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Background: Tripterygium glycosides have been used to treat systemic lupus
erythematosus (SLE) for a long time, showing the effects of immune regulation.
We aimed to evaluate the benefits and risks of Tripterygium Glycosides Tablets
(TGT) for patients with SLE.

Methods:We searched electronic databases and clinical trial registries for relevant
randomized controlled trials (RCTs). We identified eligible RCTs and assessed risk
of bias. We conducted a meta-analysis to estimate the pooled effects. The Trial
Sequential Analysis (TSA) 0.9.5.10 software was used to verify the reliability of the
results.

Results: Eight RCTs encompassing 538 patients with SLE were included. TGT
combined with conventional treatments (CTs) was superior to CTs alone in
reducing lupus activity (MD = −1.66, 95% CI = −2.07 to −1.26, p < 0.00001,
low-certainty evidence) and improving overall response rate (ORR) (RR= 1.21, 95%
CI = 1.11 to 1.32, p < 0.0001, moderate-certainty evidence). The robustness of the
results was confirmed by TSA. Regarding safety, there was no statistical difference
in the overall incidence of adverse reactions between the two groups.

Conclusion: In patients with SLE, TGT might safely reduce disease activity.
However, further high-quality studies are needed to firmly establish the clinical
efficacy of TGT.

Systematic Review Registration: https://www.crd.york.ac.uk/prospero/display_
record.php?ID=CRD42022300474; Identifier: CRD42022300474.
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Introduction

Systemic lupus erythematosus (SLE) is a chronic immune-mediated disease
characterized by multiple organ damage, leading to cutaneous, joint, and systemic
manifestations (Piga and Arnaud, 2021). Fatal complications of SLE, such as
neuropsychiatric lupus erythematosus with obscure pathogenesis and various other
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symptoms, pose particular challenges for the management of
patients with lupus (Zhang et al., 2021). An increased risk of
developing severe comorbidities, including cardiovascular
diseases, pulmonary hypertension, infections, and kidney failure,
is associated with persistent lupus activity (Mu et al., 2018).
Additionally, the relapsing-remitting rate in patients with SLE
was approximately 70% according to a 10-year follow-up study
(Tselios et al., 2019). Consequently, SLE poses a substantial burden
to both patients and caregivers (Jönsen et al., 2015).

Pharmacotherapies predominantly recommend
hydroxychloroquine, glucocorticoids, and immunosuppressants
(Tunnicliffe et al., 2015). The emergence of these available therapies
has improved the prognosis of SLE (Mak et al., 2012; Lisnevskaia et al.,
2014), however, numerous toxicities of current regimens have been
identified (including fertility failure, birth defects, and infections)
(Doyno et al., 2021). Benefits of hydroxychloroquine during
pregnancy are generally considered to outweigh the teratogenic risk
(Bérard et al., 2021; Huybrechts et al., 2021). Nevertheless, retinal
toxicity remains a worrying complication in patients treated with
antimalarial drugs (Mukwikwi et al., 2020). Regarding prescribed
immunosuppressants, a higher cumulative cyclophosphamide dose is
associated with a greater possibility of premature ovarian failure and
congenital malformations (Rengasamy, 2017; Sen et al., 2021). Despite
their powerful capability to induce immunosuppression, corticosteroids
are responsible for themajority of infections, permanent organ damage,
and premature death in patients with lupus (Thamer et al., 2009;
Apostolopoulos andMorand, 2016). Hence, a novel alternative therapy,
remitting the disease activity without increased damage attributable to
side-effects, needs to be developed (Lazar and Kahlenberg, 2023).

Research and development of traditional Chinese medicines
(TCMs) to decrease lupus activity is promising, and recent
evaluations of clinical evidence indicated that several Chinese
botanical drugs, including Qinghao Biejia decoction, Zhibo
Dihuang pill, and total glucosides of paeony, might reduce the
disease activity and cumulative dose of steroids used (Dai et al.,
2020; Li et al., 2021; Wang et al., 2021; Chen et al., 2022).
Tripterygium wilfordii Hook F (TwHF) (Celastraceae;
tripterygium), a widely used TCM plant against autoimmune
diseases in China (Li et al., 2015; Li et al., 2021; Lin et al., 2021),
is the only Chinese botanical drug mentioned in the 2020 Chinese
guidelines for the diagnosis and treatment of SLE (Chinese
Rheumatology Association et al., 2020). Tripterygium glycosides
(TG) are fat-soluble extracts from dried roots of TwHF.
Tripterygium Glycosides Tablets (TGT) are representative TwHF-
based agents that are included in the 2019 edition of the Medicine
Catalog for National Basic Medical Insurance, Injury Insurance, and
Maternity Insurance, and have been extensively studied in the
treatment of SLE. TGT consist of diterpenoids, triterpenoids, and
alkaloids. Triptolide (TP) has proven to be not only the most active
compound of TGT (Ma et al., 2007), but also the major contributor
to TGT toxicity in vivo, which induces hepatotoxicity,
nephrotoxicity, and testicular toxicity (Shen et al., 2014; Li et al.,
2015; Xiong et al., 2019; Ge et al., 2023). In addition to male
reproductive toxicity, it also has ovarian toxicity (Qiu et al., 2011;
Liu et al., 2017). Both TP and wilforlide A (WA) are the quality
control markers of TGT. The recommended content of TP in each
tablet of TGT should be less than 10 mcg, while that of WA should
be greater than 10 mcg (National Medical Products Administration

of China, 2003). Due to the complexity of the aforementioned
compounds, it is evident that a wide range of targets and
signaling pathways have been involved in the pharmacological
mechanisms of TGT. For example, NLRC3 may be a potential
target for TGT treatment of bone and joint complications related
to SLE (Xu et al., 2023). Upon investigation of its
immunosuppressive effects on adjuvant-induced arthritis (AIA)
rats and collagen-induced arthritis (CIA) mice, researchers have
found that down-regulating T helper 17 cells (Th17) and up-
regulating T regulatory cells (Treg) may be the potential
mechanism of action (Wang et al., 2008; Astry et al., 2015).
Recently, a network-pharmacological study uncovered the key
targets affected by TG during SLE treatment (Xiao et al., 2022).

The unpredictable flare and clinical heterogeneity of SLE, as well
as the current toxicities of treatment regimens, indicate that the
identification of novel, safe, and effective alternative drugs is of great
importance (Durcan et al., 2019). Considering the perniciousness of
SLE and immune effects of TGT, this study aimed to evaluate the
efficacy and safety of TGT for the treatment of patients with SLE.

Methods

Protocol registration

The protocol was registered (PROSPERO: CRD42022300474),
and the systematic review and meta-analysis was reported according
to the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA).

Data sources and searches

We searched the following electronic databases from their
inception to November 21, 2022: PubMed, Embase, Cochrane
Central Registry of Controlled Trials (CENTRAL), China
National Knowledge Infrastructure (CNKI), Wanfang Database,
SinoMed, and the China Science Technology Journal Database.
Both the ClinicalTrials (http://www.clinicaltrials.gov) and Chinese
Clinical Trial Registry (http://www.chictr.org.cn/) were also
searched. All search strategies are presented in Supplementary
Table S1.

On April 17, 2023, we updated the search of all the
abovementioned databases.

Inclusion criteria

We included randomized controlled trials (RCTs), published in
Chinese or English, in patients diagnosed with SLE according to the
American College of Rheumatology revised criteria for the
classification of SLE (Hochberg, 1997). In these trials, subjects
received TGT alone or combined with conventional treatments
(CTs) in the intervention groups, and patients received the same
CTs alone or combined with other positive drugs in the control
groups. Hydroxychloroquine, glucocorticoids, immunosuppressive
drugs, and biological agents were included as CTs according to the
European League Against Rheumatism recommendations for the
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management of SLE (Fanouriakis et al., 2019). Primary outcomes
were SLE Disease Activity Index (SLEDAI), SLE responder index 4
(SRI-4) and overall response rate (ORR). The SLEDAI included the
SLEDAI-2K (Gladman et al., 2002) and the original SLEDAI
(Bombardier et al., 1992). Secondary outcomes included the
quality of life, 24-h urine protein, anti-double-stranded DNA
(anti-dsDNA), immunoglobulins, and complement proteins.
Safety outcome was the incidence of adverse reactions.

Exclusion criteria

The following trials were excluded: 1) trials using other TwHF
preparations or TCMs in the intervention or control groups; 2) trials
repeatedly reporting the same data, with the suspicion of duplicate
publication; 3) trials reporting results that were inconsistent with the
conclusions drawn, with the suspicion of academic fraud; 4) trials
without reporting important information, such as course of
treatment and dosage of TGT; and 5) trials focusing on special
populations, such as SLE in children and adolescents.

Study selection

Two authors (YFC and LDW) selected studies independently.
All retrieved records were imported into NoteExpress 3.2 and the
duplicates were removed. The titles and abstracts of the remaining
records were screened, and the full texts of potentially relevant
studies were subsequently screened. Disagreements were resolved
through a discussion with a third author (NNL).

Data extraction

Two authors (YFC and LDW) extracted data using a
prespecified form, cross-checked the accuracy of the extractions,
and resolved disagreements through discussion with a third author
(NNL). The following data was collected: authors, publication year,
sample sizes, methodological quality (random sequence, allocation
concealment, and details of blinding), baseline characteristics of
participants (age, gender, SLEDAI, and duration of treatment),
frequency and dose of drug administration, and outcomes.

Risk of bias assessment

Two authors (YFC and LDW) independently assessed the risk of
bias in the included trials. Using the Cochrane risk of bias tool 2.0 (Sterne
et al., 2019), the following five domains were evaluated: randomization
process, deviations from intended interventions, missing outcome data,
outcome measurements, and selective reporting. Any disagreements
were resolved by consulting a third author (NNL).

Data analysis

Statistical analyses were performed using the RevMan
5.4 software. Continuous outcomes (SLEDAI score and

laboratory findings) were assessed using the weighted mean
difference (WMD) or standardized mean difference (SMD),
and dichotomous outcomes (SRI-4, overall response rate, and
incidence of adverse reactions) were assessed using the risk ratio
(RR). All analytical tools were demonstrated with effect size and
95% confidence intervals (CI). A fixed-effects model was applied
once the I2 was ≤50%. Otherwise, a random-effects model was
used to perform the data analysis. To address the clinical
heterogeneity, subgroup analyses based on the course of
treatment were performed. To explore the sources of statistical
heterogeneity, sensitivity analyses, omitting one trial at a time,
were performed. If the change in statistical heterogeneity was
significant after trials were removed, the full texts further were re-
visited. To estimate the required information size and evaluate
the robustness of the results, trial sequential analysis (TSA) was
performed using the TSA 0.9.5.10 software. To assess small-study
effects, Begg’s rank correlation and Egger’s linear regression tests
were performed to detect the publication bias.

Certainty assessment
Two authors (YFC and LDW) independently evaluated the

certainty of evidence in accordance with the Grading of
Recommendations Assessment, Development and Evaluation
(GRADE) approach (Balshem et al., 2011) and the level of
evidence was judged as “high”, “moderate”, “low”, or “very low”.

Results

Study selection

Figure 1 presents how we identified eight eligible RCTs (Liu
et al., 2014; An and Fang, 2015; Li and Luo, 2015; Chen, 2018; Li
et al., 2018; Wang, 2018; Zhang, 2018; Wang, 2022). Our initial
searches yielded 1067 records. After removing 407 duplicates, we
screened titles and abstracts, and then excluded 649 ineligible
records. Eleven trials were selected for full-text evaluation. A list
of three trials that appeared to meet the inclusion criteria but were
excluded are reported in Supplementary Table S2 along with
citations and reasons for exclusion.

Study characteristics

Eight RCTs involving 538 participants included 272 participants in
the intervention groups and 266 in the control groups. These included
articles were published from 2014 to 2022. Sample sizes of the trials
ranged from 30 to 100 participants. One trial (Liu et al., 2014) reported a
comparison of TGT plus glucocorticoid and methotrexate (MTX) plus
glucocorticoid, whereas other trials reported a comparison of TGT plus
CTs and CTs alone. In three trials, participants were treated with 20 mg
TGT three times daily for 1 month (An and Fang, 2015) or 6 months
(Liu et al., 2014; Li et al., 2018); in the other trials, participants were
treated with 1.0–1.5 mg/kg/day TGT for 3 months or 4 months.
Additionally, the SLEDAI score was reported by six trials (Liu et al.,
2014; An and Fang, 2015; Chen, 2018; Li et al., 2018; Zhang, 2018;
Wang, 2022). The details of sex, age, disease activity, and CTs in each
trial are summarized in Table 1. The source, quality control, and
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chemical characteristics of TGT used in the included trials are presented
in Supplementary Table S3.

Assessment of risk of bias

We judged the overall bias of three trials as “high risk of bias”
and the overall bias of other trials as “some concerns.” The results
are shown in Figure 2.

For random sequence generation, three trials (An and Fang, 2015;
Chen, 2018; Li et al., 2018) used a random number table, one trial
(Zhang, 2018) only mentioned the use of stratified random sampling,
and four trials (Liu et al., 2014; Li and Luo, 2015; Wang, 2018; Wang,
2022) lacked the description of random sequence generation. For
allocation concealment, none of the included trials reported the
related information. Considering the insufficient information, we
judged the risk of bias arising from the randomization process as
“some concerns” in all trials. We failed to speculate the deviations
from intended interventions and the bias in measurement, since
information regarding blinding was unavailable. Therefore, we
judged the risk of bias in these domains as “some concerns” in all
trials. We judged the risk of bias due to missing outcome data as “low
risk of bias” in all trials, because all outcome data was available.
Additionally, although all trials completely reported the outcomes,
three trials (Liu et al., 2014; Chen, 2018; Li et al., 2018) reporting
adverse reactions lacked a specific description of the relationship
between adverse reactions and medication. Hence, we judged the risk
of selection bias as “high risk of bias” in the three trials and “low risk of
bias” in the other trials.

Primary outcomes

The SLEDAI score was reported in six trials after different
durations of TGT administration, including 1 month (An and
Fang, 2015), 3 months (Chen, 2018; Zhang, 2018), 4 months
(Wang, 2022), and 6 months (Liu et al., 2014; Li et al., 2018).
None of them reported the version of SLEDAI. When comparing
TGT plus CTs versus CTs alone, the result found that TGT was
associated with a statistical reduction in SLEDAI
(MDSLEDAI = −1.66, 95% CI = −2.07 to −1.26, p < 0.00001;
Figure 3A). Despite the nonsignificant heterogeneity (I2 =
23%), a random-effects model was employed due to different
durations of treatment. In addition, a subgroup analysis was
carried out based on the treatment durations to further determine
the difference between short- and long-term efficacy of TGT
against SLE. The subgroup analysis indicated that the most
significant reduction was in the 1 month subgroup (MDSLEDAI-

1m = −3.80, 95% CI = −5.84 to −1.76, p = 0.0003; MDSLEDAI-

3m = −1.53, 95% CI = −1.96 to −1.10, p < 0.00001; MDSLEDAI-

4m = −1.83, 95% CI = −2.64 to −1.02, p < 0.00001; MDSLEDAI-

6m = −1.43, 95% CI = −2.22 to −0.64, p = 0.0004; Figure 3B).
When comparing TGT versus MTX, one trial (Liu et al., 2014)
demonstrated insignificant difference in decreased SLEDAI score
between two groups (MD = −0.42, 95% CI = −1.31 to 0.47, p =
0.35; Figure 3C), which partially indicated that the effects of
20 mg TGT three times daily may be equivalent to that of 10 mg
MTX weekly for SLE treatment.

None of the included trials reported the SRI-4, a composite
index requiring full improvement of SLE (Luijten et al., 2012),

FIGURE 1
PRISMA flow diagram for identification of studies.
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TABLE 1 Basic characteristics of included studies.

Study

Sample
size

Male/
Female

Age/(year) SLEDAI Intervention
Treatment
duration

Outcomes
reported

T C T C T C T C T C

Liu et al.
(2014)

40 39 8/71 18–70 18–70 12.8 ±
4.15

12.6 ±
5.01

TGT 20 mg three times daily plus CTs (CTs: GC 0.5 mg/kg/day for
4 weeks, and then reduced it until 10 mg/day)

MTX 10 mg
weekly plus CTs

6 months 1) 2) 3) 5) 7)

An and Fang
(2015)

15 15 0/
15

0/
15

17–50
(34.7 ± 8.5)

17–50
(34.7 ± 8.5)

17.6 ± 1.7 17.7 ± 1.4 TGT 20 mg three times daily plus CTs (CTs: GC 0.8–1 mg/kg/day,
and then reduced it according to the condition)

CTs 1 month 1) 3)

Li and Luo
(2015)

44 43 9/78 17–50
(28.91 ± 9.82)

17–50
(28.91 ± 9.82)

Moderate activity TGT 1.0–1.5 mg/kg/day three times daily plus CTs (CTs: GC 20 mg
three times daily)

CTs 3 months 2) 3) 4) 5)

Chen (2018) 41 41 9/
32

10/
31

15–64
(31.08 ± 3.72)

16–68
(33.51 ± 3.96)

9.70 ±
2.57

9.93 ±
2.18

TGT 1.0–1.5 mg/kg/day three times daily plus CTs (CTs: GC
0.2–1.0 mg/kg/day, and then reduced it according to the condition;
HCQ 0.2 mg twice daily for 2 weeks, and then adjusted it to
0.2–0.4 mg/day)

CTs 12 weeks 1) 2) 4) 5) 6) 7)

Li et al. (2018) 50 50 15/
35

18/
32

22–58
(34.2 ± 6.80)

22–63
(36.4 ± 6.10)

14.81 ±
4.14

14.63 ±
5.10

TGT 20 mg three times daily plus CTs (CTs: GC 0.5 mg/kg/day for
a month, and then reduced it until 10 mg/day)

CTs 6 months 1) 2) 7)

Wang (2018) 40 40 13/
27

12/
28

19–55
(35 ± 6.7)

17–54
(34 ± 6.7)

Moderate activity TGT 1.0–1.5 mg/kg/day three times daily plus CTs (CTs: GC 20 mg
three times daily, NSAIDs, immunosuppressants)

CTs 3 months 2)

Zhang (2018) 15 15 / / 31.07 ± 4.54 30.53 ± 4.29 4.8 ± 3.16 4.8 ± 2.67 TGT 1.0 mg/kg/day three times daily plus CTs (CTs: GC
0.5–1.0 mg/kg/day, and then reduced it according to the condition)

CTs 3 months 1)

Wang (2022) 27 23 10/
17

9/
14

21–38
(30.42 ± 3.62)

20–38
(30.87 ± 4.13)

11.35 ±
2.15

10.72 ±
2.79

TGT 1.0–1.5 mg/kg/day three times daily plus CTs (CTs: GC 45 mg
daily, and then reduced it according to the condition)

CTs 4 months 1) 2)

C, control group; CTs, conventional treatments; T, intervention group; TGT, tripterygium glycoside tablets; GC, glucocorticoid; HCQ, hydroxychloroquine sulfate; MTX, methotrexate; NSAIDs, non-steroidal anti-inflammatory drugs.

Outcomes: 1) SLEDAI, score; 2) overall response rate; 3) 24-h urine protein; 4) anti-dsDNA; 5) complement proteins C3 and C4; 6) IgG; 7) adverse reactions.
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however, six trials (Liu et al., 2014; Li and Luo, 2015; Chen, 2018;
Li et al., 2018; Wang, 2018; Wang, 2022) reported ORR, which is a
composite index widely used in China. There was a significant
difference in ORR between the TGT groups and the control
groups (RRORR-3m = 1.19, 95% CI = 1.07 to 1.32, p = 0.002; RRORR-

4m = 1.36, 95% CI = 0.98 to 1.89, p = 0.06; RRORR-6m = 1.24, 95%
CI = 1.03 to 1.49, p = 0.02; RRMTX = 1.31, 95% CI = 1.02 to 1.69,
p = 0.03; Figure 4). Two evaluation criteria for ORR in the
selected trials were used, including one focusing on the
improvement of laboratory indicators and one focusing on the
disappearance of symptoms. In the two trials that used the former
criterion (Li and Luo, 2015; Wang, 2018), the significant response
was defined as a platelet count reaching 100×109/L without
bleeding and normal levels of urine protein, anti-dsDNA, C3,
and C4; in the other three trials that used the latter criterion (Liu
et al., 2014; Chen, 2018; Li et al., 2018), the definition of
significant response included the complete disappearance of
symptoms. The significant response rate is more conservative,
because the ORR contains a risk of exaggerating the real efficacy
of drugs. Moreover, the significant response rate in the three
trials, approximating a proportion of patients with lupus with
disappearance of all symptoms and no new severe disease
activity, has an advantage of detecting full improvement and
no worsening, the result of which may have the same/similar
significance as that of SRI. Consequently, we further performed a
data analysis of this outcome. The results found that TGT plus
CTs statistically improved the significant response rate compared
with CTs alone (RR = 1.59, 95% CI = 1.19 to 2.13, p = 0.002;
Figure 5A), whereas there was no difference in the significant
response rate between the TGT group and the MTX group (RR =
1.14, 95% CI = 0.73 to 1.78, p = 0.57; Figure 5B).

Considering the clinical heterogeneity of CTs and TGT dosage,
subgroup analyses were performed separately according to different
chemical drugs such as hydroxychloroquine and
immunosuppressants, and various TGT dosages. The results
showed no statistical heterogeneity between trials (Supplementary
Figures S1–S3).

Secondary outcomes

Supplementary Figures S1–S6 present the evaluation of the
secondary outcomes. Compared with the CTs alone, TGT plus CTs
was associated with significant improvement in the levels of 24-h urine
protein (MD1m = −0.77, 95% CI = −1.34 to −0.20, p = 0.008;
MD3m = −0.68, 95% CI = −0.84 to −0.52, p < 0.00001;
Supplementary Figure S4), anti-dsDNA (MD3m = −3.32, 95%
CI −4.80 to −1.83, p < 0.0001; Supplementary Figure S5),
complement proteins (MDC3–3m = 0.20, 95% CI 0.18 to 0.22, p <
0.00001; MDC4–3m = 0.12, 95% CI 0.11 to 0.13, p < 0.00001;
Supplementary Figure S6), and immunoglobulins (MDIgG-3m = −2.26,
95% CI −3.36 to −1.16, p < 0.0001; Supplementary Figures S7).
Compared with MTX, TGT was also associated with statistical
reduction in the level of 24-h urine protein (MD6m = −0.32, 95%
CI = −0.45 to −0.19, p < 0.00001; Supplementary Figure S8). We
found no statistical difference between two groups in the level of
complement protein C3 (MD6m = 0.02, 95% CI = −0.16 to 0.20, p =
0.83; Supplementary Figure S9).

Safety outcomes

Three trials (Liu et al., 2014; Chen, 2018; Li et al., 2018) reported
adverse reactions. No statistically significant difference in the
incidence of all adverse reactions between the TGT groups and
the control groups was observed (RRTGT+CTs vs. CTs = 1.08, 95% CI =
0.77 to 1.50, p = 0.65; RRTGT vs. MTX = 0.98, 95% CI = 0.60 to 1.58, p =
0.92; Figure 6). However, TGT was associated with a high risk of
menstrual disturbance (RRTGT+CTs vs. CTs = 5.00, 95% CI = 1.33 to
18.74, p = 0.02; RRTGT vs. MTX = 7.80, 95%CI = 1.02 to 59.48, p = 0.05;
Figure 7). The adverse effects in the TGT group also included
abnormal liver function, respiratory tract infection, leukopenia,
thrombocytopenia, nausea, and vomiting.

Trial sequential analysis

As for the SLEDAI score and ORR, we performed TSA to control
for the risks of random errors. Type I error was of 5% and type II error
was of 20%. TSA showed that the blue curves (cumulative Z-score)
crossed the horizontal red lines (traditional boundaries of 5%
significance) and vertical red lines (required information sizes)
(Figure 8), indicating that the robustness of the results was confirmed.

Publication bias

To detect the publication bias for the SLEDAI score and ORR,
Begg’s rank correlation and Egger’s linear regression tests were

FIGURE 2
Risk of bias of included studies.
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performed. The Begg’s rank correlation test (Figure 9A) of the
SLEDAI score showed that the p-value was greater than 0.05
(p = 0.086), but the Egger’s linear regression test (Figure 9B)
showed that the p-value was less than 0.05 (p = 0.032). Since
Egger’s linear regression test is more accurate than Begg’s test,
we suspected that the results of the SLEDAI score might be
affected by publication bias. The Begg’s test (Figure 9C) and
Egger’s linear regression test (Figure 9D) of the ORR illustrated
that the p-value was all greater than 0.05 (Begg, p = 0.221; Egger, p =
0.093), which suggested no publication bias.

The potential publication bias might be caused by the
following factors: small sample size effects; clinical
heterogeneity in durations of treatment; and all the included
RCTs are published in Chinese, leading to language
publication bias.

GRADE assessment

We chose six outcomes provided for the comparison of TGT plus
CTs versusCTs alone, including SLEDAI, SLEDAI-3m,ORR, ORR-3m,
incidence of adverse reactions, and incidence of menstrual disturbance.
The certainty of the evidence was generally compromised by a high risk
of bias, as none of the included trials guaranteed that the allocation
concealment had been implemented and that the participants,
investigators, or assessors had been blinded. For the outcomes from
small samples, we downgraded the certainty by two levels due to a
combination of high risk of bias and substantial imprecision. In
addition, we downgraded the certainty of evidence on SLEDAI by
one level due to potential publication bias detected by Egger’s linear
regression test. The certainty of evidence was rated as moderate to low.
An overview of the evidence certainty is shown in Table 2.

FIGURE 3
Forest plot of the SLEDAI score (TGT + CTs vs. CTs) (A), subgroup analysis of the SLEDAI score (TGT + CTs vs. CTs) (B), and SLEDAI score (TGT + CTs
vs. MTX + CTs) (C).
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Discussion

Summary of findings

In this systematic review of eight RCTs with a total of
538 participants, the administration of TGT was significantly

associated with decreased lupus activity, particularly in the first
month of treatment, despite the methodological flaws and small
samples in the original studies. In China, it is generally
considered that the concentration- and time-dependent
toxicity of TGT is associated with long-term use (Tong et al.,
2004; Jiang et al., 2009). Therefore, the medication compliance of

FIGURE 4
Forest plot of the overall response rate (TGT + CTs vs. CTs) (A) and overall response rate (TGT + CTs vs. MTX + CTs) (B).

FIGURE 5
Forest plot of the significant response rate (TGT + CTs vs. CTs) (A) and significant response rate (TGT + CTs vs. MTX + CTs) (B).
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patients treated for three or 6 months may be worse than that of
patients treated for 1 month, which provides a partial
explanation for the most significant effect in the first month.
In addition, the initial SLEDAI score of the trial with duration of
1 month was the highest, indicating that the effect of TGT may be
related to the severity of lupus. Another important finding was
that there was a trend toward an improved ORR, especially an
improved significant response rate, of patients with lupus treated
with TGT. Additionally, TGT were significantly associated with
ameliorated surrogate outcomes, including improvement in the
levels of urine protein, anti-dsDNA, IgG, C3, and C4. As a marker
reflecting the degree of renal damage, 24-h urine protein is
positively correlated with the lupus activity (Li et al., 2018).
As characteristic antibodies of SLE, anti-dsDNA antibodies
participate in the pathogenesis of SLE, and have even been
explored as a target in the management of SLE (Wang and
Xia, 2019). Fucosylation levels of anti-dsDNA IgG1 fluctuate
with lupus activity (Han et al., 2022). Although complement

proteins are non-specific immunological parameters, those that
regularly decrease before the flare can be used to monitor lupus
activity (Petri et al., 2013).

The high risk of menstrual disturbance indicated that TGT may
be associated with a low risk of other adverse reactions (for example,
gastrointestinal symptoms) despite insufficient data (on the premise
that there was no significant difference in the overall incidence of
adverse reactions between the TGT and control groups). Pregnant
women and women of childbearing age with pregnancy
requirements remain contraindications.

One trial showed that there was no significant difference
between the TGT group and the MTX group in controlling
lupus activity, which seems to be direct but weak evidence that
TGT may be an alternative to MTX for patients with SLE with
moderate to severe activity. A previous RCT during 24 weeks,
conducted in Bangladesh, indicated that 10 mg of MTX
administered weekly appeared to be as effective as 150 mg of
chloroquine administered daily for SLE with an acceptable

FIGURE 6
Forest plot of the incidence of adverse reactions (TGT + CTs vs. CTs) (A) and incidence of adverse reactions (TGT + CTs vs. MTX + CTs) (B).

FIGURE 7
Forest plot of the incidence of menstrual disturbance (TGT + CTs vs. CTs) (A) and incidence of menstrual disturbance (TGT + CTs vs. MTX + CTs) (B).
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safety (Islam et al., 2012). Regarding the regimen of 60 mg TGT
daily plus glucocorticoid, it remains unclear whether its toxicity is
acceptable, especially considering the damage to the female
reproductive system.

Comparison with previous studies

A previous systematic review of TwHF for SLE was selected as a
conference abstract at the American College of Rheumatology/
Association of Rheumatology Health Professionals Annual Scientific
Meeting, 2015 (Ye et al., 2015). However, our systematic review remains
imperative due to the following: 1) In the eligibility criteria of the
previous systematic review, there was no strict limitation on the

interventions, including a variety of TwHF preparations and other
TCMs, which led to the substantial clinical heterogeneity. 2) Limited by
the format of conference abstract, nearly all critical items in the
Assessment of Multiple Systematic Reviews 2 (AMSTAR 2) (Shea
et al., 2017) and the PRISMA guidelines (Page et al., 2021) were not
reported. 3) Although a protocol for systematic review and meta-
analysis of TwHF against SLE was published (Chen et al., 2020), no
results have been found to date.

Strengths and limitations

Our study has several important strengths. Firstly, to our
knowledge, this is the first systematic review assessing the

FIGURE 8
Trial sequential analysis of the SLEDAI score (A) and ORR (B).
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FIGURE 9
Publication bias. The Begg’s test on the SLEDAI score (A). The Egger’s test on the SLEDAI score (B). The Begg’s test on ORR (C). The Egger’s test on
ORR (D).

TABLE 2 GRADE summary of outcomes for TGT + CTs versus CTs for patients with SLE.

Outcomes No. of participants
(studies)

Anticipated Absolute effects (95% CI) Relative effect
(95% CI)

Certainty of the
evidence (GRADE)

Risk with CTs Risk difference with TGT + CTs

SLEDAI 292 (5) The mean SLEDAI-
1m ranged from
2 to 8.9

The mean SLEDAI in the TGT + CTs
group was 1.66 lower (2.07 lower to
1.26 lower)

- ⊕⊕○○

LOWa,c

SLEDAI-3m 112 (2) The mean SLEDAI-
3m ranged from
2 to 6.98

The mean SLEDAI-3m in the TGT + CTs
group was 1.53 lower (1.96 lower to
1.1 lower)

- ⊕⊕○○

LOWa,b

ORR 333 (5) 751 per 1,000 158 more per 1,000 (83 more to 240 more) RR 1.21 (1.11–1.32) ⊕⊕⊕○

MODERATEa

ORR-3m 249 (3) 774 per 1,000 147 more per 1,000 (54 more to 248 more) RR 1.19 (1.07–1.32) ⊕⊕○○

LOWa,b

Incidence of adverse
reactions

182 (2) 418 per 1,000 33 more per 1,000 (96 fewer to 209 more) RR 1.08 (0.77–1.50) ⊕⊕○○

LOWa,b

Incidence of menstrual
disturbance

182 (2) 22 per 1,000 88 more per 1,000 (7 more to 309 more) RR 5.00
(1.33–18.74)

⊕⊕○○

LOWa,b

CTs, conventional treatments; CI, confidence interval; ORR, overall response rate; RR, relative risks; TGT, Tripterygium Glycoside Tablets.
aHigh risk of bias due to the unclear method of randomization, allocation concealment and blinding.
bSubstantial imprecision due to small sample sizes.
cPotential publication bias detected by quantitative methods.
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efficacy and safety of TGT for SLE rigorously in accordance with
the PRISMA statement and reporting the level of evidence
following the GRADE approach. Secondly, based on the
specific efficacy criteria, we speculated that the patients with
significant response might have similar clinical characteristics
to the responders of SRI. According to the SRI (Luijten et al.,
2012), a responder is defined as having ≥4 points reduction
from baseline in Safety of Estrogens in Lupus Erythematosus
National Assessment SLEDAI, no new severe disease activity,
no more than one new moderate organ score, and no worsening
in the physicians’ global assessment. The significant response
positivity partially meets the above three criteria. Hence, we
further performed an evaluation of significant response rate,
which is a supplement to the insufficient evaluation of SRI-4.
Thirdly, our interpretations of the effects on controlling lupus
activity were based on an estimate of the minimal clinically
significant differences. A study based on data from a large
cohort of patients with SLE indicated that the difference in
change of SLEDAI-2K score between patients requiring an
increase in treatment and those without additional treatment
is 2.6 (Yee et al., 2011). This estimated difference can be
recommended as a basis for determining the minimal
clinically important treatment effects. Our subgroup analysis,
therefore, revealed that only the difference in SLEDAI score at
1 month exceeded the threshold of clinical significance.

However, our study also has several limitations. Firstly, few
trials reported the version of SLEDAI. The original SLEDAI
focuses on new onset or recurrence of rash, mucous membranes,
alopecia, and proteinuria, whereas the SLEDAI-2K allows for
persistent lupus activity. Secondly, we failed to judge the safety
and acceptability of TGT based on the incidence of adverse
reactions only. The description of adverse reactions lacked
information regarding their severity, frequency, and
correlation with TGT. Thirdly, considering that the included
trials are all Chinese literature with small sample sizes, we failed
to rule out publication biases. Finally, and most importantly,
critical methodological flaws were present, including unclear
allocation concealment and unblinded design; therefore, the
selection and performance/detection bias might have weakened
the inference of TGT effects.

Implications for future research

Considering the aforementioned limitations, we put forward a
few suggestions.

(1) For the careful evaluation of the safety profile, observing the
long-term fertility function of patients with menstrual
disorders will provide more mature evidence regarding the
tolerance profile of TGT. Safety should take precedence over
efficacy. And a systematic review conducted by the Peking
University School of Public Health showed that the risk of
reproductive toxicity induced by TwHF was as high as 17.9%
(Sun et al., 2014). In addition, researchers should fully report

the hepatotoxicity induced by TGT, including the symptoms,
serum transaminase levels, and changes after drug
withdrawal. With the research on the modernization of
TCMs, various Chinese botanical drugs have been shown
to decrease the toxicity of TGT (Liu et al., 2019). Numerous
studies have revealed the protective effect of Semen Cuscutae
flavonoids in vivo, which improves the premature ovarian
failure and spermatogenic cell damage caused by TGT (Ren
et al., 2018; Zhang et al., 2019; Huang et al., 2020). In
addition, total glucosides of paeony, a promising
alternative therapy to prevent lupus flares (Chen et al.,
2022), may be effective against the acute liver injury
induced by TGT in mice (Zhou et al., 2007). Therefore, it
is necessary to study the efficacy and safety of total glucosides
of paeony plus TGT for the treatment of SLE.

(2) For the TGT production improvements, we recommend the
standardization of the process to avoid uneven product quality.
In addition to controlling the content of active compounds,
recently emerging novel drug delivery carriers and the
innovation of traditional oral dosage forms are expected to
achieve the toxicity reduction. A variety of TP delivery systems,
including nano, polymeric micelle, and microemulsion systems,
have been developed to alleviate adverse effects and improve
bioavailability (Xu et al., 2013; Wang et al., 2019; Ren et al.,
2021).

(3) For the assessment of lupus activity, researchers are encouraged
to use SLEDAI-2K for the measurement of persistent activity
and SRI for a sensitive response analysis to obtain clinically
meaningful changes simultaneously. The SLEDAI-2K has a
limited ability to identify all clinically meaningful changes in
lupus activity (Jesus et al., 2019), and therefore, the SRI,
requiring full improvement in some manifestations, might be
a more suitable choice.

Future trials should be designed and performed on the basis of
rigorous methodology, including a calculated sample size, a long
follow-up period, a pre-registered protocol, and a blinded method.
In addition, results should be reported in accordance with the
guidelines of SPIRIT-TCM Extension 2018 (Dai et al., 2019) and
CONSORT-CHM Formulas 2017 (Cheng et al., 2017).

Conclusion

Based on the low-certainty evidence, patients with SLE that
have received TGT in addition to CTs (for example,
glucocorticoids or combined with immunosuppressants) may
experience an additional reduction in disease activity.
Considering the inconclusive tolerability and previous reports
that TwHF-induced toxicity occurred frequently in cases of long-
term administration, clinicians might consider short-term TGT
(for example, 20 mg TGT 3 times daily for 1 month) as a
complementary treatment for SLE, while monitoring lupus
activity over time and adjusting glucocorticoid dosage
accordingly.
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