
https://doi.org/10.1177/2040622320922019 
https://doi.org/10.1177/2040622320922019

Therapeutic Advances in Chronic Disease

journals.sagepub.com/home/taj 1

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 License  
(https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and distribution of the work without further permission 
provided the original work is attributed as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).

Ther Adv Chronic Dis

2020, Vol. 11: 1–10

DOI: 10.1177/ 
2040622320922019

© The Author(s), 2020.  
Article reuse guidelines:  
sagepub.com/journals-
permissions

Introduction
Takayasu’s arteritis (TA) is a type of large-vessel 
vasculitis involving the aorta and its branches, and 
is characterized by granulomatous inflammation.1 
TA prevalence in Asian countries has been esti-
mated 12.9–40.0 cases per million hospital-based 
population.2,3 Persistent inflammation in full-
thickness vessel walls often leads to stenosis and/
or occlusion of local involved arteries, which 
induces ischemic manifestations as well as organ 

dysfunction.4,5 Thus, timely and effective anti-
inflammatory treatment is essential to control the 
inflammatory response, delay or prevent TA pro-
gression, and to improve long-term prognosis.

Standards or guidelines for TA treatment are 
lacking. Glucocorticoids (GC) have been consid-
ered to be the mainstay for induction therapy 
against TA. A Chinese questionnaire-based 
investigation on TA management indicated that, 
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Abstract
Aims: The objective of this study was to investigate the outcomes of leflunomide (LEF) 
compared with those of cyclophosphamide (CYC) as induction against active Takayasu’s 
arteritis (TA) in Chinese patients.
Methods: This was an observational study based on a prospective cohort that included TA 
patients diagnosed in large third-level first-class general hospitals in East China from January 
2009 to September 2018. LEF- or CYC-induced active patients were enrolled for comparative 
effectiveness analysis. One-to-more paired cohorts of LEF versus CYC were derived by 
propensity-score matching (PSM). The primary outcome was complete remission (CR) at 
9-month follow up, and secondary endpoints included partial remission (PR) and effectiveness 
rate (ER). Multivariable logistic regression was used to identify statistical significance.
Results: A total of 131 enrolled patients with at least 3-months treatment included 53 
receiving a regimen of glucocorticoid (GC) and LEF and 78 receiving GC and CYC. Compared 
with the CYC group, the LEF group showed higher CR rate {LEF versus CYC: 84.6% [95% 
confidence interval (CI) 74.5–94.8%] versus 59.0% (47.8–70.1%); relative risk (RR) = 0.3 (0.1–
0.6), p = 0.002} and lower daily GC dose [10.0 (5.0–12.5) versus 12.5 (10.0–15.0) mg, p = 0.043] at 
the end of the 9-month induction. In the matched analysis, the LEF group (n = 23) still indicated 
a higher CR rate than the CYC group (n = 54) after PSM [RR = 0.1 (0.0–0.6), p = 0.003]. Four 
LEF-treated patients had mild side effects, and one died unrelated to LEF.
Conclusion: LEF could be an alternative induction therapy against TA, showing good 
effectiveness and tolerance compared with CYC.
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according to 83% of rheumatologists, GC should 
be administrated initially.6 However, 72% of  
TA patients undergoing GC mono-therapy  
experienced recurrence within 6 months after  
tapering the prednisolone dose to <10 mg/day.7 
Conventional immunosuppressant (IS) and bio-
logic agents combined with GC have been shown 
to induce rapid remission and successful GC 
reduction.8–11

Cyclophosphamide (CYC) is a commonly used 
IS for TA induction, and a remission rate of 
40.0–82.1% has been reported upon its use in 
different populations.12–15 In China, CYC has 
been chosen as first-choice IS by 78% of rheuma-
tologists, and combination of GC and CYC 
remains the most preferred regimen for induc-
tion therapy, particularly in patients with impor-
tant organs involved.6 However, radiologic 
improvements do not match clinical remission.16 
Moreover, the side effects of gonadal and repro-
ductive toxicity have been observed more com-
monly than hemorrhagic cystitis in Asians upon 
CYC use.15 This factor should be taken into con-
sideration if prescribing CYC to women of child-
bearing-age suffering from TA.

Leflunomide (LEF) is another type of IS that 
inhibits pyrimidine biosynthesis, activation of the 
nuclear factor-kappa B (NF-κB) signaling path-
way, as well as production of pro-inflammatory 
cytokines such as interleukin (IL)-1, IL-17, and 
adhesion molecules.17–19 LEF has been success-
fully used as induction against rheumatoid arthri-
tis, lupus nephritis, and giant cell arteritis.20–23 
Moreover, LEF has been shown to protect the 
fertility of female patients with lupus nephritis.22 
With regard to TA, LEF has been thought to be a 
second-line IS because of uncertainty around its 
efficacy and safety in induction. A small-sample 
open-label study of 15 TA patients from South 
America showed the promising response of LEF in 
induction, and good safety.24,25 Treated with LEF 
of 20 mg/day, 12 patients (80%) reached clinical 
response after 9.1 months and 5 (41.6%) achieved 
sustained remission after 43.0 ± 7.6 months  
follow up.24,25 Seven patients discontinued LEF 
treatment including six relapses and one side 
effect.25 Thus, LEF might be an alternative to 
CYC as induction against TA.

In this study, we aimed to investigate the effec-
tiveness and safety of LEF as induction therapy 
for Chinese patients with TA.

Materials and methods

Study design
This was a retrospective observational study. We 
aimed to investigate effectiveness of LEF com-
pared with that of CYC as induction in patients 
with active TA, using data from the East China 
TA (ECTA) cohort. The prospective cohort has 
been established by the ECTA collaboration 
group since 2009, which consists of hospital-
based centers in East China and group leader of 
Zhongshan Hospital in Shanghai. The protocols 
for the ECTA cohort have been approved by the 
Ethics Committee of Zhongshan Hospital affili-
ated to Fudan University (B2016-168), and con-
form to the Declaration of Helsinki. All patients 
provided written informed consent before 
entrance into the ECTA cohort.

All eligible patients were enrolled in the ECTA 
cohort according to the classification criteria by 
the 1990 American College of Rheumatology for 
TA.26 Disease activity was assessed using the cri-
teria of the National Institutes of Health (NIH) 
(Bethesda, MD, USA).5 Angiographic types were 
judged by the Numano classification.27 Patients 
enrolled from 1 January 2009 to 31 December 
2015 were treated with a regimen of GC and 
CYC, while patients enrolled from 1 January 
2016 to the present date received a revised regi-
men of GC and LEF. Prednisone was initiated 
(0.8–1.0 mg/kg/day, p.o.) for 4 weeks in induc-
tion, and tapered gradually to a small dose of 
0.1–0.2 mg/kg/day within the next 5 months. 
CYC (0.5–0.75 g/m2, i.v.gtt) was given every 
4 weeks. LEF was administered at 20 mg/day, p.o. 
The duration of induction was 9 months.

Participant enrollment
By 30 September 2018, 627 TA patients had 
been enrolled in the ECTA cohort. Inclusion cri-
teria were patients: (a) with TA in the active 
phase (NIH score ⩾2); (b) who had undergone 
induction therapy of GC combined with LEF or 
CYC; (c) who had not been exposed to any other 
IS in the past 3 months. After screening by inclu-
sion criteria, 488 patients were excluded, includ-
ing inactive patients (n = 149) and active patients 
who received neither LEF nor CYC, nor any IS 
concomitantly within 3 months (n = 339). Among 
these patients with active TA, 44 obtained mono-
therapy of GC and others received combined 
therapy of GC and IS (hydroxychloroquine 121, 
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methotrexate 45, azathioprine 30, thalidomide 
27, mycophenolate mofetil 19, cyclosporine 4, 
tacrolimus 2, tocilizumab 21, etanercept 6, inf-
liximab 4, adalimumab 2, rituximab 2).

A total of 139 patients were eligible and recruited 
into our study: 56 patients in the LEF group and 
83 in the CYC group. The number of patients 
treated with LEF and CYC was 53 and 78 by the 
end of 3 months, 52 and 78 by the end of 6 months, 
and 50 and 75 by the end of 9 months, respec-
tively (Figure 1).

Follow up and assessment
The frequency of follow-up visits was once per 
month during induction therapy, but was 
extended to every 3 months during remission 
therapy. Comprehensive evaluation of disease 

activity was completed at baseline and every 
3 months at follow ups, including new-onset or 
aggravated symptoms or signs, laboratory pro-
files, and NIH scores.

Radiological imaging was carried out at baseline 
and at the end of 6 months. Whole-body enhanced 
magnetic resonance angiography, computed 
tomography angiography, or positron emission 
tomography replaced the invasive modality of 
digital subtraction angiography. Data were col-
lected and inputted into an electronic database by 
specially assigned persons.

Outcomes
The primary outcome was complete remission 
(CR), and the secondary endpoints were partial 
remission (PR) and effectiveness rate (ER) 

Figure 1. Flowchart of participants.
TA, Takayasu’s arteritis; ECTA, East China Takayasu’s Arteritis; LEF, leflunomide; CYC, cyclophosphamide; GC, glucocorticoid.
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9 months after induction. All the following crite-
ria should be satisfied for CR: (a) no new/wors-
ened systemic symptoms; (b) no new/worsened 
vascular symptoms or signs; (c) erythrocyte sedi-
mentation rate (ESR) was normal (⩽40 mm/h); 
(d) GC dose ⩽15 mg/day. PR was denoted if item 
(b) was satisfied combined with at least one of  
the other three items. ER referred to the total rate 
of patients receiving CR or PR by the end of 
9 months after induction therapy. Other out-
comes included safety such as side effects, adverse 
events, and death.

Statistical analyses
This study was a real-world analysis. The sample 
size depended mainly on the number of patients 
whose data were included in the ECTA cohort. 
Data were analyzed using STATA v11.2 SE 
(Stata, College Station, TX, USA). Continuous 
variables were described as the mean and standard 
deviation (SD) for normal distributions, or median 
and interquartile range (IQR) for data with a non-
normal distribution. Categorical variables were 
described as numbers and percentages.

Clinical data between different groups were ana-
lyzed with Student’s t tests or Wilcoxon rank sum 
tests, as appropriate; χ2 tests were used to com-
pare differences in categorical variables between 
each group, and Fisher’s exact test was used if the 
sample size was <5. For the primary endpoint of 
CR rates and secondary endpoints of PR rates 
and ER, multivariable logistic regression models 
were used to assess between-group differences in 
CR, PR rates and ER. Covariates included age at 
diagnosis, gender, duration, ESR, and complica-
tions (headache/dizziness, chest pain/distress, 
hypertension, cardiac dysfunction, renal dysfunc-
tion, and/or cerebral infarction).

Given the limited sample size and multiple unbal-
anced characteristics at baseline between the two 
treatment groups, a propensity-score analysis was 
applied to adjust for potential confounders at 
baseline.28 Propensity score matching (PSM) was 
carried out using a specific approach29: (1) the 
confounding factors considered for the PSM pro-
gram included age at diagnosis, gender, duration, 
ESR, and complications (headache/dizziness, 
chest pain/distress, hypertension, cardiac dys-
function, renal dysfunction, and/or cerebral 
infarction); (2) nearest-neighbor matching was 

according to a ratio of one-to-more to overcome 
bias arising from lack of randomization as a con-
sequence of the different co-variable distribution 
among patients who were in LEF or CYC, and 
the caliper value was set at 0.035; (3) the pre-
dicted values were then used to obtain nearest-
neighbor matching. Finally, 78 cases were selected 
(24 cases with LEF treatment and 54 cases with 
CYC treatment). Propensity scores were gener-
ated based on a logistic regression with received 
treatment types as dependent variable, and with 
the confounding factors listed above at baseline as 
covariates. In order to reduce the number of 
covariates, the propensity scores were then 
included in the following multivariate logistic 
regression model as a covariate to test the differ-
ence of treatment effects. Effectiveness was esti-
mated using absolute differences in CR rates and 
95% CIs; p < 0.05 was considered significant.

Results

General characteristics at baseline
The demographic and general characteristics of 
131 new-onset TA patients with at least 3-month 
treatments were shown in Table 1. Type V 
(37.6%) and type I (24.8%) were the most com-
mon angiographic types. These 131 patients were 
evaluated in the active phase with a baseline NIH 
score of 2 (2–3). The initial daily dose of pred-
nisone was 40 (30–45) mg, and the LEF group 
had significantly lower level (LEF versus CYC: 30 
(20–40) versus 40 (40–50) mg, p < 0.01). There 
were significant differences between the two 
groups at baseline including the diagnosis age, 
ESR levels, and rates of cardiac dysfunction. 
After matching of propensity scores, 24 patients 
receiving LEF were matched with 54 patients 
receiving CYC, with standardized differences 
<10% for all variables (Table 1).

Treatment responses at 3 and 6 months
At the end of 3-month induction treatments, 131 
patients continued the regimen (LEF group = 53, 
CYC group = 78) (seen in Figure 1). The overall 
CR and PR rates in patients with active TA were 
28.2% (37/131) and 29.0% (38/131), respec-
tively. The total ER was 57.3% (75/131). There 
were no significant differences in the CR rate 
between the two groups [LEF versus CYC: 22.6% 
(12/53) versus 32.1% (25/78), p = 0.240].  
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The LEF group showed similar levels of ESR 
[LEF versus CYC: 13.0 (4.0–28.0) versus 16.0 
(7.0–27.5) mm/h, p = 0.508], c-reactive protein 
(CRP) [LEF versus CYC: 4.6 (0.5–17.6) versus 
5.7 (1.6–16.0) mg/L, p = 0.653], IL-6 [LEF versus 
CYC: 3.4 (2.0–8.0) versus 2.7 (2.0–5.9) pg/mL, 
p = 0.379], immunoglobulin (Ig) G [LEF versus 
CYC: 9.0 (6.7–12.0) versus 9.4 (7.0–11.0) g/L, 
p = 0.847], and GC daily dose [LEF versus CYC: 
15.0 (10.0–25.0) versus 20.0 (15.0–25.0) mg, 
p = 0.101] with those of the CYC group.

At the end of 6-month induction treatments, 
there were 130 patients continuing regimens 
(LEF group = 52, CYC group = 78) (seen in 
Figure 1). The overall CR and PR rates in patients 
with active TA were 42.0% (55/131) and 22.1% 
(29/131), respectively. The total ER was 64.1% 
(84/131). The median daily dose of prednisone 
was 13.8 (10–15) mg. There were no significant 
differences between two groups in the CR rate 
[LEF versus CYC: 45.3% (24/53) versus 39.7% 
(31/78), p = 0.257] and the daily prednisone dose 
[LEF versus CYC: 15.0 (10.0–20.0) versus 12.5 
(10.0–15.0) mg, p = 0.620].

The LEF group had significantly lower levels  
of ESR (18.0 ± 13.3 mm/h), CRP [3.4 (0.8–9.3) 
mg/L], IL-6 [2.6 (2–5.6) pg/mL], IgG 
(9.3 ± 3.8 g/L) and daily prednisone dose [15.0 
(10.0–20.0) mg] than those at baseline 
(p = 0.001, p = 0.018, p = 0.046, p = 0.003 and 
p = 0.013, respectively). The CYC group also 
indicated significantly lower levels of ESR [17.0 

(10.5–38.0) mm/h], CRP [5.2 (2.8–15.3) mg/L] 
and daily prednisone dose [12.5 (10.0–15.0) 
mg] compared with those at baseline (p = 0.023, 
p = 0.002, and p = 0.000, respectively). The LEF 
group showed significantly greater decreases in 
levels of ESR [9.0 (−1.5–27.0) versus −5.0 
(−19.5–2.5) mm/h, p = 0.000] as well as CRP 
[0.8 (−1.9–12.0) versus −2.4 (−8.4–0.8) mg/L, 
p = 0.000], IgG (6.9 ± 0.4 versus −0.8 ± 3.3 g/L, 
p = 0.000), and IL-6 [3.0 (0.0–9.6) versus 0.0 
(−1.5–2.0) pg/mL, p = 0.020] than the CYC 
group.

Primary and secondary outcomes at 9 months
At the end of 9-month induction treatments, 
there were 125 patients continuing the regimens 
(LEF group = 50, CYC group = 75) and 5 
patients switched to other drugs due to three 
adverse reactions and two failures (seen in Figure 1). 
The mean daily dose of prednisone was 10.0 
(8.8–15.0) mg/day. The overall CR and PR rates 
in patients with active TA were 69.2% (90/130) 
and 13.1% (17/130), respectively. The total ER 
was 82.3% (107/130). The LEF group showed 
more sustainable increases in remission than the 
CYC group through the follow ups until 9-month 
treatments (Figure 2).

In the LEF group, the CR and PR rates were 
84.6% (44/52) and 9.6% (5/52), and the ER rate 
was 94.2% (49/52), respectively. After 9-month 
LEF treatment, levels of ESR [11.0 (6.3–13.8) 
mm/h] as well as CRP [1.5 (0.7–3.8) mg/L], IL-6 

Figure 2. Percentages of TA patients with variable disease activity at 3-, 6- and 9-month follow ups after LEF 
and CYC induction.
CYC, cyclophosphamide; LEF, leflunomide; TA, Takayasu’s arteritis.
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[9.5 (6.2–11.2) pg/mL], IgG (8.9 ± 2.7 g/L) and 
daily prednisone dose [10.0 (5.0–12.5) mg] were 
significantly lower than those at baseline 
(p = 0.003, p = 0.021, p = 0.039, p = 0.041 and 
p = 0.000, respectively).

In the CYC group, the CR and PR rates were 
59.0% (46/78) and 15.4% (12/78) and the ER was 
74.4% (58/78), respectively. After 9-month CYC 
treatment, levels of ESR [13.0 (4.0–42.5) mm/h], 
CRP [5.4 (1.3–9.0) mg/L], IgG (9.5 ± 1.7 g/L) 
and daily prednisone dose [12.5 (10.0–15.0) mg] 
decreased (p = 0.491, p = 0.016, p = 0.001, and 
p = 0.000, respectively) while IL-6 [9.5 (8.2–10.5) 
pg/mL] increased (p = 0.001) compared with those 
at baseline. However, there was no significant dif-
ference between two groups in levels of ESR 
(p = 0.299), CRP (p = 0.053), IL-6 (p = 0.113), and 
IgG (p = 0.447).

In multivariable analysis, the confounding factors 
adjusted were age, sex, TA course, and complica-
tions such as hypertension, cardiac dysfunction, 
renal dysfunction, and/or cerebral infarction. LEF 
treatment was associated with a higher possibility of 
reaching CR [LEF versus CYC: 84.6% (95% CI 
74.5–94.8%) versus 59.0% (47.8–70.1%); relative 
risk (RR) = 0.3 (0.1–0.6), p = 0.002] and ER 

[94.2% (87.7–100.0%) versus 74.4% (64.5–
84.3%); RR = 0.2 (0.1–0.6), p = 0.004], and lower 
daily prednisone dose [10.0 (5.0–12.5) versus 12.5 
(10.0–15.0) mg, p = 0.043] compared with CYC 
treatment (Table 2). After adjustment of propen-
sity scores in 78 matched patients, 77 patients fin-
ished the 9-month treatment (LEF group = 23, 
CYC group = 54). The LEF group still indicated 
significantly higher CR rate (p = 0.003) and ER 
(p = 0.037) than those in the CYC group.

Follow up after 9 months
After 9-month treatments, all the patients in the 
LEF group (n = 50) continued LEF treatment. 
Only one patient discontinued LEF for consider-
ing pregnancy after 12 months. In the CYC group 
(n = 75), 10.5% of the patients discontinued CYC 
treatment owing to failure of remission and side 
effects during the 9–24 months of CYC treat-
ment. The majority of patients obtained remis-
sion from CYC treatment in different time ranges 
(36.8% within 3–9 months, 26.3% within 10–
12 months, 21.1% within 12–24 months, and 
5.3% after 24 months) and then switched CYC to 
other IS treatment (azathioprine 38.7%, LEF 
32.3%, methotrexate 12.9%, hydroxychloroquine 
6.5%, cyclosporine 6.5%, thalidomide 3.1%).

Table 2. Adjusted RRs of reaching primary and secondary outcomes stratified by LEF/CYC treatment after 
9 months in patients with TA.

Before matching After matching

 LEF group
(n = 52)

CYC group
(n = 78)

P LEF group
(n = 23)

CYC group
(n = 54)

P

CR %
 (95% CI)

84.6
(74.5–94.8)

59.0
(47.8–70.1)

0.002* 95.7
(86.6–100.0)

63.0
(49.7–76.3)

0.003*

 RR
 (95% CI)

1 0.3
(0.1–0.6)

1 0.1
(0.0–0.6)

 

PR %
 (95% CI)

9.6
(1.3–17.9)

15.4
(7.2–23.6)

0.339 4.3
(0–13.4)

20.4
(9.3–31.5)

0.095

 RR
 (95% CI)

1 1.7
(0.6–5.2)

1 5.6
(0.7–46.4)

 

ER %
 (95% CI)

94.2
(87.7–100.0)

74.4
(64.5–84.3)

0.004* 100
(100–100)

83.3
(73.1–93.6)

0.037*

 RR
 (95% CI)

1 0.2
(0.1–0.6)

1 0.8
(0.3–2.1)

 

RR, relative risk; TA, Takayasu’s arteritis; LEF, leflunomide; CYC, cyclophosphamide; CI, confidence interval; CR, complete 
remission; PR, partial remission; ER, effectiveness rate.
*p < 0.05 was considered a significant different between the LEF and CYC groups.
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Safety
Side effects were noted in four LEF-treated 
patients (4/53, 7.5%). One patient suffered from 
a rash after 3 months and switched to azathio-
prine. The second patient had mild liver dysfunc-
tion after 1-month LEF treatment, which was 
reversed after suspension of LEF. This patient 
reused LEF induction and achieved remission so 
that she continued LEF for a 5-month continua-
tion without any further side effects. The third 
patient complained of hypomenorrhea. The 
fourth patient suffered from diarrhea and discon-
tinued LEF treatment at the eighth month. 
Besides, one patient of type V suffered from dis-
ease progression and died from a cerebrovascular 
accident 2-months after LEF treatment.

Out of 78 patients, 34 (43.6%) treated with CYC 
had side effects. Three had pulmonary infection 
after 1, 3, and 7 months, respectively, and 
switched to LEF and mycophenolate mofetil 
treatment separately. One patient suffered from 
fever and arthralgia after 1 month and switched to 
methotrexate, while another patient discontinued 
CYC owing to dizziness after 6 months. The other 
29 patients had hypomenorrhea to varying 
degrees but no amenorrhea. There was a signifi-
cant difference in the rates of hypomenorrhea 
between the two groups [LEF versus CYC: 1.9% 
(1/53) versus 37.2% (29/78); RR = 30.8 (4.0–
234.6), P < 0.010].

Discussion
In our study, the regimen of LEF combined with 
GC was considered effective in TA induction. We 
observed that 60.4% of LEF-treated patients 
achieved clinical effectiveness after 6-month 
treatment, increasing to 94.2% by 9 months. The 
trend of sustained remission was consistent with 
data from South America, and it was even a little 
higher than the 80% reported at 9.1-month  
follow-up.24 LEF induction treatment seemed  
to show encouraging effectiveness in Chinese 
patients with active and severe TA. On one hand, 
our TA patients were evaluated in more severe 
conditions at baseline, with wider lesions involve-
ment (type-V in 29.4% of patients) and more 
clinical manifestations (58.1%). On the other 
hand, the definition of CR and PR in this study 
might be overly strict, comprehensively including 
improvements or stabilization in symptoms, signs, 
ESR, and GC tapering.

Furthermore, the effectiveness of LEF induction 
was higher than that of CYC in this study. Even if 
our LEF-treated patients were characterized at 
baseline with more pulselessness, higher CRP lev-
els, and more severe situations than those of the 
CYC group, they had significantly greater decreases 
after induction in levels of ESR, CRP, and IL-6. In 
a further step of multivariable analysis, after adjust-
ment for possible confounding factors, LEF treat-
ment continued to demonstrate higher CR rate 
than CYC treatment in active-TA patients.

In addition, LEF showed advantages over CYC 
in the aspect of safety. More patients in the CYC 
group complained of hypomenorrhea during 
induction than those in the LEF group, and this 
difference was significant. Careful consideration 
should be taken if prescribing CYC to women of 
childbearing age suffering from TA. In the LEF 
group, only one patient complained of hypomen-
orrhea, and other side effects of LEF were mild 
without treatment interruption. Currently, there 
has been no human evidence of LEF-related 
increase in risks of adverse pregnancy outcomes 
and congenital abnormalities.30–32 Although LEF 
may not be a human teratogen, it has been con-
firmed teratogenic in rodents.33 Thus, it is rec-
ommended to discontinue LEF before a planning 
pregnancy, and it should be avoided in preg-
nancy.34,35 Cholestyramine or active charcoal 
washout could quickly lower plasma levels to 
under 0.02 mg/l or even undetectable.36,37

The present study had two main limitations. First, 
this was a non-randomized observational pilot 
study, and there was unavoidable selection bias 
and ascertainment bias despite propensity-score 
matching. Second, the study cohort was small 
because TA is rare. Nevertheless, our study was 
the largest one reported with regard to induction 
therapy against TA using LEF. However, our data 
with narrow 95% CIs were credible and illustra-
tive to some extent. Further and solid confirma-
tion at a larger scale and with longer follow ups 
will be needed.

In a word, we suggest that LEF might be a prom-
ising alternative to CYC in induction therapy 
against TA, with regards to good performance in 
clinical effectiveness and fertility considerations 
in female patients of childbearing age. Currently, 
a multi-center and double-blinded randomized, 
placebo-controlled clinical trial (TACTIC) is 
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underway in an East Chinese population with 
TA aimed at prospectively investigating the effi-
cacy and safety of LEF as induction therapy 
against TA.
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