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Purpose: IgA vasculitis nephritis (IgAVN) is one of the most common secondary glomerulonephritis in children. Although guidelines
have reached a consensus about the effectiveness of cyclophosphamide (CYC) in IgAVN, the recommendations regarding the use of
tacrolimus (TAC) and mycophenolate mofetil (MMF) are still inconsistent. Studies have demonstrated that TAC is safe and effective in
IgAVN. However, the impact of immunosuppressive agents on the long-term outcome remains ambiguous. Therefore, the objective of
this study is to compare the effectiveness and long-term outcome of TAC, CYC, and MMF in combination with glucocorticoid in
pediatric IgAVN.

Patients and Methods: A retrospective analysis was conducted on children with grade II-V IgAVN by renal biopsy at Tongji
Hospital from November 2011 to October 2021. The collected clinical, pathological, treatment and follow-up data were analyzed.
Results: A total of 422 patients were eligible. Among them, 108 patients received glucocorticoid in combination with oral TAC, 143
with intravenous CYC, and 171 with oral MMF. The complete remission rate (CR) of TAC (25.9%/44.3%) was significantly higher
than that of CYC (16.1%/36.4%) at 3 and 6 months. Additionally, mean absolute decrease in urine protein at 1, 3, and 6 months were
significantly higher in TAC than that in CYC and MMF groups. Compared to CYC, TAC and MMF groups had significantly lower
overall incidence of adverse events (60.2%, 65.7% vs 84.4%). Moreover, TAC and MMF group had a more favorable renal prognosis
(grade A and B) and a significantly lower recurrence rate (17.9%, 23.9% vs 41.8%) than CYC.

Conclusion: This study reveals that TAC can rapidly and effectively reduce proteinuria and achieve renal complete remission with
fewer adverse effects. Moreover, TAC and MMF are more favourable for renal prognosis.

Keywords: IgAVN, immunosuppressive agents, renal remission, tacrolimus, cyclophosphamide, mycophenolate mofetil, long-term
outcome

Introduction

IgA wvasculitis nephritis (IgAVN) is caused by allergic purpura (HSP) representing a form of kidney glomerulus injury
that is triggered by immune dysregulation. It has been documented that renal involvement occurs in a significant
proportion of individuals with HSP, ranging from 30% to 80%.' Notably, among those with IgAVN, approximately
20% develop nephritis or nephrotic syndrome, which corresponds to roughly 7% of the entire HSP patient population.”
The involvement of the kidney and the degree of severity play a crucial role in predicting the long-term prognosis of

IgAVN.? In recent years, long-term follow-up cohorts have revealed that 10%~20% of children with moderate to severe
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proteinuria may eventually progress to end-stage renal disease (ESKD).*> Therefore, effective treatment for children
with severe renal involvement can improve the prognosis.

The guidelines recommend the routine use of glucocorticoids for [gAVN patients with severe clinical symptoms and
pathological damage. However, the domestic and international treatment guidelines for IgAVN are still debatable. The
2021 KDIGO guideline suggests the application of glucocorticoid in children with mild or moderate IgAVN.
Cyclophosphamide (CYC) is merely recommended for children presenting with nephrotic syndrome and/or rapidly
deteriorating renal function.® The 2016 Chinese evidence-based guideline for IgAVN provides detailed guidance
according to clinical and pathological grading. For children presenting with non-nephrotic proteinuria or pathological
grade IIb or Illa, it is advisable to contemplate the active utilization of immunosuppressive agents. For children with
nephrotic-level proteinuria, nephrotic syndrome, acute nephritis syndrome, or pathological grade IlIb, IV, in addition to
glucocorticoid combined with CYC treatment, other immunosuppressive treatment options, including cyclosporine A and
mycophenolate mofetil (MMF), are also recommended.” There is currently no standardized specific treatment regimen.
Therefore, this study retrospectively compared the efficacy and safety of tacrolimus (TAC), CYC or MMF combined with
glucocorticoids therapy in children with IgAVN in our department, so as to provide a more optimal choice for the
treatment of IgAVN.

Materials and Methods

Patients
This single-center retrospective study included 422 pediatric patients with grade II, III, IV, and V who were treated with
glucocorticoids and combined with either CYC, MMF or TAC from November 2011 to October 2021. All patients were
under 18 years old and were hospitalized at the Pediatric Department of Tongji Hospital. In particular, they were composed
of 13 cases of grade II, 315 cases of grade III, 77 cases of grade IV and 17 cases of grade V according to the International
Study of Kidney Disease in Children (ISKDC) classification. The diagnosis was determined according to the evidence-
based guidelines for diagnosis and treatment of IgAVN formulated by the Subspecialty Group of Nephrology, Society of
Pediatrics, Chinese Medical Association in 2016.” Patients were excluded if they had not undergone renal biopsy, had
incomplete clinical data, had other immune diseases, or were allergic to immunosuppressive agents.

The study was approved by the Ethics Committee of Tongji Hospital and was conducted in accordance with the tenets
of the Declaration of Helsinki.

Data Collection, Treatment, and Definition in Evaluation and Follow Up

All patients were regularly evaluated during treatment. Responses were assessed at 1, 3, 6 and 12 months of induction
treatment. The demographic, clinical, pathological and followed-up data were collected and analyzed at the time of
diagnosis, at the end of 1-month, 3-month 6-month and 12-month treatment.

Patients were subsequently monitored during their final clinic visit, with follow-up assessments encompassing urine
routine, renal function, and 24-hour urinary protein. Prognosis was determined in accordance with Counahan’s grading
criteria.® The prognosis was categorized into 4 grades: grade A (complete remission) with no hematuria, proteinuria, and
normal renal function; Grade B (mild abnormal urine) with only microscopic hematuria and/or mild proteinuria (<1 g/
24 h), and normal renal function; Grade C (active kidney disease) with proteinuria > 1 g/24 h and eGFR > 60 mL/
(min-1.73 m?); Grade D (renal insufficiency) with eGFR < 60 mL/(min-1.73 m?) or death. It is considered that the
prognosis of grade A and B is favorable, while that of grade C and D is unfavorable.

Renal parameters were defined as followed: eGFR was calculated by using the modified Schwartz formula.® Renal
pathology was classified according to the criteria of the International Study of Kidney Disease in Children (ISKDC)
classification.® The complete remission (CR) was defined as proteinuria amount < 0.15g/24h, normalization of urinary
red blood cell count and normal eGFR. Partial remission (PR) was defined as a 50% reduction or more in proteinuria and
normal or stable eGFR.'® And the total remission (TR) was the sum of CR and PR.
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Statistical Analyses

Normality tests such as Shapiro—Wilk test and Q-Q plot were combined to determine whether continuous variables were
normally distributed. Continuous variables of non-normal distribution were expressed as median (interquartile range),
and continuous variables of normal distribution were expressed as mean =+ standard deviation (SD). Mann—Whitney
U-test or Kruskal-Wallis test was used to compare differences in medians, and Dunn’s test with Bonferroni correction
was used as a post hoc test for multiple comparisons when Kruskal-Wallis test showed significant difference. z-test or
analysis of variance (ANOVA) were applied to evaluate the difference of means, and Tukey’s test was used for pairwise
comparisons as a post hoc test when ANOVA analysis indicated overall differences. Categorical variables were presented
as numbers and percentages and were compared by Pearson’s chi-squared tests or Fisher’s exact tests. Logistic regression
analysis was used to adjust for confounding factors on renal remission. Kaplan—-Meier survival curves and the Log rank
test were applied to compare recurrence-free probability among three induction treatments. Statistical significance was
assumed for p < 0.05.

Results

Clinical Features at Biopsy of Patients with Different Histopathological Grades

A total of 422 eligible patients with IgAVN were included in this study, comprising 13 cases of grade II, 315 cases of
grade III, 77 cases of grade IV, and 17 cases of grade V. Among these, grade III was the most prevalent, accounting for
74.6% of the total cases, while grade II, grade IV, and grade V constituted 3%, 18.2%, and 4.0%, respectively. As
illustrated in Table 1, the baseline levels of hematuria, 24-hour urine protein (24hUP), and urinary albumin-to-creatinine
ratio (UACR) were significantly higher in patients with grade IV and grade V compared to those with grade II and grade
III. Conversely, the levels of serum albumin (ALB), estimated glomerular filtration rate (¢GFR), serum creatinine (Scr),
and 25-Hydroxyvitamin D were significantly lower in grade IV and grade V patients than in grade II and grade III
patients. Despite these biochemical differences, there were no significant differences in clinical presentations among
different histopathological grades.

Clinical Features at Baseline in CYC, MMF and TAC Groups

The baseline clinical data of [gAVN patients were compared among CYC, TAC and MMF groups (Table 2). The baseline
levels of 24hUP and UACR were significantly higher in TAC group than those in the CYC and MMF groups. However,
the levels of ALB were significantly lower in TAC and CYC groups than in MMF group. CYC and MMF were more
frequently used for patients with grade III compared to TAC, while TAC was more commonly used for patients with
grade IV and grade V compared to MMF (p < 0.001).

Table | Clinical Features of Patients at Biopsy with Different Histopathological Subtypes

11 (Ila+llb) (n = 13) | 1 (Illa+lllb) (n = 315) | IV (IVa+lVb) (n = 77) V (Vb) (n=17) P
Male n (%) 4 (30.8) 191 (60.6) 43 (55.8) 5(29.4) 0.014
Age[QI-Q3] (years) 9 (5.79-11.5) 9 (6.92-11) 8.83 (6.58-11.8) 8.83 (6.67-11.33) 0.993
Clinical features n (%)
Skin purpura 13 (100) 294 (93.3) 72 (93.5) 15 (88.2) 0.666
Avrticulus pain 5 (38.5) 126 (40.0) 36 (46.8) 3(17.6) 0.173
Digestive symptoms 7 (53.8) 140 (44.4) 31 (40.3) 8 (47.1) 0.792
Laboratory indicators
Hematuria > |+ n (%) 7 (53.8) 237 (75.2) 66 (85.7) 17 (100.0) 0.003
24hUP [QI1-Q3] (mg/24h) 379 (165.5-696.3) 602.3 (360.8-1226) 1490.5 (852.2-2969.5) ° | 4216.5 (1924.1-5972.8)" © <0.001
UACR [QI-Q3] (ug/mg) 290.9 (58.5-1070.3) 518.1 (204.5-1309.9) 1789.6 (820.1-3040.4)* ° | 4061.2 (2586.2-6414.8)* ® <0.001
ALB [QI-Q3] (g/L) 41.6 (38.4-43.2) 40.5 (36.9-43.2) 35.7 (31.7-39.2)> ® 27.2 (22.4-324)> ® © <0.001
Scr [Q1-Q3] 36 (32.5-48) 38 (32-43.5) 40 (34-47) 49 (38-67)° 0.026
eGFR [QI-Q3] 140.4 (109.5-162.5) 131.9 (117.1-149.9) 127.3 (112.1-146.9) 103.5 (84.4-114.7)> © 0.001
25-Hydroxyvitamin D [Q1-Q3] (ng/mL) 13.2 (10.2-17.5) 13.2 (9.9-17.9) 11.3 (8.6-14.9) 7.3 (3.7-10.0* ® 0.003
Notes: *represent compared with Il, Prepresent compared with Ill, “represent compared IV.
Drug Design, Development and Therapy 2025:19 htps: 6415
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Table 2 Clinical Features of HSPN Patients at Baseline with Treatment of CYC, MMF and TAC

TAC (n = 108) CYC (n = 143) MMF (n = 171) P p* P® Pe

Male n (%) 64 (59.3) 82 (57.3) 97 (56.7) 0.914 0.761 0.676 0912
Age [QI-Q3] (years) 9 (6.5-12.0) 8.0 (6.0-10.0) 9.58 (7.33-11.0) 0.002 0.059 | 0.002
Clinical features n (%)

Skin purpura 102 (94.4) 133 (93) 159 (93.0) 0.872 0.644 0.628 0.993
Articulus pain 47 (43.1) 63 (44.1) 60 (35.1) 0.198 0.932 0.158 0.105
Digestive symptoms 51 (47.2) 71 (49.7) 64 (37.4) 0.071 0.703 0.105 0.029
Laboratory indicators

Hematuria > |+ n (%) 91 (84.3) 120 (83.9) 117 (67.8) 0.001 0.941 0.002 0.001
24hUP [Q1-Q3] (mg/24h) 1672.2 (979.2-3009.4) 1062.6 (586.5-1796) 406.4 (237.6-599.9) | <0.001 0.001 <0.001 <0.001
UACR [QI-Q3] (ug/mg) 1956.9 (964.6-3133.1) 1015.1 (586.2-1999.6) 284.0 (111.6-532.9) | <0.00I 0.025 <0.001 <0.001
ALB [QI-Q3] (g/L) 37.0 (32.3-41.1)° 36.9 (33.340.3)° 42.2 (39.5-44.0) <0.001 1.00 <0.001 <0.001
Scr [QI1-Q3] 40 (33-52) 38 (31-43.5) 38 (32-44) 0.069 0.026 0.081 0.46
eGFR [QI-Q3] 126.8 (104.8-144.3) 130.6 (117.1-150.9) 134.1 (117.9-149.7) 0.064 0.094 0.023 0.7
25-Hydroxyvitamin D [Q1-Q3] (ng/mL) 11.8 (8.2-15.6) 12.6 (9.0-18.0) 13.4 (9.9-18.0) 0.083 0.238 0.022 0.446
Histopathological n (%) <0.001 0.003 <0.001 <0.001
Il 3(28) 0 (0.0) 10 (5.8) 0.005 0.078 0.236 0.002
1] 57 (52.8) 102 (71.3) 156 (91.2) <0.001 0.003 <0.001 <0.001
\% 37 (34.3) 36 (25.2) 4(23) <0.001 0.117 | <0.001 <0.001
\4 11 (10.2) 5@3.5) 1 (0.6) <0.001 0.032 | <0.00! 0.096

Notes: P* represent compared TAC with CYC, P° represent compared TAC with MMF, P° represent compare CYC with MMF.

The Renal Responses to TAC, CYC and MMF Treatment at the End of |, 3, 6 and 12

Months
At the end of 1, 3, 6 and 12-month treatment, complete remission (CR) rate of TAC was higher than CYC (3.7% vs 2.8%,
25.9% vs 16.1%, 44.4% vs 36.4%, 63% vs 61.5%). After adjusting for confounding factors proteinuria, hematuria, and
pathological grade, TAC was 1.73 times (95% CI: 1.19-2.53) more likely to improve remission than CYC at 3 months
(p = 0.004). Moreover, TAC was 1.46 times than CYC at 6 months (95% CI: 1.02-2.09) (p = 0.037) (Table 3). Although
there was a trend towards higher CR in MMF group compared to CYC at 1,3, 6 and 12 months (16.4% vs 2.8%, 35.7%
vs 16.1%, 56.7% vs 36.4%, 73.7% vs 61.5%), MMF did not show obvious advantage on remission than CYC after
adjusting for confounding factors (Table 3) (Figure 1).

In addition, the mean absolute change of UACR from baseline in TAC group was significantly higher than that in
CYC and MMF groups (p < 0.001). Moreover, the mean percentage change of UACR from baseline was also higher in
TAC group than that in MMF group with significant difference (Figure 2).

The Side Effects of CYC, TAC and MMF on Treated IgAVN Patients

The overall incidence of adverse effects was both significantly lower in TAC group and MMF group compared to CYC
group (60.2%, 65.7% vs 84.4%, p < 0.001). And the rates of leukopenia, gastrointestinal reaction and infection were
significantly lower in TAC group and MMF group than those in CYC group (2.8% and 3.6% vs 9.2%, 0.0% and 1.8% vs

Table 3 Complete Remission After I, 3, 6 and 12 Month of Induction Therapy

cyc TAC MMF

n%) |OR@5%Cl)| n(%) | OR(95%CI) | PValue | n (%) OR (95% ClI) | P Value
I month | 4(28) I (ref) 4(37) | 136 (094-197) | 0.1 28 (16.4) | 1.08 (0.61-1.36) | 0.66
3 month | 23 (16.1) I (ref) 28 (259) | 1.73 (1.19-2.53) | 0.004 | 61 (35.7) | 1.08 (0.73-1.61) | 0.70
6 month | 52 (36.4) I (ref) 48 (44.4) | 146 (1.02-2.09) | 0039 | 97 (56.7) | 1.16 0.79-1.71) | 047
12 month | 88 (61.5) I (ref) 68 (63.0) | 1.19 (0.73-1.96) | 0.17 | 126 (73.7) | 3.33 (0.54-1.51) | 0.55

https:
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Figure | Renal remission at | month (a), 3 month (b), 6 month (c) and 12 month (d).
Abbreviations: CR, complete remission; PR, partial remission; TR, total remission; NR, non remission.

19.9%, 60.2% and 63.3% vs 81.6%) (p < 0.05). There was a trend towards lower incidence of side effects in TAC than
MMF with no significant difference (Table 4).

The Long-Term Outcomes of IgAVN Patients with Different Treatment
Four hundred and ten IgAVN patients were followed up for 12~134 months in this study, with a median follow-up time of 43
months. Three hundred and thirteen (76.3%) patients were graded into class A, 93 (22.7%) into class B with mild abnormal urine
and 4 (1%) into class C with active kidney disease. No class D with renal insufficiency was found in this study. The rate of class
A in TAC group (85.8%) was significantly higher than that in CYC group (66.7%) (p = 0.001), and the rate of class B in TAC
group (13.2%) was lower than that in CYC group (32.6%) (p <0.001), but there was no significant difference in class A and class
B between TAC group and MMF group. Class C was rare in all three groups without statistically significant difference (Table 5).
In addition, a total of 117 patients (28.5%) experienced at least one relapse during the course of the disease. The
probability of no recurrence curves of different induction treatment with TAC, CYC and MMF are shown in Figure 3,
and a significant difference was found among three treatments (p = 0.017). The proportion of recurrence in TAC group
(17.9%) was significantly lower than that in CYC group (41.8%), but there was no significant difference between TAC
group and MMF group (Table 5).

Discussion

IgAVN is one of the most common secondary kidney diseases in children. While the majority of patients can
achieve remission following active treatment, 1% to 7% of patients may still progress to ESKD.'' Some studies
have identified that nephrotic syndrome and severe proteinuria in IgAVN as significant risk factors for ESKD.'”
Therefore, actively controlling proteinuria is crucial in the management of IgAVN. TAC or CsA (calcineurin
inhibitor) has been shown to rapidly reduce urinary protein and achieve remission not only in immune glomer-
ulonephritis but also hereditary podocytopathy.wf15 Although CNIs are not routinely recommended, Chan et al still

Drug Design, Development and Therapy 2025:19 hetps: 6417



Han et al

(0]
0 £
g g 0.0 7
< e TAC s TAC
=) 5  -500- i it £ - CYC
S E cYe g e MMF
5 o MMF o 5
& T -10004 . S ’ #
5 £ S
o 9 — J
5 8§ 15001 o *xx o
2 e g 1.0
el c
© 9 @
c = -2000 o |
s c
-2500 T . T g -15 r . ;
1 3 6 = 1 3 6
Time (month) Time (month)
a b
AUACR 1 month 3 month 6 month AUACR (%) 1 month 3 month 6 month
TAC -1848.8 -2456.6 -2553.5 TAC -72.90% -92.70% -96.40%
CYC -911.9 -1246.4 -1291.5 CYC -51.30% -85.10% -89.30%
MMF -230.5 -302.8 -312.7 MMF -42.90% -69.40% -60.80%
P <0.001 <0.001 <0.001 P 0.006 <0.001 0.101
P <0.001 <0.001 <0.001 P 0.375 0.189 0.966
P <0.001 <0.001 <0.001 P <0.001 0.003 0.137
P 0.005 0.001 0.001 P 0.876 0.092 0.202
C d

Figure 2 Mean absolute change (a, c) and mean percentage change (b, d) in UACR from baseline after treatment of CYC, MMF and TAC. * represent compared TAC with
CYC, # represent compared TAC with MMF. *¥* and ### represent P < 0.001; ## represent P < 0.01. P* represent compared TAC with CYC, P® represent compared TAC
with MMF, P¢ represent compare CYC with MMF.

support the individualized use of TAC according to clinical symptoms and pathological type.'® Therefore, TAC
combined with glucocorticoids is preferred for IgAVN children with higher levels of proteinuria and more severe
pathological grades in our center.

The effect of treatment in achieving remission is crucial to prevent renal progression. A combination of glucocorti-
coids and CYC, which has demonstrated relative effectiveness, is more likely to be utilized.!” However, it had been
reported that some patients did not achieve remission following treatment with glucocorticoids combined with CYC.'®
Additionally, due to the significant side effects of CYC, various treatment regimens have been developed, such as
glucocorticoids combined with other immunosuppressants including MMF, and TAC, all of which have also achieved
significant efficacy.'® A meta-analysis has reported that MMF has better efficiency and safety compared with CYC.° In

Table 4 The Side Effect of Patients with Different Induction Treatment

TAC (n=107) | CYC (n=141) | MMF (n=165) | P P? P° P€
Overall side effects n (%) 65 (60.2) 119 (84.4) 111(65.7) <0.001 | <0.001 | 0.354 | <0.001
Leukopenia n (%) 3(2.8) 13 (9.2) 6 (3.6) 0.037 | 0.042 0.705 | 0.044
Gastrointestinal reaction n (%) | 0 (0.0) 28 (19.9) 3(1.8) <0.001 | <0.001 | 0.281 | <0.001
Infection n (%) 65 (60.2) 115 (81.6) 107 (63.3) <0.001 | <0.001 | 0.601 | <0.001
Hypohepatia n (%) 2 (1.9) 9 (6.4) 9 (5.5) 0.221 0.121 0.123 | 0.731

Notes: P* represent compared TAC with CYC, P° represent compared TAC with MMF, P° represent compare CYC with MMF.
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Table 5 The Long-Term Outcomes of Patients with Different Responses to Induction Treatment

TAC (n = 106) | CYC (n=141) | MMF (n = 163) | P P P> | P
Follow up time (months) | 455 (12-122) | 42 (12-130) 43 (12-134)
Renal Outcome n (%) 0.003 | 0001 | 0265 | 0.029
Class A 91 (85.8) 94 (66.7) 128 (78.5) 0.001 | 0001 | 0.I31 | 0.02
Class B 14 (13.2) 46 (32.6) 33 (20.2) 0001 | <0.001 | 0.137 | 0.014
Class C I (0.9) 1 0.7) 2 (1.2) 100 | 100 |1.00 | 1.00
Relapse > | n (%) 19 (17.9) 59 (41.8) 39 (23.9) <0.001 | <0.001 | 0.242 | 0.001

Notes: P* represent compared TAC with CYC, P° represent compared TAC with MMF, P° represent compare CYC with MMF.

a retrospective study, TAC has been shown to be an effective treatment option for IgAVN who are refractory to CYC or
combined with MMF.?! But in the study conducted by Rohner et al, no significant advantage of TAC or MMF or CYC in
the efficacy and prognosis of IgAVN was found.?? There are still insufficient studies to compare the efficacy and safety of
TAC, CYC and MMF in the treatment of pediatric IgAVN. Therefore, our center has been more proactive in using
intensive immunosuppressive therapy for IgAVN in acute lesions, and comparing the efficacy of TAC (a kind of
calcineurin inhibitors), MMF and CYC. In this retrospective study, although the CR rate of TAC was higher than
CYC at 3 and 6 months, TAC was primarily used in IgAVN patients with higher levels of proteinuria and more severe
pathological types, which may bias the conclusions. Therefore, we adjusted for confounding factors and again confirmed
that TAC resulted in greater response than CYC. Furthermore, MMF did not show a significant inferiority to CYC in
achieving remission. Moreover, TAC demonstrated superior efficacy to CYC in terms of achieving a more rapid and
greater extent of reduction in proteinuria.

Several studies have reported that adverse effects of TAC therapy are infrequent and minimal in patients with
IgAVN.?'* Xu et al have demonstrated that MMF has a lower incidence of adverse effects such as gastrointestinal
reaction, liver function injury, myelosuppression, alopecia compared with CYC.?° In this study, we found that TAC and
MMF showed lower rates of leukopenia, gastrointestinal reactions and infections, as well as a lower overall incidence of
adverse effects compared with CYC. These findings suggest that TAC and MMF are relatively safer for the treatment of

TAC
~CcYC
~ITMMF
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Figure 3 Recurrence-free probability analysis K-M curves of the time from diagnosis to last follow-up in patients with different treatment of TAC (Blue), CYC (Red), MMF
(Green).
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IgAVN. Notably, although not statistically significant, TAC was associated with a lower incidence of leukopenia,
gastrointestinal reactions, infection, and hypohepatia compared with MMF. This may indicate that TAC has fewer side
effects and is more secure. However, additional data are required for further support.

Deng et al reported that nearly 97.8% of children with IgAVN had a favorable prognosis, with no cases of renal
insufficiency observed during the follow-up period in their cohort.”* In another cohort study, 7.9% of patients with
IgAVN progressed to ESKD, and it was found that clinicopathological presentation rather than different therapeutic
regimens was a risk predictor for poor outcome.”> Moreover, a prognostic study showed no evidence to support any
specific immunosuppressive therapy over others.”? Surprisingly, none of the IgAVN patients in our study had progressed
to ESKD during long-term follow-up. Moreover, our study demonstrated that TAC was superior to CYC in achieving
more complete renal remission.

There are many factors that influence renal remission and relapse in I[gAVN, yet studies on the recurrence of IgAVN
are relatively rare. In a cohort study of Japanese children with IgAVN, 16% experienced at least one relapse following
combination therapy.’® Zhang et al showed the long-term safety and efficacy of TAC in IgAVN in a randomized
controlled trial, and they also found that TAC could significantly reduce the recurrence rate.”’ In a retrospective study,
an analysis of risk factors for recurrence showed that age range, pathological grade, and treatment were effective
predictors of recurrence. Moreover, it was found that MMF or MMF in combination with TAC significantly reduced the
recurrence rate.”® In our study, we reported 28.5% patients experienced at least one relapse, which was higher than
previously reported. Although we did not perform an analysis of risk factors for recurrence, time-to-recurrence analysis
showed that different treatment regimens affected the probability of renal recurrence. Moreover, our study indicated that
TAC and MMF combined with glucocorticoid therapy had significantly lower recurrence rates compared to CYC,
suggesting that TAC not only provides rapid remission but may also provide long-term renal stability.

Of course, there are several limitations inherent in this study. Firstly, it should be noted that this study is
a retrospective analysis, which is subject to numerous biases and confounding factors. For example, this study is
a single center study, which may hinder the broad generalization of the conclusions. Therefore, our findings need to
be validated through large-scale prospective comparative studies that can better control for these biases. Furthermore, our
study showed differences in baseline proteinuria between different treatment, which may have biased the results.
Therefore, we performed logistic regression to adjust for confounding factors, which is more reliable for our conclusions.
Secondly, although the effects of various treatment regimens on long-term prognosis were compared, no bias correction
was carried out, and further validation is requisite.

Conclusion

In summary, we conducted a retrospective study to summarize the efficacy and safety of TAC, CYC and MMF in the
treatment of pediatric IgAVN. TAC combined with glucocorticoid therapy can be considered for the induction treatment
of I[gAVN with higher proteinuria level and severe pathological grades, which can rapidly and effectively reduce the level
of urine protein and achieve renal remission. Moreover, TAC can significantly improve renal prognosis and reduce the
recurrence rate, making it an effective and safe treatment option for pediatric IgAVN.

Abbreviations
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