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Abstract

Purpose To date, our understanding of IgA nephropathy (IgAN) pathophysiology has remained incomplete; therefore,
treatment remains largely empiric, and the efficacy and safety of immunosuppressants remain controversial. We aimed to
assess the efficacy and safety of hydroxychloroquine and leflunomide therapy in a retrospective cohort of patients with [gAN.
Methods We screened the IgAN registration database in our department, and a total of 159 kidney patients with biopsy-
confirmed IgAN were enrolled, with 57 patients receiving hydroxychloroquine plus a renin-angiotensin system inhibitor
(hydroxychloroquine group), 52 patients receiving leflunomide plus a renin-angiotensin system inhibitor (leflunomide group),
and 50 patients receiving only a renin-angiotensin system inhibitor (renin-angiotensin system inhibitor-only group). Changes
in proteinuria, hematuria, and the estimated glomerular filtration rate (¢GFR), as well as adverse events, were analyzed dur-
ing the follow-up period.

Results At the end of 6-month follow-up, proteinuria significantly decreased by 70.36 (57.54, 79.33)%, 57.29 (46.79, 67.29)%
and 41.20 (25.76, 48.94)% in the hydroxychloroquine, leflunomide and renin-angiotensin system inhibitor-only groups,
respectively, compared to baseline (all P values <0.001). Hematuria significantly decreased by 71.07 (56.48, 82.47)% in the
leflunomide group (P <0.001). The eGFR improved by 3.72+2.97%, 3.16 +2.00% and 1.91 +2.41%, respectively, in the
hydroxychloroquine, leflunomide and renin-angiotensin system inhibitor-only groups, but without statistical significance.
No serious adverse events occurred during the follow-up period.

Conclusion Both hydroxychloroquine combined with a renin-angiotensin system inhibitor and leflunomide combined with a
renin-angiotensin system inhibitor were more effective than a renin-angiotensin system inhibitor alone in improving proteinu-
ria in IgAN patients. Hydroxychloroquine was more effective in reducing proteinuria, and leflunomide showed superiority
in reducing hematuria. Our results need to be verified in large-scale randomized controlled trials.
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¢ Purpose ™

The efficacy and safety of immunosuppressants in IgA
nephropathy (IgAN) remain controversial. We aimed to
determine the efficacy and safety of hydroxychloroquine
(HCQ) and leflunomide (LEF) therapy in patients with

\IgAN.
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Kidney biopsy-confirmed IgAN patients (n = 159)
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 Intervention

® HCQ plus a renin-angiotensin system inhibitor (RASI)
(HCQ group, n =57)

\0 LEF plus a RASI (LEF group, n = 52)

(" Control
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® Proteinuria significantly decreased in the HCQ, LEF
and RASI-only groups, and specially in the HCQ
® Hematuria significantly decreased in the LEF group.

® The eGFR improved in the HCQ, LEF and RASI-only
groups, but without statistical significance.

® No serious adverse events occurred.

\

Patients receiving only a RASI (RASI-only group, n = 50).
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Outcomes

Changes in proteinuria, hematuria, and the estimated
glomerular filtration rate (eGFR), as well as adverse events
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Conclusion

Both HCQ combined with a RASI and LEF combined with a RASI
were significantly more effective than a RASI alone in
improving proteinuria in IgAN patients. HCQ was more
advantageous in reducing proteinuria, and LEF showed
significant superiority in reducing hematuria.

Keywords IgA nephropathy - Hydroxychloroquine - Leflunomide - Proteinuria - Hematuria

Introduction

IgA nephropathy (IgAN) is one of the most common
primary glomerulonephritides, especially in Asia, and it is
a leading cause of end-stage renal disease [1-3]. The clinical
and pathological manifestations of I[gAN are variable, and
therefore, the prognosis is diverse. According to previous
studies, many factors can aid in predicting the prognosis
of IgAN, such as hematuria [4], proteinuria, hypertension,
renal function and pathological factors [5—7]. To date, the
pathophysiological mechanism has remained unclear, and
treatment remains largely empiric. In addition, the safety
and efficacy of steroids and immunosuppressants remain
controversial [8—10]. Various immunosuppressive agents
may be effective in subgroups of IgAN patients based on
various mechanisms of action.

Hydroxychloroquine, a well-known antimalarial and
immunomodulatory agent, has been used in various
autoimmune diseases [11]. It significantly affects immune
activation by reducing circulating activated immune cells,
including TLR-expressing cells and IFN-secreting dendritic
cells, and the production of cytokines such as IFNa, IL-6
and TNF-a [12, 13]. In recent years, some studies have
reported that hydroxychloroquine may reduce the production
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of pathogenic IgAs [14]. In addition, a few clinical trials
also found that hydroxychloroquine can reduce proteinuria
in IgAN patients [15-17].

Leflunomide is an immunosuppressive agent that is
widely used to treat rheumatoid arthritis, systemic lupus
erythematosus and organ transplant rejection. Leflunomide
inhibits lymphocyte dihydroorotate dehydrogenase to
produce immunosuppressive effects and blocks tyrosine
kinase activation to generate anti-inflammatory effects
[18, 19]. Currently, there are not enough clinical studies on
leflunomide for I[gAN, and due to limited sample sizes, these
studies have come to some conflicting conclusions [20, 21].

The present study was performed to
retrospectively evaluate the efficacy and safety of
hydroxychloroquine and leflunomide in patients with IgAN
with moderate proteinuria.

Materials and methods
Study population

The present study is a single-center, retrospective analysis.
We screened the IgAN registration database in our
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department and included patients according to the following
criteria: (1) adult patients who underwent renal biopsy and
were confirmed to have primary IgAN from January 2018
to December 2021; (2) in the immunosuppressive groups,
patients who were treated with hydroxychloroquine or
leflunomide as the only immunosuppressant, and in the
control group, sex- and age-matched patients who were
treated only with renin-angiotensin system inhibitors;
and (3) patients in the immunosuppressive groups who
had been treated with hydroxychloroquine or leflunomide
for at least 6 months. The exclusion criteria included
secondary IgAN (e.g., due to Henoch—Schonlein purpura,
systemic lupus erythematosus, liver disease, ankylosing
spondylitis, psoriasis, etc.), a lack of baseline or follow-up
data, pregnancy and treatment with steroids or other
immunosuppressants within 3 months before or during
hydroxychloroquine or leflunomide therapy. Our study was
conducted according to the principles of the Declaration of
Helsinki and was approved by the Institutional Animal Care
and Use Committee (IACUC) of China Medical University.

Treatments

The oral dosage of hydroxychloroquine was 0.2 g orally
twice daily for patients with an eGFR > 60 ml/min/1.73 m?,
0.1 g orally 3 times daily for patients with an eGFR between
45 and 59 ml/min/1.73 m?, and 0.1 g orally twice daily for
patients with an eGFR between 30 and 44 ml/min/1.73 m?
[22]. The oral dosage of leflunomide was 20 mg orally once
daily [23, 24]. Renin-angiotensin system inhibitors were
administered at the maximum tolerated dose in both the
immunosuppressive groups and the control group.

Data collection and outcome measures

The following characteristics were collected before the
renal biopsy as the baseline data: age, sex, renal pathology
according to the Oxford Classification, the proportion
of patients with hypertension, 24-h total urinary protein
excretion, urinary red blood cell counts per high power
field (u-RBC/HPF), serum creatinine level and eGFR. The
eGFR was calculated with the Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) formula using
serum creatinine. The following indicators were collected
at months 1, 3 and 6 after the patient received treatment:
24-h total urinary protein excretion, urinary red blood cell
counts per high power field, eGFR, therapeutic regimens,
and adverse events.

Medical events that met one or more of the following
criteria were defined as serious adverse events: death,
life-threatening, required inpatient hospitalization or the
prolongation of an existing hospitalization, resulted in
persistent or significant disability, involved a severe infection

that required hospitalization, new-onset retinopathy or visual
field impairment, severe liver dysfunction or allergies that
required hospitalization, and major cardiocerebral events.
Adverse events were collected from the patient’s medical
records.

Statistical analysis

SPSS 23.0 software was used for data analysis. Normally
distributed variables are expressed as the mean + standard
deviation (SD) and compared using an independent or
paired ¢ test, as appropriate. Nonparametric continuous
variables are presented as median and interquartile range
(IQR, 25th and 75th percentile), and nonparametric tests
were used for comparison when appropriate. The y? test was
used to compare categorical data. A P value of <0.05 was
considered statistically significant.

Results
Baseline characteristics of the included patients

Fifty-seven patients were treated with hydroxychloroquine
combined with a renin-angiotensin system inhibitor,
and 52 patients were treated with leflunomide combined
with a renin-angiotensin system inhibitor. We chose 50
sex- and age-matched patients who were treated with a
renin-angiotensin system inhibitor alone. The baseline
characteristics of the patients in the three groups are
shown in Table 1. There were no statistically significant
differences in the age, sex ratio, proportion of patients
with hypertension, eGFR, serum albumin, serum alanine
aminotransferase, 24-h total urinary protein excretion or
pathological classification among the three groups. However,
hematuria in the leflunomide group was more serious than
that in the other two groups (P <0.001).

Proteinuria

There were no significant differences in urinary protein
level among the three groups at baseline (P =0.138). After
6 months of treatment, urinary protein levels decreased
significantly in all three groups [hydroxychloroquine
group: 0.89 (0.70, 1.23) to 0.22 (0.14, 0.49) g/d, P<0.001;
leflunomide group: 0.84 (0.70, 1.07) to 0.37 (0.22,0.64)
g/d, P<0.001; renin-angiotensin system inhibitor-only
group: 0.77 (0.67, 0.96) to 0.47 (0.36, 0.69) g/d, P<0.001]
(Table 2).

We observed a statistically significant difference in the
urine protein change among the hydroxychloroquine, leflu-
nomide and renin-angiotensin system inhibitor-only groups
[70.36 (57.54,79.33)% vs. 57.29 (46.79, 67.29)% vs. 41.20
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Table 1 Baseline characteristics of the leflunomide group, HCQ group and RASI-only group

HCQ group (n=57) LEF group (n=52) RASI only group (n=50) P value
Age (years) 39.26+11.84 39.25+11.51 39.48+12.07 0.994
Male (%) 52.63 48.08 56 0.723
Hypertension (%) 31.58 26.92 26 0.786
eGFR (ml/min/1.73 m?) 74.83+14.14 79.86+10.19 79.26+17.22 0.128
Serum albumin (g/L) 39.13+4.24 40.86+2.88 39.79+6.89 0.167
Proteinuria (g/d) 0.89 (0.70, 1.23) 0.84 (0.71, 1.07) 0.77 (0.67, 0.96) 0.138
Hematuria (u-RBC/HPF) 11.62 (4.09, 24.20) 43.75 (31.33, 67.90) 14.17 (3.40, 19.73) <0.001
ALT(U/L) Oxford classification 25 (22,27) 25 (21, 30) 25.5(22,29.25) 0.873
M (M0/M1) 24/33 29/23 22/28 0.312
E (EO/E1) 38/19 42/10 38/12 0.229
S (S0/S1) 10/47 12/40 9/41 0.728
T (TO/T1/T2) 40/14/3 45/4/3 38/10/2 0.218
C (Co/C1/C2) 55/2/0 47/5/0 47/3/0 -

HCQ Hydroxychloroquine, LEF leflunomide, RASI renin-angiotensin system inhibitor, eGFR estimated glomerular filtration rate, RBC red blood
cell, HPF high power field, ALT alanine aminotransferase

Table 2 Changes in 24-h total

. . MonthO Monthl Month3 Month6 P-value
urine protein (g/d)

HCQ group 0.89 (0.70, 1.23)  0.72(0.51,1.00)  0.52 (0.38,0.75) 0.22 (0.14,0.49)  <0.001
LEF group 0.84 (0.70, 1.07)  0.74 (0.59,0.98)  0.56 (0.44,0.81) 037 (0.22,0.64) <0.001
RASI-only group  0.77 (0.67,0.96)  0.64 (0.55,0.88) 0.53 (0.41,0.71) 0.47 (0.36,0.69)  <0.001
P-value 0.138 0.481 0.395 <0.001 -

HCQ Hydroxychloroquine, LEF leflunomide, RASI renin-angiotensin system inhibitor

month (25.76, 48.94)%, P <0.001, P,,<0.001, P, ;<0.001,
P,<0.001)] (Fig. 1).

—HCQ
==sLEF
= =RASI only

Hematuria

At the end of the 6-month follow-up, all three groups
showed decreasing hematuria. Red blood cell counts
in the hydroxychloroquine group decreased from 11.62
(4.09, 24.20) to 8.65 (4.11, 18.15) per high power field
at 6 months, but this decrease was not statistically
significant (P =0.362). Similarly, red blood cell counts
in the renin-angiotensin system inhibitor-only group
decreased from 14.17 (3.40, 19.73) to 11.65 (3.59, 16.48)
per high power field at 6 months, but without statistical
significance (P =0.487). However, red blood cell counts in
the leflunomide group significantly decreased from 43.75
(31.33, 67.90) at baseline to 15.13 (9.91, 23.53) per high
power field at 6 months (P <0.001)(Table 3).

There was a statistically significant difference in the
change in hematuria among the leflunomide, hydroxy-
chloroquine and renin-angiotensin system inhibitor-only
groups [20.62 (— 23.41, 33.34)% vs. 71.07 (56.48, 82.47)%
vs. 16.71 (- 18.03, 28.11)%, P <0.001, P,,<0.001,
P,3<0.001, P,5;=0.717)] (Fig. 2), which showed that

20

40

The percentage of the change of UPE
(% change from baseline)

80

Fig.1 The percentage change in UPE as a function of treatment.
HCQ hydroxychloroquine; LEF leflunomide; RASI renin-angiotensin
system inhibitor; UPE urinary protein excretion
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Table 3 Changes in hematuria (u-RBC/HPF)

MonthO Monthl1 Month3 Month6 P-value
HCQ group 11.62 (4.09, 24.20) 11.20 (4.69, 19.84) 10.26 (4.29, 19.65) 8.65 (4.11, 18.15) 0.362
LEF group 43.75 (31.33, 67.90) 36.66 (24.00, 58.69) 23.45 (17.26, 38.34) 15.13 (9.91, 23.53) <0.001
RASI-only group 14.17 (3.40, 19.73) 12.01 (3.30, 20.13) 13.28 (3.59, 17.94) 11.65 (3.59, 16.48) 0.487

P-value <0.001 <0.001

<0.001 <0.001 -

HCQ Hydroxychloroquine, LEF leflunomide, RASI renin-angiotensin system inhibitor, RBC red blood cell, HPF high power field

month

——HCQ
==-LEF
= =RASI only

N
9

0

257

counts (% change from baseline)
3
1

The percentage of the change of urinary RBC

~
a
1

Fig.2 The percentage change in urinary RBC counts as a function of
treatment (expressed as urinary red blood cell counts per high-power
field). HCQ hydroxychloroquine; LEF leflunomide; RASI renin-angi-
otensin system inhibitor; RBC red blood cell

leflunomide had a significant advantage in improving
hematuria in IgAN.

eGFR

There was no significant difference in the baseline eGFR
among the three groups (P=0.128). After the end of the
6-month follow-up, the eGFR increased from 74.83 +14.14
to 77.39 + 13.48 ml/min/1.73 m? in the hydroxychloroquine
group, from 79.86 +10.19 to 82.29 +9.83 ml/min/1.73
m? in the leflunomide group, and from 79.26 +17.22 to
80.65 + 17.03 ml/min/1.73 m? in the renin-angiotensin

system inhibitor-only group. Although all three groups
showed increasing levels of eGFR, these changes were not
statistically significant (P> 0.05) (Table 4).

There was a statistically significant difference in the
change in the eGFR among the hydroxychloroquine, leflu-
nomide and renin-angiotensin system inhibitor-only groups
(3.72+2.97% vs. 3.16 +2.00% vs. 1.91 +2.41%, P=0.001,
P,,=0.514, P, 5=0.001, P, ;=0.002) (Fig. 3), which sug-
gested that additional use of hydroxychloroquine or leflu-
nomide on top of a renin-angiotensin system inhibitor may
be beneficial in delaying the progression of renal function.

Adverse events

There were no serious side effects that caused a change in
treatment regimen in any of the three groups. Although the
levels of alanine aminotransferase were not significantly
different among the three groups during the follow-up
period, five patients in the leflunomide group and three
patients in the hydroxychloroquine group had elevated
levels of alanine aminotransferase that recovered after
hepatoprotective treatment. Two patients in the lefluno-
mide group had alopecia, albeit not requiring leflunomide
discontinuation.

Discussion

This study retrospectively explored the efficacy and safety
of hydroxychloroquine and leflunomide in patients with
IgAN with moderate proteinuria and mild to moder-
ate renal function impairment (eGFR > 50 ml/min), and
showed that both hydroxychloroquine and leflunomide
were effective in reducing proteinuria. The advantage of

Table 4 Estimated glomerular

. 8 MonthQ Month1 Month3 Month6 P-value
filtration rate during the
6-month follow-up (ml/ HCQ group 7483+14.14 755041420  7598+13.69  77.39+1348  0.791
min/1.73 m’) LEF group 7986+10.19  80.38+10.19 81164995 82294983 0632
RASI-only group ~ 79.26+17.22  79.03+16.83  79.87+1677  80.65+17.03  0.965
P-value 0.128 0.172 0.123 0.167 -

HCQ Hydroxychloroquine, LEF leflunomide, RASI renin-angiotensin system inhibitor
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57 —Hca
- - -LEF
= =RASI only

3

(% change from baseline)

The percentage of the change of eGFR (mlimin)

month

Fig.3 The percentage change in the eGFR as a function of treatment.
HCQ Hydroxychloroquine; LEF leflunomide; RASI renin-angiotensin
system inhibitor; eGFR estimated glomerular filtration rate

hydroxychloroquine was a more significant reduction in
proteinuria. The advantage of leflunomide was a more
significant improvement in hematuria. No serious adverse
events occurred in any of the three groups during the fol-
low-up period. Therefore, our data suggest that hydroxy-
chloroquine and leflunomide can be safely and effectively
used to treat IgAN.

In this study, hydroxychloroquine showed a greater
advantage in reducing proteinuria than leflunomide.
Previous studies have shown that hydroxychloroquine has
immunomodulatory effects by blocking Toll-like receptors 3,
7, 8, and 9 [25] and inhibiting the production of IL-6, IFN-
a, and TNF-a [26], which may ameliorate the class switch
recombination of IgA and glomerular mesangial matrix
accumulation and glomerulosclerosis in patients with IgA
nephropathy [27-29]. Another recent study showed that
hydroxychloroquine inhibits the activation of the NF-kB/
NLRP3 inflammasome pathway, thereby improving renal
function in a rat model of IgAN [30].

Hematuria is the most typical presentation of [gAN, and
microscopic hematuria is present in 70—100% of cases [31].
Nevertheless, hematuria has been ignored by researchers
for a long time, and there are even studies supporting that
hematuria is a benign feature of IgAN [32]. In the recent
past, an observational study with a follow-up period of
more than 20 years and a population of 1 million people
showed that persistent isolated microscopic hematuria
significantly increased the risk of end-stage renal disease
[4], and some recent studies further highlighted that the
levels of hematuria were independently associated with
kidney disease progression, whereas hematuria remission
was associated with improved kidney outcomes in IgAN
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patients with persistent proteinuria [33-35]. Our data
showed that leflunomide improved hematuria significantly
in patients with IgAN, which suggests that leflunomide
could be recommended for IgAN patients with predominant
hematuria.

The immunosuppressive mechanisms of leflunomide
in IgAN remain unclear. An inhibitor of dihydrogenate
dehydrogenase, leflunomide blocks the de novo pathway
of pyrimidine nucleotide synthesis, thereby preventing
the proliferation of T and B lymphocytes and immune
responses, and inhibits the activity of tyrosine kinases
and NF-xB in T lymphocytes [36, 37]. However, the
mechanisms of action of leflunomide in improving
hematuria need to be explored in further studies.

This study has limitations. First, it was a single-center
retrospective study. There were only 159 enrolled patients,
and the study time was only 6 months. The small scale
of this study may lead to some variability and bias, so
the conclusions need to be validated in further large-scale
clinical trials. Second, according to our previous clinical
experience, we preferred administering leflunomide
in IgAN patients with severe hematuria, which caused
an imbalance in the baseline data of hematuria among
the three groups. Nevertheless, we analyzed all the
eligible patients according to the inclusion criteria to
reduce selection bias. To decrease baseline imbalance,
we compared the change in urinary red blood cell
counts instead of the specific levels at the selected
time points. In addition, the mechanisms and targets of
hydroxychloroquine and leflunomide in IgA nephropathy
were not explored in this study, and it is hoped that future
research will provide a comprehensive explanation.

Conclusions

Our study retrospectively analyzed the efficacy and
safety of hydroxychloroquine and leflunomide in patients
with IgAN with moderate proteinuria and mild to mod-
erate renal insufficiency, and the results showed that
both hydroxychloroquine combined with a renin-angio-
tensin system inhibitor, and leflunomide combined with
a renin-angiotensin system inhibitor were more effec-
tive than a renin-angiotensin system inhibitor alone in
improving proteinuria and stabilizing renal function
in IgAN patients. Leflunomide significantly improved
hematuria. Hydroxychloroquine was more effective in
reducing proteinuria, while leflunomide was superior in
reducing hematuria. Neither drug significantly increased
the occurrence of adverse events. The results need to
be validated by future large-scale randomized controlled
trials.



Journal of Nephrology

Funding This study was supported by the National Natural Science
Foundation of China (81970617), the Natural Science Foundation of
Liaoning Province (2019-MS-367) and the Special Fund for Clinical
Research of the Chinese Medical Association (18020060785).

Data availability The data for this study can be obtained from the
corresponding author upon reasonable request.

Declarations

Conflict of interest None of the authors has any potential conflict of
interest.

Ethical approval Our study was performed in compliance with the prin-
ciples of the Declaration of Helsinki and was approved by the Ethics
Committee and the Research Board of the First Affiliated Hospital of
China Medical University (AF-SOP-07-1 1-01).

Informed consent Informed consent was obtained from the participants
in the study.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Pitcher D, Braddon F, Hendry B et al (2023) Long-term outcomes
in IgA nephropathy. Clin ] Am Soc Nephrol 18:727-738. https://
doi.org/10.2215/cjn.0000000000000135

2. Taliercio JJ, Mehdi A (2023) IgA nephropathy. Cleve Clin ] Med
90:e5—e8. https://doi.org/10.3949/ccjm.90.e-s1.02

3. Pozzi C (2016) Treatment of IgA nephropathy. J Nephrol 29:21-
25. https://doi.org/10.1007/s40620-015-0248-3

4. Vivante A, Afek A, Frenkel-Nir Y et al (2011) Persistent asymp-
tomatic isolated microscopic hematuria in Israeli adolescents and
young adults and risk for end-stage renal disease. JAMA 306:729—
736. https://doi.org/10.1001/jama.2011.1141

5. Lai KN, Tang SC, Schena FP et al (2016) IgA nephropathy. Nat
Rev Dis Primers 2:16001. https://doi.org/10.1038/nrdp.2016.1

6. Liu LL, Zhu LB, Zheng JN et al (2018) Development and
assessment of a predictive nomogram for the progression of
IgA nephropathy. Sci Rep 8:7309. https://doi.org/10.1038/
s41598-018-25653-9

7. Trimarchi H, Barratt J, Cattran DC et al (2017) Oxford classifica-
tion of IgA nephropathy 2016: an update from the IgA nephropa-
thy classification working group. Kidney Int 91:1014-1021.
https://doi.org/10.1016/j.kint.2017.02.003

8. LvJ, Zhang H, Wong MG et al (2017) Effect of oral methylpredni-
solone on clinical outcomes in patients with IgA nephropathy: the
TESTING randomized clinical trial. JAMA 318:432-442. https://
doi.org/10.1001/jama.2017.9362

10.

11.

12.

13.

14.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Natale P, Palmer SC, Ruospo M et al (2020) Immunosuppressive
agents for treating IgA nephropathy. Cochrane Database Syst Rev
3:Cd003965. https://doi.org/10.1002/14651858.CD003965.pub3
Floege J, Rauen T, Tang SCW (2021) Current treatment of IgA
nephropathy. Semin Immunopathol 43:717-728. https://doi.org/
10.1007/s00281-021-00888-3

Rempenault C, Combe B, Barnetche T et al (2018) Metabolic
and cardiovascular benefits of hydroxychloroquine in patients
with rheumatoid arthritis: a systematic review and meta-analy-
sis. Ann Rheum Dis 77:98-103. https://doi.org/10.1136/annrh
eumdis-2017-211836

Piconi S, Parisotto S, Rizzardini G et al (2011) Hydroxychlo-
roquine drastically reduces immune activation in HIV-infected,
antiretroviral therapy-treated immunologic nonresponders. Blood
118:3263-3272. https://doi.org/10.1182/blood-2011-01-329060
Sacre K, Criswell LA, McCune JM (2012) Hydroxychloroquine
is associated with impaired interferon-alpha and tumor necrosis
factor-alpha production by plasmacytoid dendritic cells in sys-
temic lupus erythematosus. Arthritis Res Ther 14:R155. https://
doi.org/10.1186/ar3895

Makita Y, Suzuki H, Kano T et al (2020) TLRY activation
induces aberrant IgA glycosylation via APRIL- and IL-6-me-
diated pathways in IgA nephropathy. Kidney Int 97:340-349.
https://doi.org/10.1016/j.kint.2019.08.022

. Yang YZ, Chen P, Liu LJ et al (2019) Comparison of the effects

of hydroxychloroquine and corticosteroid treatment on proteinu-
ria in IgA nephropathy: a case-control study. BMC Nephrol
20:297. https://doi.org/10.1186/s12882-019-1488-6

Stefan G, Mircescu G (2021) Hydroxychloroquine in IgA
nephropathy: a systematic review. Ren Fail 43:1520-1527.
https://doi.org/10.1080/0886022X.2021.2000875

Tang C, Lv JC, Shi SF et al (2022) Long-term safety and effi-
cacy of hydroxychloroquine in patients with IgA nephropathy:
a single-center experience. J Nephrol 35:429-440. https://doi.
org/10.1007/s40620-021-00988-1

Breedveld FC, Dayer JM (2000) Leflunomide: mode of action in
the treatment of rheumatoid arthritis. Ann Rheum Dis 59:841-
849. https://doi.org/10.1136/ard.59.11.841

Carrién-Barbera I, Polino L, Mejia-Torres M et al (2022) Leflu-
nomide: a safe and effective alternative in systemic lupus ery-
thematosus. Autoimmun Rev 21:102960. https://doi.org/10.
1016/j.autrev.2021.102960

Min L, Wang Q, Cao L et al (2017) Comparison of combined
leflunomide and low-dose corticosteroid therapy with full-dose
corticosteroid monotherapy for progressive IgA nephropathy.
Oncotarget 8:48375-48384. https://doi.org/10.18632/oncot
arget.16468

Ni Z, Zhang Z, Yu Z et al (2021) Leflunomide plus low-dose
prednisone in patients with progressive IgA nephropathy: a
multicenter, prospective, randomized, open-labeled, and con-
trolled trial. Ren Fail 43:1214-1221. https://doi.org/10.1080/
0886022x.2021.1963775

Liu LJ, Yang YZ, Shi SF et al (2019) Effects of hydroxychlo-
roquine on proteinuria in IgA nephropathy: a randomized con-
trolled trial. Am J Kidney Dis 74:15-22. https://doi.org/10.
1053/j.ajkd.2019.01.026

Cheng G, Liu D, Margetts P et al (2015) Valsartan combined
with clopidogrel and/or leflunomide for the treatment of pro-
gressive immunoglobulin A nephropathy. Nephrology (Carlton)
20:77-84. https://doi.org/10.1111/nep.12359

Fu Q, Wu C, Dai M et al (2022) Leflunomide versus azathio-
prine for maintenance therapy of lupus nephritis: a prospec-
tive, multicentre, randomised trial and long-term follow-up.
Ann Rheum Dis 81:1549-1555. https://doi.org/10.1136/
ard-2022-222486

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.2215/cjn.0000000000000135
https://doi.org/10.2215/cjn.0000000000000135
https://doi.org/10.3949/ccjm.90.e-s1.02
https://doi.org/10.1007/s40620-015-0248-3
https://doi.org/10.1001/jama.2011.1141
https://doi.org/10.1038/nrdp.2016.1
https://doi.org/10.1038/s41598-018-25653-9
https://doi.org/10.1038/s41598-018-25653-9
https://doi.org/10.1016/j.kint.2017.02.003
https://doi.org/10.1001/jama.2017.9362
https://doi.org/10.1001/jama.2017.9362
https://doi.org/10.1002/14651858.CD003965.pub3
https://doi.org/10.1007/s00281-021-00888-3
https://doi.org/10.1007/s00281-021-00888-3
https://doi.org/10.1136/annrheumdis-2017-211836
https://doi.org/10.1136/annrheumdis-2017-211836
https://doi.org/10.1182/blood-2011-01-329060
https://doi.org/10.1186/ar3895
https://doi.org/10.1186/ar3895
https://doi.org/10.1016/j.kint.2019.08.022
https://doi.org/10.1186/s12882-019-1488-6
https://doi.org/10.1080/0886022X.2021.2000875
https://doi.org/10.1007/s40620-021-00988-1
https://doi.org/10.1007/s40620-021-00988-1
https://doi.org/10.1136/ard.59.11.841
https://doi.org/10.1016/j.autrev.2021.102960
https://doi.org/10.1016/j.autrev.2021.102960
https://doi.org/10.18632/oncotarget.16468
https://doi.org/10.18632/oncotarget.16468
https://doi.org/10.1080/0886022x.2021.1963775
https://doi.org/10.1080/0886022x.2021.1963775
https://doi.org/10.1053/j.ajkd.2019.01.026
https://doi.org/10.1053/j.ajkd.2019.01.026
https://doi.org/10.1111/nep.12359
https://doi.org/10.1136/ard-2022-222486
https://doi.org/10.1136/ard-2022-222486

Journal of Nephrology

25.

26.

217.

28.

29.

30.

31.

Kuznik A, Bencina M, Svajger U et al (2011) Mechanism of endo-
somal TLR inhibition by antimalarial drugs and imidazoquino-
lines. J Immunol 186:4794-4804. https://doi.org/10.4049/jimmu
n0l.1000702

van den Borne BE, Dijkmans BA, de Rooij HH et al (1997) Chlo-
roquine and hydroxychloroquine equally affect tumor necrosis
factor-alpha, interleukin 6, and interferon-gamma production by
peripheral blood mononuclear cells. ] Rheumatol 24:55-60
Moura IC, Arcos-Fajardo M, Sadaka C et al (2004) Glycosyla-
tion and size of IgA1 are essential for interaction with mesan-
gial transferrin receptor in IgA nephropathy. ] Am Soc Nephrol
15:622-634. https://doi.org/10.1097/01.asn.0000115401.07980.
Oc

Novak J, Tomana M, Matousovic K et al (2005) IgA1-containing
immune complexes in IgA nephropathy differentially affect pro-
liferation of mesangial cells. Kidney Int 67:504-513. https://doi.
org/10.1111/5.1523-1755.2005.67107.x

Feriozzi S, Polci R (2016) The role of tonsillectomy in IgA
nephropathy. J Nephrol 29:13-19. https://doi.org/10.1007/
s40620-015-0247-4

BaiL, LiJ, Li H et al (2019) Renoprotective effects of artemisinin
and hydroxychloroquine combination therapy on IgA nephropa-
thy via suppressing NF-«B signaling and NLRP3 inflammasome
activation by exosomes in rats. Biochem Pharmacol 169:113619.
https://doi.org/10.1016/j.bcp.2019.08.021

Park YH, Choi JY, Chung HS et al (2005) Hematuria and pro-
teinuria in a mass school urine screening test. Pediatr Nephrol
20:1126-1130. https://doi.org/10.1007/s00467-005-1915-8

@ Springer

32.

33.

34.

35.

36.

37.

D’Amico G, Ferrario F, Colasanti G et al (1981) [gA-mesangial
nephropathy (Berger’s disease) with rapid decline in renal func-
tion. Clin Nephrol 16:251-257

Yu GZ, Guo L, Dong JF et al (2020) Persistent hematuria and
kidney disease progression in IgA nephropathy: a cohort study.
Am J Kidney Dis 76:90-99. https://doi.org/10.1053/j.ajkd.2019.
11.008

Sevillano AM, Gutiérrez E, Yuste C et al (2017) Remission of
hematuria improves renal survival in IgA nephropathy. J Am Soc
Nephrol 28:3089-3099. https://doi.org/10.1681/asn.2017010108
Saha MK, Massicotte-Azarniouch D, Reynolds ML et al (2022)
Glomerular hematuria and the utility of urine microscopy: a
review. Am J Kidney Dis 80:383-392. https://doi.org/10.1053/;.
ajkd.2022.02.022

Manna SK, Mukhopadhyay A, Aggarwal BB (2000) Leflunomide
suppresses TNF-induced cellular responses: effects on NF-kappa
B, activator protein-1, c-Jun N-terminal protein kinase, and apop-
tosis. J Immunol 165:5962-5969. https://doi.org/10.4049/jimmu
n0l.165.10.5962

Mezzano SA, Barria M, Droguett MA et al (2001) Tubular NF-
kappaB and AP-1 activation in human proteinuric renal disease.
Kidney Int 60:1366—-1377. https://doi.org/10.1046/j.1523-1755.
2001.00941.x

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.4049/jimmunol.1000702
https://doi.org/10.4049/jimmunol.1000702
https://doi.org/10.1097/01.asn.0000115401.07980.0c
https://doi.org/10.1097/01.asn.0000115401.07980.0c
https://doi.org/10.1111/j.1523-1755.2005.67107.x
https://doi.org/10.1111/j.1523-1755.2005.67107.x
https://doi.org/10.1007/s40620-015-0247-4
https://doi.org/10.1007/s40620-015-0247-4
https://doi.org/10.1016/j.bcp.2019.08.021
https://doi.org/10.1007/s00467-005-1915-8
https://doi.org/10.1053/j.ajkd.2019.11.008
https://doi.org/10.1053/j.ajkd.2019.11.008
https://doi.org/10.1681/asn.2017010108
https://doi.org/10.1053/j.ajkd.2022.02.022
https://doi.org/10.1053/j.ajkd.2022.02.022
https://doi.org/10.4049/jimmunol.165.10.5962
https://doi.org/10.4049/jimmunol.165.10.5962
https://doi.org/10.1046/j.1523-1755.2001.00941.x
https://doi.org/10.1046/j.1523-1755.2001.00941.x

	The efficacy and safety of hydroxychloroquine versus leflunomide in patients with IgA nephropathy: a single-center experience
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 
	Graphical abstract

	Introduction
	Materials and methods
	Study population
	Treatments
	Data collection and outcome measures
	Statistical analysis

	Results
	Baseline characteristics of the included patients
	Proteinuria
	Hematuria
	eGFR
	Adverse events

	Discussion
	Conclusions
	References


