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Introduction
Systemic lupus erythematosus (SLE) is a chronic 
autoimmune disease that involves multiple organ 
systems and can cause organ damage. The mor-
tality of SLE has declined greatly in recent years 
due to the application of glucocorticoids and 
antimalarial drugs and the development of immu-
nosuppressants. However, considering its hetero-
geneity, relapsing-remitting course and great 
impact on quality of life, treatment options for 
SLE remain inadequate. For decades, only one 

new drug, belimumab, has been approved for the 
treatment of SLE.1,2

Mechanistic target of rapamycin (mTOR) is  
proved to be abnormally activated in both the 
immune system and non-traditional parenchymal 
organs in SLE patients.3,4 The mTOR inhibitor 
rapamycin (also called sirolimus) is reported to be 
effective in SLE, with limited adverse effects. 
Fernandez et al. were the first to successfully use 
sirolimus to treat nine SLE patients who failed 
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Abstract
Objective: To provide real-world data and summarize current clinical evidence on the efficacy 
and safety of sirolimus in active systemic lupus erythematosus (SLE) patients.
Methods: This was a prospective real-world clinical study. Included SLE patients should have 
Systemic Lupus Erythematosus Disease Activity Index 2000 (SLEDAI-2K) ⩾ 2. They were treated 
with sirolimus and followed up regularly. The SLEDAI-2K, Physician Global Assessment (PGA), 
serological activity indices, and remission of organ manifestations were evaluated. We also 
performed a meta-analysis to integrate current evidence of sirolimus in SLE.
Results: A total of 49 patients were included in the final analysis. After treatment, the SLEDAI-
2K (6.2 ± 3.1 versus 4.0 ± 3.4, p = 0.001) decreased significantly, and the prednisone dosage was 
tapered successfully (9.9 ± 8.8 mg/day versus 5.9 ± 4.0 mg/day, p = 0.002). Serological activity 
indices also improved [complement 3 (C3): 0.690 ± 0.209 g/l versus 0.884 ± 0.219 g/l, p < 0.001; 
complement 4: 0.105 ± 0.059 g/l versus 0.141 ± 0.069 g/l, p < 0.001; anti-dsDNA antibody, 
200 ± 178 IU/ml versus 156 ± 163 IU/ml, p = 0.022]. The remission proportions of arthritis, skin 
rash, and thrombocytopenia were 100%, 88.8%, and 46.2%, respectively. A total of 41.2% of 
lupus nephritis (LN) patients achieved renal remission, but the average 24-h urine protein 
level was not significantly changed. Meta-analysis enrolled five studies with 149 patients 
included, and revealed similar results regarding the changes of SLEDAI-2K [–3.5 (–5.0, –2.1)], 
C3 [0.224 (0.136, 0.311) g/l] and daily dosage of prednisone [–12.7 (–19.9, –5.6) mg/day].
Conclusion: Sirolimus might be effective and tolerated in SLE. The role of sirolimus in LN 
requires further study.
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with other immunosuppressive medications.5 
Studies by Yap et al. focused on lupus nephritis 
(LN) and suggested that sirolimus was effective 
in decreasing 24-h urine protein as an induction 
therapy in active LN patients.6,7 In 2018, Lai 
et al. published a phase I/II, single-arm prospec-
tive clinical trial that included 29 SLE patients 
without renal involvement in the final analysis.8 
They suggested that sirolimus could decrease 
SLE disease activity and improve arthritis and 
skin rash. Last year, Eriksson et al. retrospectively 
summarized their experience with long-term 
sirolimus as a treatment for non-renal manifesta-
tions of SLE, and indicated the acceptable toler-
ance and safety of sirolimus for a treatment period 
of nearly 4 years.9

To better clarify the efficacy and safety of siroli-
mus in SLE patients, we conducted a real-world 
study beginning January 2018. Furthermore, to 
integrate the current clinical evidence, we per-
formed a meta-analysis of the literature.

Methods

Part I: real-world study
Patients. This was a prospective real-world study 
based on the Chinese SLE Treatment and 
Research group (CSTAR) registry conducted in a 
single centre, Peking Union Medical College 
Hospital (PUMCH), beginning January 2018. 
Included patients should be 18–65 years old, ful-
fill the Systemic Lupus International Collaborat-
ing Clinics (SLICC) 2012 classification criteria 
for SLE, and have at least mild disease activity 
[Systemic Lupus Erythematosus Disease Activity 
Index 2000 (SLEDAI-2K) ⩾ 2]. Patients were 
excluded for the following reasons: (1) being 
complicated with neuropsychiatric lupus, preg-
nancy, or concurrent infections; (2) incomplete 
baseline or follow-up data; (3) treatment time less 
than 1 month; or (4) receiving steroid pulse ther-
apy, newly added immunosuppressants, angio-
tensin-converting enzyme inhibitors (ACEIs) or 
angiotensin receptor blockers (ARBs) within 
2 months before the first dose of sirolimus. LN 
was defined as clinical and laboratory manifesta-
tions that meet American College of Rheumatology 
(ACR) criteria (persistent proteinuria >0.5 g per 
day or greater than 3+ by dipstick, and/or cellular 
casts including red cell, hemoglobin, granular, 
tubular, or mixed), or renal biopsy demonstrating 
immune complex-mediated glomerulonephritis 
compatible with LN.10 This study was approved 

by the Medical Ethics Committee of PUMCH 
(approval number: S-478), and written informed 
consent was obtained from all recruited patients.

Assessments and follow-up. Baseline informa-
tion included demographics, family history, clini-
cal manifestations, laboratory results, and disease 
activity. Laboratory tests were performed at each 
visit and included complete blood counts, uri-
nalysis, 24-h urine protein (24 hUPro) levels, 
liver, and kidney function tests, and immunologic 
indices. Disease activity was assessed by Physi-
cian Global Assessment (PGA) and SLEDAI-2K 
scores.

Enrolled patients received sirolimus at a starting 
dose of 1 mg/day, and was adjusted according to 
tolerance. Patients were followed up at our clinic 
1 month, 3 months, and 6 months after initial of 
sirolimus treatment. After 6 months, patients vis-
ited at a frequency suggested by their physicians. 
The visit during which new immunosuppressants, 
steroid pulse therapy, or ACEIs/ARBs were 
added to a patient’s therapy was considered the 
last follow up.

Remissions of arthritis and skin rash were defined 
as disappearance of the corresponding items 
from the SLEDAI-2K scoring system since the 
previous visit. According to the immune throm-
bocytopenia (ITP) International Working Group 
Criteria,11 the remission of thrombocytopenia was 
classified as complete remission (CR), which was 
defined as a platelet count ⩾100 × 109/l, and par-
tial remission (PR), which was defined as a plate-
let count ⩾30 × 109/l and at least a 2-fold increase 
from the baseline count. According to criteria 
from the Aspreva Lupus Management Study,12 
CR of LN was defined as 24 hUPro < 0.5 g/24 h, 
normal urinary sediment, and serum creatine 
within 15% of the baseline value. PR was defined 
as a 50% reduction in 24hUPro, urine protein 
<3.5 g/24 h, and serum creatine within 25% of 
the baseline value.

The primary endpoint was SLEDAI-2K. 
Secondary endpoints included PGA, serological 
activity indices (including serum complement 
and titre of anti-dsDNA antibody), glucocorti-
coids dose that was needed for controlling dis-
ease, and remissions of organ involvement.

Statistical analysis. Continuous variables were 
analysed by a repeated two-tailed paired t-test 
when comparing the data obtained at each visit 
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with those obtained at baseline. Categorical vari-
ables were analysed by chi-square test or Fisher’s 
exact test, where appropriate. Two-tailed p < 0.05 
was considered statistically significant. Analysis 
was performed using SPSS 21.0.0.0 (SPSS, Chi-
cago, IL, USA) and pictured in Graph Pad Prism 
version 8.0.2.

Part II: meta-analysis
Literature search. This meta-analysis was com-
pleted following the Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses 
(PRISMA) guidelines. A comprehensive litera-
ture search was conducted in MEDLINE (OVID 
from 1946 to December 2019), Cochrane (from 
1997 to December 2019), and EMBASE (from 
1980 to December 2019). We chose “sirolimus”, 
“rapamycin” and “systemic lupus erythematosus” 
as MeSH terms or keywords.

Study selection and data collection. Two research-
ers completed the study selection separately. The 
types of articles were restricted to randomized 
controlled trials (RCTs), retrospective or pro-
spective clinical trials, and case series. Animal 
studies, cell studies, and reviews were excluded. 
Articles discussing the application of sirolimus in 
SLE patients in English underwent a further full-
text evaluation. We also considered the references 
to avoid leaving out potential articles. Articles 
with data concerning the efficacy of sirolimus 
treatment in SLE (including the SLEDAI, level 
of complement, titer of antibodies, and 24-h 
urine protein) were ultimately included in the 
meta-analysis. Abstracts were also acceptable if 
they met the previously mentioned criteria. Data 
extraction was conducted by one researcher and 
checked by another researcher. Discrepancies 
were discussed and arbitrated with a third inde-
pendent reviewer.

Statistical and bias analyses. To assess article 
quality, different methods, including the Cochrane 
risk of bias assessment tool for RCTs and the 
Newcastle-Ottawa quality assessment scale for 
nonrandomized clinical trials, were applied. Stata/
SE 15.0 was used for the meta-analysis. Consid-
ering the existence of heterogeneity, we adopted 
the random pooling model to generate forest 
plots. Sensitivity analysis was performed by 
sequentially omitting included studies. Begg’s test 
and Egger’s test were used to detect possible 
 publication bias.

Results

Part I: real-world study
Patient characteristics. A total of 49 patients 
were included in our study between January 2018 
and December 2019. Baseline characteristics are 
shown in Table 1. The average follow-up time was 
6.1 ± 3.6 months. Four SLE phenotypes were 
included in our study: mucocutaneous involve-
ment, arthritis, hematologic disorder, and LN. 
Among 17 patients diagnosed with LN, 7 experi-
enced renal biopsy. Three patients were LN 
Class V, one patient Class IV, two patients Class 
IV+V, and one patient Class III+V. As for disease 
activity, mildly and moderately active patients 
were included, and all had at least one point of 
clinical scores of SLEDAI-2K (i.e., excluding 
items for hypocomplementemia and positive anti-
dsDNA antibody). The patients either had an 
intolerance or a poor response to the previous 
immunosuppressants. A total of 24 (49.0%) 
patients were switched from other immunosup-
pressants to sirolimus, and among other 25 
(51.0%) patients, sirolimus was added on without 
suspending previous immunosuppressants (see 
“Concomitant medications” in Table 1).

Immunosuppressants regime of all patients had 
been stable for at least 3 months before screening. 
After enrollment, the dose of concomitant immu-
nosuppressants were not changed, except that 
two patients experienced withdrawal of cyclo-
phosphamide because of disease improvement. 
The average dosage of sirolimus was 1.1 ± 0.3 mg/
day, and the corresponding trough concentration 
was 4.5 (0.6–12.1) ng/ml.

Efficacy of sirolimus. SLEDAI-2K scores decreased 
significantly over time (6.6 ± 3.1, 5.2 ± 3.3, 
5.1 ± 4.0, and 4.0 ± 3.4 at baseline and at months 
1, 3, and 6 after initial treatment, respectively; 
p = 0.001, 0.038, and 0.001 compared with base-
line, respectively; Figure 1A), as did the PGA 
(0.74 ± 0.39, 0.65 ± 0.38, 0.60 ± 0.49, and 
0.43 ± 0.33 at baseline and at months 1, 3, and 6 
after initial treatment, respectively; p = 0.040, 
0.041, and 0.002 compared with baseline, respec-
tively; Figure 1B). Prednisone dosage, which was 
needed to control disease, tapered down smoothly 
(10.6 ± 9.7 mg/day, 11.3 ± 12.6 mg/day, 7.2 ± 5.6 mg/
day, 5.9 ± 4.4 mg/day at baseline and at months 1, 
3, and 6 after initial treatment, respectively; 
p = 0.929, 0.016, and 0.001 compared with base-
line, respectively; Figure 1C).
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Sirolimus also showed an excellent effect in decreas-
ing serological activity. Serum C3 (0.697 ± 0.222 g/l, 
0.781 ± 0.238 g/l, 0.855 ± 0.274 g/l, and 0.884 ±  
0.219 g/l at baseline and at months 1, 3, and 6 
after initial treatment, respectively; p < 0.001, 
<0.001, and <0.001 compared with baseline, 
respectively; Figure 1D), as well as C4 (0.103 ±  
0.055 g/l, 0.123 ± 0.061 g/l, 0.126 ± 0.070 g/l, and 
0.141 ± 0.069 g/l at baseline and at months 1, 3, 
and 6 after initial treatment, respectively; 
p < 0.001, <0.001, and <0.001 compared with 
baseline, respectively; Figure 1E), increased sig-
nificantly after treatment. Sirolimus returned low 
complement concentrations to normal in 60% of 
patients with low C3 levels (n = 25) and in 42.9% 
of patients with low C4 levels (n = 21) within 
1 year. The anti-dsDNA antibody also decreased 
significantly over time (Figure 1F), and was con-
verted to negative in 16.7% of patients with a 
positive anti-dsDNA antibody (n = 24).

In regard to organ remission, nine patients suffered 
from skin rash, and eight (88.8%) of them relieved 
rapidly within 4 months. All three patients who were 
complicated with arthritis relieved within 2 months; 
13 patients had thrombocytopenia, 6 (46.2%) of 

Table 1. Baseline characteristics of the included SLE 
patients receiving sirolimus treatment.

Mean ± SD or n (%)
n = 49

Age (years) 36.3 ± 9.9

Female 46 (93.9)

Duration of SLE (years) 7.5 ± 5.1

Clinical manifestations  

 Mucocutaneous 12 (24.5)

 Arthritis 3 (6.1)

 Lupus nephritis 24 (48.9)

 Hematologic disorder 23 (46.9)

 Thrombocytopenia 13 (26.5)

Immunologic indices  

 ANA 49 (100)

 Anti-dsDNA 40 (81.6)

 Anti-Sm 18 (36.7)

 Anti-RNP 24 (49.0)

 Anti-SSA 34 (69.4)

 Anti-SSB 38 (77.6)

 Anti-rRNP 16 (32.7)

 Antiphospholipid antibody 15 (30.6)

 Hypocomplementemia 33 (67.3)

SLEDAI-2K 6.6 ± 3.1

 2–4 14 (28.6)

 5–9 25 (51.0)

 10–13 10 (20.4)

PGA 0.74 ± 0.39

Concomitant medications 25 (51.0)

 Prednisone 39 (79.6)

 Daily dose (mg) 12.6 ± 9.3

 Hydroxychloroquine 44 (89.8)

 ACEI/ARB 13 (26.5)

Add-on therapy 25 (51.0)

 No previous IS agentsa 9 (18.4)

 Methotrexate 2 (4.1)

Mean ± SD or n (%)
n = 49

 Azathioprine 5 (10.2)

 Tacrolimus 3 (6.1)

 Mycophenolate mofetil 3 (6.1)

 Cyclophosphamide 3 (6.1)

Switch therapy 24 (49.0)

 Tacrolimus 9 (18.3)

 Mycophenolate mofetil 7 (14.2)

 Cyclophosphamide 4 (8.2)

 Leflunomide 3 (6.1)

 Cyclosporin A 1 (2.0)

aThese patients were on prednisone and 
hydroxychloroquine before sirolimus was added on.
ACEI, angiotensin-converting enzyme inhibitor; ARB, 
angiotensin receptor blocker; IS, immunosuppressive; 
PGA, physician global assessment; SD, standard deviation; 
SLE, systemic lupus erythematosus; SLEDAI-2K, systemic 
lupus erythematosus disease activity index 2000.

Table 1.  (Continued)

(Continued)
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whom achieved CR either by 2 months (4 patients) 
or by 12 months (2 patients).

Of 17 patients with urine protein ⩾0.5 g/24 h, 7 
achieved renal remission (3 patients achieved CR, 
and 4 achieved PR) by 3 months (4 patients) or by 
9 months (3 patients). However, there was no 

difference in 24-h urine protein before and after 
sirolimus treatment (Figure 1G).

Safety of sirolimus. Adverse events are summa-
rized in Table 2. Drug discontinuation occurred 
in three patients due to allergic skin rash, ankle 
oedema and thrombocytopenia (n = 1 each). 
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Figure 1. Efficacy of sirolimus in active SLE patients. Mean SLEDAI-2K score (A), PGA score (B), Daily dosage 
of prednisone that was required for controlling disease (C), Serum C3 (D), Serum C4 (E), Titer of anti-dsDNA 
antibody (F), and 24-hour urine protein (G), at baseline and at each visit (months 1, 3 and 6).
24hUPro, 24-h urine protein; C3, complement 3; C4, complement 4; PGA, physician global assessment; SLE, systemic lupus 
erythematosus; SLEDAI-2K, Systemic Lupus Erythematosus Disease Activity Index 2000.
*p < 0.05; **p < 0.01; ***p < 0.001.
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Dosage reduction was applied to two patients 
because of infection. Two patients developed mild 
infections (one Epstein-Barr virus infection and 
one varicella zoster virus infection), and one 
patient developed moderate infection (lung infec-
tion); all infections were relieved after treatment. 
Two patients developed leukopenia, one of whom 
was also prescribed mycophenolate mofetil and 
complicated with infection. Gastrointestinal 
symptoms, which occurred in one patient, were 
relieved very soon. One patient exhibited recur-
rent but mild mouth ulcers. Regarding renal func-
tion, five patients suffered from renal insufficiency 
[defined as estimated glomerular filtration rate 
(eGFR) < 60 ml/min/1.73 m2, which was calcu-
lated by CKD-EPI (Chronic Kidney Disease Epi-
demiology Collaboration) equation] at baseline, 
explaining why two patients switched to sirolimus 
from calcineurin inhibitors (CNIs). Among these 
individuals, renal function was recovered in four 
patients, and remained stable in the other one 
patient after treatment. The eGFR changed as fol-
lows: Patient_1, from 46 ml/min/1.73 m2 to 54 ml/
min/1.73 m2; Patient_2, from 44 ml/min/1.73 m2 

to 73 ml/min/1.73 m2; Patient_3, from 43 ml/
min/1.73 m2 to 55 ml/min/1.73m2; Patient_4, 
from 43 ml/min/1.73m2 to 55 ml/min/1.73 m2; 
and Patient_5, from 54 ml/min/1.73 m2 to 52 ml/
min/1.73 m2. Renal function in the remaining 
patients remained stable (62.1 ± 10.0 ml/min/ 
1.73 m2 before sirolimus versus 60.1 ± 11.1 ml/
min/1.73 m2 after sirolimus, p = 0.070).

Part II: meta-analysis
Study characteristics. Five studies were included 
in the meta-analysis. A flowchart of article screen-
ing is illustrated in Figure 2. The quality assess-
ment is shown in Supplemental Table S1. The 
characteristics of the five studies are summarized 
in Table 3. A total of 149 patients were involved in 
these studies, which were carried out in the 
United States and China. All of these studies had 
a follow-up time of at least 6 months. Yap et  al. 
focused on LN,6 while the other four studies 
focused on SLE.

Effectiveness of sirolimus. The pooled change in 
SLEDAI before and after sirolimus treatment was 
–3.5 (–5.0, –2.1) (p < 0.001); that in prednisone 
dose was –12.7 (–19.9, –5.6) mg/day (p < 0.001); 
and that in C3 was 0.224 (0.136, 0.311) g/l 
(p < 0.001) (Figure 3A–C).

Sensitivity analysis suggested that the level of C3 
was stable, and the deletion of a single study did 
not change the heterogeneity, while “Lai 2018”had 
an influence on heterogeneity for SLEDAI 
(I2 = 59% versus I2 = 43%), and the requirement of 
prednisone (I2 = 90% versus I2 = 82%).

Funnel plots did not reveal any obvious asymmetry 
when estimating the publication bias of the meta-
analysis (Supplemental Figure S1). Furthermore, 
Begger’s and Egger’s tests confirmed that there 
was no publication bias (p > 0.05).

Safety of sirolimus. A literature review was also 
performed to thoroughly investigate the adverse 
events of sirolimus in SLE (Table 2). We included 
five studies by Lai et al.,8 Eriksson et al.,9 Fernan-
dez et al.,5 Yap et al.,6 and Chu et al.13 with a total 
of 127 patients (Table 2). No severe adverse 
events were reported in these studies.

Discussion
This is the first meta-analysis exploring the effi-
cacy and safety of sirolimus in SLE patients. 

Table 2. Adverse events recorded in SLE patients who received sirolimus 
treatment.

Adverse event Incidence n (%)a

 PUMCH
n = 49

Literature review
n = 127

Infection 3 (6.1) 5 (3.9)

Leukopenia 2 (4.1) 4 (3.1)

Allergic symptoms 2 (4.1) 3 (2.4)

Thrombocytopenia 1 (2.0) 0

Peripheral oedema 1 (2.0) 2 (1.6)

Gastrointestinal symptoms 1 (2.0) 9 (7.1)

Mucosal ulcer 1 (2.0) 1 (0.8)

Dyslipidaemia NA 10 (7.9)

Anaemia 0 4 (3.1)

Elevated liver enzymes 0 1 (0.8)

Malignant tumour 0 3 (2.4)

Headache 0 2 (1.6)

aData from PUMCH and Literature review were compared by chi-square test or 
Fisher’s exact test, where appropriate, and the p values for each adverse event 
were all found to be >0.1.
NA, not applicable; PUMCH, Peking Union Medical College Hospital.
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Moreover, we added data from our prospective 
real-world study, which is the largest to date, to 
further support the results from previous studies. 
In this article, we proved that sirolimus was effec-
tive in decreasing the disease activity of SLE, 
especially in the recovery of hypocomple-
mentemia. It was also helpful in the dosage taper-
ing of prednisone and in treating to remission of 
arthritis, skin rash and thrombocytopenia. 
However, the role of sirolimus in LN requires fur-
ther clinical evidence.

mTOR is a protein kinase that connects cellular 
metabolic processes with a wide range of environ-
mental signals, such as proinflammatory cytokines, 
nutrients, and growth factors. The abnormal 

activation of mTOR drives the proinflammatory 
expansion of T helper (Th) type 1,14 Th17,15,16 
and CD4–CD8– (double-negative, DN) T cells17 
and promotes B cell proliferation/survival18 as 
well as the expansion of T-bet+CD11c+ atypical 
memory B cells,19 but inhibits the development of 
CD4+CD25+FoxP3+ T regulatory (Treg) 
cells,20 attributed to the pathogenesis of SLE and 
other autoimmune diseases.21–26 In fact, numer-
ous studies indeed have shown that mTOR acti-
vation precedes the onset and flare of SLE.17,27–29 
Rapamycin, the most commonly used inhibitor of 
mTOR, was first used to prevent organ transplan-
tation rejection, but, in recent years, researchers 
have become aware of its great potency in block-
ing the development of SLE in lupus-like murine 

Figure 2. Flowchart of studies included in the meta-analysis.
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models.30–32 Clinical studies gave further cre-
dence to the effect and safety of rapamycin in 
SLE, as stated before. Confirmed by our meta-
analysis, they all showed a significant reduction in 
disease activity, including serological activity, and 
the dosage tapering of glucocorticoids.

Our real-world study showed a significant 
decrease of SLEDAI-2K, further supporting the 
results of previous studies.8,9 Furthermore, 
improved serological activity, especially in C3 
concentration, was prominent in our study after 
sirolimus treatment and even better than that 
reported in belimumab studies. In a belimumab 
trial, a 2.74–5.59% increase in the C3 concentra-
tion from baseline at week 52 was observed, and 
the low C3 level returned to normal in 23–34% of 
patients.1 As a comparison, our study illustrated 
an increase in C3 concentration by 28.1%, and 
the normalization of low C3 levels occurred in 
60% of patients. The improvement in C4 and the 
anti-dsDNA antibody was similar between two 
studies (data not shown). Although it is difficult 
to compare a real-world study with a randomized 
clinical trial, these results are still encouraging 
and hold promise for sirolimus as an alternative 
treatment option for SLE.

Regarding the improvement in organ manifesta-
tions, the largest two studies by Lai et  al.8 and 
Eriksson et  al.9 focused on the mucocutaneous 
and musculoskeletal systems. Significant reduc-
tions in the PGA or BILAG scores in the mucocu-
taneous and musculoskeletal systems were 
observed in their studies. Similarly, the high 
remission proportions of skin rash (88.9%) and 

arthritis (100%) in our study further supports this 
conclusion.

Evidence for sirolimus in SLE-related thrombo-
cytopenia in previous studies was limited. Only 
one clinical trial involved two SLE patients com-
plicated by Evans syndrome, and both achieved 
complete response by 3 months and 12 months.33 
However, many studies have demonstrated its 
efficacy and safety in ITP. In a randomized clini-
cal trial, the response rate of ITP patients treated 
with sirolimus plus prednisone was similar to 
those treated with cyclosporine plus prednisone 
(58% versus 62%, p = 0.70).34 Even when used 
alone, sirolimus also achieved a high response 
rate in ITP patients.35,36 Similar to SLE, ITP is 
also characterized by an impairment in Treg cells, 
which can suppress self-reactive lymphocytes 
against platelets and the production of autoanti-
bodies,37,38 and an increase in proinflammatory 
Th17 cells.38 Hence, we assumed that sirolimus 
could also aid in SLE-related thrombocytopenia. 
Our real-world study was the first to show a pre-
liminary CR rate to sirolimus of 46.1% in SLE-
related thrombocytopenia patients. Two-thirds of 
patients achieved quick remission within 2 months 
and maintained a stable platelet count during the 
subsequent visits.

Regarding LN, only one study by Yap et  al. 
involved 16 patients with biopsy-proven LN, five 
of whom were active and 11 of whom were quies-
cent. Two active LN patients discontinued siroli-
mus because of adverse events, and the remaining 
three patients achieved CR. All 11 patients with 
quiescent disease remained stable without renal 

Table 3. Characteristics of studies included in the meta-analysis.

Study ID Nation Study type Time span No. of 
patients

Age (years) Patients Sirolimus 
dose (mg/day)

Follow-up 
time (months)

Fernandez 
et al.5

US Prospective NR 9 37.4 ± 12.3 SLE 2 19.67 ± 15.08

Yap et al.6 China Retrospective 2007–2016 16 NA LN 2 or 1 36

Lai et al.8 US Prospective 2009–2014 40 45.4 ± 14.3 SLE 2 12

Chu et al.13 China Prospective 2016–2018 35 33.8 ± 10.1 SLE 0.25 6

PUMCH China Prospective 2018–2019 49 36.3 ± 9.9 SLE 1.1 ± 0.3 6.1 ± 3.6

Data are presented as mean ± SD, unless otherwise stated.
LN, lupus nephritis; NA, not applicable; NR, not reported; PUMCH, Peking Union Medical College Hospital; SD, standard deviation; SLE, systemic 
lupus erythematosus; US, United States.

https://journals.sagepub.com/home/tab


L Peng, C Wu et al.

journals.sagepub.com/home/tab 9

flare.6 Earlier evidence from lupus-prone mice 
also supported the role of sirolimus in LN.39 
However, in our study, the role of sirolimus in 
proteinuria seemed illusive, and additional evi-
dence is needed. Of the patients in our study, 7 
achieved remission of proteinuria, whereas 10 
patients experienced worsening of proteinuria. 
Since 1 mg/day sirolimus was used in our study, 
which was lower than 2 mg/day sirolimus used in 
the study by Yap et al., we believe that 1 mg/day 
sirolimus might be inadequate for the treatment 
of LN. On the other hand, mTOR inhibitors are 
indeed associated with a high incidence of new-
onset proteinuria or worsening of pre-existing 
proteinuria in transplant recipients,40–42 but these 
effects might be dose-dependent. For example, 
everolimus, one of the most commonly used 
sirolimus analogues, showed a dose-dependent 
impact on proteinuria. Wiseman et al. found that 
3.0 mg/day rather than 1.5 mg/day everolimus was 
correlated with proteinuria.42 Likewise, high 

sirolimus levels were found to induce de novo 
focal segmental glomerulosclerosis43 and were 
associated with reduced expression of key podo-
cyte proteins.44 However, at a relatively lower 
dose (considerably lower than that required for 
the prevention of transplant rejection), sirolimus 
can markedly activate autophagy45 and protect 
proximal tubular cells against damage associated 
with proteinuria,46 thus exerting its beneficial 
effects in proteinuric nephropathy. In conclusion, 
the use of low doses (no more than 2 mg/day) of 
rapamycin might be related not to a high risk of 
proteinuria but to additional tubule-interstitial 
protection. However, based on our experience, a 
very low dose (e.g. 1 mg/day) may not be enough 
to control LN. Hence, more studies are required 
to prove our assumption and to determine a suit-
able dosage for the best application of sirolimus in 
LN. Regardless, to our delight, studies have also 
revealed that even if an mTOR inhibitor induces 
proteinuria, withdrawal of the inhibitor can 

(A)

(B)

(C)

Figure 3. Forest diagrams of the meta-analysis assessing the efficacy of sirolimus on SLE patients. Pooled 
change in SLEDAI-2K scores (A), daily dose of prednisone required for controlling disease (B), and serum C3 (C).
C3, complement 3; PUMCH, Peking Union Medical College Hospital; SLE, systemic lupus erythematosus; SLEDAI-2K, 
Systemic Lupus Erythematosus Disease Activity Index 2000.
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reduce the urine protein level to near that before 
treatment.47 Thus, urine protein should be 
intensely monitored when sirolimus is adminis-
tered. Moreover, considering the number of 
patients in different LN subgroups was limited in 
our study, it was hard for us to investigate the 
effect of sirolimus on different histopathological 
LN subtypes. Further studies are warranted in 
this respect.

All adverse events in our study and previous stud-
ies seemed tolerable and manageable. The most 
common adverse event was dyslipidaemia, which 
was reported to be easily controlled by statins. 
Infections, especially severe infections, were not 
common when using sirolimus. Our study indi-
cated eGFR recovery after switching from CNIs to 
sirolimus, highlighting the advantage of sirolimus 
(i.e., lack of nephrotoxicity) from its long-term 
usage over CNIs. According to the literature 
review, one patient developed malignancy after 
being exposed to sirolimus for 31 months,9 which, 
however, might not be attributed to sirolimus. 
Sirolimus was actually reported to be associated 
with a lower incidence and lower recurrence of 
malignancy compared with other immunosuppres-
sive regimens in kidney transplant recipients.48–50 
This might give it an advantage over other immu-
nosuppressive agents in SLE patients with previ-
ous cancer. Clinicians should also pay attention to 
possible drug allergies, although they rarely occur.

One of the limitations of this study was that we 
did not routinely monitor the lipid profiles of our 
patients. In addition, this was only a pilot study, 
with no comparison or control group. Further 
randomized clinical trials should be designed.

Conclusion
In summary, sirolimus was effective and tolerable 
in active SLE patients, either as a monotherapy or 
in combination with other immunosuppressive 
agents. It is promising in improving skin rash, 
arthritis, and thrombocytopenia, but its role in 
LN needs further investigation. The nonnephro-
toxic property of sirolimus may make it a safe and 
unique option for immunosuppressive therapy in 
SLE. Further high-quality studies are required to 
further demonstrate its role in SLE and explore 
the optimal dose.
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