RMD
Open

Rheumatic &
Musculoskeletal
Diseases

To cite: Panagiotopoulos A,
Kapsia E, Michelakis |,

et al. Disease modification
achievement in patients

with lupus nephritis in a
real-life setting: mission
impossible?. RMD Open
2023;9:¢003158. doi:10.1136/
rmdopen-2023-003158

» Additional supplemental
material is published online only.
To view, please visit the journal
online (http://dx.doi.org/10.
1136/rmdopen-2023-003158).

AP and EK contributed equally.

Received 14 March 2023
Accepted 25 May 2023

I '.) Check for updates

© Author(s) (or their
employer(s)) 2023. Re-use
permitted under CC BY-NC. No
commercial re-use. See rights
and permissions. Published
by BMJ.

'Rheumatology Unit, First
Department of Propaedeutic
Internal Medicine, Joint
Academic Rheumatology
Program, Laiko Hospital,
Medical School, National and
Kapodistrian University, Athens,
Greece

2Department of Nephrology
and Renal Transplantation,
Laiko Hospital, Medical School,
National and Kapodistrian
University, Athens, Greece
*Medical School, National and
Kapodistrian University, Athens,
Greece

Correspondence to
Professor Maria G Tektonidou;
mtektonidou@gmail.com

ORIGINAL RESEARCH

Connective tissue diseases

Disease modification achievement in
patients with lupus nephritis in a real-
life setting: mission impossible?

Alexandros Panagiotopoulos,1 Eleni Kapsia,2 loannis Michelakis @ ,

3

John Boletis,? Smaragdi Marinaki,? Petros P Sfikakis,' Maria G Tektonidou ©

ABSTRACT

Objective A preliminary definition of disease modification
(DM) in lupus nephritis (LN) was recently developed
focusing on long-term remission and damage prevention,
with minimal treatment-associated toxicity. We aimed to
further specify aspects of DM criteria in LN, assess DM
achievement in a real-world setting and examine potential
DM predictors and long-term outcomes.

Methods We collected clinical/laboratory and histological
inception cohort data from biopsy-proven LN patients
(82% females) with >72 months follow-up at two joint
academic centres. Specific criteria for 24-hour proteinuria,
estimated glomerular filtration rate (eGFR), renal flares
and glucocorticoids dose were set at three time frames
(months 0-12, 13-60 and 72) to assess DM. In the first
model, DM was achieved if patients fulfilled all four criteria
at all three time frames (achievers). In the second model,
the continued glucocorticoids reduction criterion was
excluded. Logistic regression analyses were performed.
Possible different trends in DM achievement between past
and recent decades were also investigated.

Results DM was achieved by 60% of patients, increased
to 70% when glucocorticoids excluded from DM

criteria. 24-hour proteinuria at 9 months predicted DM
achievement (OR 0.72, 95% Cl 0.53 to 0.97, p=0.03),

but none of baseline characteristics. Among patients

with >72 month follow-up, non-achievers had worse

renal outcomes (flares, >30% proteinuria increase, eGFR
decline) than achievers at the end of follow-up (median
138 months). Patients diagnosed between 1992 and 2005
were found to have significantly lower percentages of DM
achievement and met less often the glucocorticoids dose
reduction criterion in all three time frames, compared with
those diagnosed between 2006 and 2016 (p=0.006 and
p<0.01, respectively).

Conclusions DM was achieved by only 60% of LN
patients in a real-life setting, partly due to lack of
glucocorticoids dose target attainment, while DM failure
was associated with worse long-term renal outcomes.
This may imply limitations in the effectiveness or
implementation of current LN treatments, supporting the
need for novel therapeutic strategies.

INTRODUCTION
Lupus nephritis (LN) is the most common
serious manifestation in systemic lupus

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Disease modification (DM) is an emerging concept in
lupus nephritis (LN) management, following similar
trends in other rheumatic and non-rheumatic chron-
ic disorders.

= A conceptual framework for defining DM in LN has
been recently developed, seeking to catalyse further
discussions.

WHAT THIS STUDY ADDS

= We further specified some aspects of preliminary
DM definition criteria in a clinically meaningful man-
ner and assessed for the first time DM achievement
in LN in a real-life setting.

= Only 60% of LN patients achieved DM, increased to
70% when glucocorticoids excluded from DM cri-
teria. A 24-hour proteinuria at 9 months was pre-
dictive of DM achievement at 72-month follow-up,
while those not achieving DM (vs those who did) had
worse outcomes for all renal parameters at the end
of a long-term follow-up (median 138 months).

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= There is an evident need to develop more effective
treatments to make DM in LN possible.

= Further evaluation and validation is needed to es-
tablish DM criteria in LN, which can help to improve
clinical trials’ design and patient outcomes.

erythematosus (SLE), affecting 25%-60% of
patients and jeopardising renal and patient
survival.'™ Adverse renal outcomes, such as
chronic kidney disease (CKD) and end-stage
renal disease (ESRD), have been associated
with multiple clinical, laboratory and histo-
logical factors.”™" Although ESRD risk has
been gradually reduced over the past decades
due to dramatic advances in LN treatment,
a 15-year ESRD risk up to 44% has been
reported in patients with its proliferative
forms, especially among those from devel-
oped countries.'” Preserving renal function
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and preventing ESRD remains the primary goal in LN
mamagement.l?’_15

In this context, updated guidelines for the manage-
ment of LN have been released by the European League
against Rheumatism (EULAR) in collaboration with
the European Renal Association-European Dialysis and
Transplant Association (ERA-EDTA) in 2019, and by the
Kidney Disease: Improving Global Outcomes in 2021.'%17
Inaddition, treat-to-target (T2T) strategyapproaches have
been discussed.” " One step forward, the concept of
disease modification (DM) refers to interventions that
can alter the natural course of the disease and prevent
organ damage accumulation. Although DM definition
has been applied in rheumatoid arthritis (RA),* systemic
sclerosis®" and other chronic non-rheumatic conditions
(ie, neurodegenerative® and respiratory disorders®), it
has not yet been established in SLE.

Recently, a conceptual framework for the definition
of DM in SLE and in LN specifically was developed by
a group of lupus experts.** The main considerations in
defining DM in LN were the minimisation of disease
activity with minimal treatment-associated toxicity and
the prevention of organ damage progression (ie, ESRD).
Ultimately, the significance of the definition of DM in LN
is twofold, as it may both help to guide clinical practice
and to improve clinical trials’ endpoints by the demon-
stration of a drug’s ability to modify the course of the
disease.”

Here, we aimed to assess the extent to which DM can
be achieved with the use of conventional therapies in
a real-world setting. In order to inform the continuous
refinement of DM definition in LN and based on recently
proposed preliminary criteria, we aimed to further
specify some aspects of the criteria in a clinically mean-
ingful manner, and to assess potential predictors of DM
and long-term outcomes.

PATIENTS AND METHODS

Study population

We included data from two inception cohorts of LN
patients diagnosed between 1992 and 2016 and followed
up at two joint academic centres (Nephrology and Rheu-
matology Units, Laiko General Hospital of Athens) for
at least 72 months. All patients met the 2019 SLE clas-
sification criteria®® and had biopsy-proven LN (class II,
III, 1V, V, II1/IV+V), according to the 2003 ISN/RPS LN
classification system.

Data collection

Clinical, laboratory, histological and treatment data were
collected for each patient at the time of LN diagnosis
(baseline); 12, 60 and 72 months afterwards; and, at the
last follow-up visit. Patients with ESRD at the time of diag-
nosis (n=1) and those with less than 72 months follow-up
(n=30) or missing data from the above time points (n=2),
were excluded from the study (figure 1). Recorded
data included: demographics (age, sex, race/ethnicity),

[ Study Population ]
' )
E Biopsy-proven LN patients diagnosed
= between 1992 and 2016
= n=142 patients
=
Patients excluded:
n=30, follow up <72 months
&0
E n=2, missing data in main parameters
§ investigated
o
e n=1, ESRD at the time of diagnosis
e
)
= :
e Study Population
=z
g n=109 patients
- o
Figure 1 Flow chart: study population. ESRD, end-stage

renal disease; LN, lupus nephritis.

laboratory measures [urine sediment, serum creatinine,
estimated glomerular filtration rate (eGFR) based on the
CKD Epidemiology Collaboration (CKD-EPI) formula,
24-hour proteinuria], histological characteristics [LN
class, activity index, chronicity index, crescents, intersti-
tial fibrosis/tubular atrophy (IF/TA), glomerulosclerosis
and arteriosclerosis] and treatment regimens [hydroxy-
chloroquine (HCQ), glucocorticoids (GCs), mycophe-
nolic acid (MPA), cyclophosphamide (CYC), azathio-
prine, cyclosporine, tacrolimus and rituximab (RTX)].

Renal flares were defined according to the 2012
EULAR/ERA-EDTA recommendations®® as an increase
in glomerular haematuria by >10 red blood «cells
(RBGCs) /hpf with or without a decrease in eGFR by
>10%, irrespective of changes in proteinuria (nephritic
flare), or as a reproducible doubling of proteinuria to
>1000mg/24hours if a complete response had been
previously achieved, or reproducible doubling of protein-
uria to 22000mg/24 hours if a partial response has been
previously achieved (proteinuric flare).
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Table 1 Disease modification criteria for LN
Outcomes Months 0-12 Months 13-60 Months 60-72
24 hours proteinuria Decrease >50%* and to subnephrotic levelt <0.5 g/day if at month 12 Sustained decrease
OR <0.8 g/day
<0.8 g/dayt if baseline1-1.5 g/day OR
OR <1 g/day if nephrotic at baseline
Decrease >25% if baseline <1 g/day OR
Further decrease of 25%
Renal flare <1 flare <1 flare No flare
eGFR Minimise decline Minimise further decline Minimise further
<30% <30% decline <30% and
No ESRD
GCs 7.5-10mg/day <5mg/day <5mg/day

*Based on the KDIGO 2021 definition of partial response.'”
TIf nephrotic range proteinuria at baseline.
1Based on Dall’Era et al."

eGFR, estimated glomerular filtration rate; ESRD, end-stage renal disease; GCs, glucocorticoids; KDIGO, Kidney Disease: Improving Global

Outcomes; LN, lupus nephritis.

DM assessment

DM assessment in our study was based on the preliminary
criteria proposed by van Vollenhoven et al** In their call
for formal criteria, the authors suggested three different
time frames for the assessment of outcomes: (A) at year
1, (B) at years 2-5 and (C) >b years. In the first time
frame, DM criteria included a significant improvement in
urinary protein-creatinine ratio (uPCR) or kidney activity
index via biopsy, a significant reduction in renal flares,
minimisation of eGFR decline (ie, <30%), and reduction
in use of GCs and/or immunosuppressants. DM criteria
at 2-b years included a sustained improvement in uPCR
or no worsening in kidney chronicity index via biopsy,
prevention of flares, minimisation of further eGFR
decline (ie,<30%) and continued reduction in GCs and/
or immunosuppressants. Beyond 5 years, no change in
Systemic Damage Index (SDI) or delayed progression
was required.

We attempted to further specify the proposed criteria
in a clinically meaningful manner, as shown in table 1.
For patients with a renal flare, renal parameters (24 hours
proteinuria, eGFR decline) and GCs dose were assessed
12 months after the flare. The target of flare minimisa-
tion was set at <1 flare for the first two time frames. For
the third time frame, we believe that any renal flare at that
longer period precludes the disease from being modi-
fied, therefore, ‘absence of renal flare’ was included in
DM criteria for this time frame. For the ‘beyond 5 years’
time frame, we set month 72 as the timepoint of assess-
ment. The kidney activity and chronicity index criteria
were not included since per protocol kidney biopsies
were not performed in our cohort. We implemented
two models for DM achievement assessment. According
to the first model, patients were considered to achieve
DM (achievers of DM) if all four proposed criteria were
attained at each time frame (12 out of 12 targets). In
the second model, DM was achieved if patients fulfilled

24-hour proteinuria, flare and eGFR criteria at each time
frame, excluding GCs dose target (9 out of 9 targets).
Only patients fulfilling all the proposed criteria in a
specific time frame were eligible to be assessed for DM in
the next time frame.

In order to investigate possible different trends in DM
achievement between recent and past decades, patients
were classified in two subgroups based on the year of
LN diagnosis, between 1992 and 2005 (period 1) and
between 2006 and 2016 (period 2).

Statistical analysis

Continuous variables were expressed as the median value
and IQR, whereas categorical variables as frequencies
and percentages. The Mann-Whitney U test for inde-
pendent samples for continuous variables and the %* and
Fisher’s exact test for categorical variables were applied
to test the differences in baseline demographic, clinical,
laboratory and histological variables between achievers
and non-achievers of DM. Logistic regression analysis
was performed to evaluate potential determinants of DM
achievement. Significance was set at 0=0.05. The esti-
mated ORs, as well as the related p values and 95% Cls,
are presented. Data were analysed by using Stata V.17.0
software (Stata). All tests proceeded as two tailed.

RESULTS

One hundred and nine LN patients were included in the
study [82% females, median age: 32 years (IQR 19)]. The
median 24-hour proteinuria at the time of diagnosis was
3¢ (IQR 4.2) and the median eGFR was 96 mL/min/1.73
m? (IQR 43). Seventy-two patients (66%) had a prolifer-
ative class of LN (III, IV, III/IV+V), 26% (28/109) had
membranous LN (class V) and 8% (9/109) class II. Three
out of nine patients (33%) with class I have experienced
a class switch into proliferative classes (III, III+V) in a
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median time of 64 months. Induction treatment included
CYC in 57% (62/109) of patients (in combination with
RTX in 7/62), and MPA in 32% (35/109) of patients (in
combination with RTX in 6/35). RTX in combination
with GCs alone was given as induction therapy in two
patients. Eight patients (7.5%) did not receive any induc-
tion treatment; six of them had class V and proteinuria
<3g/day, which was not an indication for immunosup-
pressive treatment according to the existing at the time
(diagnosis from 2005 to 2018) guidelines; the other two
had class IT. The majority of patients (71.5%) were treated
with MPA as maintenance therapy. Nine patients (8%)
did not receive any maintenance treatment; one patient
due to non-compliance; the other eight patients have not
received induction treatment either, as described above.
Two of the patients who received GCs monotherapy as
maintenance treatment were treated with combination
of RTX and GCs as induction therapy. Ever use of HCQ
was recorded in 85.3% (93/109) of patients, at different
time points of follow-up; 37 patients (34%) were on
HCQ before LN diagnosis, and 12 patients (11%) started
HCQ treatment at the time of LN diagnosis. Persistent
use (for more than two-thirds of the follow-up time)
was documented in 62.5% (68/109). HCQ use at the
time of LN diagnosis as well as persistent HCQ use were
more frequent during period 2 compared with period
1 (49.4% vs 29.1%, p=0.08and 71.5% vs 32%, p<0.001,
respectively). The baseline demographic, clinical, labo-
ratory and histological characteristics of the patients, as
well as the treatment regimens applied, are presented in
online supplemental table 1.

At the end of the first time frame (months 0-12), a total
of 85/109 (78%) patients fulfilled all four criteria. None
of the patients had an eGFR decline greater than 30%
of the baseline levels (eGFR variation range: —29.2%,
+606%). Only one patient relapsed (6 months after the
diagnosis), but finally achieved all four targets at the
12-month timepoint. The 24-hour proteinuria target was
achieved by 97/107 (91%) patients. More specifically,
47/53 (88.7%) of patients with nephrotic range protein-
uria at baseline attained a >50% decrease to subne-
phrotic levels. Furthermore, for non-nephrotic patients
at baseline, 24-hour proteinuria target was achieved by
18/22 (82%) patients with 1.5-3g/day; 8/8 (100%)
patients with 1-1.5g/day and 24/26 (92%) patients with
<1g/day baseline proteinuria. In total, 86% reached the
GCs target (prednisolone <7.5mg/day), 14/103 patients
(14%) were on GCs dose 210mg/day and 2/14 were on
25 and 30mg of prednisolone daily, respectively, due
to extrarenal manifestations [central nervous system
involvement and gastrointestinal vasculitis (diagnosed
simultaneously with LN)].

During the second time frame (months 13-60), among
85 patients eligible for DM assessment, 77.6% (66/85)
met all the four criteria. No flare was recorded for 66
(77.5%) patients, while 14 patients relapsed once, 3
patients twice and 2 patients three times. The vast majority
(79/85, 93%) met the target for eGFR; 41/85 patients

improved their renal function and 38/85 had less than
30% eGFR decline at 60 months of follow-up compared
with month 12. Only three patients progressed to ESRD.
The 24-hour proteinuria target was achieved by 75/85
(88.2%) patients by month 60. More specifically, 61/68
(89.7%) patients with <0.8 g/day proteinuria at month 12
achieved further decrease to <0.5g/day, 10/13 patients
with nephrotic range proteinuria at baseline achieved a
decrease to <1 g/day and 4/4 non-nephrotic patients at
baseline achieved further decrease of >25%. Six patients
(7%) were still on GCs dose 25mg/day. To note, 3/6
(50%) were receiving a higher than desired GCs dose due
to extrarenal manifestations (arthritis flare at the time of
the assessment), 2/6 due to a previous renal flare, and
1 patient was on prednisolone 7.5-10mg/day tapering.

At the third time frame (months 60-72), only 1 patient
relapsed once, while 65/66 (98.5%) patients met all four
necessary criteria.

The number of patients who attained each of the
proposed DM criteria in a specific time frame is shown
in figure 2. Finally, 60% of patients (65/109) reached
all proposed criteria in all three time frames and were
considered achievers of DM (figure 3). The percentage
of DM achievers increased to 70% (76/109) when GCs
dose reduction criterion was excluded.

Interestingly, DM achievement differed significantly
between patients diagnosed in years 1992-2005 (period
1) and those diagnosed in years 2006-2016 (period 2),
with a higher percentage of achievers in period 2 (9/25
(36%) vs 56/84 (67%), p=0.006, figure 3). When GCs
dose was not a prerequisite to determine DM, 14/25
(56%) of patients achieved DM in period 1 vs 62/84
(74%) in period 2 (p=0.089). During the assessment
up to month 72, use of higher doses of GCs was more
frequent in period 1 compared with period 2 (>10mg/
day at month 12: 39% vs 6%; >5mg/day at month 60:
25% vs 7%; and >5mg/day at month 72: 25% vs 6%,
respectively, p<0.01).

The minimum number of achieved targets in all three
time frames (with or without GCs dose target) is shown in
online supplemental tables 2A,B.

Differences in characteristics between achievers and
non-achievers of DM are shown in table 2. No difference
was shown between achievers and non-achievers of DM
in median baseline 24hours proteinuria (2.5g/day vs
3.5g/day, p=0.23), renal function at the time of diagnosis
(median eGFR 97mL/min/1.73 m? vs 96mL/min/1.73
m?, p=0.75) and LN histological classes (p=0.95). Histo-
logical findings of glomerulosclerosis were comparable
among the two study groups, regarding both globally
(8.5% vs 10%, p=0.6) and segmentally (8.5% vs 9%,
p=0.67) sclerotic glomeruli. None of DM achievers had
evidence of severe IF/TA in renal biopsies, while in the
non-achievers group there were two such cases (4.5%,
p=0.16). Of note, no difference was found in induction
treatment regimens (CYC or MPA) between patients
with and those without DM achievement (p=0.14), nor
in HCQ use (table 2). Interestingly, patients who did
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Total Cohort
n=109 Patients
assessed for DM
24-h proteinuria e
target n=85
L5 24-h proteinuria
Renal Flare target target
n=109 n=75
eGFR target Renal Flare target
n=109 n=380
GCs target eGFR target
n=89 n=79
GCs target
n=79
Months 0-12

Months 13-60

Connective tissue diseases

Patients
assessed for DM
n=66P a: patients who attained all 4
targets in month 12.
24-h proteinuria b: patients who attained all 4
t;‘:gzt targets in month 60.
¢: patients who attained all 4
Renal Flare target targets in month 72 and a total
I3 of 12 targets during the
eGFR target assessment.
n=66
GC:_‘;;g“ Achievers of DM

n=65¢

Months 61-72

Figure 2 Patients attaining each of the proposed disease modification (DM) targets* in a specific time frame. *Targets as
defined in table 1. GCs, glucocorticoids; eGFR, estimated glomerular filtration rate.

not attain DM, considerably improved their 24hours
proteinuria by month 12, but DM achievers reached
more substantial improvement versus non-achievers
(90% vs 77%, p=0.005). In addition, an increase in eGFR
levels from month 0 to month 72 was observed in DM

100

achievers (median % eGFR change: +9.9) versus a reduc-
tion in eGFR levels over time in non-achievers (median
% eGFR change: -5.3) (p=0.0046). For patients with
baseline eGFR<60mL/min/ 1.73m> an eGFR increase
of +115% was reported for DM achievers versus +118%

1992-2005 (n=25)

7  Ann -
- (86%) #2006-2016 (n=84)
85 1992-2016 (N=109)
80 (78%)
57
o 56
70 16 (65%) 16 (66.5%)
(64%) 66 64%) o6

(60.5%) 60%,

60 (60%)
13
1 (52%)
50 (48%)
43 4
40 (39.5%) 9 (40%) g
27 (36%) 28 (36%)
(29%) 33:5%)
30 ]
24
(22%)
20 1
(14%)
10
0 L ) S | k ) ) L 1 4 |
<4 targets All 4 targets <8 targets All 8 targets <12 targets All 12 targets
Month 12 Month 60 Month 72

Figure 3 Number and percentage of patients attaining or not all proposed disease modification criteria in a specific time

frame.
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Table 2 Differences in patient characteristics between achievers and non-achievers of disease modification (DM)

Characteristics

Achievers of DM (n=65) Non-achievers of DM (n=44) P value

Median [IQR] - N (%)

Age (years) 33 [16) 30 [23] 0.43
Median proteinuria at diagnosis (g/day) 2.5[4.1] 3.5[4.2] 0.23
Proteinuria >3 g/day 29 (45) 24 (54.5) 0.58
Proteinuria 1-3 g/day 19 (29) 11 (25)
Proteinuria <1 g/day 17 (26) 9 (20.5)

Median eGFR at diagnosis (mL/min/1.73m? 97 [41] 96 [46] 0.75
eGFR>60 53 (82) 35 (80) 0.84
eGFR 30-60 8(12) 5(11)
eGFR<30 4 (6) 49

LN class at diagnosis
Class Il 6 (9.5) 3 (6.5) 0.95
Class V 17 (26) 11 (25)

Class Il 15 (23) 10 (23)
Class IV 21 (32) 14 (32)
Class llI/IV+V 6 (9.5) 6 (13.5)

Number of crescents 0[2] 0[2] 0.34

IF/TA
None/mild/moderate 65 (100) 42 (95.5) 0.16
Severe 0 2 (4.5)

Arteriosclerosis (moderate/severe) 12 (18.5) 11 (26) 0.34
Sclerotic glomeruli (%) 13.5[17.5] 11 [16.5] 0.92
Globally sclerotic (%) 8.5 [11.5] 10 [13] 0.6

Segmentally sclerotic (%) 8.5[12] 9[13] 0.67

Induction treatment
CYC 33 (58) 29 (72.5) 0.14
MPA 24 (42) 11 (27.5)

HCQ treatment
Before LN diagnosis 20 (30.7) 17 (38.6) 0.39
Initiation on LN diagnosis 9 (20.9) 3(11.5) 0.31
Persistent use* 40 (61.5) 28 (63.5) 0.82

Median proteinuria at month12 (g/day) 0.17 [0.23] 0.46 [1.6] 0.0001

% reduction of median 24 hours proteinuria between 90 [24] 77 [55.5] 0.005

baseline and month 12

Median eGFR at month 12 (mL/min/1.73m? 112 [23] 104 [37.5] 0.29

Median % eGFR change between baseline and month 12 +4.7 [29.7] 0 [26.8] 0.25

Median % eGFR change between baseline and month 72 +9.9 [39.9] -5.3[51.2] 0.0046

Statistical significance (p<0.05) is shown in bold
*More than two-thirds of the follow-up time.

CYC, cyclophosphamide; eGFR, estimated glomerular filtration rate; HCQ, hydroxychloroquine; IF/TA, interstitial fibrosis/tubular atrophy; LN,

lupus nephritis; MPA, mycophenolic acid.

for non-achievers (p=0.60). Of note, this eGFR increase 0 and month 72 for DM achievers, while non-achievers
was mainly achieved during the first 12 months. On the  suffered an eGFR decrease of -6.5% (p=0.005).

other hand, for patients with baseline eGFR>60mL/ In 45 patients (41.3%), a repeat kidney biopsy was
min/l.73m2, there was no eGFR change between month performed due to renal flare (41/45, 91%) or due to

non-response to treatment (4/45, 9%). Median time
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from initial to repeat biopsy was 40 months (IQR 62) in
DM achievers and 36.5 months (IQR 41) in non-achievers
(p=0.40). We reported a median increase by 3 points in
chronicity index in non-achievers of DM compared with
a median increase of 1 in DM achievers (p=0.23).

To note, when GCs dose was not a prerequisite to deter-
mine DM, those attaining DM were 7 years older than
those in the opposite group (34 years vs 27 years, p=0.03).
Non-achievers of DM had more severe 24 hours protein-
uria at baseline, but not significantly different than that
of achievers (3.5g/day vs 2.7g/day, p=0.40) and were
evenly treated with CYC or MPA (p=0.93, table 3). In DM
achievers, eGFR levels increased from month 0 to month
72 (median % eGFR change: +10.3), while non-achievers
had a significant reduction in eGFR levels over time
(median % eGFR change: -8.7) (p=0.0015). For patients
with baseline eGFR<60mL,/min/1.73 mg, an eGFR
increase of +118% was reported for DM achievers versus
+96% for non-achievers (p=0.59), while for patients with
baseline eGFR>60mL,/min/1.73 mQ, there was an eGFR
change of +0.8% between month 0 and month 72 for
DM achievers and an eGFR decrease of -9.3% for non-
achievers (p=0.0004).

We further performed a logistic regression analysis
in which DM was the dependent variable and baseline
clinical, laboratory, histological and treatment char-
acteristics, as well as 24hours proteinuria levels at 3, 6
and 9 months of follow-up, were the independent vari-
ables (table 4). Proteinuria at month 12 was not exam-
ined as possible predictor of DM, since this parameter is
included in the definition of DM. In univariate analysis,
no baseline characteristic was found to be predictive of
DM, except 24hours proteinuria at 9 months (OR 0.72,
p=0.03), therefore, multivariate analysis was not imple-
mented. IF/TA was not included in the analysis as an
independent variable since all patients with severe IF/TA
were non-achievers of DM.

We performed a separate analysis considering as DM
achievers all patients who attained the three DM targets
(24hours proteinuria, eGFR decline, flares) at all time
frames, irrespective of GCs dose (table 5). Since no base-
line characteristic, nor 24 hours proteinuria at 3, 6 and 9
months were found to predict DM attainment, multivar-
iate analysis was not performed.

Since the vast majority (90/109) of patients in our
cohort had a follow-up greater than 72 months, we
extended our analysis to the end of follow-up for these
patients [median follow-up 138 months (IQR 83)1;51/90
(57%) had been classified as DM achievers and 39/90
(43%) as non-achievers. Four patients progressed to
ESRD, all non-achievers of DM by month 72 (p=0.03).
Moreover, non-achievers had a further median decline
by 9mL/min/1.73 m? in eGFR after month 72, while
achievers preserved a stable renal function (no eGFR
decline, p=0.0047). An increase >30% in 24 hours protein-
uria was observed in 25% (13/51) of DM achievers vs
38% (14/39) of non-achievers (p=0.2), with a trend for
a higher median proteinuria increase in non-achievers

[69% (IQR 125) vs 115% (IQR 550), p=0.06]. Moreover,
a higher percentage of (at least one) flares was observed
among non-achievers of DM vs achievers after month
72 (31% vs 12%, p=0.03) and 2% (1/51) of achievers vs
7.7% (3/39) of non-achievers were on a prednisolone
dose >5mg/day (p=0.31).

DISCUSSION

In the current study, we assessed for the first time the
extent of DM achievement in LN patients by imple-
menting and further specifying evaluation criteria for
DM working definition in LN.** We found that only 60%
of LN patients followed in two joint academic centres and
treated with conventional therapies, achieved DM.

DM refers to interventions that alter the natural course
of a disease, improve signs, symptoms and quality of life
and slow or prevent the progression of organ damage.**™**
The implementation of the concept of DM is important
not only for designing clinical trials that will test new
disease-modifying treatments, but also for the everyday
clinical practice in the context of a T2T approach. Inter-
national recommendations for the management of
LN focus on the achievement of renal response which,
however, may constitute a temporary or short-term goal.”?
DM, on the other hand, reflects a more holistic and long-
term approach of consistent disease activity minimisation
with the fewest treatment-associated toxicities.

A pioneer attempt to define DM in LN patients was
recently made by a group of international lupus experts®*
who proposed a set of preliminary criteria assessed in
three different time frames. In order to inform the
continuous work and refinement of DM definition in
LN, we endorsed the main components of DM defini-
tion (ie, sustained proteinuria decrease, flares reduc-
tion, minimisation of eGFR decline and reduction in
GGs use), since proteinuria levels indicate renal damage
risk, reduction of renal flares prevents kidneys from
further nephron loss, while slowing or preventing eGFR
decline is the ultimate goal in LN, along with minimis-
ation of drug-induced toxicity.'® ' In the current study,
we further specified some aspects of these criteria in a
clinically meaningful way and in accordance with the
existing literature on factors affecting the short-term
and long-term renal survival in LN patients.’ > * For
the first time frame (months 0-12), we proposed specific
targets to define proteinuria improvement based on the
baseline proteinuria levels (ie, 250% decrease and to
subnephrotic levels if nephrotic range proteinuria was
documented at baseline, or <0.8g/day if the baseline
proteinuria was 1-1.5g/day, or >25% decrease if the
baseline proteinuria was <1 g/day) and we set the target
of <1 flare and of 7.5-10 mg/ day prednisolone equivalent
at 12 months for the definition of ‘reduction of flares’
and ‘GC use decrease’, incorporating the <30% eGFR
decline target from the previous criteria. For the second
time frame (months 13-60), we suggested targets for the
‘sustained proteinuria improvement’ depending on its
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Table 3 Differences in characteristics between achievers and non-achievers of disease modification (DM), when
glucocorticoids dose was not a prerequisite to determine DM

Characteristics Achievers of DM (n=76 pts) Non-achievers of DM (n=33 pts) P value
Median [IQR] — N (%)

Age (years) 34 [17] 27 [23] 0.03

Median proteinuria at diagnosis (g/day) 2.7 [3.9] 3.5[4.8] 0.40
Proteinuria >3 g/day 34 (45) 19 (57.5) 0.31
Proteinuria 1-3 g/day 24 (31.5) 6 (18)

Proteinuria <1 g/day 18 (23.5) 8 (24.5)

Median eGFR at diagnosis (mL/min/1.73m? 97 [40] 96 [60] 0.96
eGFR>60 63 (83) 25 (75) 0.68
eGFR30-60 8 (10.5) 5 (15)
eGFR<30 5 (6.5) 3(9)

LN class at diagnosis
Class Il 6 (8) 3(9.1) 0.68
Class V 20 (26.5) 8 (24.2)

Class Il 15 (19.5) 10 (30.5)
Class IV 27 (35.5) 8 (24.2)
Class lll/IV+V 8 (10.5) 4 (12)

N of crescents 0 [2.5] 0[2] 0.39

IF/TA
None/mild/moderate 76 (100) 31 (94) 0.09
Severe 0 2 (6)

Arteriosclerosis (moderate/severe) 14 (18.5) 9 (28) 0.27
Sclerotic glomeruli (%) 13.5[17.5] 11 [16.5] 0.98
Globally sclerotic (%) 8.5 [10] 11.5[13.5] 0.3

Segmentally sclerotic (%) 8.5[12.5] 8 [5.5] 0.47

Induction treatment
CYC 43 (64) 19 (63.5) 0.93
MPA 24 (36) 11 (36.5)

HCQ treatment
Before LN diagnosis 23 (30.2) 14 (42.4) 0.21
Initiation on LN diagnosis 11 (21.5) 1(5.5) 0.12
Persistent use* 48 (63) 20 (60.5) 0.80

Median proteinuria at month 12 (g/day) 0.18 [0.23] 0.6 [2.3] <0.001

% reduction of median 24 hours proteinuria 91 [23] 68 [80] 0.001

between baseline and month 12

Median eGFR at month 12 (mL/min/1.73m? 111 [25.5] 105 [37] 0.76

Median % eGFR change between baseline and 0 [24.8] +3.7 [37.5] 0.92

month 12

Median % eGFR change between baseline and  +10.3 [39.7] —-8.7 [46.5] 0.0015

month 72

statistical significance (p<0.05) is shown in bold

*More than two-thirds of the follow-up time.

CYC, cyclophosphamide; eGFR, estimated glomerular filtration rate; HCQ, hydroxychloroquine; IF/TA, interstitial fibrosis/tubular atrophy; LN,
lupus nephritis; MPA, mycophenolic acid.
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Table 4 Determinants of disease modification achievement

Univariate model

Parameters OR 95% Cls P value
Age (years) 1.009 0.98 to 1.04 0.54
eGFR at diagnosis (mL/min/1.73 m? 0.99 0.98 to 1.01 0.88
Proteinuria at diagnosis (g/day) 0.93 0.83 to 1.03 0.19

Proteinuria <1 g/day Reference group

Proteinuria 1-3 g/day 0.9 0.3t02.73 0.87

Proteinuria >3 g/day 0.63 0.24to 1.7 0.37
LN class

Membranous™ Reference group

Proliferativet 0.85 0.37 t0 1.92 0.7

No of crescents 1.03 0.92t0 1.16 0.6
Arteriosclerosis

None/mild Reference group

Moderate/severe 0.63 0.25t0 1.6 0.34

Sclerotic glomeruli (%) 1.56 0.038 to 62 0.81
Induction treatment

CYyC Reference group

MPA 1.91 0.8 to 4.57 0.14

Persistent use of HCQt 0.91 0.41 to 2.01 0.82

Proteinuria at month 3 (g/day) 0.99 0.81to 1.2 0.94

Proteinuria at month 6 (g/day) 0.79 0.61 to 1.01 0.06

Proteinuria at month 9 (g/day) 0.72 0.53 t0 0.97 0.03

statistical significance (p<0.05) is shown in bold
*Refers to LN class V.

TRefers to LN class I, IV, lllI/IV+V.

FMore than two-thirds of the follow up time.

.CYC, cyclophosphamide; eGFR, estimated glomerular filtration rate; HCQ, hydroxychloroquine; LN, lupus nephritis; MPA, mycophenolic

acid.

baseline levels (ie, a reduction in proteinuria levels to
<0.5g/day, if proteinuria at month 12 was <0.8g/day, or
<l g/day if nephrotic levels were documented at base-
line, or a further decrease by 25%). We also specified the
target for renal flares to <1 flare and the target for GCs
dose to <bmg/day prednisolone equivalent, keeping the
target of <30% further eGFR decline. As for the third
time frame (months 60-72), common DM criteria for
SLE and LN were proposed by van Vollenhoven et al,
namely ‘no change in SDI’ or ‘delayed progression’. We
suggested targets for the four main topics of DM defini-
tion in LN (proteinuria, renal flares, eGFR, GCs dose)
corresponding to this specific time frame: a sustained
decrease in proteinuria, no renal flares, <30% further
GFR decline (without occurrence of ESRD) and a further
GGCs dose reduction to <bmg/day.

Among 109 LN patients with at least 72months
follow-up who had been treated with conventional thera-
pies (primarily CYC or MPA), only 60% achieved DM, as
defined by the fulfilment of all criteria (24 hours protein-
uria, flares, eGFR, GCs dose) at all three time frames

(months 0-12, 13-60, 60-72). Furthermore, patients
defined as non-achievers of DM at month 72, presented
in the long-term a further decline in renal function, a
greater increase in proteinuria and a higher frequency
of flares compared with achievers. These observations
highlight the unmet need of sustained renal response
achievement in LN and raise the question of the effec-
tiveness of current LN management."* * ** It may be
that current treatments reduce disease activity but do
not alter the underlying pathophysiologic mechanisms
of the disease and, therefore, its progression.33 % In this
context, new treatments or better implementation of
available treatment strategies are needed, especially for
patients with more severe or frequently relapsing disease.
Data from recent trials of add-on therapies in LN have
shown favourable short-term results in terms of remis-
sion and relapse, but their potential role in DM remains
unknown. >

Emphasis should also be given on adjunctive interven-
tions, that can help to slow or prevent disease progres-
sion and facilitate DM goal in LN, such as the optimal
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Table 5 Determinants of disease modification achievement, when glucocorticoids dose was not a prerequisite

Parameters Univariate models
OR 95% Cls P value

Age (years) 1.03 0.99 to 1.06 0.07
eGFR at diagnosis (mL/min/1.73 m? 1 0.99 to 1.01 0.82
Proteinuria at diagnosis (g/day) 0.95 0.85t0 1.06 0.41

Proteinuria <1 g/day Reference group

Proteinuria 1-3 g/day 1.77 0.52to 6 0.35

Proteinuria >3 g/day 0.79 0.29to 2.1 0.65
LN class

Membranous™ Reference group

Proliferativet 0.96 0.4t02.2 0.93

No of crescents 1.03 09110 1.18 0.57
Arteriosclerosis

None/mild Reference group

Moderate/severe 0.58 0.22 to 1.53 0.27

Sclerotic glomeruli (%) 0.98 0.02 to 48 0.99
Induction treatment

CYyC Reference group

MPA 0.96 0.4 to 2.36 0.93

Persistent use of HCQt 1.11 0.48 to0 2.58 0.80

Proteinuria at month 3 (g/day) 1.02 0.82 to 1.27 0.84

Proteinuria at month 6 (g/day) 0.87 0.69 to 1.09 0.23

Proteinuria at month 9 (g/day) 0.82 0.63 to 1.06 0.13

*Refers to LN class V.
TRefers to LN class llI, IV, llI/IV+V
FMore than two-thirds of the follow up time.

. CYC, cyclophosphamide; eGFR, estimated glomerular filtration rate; HCQ, hydroxychloroquine; LN, lupus nephritis; MPA, mycophenolic

acid.

management of hypertension, diabetes and obesity,
the implementation of low-salt and low-protein diets,
and smoking cessation.” * It is well known that renin-
angiotensin-aldosterone system (RAAS) blockade has a
significant renoprotective effect mediated by systemic
and intraglomerular pressure control and other pleio-
tropic effects (antifibrotic, antihyperplastic, anti-
inﬂammatory).43 Recently, a novel class of antidiabetic
drugs, the SGLTZ2 inhibitors, have shown to delay CKD
progression in patients with non-diabetic kidney disease,
including also those with LN 1%

It is noteworthy that, in our study, the percentage of
DM achievers raised from 60% to 70% when the GCs
dose target was excluded from all three timepoints of DM
evaluation. Furthermore, the goal of GCs dose reduction
was met less often than the other three renal outcome
targets (24hours proteinuria, eGFR, flares) in all time
points. Significantly higher percentages of DM achieve-
ment were found in patients diagnosed in the second
(2006-2016) than in the first (1992-2005) time period
(p=0.006), which can be explained by the advances in LN
treatment over the past decades and a better management

of comorbidities. Notably, patients diagnosed before
2006 were exposed more often to higher doses of GCs,
compared with patients diagnosed afterwards. Inter-
estingly, no significant difference in DM achievement
was observed between the two time periods when GGCs
dose was excluded from the DM criteria, supporting the
impact of GCs on DM. In general, we can conclude that
DM in the entire cohort has been significantly affected by
the failure to achieve the GCs dose target. Future disease-
modifying interventions should also aim to protect
patients from long-term use of GCs and its side effects.
Regarding DM attainment determinants, no baseline
clinical, laboratory, histological or therapeutic param-
eter was found to predict DM achievement at 72 months
of follow-up. This finding may imply that assessment
of these parameters at later time points in the course
of the disease may be more predictive of DM attain-
ment.® Indeed, we observed that 24 hours proteinuria
at 9 months after diagnosis was predictive of DM. It is also
noteworthy that there was no difference in DM achieve-
ment between patients with pure membranous LN (26%
in our cohort), who are supposed to have better renal
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prognosis, than those with proliferative classes. This
may be due to the fact that we followed in some of these
patients (depending on the time of their diagnosis)
previous guidelines on LN management which restricted
subnephrotic patients with pure membranous LN from
immunosuppressive therapy.® */

Concerning the histological lesions, we examined LN
class, number of crescents, percentage of glomeruloscle-
rosis and IF/TA. Among vascular lesions, we included
data on arteriosclerosis, although it would be important
to examine also how thrombotic microangiopathy/anti-
phospholipid syndrome nephropathy lesions correlate
to DM outcomes. This would demand a more detailed
re-evaluation of all renal biopsies based on current efforts
for recharacterisation of antiphospholipid syndrome
(APS) nephropathy lesions,* that was not feasible in the
current study, especially for biopsies of previous decades.

The main strengths of the current study include the
first implementation of recently proposed criteria for
DM in a real-life setting with an effort to further specify
some of the criteria, the inclusion of data from two incep-
tion cohorts and the availability of a large set of clinical,
laboratory and treatment data from multiple regular
visits during a median follow-up time of 138 months.
We acknowledge that our study has certain limitations.
Repeat biopsies in our cohort were performed based on
clinical/laboratory indications of renal flare or in cases
of no response to treatment, therefore, the time of repeat
biopsies differed among patients. Per-protocol biopsies
performed at prespecified time points can be of major
importance in evaluating DM in LN,* but such biopsies
were only recently introduced in our units and were not
available in our cohort at the examined time periods.
Other limitations of this study are its retrospective nature
and the inclusion of exclusively Caucasian patients. Of
note, all patients of our cohort were managed within a
supportive and easily accessible public health system
providing a free hospital care, therefore, our results may
differ from those in other countries.

Conclusions

In conclusion, in this first attempt to assess whether DM
in LN is possible in a real-life setting, we found that DM
was achieved in only 60% of LN patients, commonly due
to the failure to reduce GCs exposure. This may suggest
limitations in the effectiveness of current LN manage-
ment strategies or in their implementation. Further
evaluation and validation in large multicentre and multi-
ethnic cohorts is needed to establish DM criteria in LN,
which will help to improve treatment efficacy assessment
in clinical trials and in clinical practice.
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