
INTRODUCTION
Rheumatoid arthritis (RA) is a severe

disease frequently resulting in disability.
This is caused in the short term by joint
pain and swelling. Over the long term,
disability is caused by deformation re-
sulting from joint destruction. Approxi-
mately 0.5% of the population develops
this chronic destructive inflammation in
the synovial membrane of joints. When I
started rheumatology training in 1980,
wheelchairs dominated the view of the
rheumatology clinic and patients were
admitted with gross skeletal destruction
and signs of severe systemic inflamma-
tion. This picture has improved dramat-
ically. RA patients now are seldom ad-
mitted, maintain relatively good

mobility and enjoy a much better qual-
ity of life.

The largest contribution to this great
success in medicine is the introduction of
TNF antagonists in the 1990s. Rational
treatment of RA started in 1897 when the
German chemist Hoffman synthesized
acetylsalicylic acid. Aspirin and its mod-
ern derivatives are helpful agents for
symptomatic relief. In 1949, Philip Hench
reported rapid improvement in RA pa-
tients after administration of cortisone.
As a result, he received the Nobel Prize
in 1950. However, the use of these agents
declined in the 1980s due to the recogni-
tion of side effects. In the second half of
the last century, several therapeutic
agents were registered for RA treatment

based on their potential to suppress
symptoms and inhibit structural damage.
They include antimalarial drugs, sul-
phasalazine and leflunomide. Of these,
low dose methotrexate became the most
widely used due to its favorable efficacy
and toxicity profile.

HISTORY OF ANTI-TNF TREATMENT IN RA
Many rheumatologists are aware of the

fact that triumphs in basic science create
the basis for TNF blockade in RA. Tony
Cerami studied cachexia in cattle in-
fected with parasites. He found that
macrophages in vitro produced a cy-
tokine in response to infectious agents.
That cytokine could elicit in noninfected
animals most of the sequelae observed in
infected animals (1). Subsequently he
wrote a United States patent describing
the use of antibodies to this protein, then
named cachectin, in diseases where ex-
cessive cachectin production could be re-
sponsible for the damage, including
rheumatoid arthritis. Others were able to
show that this protein in experimental
animals was almost identical to that of a
human cytokine named TNF. The utility
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of neutralizing the bioactivity of TNF
with antibodies was subsequently stud-
ied extensively in many animal models
of disease. The role of TNF in RA was
then expanded by Feldman and Maini
(2). In March of 1992 they showed that
infliximab, a chimeric anti-TNF mono-
clonal antibody, was highly effective in
suppressing signs and symptoms of in-
flammation in RA patients (3).

For me, it was a great pleasure to par-
ticipate in the subsequent clinical studies
that showed the nearly complete sup-
pression of joint damage progression and
the relative favorable safety of TNF
blockade (4). The use of monoclonal anti-
bodies and TNF receptor-Fc fusion pro-
teins long term in a disease with a rela-
tively high prevalence has had
considerable impact on the pharmaceuti-
cal industry as judged by many new
products that have now entered clinical
trials or already received access to the
market.

OPTIMAL USAGE OF ANTI-TNF IN RA
The availability of an effective inter-

vention in RA included the development
of a completely different diagnostic ther-
apeutic algorithm. First, more objective
tools were developed to monitor disease
activity and progression of destruction;
then criteria were refined to diagnose
early RA. Subsequent clinical studies in
the last decade provided solid clinical
evidence for the following changes in the
treatment paradigm.
1. Very early recognition and treatment

after diagnosis suppresses the progres-
sion of joint destruction more rigor-
ously than delayed introduction (5).

2. Combination therapy, particularly
anti-TNF and methotrexate, is more ef-
fective than monotherapy (6).

3. Frequent evaluation of disease activity
with frequent therapy adjustments
striving for low disease activity results
in better disease outcomes than “rou-
tine” care (7).

4. Patients with active RA who do not re-
spond to methotrexate treatment in 3
months should be treated with a TNF
blocker (6).

5. Patients who fail to respond to TNF
antagonists can be treated with an-
other anti-TNF or another biologic
agent (8).

THE BeST STUDY
In 1998, the rheumatology group in

Leiden designed a study that would be-
come one of the most referred-to papers
of this clinical field: The BeSt study
(acronym for Behandel Strategieën,
translated as “treatment strategies”) (6).
This observational study provided many
insights that became the scientific bases
of the treatment guidelines of today.

The BeSt study introduced a new
study design by comparing four different
treatment strategies in patients with re-
cent onset RA. Treatment adjustments
within these strategies were determined
by regular assessments of disease activity
at 3-month intervals. In case of an insuf-
ficient response, patients proceeded to
the next step. The strategies were: 1) se-
quential monotherapy; 2) step-up combi-
nation therapy; 3) initial combination
therapy; and 4) initial therapy with
methotrexate and infliximab (a TNF-
blocking monoclonal antibody).

The clinical observation led to the fol-
lowing conclusions: (a) relief of pain and
clinical symptoms as well as functional
improvement started more quickly and
was larger in patients who started with
infliximab and methotrexate (6); (b) ther-
apy had to be adjusted less frequently in
patients starting with combination ther-
apy: after one year, 72% of the patients
starting with infliximab were still on the
first treatment step, significantly more fre-
quent than in the other arms (6); (c) pro-
gression of radiologic damage was signifi-
cantly less frequent in patients treated
with early combination therapy (6); (d)
tight disease control and immediate ad-
justment of medication has a better clini-
cal outcome than “routine” practice (9);
(e) patients who received remission drugs
could be tapered successfully in ±50% of
the patients treated with infliximab which
was significantly more frequent than in
other therapies (6); (f) all treatment arms
have the same safety profile (6); (g) the

majority of all patients improved; how-
ever, patients who had received initial
combination therapy with prednisone
were less satisfied than patients who had
received initial combination therapy with
infliximab (10); (h) savings on productiv-
ity could compensate for the extra costs of
infliximab therapy (11); and (i) patients
treated early with infliximab + methotrex-
ate responded better than patients who
received that combination in a later stage
of the disease (12). 

This observation about better reponse
from patients treated early with inflix-
imab + methotrexate suggests a window
of opportunity where early powerful
therapies result in long-lasting remission.

The BeSt study established that RA pa-
tients benefit from an early diagnosis
and a dynamic treatment strategy in
which treatment strategies are continu-
ously being adjusted. Furthermore the
clinical state of remission, hardly dis-
cussed prior to 1990, now seems to have
become a realistic goal for most of RA
patients.

RHEUMATOLOGY IN 2014
The introduction of TNF antagonists

heralded a new era in the treatment of
RA. In most countries, this treatment is
reimbursed, as anti-TNF ranks in the top
of the list of expensive treatments. This is
justified given the positive results of cost
utility analyses (11). On average, 25% of
all RA patients are being treated with a
biologic agent and the success is aston-
ishing with early and intensive treat-
ment. The disease can be brought into 
remission or very low disease activity 
in ±70% of the patients. Around 20% of
the patients maintain this therapeutic
success even following discontinuation
of maintenance therapy. The success of
TNF blockade in RA led to trials in other
diseases in which TNF was known to be
expressed. There have been successful
trials and subsequent approval in juve-
nile rheumatoid arthritis, ankylosing
spondylitis and psoriasis. With all these
new treatment possibilities, rheumatol-
ogy has become a prestigious and attrac-
tive specialty for young doctors. They
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have the option to train in clinical science
and contribute to the field of transla-
tional medicine. Yet, despite all these im-
provements, there still is an unmet need
for patients and room for further thera-
peutic improvement. An important goal
for the future is increasing the world-
wide availability of this costly treatment.

CONCLUSION
The fact that work from Tony Cerami

on parasites in cattle led to the discovery
of a molecule responsible for several de-
structive aspects of chronic inflamma-
tion; the surprising observation of the in-
hibition of one molecule in a complex
heterogeneous and multigenic disease
such as RA is so therapeutic; and the
solid clinical research that brought all
health care systems to accept this expen-
sive therapy and improve the quality of
life of a large number of patients can
only reaffirm the conclusion that science
can change the world. The history of
TNF blockade is the most impressive ex-
perience in my professional life. I hope
that rheumatology can create another
historical event of similar importance.
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