivation cohort cohort P value cohort cohort P value
N (%) 57 (29.4) 28 (23.9) 0.30 49 (25.3) 19 (16.2) 0.085
Age/years 39.60 (12.75) 40.54 (10.02) 0.61 33.12 (12.12) 28.74 (6.85) 0.283
Male (%) 7 (12.3) 1(3.6) 0.37 4 (8.2 0(0.0) 0.478
SLE duration/years 3.69 (5.61) 2.59 (3.67) 0.236 4.10 (5.17) 6.36 (5.27) 0.02
LN (%)
lorll 5(8.8) 3(10.7) 0.947 / / 0.509
11l 18 (31.6) 8 (28.6) 9 (18.4) 2 (10.5)
v 14 (24.6) 7 (25.0) 17 (34.7) 6 (31.6)
Mixed 11 (19.3) 4 (14.3) 17 (34.7) 10 (52.6)
Vv 9 (15.8) 6 (21.4) 6 (12.2) 1(5.3)
Albumin (g/L) 30.92 (5.44) 33.05 (5.49) 0.164 23.91 (5.92) 28.46 (5.51) 0.002
24-hour urine protein (g/day) 1.65 (1.24) 1.80 (0.89) 0.203 5.07 (3.47) 3.30 (2.33) 0.027
eGFR (mL/min/1.73 m2) 102.86 102.12 0.751 90.36 104.77 0.131
(28.95) (28.83) (35.36) (30.95)
Serum creatinine (umol/L) 69.33 (31.27) 68.66 (33.38) 0.65 94.90 (75.24) 71.32 (30.44) 0.113
Complete remission (%) 48 (84.2) 18 (64.3) 0.073 39 (79.6) 13 (68.4) 0.512
Time to complete remission/  4.19 (3.45) 4.86 (3.09) 0.171 7.94 (5.36) 6.62 (4.27) 0.347

months*

*Only those achieved CR was included in the analysis.

CR, complete remission; eGFR, estimated glomerular filtration rate; LN, lupus nephritis; SLE, systemic lupus erythematosus.

were identified. A set of nomograms were developed and
validated for prediction.

Four trajectories are of clinical significance as they were
closely correlated with KDIGO defined endpoints. First
of all, they provide an important perspective to under-
stand the discrepancy outcome between real-world study
and clinical trials. Indeed, our real-world data displayed a
much higher overall CR rate compared with the placebo
arm (with SoC) in multiple clinical trials. This is likely
due to ‘Rapid Responders’ are a sizeable yet distinct
group of patients, which had largely been excluded from
most of the recent trials. To be more specific, according
to our ‘Rapid Responders’ nomogram, a baseline 24hUP
exceeding 2.4g/day had a high predictive value (94%)
for non-‘Rapid Responders’ (AUC of 0.80, online supple-
mental table S7). The average levels of baseline urine
protein among recent trials were far beyond this level,
that is, BLISS-LN (2.9g/day),” NOBLITIY (3.5g/day),*
AURORA (3.8g/day)™ and LUNAR (4.2g/day)™ trials.
Along with a time span between the renal biopsy and
trial recruitment up to 6 months to 2 years, these ‘Rapid
Responders’ and probably ‘Good Responders’ as well,
were unlikely to be eligible to enter these trials. From
another practical perspective, for new-onset patients with
LN subject to clinical or trial assignment decision-making,
the evaluation for possible ‘Rapid Responders’ should be
underscored. Patients with a lower baseline urine protein
and a higher serum albumin, older age, a shorter dura-
tion of SLE, were more likely to be ‘Rapid Responders’ to

SoC and aggressive treatment might not be appropriate
in the regard of risk/benefit or cost/effective ratio.

Distinguishing ‘Good Responders’ (cluster 2) from
those ‘inadequate responders’ (clusters 3 and 4) is also
of great clinical interest; however, the initial attempt
turned out to have limited predictive value with only
baseline factors. Our data suggested that a 6-month
follow-up under SoC provides both logical and practical
‘trial and error’ feedback. A sketch of ‘Good Responders’
was presented by the second nomogram: female with
new-onset LN, low proportion of glomerulosclerosis on
pathology and PR achieved within 6 months; these are
clues to justify a reversible disease under SoC induction
therapy.

Separated baseline parameters in line with ours for
l-year LN outcomes prediction had been reported
previously. Baseline uPCR/24hUP is a well-conceived
important factor in predicting l-year renal response,
although the predictive value alone is only moderate
with AUCs of 0.50~0.65." '* %% Age and gender have
also been recognised as predictors of early renal
response.14 % Consistent with our result, longer interval
between the onset of LN and renal biopsy performed
(baseline) was associated with a decreased likelihood of
achieving CR thereafter.”® Glomerulosclerosis is a known
risk factors of renal failure.” It is noteworthy that our
work helps to shape the global concept of LN manage-
ment in an integrated fashion. We intended to build
a nomogram-based provisional treatment algorithm
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(online supplemental figure S8), but more external vali-
dation is necessary to prove its reproducibility and gener-
alisability. When patients with LN are encountered, the
first step is to sort out those ‘Rapid Responders’ to SoC
and ‘Good Responders’ to SoC in a 6-month time frame,
SoC is suggested. Managing the remaining ‘inadequate
responders’ to SoC is still an open question. Our data
implicated that attempts of switching conventional IS
might not change the overall trajectory pattern. Abide
by the current evidence,” add-on options including
anti-BLyS therapy (belimumab), B cell-depletion agent
(obinutuzumab) or calcineurin inhibitor (voclosporin or
tacrolimus) may be considered.

There are some limitations. First, the exclusion criteria
filtered out those with less than 6 months follow-up data
including patients rapidly advanced into ESRD, died
or lost to follow-up, which introduced certain bias that
hampered the totality of disease behaviour analyses in
LN. Second, spot uPCR was used as a surrogate in this
study, which may not reflect the exact level of 24hUP.”
In this study, the baseline proteinuria was all identified
with 24hUP and the uPCR was used as a surrogate in
<5% records. Third, the average follow-up time was too
short to address long-term outcome and by no means to
capture the flare pattern. Finally, a larger multicentric
cohort with different ethnicity is warranted to address
the generalisability issue. More comprehensive renal/
urinary/peripheral biomarkers evaluation in a multio-
mics manner might empower truly discrimination of
different LN patterns and guide targeted treatment,
which deserves further exploration.
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