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Abstract: Objective: To investigate the effect of methotrexate (MTX) combined with leflunomide (LEF) in the treatment of rheumatoid arthritis (RA). Methods: A total of 100 patients with RA who were admitted to our hospital from
December 2016 to December 2019 were selected, among which 55 patients received MTX combined with LEF
(research group, RG), and 45 patients were treated with MTX alone (control group, CG). The efficacy, incidence of adverse reactions, joint function (joint swelling index, joint tenderness index, duration time of morning stiffness), disease activity score and pain score (DAS-28, VAS), inflammation indexes (ESR, CRP, TNF-α, IL-1β), blood lipid indexes
(TG, TC, LDL-C, HDL-C) and quality of life (HAQ score) were observed and compared in the two groups. Results: The
total effective rate in RG was significantly higher than that in CG. The incidence of adverse reactions, joint function
related indicators, DAS-28, VAS, various inflammatory indicators, TC, LDL-C and HAQ scores were significantly lower
than those in CG. TG and HDL-C had no significant difference with the CG. Conclusion: Compared with MTX alone,
MTX combined with LEF has higher efficacy, higher recovery degree of joint function and lower levels of inflammatory
factors in the treatment of patients with RA.
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Introduction
Rheumatoid arthritis (RA) is an autoimmune
disease affected by many factors, such as self
or environment, which brings different degrees
of joint function damage (joint swelling and tenderness, etc.) to patients and has negative
impact on the quality of life of patients [1, 2].
Risk factors for RA include age and long course
of disease, which may lead to increased risk of
patients complicated with cardiovascular diseases, brittle fractures and malignant tumors.
In addition, women are of greater potential
risk for RA compared to men [3, 4]. The pathological mechanism of RA involves articular cartilage destruction and inflammation. If patients
are not treated promptly and effectively, the
risk of disability will be as high as 70% [5, 6].
Pharmacological intervention is a common
therapeutic option for RA. Conventional drugs
are non-steroidal anti-inflammatory drugs (e.g.,
diclofenac). However, patients will still suffer
from chronic pain and the efficacy is not ideal

because of its potential side effects and drug
resistance. In addition, there is no cure method
for RA currently [7-9]. Therefore, it is still an
urgent matter to explore reliable pharmacological treatment strategies for RA, which is of
great significance for improving the quality of
life of RA patients.
Methotrexate (MTX) is a disease-modifying
anti-rheumatic drug commonly used in the
treatment of RA, which can alleviate inflammatory diseases. Its mechanism of action is related to the activation and inhibition of inflammation-related pathways and the maintenance
of inflammatory microenvironment [10, 11].
Animal studies have shown that MTX can also
be carried on the composite nano-carriers to
directly target the drug locally to the diseased
site. By effectively blocking NF-kB signal pathway and the release of proinflammatory factors,
the drug efficacy can be fully exerted, and the
toxicity of MTX can be avoided [12]. Although
MTX has a strong efficacy in most patients, it
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has potential side effects such as gastrointestinal toxicity. The combination of drugs is the way
to solve this problem [13]. Leflunomide (LEF) is
an immunosuppressive agent that can inhibit
bone erosion in pathological development of
RA by participating in HIF1α-LEF-AHR-CRP signal transduction pathway [14]. Some studies
have shown that intra-articular injection of LEF
implant may be an effective local treatment
scheme, which is helpful to treat synovitis
caused by RA [15]. In addition, LEF is also a
substitute drug scheme for patients with insufficient response to the efficacy of MTX, which
can significantly relieve clinical symptoms by
improving inflammatory indicators in patients
[16].

The inclusion criteria were applicable to
patients in both groups.
Treatment methods
CG: Patients received MTX (15 mg) orally (Xinyi
Pharmaceutical Co., LTD., Shanghai, China,
H31020644) once a week for 6 months.
RG: Patients received MTX (10 mg, once a
week) and LEF (10 mg, once a night) orally
(Changzheng-Xinkai Pharmaceutical Co., Ltd.,
Suzhou, China, H20000550) for 6 months.
Therapeutic evaluation

Materials and methods

After treatment, the improvement degree
was more than 75%, which was regarded as
markedly effective. The improvement degree
was 30-75%, which was regarded as effective. Other conditions, including inconspicuous
improvement or deterioration, were considered
to be ineffective. Total effective rate = (number
of cases with markedly effective + number of
cases with effective)/total number of cases ×
100%.

Baseline data

Observation indexes

From December 2016 to December 2019, 100
patients with RA who were admitted to Ningbo
First Hospital were selected. Fifty-five patients
received MTX combined with LEF (RG), including 16 males and 39 females, with an average
age of 60.13±5.77 years old. Forty-five patients
were treated with MTX alone (CG), including 12
males and 33 females, with an average age of
58.84±5.26 years old. This study has been
approved by the ethics committee of the hospital. All subjects signed full informed consent
form.

Incidence of adverse reactions: The cases of
adverse reactions (including rash, pruritus, elevated alanine aminotransferase (ALT), decreased leukocyte count (WBC) and gastrointestinal
discomfort) were mainly observed during treatment and after treatment for 1 month.

At present, there is little research on the combination of MTX and LEF in the treatment of RA.
This research was mainly designed to compare
the effects of MTX combined with LEF and MTX
alone on the efficacy, joint function and inflammatory factors of RA, which may provide new
insights for the treatment of RA.

Inclusion criteria: The patient met the standards of the American college of rheumatology
in association with the European league against
rheumatism in 2010 [17]; the patient had high
treatment compliance; the patient was an
adult; the patient had taken a drug that had a
potential impact on the outcome of the study
within the last six months.
Exclusion criteria were as follows: comorbid
with malignant tumor or severe systemic dysfunction; mental illness or communication disorder; comorbid with infectious diseases;
orthopedic diseases caused by other diseases.
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The joint function was mainly evaluated from
joint swelling index, joint tenderness index and
duration time of morning stiffness before treatment and after treatment for 1 month. The
number of joint swelling and pain was recorded
by pressing the patient’s elbow joint, knee joint
and other 28 joint parts. Joint swelling indexes:
There was no swelling (0 points); If the swelling
range did not exceed the protruding part of joint
bone, it was recorded as slight swelling (1
point); If the swelling was consistent with the
protruding part of bone, it was recorded as
moderate swelling (2 points); If the swelling
range was higher than the protruding part of
bone or there was joint effusion, it was recorded as severe swelling (3 points). Joint tenderness indexes were as follows: no pain at all (0
points); mild tenderness, free movement (1
point); moderate tenderness, mild limitation of
movement (2 points); severe pain, extreme limiInt J Clin Exp Med 2020;13(12):9429-9438
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tation of movement (3 points). The total score
was used as the final result for patients’ joint
swelling index and joint tenderness index.

treatment was conducted by paired t-test. The
difference was statistically significant with P <
0.05.

The disease activity and pain score were evaluated by disease activity score (DAS-28) [18]
and visual analogue scale (VAS) [19] respectively before treatment and after treatment for
1 month. Among them, the higher DAS-28
score, the higher the disease activity. A level
higher than 5.1 indicated high activity, while a
level lower than 3.2 indicated low activity. VAS
score was proportional to pain sensation, with
0, 1-3, 4-6 and 7-10 corresponding to painless,
mild and tolerable pain, moderate pain that
was barely tolerable and unbearable severe
pain, respectively.

Results

Inflammation indexes: The serum erythrocyte
sedimentation rate (ESR), C-reactive protein
(CRP), tumor necrosis factor-α (TNF-α) and
interleukin-1β (IL-1β) were mainly tested in fasting venous blood before treatment and after
treatment for 1 month, and measuring method
was enzyme-linked immunosorbent assay
(ELISA).

After treatment, the total effective rate in RG
was 90.91%, and that in CG was 75.56%. The
total effective rate in RG was significantly higher than that of CG. The difference was statistically significant (P < 0.05) (Table 2).

Blood lipid indexes: The levels of serum triglyceride (TG), total cholesterol (TC), low density
lipoprotein (LDL-C) and high density lipoprotein
(HDL-C) were mainly detected by PUZS-300
full-automatic biochemical analyzer (Shanghai
Dibosi Biological Technology Co. Ltd., China).
The quality of life was assessed by Patient
Health Assessment Scale (HAQ) [20] before
treatment and after treatment for 1 month. The
assessment contents involved overall health,
disability index, mental health, etc. The score
was inversely proportional to quality of life, and
0.22 was the critical point of joint disability.
Statistical analysis
The GraphPad Prism 6 (GraphPad Software,
San Diego, USA) was used to analyze data and
generate pictures. The counting data were
expressed as the number/percentage (n/%) of
cases. The measurement data were expressed
as mean ± SEM. The comparison of counting
data in the two groups was conducted by Chisquare test. When the theoretical frequency in
Chi-square test was less than 5, the continuity
correction Chi-square test was used. The comparison of measuring data in the two groups
was conducted by independent sample t-test.
The comparison within groups before and after
9431

Baseline data
There were no significant differences between
the two groups in gender, age, average age,
course of disease, family history, number of
painful joints, diabetes history, drinking history,
smoking history, place of residence and other
aspects (P < 0.05) (Table 1).
The efficacy of MTX combined with LEF was
better than MTX in the treatment of RA

There was no significant difference in the incidence of adverse reactions between the two
groups
There was no significant difference between
the two groups in the incidence of rash, pruritus, ALT elevation, WBC reduction, gastrointestinal discomfort and other adverse reactions (P
> 0.05) (Table 3).
MTX combined with LEF could improve the recovery speed of joint function in the treatment
of RA
There was no significant difference between
the two groups in joint swelling index (Figure
1A), joint tenderness index (Figure 1B) and
duration time of morning stiffness (Figure 1C)
before treatment (P > 0.05). After treatment,
the above indice of patients were significantly
reduced in the two groups, and the joint swelling index and joint tenderness index of RG were
significantly lower than those of CG (Figure 1A,
1B), and the duration time of morning stiffness
was significantly shorter than that of CG (Figure
1C), with statistically significant differences (P
< 0.05).
MTX combined with LEF could reduce disease
activity and pain in the treatment of RA
There was no significant difference in DAS28 (Figure 2A) and VAS scores (Figure 2B)
Int J Clin Exp Med 2020;13(12):9429-9438
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Table 1. Baseline data of patients in the two groups [n (%), mean ± SD]
Factors
Gender
Male
Female
Age/year (s) old
< 60
≥ 60
Average age/year (s) old
Course
Family history
No
Yes
Number of painful joints (pieces)
Diabetes history
No
Yes
Drinking history
No
Yes
Smoking history
No
Yes
Place of residence
Rural
City

n

CG (n = 45)

RG (n = 55)

28
72

12 (26.67)
33 (73.33)

16 (29.09)
39 (70.91)

43
57
100
100

21 (46.67)
24 (53.33)
58.84±5.26
4.29±1.04

22 (40.00)
33 (60.00)
60.13±5.77
4.48±1.20

69
31
100

33 (73.33)
12 (26.67)
4.62±0.75

36 (65.45)
19 (34.55)
4.50±0.89

65
35

30 (66.67)
15 (33.33)

35 (63.64)
20 (36.36)

63
37

32 (71.11)
13 (28.89)

31 (56.36)
24 (43.64)

74
26

34 (75.56)
11 (24.44)

40 (72.73)
15 (27.27)

39
61

17 (37.78)
28 (63.22)

22 (40.00)
33 (60.00)

χ2/t
0.072

P
0.788

0.449

0.503

1.157
0.836
0.718

0.250
0.405
0.397

0.719
0.100

0.474
0.752

2.309

0.129

0.103

0.748

0.051

0.821

Table 2. Clinical efficacy of patients in the two groups [n (%)]
Grouping
CG
RG
χ2 value
P value

n
45
55
-

Marked effect
16 (35.56)
29 (52.73)
-

Effective
18 (40.00)
21 (38.18)
-

Ineffective
11 (24.44)
5 (9.09)
-

Total effective rate (%)
75.56
90.91
4.341
0.037

Table 3. The incidence of adverse reactions of patients in the two groups [n (%)]
Category
Rash
Pruritus
ALT elevation
WBC reduction
Gastrointestinal discomfort
Total

CG (n = 45)
1 (2.22)
1 (2.22)
1 (2.22)
0 (0.00)
1 (2.22)
4 (8.89)

between the two groups before treatment
(P > 0.05). After treatment, the aforementioned two indexes of patients were significantly reduced in the two groups, and the
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RG (n = 55)
2 (3.64)
2 (3.64)
2 (3.64)
0 (0.00)
1 (1.82)
7 (12.73)

χ2 value
0.372

P value
0.542

DAS-28 and VAS scores in RG were significantly lower than those in CG (Figure 2A, 2B),
with statistically significant differences (P <
0.05).
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Figure 1. Joint function of patients in the two groups. A. After treatment, the joint swelling index in RG was significantly reduced and lower than that in CG. B. After treatment, the joint tenderness index in RG was significantly
reduced and lower than that in CG. C. After treatment, the duration time of morning stiffness in RG was significantly
reduced and shorter than that in CG. Note: **P < 0.01.

HDL-C (Figure 4D) between the
two groups before treatment (P
> 0.05). After treatment, TG, TC
(RG, P < 0.05) and LDL-C (P <
0.05) of patients decreased to
different degrees in the two
groups (Figure 4A-C), while
HDL-C (Figure 4D) increased to
different degrees (RG, P<0.05),
and TC and LDL-C in RG were
significantly lower than those in
CG (Figure 4B, 4C).
Figure 2. Disease activity and pain of patients in the two groups. A. After
treatment, the DAS-28 score in RG was significantly decreased and lower
than that in CG. B. After treatment, the VAS score in RG was significantly
decreased and lower than that in CG. Note: **P < 0.01.

MTX combined with LEF could inhibit inflammatory state in the treatment of RA
There was no significant difference in the
inflammatory indicators ESR (Figure 3A), CRP
(Figure 3B), TNF-α (Figure 3C), and IL-1β
(Figure 3D) between the two groups before
treatment (P > 0.05). After treatment, the four
indexes of patients were significantly reduced
in the two groups, and the above indexes in RG
were significantly lower than those in CG (Figure
3A-D), with statistically significant differences
(P < 0.05).
MTX combined with LEF could improve blood
lipid indexes in the treatment of RA
There was no significant difference in TG
(Figure 4A), TC (Figure 4B), LDL-C (Figure 4C),
9433

MTX combined with LEF could
improve the quality of life in
the treatment of RA

There was no significant difference in HAQ scores between
the two groups before treatment (Figure 5).
After treatment, the score of patients was significantly reduced in the two groups, and the
HAQ score in RG was significantly lower than
that in CG (Figure 5), and the difference was
statistically significant (P < 0.05).
Discussion
RA, as a chronic inflammatory joint disease,
has an impact on approximate 1% of the world’s
population, and its destructive force can make
50% of adults unable to work normally during
the onset [21]. MTX has a variety of clinical
applications, including the treatment of acute
lymphoblastic leukemia, gestational trophoblastic tumor and other medical situations. It is
also a first-line treatment for RA, and its appliInt J Clin Exp Med 2020;13(12):9429-9438
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Figure 3. Inflammatory state of patients in the two groups. A. After treatment, the ESR in RG was significantly decreased and lower than that in CG. B. After treatment, the CRP in RG was significantly decreased and lower than that in CG. C. After treatment, the TNF-α in RG was significantly decreased and lower than that in
CG. D. After treatment, the IL-1β in RG was significantly decreased and lower than that in CG. Note: **P < 0.01.

Figure 4. Blood lipid indexes of patients in the two groups. A. After treatment, the TG was slightly decreased in RG, but there was no significant difference with the
CG. B. After treatment, the TC in RG was significantly decreased and lower than that in CG. C. After treatment, the LDL-C in RG was significantly decreased and lower
than that in CG. D. After treatment, the HDL-C was significantly increased in RG, but there was no significant difference with the CG. Note: *P < 0.05, **P < 0.01.
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Figure 5. HAQ score of patients in the two groups.

cation in intra-articular injection is also helpful
to inhibit the severity of synovitis in RA patients
[22-25]. In the report of Zhong et al. [26], the
combination of MTX with LEF can improve
immune function and clinical symptoms by targeting TH22 cells and inhibiting IL-22 secretion
in the treatment of RA. We discussed the therapeutic effects of these two drugs in RA, which
was of great value to the treatment and normal
work of RA patients.
In this study, patients in RG received the combined treatment of MTX with LEF, while patients
in CG were treated with MTX alone. The results
showed that the total effective rate in RG was
significantly higher than that in CG (90.91% VS
75.56%), which indicated that MTX combined
with LEF was helpful to improve the efficacy in
the treatment of RA and the patients benefit
more with the combined treatment. Then, the
security research results showed that the incidence rate of adverse reactions in RG was not
significantly different from that in CG, indicating
that the pharmacological strategies of RG did
not increase the incidence of adverse reactions
and would be considered safe. In this study, we
observed adverse reactions including rash, pruritus, gastrointestinal discomfort, etc. These
are common adverse events of patients with
RA [27]. In the research of Wang et al. [28],
when MTX and LEF act jointly on RA, LEF can
enhance the blood drug concentration of MTX
and major toxic metabolites of MTX, and make
them aggregate in liver and kidney by prevent9435

ing their bile excretion, which may be helpful to
explain the adverse reactions caused by the
two combination drugs. In addition, the studies
by Bird [29] et al. have shown that MTX combined with LEF has better tolerance for the
treatment of RA, and its safety is equivalent to
MTX or LEF monotherapy, which is similar to our
research results. We evaluated the joint function of patients in the two groups and found
that the joint swelling index, tenderness index
and morning stiffness time in RG were significantly lower or shorter than those in CG, suggesting that the combination of MTX and LEF
was more conducive to the recovery of joint
function of RA patients. In addition, the results
of DAS-28 and VAS scoring showed that the two
scoring results of RG were significantly lower
than those of CG, which indicated that MTX
combined with LEF was helpful to reduce disease activity and pain in the treatment of
patients with RA.
The pathological process of RA is complicated,
but it is a known phenomenon for the inflammatory microenvironment created by excessive
release of inflammatory related factors in the
joint microenvironment. The dynamic changes
of inflammatory ecology can help us to measure the efficacy of RA [30, 31]. Our data
showed that ESR, CRP, TNF-α, IL-1β of patients
were significantly decreased in the two groups
after treatment, and the above inflammatory
indexes in RG were significantly lower than
those in CG, suggesting that the combined
action of MTX and LEF on RA had more significant inhibitory effect on inflammatory microenvironment. Studies have shown that ESR is
related to disease activity in RA patients, while
CRP is related to synovial CD19 infiltration [32,
33]. It has previously bee shown that TNF-α and
IL-1β participate in the destruction of articular
cartilage caused by excessive release of inflammatory factors in RA microenvironment, which
can induce adaptive immunity of synovial fibroblasts [34]. Studies have also reported that RA
is a potential risk factor for cardiovascular diseases and may cause abnormal blood lipid in
patients [35]. Therefore, we also explored the
influence of two medication strategies on blood
lipid index of patients. The results showed that
TC and LDL-C of patients in RG were significantly decreased and lower than those in CG after
treatment, while TG and HDL-C did not show
significant advantages, suggesting that MTX
combined with LEF was helpful to obviously
Int J Clin Exp Med 2020;13(12):9429-9438
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improve blood lipid index to some extent in the
treatment of RA patients. Finally, we also studied the quality of life of patients in the two
groups. The results showed that the HAQ score
of the patients in RG was significantly lower
than that in CG, which indicated that MTX combined with LEF could improve the quality of life
in RA patients.
There is still room for improvement in this
study. First of all, we may supplement the
pharmacological mechanism of MTX and LEF
combination to further explore the regulatory
network at the molecular level. Secondly, we
can increase the long-term efficacy of the two
medication strategies to further demonstrate
the potential long-term advantages of combined medication.
In short, MTX combined with LEF has the advantages of high efficacy, remarkable recovery of
joint function and significant inhibition of
inflammatory microenvironment in the treatment of patients with RA, which is worthy of
clinical promotion.

[4]

[5]

[6]

[7]

[8]

Disclosure of conflict of interest
None.
Address correspondence to: Baojing Zhao, Department of Rheumatology, Ningbo First Hospital, No.
59, Liuting Street, Ningbo 315010, Zhejiang Province, China. Tel: +86-15867821176; E-mail: zhaobaojing1023@163.com

References
[1]

[2]

[3]

Webster AP, Plant D, Ecker S, Zufferey F, Bell
JT, Feber A, Paul DS, Beck S, Barton A, Williams
FMK and Worthington J. Increased DNA methylation variability in rheumatoid arthritis-discordant monozygotic twins. Genome Med
2018; 10: 64.
Forsyth C, Kouvari M, D’Cunha NM, Georgousopoulou EN, Panagiotakos DB, Mellor DD,
Kellett J and Naumovski N. The effects of the
Mediterranean diet on rheumatoid arthritis
prevention and treatment: a systematic review
of human prospective studies. Rheumatol Int
2018; 38: 737-747.
Jin S, Li M, Fang Y, Li Q, Liu J, Duan X, Liu Y, Wu
R, Shi X, Wang Y, Jiang Z, Wang Y, Yu C, Wang
Q, Tian X, Zhao Y and Zeng X; CREDIT Coauthors. Chinese registry of rheumatoid arthritis (CREDIT): II. prevalence and risk factors of
major comorbidities in Chinese patients with

9436

[9]

[10]

[11]

[12]

[13]

rheumatoid arthritis. Arthritis Res Ther 2017;
19: 251.
Roy N, Tanner KM, Merrill RM, Wright C, Pierce
JL and Miller KL. Epidemiology of swallowing
disorders in rheumatoid arthritis: prevalence,
risk factors, and quality of life burden. Ann Otol
Rhinol Laryngol 2018; 127: 577-587.
Wei X, Wu J, Zhao G, Galdamez J, Lele SM,
Wang X, Liu Y, Soni DM, Purdue PE, Mikuls TR,
Goldring SR and Wang D. Development of a
Janus kinase inhibitor prodrug for the treatment of rheumatoid arthritis. Mol Pharm 2018;
15: 3456-3467.
Liu L, Zuo Y, Xu Y, Zhang Z, Li Y and Pang J.
MiR-613 inhibits proliferation and invasion
and induces apoptosis of rheumatoid arthritis
synovial fibroblasts by direct down-regulation
of DKK1. Cell Mol Biol Lett 2019; 24: 8.
van Walsem A, Pandhi S, Nixon RM, Guyot P,
Karabis A and Moore RA. Relative benefit-risk
comparing diclofenac to other traditional nonsteroidal anti-inflammatory drugs and cyclooxygenase-2 inhibitors in patients with osteoarthritis or rheumatoid arthritis: a network metaanalysis. Arthritis Res Ther 2015; 17: 66.
Huffman KM, Jessee R, Andonian B, Davis BN,
Narowski R, Huebner JL, Kraus VB, McCracken
J, Gilmore BF, Tune KN, Campbell M, Koves TR,
Muoio DM, Hubal MJ and Kraus WE. Molecular
alterations in skeletal muscle in rheumatoid
arthritis are related to disease activity, physical
inactivity, and disability. Arthritis Res Ther
2017; 19: 12.
Wangyang Y, Yi L, Wang T, Feng Y, Liu G, Li D
and Zheng X. MiR-199a-3p inhibits proliferation and induces apoptosis in rheumatoid arthritis fibroblast-like synoviocytes via suppressing retinoblastoma 1. Biosci Rep 2018; 38:
BSR20180982.
Wang Y, Liu Z, Li T, Chen L, Lyu J, Li C, Lin Y, Hao
N, Zhou M and Zhong Z. Enhanced therapeutic
effect of RGD-modified polymeric micelles
loaded with low-dose methotrexate and nimesulide on rheumatoid arthritis. Theranostics
2019; 9: 708-720.
Pang Z, Wang G, Ran N, Lin H, Wang Z, Guan X,
Yuan Y, Fang K, Liu J and Wang F. Inhibitory effect of methotrexate on rheumatoid arthritis
inflammation and comprehensive metabolomics analysis using ultra-performance liquid
chromatography-quadrupole time of flightmass spectrometry (UPLC-Q/TOF-MS). Int J Mol
Sci 2018; 19: 2894.
Duan W and Li H. Combination of NF-kB
targeted siRNA and methotrexate in a hybrid
nanocarrier towards the effective treatment
in rheumatoid arthritis. J Nanobiotechnology
2018; 16: 58.
Wang W, Zhou H and Liu L. Side effects of
methotrexate therapy for rheumatoid arthritis:

Int J Clin Exp Med 2020;13(12):9429-9438

Efficacy of methotrexate combined with leflunomide in rheumatoid arthritis

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

a systematic review. Eur J Med Chem 2018;
158: 502-516.
Liang C, Li J, Lu C, Xie D, Liu J, Zhong C, Wu X,
Dai R, Zhang H, Guan D, Guo B, He B, Li F, He
X, Zhang W, Zhang BT, Zhang G and Lu A.
HIF1alpha inhibition facilitates LeflunomideAHR-CRP signaling to attenuate bone erosion
in CRP-aberrant rheumatoid arthritis. Nat
Commun 2019; 10: 4579.
Gomes TF, Gualberto FCM, Perasoli FB, Andrade FP, Moura SAL and Da Silva GR. Intraarticular leflunomide-loaded poly (epsilon-caprolactone) implants to treat synovitis in rheumatoid arthritis. Pharmazie 2019; 74: 212220.
Tlustochowicz ME, Kisiel B and Tlustochowicz
W. Quality of life and clinical outcomes in
Polish patients with high activity rheumatoid
arthritis treated with leflunomide (Arava (R)) in
therapeutic program: a retrospective analysis
of data from the PLUS study. Adv Clin Exp Med
2019; 28: 1545-1553.
Boer AC, Boeters DM and van der Helm-van Mil
AHM. The use of MRI-detected synovitis to determine the number of involved joints for the
2010 ACR/EULAR classification criteria for
rheumatoid arthritis - is it of additional benefit? Ann Rheum Dis 2018; 77: 1125-1129.
Nachvak SM, Alipour B, Mahdavi AM, Aghdashi
MA, Abdollahzad H, Pasdar Y, Samadi M and
Mostafai R. Effects of coenzyme Q10 supplementation on matrix metalloproteinases and
DAS-28 in patients with rheumatoid arthritis: a
randomized, double-blind, placebo-controlled
clinical trial. Clin Rheumatol 2019; 38: 33673374.
Lim SJ, Sun JH, Kekatpure AL, Chun JM and
Jeon IH. Rotator cuff surgery in patients with
rheumatoid arthritis: clinical outcome comparable to age, sex and tear size matched nonrheumatoid patients. Ann R Coll Surg Engl
2017; 99: 579-583.
Skacelova M, Pavel H, Zuzana H and Katerina
L. Relationship between rheumatoid arthritis
disease activity assessed with the us7 score
and quality of life measured with questionnaires (HAQ, EQ-5D, WPAI). Curr Rheumatol
Rev 2017; 13: 224-230.
Meng XH, Wang Z, Zhang XN, Xu J and Hu
YC. Rheumatoid arthritis of knee joints: MRIpathological correlation. Orthop Surg 2018;
10: 247-254.
Oosterom N, Griffioen PH, den Hoed MAH,
Pieters R, de Jonge R, Tissing WJE, van den
Heuvel-Eibrink MM and Heil SG. Global methylation in relation to methotrexate-induced oral
mucositis in children with acute lymphoblastic
leukemia. PLoS One 2018; 13: e0199574.
Miller CR, Chappell NP, Sledge C, Leath CA 3rd,
Phippen NT, Havrilesky LJ and Barnett JC. Are

9437

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

different methotrexate regimens as first line
therapy for low risk gestational trophoblastic
neoplasia more cost effective than the dactinomycin regimen used in GOG 0174? Gynecol
Oncol 2017; 144: 125-129.
Smolen JS, van Vollenhoven RF, Florentinus
S, Chen S, Suboticki JL and Kavanaugh A.
Predictors of disease activity and structural
progression after treatment with adalimumab
plus methotrexate or continued methotrexate
monotherapy in patients with early rheumatoid
arthritis and suboptimal response to methotrexate. Ann Rheum Dis 2018; 77: 1566-1572.
Mortada MA, Abdelwhab SM and Elgawish MH.
Intra-articular methotrexate versus corticosteroid injections in medium-sized joints of rheumatoid arthritis patients-an intervention study.
Clin Rheumatol 2018; 37: 331-337.
Zhong W, Zhao L, Liu T and Jiang Z. IL-22producing CD4+T cells in the treatment response of rheumatoid arthritis to combination
therapy with methotrexate and leflunomide.
Sci Rep 2017; 7: 41143.
Plushner SL. Tocilizumab: an interleukin-6 receptor inhibitor for the treatment of rheumatoid arthritis. Ann Pharmacother 2008; 42:
1660-1668.
Wang L, Ma L, Lin Y, Liu X, Xiao L, Zhang Y,
Xu Y, Zhou H and Pan G. Leflunomide increases hepatic exposure to methotrexate and its
metabolite by differentially regulating multidrug resistance-associated protein Mrp2/3/4
transporters via peroxisome proliferator-activated receptor a activation. Mol Pharmacol
2018; 93: 563-574.
Bird P, Griffiths H, Tymms K, Nicholls D, Roberts
L, Arnold M, Burnet S, de Jager J, Scott
J, Zochling J and Littlejohn G. The SMILE study
-- safety of methotrexate in combination with
leflunomide in rheumatoid arthritis. J Rheumatol 2013; 40: 228-235.
Shabbir A, Batool SA, Basheer MI, Shahzad M,
Sultana K, Tareen RB, Iqbal J and Saeed-UlHassan. Ziziphora clinopodioides ameliorated
rheumatoid arthritis and inflammatory paw
edema in different models of acute and chronic inflammation. Biomed Pharmacother 2018;
97: 1710-1721.
Wang J and Zhao Q. Kaempferitrin inhibits
proliferation, induces apoptosis, and ameliorates inflammation in human rheumatoid arthritis fibroblast-like synoviocytes. Phytother
Res 2019; 33: 1726-1735.
Medeiros MM, de Oliveira BM, de Cerqueira JV,
Quixada RT and de Oliveira IM. Correlation of
rheumatoid arthritis activity indexes (disease
activity score 28 measured with ESR and CRP,
simplified disease activity index and clinical
disease activity index) and agreement of disease activity states with various cut-off points

Int J Clin Exp Med 2020;13(12):9429-9438

Efficacy of methotrexate combined with leflunomide in rheumatoid arthritis
in a Northeastern Brazilian population. Rev
Bras Reumatol 2015; 55: 477-484.
[33] Orr CK, Najm A, Young F, McGarry T, Biniecka
M, Fearon U and Veale DJ. The utility and limitations of CRP, ESR and DAS28-CRP in appraising disease activity in rheumatoid arthritis.
Front Med (Lausanne) 2018; 5: 185.
[34] Wang S, Wang L, Wu C, Sun S and Pan JH.
E2F2 directly regulates the STAT1 and PI3K/
AKT/NF-kappaB pathways to exacerbate the
inflammatory phenotype in rheumatoid arthritis synovial fibroblasts and mouse embryonic
fibroblasts. Arthritis Res Ther 2018; 20: 225.

9438

[35] Hoffman E, Rahat MA, Feld J, Elias M, Rosner I,
Kaly L, Lavie I, Gazitt T and Zisman D. Effects
of Tocilizumab, an anti-interleukin-6 receptor
antibody, on serum lipid and adipokine levels
in patients with rheumatoid arthritis. Int J Mol
Sci 2019; 20: 4633.

Int J Clin Exp Med 2020;13(12):9429-9438

