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INTRODUCTION

 Systemic lupus erythematosus (SLE) is an 
autoimmune-mediated chronic inflammatory 
disease characterized by multiple system organ 
damage and multiple autoantibody production,1 
with kidney injury being the most common. 
Lupus nephritis (LN) is the most common organ 

 Correspondence:

 Xiao-qiang Shi,
	 Department	of	Urology,	Affiliated	Hospital	of	Hebei	University,
	 Baoding	071000,	Hebei,	P.R.	China.
 E-mail: shixiaoqiangmy@126.com
	 	 yy8512152021@126.com

  * Received	for	Publication:	 August	4,	2021

  * Revision	Received:	 December	28,	2021

  * Revision	Accepted:	*	 January	13,	2022

Original Article

Analysis of the safety and efficacy of tacrolimus 
combined with glucocorticoid in the 

treatment of lupus nephritis
Lu Li1, Yong Du2, Juan Ji3, Ying Gao4, Xiao-qiang Shi5

ABSTRACT
Objective: To	evaluate	the	safety	and	efficacy	of	tacrolimus	combined	with	glucocorticoids	in	the	treatment	
of	lupus	nephritis.	
Methods:	A	 total	of	80	patients	with	 lupus	nephritis	were	admitted	 to	 the	Affiliated	Hospital	of	Hebei	
University	and	the	First	Hospital	of	Baoding	from	February	2017	to	January	2019	randomly	divided	into	
two	groups:	the	experimental	group	and	the	control	group,	with	40	cases	in	each	group.	Patients	in	the	
experimental	group	were	treated	with	tacrolimus	combined	with	glucocorticoids,	while	patients	 in	 the	
control	group	were	treated	with	cyclophosphamide	combined	with	glucocorticoids	for	one	year.	Clinical	
efficacy	and	adverse	drug	reactions	were	evaluated	for	all	patients	after	treatment.	The	changes	of	CRP,	
IL-6,	 24h	 urinary	 protein,	 serum	 albumin,	 serum	 creatinine,	 urea	 nitrogen	 and	 other	 indicators	 after	
treatment,	as	well	as	the	differences	in	the	erythrocyte	sedimentation	rate	(ESR),	complement	C3,	C4,	
anti-dsDNA	antibody	positive	rate	and	SLEDAI	score	and	other	indicators	were	also	evaluated.	
Results:	The	total	efficacy	of	the	experimental	group	was	92.5%,	which	was	significantly	better	than	the	
75%	of	the	control	group	(p=0.03);	The	incidence	of	adverse	reactions	was	20%	in	the	experimental	group	
and	42.5%	in	the	control	group,	with	a	statistically	significant	difference	(p=0.03).	After	treatment,	the	
levels	of	CRP,	IL-6	and	other	inflammatory	factors	in	the	experimental	group	were	lower	than	those	in	the	
control	group,	with	a	statistical	significance	(p<0.05);	The	indicators	of	the	experimental	group	such	as	24h	
urine	protein	quantification,	serum	albumin,	blood	creatinine,	and	urea	nitrogen	were	improved	compared	
with	the	control	group,	with	statistically	highly	significant	differences	(p<0.001).	In	addition,	ESR,	anti-
DSDNA	antibody	positive	rate	and	SLEDAI	score	were	decreased	compared	with	the	control	group,	while	
complement	C3	and	C4	levels	were	significantly	increased	(p<0.05).	
Conclusion:	 Tacrolimus	 combined	 with	 glucocorticoids	 is	 a	 safe	 and	 effective	 treatment	 regimen	 for	
patients	with	lupus	nephritis,	boasting	a	variety	of	benefits,	such	as	significant	efficacy	and	fewer	adverse	
reactions.	With	 such	 a	 regimen,	 the	 level	 of	 inflammatory	 factors	 can	 be	 significantly	 reduced,	 renal	
function	indicators	can	be	ameliorated,	the	ESR,	complement	C3,	C4,	anti-dsDNA	antibody	positive	rate	
and	SLEDAI	score	of	the	patients	can	be	significantly	improved.
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involvement in systemic lupus erythematosus 
and a major risk factor for disease progression 
and death.2 Over the past few decades, the 
pathophyphysiology of LN has become 
increasingly well understood and treatments for 
it have improved.3 Glucocorticoid combined with 
cyclophosphamide was the first-line treatment 
in the previous treatment of this disease, which 
can effectively improve the renal function of 
patients with definite effect.4 However, the clinical 
application of cyclophosphamide is sometimes 
limited due to its side effects such as bone marrow 
suppression, immune system disorders and 
infertility.5

 In recent years, with the continuous in-depth 
research on the pathogenesis of LN, multi-target 
immunosuppressive therapy has become a new 
treatment method.6 As a calcineurin inhibitor, 
tacrolimus can selectively inhibit T lymphocytes, 
inhibit the production of cytokines, and play 
a strong immunosuppressive role.7 It has been 
shown in recent years to perform better than 
cyclophosphamide in the treatment of LN, with 
better security and fewer adverse reactions.8 
Based on this, this paper discusses the efficacy of 
tacrolimus combined with glucocorticoid in the 
treatment of lupus nephritis..

METHODS

 Eighty patients with lupus nephritis who were 
admitted to the Affiliated Hospital of Hebei 
University and the First Hospital of Baoding from 
February 2017 to January 2019 were randomly 
divided into two groups: the experimental group 
and the control group, with 40 cases in each 
group. Among them, there were seven males and 
33 females in the experimental group, aged 30-57 
years with an average of 48.06±7.13 years, and 
nine males and 31 females in the control group, 
aged 33-60 years with an average of 47.83±9.01 
years. No significant difference can be seen in 

the comparison of general data between the two 
groups, which was comparable between the two 
groups (Table-I).
Ethical Approval: The study was approved by 
the Institutional Ethics Committee of Affiliated 
Hospital of Hebei University, and written informed 
consent was obtained from all participants.
Inclusion Criteria: 
• All patients meeting the diagnostic criteria for 

SLE;9

• Patients aged between 30 and 60 years old, 
gender is not limited;

• Patients with moderate and severe nephritis 
conforming to the classification criteria of lupus 
nephritis;10

• All patients with lupus nephritis confirmed by 
renal biopsy and pathology;

• Patients with active disease, SLEDAI score ≥ 
10,11 urinary protein quantity ≥ 1.0g/24h;

• Patients who have not recently used other 
immunosuppressants affecting the study;

• Patients whose family members signed the 
consent form and were able to cooperate with 
the study. 

Exclusion Criteria:
• Patients with primary nephropathy or other 

types of secondary nephropathy;
• Patients with other autoimmune diseases such 

as dermatomyositis, scleroderma, vasculitis and 
other autoimmune diseases;

• Patients with metabolic diseases or chronic 
wasting diseases such as tumors and chronic 
inflammatory diseases;

• Pregnant or lactating women;
• Patients with infectious diseases such as 

tuberculosis and hepatitis or with severe and 
important organ dysfunction such as liver and 
kidney insufficiency;

• Patients who are allergic, intolerant or have 
contraindications to the drugs involved in the 
study.

Table-I: Comparative analysis of general data between the experimental group and the control group ( ±S) n=40.

Indicators Experimental group Control group t/χ2 P

Age (years old) 48.06±7.13 47.83±9.01 0.13 0.90

Female (%) 33(47.5%) 31(55%) 0.31 0.58

Duration (month) 27.32±9.71 27.95±9.83 0.29 0.77

Severe (%) 7(17.5%) 10(25%) 0.67 0.42

SLEDAI score 14.75±3.43 14.28±3.32 0.63 0.54

P>0.05.
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 Both groups were treated with glucocorticoids. 
The specific regimen was as follows: the initial 
dose of methylprednisolone tablet was 1.0mg/ 
(kg/d) in the morning, and the dosage was 
gradually reduced according to the condition for 
4-8 weeks, and 5-20mg/daily was reduced every 
other week. Subsequently, maintenance therapy 
was followed with a reduction of 2.5-10mg/d 
every two weeks for one year. Patients with severe 
lupus requiring shock therapy were treated with 
methylprednisolone 0.5-1.0g/d shock therapy for 
three days, followed by oral administration as 
described above. Calcium antagonists were used 
to control blood pressure in hypertensive patients, 
and the antihypertensive program would be 
adjusted according to the specific situation.
 The experimental group was given tacrolimus 
therapy.12 The specific treatment plan is as follows: 
Tlimus 0.1mg/(kg·d) was taken two hour after 
meal twice, and the blood concentration of tlimus 
was detected 3d after taking the drug. After that, 
patients were tested once a month to maintain 
their blood drug concentration at 5-10ug/L, and 
the therapeutic dose was adjusted according to 
the blood drug concentration, with a one-year 
treatment time.13 At the same time, the control 
group was treated with cyclophosphamide, with 
the specific scheme as follows: Cyclophosphamide 
with 0.5g/m2 body surface area was administered 
once a month for six months, and then once every 
3 months for one year.14 All patients were observed 
and followed up for one year.
Observation Indicators:
Judgment of efficacy: The clinical efficacy of the two 
groups after one year of treatment was compared 
and analyzed: Complete remission (CR): No active 
urine sediment (urinary RBC<10×104ml, no white 
blood cells and casts); Urine protein quantitative 
<0.4g/24h, serum albumin ≥35gL, normal SCr, 
with no extrarenal lupus activity. Partial remission 
(PR): Urinary protein quantification is 0.4-2.0g/24h 
or decreases by more than 50% of the basic value, 
serum albumin ≥30g, SCr is normal or the increase 
does not exceed 15% of the normal range, with 
no extra renal lupus activity. Non remission (NR): 
Urine protein quantification ≥2.0g/24h and the 
decrease is less than 50% of the basic value, or the 
serum albumin is less than 30g/L, or the SCr rises 
more than 50% of the basic value. Effective rate = 
(complete remission + partial remission) number of 
cases/total number of cases × 100%.  Inflammatory 
factor indicators: Peripheral venous blood was 
collected from all patients before treatment and 

at basic state from morning on three months after 
treatment, respectively. The levels of inflammatory 
factors such as C-reactive protein (CRP) and 
interleukin-6 (IL-6) were detected by enzyme-
linked immunosorption (ELISA). 
Improvement of renal function: The differences 
in urinary protein quantification, serum albumin, 
serum creatinine, urea nitrogen and other indicators 
between the two groups were recorded and 
compared before treatment and 24h after treatment 
for three months. The changes of ESR, complement 
C3, C4, anti-dsDNA antibody positive rate and 
SLEDAI score were recorded and compared between 
the two groups before treatment and 3 months after 
treatment. The patients’ blood pressure, blood 
glucose, temperature, blood routine examination, 
liver function and other indicators were monitored. 
The incidence of adverse drug reactions such as 
leucopenia, blood glucose elevation, gastrointestinal 
reaction, liver function abnormality, infection and 
so on in the two groups within six months after 
treatment was compared and analyzed.
Statistical Analysis: All the data were statistically 
analyzed by SPSS 20.0 software, and the 
measurement data were expressed as ( ±s). Two 
independent sample t-test was used for inter-
group data analysis, paired t test was used for 
intra-group data analysis, and c2 was adopted for 
rate comparison. P<0.05 indicates a statistically 
significant difference.

RESULTS

 The comparative analysis of the efficacy between 
the two groups is shown in Table-II, indicating that 
the total effective rate of the experimental group 
after treatment was 92.5%, which was significantly 
superior to 75% of the control group, with a 
statistically significant difference (p=0.03).
 The changes of inflammatory factors in the two 
groups before and after treatment are shown in 
Table-III, indicating that there was no significant 
difference in the levels of inflammatory factors 

Treatment of Lupus Nephritis

Table-II: Comparative analysis of the efficacy
between the two groups ( ±S) n=40.

Group CR PR NR Effective rate

Experimental group 19 18 3 92.5%(37/40)

Control group 16 14 10 75%(30/40)

c2 4.50
P 0.03

   P<0.05.
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such as CRP and IL-6 between the two groups 
before treatment (p>0.05). However, the above 
indicators decreased after treatment compared 
with before treatment, showing a statistically 
significant difference (p<0.05). After treatment, the 
above indicators of the experimental group were 
significantly lower than those of the control group, 
with a statistically significant difference (p=0.00).
 Twenty hour after treatment, urinary protein 
quantitative, serum albumin, serum creatinine, 
urea nitrogen and other indicators in both groups 
were improved compared with those before 

treatment (p=0.00), while the improvement in 
the study group was more significant than that in 
the control group, with a statistically significant 
difference (p<0.001) (Table-IV).
 After treatment, the ESR, anti-dsDNA antibody 
positive rate and SLEDAI score of the two groups 
were lower than those before treatment, and the 
levels of complement C3 and C4 were higher than 
those before treatment. The above changes were 
more obvious in the experimental group than in 
the control group, with statistically significant 
differences (Complement C3, C4, SLEDAI score, 

Lu Li et al.

Table-III: Comparative analysis of changes in inflammatory 
factors before and after treatment in the two groups ( ±S) n=40.

Group Before treatment* After treatment ∆ t P

CRP 
(mg/L)

Experimental group ∆ 87.43±13.67 13.48±4.57 32.45 <0.001
Control group ∆ 86.80±12.95 18.63±4.81 31.21 <0.001
t 0.22 4.91
p 0.83 <0.001

IL-
6(ng/L)

Experimental group ∆ 17.64±5.61 8.52±2.45 9.42 <0.001
Control group ∆ 18.02±5.53 13.18±3.21 4.79 <0.001
t 0.31 7.30
p 0.76 <0.001

*p>0.05, ∆ p<0.05.

Table-IV: Comparative analysis of renal function indicators of the two groups before and after treatment ( ±S) n=40.

Group Before treatment* After treatment ∆ t P

24h urine 
protein 
quantification
(g/24h)

Experimental group ∆ 4.45±1.32 1.14±0.58 14.52 <0.001
Control group ∆ 4.74±1.61 2.87±0.72 6.71 <0.001
t 0.82 11.44
p 0.38 <0.001

Albumin (g/L)

Experimental group ∆ 26.58±5.07 45.70±5.79 15.71 <0.001
Control group ∆ 25.97±5.61 40.83±5.28 12.20 <0.001
t 0.50 3.93
p 0.61 <0.001

Serum 
creatinine 
(umol/L)

Experimental group ∆ 147.52±25.74 77.63±11.82 15.61 <0.001
Control group ∆ 149.83±27.64 89.71±12.44 12.54 <0.001
t 0.38 4.45
p 0.70 <0.001

Urea nitrogen 
(mmol/L)

Experimental group ∆ 14.57±2.06 6.13±1.07 23.00 <0.001
Control group ∆ 13.97±1.28 9.76±1.58 13.09 <0.001
t 1.56 12.03
p 0.12 <0.001

*p>0.05, ∆p<0.05.
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Table-V: Comparative analysis of the disease change indicators of the two groups before and after treatment ( ±S) n=40.

Group Before treatment* After treatment ∆ t/χ2 P

ESR (mm/h)

Experimental group ∆ 34.25±8.03 17.53±4.62 11.41 <0.001
Control group ∆ 33.76±7.82 23.47±5.27 6.90 <0.001
t 0.28 5.36
p 0.78 <0.001

C3(g/L)

Experimental group ∆ 0.47±0.08 0.78±0.07 30.34 <0.001
Control group ∆ 0.45±0.03 0.73±0.05 41.22 <0.001
t 1.48 11.03
p 0.14 <0.001

C4(g/L)

Experimental group ∆ 0.24±0.08 048±0.07 14.28 <0.001
Control group ∆ 0.25±0.06 0.32±0.06 5.22 <0.001
t 0.63 10.98
p 0.53 <0.001

Anti-dsDNA 
antibody (%)

Experimental group ∆ 100%(40) 10%(4/40) 65.45 <0.001
Control group ∆ 100%(40) 30%(12/40) 43.07 <0.001
c2 5.00
p 0.02

SLEDAI score

Experimental group ∆ 15.78±3.27 4.76±1.29 19.83 <0.001
Control group ∆ 15.30±3.06 8.65±2.40 10.81 <0.001
t 0.68 9.03
p 0.50 <0.001

*p>0.05, ∆p<0.05.

Table-VI: Comparative analysis of adverse drug reactions between the two groups after treatment ( ±S) n=40.

Group Leucopenia Gastrointestinal reaction Fever Liver function damage Incidence

Experimental group 3 2 1 2 8(20%)
Control group 6 5 2 4 17(42.5%)
c2 4.71
P 0.03

P<0.05.

p<0.001; anti-dsDNA antibody positive rate, 
p=0.02) (Table-V).
Comparative analysis of the incidence of adverse 
reactions between the two groups: There were no 
new onset diabetic mellitus in two groups during 
treatment. The incidence of adverse reactions such 
as leukopenia, gastrointestinal reaction, fever 
and abnormal liver function were compared and 
analyzed between the two groups. The incidence 
of adverse reactions in the experimental group was 
20%, significantly lower than that in the control 
group (42.5%), with a statistically significant 
difference (p=0.03). (Table-VI).

DISCUSSION

 SLE can be associated with multiple viscera 
involvement, with rapid progression and easy 
recurrence, in which lupus nephritis (LN) is the 
most common one.15 Clinically, hormone combined 
with immunosuppressive agents is the preferred 
treatment for LN, with the main therapeutic 
purpose of protecting renal function, delaying 
the development of the disease and improving 
the long-term survival rate. A variety of drugs, 
including cyclophosphamide, cyclosporine, and 
mycophenolate mofetil, have been used clinically 
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for the treatment of LN.16 Despite the clinical 
symptoms of patients can be improved to a certain 
extent by virtue of the above drugs, there are still 
deficiencies in efficacy and safety:17 complications 
such as bone marrow suppression and infection are 
prone to cause, with certain medication limitations.
 Glucocorticoids are touted to have an effective 
clinical effect of inhibiting the synthesis of 
arachiidonic acid, leukotriene and other 
inflammatory mediators, reducing the release 
of inflammatory factors and activating the 
complement system.18 However, for LN with 
more abnormal immune link, the ideal effect is 
difficult to be achieved by a single target drug. 
Therefore, glucocorticoid therapy should be 
combined with immunosuppressive therapy to 
more effectively reduce organ damage caused by 
immune system disorders. Cyclophosphamide 
combined with glucocorticoids19 is a first-line drug 
for the treatment of LN, which inhibits specific 
antigens to stimulate the complement activity and 
transformation ability of lymphocytes, so as to block 
the development of kidney disease and achieve 
control of lupus activity.20 However, long-term use 
of cyclophosphamide will cause adverse reactions 
such as marrow suppression due to cytotoxic 
effects, and LN may recur after withdrawal.21

 In recent years, the use of immunosuppressive 
agents for multi-target combination therapy has 
become a new method of clinical treatment of LN. 
Tacrolimus (TAC), a fermentation product isolated 
from Streptomyces, is a macrolide antibiotic and a 
powerful new immunosuppressor that can inhibit 
cellular immunity mainly by inhibiting the release 
of interleukin-2 (IL-2).22 It is usually used to pre-
vent the rejection of kidney and liver transplanta-
tion.23 It is found in a study carried out by Mok et 
al.24 that the combination of TAC and prednisolone 
is not inferior to mycophenolate mofetil, and can 
be used for the treatment of active LN. After con-
tinuous administration for five years, no obvious 
nephrotoxicity and decreased renal function can be 
observed. In our study, the total effective rate of 
the experimental group was 92.5%, which was sig-
nificantly better than the 75% of the control group 
(p=0.03); The indicators of the experimental group 
such as 24h urine protein quantification, serum al-
bumin, serum creatinine, and urea nitrogen were 
improved compared with the control group, with 
statistically significant differences (p=0.00). Which 
were similar to the results of previous studies. It 
is reported in a 10-year RCT study that tacrolimus 
was significantly effective in the treatment of SLE 
and is expected to be a suitable target inhibitor for 

the treatment of LN.25 with few side effects. In this 
study, the incidence of adverse reactions was 20% 
in the experimental group and 42.5% in the con-
trol group, with a statistically significant difference 
(p=0.03), which can be supported by the conclu-
sions of previous studies. According to the study 
of Zhou et al.26, TAC is effective and safe in patients 
with lupus nephritis. In addition, TAC boasts sig-
nificant anti-inflammatory cytokine effects, includ-
ing targeting IL-10 and transforming growth factor 
β, vascular endothelial growth factor, and tumor 
necrosis factor -α27 In this way, further damage to 
LN by inflammatory cytokines and inflammatory 
responses can be reduced.25 It has a certain syner-
gistic effect with prednisone.22 While in our study, 
the levels of CRP, IL-6 and other inflammatory fac-
tors after treatment in the experimental group were 
lower than those in the control group, with a sta-
tistical significance (p<0.05). In addition, ESR, anti-
DSDNA antibody positive rate and SLEDAI score 
were decreased compared with the control group, 
while complement C3 and C4 levels were signifi-
cantly increased (p<0.05). Which were similar to 
the results of previous studies.

Limitations of the study: Few patients completed 
the clinical work of pathological examination; LN 
is a chronic disease with a long course, but follow-
up was performed for a short time. In respond to 
this, active and effective countermeasures will be 
taken in the future clinical work to further extend 
the follow-up time, so as to more objectively 
evaluate the long-term benefits of this treatment 
regimen for patients.

CONCLUSION

 Tacrolimus combined with glucocorticoids 
is a safe and effective treatment regimen for 
patients with lupus nephritis, boasting a variety 
of benefits, such as significant efficacy and fewer 
adverse reactions. With such a regimen, the level of 
inflammatory factors can be significantly reduced, 
renal function indicators can be ameliorated, the 
patient’s ESR, complement C3, C4, anti-dsDNA 
antibody positive rate and SLEDAI score can be 
significantly improved.

Declaration of conflicting interest: None.

Funding: None.

REFERENCES
1. Fava A, Petri M. Systemic lupus erythematosus: Diagnosis and 

clinical management. J Autoimmun. 2019;96:1-13. doi: 10.1016/j.
jaut.2018.11.001

Lu Li et al.



Pak J Med Sci     May - June  2022    Vol. 38   No. 5      www.pjms.org.pk     1291

Treatment of Lupus Nephritis

1.	 Lu	Li,
 Department of Nephrology, 
	 Baoding	First	Hospital,
	 Baoding	071000,	Hebei,	
	 P.R.	China.
2.	 Yong	Du,
	 Department	of	Rheumatology	and	immunology,
3.	 Juan	Ji,
 Department of Nephrology,
4.	 Ying	Gao,
 Department of Urology,
5.	 Xiao-qiang	Shi,
 Department of Urology,
2-5:	 Affiliated	Hospital	of	Hebei	University,	
	 Baoding	071000,	Hebei,	
	 P.R.	China.

Note:	Lu	Li	and	Yong	Du	are	both	considered	as	first	author.

 Correspondence:

 Xiao-qiang Shi,
 Department of Urology,
	 Affiliated	Hospital	of	Hebei	University,
	 Baoding	071000,	Hebei,	
	 P.R.	China.
 E-mail: shixiaoqiangmy@126.com
	 	 yy8512152021@126.com

2. Parikh SV, Almaani S, Brodsky S, Rovin BH. Update on Lupus 
Nephritis: Core Curriculum 2020. Am J Kidney Dis. 2020;76(2):265-
281. doi: 10.1053/j.ajkd.2019.10.017

3. Anders HJ, Saxena R, Zhao MH, Parodis I, Salmon JE, Mohan C. 
Lupus nephritis. Nat Rev Dis Primers. 2020;6(1):7. doi: 10.1038/
s41572-019-0141-9

4. Arazi A, Rao DA, Berthier CC, Davidson A, Liu Y, Hoover PJ, et 
al. The immune cell landscape in kidneys of patients with lupus 
nephritis [published correction appears in Nat Immunol. 2019 
Aug 13;:]. Nat Immunol. 2019;20(7):902-914. doi: 10.1038/s41590-
019-0398-x.

5. Nguyen QN, Zerafa N, Liew SH, Findlay JK, Hickey M, Hutt KJ. 
Cisplatin- and cyclophosphamide-induced primordial follicle 
depletion is caused by direct damage to oocytes. Mol Hum Reprod. 
2019;25(8):433-444. doi: 10.1093/molehr/gaz020

6. Yap DYH, Chan TM. B Cell Abnormalities in Systemic Lupus 
Erythematosus and Lupus Nephritis-Role in Pathogenesis and Effect 
of Immunosuppressive Treatments. Int J Mol Sci. 2019;20(24):6231. 
doi: 10.3390/ijms20246231

7. Fanouriakis A, Kostopoulou M, Cheema K, Anders HJ, Aringer M, 
Bajema I, et al. 2019 Update of the Joint European League Against 
Rheumatism and European Renal Association-European Dialysis and 
Transplant Association (EULAR/ERA-EDTA) recommendations for 
the management of lupus nephritis. Ann Rheum Dis. 2020;79(6):713-
723. doi: 10.1136/annrheumdis-2020-216924

8. Lee YH, Song GG. Comparative efficacy and safety of tacrolimus, 
mycophenolate mofetil, azathioprine, and cyclophosphamide as 
maintenance therapy for lupus nephritis: A Bayesian network 
meta-analysis of randomized controlled trials. Z Rheumatol. 
2017;76(10):904-912. English. doi: 10.1007/s00393-016-0186-z

9. Thong B, Olsen NJ. Systemic lupus erythematosus diagnosis and 
management. Rheumatology (Oxford). 2017;56(Suppl_1):i3-i13. doi: 
10.1093/rheumatology/kew401

10. Weening JJ, D’Agati VD, Schwartz MM, Seshan SV, Alpers CE, Appel 
GB, et al. The classification of glomerulonephritis in systemic lupus 
erythematosus revisited [published correction appears in J Am Soc 
Nephrol. 2004 Mar;15(3):835-6]. J Am Soc Nephrol. 2004;15(2):241-
250. doi: 10.1097/01.asn.0000108969.21691.5d

11. Jesus D, Matos A, Henriques C, Zen M, Larosa M, Iaccarino L, et al. 
Derivation and validation of the SLE Disease Activity Score (SLE-
DAS): A new SLE continuous measure with high sensitivity for 
changes in disease activity. Ann Rheum Dis. 2019;78(3):365-371. doi: 
10.1136/annrheumdis-2018-214502

12. Tanaka R, Shimojima Y, Ueno KI, Takasone K, Ichikawa T, Kishida D, 
et al. Moyamoya syndrome related to systemic lupus erythematosus 
developing during pregnancy: A case-based review. Clin Rheumatol. 
2020;39(12):3861-3867. doi: 10.1007/s10067-020-05246-6

13. Hannah J, Casian A, D’Cruz D. Tacrolimus use in lupus nephritis: 
A systematic review and meta-analysis. Autoimmun Rev. 
2016;15(1):93-101. doi: 10.1016/j.autrev.2015.09.006

14. Fanouriakis A, Tziolos N, Bertsias G, Boumpas DT. Update on the 
diagnosis and management of systemic lupus erythematosus. Ann 
Rheum Dis. 2021;80(1):14-25. doi: 10.1136/annrheumdis-2020-218272

15. Gasparotto M, Gatto M, Binda V, Doria A, Moroni G. Lupus 
nephritis: clinical presentations and outcomes in the 21st century. 
Rheumatology (Oxford). 2020;59(Suppl-5):v39-v51. doi: 10.1093/
rheumatology/keaa381

16. Anders HJ, Loutan J, Bruchfeld A, Juarez GMF, Floege J, Goumenos 
D, et al. The management of lupus nephritis as proposed by 
EULAR/ERA 2019 versus KDIGO 2021. Nephrol Dial Transplant. 
2021:gfab351. doi: 10.1093/ndt/gfab351

17. Chen Y, Sun J, Zou K, Yang Y, Liu G. Treatment for lupus nephritis: 
an overview of systematic reviews and meta-analyses. Rheumatol 
Int. 2017;37(7):1089-1099. doi: 10.1007/s00296-017-3733-2

18. Deng J, Chalhoub NE, Sherwin CM, Li C, Brunner HI. Glucocorticoids 
pharmacology and their application in the treatment of childhood-
onset systemic lupus erythematosus. Semin Arthritis Rheum. 
2019;49(2):251-259. doi: 10.1016/j.semarthrit.2019.03.010

19. Rovin BH, Solomons N, Pendergraft WF 3rd, Dooley MA, Tumlin J, 
Romero-Diaz J, et al. A randomized, controlled double-blind study 
comparing the efficacy and safety of dose-ranging voclosporin 
with placebo in achieving remission in patients with active 
lupus nephritis. Kidney Int. 2019;95(1):219-231. doi: 10.1016/j.
kint.2018.08.025

20. Tunnicliffe DJ, Palmer SC, Henderson L, Masson P, Craig JC, Tong 
A, et al. Immunosuppressive treatment for proliferative lupus 
nephritis. Cochrane Database Syst Rev. 2018;6(6):CD002922. doi: 
10.1002/14651858.CD002922.pub4

21. Santamaría-Alza Y, Motta JZN, Fajardo-Rivero JE, Pineda CLF. 
Systemic lupus erythematosus, gender differences in Colombian 
patients. Clin Rheumatol. 2018;37(9):2423-2428. doi: 10.1007/s10067-
018-4161-8

22. Gasparotto M, Gatto M, Binda V, Doria A, Moroni G. Lupus 
nephritis: Clinical presentations and outcomes in the 21st century. 
Rheumatology (Oxford). 2020;59(Suppl 5):v39-v51. doi: 10.1093/
rheumatology/keaa381

23. Rodriguez-Lago I, Castro-Poceiro J, Fernández-Clotet A, Mesonero 
F, López-Sanromán A, López-García A, et al. Tacrolimus induces 
short-term but not long-term clinical response in inflammatory 
bowel disease. Aliment Pharmacol Ther. 2020;51(9):870-879. doi: 
10.1111/apt.15687

24. Mok CC, Ying KY, Yim CW, Siu YP, Tong KH, To CH, et al. 
Tacrolimus versus mycophenolate mofetil for induction therapy 
of lupus nephritis: a randomised controlled trial and long-term 
follow-up. Ann Rheum Dis. 2016;75(1):30-36. doi: 10.1136/
annrheumdis-2014-206456

25. Mok CC, Ho LY, Ying SKY, Leung MC, To CH, Ng WL. Long-term 
outcome of a randomised controlled trial comparing tacrolimus 
with mycophenolate mofetil as induction therapy for active lupus 
nephritis. Ann Rheum Dis. 2020;79(8):1070-1076. doi: 10.1136/
annrheumdis-2020-217178

26. Zhou T, Lin S, Yang S, Lin W. Efficacy and safety of tacrolimus in 
induction therapy of patients with lupus nephritis. Drug Des Devel 
Ther. 2019;13:857-869. doi: 10.2147/DDDT.S189156

27. Yu Y, Zhong J, Peng L, Wang B, Li S, Huang H, et al. Tacrolimus 
downregulates inflammation by regulating pro-/anti-inflammatory 
responses in LPS-induced keratitis. Mol Med Rep. 2017;16(5):5855-
5862. doi: 10.3892/mmr.2017.7353

Authors’ Contributions:

LL & YD: Designed this study and prepared this 
manuscript, and are responsible and accountable 
for the accuracy or integrity of the work.
YG & XQS: Collected and analyzed clinical data.
JJ: Significantly revised this manuscript.

mailto:shixiaoqiangmy@126.com/

	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_Hlk95382005
	_GoBack
	_GoBack
	OLE_LINK1
	_GoBack
	_Hlk84883349
	_Hlk84795695
	_GoBack
	OLE_LINK3
	OLE_LINK4
	OLE_LINK5
	OLE_LINK6
	_ENREF_1
	_ENREF_2
	_ENREF_3
	_ENREF_4
	_ENREF_5
	_ENREF_6
	_ENREF_7
	_ENREF_8
	_ENREF_9
	_ENREF_10
	_ENREF_11
	_ENREF_12
	_ENREF_13
	_ENREF_14
	_ENREF_15
	_ENREF_16
	_ENREF_17
	_ENREF_18
	_ENREF_19
	_ENREF_20
	_ENREF_21
	_ENREF_22
	_ENREF_23
	_ENREF_24
	_ENREF_25
	_ENREF_26
	_ENREF_27
	_ENREF_28
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_Hlk48765418
	OLE_LINK14
	OLE_LINK15
	OLE_LINK16
	OLE_LINK20
	OLE_LINK17
	OLE_LINK18
	OLE_LINK19
	OLE_LINK21
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_Hlk80237630
	_GoBack
	_Hlk82849545
	_GoBack
	_Hlk90978508
	_GoBack
	_GoBack
	_Hlk74401505
	_Hlk74942807
	_GoBack
	_Hlk85792714
	_Hlk78715730
	_Hlk76417179
	_Hlk76417218
	_Hlk76417632
	_GoBack
	_GoBack
	_GoBack
	_Hlk74049160
	_Ref67317061
	_GoBack
	_gjdgxs
	_30j0zll
	_GoBack
	_Hlk85438010
	_Hlk85438051
	_Hlk12857052
	_Hlk12857100
	_GoBack
	_Hlk68129485
	_Hlk68129552
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_Hlk94196460
	_GoBack
	_GoBack
	_Hlk75875439
	_GoBack

