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Abstract
Background Targeted small-molecule drugs in the treatment of systemic lupus erythematosus (SLE) have attracted 
increasing attention from clinical investigators. However, there is still a lack of evidence on the difference in the 
efficacy and safety of different targeted small-molecule drugs. Therefore, this study was conducted to assess the 
efficacy and safety of different targeted small-molecule drugs for SLE.

Methods Randomized controlled trials (RCTs) on targeted small-molecule drugs in the treatment of SLE in PubMed, 
Web of Science, Embase, and Cochrane Library were systematically searched as of April 25, 2023. Risk of bias 
assessment was performed for included studies using the Cochrane’s tool for evaluating the risk of bias. The primary 
outcome indicators were SRI-4 response, BICLA response, and adverse reaction. Because different doses and courses 
of treatment were used in the included studies, Bayesian network meta-regression was used to investigate the effect 
of different doses and courses of treatment on efficacy and safety.

Results A total of 13 studies were included, involving 3,622 patients and 9 targeted small-molecule drugs. The 
results of network meta-analysis showed that, in terms of improving SRI-4, Deucravacitinib was significantly superior 
to that of Baricitinib (RR = 1.32, 95% CI (1.04, 1.68), P < 0.05). Deucravacitinib significantly outperformed the placebo 
in improving BICLA response (RR = 1.55, 95% CI (1.20, 2.02), P < 0.05). In terms of adverse reactions, targeted small-
molecule drugs did not significantly increase the risk of adverse events as compared to placebo (P > 0.05).

Conclusion Based on the evidence obtained in this study, the differences in the efficacy of targeted small-molecule 
drugs were statistically significant as compared to placebo, but the difference in the safety was not statistically 
significant. The dose and the course of treatment had little impact on the effect of targeted small-molecule drugs. 
Deucravacitinib could significantly improve BICLA response and SRI-4 response without significantly increasing the 
risk of AEs. Therefore, Deucravacitinib is very likely to be the best intervention measure. Due to the small number of 
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Background
Systemic lupus erythematosus (SLE) is a systemic auto-
immune disease induced by immune system dysfunc-
tion, which may cause damage to multiple organs and 
systems [1]. The pathogenesis of SLE is very complicated, 
involving almost all parts of the immune system. Multiple 
genetic, epigenetic, environmental, and hormonal fac-
tors may lead to the loss of self-tolerance and disorders of 
adaptive and innate immune systems [2]. Therefore, the 
treatment of SLE is complex and challenging.

At present, the treatment of SLE still relies mainly on 
glucocorticoids and immunosuppressants. However, 
the treatment efficacy is not satisfactory. Some patients 
are poorly responsive to these targeted small-molecule 
drugs, with relevant adverse reactions [3]. In recent 
years, with the in-depth understanding of the pathogen-
esis of SLE, it has been found that disordered produc-
tion and abnormal expression or level of cytokines in SLE 
may be the main pathogenic factors. Disorders of cyto-
kine network are conducive to inhibiting cytokine activ-
ity and promoting cytokine survival and the production 
of autoantibodies [4], which provides novel insights into 
the research and development of relevant new drugs. 
For example, such targeted small-molecule drugs as 
Janus Kinase Inhibitors(JAKs), Bruton Tyrosine Kinase 
(BTK), Spleen Tyrosine Kinase(SYK), and Sphingosine 
1-Phosphate Receptor(Sphingosine 1-Phosphate Recep-
tor) are being developed for the treatment of malignant 
and autoimmune diseases, including SLE [5]. These drugs 
differ from biological disease-modifying antirheumatic 
drugs (DMARDs). Some DMARDs are large-molecule 
drugs to be administered by injection, while small-mole-
cule drugs are orally administered and can directly enter 
the cytoplasm to take effect. Due to such advantages as 
convenient administration, low production cost, and no 
immunogenicity, targeted small-molecule drugs have 
broad clinical application prospects [6].

Targeted small-molecule drugs are gaining increasing 
attention from clinical investigators. Many clinical tri-
als have been published to investigate the efficacy and 
safety of targeted small-molecule drugs. However, the 
difference in their efficacy and safety is still unclear. In 
the meantime, there are a number of ongoing Random-
ized controlled trials (RCTs) (such as NCT03920267, 
NCT05620407, NCT05617677, NCT05672576 and 
NCT05648500) about targeted small-molecule drugs in 
the treatment of SLE on the clinical trial registration plat-
form (https://beta.clinicaltrials.gov), indicating that the 
efficacy and safety of targeted small-molecule drugs in 

the treatment of SLE remain a research hotspot. Hence, 
in this study, the efficacy and safety of different targeted 
small-molecule drugs were compared by using Bayesian 
network meta-analysis based on published RCTs to find 
out the best targeted small-molecule drugs as much as 
possible, so as to provide an evidence-based reference for 
clinical application and study.

Methods
Study registration
This study was conducted in accordance with The Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses for Network Meta-Analyses (PRISMA-NMA) 
and was prospectively registered in PROSPERO (ID: 
CRD42023420169).

Eligibility criteria
Inclusion criteria
Population: Patients were definitely diagnosed with SLE. 
No restrictions were imposed on race, nationality, sex, 
age, and course of disease.

Intervention: Targeted small-molecule drugs (includ-
ing JAKs, BTK, SYK, Proteasomes, Cereblon, and S1PR1) 
were used.

Comparison: Placebo.
Outcome:
(1) Primary outcome indicators: (1) Systemic Lupus 

Erythematosus Responder Index (SRI-4) response rate: A 
24-item weighted score of lupus activity ranged from 0 to 
105, with a higher score indicating higher disease activity 
and a score reduction of at least 4 points indicating being 
effective [7]; (2) BILAG-based Composite Lupus Assess-
ment response(BICLA). The BILAG is used to assess the 
disease activity. If there is no Grade A or the number of 
Grade B is ≤ 1, and there is no deterioration in the disease 
activity (increased by less than 0.3 from baseline) accord-
ing to physician’s global assessment (PGA), the drug is 
considered effective [8]; (3) Adverse reactions.

(2) Secondary outcome indicators: (1) CLASI-50: Cuta-
neous Lupus Erythematosus Disease Area and Severity 
Index (CLASI) is an indicator to evaluate the severity of 
cutaneous lupus erythematosus, and the score ranges 
from 0 to 70, with a higher score indicating more severe 
condition and higher activity, and a 50% reduction in the 
CLASI-A score called CLASI-50 [9]; (2) Swollen and ten-
der joint count (baseline - end of treatment): It reflects 
the degree of joint pain and swelling, and a higher score 
indicates a more severe condition.

 Study design: RCTs.

included studies, more high-quality clinical evidence is needed to further verify the efficacy and safety of targeted 
small-molecule drugs for SLE.
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Exclusion criteria
P (Population): Other types of SLE, such as lupus 
nephritis, active central nervous system lupus and lupus 
vasculitis.

I (Intervention): Different administration methods of 
targeted small-molecule drugs at the same dosage were 
used.

C: None.
O: None.
S (Study design): Meeting abstract published without 

peer review. If several studies were published based on 
the same RCT, a study with the largest sample size, the 
most complete follow-up time, and the most outcome 
indicators was included.

Data sources and search strategy
RCTs of targeted small-molecule drugs in the treatment 
of SLE in PubMed, Embase, Cochrane Library, and Web 
of Science were systematically searched as of April 25, 
2023 using the combination of subject words and free 
words. Search words included Systemic Lupus Erythe-
matosus, Lupus Erythematosus Disseminatus, Libman-
Sacks Disease, JAKs, Baricitinib, Agammaglobulinaemia 
Tyrosine Kinase, Fostamatinib. The search strategies are 
presented in Appendix 1.

Study selection
We imported the retrieved literature into EndNoteX9 
software and removed duplicate publications that were 
marked automatically and manually. As for the remaining 
literature, unqualified literature is deleted by reading the 
title and abstract; as for potentially qualified literature, 
the full text is downloaded and read to further screen the 
literature, so as to identify the original studies that are eli-
gible for this systematic review. Literature screening was 
carried out independently by two investigators (Wang 
SH and Ning WL), and cross-check was conducted after 
completing the screening. Disagreements, if any, were 
discussed jointly with a third investigator (Tang HQ).

Data extraction
A data extraction table was designed by two investigators 
(Wang SH and Zhang FX) according to the information 
required in the study, and data were extracted indepen-
dently by them. The contents included ① Basic informa-
tion: Title, author, year, study design, diagnosis criteria, 
intervention measures, course of treatment, and outcome 
indicators; ② Demographic characteristics: Sample size, 
age, and gender; ③ Methodological information: random-
ization method, allocation concealment protocol, blind-
ing method, data integrity, selective reporting od results, 
other bias. If the information extracted by them was 
inconsistent, they would discuss the problem with each 
other to reach a consensus.

Risk of bias in studies
Two investigators (Wang SH and Ning WL) used 
Cochrane’s tool for evaluating the risk of bias in RCTs 
[10] to assess the risk of bias in the included studies. This 
assessment tool included the following 7 items: genera-
tion of random sequences, allocation concealment, blind-
ing of subjects and intervention providers, blinding of 
result evaluators, incomplete result data, selective report-
ing of results, and other sources of bias. Each item was 
graded as low-bias, high-bias, or unclear. The assessment 
results of the risk of bias were directly displayed using 
Revman5.4.

Synthesis methods
A Bayesian random-effects model was used to compare 
the efficacy of various intervention measures. The Mar-
kov Chain Monte Carlo (MCMC) method was used for 
modeling, and 4 Markov chains were run at the same 
time. The number of annealing was set to 20,000, and the 
modeling was completed after 50,000 simulative itera-
tions. Deviance information criterion (DIC) was used to 
compare model fitting and global consistency, and we 
would adopt the node-splitting method to analyze local 
consistency if closed loops existed. In addition, these 
intervention measures were ranked based on surface 
under the cumulative ranking curve (SUCRA), and the 
league table was generated to compare the difference in 
the effects among intervention measures.

Since the included studies were multi-arm studies on 
targeted small-molecule drugs with different doses and 
courses of treatment, Bayesian network meta-regres-
sion was adopted to analyze whether there were signifi-
cant differences in efficacy and safety among targeted 
small-molecule drugs at different doses and courses of 
treatment in comparison with the placebo. When the 
number of included studies in the meta-analysis of an 
outcome indicator was ≥ 10, a funnel plot would be used 
to intuitively reflect the publication bias. The analysis 
was completed using Stata 15.0 (Stata Corporation, Col-
lege Station, TX) and R4.2.0 (R development Core Team, 
Vienna, http://www.R-project.org). P < 0.05 indicates that 
the difference is statistically significant.

Results
Study selection
Through a preliminary search, 3,245 relevant articles 
were obtained, and 562 duplicate articles were excluded. 
After reading the title and abstract, 24 articles were 
included, and 11 articles were included through full-text 
screening (3 studies of the same RCT repeatedly pub-
lished with different outcomes or populations, 2 studies 
with no interest outcome indicators, and 6 conference 
abstracts without peer review). Finally, 13 studies were 

http://www.R-project.org
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included [11–23]. The literature screening process is 
illustrated in Fig. 1.

Study characteristics
Thirteen studies were included in this analysis, involving 
a total of 3,622 patients, and the authors of the included 
studies were from the United States, the United King-
dom, Germany, Australia, and Switzerland. The year 
of publication was between 2016 and 2023, and most 
of the studies were published in recent three years. The 
diagnosis criteria for SLE were mainly the American 
College of Rheumatology classification criteria [24, 25]. 
Eleven studies [11–19, 21–23] were multi-arm stud-
ies on a targeted small-molecule drug at different doses. 
Targeted small-molecule drugs used in the intervention 
group included JAKs (Baricitinib Filgotinib, Deucravaci-
tinib, GSK2586184), BTK (Fenebrutinib, Evobrutinib), 
Cereblon (Iberdomide), SYK (Lanraplenib), and S1PR1 
(Cenerimod). The basic characteristics of included stud-
ies are provided in Table 1.

Risk of bias in the included studies
In terms of randomization methods, the computer-gen-
erated random sequence method was used in 4 studies 
[11, 14, 17, 18], and the inter-active web response system 
was used in 3 studies [19, 21, 22]. Allocation conceal-
ment was used in 4 studies [11, 14, 17, 18]. The blind-
ing method was used in all studies. Data from all studies 
were complete, and no selective reporting was found. The 
sample size of 2 studies [13, 21] was small, which may 
cause publication bias. Figures 2 and 3 show the results of 
the risk of bias for each included study.

Meta-analysis
SRI-4 response
The correlation among intervention measures SRI-4 
response was reported in 7 studies [12, 14, 16–19, 23], 
involving 5 targeted small-molecule drugs from JAKs, 
BTK, and Cereblon. The comparison between targeted 
small-molecule drugs and the placebo was only reported 
in each study, and there was no pairwise comparison 
among targeted small-molecule drugs. The number of 

Fig. 1 Literature screening process
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No. First 
author

Author’s country Publi-
cation 
year

NCT No. Diagnostic criteria for systemic lupus erythematosus (SLE) Mean 
SLEDAI-2 K 
score(baseline)

1 Thomas 
Dörner

Germany 2022 NCT02708095 American
College of Rheumatology classification criteria OR the 2012 
Systemic Lupus Erythematosus International Collaborating Clin-
ics (SLICC) criteria

≥ 4

2 Eric 
Morand

Australia 2023 NCT03252587 American
College of Rheumatology classification criteria

≥ 6,4

3 L Kahl UK 2016 NCT01777256 American
College of Rheumatology classification criteria

/

4 Michelle 
Petri

USA 2023 NCT03616964 American
College of Rheumatology classification criteria

≥ 6, clinical ≥ 4

5 Peter E 
Lipsky

USA 2022 NCT03161483 American
College of Rheumatology classification criteria

≥ 6

6 Joan T. 
Merrill

USA 2022 NCT03161483 American
College of Rheumatology classification criteria

≥ 4

7 Eric 
Morand

Australia 2023 NCT03616912 American
College of Rheumatology classification criteria

≥ 6

8 Daniel J. 
Wallace

USA 2023 NCT02975336 American
College of Rheumatology classification criteria

≥ 6

9 Daniel J 
Wallace

USA 2018 / American
College of Rheumatology classification criteria

≥ 4

10 Victoria P. 
Werth

USA 2022 NCT03134222 CLASI /

11 Richard A 
Furie

USA 2022 NCT02185040 American
College of Rheumatology classification criteria

≥ 4

12 Viktoria 
Hermann

Switzerland 2019 NCT02472795 American
College of Rheumatology classification criteria

≥ 2

13 David 
Isenberg

UK 2021 NCT02908100 American
College of Rheumatology classification criteria

≥ 8

No. First 
author

Intervention 
methods (including 
dose)

Types 
of 
inter-
ven-
tion 
drugs

Sample size Gender (female) Age(Mean(SD)) Course of 
treatment

1 Thomas 
Dörner 
[11]

Baricitinib 2 mg
Baricitinib 4 mg
Placebo

JAK 105
104
105

96(91.4%)
99(95.2%)
99(94.3%)

43.2 (11.0)
45.0 (12.4)
44.9 (12.8)

24w

2 Eric Mo-
rand [12]

Deucravacitinib3 mg
Deucravacitinib6 mg
Deucravacitinib12 
mg
Placebo

TYK2 91
93
89
90

85(93.4%)
88(94.6%)
81(91.0%)
80(88.9%)

40.2 (11.9)
40.9 (12.5)
39.0 (10.6)
40.1 (13.1)

48w

3 L Kahl [13] GSK2586184 50 mg
GSK2586184 100 mg
GSK2586184 200 mg
GSK2586184 400 mg
Placebo

JAK 9
10
10
10
11

9100%)
10(100%)
10(100%)
10(100%)
11(100%)

38.0 (12.55)
43.1 (11.23)
37.3 (7.15)
7.5 (10.99)
36.9 (10.14)

12w

4 Michelle 
Petri [14]

Baricitinib 2 mg
Baricitinib 4 mg
Placebo

JAK 261
258
256

246(94.3%)
245(94.9%)
241(94.1%)

42.8 (13.0)
42.2 (12.1)
43.5 (13.5)

52w

5 Peter E 
Lipsky [15]

Placebo
Iberdomide 0.15 mg
Iberdomide 
0.3 mg/0.45 mg

Cere-
blon 
E3

83
42
82

/ / 24w

Table 1 Basic characteristics of the original studies included in this systematic review
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studies on direct comparison between Baricitinib and the 
placebo was the largest, and there was no closed loop, as 
shown in Fig. 4. (JAKs: red; BTK: khaki; Cereblon: green; 
SYK: yellow; S1PR1:purple; Placebo: blue).

Synthesized results Network meta-analysis results 
showed that 3 targeted small-molecule drugs (Baricitinib, 
Deucravacitinib, and Iberdomideb) were significantly 
superior to the placebo in improving SRI-4 response 

(P < 0.05) (Fig.  5). There were differences in efficacy 
among some targeted small-molecule drugs. The effect of 
Deucravacitinib was significantly superior to that of Bar-
icitinib (RR = 1.32, 95% CI (1.04, 1.68), P < 0.05) (Table 2). 
The top three drugs in the SUCRA ranking were Deuc-
ravacitinib (0.91), Iberdomideb (0.79), and Fenebrutinib 
(0.45) (Table 3).

Fig. 2 Risk of bias graph of all included studies

 

6 Joan T. 
Merrill [16]

Iberdomide 0.45 mg
Iberdomide 0.30 mg
Iberdomide 0.15 mg
Placebo

Cere-
blon 
E3

81
82
42
83

79(97.5%)
77(93.9%)
41(97.6%)
81((97.6%)

46.4(11.2)
44.7(13.7)
43.8(13.0)
43.4(13.3)

24w

7 Eric Mo-
rand [17]

Placebo
Baricitinib 2 mg
Baricitinib 4 mg

JAK 253
255
252

237(93.6%)
238(93.3%)
237(94.0%)

42·0 (12.0)
42·9 (12.4)
41·5 (12.9)

52w

8 Daniel J. 
Wallace
 [18]

Placebo
Evobrutinib 25 mg
Evobrutinib 75 mg
Evobrutinib 100 mg

BTK 117
118
117
117

110(94.0%)
112(94.9%)
111(94.9%)
112(95.7%)

40.2 (12.5)
38.8 (12.5)
41.5 (12.5)
42.2 (11.8)

52w

9 Daniel J 
Wallace
 [19]

Placebo
Baricitinib 2 mg
Baricitinib 4 mg

JAK 105
105
104

/ 44·9 (12.8)
43·2 (11.0)
45·0 (12.4)

24w

10 Victoria P. 
Werth
 [20]

Placebo
Lanraplenib 30 mg
Filgotinib 200 mg

JAK 9
19
17

9(100%)
19(100%)
17(100%)

46 (7.3)
51 (9.0)
43 (11.5)

12w

11 Richard A 
Furie
 [21]

Placebo
Iberdomide 0.3 mg
Iberdomide 0.3 mg
Iberdomide 
0.6/0.3 mg
Iberdomide 0.6 mg

Cere-
blon 
E3

8
8
8
9
9

7(87.5%)
8(100%)
7(87.5%)
8(88.9%)
9(100%)

44.8 (6.6)
46.0 (8.6)
48.0 (10.9)
49.8 (13.1)
47.2 (13.6)

12w

12 Viktoria 
Hermann
 [22]

Placebo
Cenerimod 0.5 mg
Cenerimod 1 mg
Cenerimod 2 mg
Cenerimod 4 mg

S1PR 17
12
12
13
13

16(94.1%)
11(91.7%)
12(100%)
12(92.3%)
10(76.9%)

41.0(9.5)
41.4(13.2)
37.0(6.4)
39.2(11.8)
41.7(8.1)

18w

13 David 
Isenberg
 [23]

Placebo
fenebrutinib150 mg
Fenebrutinib 400 mg

BTK 86
87
87

85(98.8%)
82(94.3%)
84(96.6%)

40(12.5)
44(13.5)
39(12.5)

48w

Table 1 (continued) 
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Meta-regression Because different doses of targeted 
small-molecule drugs and various courses of treatment 
were adopted in the included studies, meta-regression 
was performed on the dose and the course of treatment to 
discuss the effect of the dose and the course of treatment 

on SRI-4 response. The results showed that the efficacy 
and safety of targeted small-molecule drugs were not sig-
nificantly correlated with the dose and the course of treat-
ment as compared to the placebo, and the results were not 
statistically significant (Table 4).

BICLA response
The correlation among each intervention mea-
sure BICLA response was reported in 5 studies [12, 14, 
17, 19, 23], involving 3 targeted small-molecule drugs 
from JAKs and BTK. The comparison between targeted 
small-molecule drugs and the placebo was only reported 
in each study, and there was no pairwise comparison 
among targeted small-molecule drugs. The number of 
studies directly comparing Baricitinib and the placebo 
was the greatest, and there was no closed loop, as shown 
in Fig. 6.

Synthesized results Deucravacitinib significantly out-
performed the placebo in improving BICLA response 
(RR = 1.55, 95% CI (1.20, 2.02), P < 0.05) (Fig.  7). There 
were differences in the efficacy among some targeted 
small-molecule drugs. Deucravacitinib was more effective 
than Baricitinib (RR = 1.47, 95% CI (1.11, 1.94), P < 0.05) 
(see Table 5). The top three drugs in the SUCRA ranking 
were Deucravacitinib (0.98), Fenebrutinib (0.56), and Bar-
icitinib, in sequence (0.40) (Table 3).

Meta-regression Due to differences in the dose of tar-
geted small-molecule drugs and the course of treatment 
in the included studies, meta-regression was performed 
on the dose and the course of treatment to explore the 

Fig. 5 Forest plot of meta-analysis of SRI-4 response of targeted small-
molecule drug therapy compared with placebo

 

Fig. 4 Network diagram of targeted drug therapy in the treatment of SLE 
using SRI-4 as the outcome indicator

 

Fig. 3 Risk of bias summary of all included studies
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effect of the dose and the course of treatment on BICLA 
response. The results showed that the efficacy and safety 
of targeted small-molecule drugs were not significantly 
correlated with the dose and the course of treatment as 

Table 2 League table of SRI-4 response of targeted small-molecule drug therapy
RR(95%CI)

Baricitinib Deucravacitinib Evobrutinib Fenebrutinib Iberdomide Placebo
Baricitinib 0
Deucravacitinib 0.76 (0.59, 0.96) 0
Evobrutinib 0.98 (0.81, 1.20) 1.29 (0.98, 1.71) 0
Fenebrutinib 0.97 (0.74, 1.26) 1.28 (0.91, 1.78) 0.989 (0.73, 1.33) 0
Iberdomide 0.83 (0.63, 1.07) 1.09 (0.79, 1.51) 0.84(0.62, 1.12) 0.86 (0.59, 1.20) 0
Placebo 1.12 (1.01, 1.24) 1.47 (1.19, 1.83) 1.14 (0.96, 1.36) 1.16 (0.90, 1.49) 1.35 (1.07, 1.74) 0

Table 3 Probability and ranking of Bayesian network meta-analysis of primary outcome indicators of each targeted small-molecule 
drug
Interventions SRI-4 response BICLA response Adverse reactions

SUCRA Rank SUCRA Rank SUCRA Rank
Baricitinib(JAKs) 0.38 6 0.40 3 0.61 4
Deucravacitinib(JAKs) 0.91 1 0.98 1 0.59 5
Evobrutinib(BTK) 0.43 5 / / 0.44 6
Fenebrutinib(BTK) 0.45 3 0.56 2 0.30 8
Iberdomide(Cereblon) 0.79 2 / / 0.13 10
Cenerimod(S1PR1) / / / / 0.93 1
Filgotinib(JAKs) / / / / 0.73 2
GSK2586184(JAKs) / / / / 0.29 9
Lanraplenib(SYK) / / / / 0.33 7
Placebo 0.43 4 0.07 4 0.66 3

Table 4 Meta-regression results of primary outcome indicators 
of each targeted small-molecule drug
Outcome 
indicators

Inter-
vention 
measures

Dose
(MD/RR(95%CI))

Course
(MD/RR(95%CI))

SRI-4 
response

Baricitinib 0.21 (-7.87, 5.70) -0.21 (-0.61, 0.21)
Deucravaci-
tinib

-0.28 (-8.63, 3.61) 0.76 (-9.04, 21.90)

Evobrutinib -0.37 (-2.11, 1.12) -2.63 (-28.21, 8.44)
Fenebrutinib 0.02 (-0.65, 0.71) -0.29 (-10.93, 6.41)
Iberdomide 0.04 (-9.22, 17.68) 0.72 (-9.28, 10.93)

BICLA 
response

Baricitinib 0.27 (-5.25, 6.81) -0.06 (-0.47, 0.35)
Deucravaci-
tinib

-0.51 (-6.04, 3.16) 0.41 (-7.12, 11.44)

Fenebrutinib -0.54 (-2.79, 1.16) 0.31 (-6.48, 9.64)
Adverse 
reactions

Baricitinib 0.11 (-7.71, 7.34) -0.44 (-1.06, 0.18)
Cenerimod 0.75 (-12.39, 14.43) 0.29 (-15.12, 12.64)
Deucravaci-
tinib

-2.24 (-15.03, 5.90) -1.31 (-10.18, 5.44)

Evobrutinib -0.32 (-3.41, 2.63) -0.64 (-8.74, 5.15)
Fenebrutinib -1.57 (-5.47, 1.63) -0.46 (-8.92, 6.75)
Filgotinib 0.57 (-6.22, 9.51) -2.25 (-38.65, 12.87)
GSK2586184 -0.52 (-1.81, 0.69) 0.76 (-6.33, 13.21)
Iberdomide 0.97 (-4.88, 10.19) -2.29 (-6.35, 0.90)
Lanraplenib 0.31 (-17.59, 21.22) 0.43 (-13.30, 12.55)

Fig. 7 Forest plot of meta-analysis of BICLA response of targeted small-
molecule drug therapy compared with placebo

 

Fig. 6 Network diagram of targeted drug therapy in the treatment of SLE 
using BICLA response as the outcome indicator
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compared to the placebo, and the results were not statisti-
cally significant (Table 4).

Adverse reactions
The correlation among each intervention mea-
sure Adverse reactions were reported in 11 studies [12–
14, 16–23], involving 9 targeted small-molecule drugs 
from JAKs, BTK, SYK, Cereblon, and S1PR1. There was 
one closed loop (Filgotinib-Lanraplenib-Placebo). The 

studies directly comparing Iberdomide and the placebo 
were the largest in number, as shown in Fig. 8.

Synthesized results There were no statistically signifi-
cant differences in the adverse reactions between targeted 
small-molecule drugs and the placebo. The safety profile 
of Iberdomide was significantly lower than that of placebo 
(RR = 1.21, 95% CI (1.07, 1.37), P < 0.05)(Fig.  9). There 
were differences in the adverse reactions among some tar-
geted small-molecule drugs. Baricitinib (RR = 0.84, 95% 
CI (0.73, 0.95), P < 0.05), Cenerimod (RR = 0.60, 95% CI 
(0.39, 0.89), P < 0.05), Deucravacitinib (RR = 0.84, 95% CI 
(0.73, 0.96), P < 0.05), and Evobrutinib (RR = 0.87, 95% CI 
(0.75, 0.99), P < 0.05) had fewer adverse reactions in com-
parison with Iberdomide (Table  6). The top three drugs 
in the SUCRA ranking were Cenerimod (0.93), Filgotinib 
(0.73), and Placebo (0.66), in order (Table 3).

Meta-regression Owing to the differences in the dose 
of targeted small-molecule drugs and the course of treat-
ment, meta-regression was performed on the dose and 
the course of treatment to investigate the effect of the 
dose and the course of treatment on adverse reactions. 
The results showed that the safety of targeted small-mol-
ecule drugs was not significantly correlated with the dose 
and the course of treatment as compared to the placebo, 
and the results were not statistically significant (Table 4).

Secondary outcome indicators
Our study showed that in terms of CLASI-50, Deuc-
ravacitinib was significantly superior to the placebo 
(P < 0.05). Deucravacitinib was more significantly effec-
tive than Fenebrutinib. Deucravacitinib was more sig-
nificantly effective than Iberdomide. In terms of tender 
joint count, Baricitinib and Deucravacitinib were signif-
icantly superior to the placebo (P < 0.05), and there was 
no significant difference in the efficacy among all tar-
geted small-molecule drugs. No significant differences 
were observed in swollen joint count between all targeted 
small-molecule drugs and the placebo, or among targeted 
small-molecule drugs. The detailed analysis results are 
shown in Appendix 2.

Discussion
Thirteen studies were included in this analysis, including 
9 targeted small-molecule drugs: Baricitinib, Cenerimod, 
Deucravacitinib, Evobrutinib, Fenebrutinib, Filgotinib, 
GSK2586184, Iberdomide, and Lanraplenib. A total of 
6 outcome indicators were studied. In terms of efficacy 
indicators, Baricitinib, Deucravacitinib, and Iberdomide 
significantly outperformed the placebo. The safety pro-
file of Iberdomide was significantly lower than that of 
placebo. There were differences in the therapeutic effect 
among some targeted small-molecule drugs. The safety 

Table 5 League table of BICLA stable response of targeted 
small-molecule drug therapy
RR(95%CI)

Baricitinib Deucravacitinib Fenebrutinib Placebo
Barici-
tinib

0

Deuc-
ravaci-
tinib

0.68 (0.52, 
0.91)

0

Fene-
bruti-
nib

0.92 (0.69, 
1.21)

1.35 (0.92, 1.95) 0

Pla-
cebo

1.06 (0.97, 
1.16)

1.56 (1.19, 2.04) 1.16 (0.89, 
1.52)

0

Fig. 9 Forest plot of meta-analysis of adverse reaction of targeted small-
molecule drug therapy compared with placebo

 

Fig. 8 Network diagram of targeted drug therapy in the treatment of SLE 
using adverse reaction as the outcome indicator
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profile of Baricitinib, Cenerimod, Deucravacitinib, and 
Evobrutinib was higher than that of Iberdomide. The 
adverse reactions of targeted small-molecule drug ther-
apy were mostly mild, with very few serious adverse 
reactions. Adverse reaction symptoms include nau-
sea, vomiting, urinary tract infection, upper respiratory 
tract infection. It was reported that these symptoms can 
resolve spontaneously or be cured after treatment.

The meta-regression results of this study showed that 
doses and courses of treatment had no significant impact 
on the results. In terms of specific outcome indicators, 
there were differences in the efficacy among different tar-
geted small-molecule drugs. Deucravacitinib could sig-
nificantly improve BICLA response and SRI-4 response 
without significantly increasing the risk of AEs. There-
fore, Deucravacitinib is very likely to be the best inter-
vention measure. Although the meta-regression results 
showed that doses and courses of treatment had no sig-
nificant effects on the results, this may differ from real-
ity. Therefore, attention shall still be paid to the choice of 
doses and courses of treatment in clinical practice.

Deurefacitinib is a potent, highly selective, and allo-
steric small-molecule inhibitor of Tyrosine Kinase 2 
(TYK2) that plays its role through a new mode of bind-
ing to the Janushomology2 (JH2) pseudokinase domain, 
so as to keep the kinase in an inactive state. It can block 
the downstream signaling of Interleukin-12(IL-12), 
Interleukin-23(IL-23), Interleukin-23(IL-10), and type 
I interferon (IFN). The selectivity of Deurefacitinib for 

the inhibition of TYK2 is 200 times greater than that of 
JAK1s/JAK3s inhibition, and even 3,000 times greater 
than JAK2s inhibition in the cell-based analysis [26, 27]. 
The trial by Catlett IM et al. [28] show that Deucrav-
acitinib also strongly inhibits lymphopenia induced by 
Interferon α-2-a (IFN α-2-a). This finding is of great sig-
nificance for the treatment of SLE and other autoimmune 
diseases. In the case of SLE, IFNα promotes the migra-
tion of lymphocytes into lymph nodes, thereby reducing 
lymphocyte counts in peripheral blood, and leading to 
lymphopenia [29, 30]. Furthermore, SLE is characterized 
by a highly elevated expression of interferon regulatory 
gene (IRG), which is considered to have important patho-
physiological significance. Therefore, Deucravacitinib 
inhibits the development of two pathologic characteris-
tics of SLE. Additionally, Deucravacitinib was reported to 
be generally well-tolerated at single and multiple admin-
istrations for up to 12 days. All AEs were mild to moder-
ate, with no serious or severe AEs, which was consistent 
with the study results of Eric Morand [14]. This indicated 
that Deurefacitinib exhibits good efficacy and safety in 
the treatment of SLE and has great potential.

Previously published meta-analysis and network 
meta-analysis showed that the efficacy of Belimumab 
was superior to that of other targeted small-molecule 
drugs. Belimumab is a human immunoglobulin (Ig) G1k 
monoclonal antibody targeting BlyS [31]. For example, 
MengJun Tao et al. [32]. conducted a network meta-
analysis to investigate the effects of 9 biological agents on 

Table 6 League table of adverse reaction of targeted small-molecule drug therapy
RR(95%CI)

Baricitinib Cenerimod Deucravacitinib Evobrutinib Fenebrutinib Filgotinib GSK2586184 Iberdo-
mide

Lanra-
plenib

Pla-
ce-
bo

Baricitinib 0
Cenerimod 1.39 (0.96, 

2.16)
0

Deucravaci-
tinib

0.99 (0.92, 
1.09)

0.72 (0.47, 
1.04)

0

Evobrutinib 0.96 (0.89, 
1.05)

0.69 (0.45, 
1.01)

0.97 (0.88, 1.07) 0

Fenebrutinib 0.92 (0.81, 
1.03)

0.66 (0.42, 
0.96)

0.92 (0.80, 1.04) 0.95 (0.83, 
1.08)

0

Filgotinib 1.22 (0.55, 
2.69)

0.86 (0.37, 
2.01)

1.22 (0.55, 2.67) 1.26 (0.57, 
2.74)

1.33 (0.59, 
2.89)

0

GSK2586184 0.87 (0.66, 
1.21)

0.63 (0.38, 
1.03)

0.88 (0.63, 1.20) 0.91 (0.64, 
1.25)

0.95 (0.67, 
1.32)

0.71 (0.30, 
1.71)

0

Iberdomide 0.84(0.73, 
0.95)

0.60 (0.39, 
0.89)

0.84 (0.73, 0.96) 0.87 (0.75, 
0.99)

0.91 (0.76, 
1.07)

0.68 (0.30, 
1.52)

0.95、(0.69, 
1.34)

0

Lanraplenib 0.875 
(0.414, 
1.462)

0.612 
(0.272, 
1.205)

0.877 (0.416, 1.467) 0.91 (0.42, 
1.52)

0.95 (0.45, 
1.59)

0.70 (0.35, 
1.19)

0.99 (0.43, 
1.88)

1.04 (0.48, 
1.75)

0

Placebo 1.007 
(0.962, 
1.058)

0.722 
(0.468, 
1.046)

1.01 (0.943, 1.08) 1.04 (0.97, 
1.12)

1.09 (0.98, 
1.23)

0.82 (0.37, 
1.82)

1.15 (0.84, 
1.61)

1.20 
(1.07, 
1.36)

1.15 
(0.69, 
2.43)

0
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SRI-4 response in patients with SLE. Their results showed 
that only Belimumab was more significantly effective 
than the placebo in the improvement of SRI-4 response 
(RR = 2.03, 95% CI (1.38, 3.00), P < 0.05), while other bio-
logical agents were not significantly superior to the pla-
cebo alone (P > 0.05). The study of Borba HH showed that 
[33] Belimumab was significantly superior to the placebo 
in the improvement of SRI-4 response (RR = 1.19, 95% 
CI (1.04, 1.37), P < 0.05). According to the results of our 
study, Deurefacitinib significantly outperformed the pla-
cebo in the improvement of SRI-4 response [RR = 1.117, 
95% CI (1.01, 1.24)]. The improvement in SRI-4 response 
with Belimumab was more significant. In terms of safety 
and tolerability, the study of Borba HH showed that 
[33] there was no significant difference between Beli-
mumab and the placebo (RR = 1.01, 95% CI (0.99, 1.04), 
P > 0.05), which was similar to the results of Singh JA [34] 
(RR = 0.87, 95% CI (0.68, 1.11), P > 0.05). However, due 
to the difference in the included articles, RCTs of direct 
comparison between Deurefacitinib and Belimumab shall 
be conducted to further verify their difference in efficacy.

Notably, the results based on four studies of Baricitinib 
in the treatment of SLE showed that Baricitinib had a 
better therapeutic effect than placebo, and there were no 
significant differences in the incidence of adverse events. 
However, one Phase III clinical study (NCT03616912) of 
Baricitinib in the treatment of SLE was terminated due 
to safety issues. This trial showed that acute myocardial 
infarction (AMI), pneumonia and other serious adverse 
events occurred in the Baricitinib group (58/507), which 
may warrant attention. It’s necessary to hold a cautious 
attitude towards the study results, and more trials are 
needed to further verify the safety of Baricitinib.

Strengths and limitations
Our study has several strengths. At present, targeted 
small-molecule drugs in the treatment of SLE are a 
research hotspot, and there is still a lack of evidence 
on the difference in efficacy and safety among differ-
ent targeted small-molecule drugs. This is the first net-
work meta-analysis of targeted small-molecule drugs in 
the treatment of SLE to compare the difference in effi-
cacy and safety among various targeted small-molecule 
drugs. Meanwhile, the effect of the dose and the course 
of treatment on efficacy and safety was also considered. 
In addition, strict inclusion/exclusion criteria were used 
to include only full-text RCTs. The included studies were 
published in high levels of journals, which contributes to 
generating high-quality evidence.

There are some limitations to our study. Due to the 
small number of included studies, the differences in effi-
cacy evaluation criteria, patient characteristics, sample 
size, and selection of outcome indicators, as well as no 
description of the randomisation method and allocation 

concealment in some included studies, the level of evi-
dence may be compromised. The number of original 
articles included for some outcome indicators was small, 
which may cause a bias in the results. Multiple Phase II 
clinical trials were included in this study. Due to their 
small sample size, the interpretation of results may be 
limited. Nevertheless, Phase II clinical trials have an 
important value in supplementing evidence-based evi-
dence and shall not be excluded in systematic reviews 
due to its significance. There is a certain publication bias 
in the results, which may also affect the results. There-
fore, more multi-center, high-quality RCTs with large 
sample sizes are needed to provide more evidence in the 
future.

Conclusions
Based on the evidence from this study, Baricitinib, Deuc-
ravacitinib, and Iberdomide were significantly superior to 
the placebo. There were differences in the efficacy among 
different targeted small-molecule drugs. Deucravacitinib 
is likely to be the best intervention measure. No signifi-
cant differences were observed in safety between tar-
geted small-molecule drugs and the placebo. Meanwhile, 
the dose and the course of treatment had little effect on 
the efficacy and safety of targeted small-molecule drugs. 
Due to the small number of included studies, more high-
quality RCTs are needed to further verify the efficacy and 
safety of targeted small-molecule drugs.

Abbreviations
SLE  Systemic Lupus Erythematosus
RCTs  Randomized controlled trials
SRI-4  Systemic Lupus Erythematosus Responder Index response rate
BICLA  BILAG-based Composite Lupus Assessment
CLASI  Cutaneous Lupus Erythematosus Disease Area and Severity Index

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s13075-024-03331-8.

Supplementary Material 1

Supplementary Material 2

Acknowledgements
Not applicable.

Author contributions
Conceptualization: Shiheng Wang; Methodology: Shiheng Wang; Formal 
analysis and investigation: Shiheng Wang, Fengxia Zhang; Writing original 
draft preparation: Shiheng Wang, Wanling Ning; Writing review and editing: 
Wanling Ning, Hanqing Tang; Funding acquisition: Xiaosong Huang; 
Resources: Xiaosong Huang; Supervision: Chaochao Mu, and all authors 
commented on previous versions of the manuscript. All authors read and 
approved the final manuscript.

Funding
This work was supported by the 2016 Hunan Provincial Health and Family 
Planning Commission Research Program Project (C2016019).

https://doi.org/10.1186/s13075-024-03331-8
https://doi.org/10.1186/s13075-024-03331-8


Page 12 of 13Wang et al. Arthritis Research & Therapy           (2024) 26:98 

Data availability
Data sharing not applicable to this article as no datasets were generated or 
analysed during the current study.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1China Institute for History of Medicine and Medical Literature, China 
Academy of Chinese Medical Sciences, Beijing 100700, China
2Hunan University of Chinese Medicine, Changsha Hunan 410005, China
3School of Basic Medicine, Youjiang Medical University for Nationalities, 
Youjiang Guangxi, Baise 533000, China
4Traditional Chinese Medicine Department, Tianjin Nankai District Bainian 
Renyitang Traditional Chinese Medicine Clinic, Tianjin 301700, China
5Hunan Provincial Brain Hospital, Changsha Hunan 410021, China

Received: 19 July 2023 / Accepted: 25 April 2024

References
1. Tsokos GC. Autoimmunity and organ damage in systemic lupus erythemato-

sus. Nat Immunol. 2020;21(6):605–14.
2. Tsokos GC. Systemic lupus erythematosus. N Engl J Med. 

2011;365(22):2110–21.
3. Basta F, Fasola F, Triantafyllias K, Schwarting A. Systemic Lupus Erythematosus 

(SLE) therapy: the Old and the New. Rheumatol Therapy. 2020;7(3):433–46.
4. Jacob N, Stohl W. Cytokine disturbances in systemic lupus erythematosus. 

Arthritis Res Therapy. 2011;13(4):228.
5. Mok CC. The Dawn of a new era of therapies in systemic Lupus Erythemato-

sus. Rheumatol Immunol Res. 2020;1(1):31–7.
6. Mok CC. Targeted small molecules for systemic Lupus Erythematosus: drugs 

in the Pipeline. Drugs. 2023;83(6):479–96.
7. Luijten KM, Tekstra J, Bijlsma JW, Bijl M. The systemic Lupus Erythematosus 

Responder Index (SRI); a new SLE disease activity assessment. Autoimmun 
rev. 2012;11(5):326–9.

8. Wallace D, Strand V, Furie R, Petri M, Kalunian K, Pike M, Kelley L, Gordon C. 
Evaluation of treatment success in systemic lupus erythematosus clinical 
trials: development of the British Isles Lupus Assessment Group-based com-
posite lupus assessment endpoint. Arthritis and rheumatism: 2011. WILEY-
BLACKWELL COMMERCE PLACE, ;; 2011. pp. S885–6. 350 MAIN ST, MALDEN 
02148, MA USA.

9. Albrecht J, Taylor L, Berlin JA, Dulay S, Ang G, Fakharzadeh S, Kantor J, Kim E, 
Militello G, McGinnis K, et al. The CLASI (cutaneous lupus Erythematosus Dis-
ease Area and Severity Index): an outcome instrument for cutaneous lupus 
erythematosus. J Invest Dermatol. 2005;125(5):889–94.

10. Higgins JP, Altman DG, Gøtzsche PC, Jüni P, Moher D, Oxman AD, Savovic J, 
Schulz KF, Weeks L, Sterne JA. The Cochrane collaboration’s tool for assessing 
risk of bias in randomised trials. BMJ (Clinical Res ed). 2011;343:d5928.

11. Dörner T, van Vollenhoven RF, Doria A, Jia B, Ross Terres JA, Silk ME, de Bono 
S, Fischer P, Wallace DJ. Baricitinib decreases anti-dsDNA in patients with sys-
temic lupus erythematosus: results from a phase II double-blind, randomized, 
placebo-controlled trial. Arthritis Res Therapy. 2022;24(1):112.

12. Morand E, Pike M, Merrill JT, van Vollenhoven R, Werth VP, Hobar C, Delev 
N, Shah V, Sharkey B, Wegman T, et al. Deucravacitinib, a tyrosine kinase 
2 inhibitor, in systemic lupus erythematosus: a phase II, Randomized, 
Double-Blind, placebo-controlled trial. Arthritis Rheumatol (Hoboken NJ). 
2023;75(2):242–52.

13. Kahl L, Patel J, Layton M, Binks M, Hicks K, Leon G, Hachulla E, Machado 
D, Staumont-Sallé D, Dickson M, et al. Safety, tolerability, efficacy and 

pharmacodynamics of the selective JAK1 inhibitor GSK2586184 in patients 
with systemic lupus erythematosus. Lupus. 2016;25(13):1420–30.

14. Petri M, Bruce IN, Dörner T, Tanaka Y, Morand EF, Kalunian KC, Cardiel MH, Silk 
ME, Dickson CL, Meszaros G, et al. Baricitinib for systemic lupus erythema-
tosus: a double-blind, randomised, placebo-controlled, phase 3 trial (SLE-
BRAVE-II). Lancet (London England). 2023;401(10381):1011–9.

15. Lipsky PE, Vollenhoven RV, Dörner T, Werth VP, Merrill JT, Furie R, Petronijevic 
M, Velasco Zamora B, Majdan M, Irazoque-Palazuelos F, et al. Biological impact 
of iberdomide in patients with active systemic lupus erythematosus. Ann 
Rheum Dis. 2022;81(8):1136–42.

16. Merrill JT, Werth VP, Furie R, van Vollenhoven R, Dörner T, Petronijevic M, 
Velasco J, Majdan M, Irazoque-Palazuelos F, Weiswasser M, et al. Phase 
2 trial of Iberdomide in systemic Lupus Erythematosus. N Engl J Med. 
2022;386(11):1034–45.

17. Morand EF, Vital EM, Petri M, van Vollenhoven R, Wallace DJ, Mosca M, Furie 
RA, Silk ME, Dickson CL, Meszaros G, et al. Baricitinib for systemic lupus 
erythematosus: a double-blind, randomised, placebo-controlled, phase 3 trial 
(SLE-BRAVE-I). Lancet (London England). 2023;401(10381):1001–10.

18. Wallace DJ, Dörner T, Pisetsky DS, Sanchez-Guerrero J, Patel AC, Parsons-Rich 
D, Le Bolay C, Drouin EE, Kao AH, Guehring H, et al. Efficacy and safety of the 
Bruton’s tyrosine kinase inhibitor evobrutinib in systemic Lupus Erythema-
tosus: results of a phase II, Randomized, Double-Blind, placebo-controlled 
dose-ranging trial. ACR open Rheumatol. 2023;5(1):38–48.

19. Wallace DJ, Furie RA, Tanaka Y, Kalunian KC, Mosca M, Petri MA, Dörner T, 
Cardiel MH, Bruce IN, Gomez E, et al. Baricitinib for systemic lupus erythema-
tosus: a double-blind, randomised, placebo-controlled, phase 2 trial. Lancet 
(London England). 2018;392(10143):222–31.

20. Werth VP, Fleischmann R, Robern M, Touma Z, Tiamiyu I, Gurtovaya O, 
Pechonkina A, Mozaffarian A, Downie B, Matzkies F, et al. Filgotinib or 
lanraplenib in moderate to severe cutaneous lupus erythematosus: a phase 
2, randomized, double-blind, placebo-controlled study. Rheumatology 
(Oxford). 2022;61(6):2413–23.

21. Furie RA, Hough DR, Gaudy A, Ye Y, Korish S, Delev N, Weiswasser M, Zhan 
X, Schafer PH, Werth VP. Iberdomide in patients with systemic lupus erythe-
matosus: a randomised, double-blind, placebo-controlled, ascending-dose, 
phase 2a study. Lupus Sci Med 2022, 9(1).

22. Hermann V, Batalov A, Smakotina S, Juif PE, Cornelisse P. First use of 
cenerimod, a selective S1P(1) receptor modulator, for the treatment of SLE: 
a double-blind, randomised, placebo-controlled, proof-of-concept study. 
Lupus Sci Med. 2019;6(1):e000354.

23. Isenberg D, Furie R, Jones NS, Guibord P, Galanter J, Lee C, McGregor A, Toth 
B, Rae J, Hwang O, et al. Efficacy, Safety, and Pharmacodynamic effects of the 
Bruton’s tyrosine kinase inhibitor fenebrutinib (GDC-0853) in systemic Lupus 
Erythematosus: results of a phase II, Randomized, Double-Blind, placebo-
controlled trial. Arthritis Rheumatol (Hoboken NJ). 2021;73(10):1835–46.

24. Hochberg MC. Updating the American College of Rheumatology revised cri-
teria for the classification of systemic lupus erythematosus. Arthritis Rheum. 
1997;40(9):1725.

25. Tan EM, Cohen AS, Fries JF, Masi AT, McShane DJ, Rothfield NF, Schaller JG, 
Talal N, Winchester RJ. The 1982 revised criteria for the classification of sys-
temic lupus erythematosus. Arthritis Rheum. 1982;25(11):1271–7.

26. Gillooly K, Zhang Y, Yang X, Zupa-Fernandez A, Cheng L, Strnad J, Cun-
ningham M, Heimrich E, Zhou X, Chen J. BMS-986165 is a highly potent and 
selective allosteric inhibitor of Tyk2, blocks IL-12, IL-23 and type I interferon 
signaling and provides for robust efficacy in preclinical models of systemic 
lupus erythematosus and inflammatory bowel disease. ARTHRITIS & RHEU-
MATOLOGY: 2016. WILEY 111 RIVER ST, HOBOKEN 07030 – 5774, NJ USA; 2016.

27. Chimalakonda A, Burke J, Cheng L, Catlett I, Tagen M, Zhao Q, Patel A, Shen J, 
Girgis IG, Banerjee S, et al. Selectivity Profile of the Tyrosine Kinase 2 inhibitor 
Deucravacitinib compared with Janus Kinase 1/2/3 inhibitors. Dermatology 
Therapy. 2021;11(5):1763–76.

28. Catlett IM, Aras U, Hansen L, Liu Y, Bei D, Girgis IG, Murthy B. First-in-human 
study of deucravacitinib: a selective, potent, allosteric small-molecule inhibi-
tor of tyrosine kinase 2. Clin Transl Sci. 2023;16(1):151–64.

29. Harigai M, Kawamoto M, Hara M, Kubota T, Kamatani N, Miyasaka N. Excessive 
production of IFN-gamma in patients with systemic lupus erythematosus 
and its contribution to induction of B lymphocyte stimulator/B cell-acti-
vating factor/TNF ligand superfamily-13B. J Immunol (Baltimore Md: 1950). 
2008;181(3):2211–9.

30. Zharkova O, Celhar T, Cravens PD, Satterthwaite AB, Fairhurst AM, Davis LS. 
Pathways leading to an immunological disease: systemic lupus erythemato-
sus. Rheumatology (Oxford). 2017;56(suppl1):i55–66.



Page 13 of 13Wang et al. Arthritis Research & Therapy           (2024) 26:98 

31. Blair HA, Duggan ST. Belimumab: A Review in Systemic Lupus Erythematosus. 
Drugs 2018, 78(3):355–366.

32. Tao MJ, Cheng P, Jin LR, Zhou J, Shi W, Peng H, Xu L, Li Z, Yuan H. The safety 
and efficacy of biologic agents in treatment of systemic lupus erythemato-
sus: a network meta-analysis. Pakistan J Med Sci. 2019;35(6):1680–6.

33. Borba HH, Wiens A, de Souza TT, Correr CJ, Pontarolo R. Efficacy and safety of 
biologic therapies for systemic lupus erythematosus treatment: systematic 
review and meta-analysis. BioDrugs: Clin Immunotherapeutics Biopharma-
ceuticals gene Therapy. 2014;28(2):211–28.

34. Singh JA, Shah NP, Mudano AS. Belimumab for systemic lupus erythemato-
sus. Cochrane Database Syst Rev. 2021;2(2):Cd010668.

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


	Efficacy and safety study of targeted small-molecule drugs in the treatment of systemic lupus erythematosus
	Abstract
	Background
	Methods
	Study registration
	Eligibility criteria
	Inclusion criteria
	Exclusion criteria


	Data sources and search strategy
	Study selection
	Data extraction
	Risk of bias in studies
	Synthesis methods
	Results


