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Introduction
Takayasu arteritis (TA) is a large-vessel vasculitis 
characterized by granulomatous inflammation of 
the aorta and its main branches.1 TA is commonly 
seen in Asian women of childbearing age, with a 
prevalence of 12.9–40 cases per million.2,3 Persistent 
inflammation and subsequent fibrosis would lead to 
stenosis and/or occlusion of involved arteries, which 
finally results in ischemic manifestations and organ 
dysfunction.4 Thus, timely and effective treatment 
against inflammation and fibrosis is essential.

Treatments of glucocorticoids (GC) combined 
with disease-modifying antirheumatic drugs 

(DMARDs) have been recommended for TA 
instead of monotherapy with GC in order to pro-
long remission and help GC tapering.5–7 In China, 
cyclophosphamide (CYC) is usually the first 
choice of DMARDs for active TA, especially in 
patients with important organs involved.8 The 
remission rate for CYC is relatively high, ranging 
from 40.0% to 82.1% reported in different stud-
ies.9–13 Nevertheless, gonadal and reproductive 
toxicity of CYC was commonly seen,12,13 which 
may limit its use in women of childbearing age.

Leflunomide (LEF) could inhibit cell prolifera-
tion, suppress tyrosine kinase signaling and block 
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the production of pro-inflammatory cytokines.14–17 
Data on the efficacy and safety of LEF in TA treat-
ment are scanty, although it has been considered 
as an alternative DMARD for TA. In 2012, a 
small-sample study of 15 TA patients from South 
America with a mean follow-up time of 9.1 months 
showed that LEF (20 mg/day) could yield a favora-
ble clinical response (80%) without discontinua-
tion due to side effects.18 And 4 years later, five 
patients (41.6%) who had continued LEF treat-
ment still demonstrated sustained remission.19 
Our previous study demonstrated that LEF could 
lead to a quick induction (clinical response of 
83.9% at 6 months) and sustained remission (clin-
ical response of 69.6% at 12 months) of TA.20 In 
patients resistant to CYC, alternative treatment 
with LEF also yielded a favorable clinical response 
(86.7% at 6 months and 80.0% at 12 months).20 
Thus, the underlying efficacy and good tolerability 
of LEF in active TA showed promise.

To our knowledge, to date there has been no 
large-sample controlled study reporting the effi-
cacy and safety of LEF compared with CYC in 
the treatment of TA. So, we designed this pro-
spective cohort study to investigate the efficacy 
and safety of LEF versus CYC for initial-onset TA 
in the Chinese population.

Materials and methods

Study design
This was a prospective cohort study, which was 
based on an ongoing prospective observational 
cohort, named East China Takayasu Artery 
(ECTA). The ECTA cohort was initially estab-
lished in 2009, centered in Zhongshan Hospital, 
Fudan University, Shanghai, and it had satellite 
centers in other areas of East China. A professional 
and fixed team, composed of rheumatologists and 
radiologists, was responsible for the disease assess-
ment and follow-up. The database was managed by 
specially assigned persons. The protocol for the 
ECTA cohort has been approved by the Ethics 
Committee of Zhongshan Hospital (B2013-
115(3)), Fudan University. It complies with the 
precepts of the Declaration of Helsinki, and written 
informed consent was obtained from all the patients.

All patients enrolled into the ECTA cohort met 
the 1990 American College of Rheumatology 
classification criteria.21 Up to 1 November 2019, 
the total number of patients contained in the 
ECTA cohort was 815. Disease activity was 

assessed using the National Institutes of Health 
(NIH) criteria22 as the gold standard. At baseline 
and every 6 months, whole-body enhanced mag-
netic resonance angiography (MRA) was per-
formed, instead of conventional angiography, and 
angiographic findings were classified according to 
the 1996 Numano classification.23,24 The follow-
up frequency was once a month in the active phase 
and once every 3 months in the remission phase. 
Symptoms/physical signs, laboratory profiles, and 
imaging results were collected at each visit.

Patients enrolled in the present study had to satisfy 
all the following criteria: (a) with active disease 
(NIH score ⩾ 2); (b) initial-onset case with no use 
of any DMARDs in the past 3 months; (c) with 
induction therapy of GCs combined with LEF or 
CYC; (d) with no infections. Patients enrolled from 
1 January 2009 to 31 December 2015 were treated 
with a regimen of GCs and CYC, while patients 
enrolled from 1 January 2016 to 31 October 2018 
received a revised regimen of GCs and LEF. 
Prednisone was initiated (0.8–1.0 mg/kg/day, orally) 
for 4 weeks and tapered gradually to a maintenance 
dose of 0.1–0.2 mg/kg/day within the next 5 months. 
CYC (0.5–0.75 g/m2, intravenously) was given 
every 4 weeks. LEF was administered at 20 mg/day, 
p.o. The duration of induction was 9 months, while 
the total follow-up duration was 12 months. The 
follow-up chart is shown in Figure 1.

Treatment response
Treatment response was defined as complete 
remission (CR), partial remission (PR), and 
effectiveness rate (ER). All the following criteria 
should be satisfied for CR: (a) no new/worsened 
systemic symptoms; (b) no new/worsened vascu-
lar symptoms or signs; (c) erythrocyte sedimenta-
tion rate (ESR) was normal (⩽40 mm/hour);  
(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. Treatment response 
was evaluated at 6 months and 12 months. Side 
effects were also analyzed.

Imaging assessment
MRA was performed at baseline and every 
6 months during the follow-up. Imaging progres-
sion was defined as new lesions or vascular steno-
sis and/or wall thickening progression ⩾20% 
confirmed by MRA. Imaging improvement in 
MRA was defined as an increase ⩾20% of the 
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lumen of the original lesion. All of the MRA angi-
ograms were read in a blinded manner by two 
radiologists who were not aware of the treatment 
regimen. Dispute was resolved by discussion.

Statistical analyses
All the data were analyzed using SPSS statistical soft-
ware version 22.0 (IBM Corp., Armonk, NY, USA). 
Continuous variables are presented as mean and 
standard deviation for normal distributions or median 
and interquartile range for non-normal distributions. 
Between-group differences were analyzed using the 
t-test or the Wilcoxon rank-sum test, as appropriate. 
Categorical variables are presented as numbers and 
percentages and the χ2 test was used to compare dif-
ferences between groups, or Fisher’s exact test was 

used when appropriate. A p value < 0.05 was set as 
statistically significant. To avoid selection bias, pro-
pensity score analysis was applied, given the unbal-
anced baseline characteristics between the LEF and 
CYC groups. Stata v.11.2 SE (Stata, TX, USA) was 
used for propensity score matching (PSM). The con-
founding factors for PSM included age, gender, 
duration, complication and ESR at baseline. Nearest 
neighbor matching was carried out at a 1:1 ratio, with 
the caliper value set at 0.05.

Results

Patients’ characteristics at baseline
Ninety-two initial-onset patients with active dis-
ease were enrolled in the present study. The 

Figure 1.  Follow-up chart.  
TA, Takayasu’s arteritis; LEF, leflunomide; CYC, cyclophosphamide. Treatment response was defined as 
complete remission (CR), partial remission (PR), and effectiveness rate (ER). All the following criteria should 
be satisfied for CR: (a) no new/worsened systemic symptoms; (b) no new/worsened vascular symptoms or 
signs; (c) erythrocyte sedimentation rate (ESR) was normal (≤ 40 mm/hour); (d) glucocorticoid 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.
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median age at diagnosis was 33.00 years (22.00–
43.50 years), with median disease duration of 
7.50 months (2.00–48.00 months). Most patients 
were women (66/92, 71.74%). Headache/dizzi-
ness (35/92, 38.04%), chest pain/distress (20/92, 
21.74%), and hypertension (22/92 23.91%) were 
the most commonly seen manifestations and 
complications. Type V (41/92, 44.57%) was the 
most common imaging type, followed by type I 
(19/92, 20.65%) and type IIb (11/92, 11.95%).

Among the total enrolled patients, 47 patients 
were treated with LEF and the other 45 cases 
were treated with CYC. There were no signifi-
cant differences in age, sex, and disease duration 
between the two groups. Greater disease activity 
was observed at baseline in the CYC group than 
in the LEF group, including higher ESR levels 
(p = 0.01), higher C-reactive protein (CRP) levels 
(p < 0.01), and higher NIH scores (p = 0.02). A 
lower initial dose of GCs was observed in the 
LEF group (p < 0.01). After PSM was performed, 
there were no significant differences in age, sex 
duration, complications, imaging type, and dis-
ease activity between the two groups. Patient 
characteristics at baseline are shown in Table 1.

Treatment response at 6 months
At the end of 6 months of treatment, significant 
improvements in disease activity compared with 
baseline, including lower ESR levels and lower 
NIH scores, were observed (p < 0.01) in the LEF 
group. The dose of GCs was successfully tapered 
to 15.00 mg/day (10.63–15.00 mg/day) (p < 0.01). 
In the CYC group, the cumulative dose of CYC 
was 4.20 g (3.30–4.80 g) at the end of 6 months. 
Similar improvements in disease activity com-
pared with baseline were also demonstrated in the 
CYC group (p < 0.01) at the end of 6 months. 
The daily dose of GCs was decreased to 15 mg 
(12.50–16.25 mg) (p < 0.01) (Table 2).

The overall CR, PR, and ER rates at 6 months 
were 58.14%, 22.09%, and 80.23%, respectively. 
In the LEF group, the CR, PR, and ER rates were 
75.55%, 13.33%, and 88.89%, while in the CYC 
group, the CR, PR, and ER rates were 39.02%, 
31.71%, and 70.73%, respectively. Higher CR 
(p < 0.01) and ER rates (p = 0.04) were demon-
strated in the LEF group compared with the CYC 
group. Lower PR rates (p = 0.04) were observed 
in the LEF group. After adjustment for propen-
sity scores, the LEF group still reached a higher 
CR rate (75.61% versus 38.24%, p < 0.01) and 

lower PR rate (12.20% versus 32.35%, p = 0.03) 
compared with the CYC group. There were no 
significant differences in ER rate between the two 
groups after PSM (Table 3 and Figure 2).

Treatment response at 12 months
In the LEF group, the disease activity status 
observed at 12 months, including ESR, CRP, inter-
leukin (IL)-6 levels, and NIH score, was similar to 
that at 6 months. The daily dose of GCs was 
10.00 mg (10.00–10.00 mg) at 12 months, which 
was significantly lower than that at 6 months 
(p < 0.01). In the CYC group, the cumulative dose 
of CYC was 6.20 g (5.55–7.00 g). The levels of ESR 
and daily dose of GCs were significantly lower than 
those at 6 months (p < 0.01) (Table 2). In the CYC 
group, after disease remission was achieved, nine 
(34.62%) patients changed to azathioprine, eight 
(30.77%) changed to LEF, six (23.08%) changed 
to methotrexate, two (7.09%) changed to cyclo-
sporin and one (3.85%) changed to thalidomide.

The overall CR, PR, and ER rates of enrolled 
patients at 12 months was 71.25%, 17.50%, and 
88.75%, respectively. In the LEF group, the CR, 
PR, and ER rates were 85.37%, 9.75%, and 95.12%, 
respectively. In the CYC group, the CR, PR, and 
ER rates were 56.41%, 25.64%, and 82.05%, 
respectively. The LEF group reached a higher CR 
rate than the CYC group at the end of 12 months 
(p < 0.01). After adjustment for propensity scores, 
the LEF group still reached a higher CR rate 
(77.42% versus 53.33%, p < 0.05). There were no 
significant differences in PR and ER rates between 
the two groups before and after PSM (Table 3 and 
Figure 2).

Imaging assessment
At 6 months, four (8.88%) cases in the LEF group 
and eight (19.51%) cases in the CYC group demon-
strated imaging progression. Stable imaging results 
were observed in the other patients. At 12 months, 
imaging progression was observed in three (7.32%) 
cases in the LEF group and six (15.38%) cases in 
the CYC group (Figure 3). There were no significant 
differences in imaging progression rate between the 
two groups either at 6 months or at 12 months.

Safety
A total of 10/47 (21.28%) patients in the LEF 
group had side effects. The most common side 
effect was infection: there were five cases of 
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Table 1.  Patient characteristics at baseline.

Before matching After matching

LEF group (n = 47) CYC group (n = 45) p value LEF group (n = 41) CYC group (n = 34) p value

Demographic data

Age at diagnosis, years 33.50 (24.50–41.00) 31.00 (26.50–49.00) 0.56 34.00 (25.00–41.00) 30.00 (25.25–46.00) 0.94

Female, n (%) 36 (80.00%) 30 (73.20%) 0.45 33 (80.49%) 26 (76.47%) 0.67

Disease duration, months 5.00 (1.00–36.00) 12.00 (2.50–48.00) 0.19 5.00 (1.00–54.00) 15 (2.00–48.00) 0.30

Manifestation and complications, n (%)

Headache/dizziness 18 (40.00%) 17 (41.50%) 0.89 18 (43.90%) 13 (38.24%) 0.62

Chest pain/distress 8 (17.80%) 12 (29.30%) 0.21 8 (19.51%) 8 (23.53%) 0.67

Hypertension 12 (26.70%) 10 (25.00%) 0.86 12 (29.30%) 9 (26.47%) 0.79

Cardiac failure 5 (11.10%) 2 (4.90%) 0.44 5 (12.20%) 1 (2.94%) 0.21

Renal failure 1 (2.20%) 1 (2.40%) 0.73 1 (2.44%) 1 (2.94%) 0.89

Cerebral infarction 5 (11.10%) 1 (2.40%) 0.21 5 (12.20%) 1 (2.94%) 0.21

Imaging type, n (%) 0.46 0.39

Type I 13 (28.90%) 6 (14.60%) 13 (31.71%) 5 (14.71%)  

Type IIa 2 (4.40%) 1 (2.40%) 2 (4.88%) 1 (2.94%)  

Type IIb 5 (11.10%) 6 (14.60%) 5 (12.20%) 5 (14.71%)  

Type III 3 (6.70%) 4 (9.80%) 3 (7.32%) 4 (11.76%)  

Type IV 1 (2.2%) 4 (9.80%) 0 (0.00%) 2 (5.89%)  

Type V 21 (46.70%) 20 (48.80%) 18 (43.90%) 17 (50.00%)  

Disease activity assessment

ESR, mm/H 24.00 (9.00–54.25) 45.50 (24.75–69.75) 0.01* 25.00 (9.00–54.50) 41.50 (23.25–57.50) 0.09

CRP, mg/l 5.50 (1.40–24.25) 16.20 (7.50–41.90) <0.01* 5.79 (1.40–24.58) 14.30 (6.50–34.65) 0.05

IL-6, pg/ml 5.00 (2.10–9.80) 6.80 (2.28–11.45) 0.47 5.10 (2.18–9.83) 5.20 (2.00–12.65) 0.75

NIH score, n (%) 0.02* 0.09

  2 21 (46.70%) 11 (26.80%) 17 (41.46%) 9 (26.47%)  

  3 19 (42.20%) 15 (36.60%) 19 (46.34%) 14 (41.18%)  

  4 5 (11.10%) 15 (36.60%) 5 (12.20%) 11 (32.35%)  

GC dosage, mg/day 30.00 (20.00–40.00) 40.00 (40.00–50.00) <0.01* 30.00 (22.50–40.00) 40.00 (40.00–50.00) <0.01*

CRP, C-reactive protein; CYC, cyclophosphamide; ESR, erythrocyte sedimentation rate; GC, glucocorticoids; IL-6, interleukin-6; LEF, leflunomide; 
NIH, National Institutes of Health.
Imaging results: patients were grouped according to the angiographic classification of the International TA Conference in Tokyo (1996) based on 
lesion distribution: type I, branches of the aortic arch; IIa, ascending aorta, aortic arch, and its branches; IIb, ascending aorta, aortic arch, its 
branches, and thoracic descending aorta; III, thoracic descending aorta, abdominal aorta, and/or renal arteries; IV, abdominal aorta and/or renal 
arteries; V, combined features of IIb and IV; p value: comparison between the LEF group and CYC group, p value < 0.05 (*) was considered to 
indicate statistical significance.
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infection, including four pulmonary infections and 
one urinary infection. One patient who suffered 
from a pulmonary infection at 2 months quit LEF 
therapy. Hair loss was found in two cases, and one 
case quit LEF treatment after 6 months and then 
turned to methotrexate. One patient complained of 
diarrhea after 6 months of treatment, which was 
cured in a few days. Mild liver dysfunction (liver 
enzymes < 3 times normal levels) was observed in 
one case after 2 months of LEF treatment. After this 
patient quit LEF treatment, liver enzymes decreased 
to normal levels. Menstrual disorder was seen in 
one patient after 6 months of treatment.

In the CYC group, 20/45 (44.44%) patients had 
side effects. The most commonly seen side effect 
was gastrointestinal reaction (17/45, 37.78%, 
mainly nausea, vomiting, loss of appetite in the first 
3–5 days post CYC therapy), and menstrual disor-
der (12/45, 26.67%). Other side effects were malaise 
(9/45, 20%), myelosuppression (5/45, 11.11%), and 
infection (9/45, 20%, pulmonary infection in six 
cases, urinary tract infection in one case and skin 
infection in one case). Most side effects were toler-
able and did not interrupt induction treatment, 
except that two patients stopped CYC treatment 
due to pulmonary infection and one patient quit 

CYC because of intolerable malaise and vomiting. 
Symptoms were relieved after stopping CYC.

Discussion and conclusion
TA is a rare disease with relatively low incidence. 
Evidence of TA treatment has come mostly from 
small-sample open-label studies. To our knowl-
edge, this study was the largest-sample prospective 
cohort study to evaluate the efficacy of LEF versus 
CYC for TA treatment. To avoid selection bias, 
which might have affected conclusions, we only 
enrolled initial-onset TA for analysis and PSM 
analysis was also performed. Our data indicated 
that: (a) LEF had favorable treatment response 
both at 6 months (CR 75.55%, ER 88.89%) and 
12 months (CR 85.37%, ER 95.12%); (b) LEF 
provided better treatment response compared 
with CYC (higher CR rate in the LEF group both 
at 6 months and 12 months after adjustment for 
propensity scores); (c) LEF had better tolerability 
and lower reproductive toxicity. Thus, LEF may 
become an alternative to CYC for initial-onset TA 
in the Chinese population.

For years CYC has been widely used as the first 
line DMARD for TA treatment in the Chinese 

Table 2.  Changes from baseline in inflammatory index and disease activity at 6 months and 12 months.

LEF group CYC group

Baseline 6 months 12 months p value Baseline 6 months 12 months p value

(n = 47) (n = 45) (n = 42) (n = 45) (n = 41) (n = 38)

ESR, mm/H 24.00 9.00 11.00 <0.01* 45.50 13.00 11.50 <0.01*

(9.00–54.25) (3.75–17.00) (4.50–20.50) (24.75–69.75) (4.00–21.00) (6.25–33.25)

CRP, mg/l 5.50 2.20 2.50 0.06 16.20 6.00 6.65cc <0.01*

(1.40–24.25) (0.70–8.30) (0.65–9.90) (7.50–41.90) (0.98–11.25) (1.10–21.80)

IL-6, pg/ml 5.00 5.35 5.60 0.89 6.80 3.10 4.00 0.18

(2.10–9.80) (2.58–6.83) (2.80–8.10) (2.28–11.45) (2.30–5.80) (2.45–6.95)

NIH score ⩽1, 
n (%)

0 42 (93.33%) 40 (91.5%) <0.01* 0 35 (85.37%) 35 (89.74%) <0.01*

GC dosage,  
mg/day

30.00 15.00 10.00 <0.01* 40.00 15.00 10.00 <0.01*

(20.00–40.00) (10.63–15.00) (10.00–10.00) (40.00–50.00) (12.50–16.25) (10.00–15.00)

CRP, C-reactive protein; CYC, cyclophosphamide; ESR, erythrocyte sedimentation rate; GC, glucocorticoids; IL-6, interleukin 6; LEF, leflunomide; 
NIH, National Institutes of Health.
p Value: comparison among baseline, 6 months and 12 months, p value < 0.05 (*) was considered to indicate statistical significance.
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population. The efficacy of CYC for initial TA 
patients on the present study was 70.73% at 
6 months and 82.05% at 12 months, which was in 
accordance with former reports.12,13 Although 
hemorrhagic cystitis due to CYC treatment has 
commonly been seen in western countries,9,11 its 
incidence is relatively low in the Chinese popula-
tion. The biggest contraindication was the repro-
ductive toxicity, when CYC was administrated  
to childbearing women. In the present study, 
26.67% patients suffered from menstrual disorder, 
which was in accord with previous research.12,20 
Finding an alternative treatment with equivalent 
efficacy, but with less reproductive toxicity was 

very important to improve the quality of life for 
young female patients.

LEF may be an alternative immunosuppressive 
agent for TA treatment, as it plays important roles 
in anti-inflammation and anti-proliferation.14–17 
LEF has been successfully used in rheumatoid 
arthritis, lupus nephritis, and small vessel vasculi-
tis.25–29 In giant cell arteritis, which is also a type 
of large-vessel vasculitis with similar characteris-
tics to TA, LEF treatment showed promising 
effects as a steroid-sparing agent and had a lower 
relapse rate, lower cumulative GC dose, and good 
safety.30 However, evidence from large-sample, 

Figure 2.  Treatment response at 6 months and 12 months. Treatment response was defined as complete 
remission (CR), partial remission (PR), and effectiveness rate (ER). All the following criteria should be satisfied 
for CR: (a) no new/worsened systemic symptoms; (b) no new/worsened vascular symptoms or signs;  
(c) erythrocyte sedimentation rate (ESR) was normal (⩽40 mm/hour); (d) glucocorticoid 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.

Figure 3.  Imaging progressions in different treatment group during the 12 months follow-up. Case 1 was a 19 
years old woman treated with leflunomide, imaging progressions were shown at  the right subclavian artery 
(red arrows) at 12 months. Case 2 was a 32 years old woman treated with cyclophosphamide, and suffered 
from worsen lesion at right subclavian artery (red arrows) at 12 months.
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prospective, controlled studies supporting its effi-
cacy and safety in TA is still lacking.

Our study indicated that LEF treatment could 
significantly improve the inflammatory index and 
reduce the daily GC dose after 6 months of treat-
ment and have this improvement sustained to 
12 months. The CR and ER rates were 75.55% 
and 88.89% at 6 months and 85.37% and 95.12% 
at 12 months, which were higher than those in the 
CYC group. These data supported the efficacy of 
LEF in TA treatment and were similar to those 
reported in one South American study.18,19 What 
is more, the effect of LEF was superior to CYC 
with a higher CR rate both at 6 months and 
12 months before and after PSM analysis. Thus, 
LEF is a promising alternative DMARD for ini-
tial-onset TA in the Chinese population.

The incidence of side effects of LEF was much 
lower than that of CYC (21.28% versus 44.44%), 
and most side effects were tolerable. Importantly, 
only one patient (2.13%) treated with LEF com-
plained of menstrual disorders, while 12/45 
(26.67%) patients treated with CYC suffered from 
menstrual disorders. So LEF showed good tolera-
bility and fewer effects on reproduction in TA 
treatment, which is very important for women of 
childbearing age. To date, no evidence has directly 
shown that LEF increased the risks of adverse preg-
nancy outcomes and congenital abnormalities in 
humans,31–33 although it has been confirmed to be 
teratogenic in rodents.34 LEF has a long half-life of 
14–15 days, with its serum metabolite detectable 
even after 2-year discontinuation.35 Thus, accord-
ing to the recommendation in rheumatoid arthritis 
and other rheumatic diseases, LEF should be dis-
continued 2 years before a planned pregnancy.36–38

There are several limitations of the study. First, the 
follow-up time was relatively short and a longer-
time study was needed in the future to confirm the 
maintained efficacy of LEF for TA. Second, only 
initial-onset TA patients were enrolled in the study. 
In a further study, more patients including those 
refractory cases should be enrolled to evaluate the 
efficacy of LEF in the treatment of TA.

In conclusion, the present study was the first pro-
spective cohort study to evaluate the efficacy of 
LEF versus CYC for TA treatment. Our data indi-
cated that LEF provided a better treatment 
response, along with better tolerability and lower 
reproductive toxicity, compared with CYC 

in initial-onset TA. Thus, LEF may become a 
promising alternative treatment for initial-onset 
TA in the Chinese population. A further random, 
double-blind, controlled study would be appro-
priate to confirm the conclusion.
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