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Diabetic kidney disease (DKD) combined with Membranous Nephropathy (MN)

was observed in some patients with the increasing of Diabetic patients. However,

no treatment guidelines are available for DKD combined with MN. In this

study, we for the first time analyzed the safety and efficacy of leflunomide

(LEF) combined with low-dose glucocorticoid methylprednisolone (MP) in

the treatment of DKD with MN. We retrospectively collected the clinical data

of patients with the highest number of DKD combined with MN diagnosed by

renal biopsy between December 2016 and December 2020. The inclusion

criteria were a history of diabetes for more than 20months, no glucocorticoid

therapy or immunosuppressant therapy for at least 6 months, urine protein

level greater than 3.5 g, and a follow-up time of 16 months. In addition to

conservative treatment, the patients received LEF monotherapy (LEF, n = 38)

or LEF combined with low-dose methylprednisolone (LEF+MP, n = 26). After

16 months of treatment, the complete remission rate was 2.6%, and the

remission rate was 15.8% in the LEF group; in the LEF+MP group, the

complete remission rate and the remission rate were 23.1% and 34.6%,

respectively. At month 16, the urine protein level was lower than the

baseline value in both groups (p < 0.05) and was significantly lower in the

LEF+MP group than in the LEF group (p < 0.05). Serum albumin levels were

higher than the baseline value in both groups (p < 0.05), with no significant

between-group difference (p > 0.05). No inter- or intragroup difference in

serum creatinine or glycated hemoglobin was observed. During treatment,

the relapse rate was lower in the LEF+MP group than in the LEF group (p <

0.05). No irreversible adverse events were observed. In summary, LEF+MP is

more effective than LEF monotherapy for DKD combined with MN. Large,
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long-term, randomized, double-blind, controlled studies are needed to

further validate the clinical efficacy of LEF+MP.
KEYWORDS

leflunomide, methylprednisolone, diabetic kidney disease, membranous
nephropathy, efficacy
Introduction

With the aging of the population, chronic kidney disease

(CKD) has become more prevalent and is a serious threat to

public health. In a Chinese study published in 2017, renal biopsy

data of 40,759 CKD patients revealed significant changes in the

spectrum of CKD from 1997-2002 to 2003-2014. Specifically,

diabetic kidney disease (DKD) accounted for 20.76% (up from

6.5%) of secondary glomerular diseases, whereas membranous

nephropathy (MN) accounted for 18.42% (up from 9.89%) of

primary glomerular diseases (1). Patients with a clinical diagnosis

ofDKDstill experience varyingdegrees of progressivedeterioration

after conservative treatment. The increasing use of renal biopsy

shows different pathologies in diabetic patients with substantial

proteinuria. Renal biopsies have shown that approximately 18.1%

of DKD patients have nondiabetic nephropathy, particularly MN

(2). Both DKD and MN present substantial proteinuria, with

varying degrees of nephrotic syndromes, making it difficult to

differentiate and manage them in clinical practice.

Of the primary kidney diseases, MN is one of the main causes of

nephrotic syndrome in middle-aged and elderly individuals. MN is

characterized by subepithelial deposition of immune complexes.

Kidney Disease: Improving Global Outcomes (KDIGO)

recommends glucocorticoids combined with an alkylating agent as

the first-line treatment for MN. Methylprednisolone (MP) and

cyclophosphamide (CTX) are commonly used in the clinic, but they

are associated with increased risk of bone marrow suppression,

infection, and malignant tumors (3). Leflunomide (LEF) is an

immunomodulator with antiproliferative and anti-inflammatory

effects (4–6). Compared with no LEF treatment, LEF combined

with low-dose glucocorticoids is effective in treating MN, with a

remission rate of 71.9% by month 15 (7); compared with the

traditional regimen (CTX combined with low-dose glucocorticoids),

LEF combined with low-dose glucocorticoids is equally effective for

MN, but with fewer side effects (8).

DKD is a microvascular condition caused by a disorder of

glucosemetabolismdisorder.A substantial, abnormal accumulation

of glucose metabolites in the kidneys can specifically activate the

renin–angiotensin system and immune inflammatory response,

leading to thickening of the glomerular basement membrane, an

increased mesangial matrix, glomerular sclerosis, tubular damage,

and subsequent proteinuria (9–12). After active combined
02
supportive treatment, especially taking ACE inhibitors, the

remission rate of proteinuria in diabetic nephropathy was only

26% (13) The 2020KDIGOguidelines for diabetesmanagement for

CKD patients are mainly intended for patients with diabetes and

CKD and include recommendations for comprehensive care,

lifestyle intervention, blood glucose monitoring, hypoglycemic

regimens, and patient management (14, 15). The guidelines do

not make specific recommendations for DKD combined with MN.

Clinical evidence has shown that DKD patients should avoid

glucocorticoids, while MN patients should receive high-dose

glucocorticoids and an immunosuppressant, which may affect

glucose utilization, promote gluconeogenesis, and result in

uncontrolled blood glucose (16). No consensus has been reached

on the treatment of DKD combinedwithMN, and further research

isneeded to investigate the effectivenessof low-doseglucocorticoids

combined with an immunosuppressant, which would be added to

help minimize the impact of glucocorticoids on blood glucose.

We used clinical evidence and a literature review, to

retrospectively analyze the effectiveness and safety of LEF

combined with low-dose methylprednisolone in patients with

DKD combined with MN and propose a new regimen supported

by robust evidence to treat this condition.

Methods

This was a single-center retrospective analysis. The protocol

was approved by the Ethics Committee of the PLA General

Hospital and China-Japan Friendship Hospital.
Study population

We collected the clinical data of patients with biopsy-

confirmed DKD combined with MN treated at the PLA

General Hospital between December 2016 and December 2020.

(1) Inclusion criteria

1) ≥ 18 years of age; 2) a history of diabetes; 3) follow-up ≥

16 months; 4) no glucocorticoids or immunosuppressive therapy

for at least 6 months; 5) urine protein > 3.5 g; and 6) estimated

glomerular filtration rate (eGFR) > 50 ml/min/1.73 m2, per the

chronic Kidney Disease Epidemiology Collaboration (CKD-

EPI) equation.
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(2) Exclusion criteria

(1) Other biopsy-confirmed chronic glomerulonephritis; 2)

systemic diseases, such as a tumor or connective tissue disease; 3)

infectious diseases such as hepatitis B and hepatitis C; 4) inability to

take the drugs as prescribed; and 5) pregnant or nursing women.
Groups and treatments

The patients were divided into two treatment groups:

(1) LEF monotherapy group (LEF): LEF tablets at a dosage of

50 mg/day for 3 days, followed by a maintenance dosage of 20-30

mg/day for 6 months, and then additional 3 months for patients

with complete remission (CR) or partial remission (PR) or 12

months for nonresponders. The dosage could be adjusted based

on treatment outcome.

(2) LEF combined with low-dose methylprednisolone group

(LEF+MP): LEF was taken in the same manner as in the LEF

group. Methylprednisolone was taken at a dosage of 0.5-0.8 mg/

kg/day for 2 months, followed by tapering (5 mg every 1-2

months) if urine protein levels improved. The dosage could be

adjusted based on patient conditions, tolerability, and

treatment outcome.
Outcome measures

(1) Demographics: Sex, age, course of diabetes, a history of

hypertension, and medications.

(2) Clinical data: Laboratory tests such as glycosylated

hemoglobin (HbA1c), serum albumin (ALB), urine protein,

serum creatinine (SCr), and serum phospholipase A2 receptor

(PLA2R). The anti-PLA2R level were measured using published

and validated methods produced by EUROIMMUN AG

(Germany), an enzyme-linked immunosorbent assay (ELISA),

which were performed according to the instructions of the

manufacturer. The range of serum anti-PLA2R antibody could be

2 to 1500 RU/mL, and the results were recorded as positive when

the concentration was >20 RU/mL. renal biopsy to assess the

presence of glomerulosclerosis, segmental sclerosis and interstitial

fibrosis/tubular atrophy (IFTA), and the number of renal arterial

lesions (arteriole hyalinosis and renal arteriole sclerosis).

(3) Follow-up: Once a month for at least 16 months to

establish a comprehensive follow-up database.

(4) Clinical visits: Laboratory tests such as HbA1c, ALB,

urine protein, and SCr at each visit.
Efficacy evaluation

(1) Primary efficacy evaluation:Remission rates and

complete remission rate. CR, complete remission; PR, partial

remission; remission includes complete and partial remission.
Frontiers in Endocrinology 03
(2) Secondary efficacy evaluation: urine protein (g/d), ALB,

and SCr.

(3) Efficacy criteria:

1) CR: Urine protein < 0.3 g/d at least twice a week; normal

ALB and SCr.

2) PR: Urine protein < 3.5 g/d or ≥ 50% lower than the peak;

ALB higher than or the same as baseline; SCr level lower than or

the same as baseline.

3) Time to remission: Time to initial CR or PR.

4) Nonresponders: Patients who did not meet any of the

above criteria.

5) Relapse: After remission, urine protein > 3.5 g/d and ≥

50% higher than trough concentrations.

6) Renal insufficiency: SCr level ≥ 50% higher than baseline.
Safety evaluation

Adverse events: Common side effects of LEF include

neurological abnormalities (dizziness, decreased response,

confusion, difficulty thinking) and gastrointestinal reactions

(nausea, vomiting). Methylprednisolone, a glucocorticoid, may

cause uncontrolled blood glucose, liver dysfunction, infection,

osteoporosis, eyelid swelling, elevated intraocular pressure, and

menstrual disorders (women).
Statistical analysis

SPSS v17.0 was used for data processing and statistical

analysis. Normally distributed continuous variables are

expressed as the mean± standard deviation (SD) and were

analyzed with Student’s t-test. Nonnormally distributed

continuous variables are expressed as the median (interquartile

range) and were analyzed with the nonparametric rank sum test.

Categorical variables are expressed as percentages and were

analyzed with Fisher’s exact test or Pearson’s c2 test. The

probability of remission was analyzed using Kaplan-Meier

curves, and differences were estimated by using the log-rank test.
Results

Baseline characteristics

We collected the clinical data of 74 patients with biopsy-

confirmed DKD combined with MN between December 2016

and December 2019, consisting of 42 patients in the LEF group

and 32 patients in the LEF+MP group. A total of 64 patients

completed the study, 38 in the LEF group and 26 in the LEF+MP

group. Six patients (LEF: n = 3, LEF+MP: n = 3) were lost to follow-

up, and four patients did not take the drugs as prescribed (LEF: n =

1, LEF+MP: n = 3). The screening process is shown in Figure 1.
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We collected the patients’ clinical data, including

demographics, clinical diagnosis, clinical exams, and

laboratory tests. No significant between-group difference was

observed in the baseline data (p < 0.05) (Table 1).
Response to therapy

(1) Primary efficacy evaluation

At month 16, the remission rate was 15.8% in the LEF group

(n = 38), which was significantly lower than that in the LEF+MP

group (n = 26; 34.6%, *p < 0.05). In the LEF group, the PR rate

gradually improved to 7.9% at 4 months, 7.9% at 8 months,

10.5% at 12 months, and 13.2% at 16 months. CR did not occur

until month 16 (2.6%). In the LEF+MP group, the PR rate was

19.28% at 4 months, 19.2% at 8 months, 15.4% at 12 months,

and 11.5% at 16 months. The CR rate gradually improved: 3.8%

at month 4, 7.7% at month 8, 19.2% at month 12, and 23.1% at

month 16. See Table 2 and Figure 2 for details. The LEF+MP

group had a higher remission rate than the LEF group (log-rank,

p < 0.05) (Figure 3).

(2) Secondary efficacy evaluation

In both groups, the 24-hour urine protein concentration

decreased (p < 0.05) and ALB levels significantly increased (p <

0.001) from baseline to month 16, with no significant changes in

SCr, HbA1c and Serum albumin (p > 0.05);and you could see

Figures 4A, B, D. At month 16, the 24-hour urine protein

concentration was 2.275 (2.99) g/d in the LEF+MP group and

3.2 (0.79) g/d in the LEF group, indicating the superior efficacy

of combination therapy (p < 0.05), as shown in Figure 4C. No
Frontiers in Endocrinology 04
significant between-group difference was observed in other

indicators (p > 0.05). See Table 3 for details,

(3) Time to remission

The time to remission was 10.200 ± 5.533 months in the LEF

group and 7.846 ± 5.321 months in the LEF+MP group, and there

was no significant difference between the two groups. (p > 0.05).

(4) Relapse

In the LEF treatment group, nine patients responded to the

treatment and one relapsed (11.1%). In the LEF+MP group, 13

patients responded to the treatment and one relapsed (7.7%).

The relapse rate was significantly lower in the LEF+MP

treatment group (p < 0.05).
Adverse events

Among the 64 patients who completed this study, 13

experienced adverse events (LEF: n=4, 10.5%; LEF+MP: n=9,

34.6%), with no significant between-group difference (p > 0.05).

All adverse events were mild and were alleviated after

symptomatic care. See Table 4 for details.
Discussion

With the aging of the population, diabetes is becoming more

prevalent, as is DKD. In a pathology study on DKD, 0.8% to

23.0% (mean: 12%) of the patients had both DKD and

nondiabetic nephropathy. These patients have a lower survival
FIGURE 1

The screening process. We collected the clinical data of 74 patients with biopsy-confirmed DKD combined with MN. Ultimately, a total of 64
patients completed the study, 38 in the LEF group and 26 in the LEF+MP group.
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rate and are more likely to progress to end-stage renal disease

(ESRD) than those with DKD or nondiabetic nephropathy only

(17). Therefore, renal biopsy should be considered for DKD

patients with atypical manifestations such as nondiabetic

retinopathy, a short course of disease, or nonnephrotic

proteinuria who do not respond to conservative treatment.

This provides a histopathological basis for the diagnosis and

effective specific immunotherapy of DKD comorbid with

nondiabetic nephropathy.

At present, the treatment of diabetic nephropathy is mainly

to reduce blood pressure, hypoglycemic treatment, the effect is

not very ideal. Nowmany studies have found that diabetes is also

an immune disease, suggesting immune intervention. This study

uses immunosuppressive therapy, which is also an exploration of

immunointerventional therapy (18).

No guidelines are available for the treatment of DKD

combined with MN, which is a more complex condition.

Glucocorticoids and/or immunosuppressants have been used
Frontiers in Endocrinology 05
less often in patients with DKD and MN than for patients with

MN only (50.0% vs 23.1% p < 0.05). After 6 months of

monotherapy with a calcineurin inhibitor, the CR rate was

33.3% in the MN group, which was significantly higher than

that in the DKD + MN group (0.0%) (16), suggesting the

importance of starting combination therapy early with

glucocorticoids and immunosuppressants. In this study, we

focused on the treatment outcome of low-dose glucocorticoids

combined with an immunosuppressant in patients with

DKD+MN.

In our study, the remission rate of LEF+MP group was

19.2% at 12 months and 23.1% at 16 months, which was not

significantly different from the 26% remission rate of diabetic

nephropathy studied by Hovind P et al (13). In addition, the

remission rate of THE LEF+MP group was significantly higher

than that of the LEF group, and the recurrence rate of the

LEF+MP group was lower, indicating that the treatment effect

of the LEF+MP group was better than that of the LEF group,
TABLE 2 P value and remission rates of the LEF + MP group compared with the LEF group.

Project Month LEF group (n=38) LEF+ MP group (n=26) P

CR + PR 4th 7.9% 23.08% 0.177

8th 7.9% 26.9% 0.041

12th 10.5% 34.6% 0.019

16th 15.8% 34.6% 0.041

CR 4th 0% 3.8% 0.406

8th 0% 7.7% 0.161

12th 0% 19.2% 0.019

16th 2.6% 23.1% 0.030
frontiersi
TABLE 1 Baseline characteristics of the patients in the two groups.

Characteristics LEF group (n=38) LEF + MP group (n=26) P value

Sex (male/female) 23/15 19/7 0.229

Age (years) 59 (13) 59 (11.5) 0.805

Diabetes duration (years) 14.5 (4) 13 (5) 0.328

Biguanides/Thiazolidinones/
a- Glucosidase inhibitor/Sulfonylureas

9/12/8/9 7/8/5/6 0.992

Systolic BP (mmHg) 138 ± 13 136 ± 20 0.234

Diastolic BP (mmHg) 71 ± 8 80 ± 10 0.934

Daily urinary protein (g/24 h) 5.029 (1.53) 4.805 (3.05) 0.608

Serum albumin (g/L) 25.65 (6.55) 24.15 (7.1) 0.805

Anti-PLA2R (positive/negative) 20/18 14/12 0.924

Scr (mmol/L) 72.3 (17.38) 74.95 (16.72) 0.610

HbA1c (%) 6.7 (1.83) 6.35 (1.2) 0.427

Glomerular sclerosis, % 8 (6.25) 13 (8) 0.187

Segmental sclerosis, n (%) 8 (21.1) 6 (23.1) 0.847

IFTA, n (%) 31 (81.58) 20 (76.92) 0.649

Afferent arterial, n (%) 34 (94.44) 24 (92.31) 1
HbA1c, glycosylated hemoglobin; ALB, serum albumin; SCr, serum creatinine; Anti-PLA2R, serum phospholipase A2 receptor); IFTA, interstitial fibrosis/tubular atrophy.
n.org
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which has certain clinical significance. LEF is an effective

immunomodulator for immune-mediated kidney diseases such

as MN, systemic lupus erythematosus, IgA nephropathy, and

refractory nephrotic syndrome (19–21).Compared with no

LEF treatment, LEF combined with oral glucocorticoids

enables a higher remission rate in MN patients (7). LEF

inhibits osteopontin (OPN)/transforming growth factor beta

1 (TGF-b1)-mediated extracellular matrix deposition, tubular

interstitial fibrosis, and tubular epithelial–mesenchymal

transdifferentiation to reduce kidney injury in diabetic rats

(6). Moreover, LEF protects the kidneys by inhibiting the

activation of NF-kB and reducing the expression of cytokines

and adhesion factors (4).

LEF has fewer and milder side effects than CTX and other

immunosuppressants, with common side effects of nausea,

vomiting, and liver damage, all of which can be corrected with

careful monitoring and proper management. Many studies

have found that patients with DKD should avoid using

glucocorticoids, which may affect glucose utilization, promote

gluconeogenesis and lead to uncontrolled blood glucose (16).
Frontiers in Endocrinology 06
This study showed no significant difference in hba1c between

leflunomide combined with low-dose glucocorticoid and

leflunomide alone, indicating that low-dose glucocorticoid

has the least effect on blood glucose in DKD patients with

MN. In summary, LEF combined with low-dose MP is an

inexpensive treatment with few side effects and may become a

new regimen for patients with DKD combined with MN.

The number of patients collected in this study is larger

than the number of cases reported by Bhadauria D (22) and

Qian Y, et al. (16), which can better represent the current

treatment effect and side effects of this disease. We hope that

this study can provide reference for future treatment of

this disease.

As a retrospective analysis, this study has certain limitations.

First, it was a single-center study with a small sample size and a

short follow-up period. Second, we did not include a positive

control group given the canonical MN regimen (glucocorticoids +

calcineurin inhibitor). Moreover, we did not perform stage-

specific subgroup analysis. Large, multicenter, randomized,

prospective studies are needed to further validate the results.
FIGURE 3

The log-rank test in the LEF group and the LEF+MP group. Compared with the LEF group, the LEF+MP group had a higher remission rate (log-
rank, p < 0.05) (Figure 3).
FIGURE 2

Remission rates (CR + PR, CR, PR) in the LEF group and the LEF+MP group over time. Percentage of complete (green) and partial (red)
remissions in the two groups.CR, complete remission; PR, partial remission.
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Conclusion

We retrospectively collected the clinical data of patients with the

highest number of DKD combined with MN diagnosed by renal

biopsy, and firstly analyzed the safety and effectiveness of LEF
Frontiers in Endocrinology 07
combined with low-dose MP for the treatment of this disease. For

this patient group with complex DKD, compared with

immunosuppressive therapy alone, immunosuppressants combined

with low-dose glucocorticoids has a better effect. It is hoped that our

study provides a reference for future clinical treatment of this disease.
TABLE 3 Urine protein, ALB, SCr, and HbA1c at each time point in the LEF group and the LEF+MP group, with P values.

Project Month LEF group (n=38) LEF+ MP group (n=26) P# Pa Pb

Daily urinary protein (g/24 h) 4 3.9 (0.8) 3.825 (1.19)

8 3.65 (0.67) 3.3 (1.21)

12 3.425 (0.78) 3.11 (1.58)

16 3.2 (0. 79) 2.275 (2.99) 0.013 <0.001 <0.001

Serum albumin (g/L) 4 27.25 (6.43) 27.25 (5.07)

8 28.8 (6.58) 28.9 (5)

12 29.5 (6.05) 30.6 (6.4)

16 32.75 (5.6) 33.2 (8.18) 0.879 <0.001 <0.001

Scr (mmol/L) 4 73.5 (28.25) 72.8 (24.75)

8 72.2 (27.55) 73.9 (23.78)

12 72.8 (21.3) 76.35 (18.52)

16 71.5 (21.9) 77.25 (15.23) 0.196 0.496 0.805

HbA1c (%) 4 6.5 (1) 6.6 (1.73)

8 6.9 (1.5) 6.35 (2.08)

12 6.5 (1.73) 6.6 (1.58)

16 6.75 (0.87) 6.8 (1.65) 0.686 0.208 0.355
frontiers
P#, The LEF group versus the LEF+MP group; Pa, versus baseline, LEF group; Pb, versus baseline, LEF+MP group.
A

B D

C

FIGURE 4

Clinical indicators (SCr, HbA1c, daily urine protein, serum albumin). (C) shows that the decrease in proteinuria was significantly greater in the
TAC+TMG group than in the LEF group at months 12th and 16th; (A, B, D) show that there were no significant differences in SCr, HbA1c, daily
urine protein, or serum albumin levels in the LEF group and the LEF+MP group (P>0.05).
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