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Clarithromycin in rheumatoid arthritis: the addition
to methotrexate and low-dose methylprednisolone induces
a significant additive value—a 24-month single-blind pilot study
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Abstract To compare the efficacy of the addition of
clarithromycin (CM) to methotrexate (MTX) and methyl-
prednisolone (MP) in active rheumatoid arthritis (RA). 32
patients with RA consecutively randomized. Control
group: sixteen patients treated for 24 months with MTX
10-15 mg i.m. weekly and MP 4-6 mg daily. CM group:
sixteen patients treated with MTX 10-15 mg i.m. weekly
and MP 4-6 mg daily for 24 months; CM therapy added in
the first month (500 mg twice a day for the first 15 days
followed by 500 mg a day for the remaining 15 days).
Evaluation of the improvement following ACR criteria
was performed at months 1 (primary endpoint), 3 and 6.
Patients were furthermore observed after 12, 18 and
24 months from the study beginning. At month 1,
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following ACR70 improvement criteria, we found a sig-
nificant additive value in CM group (10/16 = 63 % vs
4/16 = 25 %, p = 0.033—chi-square test). After discon-
tinuation of CM, the difference between groups was any-
more evident (month 3: CM group 10/16 = 63 % vs
control group 9/16 = 56 %). At month 24, 7/16 (44 %) in
control group and 12/16 (75 %) in CM group completed
the follow-up. The addition of CM to MTX and MP can
induce the remission ACR 70 in the majority of RA
patients within 4 weeks, while MTX and MP alone need
about 3 months to achieve the same result.
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Introduction

It is known that clarithromycin (CM) has an anti-inflam-
matory action [1]; indeed, some clinical studies reported
the use of CM in treating rheumatic diseases. In an open
uncontrolled pilot study [2] on the use of CM in rheuma-
toid arthritis (RA), eighteen patients unresponsive to dis-
ease modifying anti-rheumatic drugs (DMARDs) were
treated with CM for six months and successful results were
obtained in 10 patients (56 %). In this study, CM showed a
very rapid onset of action (10 days) as well as an ability to
lower the plasma levels of soluble type II phospholipase
and prostaglandin E2. More recently, CM efficacy was
further confirmed in a double-blind trial versus placebo
performed in 81 RA patients [3]. In 2006, Moskowitz
published a report on seven patients affected by undiffer-
entiated connective tissue disease who were successfully
treated with CM in a 12-week open-label study. Also in this
case, CM showed a very rapid onset of action [4]. In 2010,
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we have described the beneficial effect of CM in the adult
onset Still’s disease (AOSD), a rare rheumatologic condi-
tion characterized by an acute systemic involvement. A
small cohort of patients (n = 6) was treated by adding CM
to a therapy with DMARDs and glucocorticoids (GC).
After 6 months of therapy, 5 out of the 6 treated patients
reached an ACR 70 improvement and stopped all therapies
in 6-18 months. The clinical outcome achieved with the
use of CM was very close to that obtained with anakinra [5,
6]. Other single cases of AOSD have been also successfully
treated with CM [7, 8].

In the present study, we report the results of a ran-
domized pilot study planned to compare the efficacy of CM
added to methotrexate (MTX) and low-dose methyl-pred-
nisolone (MP) for the treatment of active RA.

Objective

The primary objective of the study was to evaluate the
efficacy of CM added to i.m. MTX and low-dose MP in
active RA. The clinical outcome was measured after
1 month of therapy. Secondary objective was to evaluate
the activity of the disease after 3 and 6 months of treat-
ment. Patients were furthermore observed after 12, 18, and
24 months from the study beginning to evaluate the per-
sistence to the therapy.

Methods
Participants

The present study was carried out at the Rheumatology and
Rehabilitation Unit of the Salvatore Maugeri Foundation
IRCCS in Castel Goffredo, Mantua, Italy, and at the
Rheumatology Unit of the New Hospital San Giovanni di
Dio, Florence, Italy.

The protocol was approved by an independent Ethics
Committee (Comitato Etico Centrale of Salvatore Maugeri
Foundation, Pavia) and all the enrolled patients gave their
written, informed consent to participate in the study.
Consensus was obtained according to the declaration of
Helsinki and subsequent documents.

Inclusion criteria were as follows: male and female
patients aged over 18 years affected by active RA, diag-
nosed according to ACR criteria; GC dose stabilized at
4-6 mg MP since at least 1 month, non-steroidal anti-
inflammatory drug (NSAIDs) stabilized since at least
1 month (if present), no intra-articular injections of GC in
the last month; DMARDs (if present) stopped at least
3 months before the inclusion in the trial. Moreover, the
eligible patients must meet at least three of the following
criteria: erythrocyte sedimentation rate (ESR) >28 mm,
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number of tender joints >6, number of swollen joints >3,
morning stiffness >45 min.

Exclusion criteria were as follows: RA patients in
functional class ACR 1V; affected by active hepatic, renal,
cardiovascular, or neoplastic diseases; presence of systemic
active diseases; psychiatric or neurologic diseases; acute or
chronic inflammatory diseases other than RA; drug or
alcohol users; allergy to macrolide antibiotics or MTX;
treatment with drugs interfering with CM or MTX
(cyclosporine A, antihistaminic, carbamazepine, folic acid,
statins), pregnancy or feeding.

Study design

This study is a randomized, single-blind pilot study. Con-
trolled double-blind study versus placebo was not feasible
due to the metallic taste of CM that was expected to early
invalidate the blinding of the study. Indeed, it has been
proved that metallic taste following CM use occurs in
about 50 % of treated patients after a few days of therapy
[3, 5, 9]. To preserve blinding, evaluation of patient out-
come was performed by a physician blinded to the
treatment.

Thirty-two patients were consecutively randomized in
1:1 ratio into two groups (control group and CM group). A
randomization list was electronically generated according
to a complete randomized design with block size of four
units and managed by the principal investigator who was
responsible for assigning participants to interventions.

Control group was treated with i.m. MTX 10-15 mg
weekly and MP 4-6 mg daily for 24 months.

CM group was treated with i.m. MTX 10-15 mg weekly
and MP 4-6 mg daily for 24 months. During the first
month (in CM group), patients were administered with CM
treatment according to the following scheme: CM 500 mg
twice a day for the first 15 days and 500 mg once a day for
the remaining 15 days.

During the study period, neither intra-articular infiltra-
tions of GC nor modification in NSAIDs treatment (if
present) was allowed.

All patients were evaluated at baseline and at 1, 3, 6, 12,
18, and 24 months thereafter. The following parameters
were monitored: number of tender joints, number of
swollen joints, morning stiffness in minutes, pain measured
on a 10-cm-long horizontal visual analogic scale (VAS);
global self-assessment of efficacy expressed separately by
the physician and the patient using a 10-cm-long horizontal
VAS scale. Patients also underwent standard urine test and
blood tests to determine the following parameters: ESR,
C-reactive protein (CRP), rheumatoid factor (RF), hemo-
chrome, glycemia, transaminase, alkaline phosphatase,
gamma-glutamyltransferase, creatininemia, calcemia, cre-
atine-kinase. Anti-nuclear antibody was tested at the
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baseline only. Moreover, a plane X-ray of the hands was
performed, whenever needed. The consolidated standards
of reporting trials (CONSORT) recommendations were
followed in reporting the results of this study [10].

Collection and storage of samples

Blood samples were drawn using standard venipuncture
technique between 08:00 and 09:00 a.m. after overnight
fasting. Peripheral venous blood was drawn into sterile
vacuum blood collection tubes without any additives for
serum samples and into potassium EDTA vacutainer tubes
for plasma samples (Becton—Dickinson, San Jose, CA,
USA). After division into aliquots, serum and plasma
samples were immediately analyzed or frozen and stored at
—80 °C until assay and were thawed only once.

Urine samples were collected at the same time in the
morning and a standard urine analysis performed.

Biochemical measurements

Erythrocyte sedimentation rate (ESR) was measured on the
automatic instrument Ves-Matic 20 (DIESSE—Diagnosti-
ca Senese, Siena, Italy). The ESR reading at the first hour is
performed in 26 min including the mixing of samples.
C-reactive protein and RF levels were measured using
commercially available kits (Olympus Diagnostic, Italy)
run on an Olympus AU400® chemistry autoanalyser
(OLYMPUS Instruments, Japan), according to the manu-
facturer’s protocol. The published analytical sensitivity of

Table 1 Baseline characteristics of the enrolled patients

the CRP assay is 0.14 mg/l, with reported intra-assay and
inter-assay coefficients of variation of 3.22 and 3.8 %,
respectively, at a CRP concentration of 6.6 mg/l. The
within run precision of the RF assay is less than 5 % CV or
SD < 1 IU/mL, and the total precision is less than 10 %
CV or SD < 3 IU/mL.

Monitoring of toxicity

All patients were explicitly requested to report on any
eventual side effect at each visit.

Statistical analysis

Primary endpoint of the study was the ACR 70 measure
after 1 month of treatment. Other measures of disease
activity (ACR 20, ACR 50 at month 1 and ACR 20, ACR
50, ACR 70 at month 3 and 6) were analyzed as secondary
endpoints of the study. Patients were furthermore observed
after 12 and 24 months from the study beginning to eval-
uate the persistence to the treatment.

Percentages of subject achieving ACR 20, ACR 50, and
ACR 70 at different time points (month 1-month 6) in the
two groups were compared by using a chi-square test.

Descriptive statistics were calculated for all the recorded
variables, reporting means and standard deviations for
continuous normally distributed variables, medians, and
interquartile ranges for ordinal variables, frequencies for
categorical or qualitative variables. Comparison of baseline
characteristics between groups were tested by applying

Control group (n = 16) CM group (n = 16) p value
Number of swollen joints* 7.50 (7.75) 6 (3.28) 0.18
Number of tender joints* 20 (10.25) 13 (15.75) 0.15
ESR (in mm 1 h)° 5443 £ 21.73 75.50 £ 34.28 0.11
HAQ score” 1.55 £ 0.81 1.61 + 0.72 0.83
VAS score for pain® 79.93 £ 19.22 83.50 + 13.64 0.54
Morning stiffness (in minutes)® 132.86 £+ 62.07 79.39 + 77.60 0.044
Age® 68.1 + 14.9 62.8 + 15.8 0.34
Duration of RA (in months)® 12/16 < 12 M 12/16 < 12 M 0.99

4/16 > 12 M 4/16 > 12 M
RF Pos® 6/16 8/16 0.48
ANA Pos® 4/16 2/16 0.65
Erosive RA® 10/16 6/16 0.16
Previous DMARDs® 1/16 5/16 0.17

ESR erythrocyte sedimentation rate, HAQ health assessment questionnaire, VAS visual analogic scale, RA rheumatoid arthritis, RF' rheumatoid
factor, ANA antinuclear antibodies, DMARD disease modifying anti-rheumatic drug

* Median and interquartile range, between group comparison: Mann—Whitney U test

" Mean + standard deviation, between group comparison: Student’s 7 test

¢ Frequency/total, between group comparisons: chi-square test or Fisher’s exact test
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Student’s ¢ test (normally distributed variables), Mann—
Whitney U test (ordinal variables), chi-square test, or
Fisher exact test (categorical and qualitative variables).
Data were analyzed using SPSS statistical software.

Results

Patient enrollment was carried out between October 2005
and August 2008

Control group consisted of 16 patients, 3 males and 13
females, mean age 68 (35-82 years); CM group consisted
of 16 patients, 4 males and 12 females, mean age 61
(19-80 years).

Baseline characteristics of the enrolled patients are
shown in Table 1.

In control group, 13/16 patients (81 %) completed the
6-month follow-up, 11/16 patients (69 %) completed the
12-month follow-up, but only 7/16 (44 %) were still on
treatment at 24 months (Fig. 1).

The reasons for withdrawal were as follows: inefficacy
of the treatment (4 patients), alopecia (2 patients), severe
transaminase increase (1 patient) related to MTX. More-
over, one patient stopped the treatment because of heart
failure and one patient because of sudden death, being both
events unrelated to treatment.

In CM group, 15/16 (94 %) patients completed the
6-month follow-up, 14/16 (88 %) patients completed the
12-month follow-up, and 12/16 (75 %) patients completed
the 24-month follow-up (Fig. 1).

The reasons for withdrawal were unrelated to treatment
in 3 cases: stroke (1 patient), heart surgery (1 patient),
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Fig. 1 Persistence to the therapy in both groups
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Table 2 Side effects in both group

Control group CM group
(n = 16) (n = 16)
Nausea/gastralgia 2 1
Alopecia 2 0
Heart disorders 2 1
Fractures 2 0
Neurologic disorders 1 2
Transaminases increase 3 1
Cancer 0 1
Metallic taste 1 10

anxiety (1 patient). One more patient stopped the treatment
because of a myelodisplasic syndrome which could possi-
ble be related to MTX.

Side effects in both groups are shown in Table 2.

Efficacy results are shown in Fig. 2.

In detail:

e In control group, 14/16 reached ACR 20, 12/16 ACR
50, 4/16 ACR 70 (25 %) at month 1.

e In CM group, 16/16 patients reached ACR 20, 14/16
ACR 50, and 10/16 ACR 70 (61 %) at month 1.

Comparison between the two groups (chi-square test,
p = 0.033) showed a significant additive value of CM in
clinical disease improvement. After discontinuation of CM
(at months 3 and 6), no statistical difference between
groups was anymore pointed out (Fig. 2).

Discussion

Antibacterial drugs play a historical role in the therapy of
RA. Sulfasalazyn, a drug containing sulfapyridine, has
been the most used DMARD in North Europe for a long
time. Minocycline and doxycycline have also been used
[11]. More recently, other antibiotics have been proposed
for the treatment of RA: roxithromycin, levofloxacin, and
ornidazole [12].

At least two different possible mechanisms of action can
explain the efficacy of CM in RA: (1) the anti-inflamma-
tory effect and (2) the antimicrobial action.

The finding that CM can exert an anti-inflammatory
effect was reported both in preclinical and clinical studies,
even if the anti-inflammatory mechanism of action of CM
is still unclear. The response of diffuse panbronchiolitis
and other chronic respiratory infections following long-
term macrolide therapy is an example of the antiinflam-
matory and immunomodulatory activities of CM. In addi-
tion, CM has been shown to inhibit the production of
interleukin-1 B (IL-1p) and a-tumor necrosis factor (TNFo)
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Fig. 2 Improvement in both groups following ACR criteria during 12 months of follow-up

in the lungs, to modulate cell mediator release and survival
as well as interleukin-8 (IL-8) levels in chronic sinusitis
and asthma [13-16]. Finally, CM is effective in the treat-
ment of relapsed/refractory myeloma, showing synergy
with immunomodulatory drugs [17-19]. Since B lympho-
cytes are the cells involved in the pathogenesis of mye-
loma, we could hypothesize that B cells are the target of the
anti-inflammatory activity of CM.

The idea that CM is effective in RA because of its
antibacterial activity was firstly proposed by Ogrendik [3].
He hypothesized that the oral anaerobic bacteria could play
an important role in the ethiopathogenesis of RA. Indeed,
he proposed that CM efficacy could be related to its anti-
biotic activity against Gram-negative anaerobic bacteria
considered responsible of the periodontitis [3, 11]. This
hypothesis is also supported by other authors [20, 21]

according to whom periodontopathic bacteria could con-
tribute to the development of an autoimmune process
leading to RA. This assumption could also explain why the
association of immunosuppressant drugs (MTX and GC)
with CM leads to a more efficacious improvement of RA.

In the present study, we demonstrated that the addition
of CM to standard therapy in the first month of treatment
significantly improves active RA. Noteworthy, the rapid
onset of CM beneficial effect has to be underlined. This
finding is in agreement with previous studies [2-5] and
supports the hypothesis that CM action is able to get the
disease remission in a shorter therapy time frame. The
efficacy of CM can also be explained by looking at
the action of other drugs in the same class of immuno-
suppressant macrolide antibiotics such as sirolimus, ever-
olimus, and tacrolimus. Indeed, these drugs have been
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successfully used in the treatment of RA, particularly ta-
crolimus, approved in Japan for the treatment of RA since
2005 [22-24].

However, the study has some limitations, being the
small number of patients (due to the pilot nature of the
study) and single-blind method the major ones. A double-
blind study involving a large sample of patients is needed
in order to draw definitive conclusion concerning CM
efficacy in RA.

Concerning side effects of CM, it is clear that a CM
extended use could cause antibiotic resistance on bacteria.
Moreover, CM could cause irreversible sensorineural oto-
toxicity [25]. Other side effects of CM are usually not
serious, being the metallic taste the most common one,
sometimes worsening during the treatment and probably
explainable by the high levels of CM in the gums [9]. The
present study suggests that a 4-week CM cycle added to the
current treatment is efficacious in inducing the remission of
the disease (or in case of flare). The treatment schedule
used in our trial may represent a clinical therapeutic tool to
obtain a fast onset of the beneficial clinical effect without
exposing patients to severe side effects.

Conflict of interest None.
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