
Influence of long-term leflunomide treatment

on serum amyloid concentration in rheumatoid

arthritis patients

Bo¿ena Targoñska-Stêpniak, Magdalena Dryglewska, Maria Majdan

���������� �	 
���������� ��� ���������� ������ ��������� ������ ���������� �	 ������ ������������  �

!� "#$%&# ������ !����

Correspondence: ����� ��'���� �$���( �����)��'���*����)���

Abstract:

Rheumatoid arthritis (RA) is a chronic, inflammatory disease that requires intervention with disease-modifying antirheumatic drugs

(DMARDs) to stop disease progression. Leflunomide (LEF) is a DMARD with anti-inflammatory and immunomodulatory proper-

ties. As its primary mode of action, LEF reversibly inhibits dihydroorotate dehydrogenase, a key enzyme in de novo biosynthesis of

pyrimidine in cells. Serum amyloid A protein (SAA) is elevated in inflammatory states and high SAA levels indicate a risk of devel-

oping secondary amyloidosis. The aim of this study was to investigate the effects of long-term LEF treatment on SAA levels and dis-

ease activity in a group of RA patients. The study group consisted of 50 consecutive RA patients (43 F, 7 M) treated with

leflunomide. All patients had a clinical evaluation and SAA measurements taken at two consecutive visits during months 0, 1, 3, 6

and 12. Mean SAA concentrations decreased significantly in the first months of LEF therapy (up to the 6th month) with a more pro-

nounced effect in patients with higher SAA levels. However, by the 12�� month of treatment, the mean SAA level did not differ sig-

nificantly from the SAA level at the start of treatment. At the same time though, other clinical and laboratory parameters of RA

activity indicated that the disease activity decreased. Results demonstrated that in patients with active RA LEF therapy provided

a significant, long-term reduction of inflammatory activity, as measured by the classic parameters of disease activity. During the

treatment, SAA concentrations decreased significantly, followed by a slight increase, in spite of a reduction in other classical indica-

tors of inflammatory response.
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Introduction

Serum amyloid A protein (SAA) is an acute-phase re-

actant that is elevated in many inflammatory states

[13, 19, 25]. Beyond its role as an acute-phase pro-

tein, SAA may play a role in the inflammatory pro-

cess through its cytokine-like properties and as an

apolipoprotein. SAA proteins are identified in the

plasma as small apolipoproteins that associate rapidly

with the high-density lipoprotein (HDL) fraction dur-

ing an acute phase response [13, 19, 25]. Production

of SAA is stimulated by pro-inflammatory cytokines,

such as interleukin 1 (IL-1), Il-6, and tumor necrosis

factor � (TNF�), as well as by interferon-� and trans-

forming growth factor-� [3, 13, 25]. It is predomi-

nantly produced in the liver after the induction of cy-

tokines, however, extra-hepatic production has also

been demonstrated in humans [6, 25, 30]. SAA mRNA

is expressed in macrophages, endothelial cells and

smooth muscle cells of atherosclerotic lesions [6, 11].

It is the circulating precursor of amyloid A protein,
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which is the fibrillar component of amyloid deposits

during secondary amyloidosis, a serious and poten-

tially life-threatening disorder that results in organ

dysfunction or failure. As such, chronically elevated

SAA levels are associated with poor prognosis and

a higher risk of death. SAA levels persistently elevated

above 50 mg/l generally lead to amyloidosis develop-

ment with organ function deterioration [9, 16, 21].

Rheumatoid arthritis (RA) is a chronic, inflamma-

tory disease characterized by joint destruction and se-

vere disability. To stop, or at least minimize joint de-

struction and disease progression, intervention with

disease-modifying antirheumatic drugs (DMARDs) is

required. Leflunomide (LEF) is a DMARD with anti-

inflammatory and immunomodulatory properties. As

its primary mode of action, LEF reversibly inhibits di-

hydroorotate dehydrogenase, a key enzyme in de novo

pyrimidine biosynthesis in different cell types [7].

LEF acts to inhibit lymphocyte activation, cell migra-

tion and activation of the transcription factor NF-�B

[1]. The anti-inflammatory effect of LEF is related to

its ability to inhibit osteoclastogenesis, as well as to

induce production of metalloproteinases and pro-

inflammatory cytokines by activated synovial cells

and macrophages [4, 8, 12, 14, 15, 17]. Clinical obser-

vations have shown that LEF treatment effectively

controls signs and symptoms of RA, slows radio-

graphic progression of the disease and improves the

functional ability of treated patients [1, 5, 10, 26]. Re-

cent studies reported, that an active metabolite of LEF

(A77 1726) inhibits SAA production in human hepa-

tocytes activated by IL-1� [20]. In vivo studies have

also documented the reduction of SAA serum levels

after LEF therapy [15, 28]. Importantly, adequate con-

trol of inflammation in RA patients may prevent the

development of secondary amyloidosis [21, 23].

The aim of the study was to investigate the effects

of long-term LEF treatment on SAA concentrations

and disease activity in a group of RA patients.

Materials and Methods

The study group consisted of 50 consecutive RA pa-

tients treated in the Department of Rheumatology and

Connective Tissue Diseases, Medical University of

Lublin during 2006–2008. All patients fulfilled the

American College of Rheumatology criteria for RA

diagnosis [2]. Patients’ charts were reviewed for

demographic information, clinical diagnosis, the pres-

ence of rheumatoid factor (RF) and anti-cyclic citrul-

linated peptide antibodies (anti-CCP), as well as ra-

diographic information. Informed consent was ob-

tained from the patients according to the Declaration

of Helsinki and the Ethical Committee of the Medical

University of Lublin approved the study design.

The study group consisted of 43 women (86%) and

7 men (14%), with a mean (SD) age of 54.5 (10.7)

(range 33–77). The mean (SD) disease duration was

143.0 (90.4) months (range 9–420). An erosive form

of RA was diagnosed in those patients who presented

with erosions on joint surfaces of bones in radiograms

of hands and/or feet. According to criteria from Stein-

brocker et al. [27], 33 patients (66%) were in disease

stage 3 and 9 patients (18%) in disease stage 4. Tests

for anti-CCP antibodies were positive in 41 patients

(82%) and RF was found in 30 patients (60%).

All the patients had been treated with at least 1

DMARD and the latest one before LEF treatment was

methotrexate (MTX) at the maximum tolerated dose.

MTX therapy was interrupted due to lack of efficacy

and/or adverse events. At the time of evaluation, all the

patients were treated with LEF through a treatment

program organized by the National Health Service.

In 4 patients (8%), a loading dose of LEF (100 mg/day

for 3 days) was used, followed by a daily 20 mg dose.

Monotherapy of 20 mg/day LEF was used in 31 pa-

tients (62%). For 9 patients (18%), the initial LEF dose

(20 mg/day) was reduced to 10 mg/day due to adverse

events (increased levels of transaminases or diarrhea).

In 10 patients (20%), the initial 20 mg/day LEF ther-

apy was combined with MTX (7.5–15 mg/week) due

to exacerbation of RA during LEF monotherapy.

Low-dose prednisone (5–10 mg/day) was concurrently

used in 28 patients (56%). Non-steroidal anti-

inflammatory drugs were used to treat increased pain

in 15 patients (30%) and as a stable, daily dose in 6

patients (12%).

Clinical evaluation was performed in all patients at

consecutive visits during months: 0, 1, 3, 6 and 12.

Disease activity was determined using the four-

variable, 28 joints Disease Activity Score (DAS28),

which is calculated using the number of swollen and

tender joints, erythrocyte sedimentation rate (ESR)

value and patient’s global assessment of disease activ-

ity in the visual analogue scale.

The following routine laboratory tests were per-

formed: C reactive protein (CRP), ESR, hemoglobin
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(Hb), erythrocyte and platelet (PLT) counts. Serum

concentrations of SAA, total protein, albumin and fi-

brinogen were assessed at the same time. Serum sam-

ples were stored at –80°C. The CRP level in serum

level was measured by an immunoturbidimetric assay,

with an upper limit in the normal range of 1 mg/l. Se-

rum albumin was measured by a photometric test with

bromocresol green (normal range 3.8–5.1 g/dl). The

SAA serum concentration was determined by a com-

mercial enzyme linked-immuno-sorbent assay (ELISA),

with a detection limit of 0.005 mg/l (Human SAA;

BioSource Europe S.A., Belgium). According to lit-

erature, the SAA normal reference range is under

10 mg/l [9, 16].

The individual mean SAA (IM SAA) concentration

was calculated for each patient (the mean value of

SAA concentrations in consecutive months from the

start of treatment to the 12th month). The patients

were divided into two groups according to the mean

SAA level during the observation period. Group 1

consisted of 13 patients with medium IM SAA con-

centrations of less than 50 mg/l, [25.3 (10.0) mg/l,

range 11.7–44.0], which is associated with a medium

amyloidosis risk. Group 2 consisted of 37 patients

with high IM SAA concentrations of greater than or

equal to 50 mg/l [279.9 (176.3) mg/l, range 52.7–751.5],

which is associated with a high amyloidosis risk. His-

tological analyses confirmed amyloidosis secondary

to RA in 3 patients prior to the start of the study.

Statistics

Correlation between quantitative variables was as-

sessed with Spearman’s correlation coefficients. A Stu-

dent’s t-test or a non-parametric Mann-Whitney U

test, respectively, were used to compare subgroups of

patients. For all tests, p-values less than or equal to

0.05 were considered significant.

Results

The characteristics of the two patient groups are pre-

sented in Table 1. Significantly more patients from

group 2 (70.2%) than group 1 (30.8%) tested positive

for RF. There were no other significant differences

between the two groups (Tab. 1).

At the start of LEF treatment, 36 patients (72%)

(32 women and 4 men) had high disease activity

(DAS28 5.1), and 14 patients (28%) (11 women and

3 men) had moderate or low disease activity (DAS28

� 5.1). The mean DAS28 value consistently decreased

during consecutive months of LEF therapy (Tab. 2).

During observation, the mean values of CRP, ESR

and PLT counts decreased significantly in comparison

to those at the start of treatment (Tab. 2). In contrast,

the mean concentrations of Hb and albumin increased

significantly during each consecutive month com-
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Variable Group 1 (13 pts) Group 2 (37 pts)

IM SAA (mg/l) 25.3 (10.0) (range 11.7–44.0) 279.9 (176.3) (range 52.7–751.5)

Gender (F/M) 13 (100%)/0 30 (81.1%)/ 7 (18.9%)

Age (years) 53.2 (11.3) (range 33–75) 54.9 (10.5) (range 33–77) NS

Disease duration (months) 167.3 (69.6) (range 72–300) 134.0 (96.3) (range 9–420) NS

Erosions 11 (84.6%) 33 (89.2%) NS

Anti-CCP positivity 10 (76.9%) 31 (83.8%) NS

RF positivity 4 (30.8%) 26 (70.2%) p = 0.03

LEF therapy duration (months) 19.3 (4.3) (range 9–24) 16.6 (4.3) (range 7–24) NS

+,, 2 ����� ������ ,3 4� +,, 2 ��������� ���� +,,3 5+ 2 ��� �����	�����3 �67 2 �	�������3 
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pared to baseline (Tab. 2). Fibrinogen concentrations did

not change significantly during observation (Tab. 2).

At the start of treatment, the mean SAA (SD) con-

centration was high at 266.0 (239.5) mg/l (range

5.1–762.6). During LEF therapy, mean SAA concen-

trations decreased significantly until the 6th month;

however, in the 12th month of treatment, the mean

SAA level did not differ significantly from the SAA

level at the start of treatment. In contrast, other clini-

cal and laboratory parameters of RA activity (DAS28,

CRP, ESR, Hb, albumin) taken at the same time indi-

cated that disease activity had decreased (Tab. 2).

Further analysis was conducted by comparing the 2

groups that consisted of patients with an IM SAA be-

low 50 mg/l (group 1) and an IM SAA at or above 50

mg/l (group 2). There were no significant differences

in clinical disease activity, as assessed with DAS28,

between the groups until the 12th month of LEF treat-

ment (Tab. 3). In the 12th month, a significantly lower

DAS28 value was noted in group 1 patients (Tab. 3).

Assessments of laboratory disease activity parameters

in group 1 showed significantly lower concentrations

of acute phase proteins such as CRP (in months 0, 3,

6, 12) and fibrinogen concentrations (in months 0, 1,

3, 12), as well as lower ESR values (in months 0, 3,

12) (Tab. 3).

Patients in group 2 had significant decreases in SAA

concentrations in months 1 (p = 0.001), 3 (p = 0.02)

and 6 (p = 0.05) compared to their SAA level at the

start of treatment (Fig. 1). During treatment (months

1, 3, 6, 12) SAA concentrations and CRP values were

positively correlated, which was not the case at the

start of treatment (Tab. 4). In the 12th month, SAA
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Variable Group 1
(IM SAA

< 50 mg/l)

Group 2
(IM SAA

� 50 mg/l)

DAS28 “0” 5.5 (1.2) 6.0 (1.2) NS

DAS28 “1” 4.5 (1.5) 5.1 (1.1) NS

DAS28 “3” 4.1 (1.0) 4.7 (1.3) NS

DAS28 “6” 4.1 (1.1) 4.3 (1.2) NS

DAS28 “12” 3.5 (0.9) 4.4 (1.2) p = 0.03

CRP “0” (mg/l) 21.4 (27.9) 28.8 (18.5) p = 0.04

CRP “1” (mg/l) 7.4 (5.9) 13.5 (12.5) NS

CRP “3” (mg/l) 6.5 (4.6) 17.6 (19.5) p = 0.04

CRP “6” (mg/l) 6.3 (5.9) 14.3 (14.2) p = 0.04

CRP “12” (mg/l) 5.8 (4.2) 18.2 (21.6) p = 0.03

Fibrinogen “0” (g/dl) 4.4 (1.2) 5.4 (1.3) p = 0.04

Fibrinogen “1” (g/dl) 4.1 (1.4) 5.4 (1.6) p = 0.03

Fibrinogen “3” (g/dl) 3.9 (0.9) 5.3 (1.7) p = 0.02

Fibrinogen “6” (g/dl) 4.2 (1.4) 5.3 (1.8) NS

Fibrinogen “12” (g/dl) 3.4 (1.1) 5.6 (1.5) p = 0.001

ESR “0” (mm/h) 34.5 (18.8) 52.3 (23.7) p = 0.009

ESR “1” (mm/h) 27.8 (15.8) 36.9 (21.2) NS

ESR “3” (mm/h) 22 (11.1) 41.8 (27.3) p = 0.04

ESR “6” (mm/h) 23.5 (10.0) 40.5 (26.8) NS

ESR “12” (mm/h) 18 (8.9) 38.4 (25.1) p = 0.006

5+ 2 ��� �����	�����

Tab. 2. ������ ��� ��������� ������ �� &# ���������� ��������� �������� ������ ������ �	 ���������� �	������� �������

Data/Month 0 1 3 6 12

DAS28 5.9 (1.2) 4.9 (1.2)* 4.5 (1.2)* 4.3 (1.6)* 4.1 (1.2)*

CRP (mg/l) 26.7 (21.5) 11.7 (11.3)* 15.0 (17.8)* 12.1 (12.9)* 15.1 (19.5)*

ESR (mm/h) 47.7 (23.7) 34.4 (20.1)* 36.5 (25.5)* 36.2 (24.7)* 32.9 (23.7)*

PLT (K/ml) 344.3 (99.7) 291.1 (73.5)* 285.0 (81.4)* 296.8 (80.2)* 319.3 (102.9)*

Hb (g/dl) 12.1 (1.4) 12.8 (1.1)* 12.7 (1.1)* 12.8 (1.2)* 12.8 (1.3)*

Albumin (g/dl) 3.9 (0.4) 4.0 (0.4)* 4.0 (0.4)* 4.0 (0.4)* 4.1 (0.5)*

Fibrinogen (g/dl) 5.1 (1.4) 4.9 (1.6) NS 4.9 (1.7) NS 4.9 (1.8) NS 4.8 (1.7) NS

SAA (mg/l) 266.0 (239.5) 150.9 (156.5)* 199.2 (239.4)* 187.8 (223.3)* 229.4 (273.8) NS

��� ���� 8 +�3 9 ��������� �����	������ /� - #�#&1 �� ���������� ���� ����� #3 5+ 2 ��� �����	�����



concentrations and parameters of disease activity

were correlated. Specifically, SAA levels were posi-

tively correlated with CRP values (r = 0.8, p = 0.0001),

ESR (r = 06, p = 0.004), and DAS28 (r = 05, p < 0.02)

but negatively correlated with serum albumin (r = –0.6,

p = 0.02), as well as Hb (r = –0.6, p = 0.01). There

were no such correlations in group 1 patients. In those

patients, no significant differences in SAA concentra-

tions were observed during LEF treatment (Fig. 1).

Discussion

The serum concentration of SAA does not only reflect

the activity of chronic inflammatory process. Cur-

rently, RA is one of the most common diseases com-

plicated by amyloidosis, a potentially life-threatening

disorder [9, 21]. Persistently elevated SAA levels in-

dicate a risk of developing amyloidosis, which results

in organ failure; however, there are reports that amy-

loid deposits can be extensive without causing symp-

toms [9]. The risk of death associated with amyloido-

sis is closely correlated with SAA concentration; no-

tably, death is about 18 times higher in patients with

SAA levels above 155 mg/l than in patients with SAA

levels below 4 mg/l [16].

Effective anti-inflammatory treatment that opti-

mally controls SAA levels is expected to inhibit amy-

loid formation [9, 23] and data suggest that anti-TNF

treatment reduces SAA levels [23]. According to the

literature, an active metabolite of LEF (A77 1726) in-

hibits the in vitro production of SAA in human hepa-

tocytes that are stimulated with cytokines (IL-1�,

TNF-� and IL-6) [20]. In vitro studies also show that

A77 1726 inhibits IL-1�, IL-6, TNF-�, nitric oxide and

metalloproteinase-3 (MMP-3) production in activated

human synovial tissue cultures [4, 8] and increases the

production of IL-1 receptor antagonist in human syno-

vial fibroblasts and articular chondrocytes [22].

Several clinical studies have found LEF therapy

beneficial. Kullich et al. [15] reported that in RA pa-

tients, LEF therapy resulted in the reduction of carti-

lage degradation markers (MMPs and cartilage oligo-

meric matrix protein, COMP), as well as acute phase

protein SAA. Specifically, high concentrations of

MMP-1, MMP-9, COMP and SAA were found in pa-

tients’ sera before the treatment, but after 3 and 6

months of therapy, a significant reduction in MMP-9

activity was observed and after 6 months, significantly

lower levels of the inflammatory parameter SAA and

the degradation parameter COMP were observed [15].

In addition, Reddy et al. [24] observed that LEF

therapy significantly decreased serum nitric oxide

production as well as citrulline levels after 4 and 8

weeks of treatment. Litinsky et al. [17] also reported a

significant reduction of MMP-1, MMP-3, IL-6 and

IL-10 after 3 months of LEF treatment in patients

with long-standing, resistant RA. These results sug-

gest that the improvement was achieved due to the re-

duction of multiple inflammatory mediators. Finally,

Tchetverikov et al. [29] reported that, in LEF-treated

RA patients, a significant reduction of activated

MMPs was observed as early as 4 months after the

initiation of treatment, where the improvement per-

sisted through 1 year. However, they found no corre-

lation between CRP and MMP levels.
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SAA concentration in consecutive months (0, 1, 3, 6, 12)

CRP r = 0.3
(NS)

r = 0.54
(p = 0.006)

r = 0.69
(p = 0.001)

r = 0.69
(p = 0.003)

r = 0.8
(p = 0.001)

Month 0 1 3 6 12

� 2 +������� ����������� 5+ 2 ��� �����	�����
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In our observation, LEF treatment resulted in the

significant decrease in SAA concentrations in the

course of chronic inflammation associated with RA

activity during the first 3–6 months of therapy. How-

ever, the reduction of SAA concentration was tran-

sient, as it was no longer observed after the 6th

month, in spite of reduced disease activity.

This study showed that, in RA patients, long-term

LEF treatment significantly decreased disease activity

assessed with the DAS28. Reduction of clinical and

laboratory parameters of disease activity was clear in

the group of patients with IM SAA below 50 mg/l. At

the start of treatment, DAS28 values did not differ

significantly between the two groups of patients, but

after 1 year of LEF therapy, DAS28 was significantly

lower in those with an IM SAA below 50 mg/l. Im-

portantly, we show that in patients with high an IM

SAA concentration, the response to LEF treatment is

transient and, in spite of a significant reduction in

classical inflammatory indicators, high SAA levels

and the risk of amyloidosis persists. High serum SAA

concentrations were observed in many patients in the

study group. This may be due to a chronically active

inflammatory process during the course of long-

standing RA. Treatment with LEF was introduced in

cases when MTX therapy was found to be ineffective

within the maximum tolerable doses and other, some-

times several, DMARDs also failed to work. The

studied patients represent a group at high-risk for de-

veloping amyloidosis secondary to RA. Our results

are consistent with reports in literature, confirming an

anti-inflammatory effect of LEF therapy in RA pa-

tients. The most striking anti-inflammatory action oc-

curred during the beginning of treatment and was con-

current with the greatest reduction in SAA concentra-

tion. In patients with a high IM SAA levels, it was also

correlated with the reduction of CRP concentration.

SAA is known as the most sensitive acute phase

protein, as it is the first produced by hepatocytes after

cytokine induction [19]. However, the role of SAA is

not only an acute phase protein (known as acute phase

SAA, A-SAA). It is also found as a normal apolipo-

protein component of the non-acute phase lipoprotein

(constitutive SAA, C-SAA), which associates with

HDL [18]. During the acute phase response, the

amount of SAA in HDL may increase by 1000-fold.

Increased SAA is coupled with an inflammation-

related decrease in apolipoprotein A-I (apo-A-I) and

results in the replacement of apo-A-I as well as modu-

lation of metabolic properties of HDL particles during

inflammation [3, 18, 19]. SAA also increases the oxi-

dation of LDL lipoproteins [25], shows cytokine-like

properties and can act as a chemoattractant for mono-

cytes, leucocytes and T lymphocytes, in addition to

causing adhesion of phagocytic cells to endothelial

cells. Finally, SAA also stimulates significant secre-

tion of pro-inflammatory cytokines (IL-1�, TNF-�,

IL-8) by cultured human neutrophiles [13].

In conclusion, our study demonstrated that LEF

therapy provided significant, long-term reduction of

inflammatory activity in patients with active RA.

During the treatment, SAA concentrations signifi-

cantly decreased during the first 6 months but then in-

creased slightly, in spite of a reduction in classical pa-

rameters of disease activity. The effect of LEF treat-

ment on SAA concentration was more distinct in

patients with higher SAA levels. Our observations

show that assessment of routine parameters of disease

activity (DAS28, CRP, ESR, Hb, albumin) is not suf-

ficient to adequately evaluate intensity of the chronic

inflammatory process. The high concentration of SAA

represents the risk of amyloidosis development and

should force an intensification of treatment. As such,

periodic determinations of SAA concentrations could

be useful in assessing patients with active RA and

qualifying them for a more aggressive treatment with

biological DMARDs.
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