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Abstract The objective of this study was to compare the ef-
fects of treatment by combined conventional disease-
modifying antirheumatic drugs (cDMARDs) or biologics on
cytokines, disease activity, and function in rheumatoid arthri-
tis (RA). Sera from a cohort of 81 patients with long-standing
RA treated with combined cDMARDs or biologics were mea-
sured for 12 cytokines. Comparisons of serum cytokine con-
centrations with treatment types (combination 2, 3 cDMARDs
or biologics), serologic status (positivity for RF and anti-
cyclic citrullinated peptide antibody (anti-CCP Ab)),
DAS28-ESR, and function were performed. Spearman corre-
lation coefficients between individual cytokines and clinical
parameters were explored. Approximately half of the patients
were prescribed two cDMARDs. Mean duration of current
treatment was 42 months. More than 70 % had moderate dis-
ease activity or normal function/slight disability. Serum con-
centrations of interleukin (IL)-1β, IL-2, IL-4, IL-6, IL-8, IL-
10, IL-17A, IL-23, IL-33, interferon (IFN)-γ, granulocyte
monocyte-colony stimulating factor (GM-CSF), and TNF-α
in patients taking combined cDMARDs did not significantly

differ from those on biologics. Seventy-nine serum samples
(97.5 %) had undetectable levels of 1 to 10 cytokines.
Concentrations of several cytokines were significantly higher
in patients with moderate to high disease activity, seropositive
or poor functional status. Weak correlations between cytokine
levels and RA disease activity or function were demonstrated.
The highest correlation coefficients were observedwith IL-33,
IL-8, and IL-6. Long-term treatment with cDMARDs did not
differ from biologics with respect to cytokine concentrations,
disease activity, and function. The cytokine profiles in
established RA were mainly those produced from effector
cells, especially IL-6, IL-8, and IL-33. Both IL-8 and IL-33
may be potential biomarkers and/or treatment targets in pa-
tients with late RA.

Keywords Biologic agents . Cytokines . Disease activity .

Disease-modifying antirheumatic drugs . Function .

Rheumatoid arthritis

Introduction

The past decade has witnessed a huge leap in elucidating the
pathogenesis of rheumatoid arthritis (RA) [1–4] and led to the
development of new tools for diagnosis, assessment of dis-
ease, and therapies. In addition, the development of agents
that can specifically target cytokines, cytokine receptors, cell
surface proteins, and intracellular signaling molecules has
substantially improved the outcomes [5–8].

The main objective of RA treatment is to induce and
maintain remission or low disease activity, typically
employing a Btreat to target strategy^ [9, 10]. This ap-
proach mainly focuses on early initiation of conventional
disease-modifying antirheumatic drugs (cDMARDs),
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especially utilizing methotrexate (MTX)-based combina-
tions in patients with early RA and poor prognostic factors,
followed by dynamic cDMARD adjustment and early use
of biologic agents or molecules targeting intracellular sig-
naling pathways in refractory cases [11–15].

However, there is little data on the assessment and appro-
priate treatment for patients with established or late RA. This
group of patients comprises the majority of RA patients in
rheumatology clinical practice. Therapeutic options that are
considerably effective in early RA may be of little benefit to
patients with long-standing RA. A significant number of pa-
tients with late RA in daily practice experience inadequate
response to multiple cDMARDs or even biologic agents.

The multibiomarker disease activity (MBDA) score is a
useful index to evaluate RA disease activity and function-
al status, predicts joint damage, and helps guide treatment
decisions [16–18]. Although proven beneficial, the limit-
ed availability and high costs of the MBDA test prevent
its use worldwide. Similarly, biologic agents pose a sig-
nificant economic burden for RA treatment to medium-
and low-income nations [19, 20]. In Thailand, RA pa-
tients eligible for biologic treatment have to fail at least
three cDMARDs, one of which has to be MTX [21].
Thus, the proper use of combined cDMARDs may affect
cytokine levels, RA disease activity, and functional ability
and subsequently reduce the need for biologics use. The
objectives of our study were to determine the differential
effects of combined cDMARDs (two or three cDMARDs
including MTX) and biologic agents on serum concentra-
tions of 12 inflammatory cytokines, disease activity, and
function in patients with established RA and to assess the
relationship between these 12 cytokines and clinical pa-
rameters of RA.

Patients and methods

Data and sera collection

Consecutive patients with established RA who were actively
treated and followed in the RA cohort at King Chulalongkorn
Memorial Hospital, Bangkok, Thailand, between January
2011 and December 2012 were enrolled to this cross-
sectional study. As there were inadequate data to calculate
sample size for this study, we therefore included all eligible
patients seen during this period.

The inclusion criteria were as follows: (1) aged
≥18 years; (2) RA diagnosed according to the 1987
American College of Rheumatology (ACR) criteria for
the classification of RA [22]; (3) duration of arthritis
symptoms ≥3 years; (4) therapy comprising MTX with
one or two other cDMARDs [sulfasalazine (SSZ), antima-
larial agents (chloroquine, CQ, or hydroxychloroquine,

HCQ), leflunomide (Lef), or ciclosporin (CsA)] or biolog-
ical DMARDs (either tumor necrosis factor inhibitor
(TNFi) or non-TNFi) at stable doses for ≥4 weeks; (5)
prednisolone was allowed at a daily dose of ≤7.5 mg;
and (6) patients were able to give written informed con-
sents, according to the Declaration of Helsinki. Patients
were excluded if they had clinically significant comorbid
conditions that prevented the use of conventional and/or
biological DMARDs or had conditions that interfered
with cytokine assays, especially acute infection at any site
from any organism or known malignancy.

At the appointed visits, data on RA disease activity
including number of tender joint from 28 joints, number
of swollen joint from 28 joints, patient global health
(five-level Likert scale), erythrocyte sedimentation rate
(ESR), 28-joint Disease Activity Score (DAS28-ESR),
and function (Thai version of the Health Assessment
Questionnaire, ThaiHAQ) [23] were collected. Ten milli-
liters of peripheral venous blood was drawn into EDTA
tubes. These blood samples were let standing at room
temperature for 30 min before centrifugation at 4500g
for 5 min. Sera were separated and transferred to 0.6-
ml tubes and stored at −80 °C.

Multiplex cytokine assays

Frozen serum samples were thawed and pretreated with
protein L (Reacti-Bind™ Protein L-coated plates, Pierce
Biotechnology Inc., USA) to absorb non-specific anti-
bodies that might interfere with multiplex cytokine as-
says [24]. The concentrations of 12 cytokines (interleu-
kin (IL)-1β, IL-2, IL-4, IL-6, IL-8, IL-10, IL-17A, IL-23,
IL-33, interferon (IFN)-γ, granulocyte monocyte-colony
stimulating factor (GM-CSF), and TNF-α) were mea-
sured using Bio-Plex Pro Human Cytokine Assays
(Bio-Rad Laboratories Inc., USA). In brief, serum sam-
ples were onefold diluted with standard diluent HB. The
multiplex cytokine assays were performed in 96-well flat
bottom plates in duplicate. The onefold diluted beads
were added to each well of the assay plates. The wells
were washed twice, and diluted serum samples, stan-
dards, blank, and controls were subsequently added.
The plates were covered and incubated at room temper-
ature for 1 h with vigorous shaking. The wells were then
washed three times with wash buffer, and onefold diluted
detection antibodies were added. The plates were covered
and incubated for 30 min and were washed three times
with wash buffer. Onefold diluted streptavidin-PE was
then added to each well and incubated for 10 min.
After the wells were washed three times, re-suspension
of beads in the wells for plate reading were done.
Measurement of each cytokine concentration was per-
formed by a Bio-Plex Suspension Array System, model
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Bio-Plex 200 with Bio-Plex Manager Software 6.1, as
per manufacturer’s manuals. The observed concentrations
of 12 cytokines were calculated from the reference stan-
dard curves, which were within the range of 0.07–
9400 pg/ml.

C-reactive protein, rheumatoid factor, and anti-CCP
antibody

Serum samples from the patients were also measured for C-
reactive protein (CRP) and rheumatoid factor (RF) by the
particle-enhanced immunonephelometry (Siemens,
Germany), with the lower level of detection of 3.1 mg/L
for CRP and 10 IU/ml for RF. Anti-cyclic-citrullinated
peptide antibody (anti-CCP Ab) was measured by ELISA,
with minimum concentration for detection of 5 IU/ml
(EUROIMMUN, Germany).

Statistical analysis

Categorical outcomes were described as number and
percent. Continuous outcomes including the concentra-
tions of serum cytokines were reported as mean and
standard deviation (SD) or median and interquartile
range (IQR). One-way analysis of variance (ANOVA)
or Kruskal–Wallis test was used for the comparisons
of each cytokine among different DMARD prescription
patterns, DAS28-ESR status, and functional status,
where appropriate. Comparisons of cytokine levels in
seropositive and seronegative patients were conducted
using unpaired t test or Mann–Whitney U test, where
appropriate. Spearman’s correlation coefficients were
used for evaluation of the association between each cy-
tokine level and number of tender joint, number of
swollen joint, ESR, CRP, DAS28-ESR, and ThaiHAQ
scores. Statistical analysis was performed using SPSS
version 16.0 (SPSS Inc., Chicago, USA) with the level
of statistical significance of <0.05. Graphs plotted be-
tween 12 cytokines and clinical/laboratory measures
were executed using GraphPad Prism version 6.0
(GraphPad Software, San Diego, USA).

Results

Demographic characteristics of studies patients

Demographic characteristics of the three groups are
shown in Table 1. Of the 81 patients with RA included
in this study, 41 (50.6 %) were taking two cDMARDs,
30 (37.0 %) three cDMARDs, and 10 (12.4 %) a biolog-
ic agent with cDMARDs. All patients had established
RA and more than 90 % were female. For RA disease

activity measured as DAS28-ESR, 3 patients (3.7 %)
were in remission, 15 (18.5 %) had low disease activity
(LDA), 59 (72.8 %) had moderate disease activity
(MDA), and 4 (4.9 %) had high disease activity
(HDA). For physical function, the majority of the pa-
tients had ThaiHAQ score of <1.0. Twenty-nine patients
(35.8 %) had normal physical function, 28 (34.6 %) were
slightly disabled, 19 (23.5 %) were moderately disabled,
and 5 (6.2 %) had significant disability.

For patients in the two cDMARDs group, 21 (51.2 %)
received MTX + CQ/HCQ, 13 (31.7 %) MTX + Lef, 4
(9.8 %) MTX + CsA, and 3 (7.3 %) MTX + SSZ. For
the three cDMARDs group, 22 (73.3 %) were taking
MTX + CQ/HCQ + Lef and 6 (20.0 %) MTX + CQ/
HCQ + CsA, and one each (3. 3 %) were prescribed
MTX + HCQ + SSZ and MTX + Lef + CsA. For pa-
tients prescribed biologics with cDMARDs, seven
(70.0 %) were taking etanercept (ETA) (four together
with MTX and one each with SSZ, MTX + HCQ, and
MTX + HCQ + Lef) and three (30.0 %) were taking
tocilizumab (TCZ) (two together with Lef and one with
Lef + HCQ). Mean (SD) MTX dose in the two
cDMARDs group was 10.7 (3.1) mg/week, 11.4 (3.5)
mg/week for the three cDMARDs group, and 6.5 (5.8)
mg/week in those taking biologic agents with MTX
(n= 6). They did not differ significantly, except for the
number of patients taking prednisolone and mean daily
dose of prednisolone, which were significantly higher in
the three cDMARDs group.

Multiplex cytokine levels

Median and IQR of the 12 cytokine levels classified by
treatment types are shown in Table 2. The concentrations
of these cytokines from individual patients are also
shown in Fig. 1. The highly skewed distribution of cy-
tokine concentrations was observed. Interestingly, serum
cytokines were lower than the detectable levels in a num-
ber of patients, with the exception of chemokine IL-8,
which was measurable in all patients. Only 2 patients
(2.5 %) demonstrated detectable concentrations of all
12 cytokines, while the rest of 79 had undetectable cy-
tokine levels in their sera from 1 to 10 cytokines. There
was no significant difference in all 12 cytokine concen-
trations among the RA patients treated with two
cDMARDs, three cDMARDs, or biologic agents. In ad-
dition, there was no difference in the number of serum
samples with undetectable cytokine levels among the
three treatment groups.

RA patients with positive RF (n= 56) had significantly
higher serum concentrations of IL-1β (Mann–Whitney U
test, p = 0.005), IL-4 (p = 0.039), IL-17A (p = 0.037),
IFN-γ (p = 0.007), and TNF-α (p = 0.003) than those
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Table 1 Demographic characteristics of studied patients (n= 81)

Two cDMARDs
(n = 41)

Three cDMARDs
(n = 30)

Biologic +
cDMARDs (n= 10)

Total

Female gender (%) 39 (95.1) 28 (93.3) 10 (100) 77 (95.1)

Mean (SD) age (years) 58.7 (11.9) 62.7 (16.3) 55.1 (12.4) 59.7 (13.9)

Mean (SD) disease durations (years) 17.4 (6.0) 18.6 (9.8) 17.4 (5.4) 17.8 (7.5)

Number with positive rheumatoid factor (%) 28 (68.3) 22 (73.3) 6 (60.0) 56 (69.1)

Number with positive anti-CCPAb (%) 31 (75.6) 23 (76.7) 6 (60.0) 60 (74.1)

Number with prednisolone used (%) 3 (7.3) 16 (53.3)* 2 (20.0) 21 (25.9)

Mean (SD) daily prednisolone dose (mg) [median (IQR)] 0.2 (0.9) 1.0 (1.1) 0.4 (0.8) 0.6 (1.1)

[0 (0)] [1.3 (0–2.5)]** [0 (0–0.3)] [0 (0–1.3)]

Mean (SD) duration of current DMARDs treatment (months) 45.5 (30.9) 33.1 (17.6) 53.2 (25.5) 41.9 (26.8)

Mean (SD) number of tender joint (0–28) [median (IQR)] 0.4 (0.7) 0.7 (1.3) 0.6 (0.7) 0.6 (1.0)

[0 (0–1.0)] [0 (0–1.0)] [0.5 (0–1.0)] [0 (0–1.0)]

Mean (SD) number of swollen joint (0–28) 7.7 (3.7) 7.6 (3.3) 7.9 (4.0) 7.7 (3.5)

Mean (SD) patient global health (0–100) 30.5 (10.5) 32.5 (11.7) 35.0 (12.9) 31.8 (11.2)

Mean (SD) ESR (mm/h) 36.0 (23.3) 31.9 (19.5) 45.2 (44.0) 35.6 (25.4)

Mean (SD) CRP (mg/dl) [median (IQR)] 0.8 (1.1) 0.7 (1.2) 2.1 (3.8) 0.9 (1.7)

[0.3 (0.1–0.8)] [0.3 (0.1–0.7)] [0.3 (0.2–3.1)] [0.3 (0.1–0.8)]

Mean (SD) DAS28-ESR score 3.73 (0.73) 3.79 (0.70) 3.94 (1.02) 3.78 (0.76)

Mean (SD) ThaiHAQ score [median (IQR)] 0.59 (0.56) 0.69 (0.70) 0.92 (0.78) 0.67 (0.64)

[0.63 (0.13–0.94)] [0.44 (0.13–1.0)] [0.94 (0.22–1.38)] [0.50 (0.13–1.0)]

Number with joint deformity (%) 33 (80.5) 27 (90.0) 8 (80.0) 68 (84.0)

Number with comorbid diseases (%) 38 (92.7) 29 (96.7) 10 (100) 77 (95.1)

Number with healthcare system that covers biologics (%) 20 (48.8) 18 (60.0) 8 (80.0) 46 (56.8)

cDMARDs conventional disease-modifying antirheumatic drugs, SD standard deviation, anti-CCPAb anti-cyclic-citrullinated peptide antibody, NSAIDs
non-steroidal anti-inflammatory drugs, IQR interquartile range, ESR erythrocyte sedimentation rate, CRP C-reactive protein, DAS28 28-joint count
disease activity score, ThaiHAQ Thai version of the Health Assessment Questionnaire Disability Index

*p< 0.001, vs. the other two groups; **p= 0.04; vs. two cDMARDs

Table 2 Median (interquartile range) serum levels in picograms per milliliter of 12 inflammatory cytokines in RA patients (n = 81)

Cytokine Two cDMARDs Three cDMARDs Biologic + cDMARDs Total Number of samples (%) with
undetectable cytokine level

IL-1β 0.27 (0–2.52) 1.63 (0–10.12) 0.46 (0.1–1.59) 0.55 (0–3.05) 26 (32.1)

IL-2 0 (0) 0 (0) 0 (0) 0 (0) 72 (88.9)

IL-4 0 (0) 0 (0–14.29) 0 (0–10.86) 0 (0) 64 (79.0)

IL-6 48.46 (16.15–161.95) 74.69 (24.38–206.54) 170.34 (31.75–953.66) 64.52 (21.88–209.56) 1 (1.2)

IL-8 4.24 (2.96–6.71) 3.82 (3.40–5.12) 3.57 (2.39–6.46) 3.84 (3.04–5.33) 0

IL-10 0 (0–1.81) 0 (0) 0 (0–3.28) 0 (0–1.35) 60 (74.1)

IL-17A 0 (0–48.80) 10.0 (0–55.37) 0 (0–0.79) 0 (0–45.19) 44 (54.3)

IL-23 0 (0–67.60) 62.78 (0–172.92) 1.19 (0–55.18) 2.37 (0–92.22) 37 (45.7)

IL-33 0 (0–44.94) 0 (0) 0 (0–24.66) 0 (0) 62 (76.5)

IFN-γ 0 (0–216.19) 89.04 (0–430.16) 0 (0–38.86) 1.14 (0–223.66) 39 (48.1)

GM-CSF 0 (0–0.01) 0 (0) 0 (0–0.04) 0 (0) 63 (77.8)

TNF-α 1.22 (0–6.45) 1.44 (0–7.14) 2.09 (0–12.20) 1.29 (0–6.82) 26 (32.1)

cDMARDs conventional disease-modifying antirheumatic drugs, SD standard deviation, IQR interquartile range, IL interleukin, IFN interferon,GM-CSF
granulocyte-monocyte colony stimulating factor, TNF tumor necrosis factor
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who were seronegative. Similar results were observed in
RA patients with positive anti-CCP Ab (n= 60) on the
levels of IL-1β (Mann–Whitney U test, p= 0.004), IL-4
(p = 0.030), IL-17A (p = 0.025), IFN-γ (p = 0.014), and
TNF-α (p= 0.012).

Regarding the cytokine levels in patients with different
DAS28-ESR status, the cytokine concentrations that were sig-
nificantly higher in the MDA and HDA groups than those
who were in remission or LDA included IL-1β (Kruskal–
Wallis test, p=0.033), IL-2 (p=0.048), IL-6 (p=0.008), and

Fig. 1 Serum levels of 12 cytokines from 81 patients with RA classified
by types of DMARDs used. DMARD treatment was categorized into
three groups: two cDMARDs, MTX + another cDMARD (n = 41);
three cDMARDs, MTX + two other cDMARDs (n= 30); and biologics

+ cDMARDs (n= 10). There was no significant difference in the levels of
all 12 cytokines among the three treatment groups (p > 0.05). Blue
horizontal lines represent median values (color figure online)
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IL-33 (p=0.026). For the physical function, only IL-2 con-
centration was significantly higher for patients with moderate
and significant disability, i.e., ThaiHAQ score of >1.0
(Kruskal–Wallis test, p=0.035).

Correlations between multiplex cytokine assays
and disease activity and physical function

Spearman correlation coefficients were significant for several
measures of disease activity and serum cytokine

concentrations, although these correlation coefficients exhib-
ited low level of correlations (correlation coefficient <0.5)
(Table 3). Notably, no correlation was observed between swol-
len joint count and cytokine levels. For the other measures,
number of tender joint correlated with serum IL-33 and GM-
CSF; patient global health with IL-8 and IL-33; CRP with IL-
6 and IL-8; ESR with IL-1β, IL-2, IL-6, IL-33, and TNF-α;
and DAS28-ESR with IL-2, IL-6, IL-8, IL-33, GM-CSF, and
TNF-α. Physical function measured as ThaiHAQ scores cor-
related with serum IL-2, IL-23, IL-33, and GM-CSF levels.

Fig. 1 continued.
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Discussion

The dynamic use of combination cDMARD therapy has been
shown to rapidly control disease activity, improve functional
ability, and reset the rate of radiographic joint damage in pa-
tients with RA [14–16, 25]. However, these beneficial effects
are typically reported in patients with early RA, rather than
those with established or late RA. Demographic characteris-
tics showed that our patients had long-standing disease with
MDA. The high mean DAS28-ESR score was driven by the
high number of swollen joints, with the average of 7.7. In
contrast, mean ThaiHAQ score was <1.0, which denoted nor-
mal to slight disability. Thus, persistent swollen joints with
minimal number of tender joints in our patients might be the
result of subtle chronic synovitis, which did not exhibit overt
systemic inflammation and symptoms or of synovial fibrosis
or scars. Seventy-one RA patients (87.7 %) received com-
bined two or three cDMARDs. The biologics available in
Thailand at the time of this study included ETA, infliximab,

rituximab, and TCZ. Our patients were prescribed ETA or
TCZ. Although 56.8 % of our studied patients were under
the healthcare systems that covered biologic agent reimburse-
ment, only 12.4 % were prescribed biologic DMARDs. This
low usage of biologics in our patients might be explained by
the following reasons: firstly, RA patients who are eligible for
biologic reimbursement have to fulfill the Thai Rheumatism
Association guideline for biologic use, i.e., demonstrate an
HDA (DAS28 ≥5.1) despite therapeutic doses of at least three
cDMARDs or intolerance to these cDMARDs. The use of
low-dose prednisolone together with combined cDMARDs
may help decrease RA disease activity in a number of patients.
This explains the high proportion of prednisolone use in the
three cDMARDs group. These patients, therefore, might not
meet the criteria to initiate biologic agents. Secondly, concerns
regarding the routes of biologics administration and serious
adverse events that might occur, especially infections, prevent
some patients from starting these agents. Thirdly, in long-
standing RA, most patients adapted themselves to best fit their
daily life activities and their disease activity usually decreased
with time.

The studied patients in all three treatment groups did not
differ in the measures of disease activity and function. This
indicated treatment with combined cDMARDs was not infe-
rior to biologics in patients with established RA. Our findings
corroborated with the results from two recent randomized
controlled trials, the RACAT and the TACIT trials [26, 27].
Both studies showed that the efficacy of combined
cDMARDs was comparable to TNFi. The TACIT study also
demonstrated that combined cDMARD treatment was cost-
saving [27].

Previous studies utilizing multiplex cytokine assays in sy-
novial fluid and/or sera have been mainly conducted in pa-
tients with early RA [28–30]. They reported significantly
higher concentrations of several cytokines in patients with
early RA than in controls. The up-regulated cytokines ob-
served in these patients were those originated from Th1, Th2
and Th17 lymphocytes, stromal cells, and macrophages, as
well as several chemokines. Analysis of multiplex cytokines
in our patients showed that at least one third of serum samples
were undetectable for cytokines, except for IL-6 and IL-8. Our
findings corresponded with the study by Wright et al., where
TNF-α was detectable in only 25 % of serum samples of RA
patients before starting TNFi [31]. As our serum samples had
been treated with protein L to adsorb interference antibodies
prior to multiplex cytokine analysis, the undetectable levels of
several cytokines in our patients were likely to be correct,
reflecting good disease control with therapy. Our analysis
showed no significant difference in all 12 cytokine levels in
patients treated with combined cDMARDs or biologic agents.
Also, the number of patients in each treatment group with
undetectable cytokine levels was not significantly different.
In addition, low-dose prednisolone did not affect the serum

Table 3 Correlations between RA disease activity and functional
measures and inflammatory cytokine levels

Measure Cytokine Correlation coefficient

Tender joint count IL-33 0.37

GM-CSF 0.24

Swollen joint count None NA

Patient global health IL-8 0.23

IL-33 0.31

CRP IL-6 0.44

IL-8 0.31

ESR IL-1β 0.28

IL-2 0.27

IL-6 0.34

IL-33 0.28

TNF-α 0.28

DAS28-ESR IL-2 0.26

IL-6 0.30

IL-8 0.27

IL-33 0.41

GM-CSF 0.26

TNF-α 0.23

ThaiHAQ IL-2 0.25

IL-23 0.23

IL-33 0.27

GM-CSF 0.25

Spearman correlations with p< 0.05

CRP C-reactive protein, ESR erythrocyte sedimentation rate, DAS28 28-
joint count disease activity score, ThaiHAQ Thai version of the Health
Assessment Questionnaire Disability Index, IL interleukin, IFN interfer-
on, GM-CSF granulocyte-monocyte colony stimulating factor, TNF tu-
mor necrosis factor, NA not available
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concentrations of 12 cytokines in the three treatment arms
(data not shown). As the average treatment duration of com-
bined two cDMARDs, three cDMARDs, or biologics was
42 months, the long duration of treatment by either treatment
option may eventually suppress cytokine production to indis-
tinguishable levels. IL-2, IL-4, and GM-CSF were the three
cytokines with the highest percentage of undetectable levels.
This finding may indicate the suppressive effects of
cDMARDs and/or biologics on T cells, the principal cells
for producing these three cytokines [4, 6, 8]. In contrast, the
concentrations of IL-8 were detected in all serum samples and
IL-6 in all but one patient. This might emphasize the pivotal
role of effector cells including neutrophils, macrophages, and
endothelial cells in the pathogenesis of established RA. On the
other hand, our subgroup analysis also demonstrated signifi-
cantly higher concentrations of IL-1β, IL-2, IL-6, and IL-33 in
RA patients with moderate to high disease activity compared
to those in remission or LDA. Serum levels of IL-2 were also
higher in RA patients with significant functional limitation. In
patients with positive RF and/or anti-CCP Ab, higher serum
concentrations of IL-1β, IL-6, IFN-γ, and TNF-α compared
with those in the seronegative patients were detected. The high
levels of T cell-producing cytokines IL-1β, IL-2, and
IFN-γ in patients with persistent active disease, poor func-
tion, and/or seropositivity might be explained by the con-
tinuous activation of T cells and the consequently down-
stream effector cells, which was not adequately controlled
by the current treatment options.

Although cytokines are part of MBDA scores for assessing
disease activity and function in patients with early RA [9, 11],
this might not be applicable in long-standing disease. Our
results showed weak correlations from low Spearman corre-
lation coefficients between multiplex cytokine assay and pa-
rameters of RA disease activity and physical function. The
three cytokines that correlated with RA disease activity pa-
rameters (number of tender joint, patient’s global health,
ESR, CRP, DAS28-ESR) included IL-33, IL-6, and IL-8.
While IL-33 showed the highest correlation coefficient with
ThaiHAQ score, there were no significant correlations be-
tween number of swollen joint and any cytokine. From the
above findings, the three cytokines IL-33, IL-6, and IL-8 may
be potential biomarkers for evaluating disease activity and
functional status in patients with established RA. IL-33, a
member of the IL-1 family, and IL-6 are main cytokines in
the innate immune response [32] produced by macrophages,
endothelial cells, smooth muscle cells, and fibroblasts, while
the chemokine IL-8 is chiefly produced by neutrophils. These
cytokines might also be potential targets of treatment in long-
standing RA.

There were several limitations in our study. Firstly, our
study was cross-sectional. Baseline RA disease activity
among the three treatment groups might be substantially dif-
ferent. However, our patients had been treated with current

treatment options for an average of 3.5 years. At the time of
clinical assessment and serum collection, no other factors that
might interfere with disease activity, physical function, and
multiplex cytokine assays were witnessed. Secondly, our pa-
tients were treated and followed at an academic-tertiary care
hospital, potentially representing a more active and severe
group of RA patients compared to those seen at general or
private hospitals. Our patients may require higher doses of
cDMARDs, more cDMARD combination, and/or biologics
treatment to control their disease. Thus, results from our study
might not be generalized to all RA patients but should be
considered as the worst case scenario to practicing rheumatol-
ogists. Lastly, as sample size calculation was not practical for
this study, a non-significant difference in cytokine levels, dis-
ease activity, or function might have arisen as result of inade-
quate power. Nevertheless, our study provides important ad-
ditional data to stimulate further study in this area.

In conclusion, there was no significant difference in the
serum concentrations of 12 cytokines, RA disease activity,
or physical function in patients with long-standing RA treated
with combined cDMARDs or biologic agents. Multiplex
cytokine profiles in established RA were mainly those
produced from effector cells, predominantly macro-
phages, endothelial cells, fibroblasts, and neutrophils.
Our findings proposed IL-33 and IL-8 as key bio-
markers for assessing RA disease activity and function
in patients with long-standing RA.
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