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Objective. To determine if minocycline is an
effec-tive therapy for seropositive rheumatoid arthritis
(RA) when used within the first year of disease.

Methods. The Rheumatoid Arthritis
Investiga-tional Network enrolled 46 patients with RA
of <1 year duration into a 6-month study of minocycline
(100 mg twice daily) versus placebo. All patients were
rheuma-toid factor positive. The primary end point of
the study was successful completion of 6 months of
treatment with no drug toxicity while maintaining 50%
improvement in composite symptoms of arthritis.

Results. Eighteen of the 46 patients who were
enrolled met 50% improvement criteria at 3 months,
and maintained at least a 50% improvement for 6
months with no significant drug toxicity. Among them
were 15 of the 23 patients (65%) treated with
minocy-cline and 3 of 23 patients (13%) treated with
placebo (P < 0.001).
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Conclusion. In patients with early seropositive
RA, therapy with minocycline is superior to placebo.

Rheumatoid arthritis (RA) is a common disease (1)
that often has a profound impact, causing substantial
morbidity in most patients (2) and premature mortality in
many (2-4). Conventional therapy for RA includes
administration of nonsteroidal antiinflammatory drugs
(NSAIDs), followed by disease-modifying antirheumatic
drugs (DMARDS) such as methotrexate,
hydroxychloro-quine, sulfasalazine, or gold in patients who
have per-sistent active disease. Short-term studies (5-14)
and meta-analyses (15,16) have repeatedly proved the
effi-cacy of these latter drugs, but their long-term efficacy
is less than optimal. Most patients are no longer taking
these drugs after 2-5 years (17,18), because of either
toxicity or lack of efficacy.

The use of tetracycline to treat RA is hot a new idea
(19-21), and was initially advocated based largely on the
idea that RA was caused and/or perpetuated by an
infectious agent (19,20). Until recently, the evidence to
support the efficacy of tetracyclines in the treatment of RA
has been largely anecdotal (19-25). Renewed interest in the
use of tetracyclines to treat RA has occurred because 2
randomized, controlled, double-blind studies in patients
with well-established RA have demonstrated modest
degrees of improvement after treatment with a tetracycline
derivative, minocycline (26,27). Exciting new information
suggests several pos-sible antiarthritic  effects  of
tetracyclines other than their antibacterial effects (28-35).

Currently, rheumatologists are emphasizing the
importance of early control of RA (36), and studies have
shown that patients respond best when treated early with
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disease-modifying therapy (37). Because of these find-ings
and the data suggesting the possible antiarthritic action of
tetracyclines, we undertook the present study to determine
whether minocycline was an effective ther-apy if given
within the first year of disease to patients with seropositive
RA.

PATIENTSAND METHODS

This study was conducted by the Rheumatoid Arthritis
Investigational Network. This network brings the rheumatol o-gists
at the University of Nebraska together with rheumatolo-gists in
Nebraska, lowa, South Dakota, Kansas, Minnesota, and Illinois
who are interested in clinical studies in RA. All physicians
participating in this network were involved not only with patient
enrollment and data collection, but also in the development of the
study protocols.

Patient selection. Patients followed up in the
rheuma-tology clinics at the University of Nebraska Medical
Center, the Omaha Veterans Administration Medical Center, or the
private offices of network physicians were asked to participate if
they met the criteria for the study. The protocol was approved by
the Ingtitutional Review Board at the University of Nebraska
Medical Center, and all patients gave written informed consent.

The digibility criteria were as follows: age between 19
and 70 vyears, RA fulfilling the American College of
Rheuma-tology (formerly, the American Rheumatism Association)
cri-teria (38), elevated serum rheumatoid factor (RF) titer,
durartion of disease >6 weeks and <1 year, active disease (i.e.,
meeting at least 3 of the following criteriaz erythrocyte
sedi-mentation rate [ESR] >=28 mm/hour, morning stiffness >=45
minutes, >=8 tender joints, and >=3 swollen joints), negative
results on serum tests for Lyme disease, and no elevation of serum
IgM parvovirus antibody levels. Patients who had pre-viously
received DMARD or steroid therapy and women of childbearing
age who were not practicing contraception were not eligible.

Experimental design. Forty-six patients were enrolled in
this 6-month, double-blind, randomized, controlled study. The
pharmacy handled the randomization; equal numbers of cards with
each group assignment were mixed, drawn, and placed in
sequentially numbered envelopes that were opened as the patients
were enrolled. The patients were treated with minocycline (Lederle,
Pearl River, NY) or matching placebo. The dosage of minocycline
was 100 mg twice per day and was constant throughout the study.
Patients in both groups contin-ued their pre-study NSATD
treatment at stable doses.

Three months after enrollment, physicians who were
unaware of the treatment groups evaluated the patients. If at that
time, patients did not meet criteria for 50% improvement, we
considered their treatment ineffective and they were dropped from
the blinded portion of the study. We again evaluated the patients
after therapy had been given for 6 months and recorded whether
they had improved by 50% over baseline; if so, we considered their
treatment effective. The blinded portion of the study ended after
the 6-month evalua-tion. Regardless of the response to therapy, the
minocycline or placebo was stopped in al patients at 6 months. All
patients
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were then followed up in the open portion of the study for an
additional 6 months (9 months for patients who were consid-ered
treatment failures at the 3-month time point). Therefore, the total
duration of the study was 1 year (3-6 months in the blinded portion
and 6-9 months in the open portion). During the open portion of
the study, the treating physician was free to prescribe whatever
therapy he or she deemed most appropri-ate. If the patient had been
receiving minocycline during the blinded portion of the study and
had a disease flare during the "open portion (11 patients),
minocycline was restarted.

The number of patients enrolled was determined by
assuming a 10% response rate in the placebo group and a 40%
response rate in the treated group. To detect this magnitude of
difference at the a = 0.05 and b = 0.2 levels (power of 80%), 24
patients in each group were needed.

Evaluation criteria. The mgor end point was whether
patients had improved by 50% a 6 months, based on their
fulfilling at least 3 of the following requirements (modified Paulus
composite criteria [39]): morning stiffness <30 minutes or
improved by 50%, joint tenderness improved by 50%, joint
swelling improved by 50%, and ESR <30 mm/hour for women or
<20 mm/hour for men. Treatment was considered unsuc-cessful in
patients who did not have this degree of improve-ment at the 3- or
6-month evaluation.

Additional evaluation measures included an estimate of
the duration of morning stiffness and a modified Ritchie Articular
Index (40), in which 38 joints were scored on a 0-3 scale for
tenderness (tender joint score) and for swelling (swollen joint
score). Patient global status and overall pain scale (scored by the
patient) and physician global assessment were scored using a
visual analog scale, with O representing normal and 10
representing severe problems (41).

Toxicity monitoring. All patients were questioned about
toxicities, including dizziness, at each followup visit. The treating
physician could withdraw the patient from the study at any time
due to side effects of the drug.

Concurrent therapy. During the blinded portion of the
trial, patients were alowed to take concurrent NSAIDs at stable
doses, but were not alowed to take systemic or intraar-ticular
steroids. During the open portion of the trial, physicians could
prescribe any medication, including changing NSAIDs, starting or
restarting minocycline, or initiating DMARDs and/or steroids.

Statistical analysis. The primary end point was
suc-cessful completion of the 6 months of the blinded portion of
the protocol. Differences between groups in the numbers of
patients completing the protocol and in the numbers of treatment
failures were analyzed using both the chi-square test and the log
rank test (42). We developed a Kaplan-Meier curve for patients
completing the protocol, with all patients who did not complete
counted as treatment failures. The log rank test was used to
determine differences between groups (42). Cox proportiona
hazards regression analysis was used to adjust for differences
between the groups at entry.

Differences in mean values for other outcome vari-ables
were evaluated using Student's 2-tailed t-test, assuming unequal
variance (42). Anaysis of covariance was used to adjust for
differences in disease severity between treatment groups at
baseline (42). Because of expected small cell size, P values for
comparison of the treatment groups at 1 year were calculated
using Fisher's exact test.
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RESULTS

Each of the 46 patients was randomly assigned to 1
of the 2 treatment groups: minocycline (n = 23) or
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placebo (n = 23). There were no differences between the
groups at study entry (Table 1). One patient dropped out of
the study because of toxicity and 27 patients because of
lack of efficacy. Eighteen patients success-fully completed
the 6-month blinded portion of the study, having improved
by 50% at 3 months and main-tained this improvement at 6
months.

Toxicity. One patient in the placebo group stopped
treatment because of a gastrointestinal bleed. None of the
minocycline-treated patients withdrew due to toxicity.
None of the patients reported dizziness that precluded
continuation of the protocol.

Results of treatment. Eighteen patients had
im-proved by 50% at 3 months and maintained this
im-provement at the end of the 6-month treatment period.
This included 15 of 23 patients (65%) in the minocycline
group and 3 of 23 patients (13%) in the placebo group (P <
0.001). Efficacy (50% improvement) was not demonstrated
in 8 patientsin the minocycline group and 19 in the placebo
group. The remaining patient in the placebo group
withdrew because of toxicity.

A Kaplan-Meier curve showing the proportion of
patients in each group who successfully completed the
6-month treatment period is presented in Figure 1. All

]
i o
'E 1 bbsycting
3 50
g «
5
.E_ - P < 0003 by bog ramk iest Placcia
2 L
o 4 = - . —
o i = 3 £ - | .}
TIME
i i |

Figure 1. Kaplan-Meier plot of the proportion of patients responding to treatment with either minocycline or placebo.
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patients who did not complete the study were counted as
treatment failures, including the 1 patient with drug toxicity
and the 27 who were efficacy failures. The difference
between treatment groups was statistically significant (P =
0.005 by log rank test). To assure that this difference was
not the result of a difference in severity of disease at
baseline, an adjusted analysis of time to treatment failure
was done using ESR, disease duration, patient global status,
physician global assess-ment, and total joint count as
variables. None of these variables had a statisticaly
significant effect on the time to failure of treatment.

Other measures of efficacy. Table 2 shows the
results of other clinical measures of arthritis activity at
baseline and at 6 months. Patients in the minocycline group
tended to have clinical improvement in all 7 efficacy
measures; the degree of improvement in mom-ing stiffness,
patient global status, and physician global
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assessment in the minocycline group reached statistical
significance (P < 0.05) compared with the degree of
improvement in the placebo group. The within-group
changes between baseline and followup for al of the efficacy
parameters shown in Table 2 were significant in the
minocycline group (P < 0.01), while the placebo group
reflected no statistically significant changes.

Observations during the open portion of the study.
Table 3 compares the minocycline group and the placebo
group at 1 year. The number of patients who had improved
significantly (>50% improvement or re-mission) was greater
in the minocycline group. Similarly, there were fewer
minocycline-treated patients who re-quired DMARD therapy
at 1year.

DISCUSSION

With currently available DMARD therapy, complete
remission of RA is disappointingly rare (43,44). This
realization has fueled a surge of interest in ater-native forms
of therapy for the treatment of RA, includ-ing a significant
increase in the use of combination DMARD therapy (45)
and of minocycline (26,27).

This  double-blind, placebo-controlled  study
dem-onstrates the benefit of minocycline when used to treat
patients with seropositive RA within the first year of disease
onset. We believe that severa key points about our study
design are worth emphasizing: we enrolled only patients
with early disease (these patients have been shown by many
to have the best response to therapy [37]), we enrolled only
patients who were RF positive and thus we were studying a
relatively homogeneous patient population and a group of
pa-tients who were destined to have a low spontaneous
remission rate, and finally, we chose to define success as
50% improvement of symptoms instead of the 20% that is
often used.

We believe our results are even more remarkable

Table 3. Therapy at 1 year: minocycline versus placebo
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* DMARDs = disense-modifying antirheumatic drugs.
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because our study design almost certainly decreased the
chances of finding a positive effect. Since we were
conducting a placebo-controlled trial, we required 50%
improvement at 3 months as a criterion for continuation in
the study. We did not want to continue placebo treatment
for more than 3 months in patients with active RA. Data
from our study and others suggest that maximum benefit of

minocycline does not occur until after 1 year of therapy (28).

Therefore, we almost certainly lost patients before they had
amaximal re-sponse to minocycline.

The magnitude of improvement in our
minocycline-treated patients was dramatic compared with
the modest but statistically significant benefit in a study
conducted in the Netherlands (26) and in the Minocycline in
Rheumatoid Arthritis trials (27). Recon-ciliation of these
seemingly disparate results requires acknowledgment that
our study group consisted of an entirely different patient
population. The most signifi-cant difference was the disease
duration, which averaged 8.6 years and 13 years in those
other trials and <5 months in our trial. The observed
difference in magni-tude of response may be explained by
the fact that patients with early disease respond better to
most ther-apies. Alternatively, there may be a window of
opportu-nity early in RA when minocycline can produce
dramatic benefit. Additionally, we observed fewer side
effects in our trial compared with the Netherlands trial,
especially with regard to dizziness. The reasons for this are
unclear, but the young age of our patients is one possible
explanation.

Minocycline has been shown to have

antiinflam-matory, immunomodulatory, and
chondroprotective ef-fects (28,29) in addition to its
antibacterial activity. Tetracyclines, particularly

minocycline and doxycycline, are potent inhibitors of
metalloproteinases (30-32), including collagenase and
gelatinase. Metalloprotein-ases are almost certainly active
in RA joint destruction, and studies in animal models of
arthritis (both RA and osteoarthritis [33-35]) have shown
benefit with minocy-cline or doxycycline treatment.
Modified derivatives of minocycline that retain their ability
to inhibit metallo-proteinases but do not have antibacterial
effects remain effective in some of these models. Finaly,
there has been much recent enthusiasm for, and some
evidence to support the use of, agents with activity against
tumor necrosis factor a in the treatment of RA (46).
Interest-ingly, tetracyclines, especially minocycline and
doxycy-cline, inhibit the production of tumor necrosis
factor (47,48).
Early advocates for the use of tetracyclinesin the
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treatment of RA based their choice on its antibacterial effect
(19,20), believing that RA was initiated and perpetuated by
an infectious agent. Two currently well-accepted DMARDS,
gold and sulfasalazine, were ini-tially used for similar
reasons (49,50). Recent experi-ences with Lyme disease,
human immunodeficiency virus infection, and hepatitis C
infection are vivid re-minders of how much we have to
leam about infectious triggers of diseases with immunologic
and rheumatic manifestations. In the case of Lyme disease,
were it not for a group of concerned parents of children who
had been recently diagnosed as having juvenile rheumatoid
arthritis (51) and a relatively obvious vector, the tick, this
disease would amost certainly have remained an enigma
Therefore, it is clearly possible that an infec-tious agent will
be shown to play arole in the pathogen-esis of RA.

Even though there has been near unanimity of
opinion of rheumatologists that RA should be treated early
to prevent the occurrence of joint damage (36,45), few
studies on true early treatment of RA are available. There
are many reasons for this, including the difficulty of
making a definitive early diagnosis of RA, the delay
between onset of symptoms and presentation to a
phy-sician and then referral to a subspecialist who might
enroll patients in studies, and the reluctance of physi-cians
and patients to be involved in studies, particularly early in
the disease. The size of our clinical research network and
the willingness of patients to take antibiot-ics helped us
overcome these obstacles.

Our study does not address the critically impor-tant
question of the mechanisms of action of minocy-cline.
Based on the observed benefit in animal models of arthritis
when tetracyclines are used, we postulate that part of the
efficacy is due to inhibition of matrix metalloproteinases.
Whether antibacterial effects are important is unknown, but
we certainly cannot rule out this possibility. Interestingly,
the majority of our patients who had favorable responses to
minocycline had flares when this treatment was stopped.
Whether this reaction is evidence in favor of one of the
proposed mechanisms over another is unclear.

We believe that minocycline is an effective ther-apy
for use within the first year of disease in patients with
seropositive RA. Further studies are needed to define the
optimal duration of treatment and the drug's mechanism or
mechanisms of action, and to compare it with other
disease-modifying drugs used early in the course of
disease.
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