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ABSTRACT
More publications in the medical litera-
ture have described the clinical efficacy
and toxicity of methotrexate (MTX) than
of any other drug ever used for rheumatic
diseases. A knowledgeable clinican can
thus rely on evidence-based medicine to
guide the use of this agent. Because MTX
is not remission-inducing, many new
therapies are being combined with it in
order to achieve a greater therapeutic
response. This trend will likely continue
and expand as more novel agents are in-
troduced.

Introduction
It is only within the past decade that
methotrexate (MTX) has become the
dominant second-line agent to treat pa-
tients with rheumatoid arthritis (RA). An
unprecedented number of clinical stud-
ies have shown that MTX is effective
when other second-line agents have
failed (1-3) and is generally well toler-
ated over long periods (3-9).
MTX is not an ideal therapeutic agent
because its use is associated with seri-
ous potential toxicity. What is different
about MTX is that so many of the com-
plex management issues associated with
the use of this agent that can do so much,
good and bad, have been studied. An in-
formed and experienced clinician can
therefore use the drug with skill and rely
on evidence-based medicine to avoid
many problems. Indeed, it can be objec-
tively stated that there has never been so
much written about any single agent used
in the treatment of patients with rheu-
matic disease as has been written about
MTX.
Liver toxicity and liver biopsies can be
avoided if patients forego alcohol and
clinicians adjust the weekly dose of the
drug to avoid elevation in transaminase
enzymes or a decrease in serum albumin
(10, 11). While other MTX toxicities,
especially lung toxicity, remain worri-
some, the recent identification of risk
factors for the pulmonary reaction that
may occur with MTX (12), and the clini-
cal description of the syndrome (13)

should make avoidance and recognition
somewhat easier.
We have learned a great deal more about
the molecular nature of mediators of the
disease process we call RA than we knew
when MTX first gained popularity over
a decade ago. Researchers have describ-
ed in exquisite and remarkable detail the
structure and function of the major his-
tocompatibility complex (MHC) and the
T cell receptor, and the sequence of mo-
lecular signaling events which are nec-
essary for their interaction. Cellular ad-
hesion molecules, cytokines, growth fac-
tors, chemokines, and their naturally oc-
curring inhibitors govern the healthy and
diseased states (14). The new knowledge
of the interplay of these mediators has
given rise to the emergence of strategies
to interfere with a specific step that may
be associated with a worsening of clini-
cal symptoms, because it has become
possible to provide the RA patient with
another naturally occurring molecular
species in order to lessen inflammation.
We are witness to a variety of strategies
which logically seek to inhibit cytokines
like tumor necrosis factor α (TNFα) or
interleukin (IL)-1β, which are known to
contribute to the inflammatory response,
while others are testing IL-10 or IL-4
which shift the molecular balance away
from these disease mediators.

A new role for MTX
How do these new strategies relate to
MTX and what clinical practice patterns
are we likely to see emerge  ? It is of
course impossible to predict the future
with certainty, but the events of the last
several years might allow some reason-
able prognostications. Many agents are
and will be combined to derive the maxi-
mum therapeutic effect.
A general consensus has emerged that
most patients with moderate or severe
RA should be treated aggressively to best
avoid the bony destruction, deformity,
and disability that so often accompany
the disease. Although MTX may be the
most effective single agent now avail-
able, it does not induce remissions in
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most patients. Furthermore, some pa-
tients require higher doses of MTX with
time in order to maintain efficacy (6),
while others are unable to tolerate a high
enough weekly dose to achieve the de-
sired response. New combinations of
existing drugs added to MTX have been
shown to provide additional benefit over
treatment with MTX monotherapy (13,
15, 16).
The biological therapies now being de-
veloped are therefore being used in com-
bination with MTX. The therapeutic goal
which is described with increased fre-
quency is no less than remission of dis-
ease. While this may seem overly ambi-
tious to some, it is clear that many pa-
tients will do better, at least in the short-
term, when these agents are combined
with MTX.
The number of potential combinations
is quite large. Studies of combinations
of newly released agents can and will be
performed by curious and industrious re-
searchers in a Rheumatoid Arthritis
Investigational Network (RAIN)-type
model network (15). The outcome of
these hypothetical investigations remains
years away. In the mean time, we must
await the results of ongoing trials of one
new agent at a time used with MTX.
The new role for MTX will be that of a
centerpiece used to support other thera-
peutic interventions. At present, these
combinations are somewhat arbitrary
and are driven by the economics of drug
development rather than a clear, scien-
tific rationale. Because MTX does so
many different things within a cell, it is
not exceedingly difficult to develop a

strategy to combine almost any category
of drug with it. Of course, ideal combi-
nations would have a complementary
mechanism of action without additive
toxicity. Presently, the toxicities of MTX
are much better defined than its mecha-
nism of action (17, 18).
The very uncertainty about the precise
mechanism of action of MTX in human
beings with RA provides a therapeutic
opportunity for combining the drug with
almost any agent, as long as serious ad-
ditional toxicity can be avoided. Studies
of the potential pharmacokinetic inter-
actions of MTX with other agents will
be needed in order to determine whether
an observed benefit or additional toxic-
ity could be due to alterations in the
metabolism of MTX or inhibition of re-
nal excretion. Agents with potential
hepatotoxicity must be carefully moni-
tored when combined with MTX. It is
likely that some liver biopsies will be
needed when an agent with potential he-
patotoxicity is combined with MTX.
Because of possible additive immuno-
suppression, with its potential for ma-
lignant transformation or opportunistic
infection, careful monitoring of new
agents used in combination with MTX
in long-term studies will be required.
MTX is associated with the development
of lymphoma (19), which has been dif-
ficult to separate from the increased in-
cidence of non-Hodgkin’s B cell lymph-
oma seen in patients with RA (20). Sev-
eral of the combination strategies now
being employed with MTX, including
some synthetic oral agents as well as
cytokine or T cell inhibition, have the

potential to increase the risk for these
adverse outcomes, and it is only with the
passage of years that we will be able to
judge whether these problems emerge.
These issues are summarized in Table I.

New interventions versus MTX
As already stated, MTX does not induce
remission in most patients, and its use is
associated with the potential for serious
toxicity. It is possible that one or more
of the new interventions that are now
being studied in clinical trials will be
found to be as effective as, or even more
effective than MTX, but without MTX’s
potential for serious toxicity. Investiga-
tions comparing efficacy will be meticu-
lously performed with randomization of
equivalent disease duration, joint dam-
age, and activity between study groups.
The treatment duration should be at least
one year, as earlier well-conducted stud-
ies failed to show a difference between
MTX and auranofin over 6 months (21),
whereas a difference was observed over
9 months (8).
Several possible scenarios could be im-
agined, depending upon the outcome of
trials of MTX versus these new agents.
For the purposes of comparison in this
discussion, it will be assumed that any
of these novel agents will have already
achieved Food and Drug Administration
approval and be prescribed as single drug
therapy.
Scenario one is the use of an interven-
tion which is not as effective as MTX,
but which results in statistically signifi-
cant and clinically meaningful responses
from baseline. It would be difficult to

Table I. Potential risk of combining new agents with MTX to treat patients with severe rheumatoid arthritis (RA).*

Agent Possible interaction with MTX Demonstrated Theoretical

Cyclosporine Decreased glomerular filtration rate, with impaired renal 30% increase in MTX AUC
  excretion of MTX when drugs are combined

Sulfasalazine Additive folate inhibition results in increased toxicity No +

Leflunomide Additive hepatic or marrow toxicity No +

Mycophenolate, Mofetil Additive hepatic or marrow toxicity No +

TNFα inhibition Opportunistic infection, malignancy No +

IL-1 receptor antagonist Opportunistic infection, malignancy No +

* For the purpose of the table we will assume the additive benefit.
MTX: methotrexate; AUC = Area under the serum concentration curve; TNFα: tumor necrosis factor α; IL-1: interleukin-1.
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develop a compelling reason to use the
new intervention alone under these con-
ditions except under the following cir-
cumstances: (1) an individual has failed
or is unable to tolerate MTX; (2) an in-
dividual does not wish to forego social
alcohol consumption; (3) underlying
lung disease; (4) insulin-dependent dia-
betes mellitus; (5) renal or hepatic im-
pairment, including a history of alcohol-
ism or hepatitis; and (6) treatment for
recent malignancy. The new intervention
will have to demonstrate that it has an
acceptable long-term safety profile.
Scenario number two (Table II) explores
the possibility that a novel intervention
would be found to be equally effective
as MTX. The new intervention could be
used in any patient with any of the six
factors described in scenario one. In ad-
dition, it now becomes more relevant for
the physician and patient to explore the
potential problems associated with the
use of MTX versus those described with
the new agent. It is important to consider
that much of the data on MTX tolerabil-
ity and toxicity, including the more re-
cent focus on lung disease and the de-
velopment of lymphomas, did not really
emerge until the drug was in widespread
use for a number of years. Just because
a new agent has not demonstrated any
serious toxicity over a period of one or
two years does not mean that none will
emerge over prolonged treatment inter-
vals of 5 - 10 years or more.
Finally, the scenario of a novel agent
which is superior to MTX deserves con-
sideration. All of the issues with scenario
two that apply to MTX are relevant here,

except that their importance is somewhat
diminished if the drug demonstrates su-
perior efficacy. It is likely, however, that
there will still be some patients who will
not be comfortable either giving them-
selves injections or incurring signifi-
cantly greater drug expense.
Nevertheless, it is self-evident that the
therapeutic choices will never expand if
we become too preoccupied with the
paucity of long-term data on any new
agent. This should not be a reason, in it-
self, for a new intervention not to be
used. It is, however, reason for appro-
priate clinical caution when making ther-
apeutic recommendations for a lifelong
disease like RA. Some individuals may
not wish to use a parenterally adminis-
tered agent. The willingness of such pa-
tients to endure this inconvenience will
be enhanced if it can be demonstrated
that the short- and long-term toxicity
associated with the use of these new
drugs is preferable to the risk of taking
MTX.
An additional factor dictating the pa-
tient’s and physician’s choice of drug is
likely to be expense. Parenterally admin-
istered biotechnology agents are consid-
erably more expensive than MTX. At the
time of this writing, the increased ex-
pense of some new drugs is resulting in
denials of insurance coverage for certain
individuals with less generous insurance
carriers. Society will have to decide whe-
ther the potential improved outcomes
which could be associated with these
new agents is worth the “up-front” ex-
pense. Long-term investigations of the
utility and cost-effectiveness of new

agents are needed to address this ques-
tion. Long-term outcomes which include
the incidence of elective joint arthro-
plasty, maintenance of functional status,
employability, and earning capacity are
needed. Cost savings derived from im-
provements in these parameters must be
balanced against the immediate cost of
the drugs themselves.
In summary, the new insights into the
molecular basis for disease has led to the
development of new therapeutic ap-
proaches that will be useful both by
themselves and in combination with
MTX. It is likely that virtually all of these
agents will be used in combination with
MTX owing to its present position as the
dominant drug used to treat RA and its
demonstrated long-term safety profile.
There is also significant potential for new
drugs which would hypothetically dem-
onstrate modest or equivalent efficacy
compared with MTX. A critical compo-
nent of the profile of a new agent that is
capable of assuming a viable long-term
therapeutic position will be the demon-
stration of long-term tolerability.
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