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ABSTRACT
The earliest symptom of glomerular injury in patients with sickle cell disease (SCD) is microalbuminuria. The
effect of hydroxyurea (HU) on urine albumin-to-creatinine ratio (ACR) is unclear and should be determined,
because increasing numbers of patients with SCD take this drug to improve red blood cell function. In this
cohort study of 58 SS-homozygous adults with SCD who initiated HU therapy, we evaluated ACR changes
and relationships of these changes with demographic, clinical, and biologic parameters at HU initiation
(baseline) and 6 months later (follow-up). Between baseline and follow-up, ACR declined signiﬁcantly for
the entire population (3.0–1.7 mg/mmol; P,0.01), but this was primarily driven by the ACR reduction in the
microalbuminuria subgroup (8.1–2.3 mg/mmol; P=0.03; n=23). According to bivariate analyses on 39
patients who did not receive a blood transfusion during the study period, the baseline to follow-up ACR
decline was strongly associated with decreases in levels of hemolysis markers, percentage of dense red
blood cells, and systolic BP. Bivariate analysis also revealed a close association between the ACR decrease
and high baseline levels of hemolysis markers and percentage of dense red blood cells. These results show
that urine ACR decreased signiﬁcantly after 6 months of HU and conﬁrm a close relationship between ACR
and hemolysis evolution in patients with SCD.
J Am Soc Nephrol 27: 1847–1853, 2016. doi: 10.1681/ASN.2014111126

Sickle cell nephropathy (SCN), a major mortality
risk factor among patients with sickle cell disease
(SCD), is now a well described renal entity with
speciﬁc risk factors and clinical manifestations.1–3
Glomerular involvement, one of the most prominent renal manifestations observed in these patients, is characterized by an early increase of the
GFR associated with micro- or macroalbuminuria,
subsequently leading to progressive GFR decline
and chronic renal failure. 4–6 Reported results
showed an increased frequency of ESRD in the
SCD population. 7,8 The albuminuria level is
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currently considered a relevant biomarker to detect glomerular damage in patients with SCD.1 The results of two large
studies showed that albuminuria was abnormal in 20.7% and
68% of juvenile and adult patients with SCD, respectively.5,6 As
observed during diabetic nephropathy, proteinuria begins as microalbuminuria and progresses to overt macroalbuminuria and
nephrotic syndrome, which reﬂect the worsening of glomerular
damage.5,6 A broad spectrum of glomerular diseases has been
described in patients with SCD, with elevated albuminuria, isolated glomerular enlargement, and FSGS being the most frequent lesions.9 The underlying pathophysiologic mechanisms
involved in SCD-associated glomerulopathy remain poorly understood. Endothelial dysfunction related to chronic hemolysis
and the relative renal hypoxia caused by vaso–occlusive sickle red
blood cells (RBCs) are probably two key factors contributing to
SCN development.10,11
The optimal therapeutic management of adults with SCD and
proteinuria associated or not with CKD remains challenging
and undetermined.12 Usual renal–protective measures, including renin-angiotensin system inhibitors (angiotensin–converting
enzyme [ACE] inhibitor and angiotensin II receptor blocker
[ARB]), probably slow renal disease progression in patients with SCD, which is observed in diabetic or nondiabetic
proteinuric kidney diseases. Nevertheless, to date, no randomized, prospective clinical trials have clearly shown this hypothesis.
Falk et al.13 ﬁrst showed, in 10 patients, that 2 weeks of enalapril
was associated with a 57% proteinuria-level decrease that rebounded after treatment withdrawal. Those preliminary results
were conﬁrmed by a 6-month controlled study on 22 patients14
and suggested that using an ACE inhibitor might be appropriate
to reduce proteinuria. However, in SCD, the long–term ACE inhibitor effect and its tolerance remain unknown. Hydroxyurea
(HU) is one of the cornerstones of SCD therapeutic management.15,16 It was previously shown that HU lowered the frequencies
of vaso-occlusive crises (VOCs), acute chest syndrome, and need
for RBC transfusions and ﬁnally, improved patient survival.17,18
Despite those obviously beneﬁcial effects, the potential effect of
HU on renal function parameters is still controversial, with contradictory results.19,20
In this cohort study, we sought to determine the potential
effects of HU on albuminuria in a cohort of 58 adults with SCD
who had not simultaneously received renal–protective reninangiotensin system inhibitors.

RESULTS
Patients and Hematologic Parameters

Between January of 2011 and December of 2012, among 118
cohort study patients, 61 patients with SCD and SCD
homozygous hemoglobinopathy (SS-SCD) fulﬁlled inclusion
criteria; 58 patients were included (24 men and 34 women;
mean age, 3568.67 years old), because 3 of them did not have
urine albumin-to-creatinine ratio (ACR) evaluation at followup. The main indications of HU prescription for 58 patients
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included one episode of acute chest syndrome (n=26) and
at least three VOCs during the preceding year (n=23); four
patients had poorly tolerated low hemoglobin (Hb) levels,
and the last ﬁve took HU for nonconventional indications
(i.e., pulmonary hypertension [n=2], cerebral vasculopathy
[n=2], and priapism [n=1]). At HU onset, only four (6.9%)
patients were taking antihypertensive agents: calcium-channel
blockers (n=2) or a b-blocker (n=2). The median month 6 HU
dose was 15 (12–18) mg/kg per day. During the study period,
no patients were excluded for HU intolerance. Demographic
and biologic data at HU onset (henceforth referred to as
baseline) and month 6 (henceforth referred to as followup) are summarized in Table 1. Body surface area and body
Table 1. Comparisons of demographic and biologic
parameters between HU onset (baseline) and after 6 months
of treatment (follow-up; n=58)
Parameter (n)
eGFR (ml/min
per 1.73 m2)
Albuminuria (mg/L)
ACR (mg/mmol)
ACR subgroups
Normal, ,3
mg/mmol (29)
Microalbuminuria (23)
Macroalbuminuria (6)
Body mass index
Body surface area (m2)
Systolic BP (mmHg)
Diastolic BP (mmHg)
VOCs during the
last 6 mo
White blood cells
(3109/L)
Platelets (3109/L)
Hb (g/dl)
Reticulocytes (3109/L)
Mean corpuscular
volume (ﬂ)
MCHC (g/dl)
MCH (pg)
HbF (%)
%DRBCs.1.11
Serum creatinine
(mmol/L)
Urine creatinine
(mmol/L)
BUN (mmol/L)
LDH (IU/ml)
AST (IU/L)
Alanine
aminotransferase
(IU/L)
Total bilirubin
(mmol/L)

Baseline

Follow-Up

P Value

124.5 [112–132] 120.5 [112–129]
22 [10–56]
3 [1.3–10.5]

14 [6–53]
1.7 [1–7]

1.3 [0.9–2.4]

1.3 [0.4–1.9]

0.15
0.02
,0.01
0.76

8.1 [4.9–17.8]
2.3 [1.1–7.1]
0.03
72 [37–119]
36 [22–75]
0.15
21.2 [19.2–22.9] 21.7 [19.6–23.2] 0.002
1.75 [1.65–1.83] 1.75 [1.65–1.86] 0.002
114 [103–122]
117 [109–127]
0.78
70 [64–75]
70 [60–71]
0.48
81
16
,0.001
9.1 [8–11.7]

6.8 [5.2–8.5]

,0.001

366 [271–424]
8.9 [8–10]
262[178–294]
89[83–94]

272 [210–366]
9.9 [8.9–10.7]
121 [90–181]
106 [96–115]

,0.01
,0.001
,0.001
,0.001

33.5[33–35]
30 [28–32]
5.7 [2.5–8.4]
10.5 [5–20.5]
52 [44–64]

33 [33–34]
35 [33–39]
14.4 [8.8–23.3]
6 [2–10.5]
54 [45–65]

0.24
,0.001
,0.001
,0.001
0.31

7.2 [4.8–8.6]

6.3 [4.6–9.4]

0.86

3.1 [2.3–3.8]
408 [316–582]
51 [27–58]
25 [15–36]

3 [2.4–3.9]
344 [261–500]
35 [27–53]
25 [16–37]

0.64
0.003
0.04
0.79

37 [26–60]

28 [16–44]

,0.001

Values are expressed as medians [interquartile ranges], except for VOCs
during the last 6 months, which are expressed as absolute numbers.
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mass index increased signiﬁcantly during 6 months of observation (P=0.002 for both), whereas systolic and diastolic BPs
remained unchanged. For the entire population, 81 VOCs requiring hospitalization occurred during the 6 months before
starting HU versus 16 VOCs during the 6 months thereafter
(P,0.001). As expected, HU was associated with signiﬁcantly
increased percentage of fetal hemoglobin (HbF), mean corpuscular volume, and mean corpuscular hemoglobin (MCH)
levels and signiﬁcantly decreased white blood cell and platelet
counts. Biologic hemolysis parameter values were improved:
decreased lactate dehydrogenase (LDH), aspartate aminotransferase (AST), total bilirubin levels, and reticulocyte
counts. We also conﬁrmed the percentage of dense red blood
cells (%DRBCs) decline in patients with SCD on HU.21 We
examined the eGFR change under HU. For the entire population, eGFR did not decrease signiﬁcantly between baseline
and follow-up (P=0.15) (Table 1). The hyperﬁltration frequency for these patients was 25.8% (35.3% for women and
16.6% for men).
HU Effect on Urine ACR

Our analysis of the urine ACR evolution for 58 patients with
SCD taking HU showed that it was signiﬁcantly lower at HU
follow-up, with the median ACR declining from 3 (1.3–10.5)
mg/mmol at baseline to 1.7 (1–7) mg/mmol at follow-up
(P,0.01). This diminution, observed as of month 3 (1.725
[1–9.3] mg/mmol; P,0.01), led us to investigate whether the
positive HU effect on albuminuria might differ according
to the baseline level (Figure 1). For 29 of 58 (50%) patients
with normal baseline ACRs, HU did not lower their ratios; by
contrast, patients with abnormal ACR at baseline had significantly lower ACRs at follow-up (n=29; median, 9.34 [6.1–24.8]
versus 3.69 [1.3–24.1] mg/mmol, respectively; P=0.01). After
additional stratiﬁcation according to baseline micro- and macroalbuminuria, the positive HU effect on ACR was only evident
in 23 of 58 (40%) patients with baseline microalbuminuria:
their ACRs declined 72% between baseline and follow-up, and
compared with baseline, the median follow-up ACR had returned to within the normal range (2.3 [1.1–7.1] mg/mmol)
(Table1). For 6 of 58 (10.3%) patients with SCD and macroalbuminuria, we observed a nearly 50% reduction of the median ACR that did not reach statistical significance (P=0.15).
During 6 months, three patients with normal albuminuria
(10.3%) progressed to microalbuminuria, and one patient with
microalbuminuria (4.3%) progressed to macroalbuminuria.
Biologic Parameter Variations Associated with ACR
Change in Patients with SCD

We analyzed the data of 39 patients not transfused during the
period of study to identify demographic, clinical, and biologic
parameters that might be associated with lower ACR at HU
follow-up. Bivariate analyses of baseline to follow-up ACR
change and laboratory parameter variations are given in Table
2. Between baseline and follow-up, decreases of %DRBCs,
mean corpuscular hemoglobin concentration (MCHC),
J Am Soc Nephrol 27: 1847–1853, 2016

Figure 1. Comparisons of ACRs between HU initiation (baseline)
and follow-up (month 6; n=58) revealed that HU effect on ACR is
primarily driven by the ACR reduction in the microalbuminuria
subgroup.

hemolysis markers (bilirubin, LDH, and AST), and systolic
BP were correlated with an ACR decline.
Baseline Parameters Associated with ACR Change
under HU

We next conducted bivariate analyses of baseline demographic,
clinical, and biologic parameters according to ACR change to
determine whether they might be predictive of improved ACR
under HU at follow-up (Table 3). Higher baseline MCH,
MCHC, %DRBC, and hemolysis marker (bilirubin and
LDH) levels were predictive of a signiﬁcant ACR decrease.

DISCUSSION

Microalbuminuria, associated or not with hyperﬁltration, is
the earliest renal symptom reﬂecting glomerular injury in
adult and juvenile patients with SCD.4,5 However, the longterm outcome and the natural history of kidney disease
in patients with SCD and albuminuria remain largely unknown. It is likely, as classically observed in patients with other
proteinuric kidney diseases, including diabetic nephropathy, that,
in the absence of speciﬁc treatment, albuminuria rises progressively over time. In a retrospective study on 38 patients with
albuminuria until the age of 21 years old, 10.5% of them had
progressive renal disease after approximately 20 months of followup.22 A more recent study showed that, after a mean follow-up of
Hydroxyurea and Sickle Cell Nephropathy
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Table 2. Correlation between clinical or biologic parameter
variation and ACR change (n=39)
Parameter
Body mass index
Body surface area
Systolic BP
Diastolic BP
VOC variationa
White blood cells
Mean corpuscular volume
MCHC
MCH
Hb
HbF (%)
%DRBCs
Reticulocytes
Platelets
eGFR
BUN
Total bilirubin
Alanine aminotransferase
AST
LDH

Bivariate Analysis
r

P Value

0.11
0.08
0.51
0.17
0.17
0.29
20.04
0.33
0.04
0.13
20.11
0.39
0.13
0.01
0.26
0.17
0.31
0.24
0.38
0.43

0.50
0.60
0.02
0.40
0.30
0.08
0.70
0.05
0.80
0.40
0.50
0.02
0.40
0.90
0.11
0.30
0.05
0.20
0.02
,0.01

a
VOC variation: comparison of the numbers of VOCs occurring during the 6
months before starting HU and the 6 months thereafter.

5 years, the CKD frequency increased to 41.8%, and multivariate analysis retained the importance of baseline albuminuria
levels and each 1-mmHg systolic BP increase as two prominent
risk factors for subsequent CKD development.23 At present,
optimal therapeutic management to prevent albuminuria progression and the progressive eGFR decline in patients with SCD
and glomerular involvement remains to be determined.12 Reninangiotensin system inhibitors and/or HU, the standard of care to
prevent VOCs in patients with SCD, should probably be considered to prevent kidney disease progression in this population.12
While awaiting the results of ongoing and future studies evaluating
the potential contributions of promising biomarkers of tubular damage (kidney injury molecule -1, neutrophil gelatinaseassociated lipocalin, and N-acetyl-b-D glucosaminidase) for
early SCN detection, we focused herein on the effect of HU on
the ACR value, which is currently considered the most relevant
biomarker of early renal injury in patients with SCD.
Still, deﬁnitive proof of the potential beneﬁcial HU effect on
albuminuria is lacking. In this study, we sought to determine
the effect of HU at follow-up on albuminuria (normal and
micro- and macroalbuminuria) in 58 adults with SS-SCD.
Because nonsteroidal anti–inﬂammatory drugs may be used
to control VOC-related pain, it is noticeable that, in our institution, this therapeutic approach is not part of our standard
protocol for VOC treatment, because our previous prospective, controlled trial results showed limited ketoprofen effect
on VOCs requiring hospitalization24 and because of the direct
effect of those drugs on eGFR in patients with SCD.25 Our
results showed that patients with SCD taking HU without
1850
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concomitant use of renin-angiotensin system inhibitors had
signiﬁcantly reduced urine ACRs at follow-up. By considering
patients according to baseline ACR value subgroups, HU signiﬁcantly affected patients with microalbuminuria. In adults
with SS-SCD, the frequencies of micro- and macroalbuminuria were 42% and 26%, respectively.6 Our patients’ microalbuminuric rates were similar to those reported by Guasch
et al.6 The approximately 10% lower macroalbuminuria frequency found in our study is probably explained by our inclusion criteria, which excluded patients treated with ACE
inhibitors or ARBs. Although these observations were not
signiﬁcant for patients who were macroproteinuric, we cannot deﬁnitively exclude that HU might prevent the increase of
their albuminuria, because only six patients were concerned.
However, our ﬁndings suggest a potential beneﬁt, even in this
group. The HU effect on ACR has not been extensively investigated in SCD. The retrospective study by Lebensburger
et al.26 on children with SCD showed a lower microalbuminuria frequency for HU-treated patients than those not receiving this drug (13% and 24%, respectively), suggesting a
potentially beneﬁcial preventive HU effect against glomerular
injury. Aygun et al.19 did not ﬁnd that microalbuminuria signiﬁcantly changed in 23 children taking HU for 3 years. A
recent publication on adults with SCD showed lower albuminuria in patients after $3 months on HU compared with
patients not taking HU.27 Our results showed that 6 months
of HU was associated with signiﬁcantly decreased urine ACRs,
particularly in adult patients with SCD and microalbuminuria.

Table 3. Bivariate analyses of baseline parameters
associated with ACR change under HU (n=39)
Parameter
Age
Body mass index
Body surface area
Systolic BP
Diastolic BP
VOCs during the last 6 mo
White blood cells
Mean corpuscular volume
MCHC
MCH
Hb
HbF (%)
%DRBCs
Reticulocytes
Platelets
eGFR
BUN
Total bilirubin
Alanine aminotransferase
AST
LDH

Bivariate Analysis
r

P Value

0.23
20.13
0.06
0.4
0.2
0.06
0.29
20.28
20.36
20.32
0.17
20.13
20.45
20.25
20.06
20.15
20.16
20.37
20.05
20.24
20.37

0.15
0.40
0.70
0.06
0.30
0.70
0.08
0.09
0.02
0.05
0.30
0.40
,0.01
0.13
0.70
0.40
0.30
0.02
0.70
0.13
0.02
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This ﬁnding suggests the potential beneﬁt of prescribing HU as
soon as microalbuminuria appears.
Our results strongly suggest that 6 months of HU signiﬁcantly
attenuated the microalbuminuria observed during early stages
of SCN. A close relationship between hyperﬁltration and the
subsequent risk of developing microalbuminuria was recently
advanced.28 Increased renal blood ﬂow and glomerular ﬁltration
are well documented in patients with SCD.29 As observed in
diabetic nephropathy, compelling evidence suggests that hyperﬁltration probably plays a crucial role in the progressive renal
dysfunction seen in older patients with SCD.30–32 Moreover,
hyperﬁltration is a well known risk factor contributing to secondary FSGS, the most frequent glomerular lesion in patients
with SCD.9,33 One limitation of our study is that the deﬁnition of
hyperﬁltration on the basis of eGFR evaluation may be limited
by the enhanced tubular secretion of creatinine observed in patients with SCD. Despite an apparent moderate decrease over the
study period, no statistically signiﬁcant evolution of eGFR was
found at follow-up. However, given our relatively small sample
size, it is possible that our study was underpowered to detect that
difference as statistically signiﬁcant.
The pathophysiologic mechanism involved in this beneﬁcial HU effect remains uncertain. Compelling evidence from
clinical studies on adults and children with SCD showed
strong associations between biologic hemolysis parameters
and increased albuminuria, thereby suggesting that chronic
hemolysis–related endothelial dysfunction is probably a key
factor in SCN development.4,10,34–36 In accordance with those
observations, Saraf et al.37 recently observed, in two large SCD
cohorts, that hemoglobinuria was associated with increasing
albuminuria and CKD progression. We found that ACR reduction was closely correlated to decreased hemolysis marker
(LDH, total bilirubin, and AST) levels between baseline and
follow-up, suggesting that the diminished hemolysis rate
might be one mechanism by which HU achieves signiﬁcantly
lower albuminuria. We recently showed that the %DRBCs was
correlated to the risk of leg ulcers, priapism, renal dysfunction,
and hemolysis.21 Notably, 6 months of HU was associated
with a 34% DRBC decline, independent of the increased
HbF level.21 In that study, bivariate analyses showed that a
high baseline %DRBCs .1.11 and the %DRBC decrease at
follow-up were signiﬁcantly correlated with improved urine
ACRs. Other than hemolysis, DRBCs have deleterious hemorrheologic properties that could explain the patients’ improved renal laboratory parameters after their decline. A direct
action of HU on podocyte dysfunction, widely observed in
patients with FSGS, was postulated but remains hypothetical.27 Deﬁnitive conclusions concerning the exact mechanism
involved in the albuminuria decline under HU remain uncertain. It might result from decreased glomerular ﬁltered load of
albumin (related to reduced GFR) or could indicate improved
glomerular permeability to macromolecules. HU might also
improve renal laboratory parameters by preventing VOCs that
are associated with subclinical renal tubular injury.11 Consistent with that hypothesis, we observed signiﬁcantly more
J Am Soc Nephrol 27: 1847–1853, 2016
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VOCs during the 6 months preceding HU onset than the 6
months thereafter. However, this clinical improvement was
not statistically associated with the ACR change.
In conclusion, the results of this cohort study showed a
beneﬁcial effect of short-term HU (6 months) on the ACRs of
patients with SCD, suggesting that, in the future, its use in SCD
could include a renal protection indication. This ﬁnding
emphasizes the need to start kidney-protective therapy at the
early stages of glomerular injury (microalbuminuria) to reduce
the risk of progressive renal function deterioration. The
observations of previous nonprospective studies suggested
that combining HU and an ACE inhibitor might be considered
for patients with persistent signiﬁcant proteinuria taking only
the latter.20,38 Optimal preventive management of SCD with
microalbuminuria and/or hyperﬁltration requires additional
larger prospective, randomized, controlled trials to clearly
show the positive effect of HU (possibly in association with
an ACE inhibitor) to reduce albuminuria level and hence, delay CKD progression.

CONCISE METHODS
Patient Population and Methods
This monocenter cohort study, conducted in the Adult Sickle-Cell Referral
Center of Henri Mondor Hospital, was approved by our local Ethics
Committee.Inour practice, asof HUinitiation,allpatientsaresystematically
evaluated for efﬁcacy and tolerance, including renal laboratory parameter
evaluations every 3 months during the ﬁrst 6 months and then, every 6
months. All adult patients with SS-SCD (18 years old or older) from our
cohort study on HU who underwent eGFR and ACRevaluation at HU onset
(baseline) and month 6 (follow-up) were included. All participants gave
their signed informed consent to participate in the cohort study in
accordance with the Declaration of Helsinki. Eligibility criteria to start HU
consisted of at least one episode of acute chest syndrome and/or at least three
VOCs during the preceding year and/or poorly tolerated low Hb (,7 g/dl).
VOC was deﬁned as an episode of pain or tenderness requiring opioids and
not attributable to other causes.
Demographic, clinical, and laboratorydatawere prospectively assessed
for each patient at baseline and follow-up. We did not include patients who
were pregnant, had stage 3 CKD deﬁned as eGFR#60 ml/min per 1.73 m2,
or were taking an ACE inhibitor or ARB at HU onset or requiring such
antihypertensive medication during the study. Patients who required
blood transfusion and/or had $10% HbA were excluded from the
correlation analysis because of potential laboratory parameter modiﬁcations post-transfusion. Patients requiring HU withdrawal during the study
period were excluded. For all patients, demographic and clinical data,
including sex, age, weight, body mass index, body surface area, systolic
and diastolic BPs, and HU dose (milligrams per kilogram per day), were
recorded. We compared the numbers of VOCs during 6 months before
starting HU and during the study period (VOC variation in Table 2).
Complete blood cell and reticulocyte (expressed as absolute reticulocytes 3109/L) counts were determined with a Coulter LH 750
Counter (Beckman Coulter). Measured parameters included mean corpuscular volume, MCH, MCHC, and Hb levels. HbS and HbF values
Hydroxyurea and Sickle Cell Nephropathy
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were determined by cation–exchange high–performance liquid chromatography using a Variant Hb Analyzer (Variant Hemoglobin Testing System; Bio-Rad). RBC density and %DRBCs, deﬁned as having a density
.1.11, were determined as previously described.21 Biochemical analyses
included determination of LDH, total bilirubin, creatinine, BUN, urine
creatinine levels, and liver enzymes (AST and alanine aminotransferase)
levels. The urine ACR was expressed as milligrams per millimole creatinine. ACRs of #3, 3–30, and .30 mg/mmol creatinine deﬁned normal,
microalbuminuria, and macroalbuminuria, respectively.39 ACR determination at baseline and months 3 and 6 (follow-up) was on the basis of a
single measurement. We used the Chronic Kidney Disease Epidemiology
Collaboration formula without adjustment for ethnicity, which was
shown to be the best method to calculate eGFR for patients with SCD:
GFR (milliliters per minute per 1.73 m2) =1413 min(Scr/k,1)a 3 max
(Scr/k,1)21.209 30.993Age31.018 (for women), where Scr is serum creatinine, k is 0.7 for women and 0.9 for men, a is 20.329 for women and
20.411 for men, min indicates the minimum of Scr/k or 1, and max
indicates the maximum of Scr/k or 1.40 Renal hyperﬁltration was deﬁned
as eGFR.130 ml/min per 1.73 m2 for women or .140 ml/min per 1.73
m2 for men.4 HU was initially started at a daily dose of 15 mg/kg and
adjusted after 1 and 3 months according to clinical beneﬁt and hematologic tolerance, and then, it was maintained stable unless clinical efﬁcacy
required additional modiﬁcation.

Statistical Analyses
Descriptive results are presented as medians (interquartile ranges) for
continuous variables or n (%) for categorical parameters. Univariate analyses used Mann–Whitney or Wilcoxon signed–rank tests for comparisons
of continuous biologic parameters between baseline and follow-up as
appropriate. Spearman correlation coefﬁcients were computed to assess
the association between ACR change and collected biologic parameters,
considering ﬁrst their variation between baseline and follow-up and then,
their punctual baseline estimates. A two-tailed P,0.05 deﬁned signiﬁcance. All statistical analyses were computed with using Graphpad or
Statview software.
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