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Abstract
Objective
To evaluate change over time and level of agreement of renal-specific and multi-dimensional measures in juvenile
systemic lupus erythematosus (SLE) with renal disease.

Methods
An analysis was made of 205/557 children with baseline 24-hour proteinuria =0.5 g. Data were collected at baseline, 6-,
12- and 24-month intervals. Using the Systemic Lupus International Collaborating Clinics (SLICC) renal index (change in
proteinuria and urine sediment) as gold standard, responsiveness and discriminative ability analyses were used to identify
key renal and multi-dimensional disease activity and damage measures for the evaluation of response to therapy. We also
evaluated the kappa agreement between SLICC renal index and PRINTO/ACR juvenile SLE criteria (change in proteinuria,
physician and parents evaluations, disease activity, health related quality of life [HRQOL]).

Results

Children with renal disease compared to children without renal disease, had a lower female rate and higher disease

activity/response rate (p-values <0.01) but similar damage levels. Large responsiveness (standardised response mean
>0.8) and statistical significant discriminative ability with the SLICC renal index 4 levels of response (improved, partially
improved, stable and worsened) were observed for renal specific measures (proteinuria, urine sediment, renal sub-scores,

p<0.0001) and for multi-dimensional variables (disease activity level and physician evaluation p<0.001). Agreement

between the SLICC renal index and PRINTO/ACR criteria was moderate (0.57; 95% confidence intervals:
044-0.71).

Conclusion
We propose to incorporate multi-dimensional measures (physician and parents’ evaluations, disease activity and HRQOL),
in addition to renal specific measures, in future clinical trials in juvenile SLE with renal involvement.
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Introduction

Systemic lupus erythematosus (SLE) is
a disease characterised by protean clin-
ical manifestation and unpredictable
course. Renal involvement is one of
the most important and severe clinical
manifestations and has been the target
of several clinical trials in both adult
(1-13) and juvenile onset SLE (3).

All trials conducted in SLE nephritis
have used different organ-specific renal
criteria to evaluate response to therapy,
making it difficult the comparisons of
their results. The lack of standardised
and validated criteria for the assessment
of response to therapy in SLE with re-
nal disease prompted the American
College of Rheumatology (ACR) and
other to propose organ-specific criteria
for proliferative and membranous renal
disease in SLE clinical trials (14, 15).
More recently, the Systemic Lupus In-
ternational Collaborating Clinics (SL-
ICC) has proposed a renal activity/re-
sponse index (SLICC renal index) for
the evaluation of response to therapy in
SLE with kidney involvement (16, 17).
The SLICC renal index is based on the
evaluation of the change over time of
a renal score which comprises 24-hour
proteinuria and urine sediment (red and
white blood cells); measures included in
the score have been selected through re-
gression analysis using as gold standard
the evaluation of a panel of experts.

In the paediatric field, the Paediatric
Rheumatology International Trials Or-
ganisation (PRINTO) (18), supported
by a grant from the European Union,
undertook a multinational effort, based
on a large-scale prospective data col-
lection and consensus evaluation as
gold standard, that was aimed at de-
veloping and validating measures and
criteria to evaluate response to therapy
in juvenile SLE; these are now known
as the PRINTO core set (19, 20) and
the PRINTO/ACR criteria (21) respec-
tively. In the PRINTO core set there is
one measure specific for the evaluation
of renal disease (24-hour proteinuria)
and, in addition to 4 multi-dimensional
assessments (physician’s global assess-
ment of disease activity, global disease
activity index, parent’s global assess-
ment of the overall child’s well-being
and health-related quality of life [HR-
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QOL)) that are relevant for all juvenile
SLE subtypes (e.g. neurologic, haema-
tologic, etc.) but that also contain spe-
cific parameters for patients with renal
involvement (e.g. the renal sub-scores
of the disease activity tools). The in-
clusion of 24-hour proteinuria in the
PRINTO juvenile SLE core set was
thought to be important since it is the
most severe subtype of juvenile SLE
is renal disease (22-24). According to
the PRINTO/ACR criteria patients are
classified as responders if they demon-
strate at least 50% improvement from
baseline in any 2 of the 5 PRINTO core
set measures, with no more than 1 of
the remaining worsening by more than
30%. The approach chosen by PRINTO
was therefore to develop multi-dimen-
sional criteria (20, 25-29), rather than
organ specific criteria (e.g. renal, neu-
ropsychiatric, haematological). How-
ever it is not clear if a similar approach
can be used in a protean disease like
SLE since the advantages/disadvan-
tages of using organ-specific or multi-
dimensional criteria in SLE nephritis
have not yet been tested.

The goal of this project was to evaluate
the change over time (up to 2 years of
follow-up) of renal-specific and multi-
dimensional measures in children with
juvenile SLE with renal disease. A sec-
ondary goal was to evaluate the level of
agreement between multi-dimensional
criteria (PRINTO/ACR criteria) and re-
nal specific criteria (SLICC renal index).
Our overall hypothesis was that multi-di-
mensional criteria are valid alternatives
to renal-specific criteria for the evalua-
tion of response to therapy in children
with juvenile SLE with renal disease.

Patients and methods

The PRINTO juvenile SLE database
contains data related to 557 patients
consecutively enrolled who: 1) had SLE
by the 1997 revised ACR classification
criteria (30, 31); 2) were under 18 years
of age; and 3) were in an active phase
of their disease, defined as the either
the need to start corticosteroid therapy
and/or a new immunosuppressive medi-
cation or to undergo a major increase
in the dosage of ongoing corticoster-
oid and/or immunosuppressive drugs.
These inclusion criteria were chosen to
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select patients with recent disease onset
or disease flare in order to try to closely
mimic a clinical trial where only pa-
tients with active disease, either at onset
or during flare, are enrolled.

For the purposes of this analysis we
included the subgroup of children with
renal disease, defined by the presence
of a baseline 24-hour proteinuria =0.5
g. We did not collect random spot uri-
nary protein:creatinine ratio whose use
in clinical trials is considered unreli-
able in patients with high protein ex-
cretion (32, 33).

All patients were assessed at baseline,
6, 12 and 24 months thereafter, as
previously described (20), for demo-
graphic, clinical (physician’s global as-
sessment of the child’s overall disease
activity on a 0 to 10 cm visual analogue
scale [VAS]), the renal sub-score (only
items related to renal parameters) and
the total score of 3 disease activity
tools (the Systemic Lupus Erythemato-
sus Disease Activity Index [SLEDAI],
the Systemic Lupus Activity Measures
[SLAM], and the European Consen-
sus Lupus Activity Measurement [EC-
LAM]), (34-37) all valid alternatives
to the British Isles Lupus Assessment
Group (BILAG) index (38), blood pres-
sure values (one reading per patient
with appropriate cuff size) standardised
according to gender, age and height
(39), standardised (20) laboratory tests
(serum complement fractions C; and
C,, complete blood cell count, West-
ergren erythrocyte sedimentation rate
[ESR], glomerular filtration rate [GFR]
according to the Schwartz formula (14,
40)), parent’s assessments (child’s over-
all well-being on a0 to 10 cm VAS, and
HRQOL through the physical summary
score [PhS] of the parent version of the
Child Health Questionnaire [CHQ])
(41, 42). We also collected damage
data through the renal sub-score (only
items related to renal parameters) and
the total score of the SLICC damage
index (DI) and the physician’s global
assessment of the patient’s overall dis-
ease damage on a 0 to 10 cm VAS (43).
Renal biopsy classes were not available
in this dataset. Of note, the data at 12,
and 24 months have been analysed and
reported for the first time in this paper.
In the rest of this paper we will refer to
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measures to indicate the individual var-
iables used to evaluate response (e.g.
24-hour proteinuria, urine sediment)
and criteria for the related definitions
(e.g. SLICC renal index, PRINTO/
ACR juvenile SLE criteria).

Evaluation of response criteria

in SLE trials in patients with

renal disease

Several measures and criteria to evalu-
ate response to therapy in SLE are re-
ported in the literature, but none of
them has been formally validated with
prospectively collected ad hoc data and
no agreement exists about which criteria
performs best in the context of clinical
trials. All criteria retrieved were tested
in the PRINTO dataset. Since it was not
possible to test exactly all the measures
as reported in the literature, in some
cases we have modified the original ver-
sion (for example, urine protein:creati-
nine ratio was substituted with 24-hour
proteinuria, serum albumin was not
available), as detailed in Table I. Each
patient was classified as “improved” or
“not improved” according to different
criteria reported in the literature. The
time frame used in most of the clinical
trials in the literature was 6 months.

Choice of the gold standard

In order to compare the statistical prop-
erties of the different variables (renal-
specific and multi-dimensional meas-
ures) present in the PRINTO dataset,
there was the need to choose a proper
standard against which to evaluate the
measures and criteria tested. The SL-
ICC renal index (16, 17), the ACR cri-
teria (14), and the PRINTO/ACR juve-
nile SLE criteria (19-21) used as gold
standard a consensus panel evaluation.
We chose as gold standard for this work
the SLICC renal index which identifies
4 level of mutually exclusive response:
complete response (if the SLICC renal
score is >0 at baseline and equal to O
at follow-up), partial response (if the
baseline score is greater than the fol-
low-up score, but the follow-up score
is not equal to 0), stable (if the follow-
up score is equal to the baseline score),
and worsening (if the follow-up score
is greater than the baseline score). The
SLICC renal score ranges from 0 to 15
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and was computed as follows: 24/hour
proteinuria 0.5-1 g (3 points), >1-3 g
(5 points), >3 g (11 points); urine red
blood cell (RBC) count >10/high power
field (hpf) (3 points) and urine white
blood cell (WBC) count >10/hpf (1
point) (score range 0—15). Since in the
PRINTO dataset urine sediment was
available as absent or >5 RBC or >5
WBC, (14), we attributed a score of 3
if RBC were >5/hpf and 1 point if the
WBC were >5/hpf.

The PRINTO/ACR juvenile SLE crite-
ria was used as prototype of multi-di-
mensional criteria; it classifies patients
into 2 mutually exclusive categories of
responders and non responders as de-
tailed in the introduction.

The statistical comparison of the meas-
ures tested proceeded in subsequent
steps, as described below.

Change over time

and responsiveness

The statistical properties of all measures
(renal and multi-dimensional) used to
evaluate renal disease in the PRINTO
database included: feasibility or prac-
ticality of the measures, determined by
evaluating the percentage of missing
values; face and content validity, based
on the results of a previous consensus
conference (19); responsiveness, deter-
mined by measuring the ability of each
variable to detect clinically important
change between baseline and 6, 12 and
24 months through the standardised re-
sponse mean (SRM) (44, 45) calculated
as the absolute mean change in score
divided by the standard deviation (SD)
of that score. An SRM value <0.5 was
considered small, >0.5<0.8 moderate,
and values =0.8 representing a large ef-
fect (46, 47).

Discriminative ability of

the measures used to evaluate
response to treatment

We evaluated the relationship between
the absolute changes of the measures
analysed and the SLICC renal index 4
levels of response as gold standard. The
purpose of this analysis was to evalu-
ate if the measures (renal and multi-di-
mensional) were able to discriminate
patients who improved from patients
who did not.
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Table I. List of criteria for the evaluation of response to therapy tested.
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Original criteria
Short name (year publication). Description (references)

Criteria tested with modification in bold italics

Response rate
n. (%)

RENAL-SPECIFIC CRITERIA

SLICC renal activity/response index (2008): 0.5-1 g/24 hour proteinuria

(3 points), >1-3 g/24 hour proteinuria (5 points), >3 g/24 hour proteinuria
(11 points), urine RBC >10/hpf (3 points), and urine WBC >10/hpf (1 point)
(16, 17) (15, 16)

ACR GFR 25 (2006). 25% increase if baseline GFR is abnormal (14)

ACR proteinuria 50 (2006). =50% reduction in the urinary protein: urinary
creatinine ratio (14)

ACR sediment (2006). Change from active to inactive sediment (14)

ACR remission (2006). urinary protein: urinary creatinine ratio of < 0.2 and
GFR 90 and inactive urinary sediment (14)

Remission Illei (2007). <1 g/24 hour proteinuria, inactive sediment
(<10 RBC/hpf and no cellular casts) and stable serum creatinine (1)

Remission Baca (20006), Illei (2001). <1 g/24 hour proteinuria and
< 10 RBC/hpf, O cellular casts (3, 7)

Remission Grootscholten (2007). <0.5 g/24 hour proteinuria, <10 RBC/hpf,
serum creatinine < 130% of the lowest serum creatinine (2)

Remission Urowitz (2007). No RBC casts or hemegranular casts, hematuria
or pyuria in the absence of other causes, or proteinuria (<0.5 g 24 hrs
proteinuria,or =3+ on dipstick), or an abnormal renal biopsy with active
lupus nephritis (55)

Remission Ginzler (2005). Return to within 10% of normal values of serum
creatinine, proteinuria and urine sediment (4)

Remission partial Ginzler (2005). 50% improvement in abnormal serum
creatinine, proteinuria and urine sediment, without worsening (within 10%)
of any measurement (4)

Remission Contreras (2004). Decrease in the UP:UC ratio to <3 in pts with
baseline nephrotic range proteinuria (UP:UC ration =3) or by 50% in patients
with sub-nephrotic proteinuria accompanied by either an improvement in
baseline serum creatinine level =25% or a stable serum creatinine level that
was within 25% of baseline (6)

Remission Chan (2000). <0.3 g/24 hour proteinuria, normal urinary
sediment, normal serum albumin, and values for both serum creatinine and
GFR that were worsened <15% (5;8)

Remission Gourley (1996). <1 g/24 hour proteinuria <10 dysmorphic
RBC/hpf, O cellular casts, and without doubling of serum creatinine (9)

Euro-lupus (2002). Absence of primary response (based on change in serum
creatinine, 24-hour proteinuria, albumin) or glucorticoid resistant flare or
serum creatinine doubling(10;11)

Note See table I in ref (10) for more details

Creatinine doubling (1983-2007). Patients without doubling of serum
creatinine considered as responders (2, 6, 12, 13, 51)

ESRD (2002-2004). Patients with d ESRD (6;10;52) considered as responders

MULTI-DIMENSIONAL CRITERIA
PRINTO/ACR 50. 2 of any 5 improved = 50%, max 1 worsened by >30%
(19-21)

PRINTO/ACR 50. 2 of any 5 improved = 50%, max 1 worsened by > 30%
(19-21)

PRINTO/ACR 50. 2 of any 5 improved = 50%, max 1 worsened by > 30%
(19-21)

Physician. Attending physician evaluation of response to therapy (improved,
stable, worsened) (19-21)

Parents. Parent evaluation of response to therapy(improved, stable, worsened)
(19-21)

Same as original but urine RBC >5/hpf (3 points),
and urine WBC >5/hpf (1 point)

Same as original

250% reduction in 24 hrs proteinuria

Same as original

urine protein <0.5 g/24h and GFR (Schwartz) <90
and inactive sediment

<1 g/24 hour proteinuria and inactive urinary
sediment (14) and stable serum creatinine

<1 g/24 hour proteinuria and inactive urinary
sediment (14)

<0.5 g/24 hour proteinuria, inactive sediment (14),
serum creatinine < 130% of the lowest serum
creatinine

Same as original with iractive urinary sediment as

per ref (14).
Kidney biopsy not available

Same as original with inactive urinary sediment as
per ref (14)
Same as original with inactive urinary sediment as

per ref (14)

Same as original with 24 hour proteinuria instead
of urinary protein:creatinine ratio

Same as original without albumin

<1 g/24 hour proteinuria, inactive urinary sediment
(14) without doubling of serum creatinine

Same as original without albumin and glucorticoid
resistant flare

Same as original

Same as original

Same as original

With ECLAM sub-score instead of ECLAM total
score and proteinuria could not worsen
Proteinuria could not worsen

Same as original

Same as original

171/203 (84.2%)

97/180 (53.9%)
131/180 (72.8%)

99/179 (55.3%)
87/180 (48.3%)

114/180 (63.3%)

111/178 (62.4%)

68/183 (37.2%)

75/180 (41.7%)

57/183 (31.1%)

80/180 (44.4%)

161/183 (88%)

32/182 (17.6%)

87/181 (48.1%)

139/178 (78.1%)

195/202 (96.5%)*

199/202 (98.6%)*

167/205 (81.5%)

166/205 (81%)

162/205 (79%)

144/179 (80.4%)

147/177 (83.1%)

RBC: red blood cells, HPF high power field; UP/UC ratio: urinary protein:urinary creatinine ratio; ESRD: end stage renal disease.
“Number of patients who had doubling of serum creatinine and ESRD in the initial 6 months (7 patients had doubling of serum creatinine, 3 patients

had ESRD).
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Agreement multi-dimensional

and renal-specific criteria

Agreement between the SLICC re-
nal index (as gold standard) and the
PRINTO/ACR juvenile SLE criteria
was evaluated by means of the kappa
statistics (48, 49), with the following
cut-offs proposed by Landis & Koch
(50): 0.01-0.2 = slight; 021-04 =
fair; 0.41-0.6 = moderate; 0.61-0.8
= substantial; 0.81-1 = almost per-
fect agreement. We also re-evaluated
2 modified versions of PRINTO/ACR
criteria (21); in the first modification
we added the contingency that 24-hour
proteinuria could not worsen (e.g. a pa-
tient with worsening in proteinuria but
with improvement in the remaining 4
PRINTO core set variables is counted
as not improved), and in the second
we also substitute the ECLAM total
score with ECLAM renal sub-score.
The purpose of this analysis was to
see if the PRINTO/ACR, as prototype
of multi-dimensional criteria, could be
an alternative to criteria based only on
renal parameters. We expected a fair
to moderate correlation between the
2 types of indexes since the construct
that underlines the evaluation is dif-
ferent (multi-dimensional evaluations
in the PRINTO/ACR criteria and renal
parameters in the SLICC renal index).

Statistics

The data were reported as means and
SD, medians (13" quartile) or ab-
solute numbers and percentages. All
comparisons at follow-up were made
with respect to baseline. P-values re-
fer to Wilcoxon’s test for paired data,
Kruskal-Wallis for continuous data and
Chi-square/Fisher exact tests for cat-
egorical data as appropriate. In order
to avoid multiple comparisons’ errors,
all p values were adjusted according to
Bonferroni’s correction.

The data were entered in an Access XP
database and analysed with Excel XP
(Microsoft), XLSTAT 6.1.9 Addinsoft,
Statistica 6.0 (StatSoft, Inc), and Stata
7.0 (Stata Corporation).

Results

Table I reports the list of criteria de-
rived from the literature and schemati-
cally divided into 2 main categories.
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The first group can be collectively
named as renal-specific criteria (also
called organ-specific) based on change
of key specific measures used to evalu-
ate renal disease; the prototype of these
criteria are the SLICC renal index (16,
17) and the ACR criteria (14). The sec-
ond group refers to multi-dimensional
evaluations by the physicians, the par-
ents or combination of different multi-
dimensional domains whose prototype
is the PRINTO/ACR juvenile SLE
criteria (19-21).

The criteria/measures tested and their
original versions are reported in Table I.
The last column shows the frequency of
response of the measures/criteria tested
in the PRINTO dataset. There was a
wide variability in the response rate,
with positive response criteria rang-
ing from 17.6% of remission criteria
by Chan et al. (5, 8) to 88% of the re-
mission criteria by Contreras et al. (6)
whereas negative response criteria (cre-
atinine doubling or ESRD) (2, 6, 10, 12,
13, 51, 52) identified >95% of patients
as responders (6, 10, 52).

Demographic and clinical
characteristics

Of the 577 children with juvenile SLE
in the database, 215 with proteinuria
>0.5 g 24-hour at baseline were iden-
tified. Of these 215, 10 patients were
excluded from the analysis: 6 because
they were lost to follow-up and 4 were
deceased before the first 6-month fol-
low-up (1 for severe multi-organ fail-
ure, | for severe pancreatic and dissem-
inated intravascular coagulation, 1 with
sepsis, 1 for unknown reasons). The
final sample available for the analysis
was, therefore, 205/557 (37%).

Table IT shows the comparison of the de-
mographic features at baseline between
the 205 patients with renal disease in-
cluded in the present analysis and the
352 patients without renal disease who
were excluded. Children with renal dis-
ease at baseline had a lower female rate
(75.1 vs. 86.6%), and an higher number
of ACR criteria at diagnosis (6 vs. 5).
Patients with renal disease also showed
a higher level of disease activity, as
documented by the median physician’s
global assessment of disease activity
and the ECLAM, the SLEDAI or the
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SLAM. The response rates according to
PRINTO ACR 50, 70, 90 or 100 criteria
were statistically significantly higher for
children with renal disease when com-
pared to children without renal disease
at baseline. Of the 167 PRINTO/ACR
50 responders 142 (85%) had proteinu-
ria improved by at least 50%. There
were no differences in the 2 cohorts for
age at onset/study entry, disease dura-
tion, the parameters assessed by parents
or for the damage level.

Change over time

and responsiveness

Table III shows the descriptive char-
acteristics, at baseline, 6, 12 and 24-
month, for the measure analysed. The
percentage of missing data was uni-
formly less than 10%, demonstrating
that most variables had good feasibility
(data not shown).

At baseline children have high median
values for all renal parameters. The SL-
ICC renal score was >0 for all 205 chil-
dren, 24-hour proteinuria was >1 g in
133 (65%) and in nephrotic range (=3.5
g/day) in 49 (24%), abnormal serum
creatinine (>1.2 mg/dl) was observed in
28 (14%) with 10 (5%) patients having
values greater than 2, abnormal GFR
(Schwartz formula) <90 ml/min was
observed in 55 (27%). Systolic and di-
astolic blood pressure were higher than
the 95" percentile in 28% of the patients
(see also standardised z-scores in Table).
Similar high baseline median values
were present for the multi-dimensional
measures by the physicians and the par-
ents, and for the total scores of 3 disease
activity tools the SLEDAI, SLAM and
ECLAM; 108/190 (57%) children had
poor HRQOL has defined by a CHQ
physical well being (PhS) score <30 (2
SD below the mean of healthy controls).
Damage levels were unremarkable as
expressed by the low median values of
the renal sub-score and total score of the
SLICC DI (156/200, 78% with a score
equal to 0) and the physician’s global
assessment of patient’s overall disease
damage.

At the 6-month follow-up a statistically
significant change was observed for all
measures. The SLICC renal score was
>0 in 121 (60%) children, 24-hour pro-
teinuria in nephrotic range in 17 (8%),
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Table II. Comparison of the 205 patients with renal disease (24-hour proteinuria = 0.5 g at baseline) versus the 352 excluded patients.
Values are medians and first and third quartiles (1*; 3™ Q) unless otherwise indicated.

Variables (min-max) n. Children with renal n. Children without p-values
1 higher worse; | lower worse disease renal disease
median (1*; 3" Q) median (1% 3" Q)
Female - n. (%) 199 154 (75.1%) 352 309 (86.6%) 0.0006
Age at onset (years) 205 124 (10.1; 14.4) 352 12.2 (10.2; 13.9) 0.77
Age at study entry (month 0) (years) 205 143 (11.9;15.9) 352 139 (12.0; 15.6) 0.16
Disease duration (years) 205 0.6 (0.2;2.6) 352 0.5 (0.2;2.2) 043
Number of ACR criteria at diagnosis 205 60 (5.0;7.0) 352 5.0 (4.0;6.0) 0.0006
SLEDAI total score (0-105 score) 1 204 22 (16;28.5) 351 14 (9; 19) <0.0001
SLAM total score (0-90 score) 1 205 17 (11;22) 352 14 (105 19) 0.0325
*ECLAM total score(0-10 score) | 205 7.0 (5.0;9.0) 352 50 (4.0;,7.0) <0.0001
*Physician’s global assessment of the patient’s overall disease 205 64 (5.0;82) 350 54 (3.0;7.8) 0.0003
activity (0-10 cm)
*Parent’s global assessment of the overall child’s well-being 193 46 (22;72) 332 43 (1.3;6.7) 0.31
(0-10 cm)
*CHQ Physical summary score (PhS) (40-60 score) |, 190 27.6 (10.8;43.0) 307 32.1 (15.0;434) 0.05
SLICC DI total score (0-49) 1 200 0 (0;1) 350 0 (0;1) 0.40
Physician’s global assessment of the patient’s overall disease
damage (0-10 cm) (0-10 cm) 1 198 0 (0;1.2) 345 0.1 (0;1.1) 0.75
PRINTO/ACR 50 criteria 205 167 (81.5%) 352 251 (71.3%) 0.008
PRINTO/ACR 70 criteria 205 143 (69.8%) 352 184 (52.3%) <0.0001
PRINTO/ACR 90 criteria 205 95 (46.3%) 352 96 (27.3%) <0.0001
PRINTO/ACR 100 criteria 205 55 (26.8%) 352 57 (16.2%) 0.003

*Measures in italics are in included in the PRINTO core set for the evaluation of response in juvenile SLE (20).

serum creatinine (>2 mg/dl) in 6 (3%)
patients, abnormal GFR (<90 ml/min)
in 33 (17%). A total of 3/197 (2%) had
a CHQ physical well being (PhS) score
<30 (2 SD below the mean of healthy
controls). Good responsiveness to clini-
cal change, with a large SRM (=0.8) was
demonstrated, among the renal meas-
ures, by the SLICC renal score, by the 3
renal sub-score of the SLEDAI, SLAM
and ECLAM and by C, while respon-
siveness was poor or moderate for the
remaining renal parameters (24-hour
proteinuria, C,, GFR, serum creatinine,
blood pressure and SLICC DI renal sub-
score). The SRM of the renal parame-
ters rose when we restricted the analysis
to the subgroup of patients with greater
renal impairment at baseline (data not
shown). All the remaining multi-dimen-
sional measures showed SRM = 1 with
the highest values, observed for the total
score of the SLEDAI, ECLAM, SLAM
and physician’s evaluation of disease
activity (range 1.36-1.46). Poor respon-
siveness was showed by the SLICC DI
total score and the physician’s global
assessment of patient’s overall disease
damage.

At 12 and 24 months 6/133 (4.5%)
and 5/123 (4%) patients had serum
creatinine >2 mg/dl and 4/138 (2.9%)

and 4/128 (3.1%) patients were in end-
stage renal disease. A greater increase
with higher SRM values was observed
at 12 months where also 24-hour pro-
teinuria showed large SRM (0.89). Af-
ter 24 months SRM values were similar
to the values observed after 12 months
of treatment confirming that most of
the effect of treatments was reached at
6-12 months interval.

Discriminative ability of

the measures used to evaluate
response to treatment

Table IV shows the relationships be-
tween the median absolute changes in
renal and multi-dimensional measures
and the 4 categories of response (im-
proved, partially improved, stable and
worsened) of the SLICC renal index.
Among the renal measures, the SLICC
renal score, 24-hour proteinuria, urine
sediment, the renal sub-score of the
SLEDAI, SLAM and ECLAM and, to
a lower extent, C, were able to discrimi-
nate between the 4 response levels of the
SLICC renal index. Similarly, among
the additional measures the median total
score of the SLEDAI, SLAM, ECLAM,
the physician’s evaluation of disease ac-
tivity, and the SLICC DI total score were
also able to discriminate between the 4
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level of response. All remaining meas-
ures (serum creatinine, GFR, C,, par-
ent’s evaluations, SLICC DI renal sub-
score and physician’s global assessment
of patient’s overall disease damage)
were not able to discriminate among the
4 levels of response of the SLICC renal
index (p-values not significant).

Agreement between multi-dimensional
and renal specific criteria

The Cohen’s kappa level of agreement
in the evaluation of response between
the SLICC renal index used as the gold
standard, and the original version of the
PRINTO/ACR juvenile SLE criteria
was in the moderate range being 0.45
(95% CI: 0.31-0.59). When we modified
the PRINTO/ACR criteria (Table I) by
adding the contingency that proteinuria
could not worsen, the agreement rose to
0.53 (95% CI: 0.39-0.66) and to 0.57
(95% CI: 0.44-0.71) when we also sub-
stitute the total score of the ECLAM
with the renal sub-score.

Discussion

Using a data-driven approach in a large
paediatric dataset, we compared the
statistical properties of renal-specific
and multi-dimensional measures and
criteria in the evaluation of response to
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Table III. Clinical and laboratory data at baseline, after 6, 12 and 24-month. The SLICC renal score is based on 24-hour proteinuria and
urine sediment (see methods for details). Data are reported as median (1%; 3" Q) for continuous variables or numbers (%) for categorical
measures. The SRM are reported only for continuous measures. Blood pressure values were standardized according to gender, age and
height (39) and reported as z-scores and mean (SD) percentiles values.

Measures (min-max) Baseline Month 6 Month 6 Month 12 Month Month 24 Month
1 higher worse; | lower worse median median SRM median 12 median 24
Mean (SD) or n (%) (1% 34 Q) (1% 314 Q) (1%, 34 Q) SRM (1% 34 Q) SRM
n=205 n=204 n=138 n=129
Renal measures
SLICC renal score (score 0-15)1 8 (6; 11) 3 (0; 5)* 1.13 3 (0; 3)* 1.59 0 (0;3)* 1.37
*24-hour proteinuria (g/24 h)? 1.5 (08;33) 0.3 (0.1; D)* 0.62 02 (0,05)" 0.839 0.1 (0;0.5)* 0.76
>5 RBC/hpf? n (%) 155 (75.6%) 72 (35.5%)* 28 (20.4%)* 22 (17.3%)*
>5 WBC/hpf! n (%) 71 (34.8%) 36 (17.7%)* 6 (44%)* 13 (10.3%)*
>1 cell cast! n (%) 117 (57.1%) 35 (17.2%)* 28 (20.4%)* 10 (7.9%)*
Active sediment (>5 RBC/hpf and >5 WBC 135 (66.2%) 45 (22.2%)* 15 (11%)* 13 (10.3%)*
or >1 cell cast) | n (%)
Serum creatinine (0.6-1.2 mg/dl) 1 0.8 (0.6; 1) 0.7 (0.6;0.9) 0.19 0.7 (0.6;0.9) 0.05 0.8 (0.6;0.9)° 0.24
GFR (Schwartz equation) |, 110 (87;134) 121 (101; 138)% 0.23 119 (97;135) 0.17 114 (92; 134) 0.16
C,(0.7-1.6 g/L) | 04 (0.1;0.7) 0.8 (0.6;1.1)* 0.84 09 (0.7;1.D)* 095 09 (0.7, 1.1)* 1.07
C,(02-04¢/L)| 0.2 (0.1;0.2) 0.2 (0.2;0.3)* 049 02 (02;03)* 050 0.2 (0.2;0.3) 0.44
SLEDAI renal sub-score (0-16 score) 12 (8;12) 0 (0;8)* 1.13 0 (0;4)* 1.47 0 (0;4)* 142
SLAM renal sub-score (0-3 score) 1 2 (2;3) 1 (0;2)* 0.84 0 (0; D* 1.12 0 (0; D* 1.18
ECLAM renal sub-score (0-2 score) 1 2 (0.5;2) 0.5 (0;0.5)* 0.90 0 (0;0.5)* 1.14 0 (0;0.5)* 1.06
Z-score systolic blood pressure 0.7 (0.2;1.8) 0.3 (-0.3; 1.1)* 029 -0.1 (-0.7;09* 037 0.1 (-0.7;0.8)* 0.38
Percentile systolic blood pressure 76.7 (42.8;96) 63.3 (37.1-87.4)** 0.2 47 (25.6-82.8)* 0.36 53.8 (23.2;77.6)* 0.34
Z-score systolic blood pressure 1(0.1;1.8) 0.7 (0.2; 1.4)* 0.19 0.7 (0.1;1.3)** 026 0.5 (0;1.2)* 0.37
Percentile systolic blood pressure 83.9 (56;96.5) 76 (58.5;92.2) 007 757 (54.5;90.7) 0.17 68.9 (51.3;88.1)** 0.3
SLICC DI renal sub-score (0-5 score) 1 0 (0;0) 0 (0;0) 0.13 0 (0;0) 0.10 0 (0;0) 0.09
Multi-dimensional measures
SLEDAI total score (0-105 score) T 22 (16;28.5) 6 (2;10)* 146 25 (0;6)" 1.72 2 (0; 6)* 1.59
SLAM total score (0-90 score) 1 17 (11;22) 4 (2;6)* 1.36 2 (0; 5)* 1.63 2 (0; 4)* 1.69
*ECLAM total score(0-10 score) | 7 (5;9) 2 (1;3)* 1.38 2 (0; 3)* 1.66 1 (0;2)* 1.68
*Physician’s global assessment of the patient’s 64 (5;8.2) 1 (0.3;2.9)* 144 04 (0;2)* 1.63 02 (0;14) 1.68
overall disease activity (0-10 cm) 1
*Parent’s global assessment of the overall child’s 4.6 (22;72) 04 (0;1.9)* 1.00 0.1 (0;1.4)" 091 0 (0; 1.2)* 1.04
well-being (0-10 cm) |
*CHQ Physical summary score (PhS) (40-60 score)| 27.6 (10.8;43) 49.2 (39.8;53.9)* 1.04 503 (41.7,;54.5)* 1.02 51.6 (44.7,54.2)* 1.05
SLICC DI total score (0-49) 1 0 (0;1) 0 (0;1) 0.09 0 (0;1) 0.18 0 (0;1) 0.09
Physician’s global assessment of the patient’s
overall disease damage (0-10 cm) (0-10 cm) 1 0 (0;1.2) 0 (0;0.7)8 0.25 0 (0;0.4) 0.23 0 (0;0.6) 0.17

*Measures in italics are in included in the PRINTO core set for the evaluation of response in juvenile SLE (20). SRM value <0.5 are considered small, 20.5
<0.8 moderate, and values =0.8 representing large effect (46, 47).
P-values refer to Wilcoxon’s test or Chi-square with Bonferroni’s correction. All comparisons were made with respect to baseline; *p<0.0001; “p<0.001:

$p<0.05.

therapy in children with juvenile SLE
nephritis. Multi-dimensional indexes,
like the PRINTO/ACR criteria, which
includes the evaluation of 24-hour pro-
teinuria, showed a moderate correla-
tion with organ specific criteria, like
the SLICC renal index.

When we applied to the PRINTO juve-
nile SLE dataset the criteria published
in the literature (1,2, 2-6, 6-14,16, 17,
19-21) the response rate varied greatly,
from 17.6% to 98.6%, with criteria
based on serum creatinine doubling, or
ESRD identifying almost all patients as
improved since very few children had
elevated serum creatinine, or ESRD
even at 2-year follow-up.

All measures specific for the evaluation
of renal disease, showed a statistical sig-
nificant change at 6, 12 and 24 months
from baseline. More specifically, the
largest responsiveness at 6-month was
shown by several renal specific meas-
ures (e.g. the SLICC renal score, the 3
renal sub-scores of the SLEDAI, SLAM
and ECLAM, C,) but also by the other
4 domains included in the PRINTO ju-
venile core set (physician’s subjective
estimation of the level of disease activ-
ity, global disease activity scoring ei-
ther with SLEDAI, ECLAM or SLAM,
parent’s global assessment of the over-
all patient’s well-being, and HRQOL).
In addition, an increased responsive-
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ness was obtained for data analysed at
12 and 24-month. Similar results were
obtained when we evaluated the ability
of renal specific and multi-dimensional
measures, to discriminate between the
patients who improved or not based
on the SLICC renal index level of re-
sponse. Damage levels, as measured by
the renal sub-score and total score of the
SLICC DI and the physician’s global
assessment of patient’s overall disease
damage, showed on the contrary poor
responsiveness reflecting the relatively
short disease duration of this pediatric
cohort with renal involvement.

Until now, organ-specific criteria like
the SLICC renal index, have been



Juvenile SLE multi-dimensional and renal criteria / N. Ruperto et al.

PAEDIATRIC RHEUMATOLOGY

Table IV. Relationships between median (1*'; 3 Q) absolute changes or frequencies for renal and multi-dimensional measures and the SLICC renal index
at 6-month follow-up. Patients were divided into the 4 mutually exclusive categories of the SLICC renal index as improved, partially improved, stable or
worsened (see methods). Sample equal to 203 patients.

SLICC SLICC SLICC SLICC p-value
renal index renal index renal index renal index
Improvement Partial Improvement Stable Worsening
n=82 (40%) n=89 (44%) n=21 (10%) n=11 (6%)
Renal measures
SLICC renal score (score 0-15)1 -7 (-9; -5) -5 (-6;-3) 0 (0;0) 5(2;8) <0.0001
“24-hour proteinuria (g/24 h) | -1 (-2.3;-0.6) -1.1 (-2.1;-0.5) -0.1 (-1.7,0.02) 1.9 (0.9;2.3) <0.0001
>5 RBC/hpf! improved/positive patients n (%) 56/56 (100%) 30/75 (40.0%) 0/13 (0%) 3/7 (42.9%) <0.0001
>5 WBC/hpf! improved/positive patients n (%) 16/16 (100%) 23/44 (52.3%) 0/3 (0%) 3/5 (60.0%) <0.0001
>1 cell cast] improved/positive patients n (%) 35/36 (97.2%) 45/63 (71.4%) 3/10 (30%) 3/7 (42.9%) <0.0001
Active sediment (>5 RBC/hpf and >5 WBC
or >1 cell cast) no.n (%)1 improved/positive 39/40 (97.5%) 47/73 (64.4%) 3/10 (30%) 3/8 (37.5%) <0.0001
patients (%)
Serum creatinine (0.6-1.2 mg/dl) 1 -0.03 (-0.2;0.1) -0.1 (-0.2;0.04) 0 (-0.1;0.1) -0.03 (-04;0.2) 0.59
GFR (Schwartz equation) 5 (-14; 33) 10.7 (-5.6; 34.8) 0 (-9.6; 13.8) 4.6 (-249;475) 043
C,(0.7-1.6 g/L) | 04 (0.1;0.7) 04 (0.04;0.7) 0.3 (0.01;0.8) 0.01 (-0.2;0.2) 0.016
C,(02-04¢g/L)| 0.04 (0;0.1) 0.03 (0;0.1) 0.02 (0;0.1) 0.01 (-0.01;0.1) 0.64
SLEDAI renal sub-score (0-16 score) 1 -8 (-12;-4) -4 (-8;-4) 0 (0;0) 0 (-4;8) <0.0001
SLAM renal sub-score (0-3 score) -2 (-2;-1) -1 (-1;0) 0 (-1;0) 1 ;1) <0.0001
ECLAM renal sub-score (0-2 score) 1 -0.5 (-2;-0.5) -1.5 (-1.5;0) 0 (-1.5;0) 0 (0;0.5) <0.0001
SLICC DI renal sub-score (0-5 score) 1 0 (0;0) 0 (0;0) 0 (0;0) 0 (0;1) 0.18
Multi-dimensional measures
SLEDAI total score (0-105 score) T -16 (-24;-10) -16 (-23;-10) -4 (-10;0) -8 (-18;-1) <0.0001
SLAM total score (0-90 score) 1 -12 (-17;-7) -12 (-18; -6) -3 (-7;-1) -7 (-18;-1) 0.0002
*ECLAM total score(0-10 score) | -5 (-7;-3) -5 (-7;-2) 2 (-4,0) 0 (-3;0) <0.0001
*Physician’s global assessment of the patient’s overall 52 (-7.2;-2.4) -4.5 (-6.6;-2.8) -1 (-3.7,-0.5) -1.2 (-6;-0.3) 0.0001
disease activity (0-10 cm) |
“Parent’s global assessment of the overall child’s 2.2 (-5.1;-0.1) -3.9 (-6;-0.8) -0.6 (-4.5;0.2) -3.7 (-6.3;-0.7) 0.11
well-being (0-10 cm) 1
*CHQ Physical summary score (PhS) (40-60 score) |, 17.5 (4.3;34) 17.6 (4.2;34.8) 5.8 (0.8;17.1) 12.2 (0.7, 28.5) 0.15
SLICC DI total score (0-49) 1 0 (0;0) 0 (-1;0) 0 (0;0) 1(0;2) 0.0005
Physician’s global assessment of the patient’s overall 0 (-0.1;0) 0 (-0.2;0) 0 (-1.2;0.05) 1 (0;2) 0.63

disease damage (0-10 cm) (0-10 cm) 1

p-values refer to the Kruskal-Wallis for continuous measures and Fisher’s exact test for categorical measures.

used in most SLE nephritis clinical tri-
als as opposed to multi-dimensional
endpoints like the one proposed by
PRINTO. There are advantages and
disadvantages in each approach. In
particular the use of measures related
to single-organ involvement may pro-
vide more meaningful information to
the trial, but this focus may limit the
information on the clinical status of the
patients as a whole. On the other hand,
the use of multi-dimensional measures
of SLE activity as a whole would di-
lute information related to a particular
organ by contributions from other sys-
tems. When we evaluated directly the
agreement between the SLICC renal
index, and the PRINTO/ACR criteria,
the first as prototype for organ specific
and the second for multi-dimensional
criteria, we found a moderate correla-
tion (0.57). This result is in line with
the observation by the SLICC group

who showed a kappa coefficient, be-
tween the plurality physician rating
and the calculated score obtained using
other multi-dimensional indexes like
the RIFLE (0.50), the original BILAG
(0.14), and the BILAG 2004 (0.23).

Overall, our findings confirm the im-
portance to consider multi-dimensional
measures in addition to renal specific
variables, to assess response to therapy
in children with juvenile SLE and renal
involvement at baseline. The PRINTO
core set and the related PRINTO/ACR
criteria have their strength on the evi-
dence-based selection and validation
performed on a very large sample of pa-
tients assessed in a prospective fashion.
The present analysis confirms that both
can be applied for patients with SLE
as a whole irrespective of their disease
phenotype, as well as in the subgroup
of patients with SLE in which renal
disease was the predominant feature.
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Future studies should however assess
specifically whether the PRINTO core
set can indeed be applied to the remain-
ing JSLE disease subtypes.

Our study should be viewed in light of
certain limitations, which include the
lack of some measures (serum albu-
min, accuracy of urine sediment, ran-
dom spot urinary protein:creatinine ra-
tio, RIFLE and BILAG were not avail-
able) and the fact that the definition of
lupus nephritis was not guided by renal
biopsy class (53). In addition, since
proteinuria may reflect renal damage in
the absence of renal activity, a careful
assessment of nephritis activity param-
eters as well as the potential role of an-
giotensin converting enzyme inhibitors
in decreasing proteinuria, (54) should
be done to ensure that the patient has
active renal disease.

In summary, we propose to incorporate
multi-dimensional response measure,
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in addition to renal specific variables,
in future clinical trials in patients with
juvenile SLE with renal involvement.
In the absence of available therapeutic
trial data in juvenile SLE, both multi-
dimensional criteria and renal specific
criteria deserves further validation in
future controlled studies to examine
their discriminant validity in detecting
a therapeutic response greater than pla-
cebo or the active comparator, and to
assess whether further refinements of
the currently available instruments are
required.
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