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ABSTRACT

According to several reports, the risk of active tuberculosis
in patients who are latently infected with Mycobacterium
tuberculosis is increased after treatment with tumour
necrosis factor a (TNF)-blocking agents. These drugs have
demonstrated effectiveness and are increasingly being used
for treatment of several inflammatory diseases, including
rheumatoid arthritis and Crohn’s disease. Specialists
prescribing TNF-blocking agents should be aware of the
risk of tuberculosis and other infections, the unusual and
severe clinical presentations and the available preventive
measures. In this review, we will weigh currently available
data on the risk of infection with intracellular pathogens
and in particular tuberculosis in patients treated with
TNF-blocking agents, discuss the role of TNF in the
pathogenesis of tuberculosis and describe the risk profile
of this complication. Awaiting further consensus protocols,
a provisional flow chart is presented that is based on clinical
parameters to provide a logical framework to reduce and
minimise the risk of tuberculosis during TNF blockade.

INTRODUCTION

An impairment of the cellular immune system due to
treatment with immunosuppressive drugs increases the
risk of infections with intracellular pathogens, which were
either already latently present within the host and reactivated
or are newly acquired and cannot be controlled. That
novel and highly effective immunosuppressive or
immunomodulating drugs may bring along new patterns
of reactivation of latent infections is illustrated by recent

reports of an increased risk of reactivation tuberculosis (TB)
during treatment with the novel tumour necrosis factor
(TNF) a-blocking agents. An unusually high proportion
of these patients presented with extrapulmonary or dis-
seminated TB resulting in delayed diagnosis and treatment.
During the past decades, the development of novel
immunosuppressive drugs and regimens has led to a
considerable improvement in the management of rheumatic
diseases, vasculitis, malignancies and solid organ or
haematopoietic cell transplantations. An arsenal of
immunosuppressive drugs are currently available, including
prednisone and related glucocorticosteroids, methotrexate,
cyclosporine, azathioprine, and antirejection drugs such
as mycophenolate mofetil axetil, sirolimus, tacrolimus
and antithymocyte globulin. The mechanism of action of
these drugs has recently been summarised,’ their main
collective effect being either to decrease T-cell numbers or
their function, or interfere with the production or effect
of interleukin (IL)-2. Thus, these drugs cause unequivocal
suppression of the cellular immune system. The occurrence
of opportunistic infections with micro-organisms that do
not normally cause illness in immunocompetent persons,
such as Pneumocystis carinii, is a well-known phenomenon
during use of the above-mentioned agents. Other
pathogens that can remain latently present for prolonged
periods and may reactivate under failing cellular immune
defences include Mycobacterium tuberculosis, Strongyloides
stercoralis and Histoplasma capsulatum.

In this review, we will weigh currently available data as to
whether, and if so by how much, the risk of infection with
intracellular pathogens and in particular TB is increased
in patients treated with TNF-blocking agents.
Furthermore we will discuss the role of TNF in the
pathogenesis of TB and describe the risk profile of this
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complication. Awaiting further consensus protocols, a
provisional flow chart is presented that is based on clinical
parameters to provide a logical framework to reduce and
minimise the risk of TB during TNF blockade.

TNF-BLOCKING AGENTS:
INFLIXIMAB AND ETANERCEPT

Two TNF-blocking agents have thus far been approved for
clinical use and others are currently being evaluated. The
precise time line of the history of TNF-blocking agents has
recently been reviewed in detail.”* Infliximab (Remicade®,
Centocor Inc) is a chimeric anti-TNF antibody, consisting
of two murine antigen-binding fragments (Fab) with a
high affinity for soluble as well as membrane-bound TNF,
coupled to three-quarters of the human constant part of
immunoglobulin G (Fc-IgGr). Etanercept (Enbrel®,
Wyeth/Immunex) is a hybrid molecule composed of two
TNF-receptor 2 molecules linked to human Fc-IgG in a
similar way as in infliximab. Infliximab has been approved
for the treatment of patients with severe rheumatoid
arthritis (RA) not responding to optimal treatment with at
least two disease-modifying antirheumatic drugs (DMARDs)
including methotrexate, and patients with Crohn’s disease
that is refractory to optimal standard immunosuppressive
treatment. Etanercept is approved for the treatment of
similar RA patients as well as patients with juvenile
idiopathic arthritis (formally known as juvenile chronic
arthritis) and psoriatic arthritis.

TNF is a non-specific effector molecule that is excreted
predominantly by macrophages in response to various
stimuli and that can exert immunostimulatory or immuno-
suppressive effects depending on the precise setting in
which it is produced. TNF was found to be abundantly
present in active lesions of RA and Crohn’s disease and
thus was thought to play a central role in the pathogenesis
of these disorders, through the induction of the production
of many other cytokines such as IL-1. This hypothesis was
affirmed by the impressive favourable effect of TNF
blockade on the course of RA and Crohn’s disease in the
majority of treated patients in clinical studies.’’

TNF BLOCKADE AND TUBERCULOSIS

The first case of active TB during treatment with infliximab
was observed during a phase III study, in which 340 patients
were treated with infliximab in one of four different
regimens.? In 2001, based on postmarketing surveillance
data, a report of 7o cases of TB among approximately
147,000 patients treated with TNF-blocking agents world-
wide was published.® In the ensuing correspondence in

response to this publication, additional cases were described”®
and another report described a patient with presumed
atypical Crohn’s disease who was treated with TNF blockade,
which was followed by rapidly progressive tuberculous
enteritis.? By the end of 2001, the authors mentioned that
the number of reported cases had increased to 117. From
the data in the study by Maini et al.’ the following absolute
risk or incidence of TB (by TNF-blocking agent, indication,
origin) can be deducted: 24.4/100,000 (infliximab, RA,
USA); 203.8/100,000 (infliximab, all indications, non-USA);
8.8/100,000 (etanercept, all indications, all countries).
As these risks were calculated from figures obtained by
voluntary reporting, they probably underestimate the true
risks. The authors calculated the relative risk in the
‘infliximab, RA, USA’ subgroup by comparing with the risk
in the whole population of RA patients, which differed by
a factor of four. It may be argued, however, that TNF
blockade had at least until then been restricted to the
most seriously ill patients who already had a prolonged
history of use of corticosteroids, methotrexate or similar
agents. Patients thus treated may therefore not be com-
parable with the general RA population with regard to
their immune status, who on average will have received
less immunosuppressive treatment. The precise incidence
of TB in a comparable group of similarly immuno-
suppressed RA patients, but without TNF blockade, is not
known. In a previous study of patients with systemic
lupus erythematosus, polymyositis or similar non-RA
inflammatory disorders in a high-endemic area, the
cumulative corticosteroid dose, the mean daily dose and
pulse therapy were found to be significantly associated
with the occurrence of TB.™ This indicates that previous
immunosuppression cannot be ignored in this regard. In
the last-mentioned study, the risk of TB was about five
times greater than that found in the general population.
It is therefore striking that patients who went through a
prolonged period of treatment with corticosteroids or other
immunosuppressive drugs without the development of
active TB, first developed TB after TNF blockade was given.
This raises the question whether this episode of TB
resulted from reactivation of latent TB infection, primary
infection or exogenous reinfection. The relatively short
interval between start of TNF blockade and TB in most
patients, with a median of 12 weeks, in combination with
low background incidence rates in the reporting countries
suggests reactivation rather than de novo infection.® But it
can also be asked why if these persons already harboured
latent TB infection, progression to active TB did not occur
during previous immunosuppression. Reactivation of TB
after TNF blockade but not during earlier immuno-
suppressive treatment would indicate either a much stronger
or a qualitatively different effect of TNF blockade compared
with the previously used drugs on the risk of reactivation
TB. By comparison, corticosteroids have a widespread effect
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on the immune system by regulation of the expression of
many genes resulting in, among other things, decreased
production of a number of cytokines including TNF,
decreased production of prostaglandins and induction of
apoptosis of lymphocytes, with a net anti-inflammatory
effect. Cyclosporin A and tacrolimus inhibit T-cell activation
by interference with intracellular signal transduction,
resulting in decreased IL-2 production and T-cell proliferation.
Serious opportunistic infections can occur when using
these agents but the effect may be less specific than that
of TNF-blocking agents. Indeed, the occurrence of TB first
after TNF blockade but not during a previous period of
immunosuppression strongly suggests a specific effect of
TNF blockade and a crucial role of TNF in the maintenance
of latency.

It cannot be excluded that at least some of the TB cases
resulted from de novo infection, because despite low
population average TB rates, the risk of infection is not
homogenous within a population but instead concentrated
in specific settings and population subgroups, such as in
large cities or among recent immigrants or the homeless.
More clarity about reactivation versus de novo infection could
be provided by genotyping the causative M. tuberculosis
isolates in a setting where all isolates are typed, such as
has been done in the Netherlands since 1993: a unique
fingerprint indicates reactivation TB whereas clustering
of identical isolates points towards recent transmission.
As long as such data are lacking, both reactivation TB and
de novo infection must be considered as possible ways
leading to active TB after TNF blockade.

The considerably lower risk of TB after TNF blockade in
the USA compared with other countries was not explained.
This could result from differences in reporting or in
background rates of latent TB infection among patients
who are eligible for treatment with TNF blockade, or
more effective screening procedures before starting
immunosuppression. Thus far, TNF-blocking agents are
expensive (more than € 2000 per dose)" and have not yet
been widely used in poorer areas where the rates of latent
TB infection are much higher than in the USA and Western
Europe. In high-incidence areas the risk of primary infection
or reinfection with M. tuberculosis contributes significantly
to the overall risk of TB."" Except for animal studies,
there are no data on the course of primary infection or
exogenous reinfection with M. tuberculosis during TNF
blockade, but an increased susceptibility is likely, given
the key role of TNF in the innate immune response to

M. tuberculosis.

It might be questioned whether TNF blockade alone,
without previous immunosuppressive treatment, is actually
sufficient to cause reactivation TB. The answer may be
found in the results of a study of patients with ankylosing

spondylitis, a disease for which standard immunosuppressive
therapy is ineffective, who were treated with infliximab.™
One out of 34 patients treated with infliximab developed
TB, suggesting that TNF blockade can in itself cause
reactivation TB. Also, at least one case of TB was observed
in several relatively small studies aimed at the evaluation
of TNF blockade for various indications.>#'® This suggests
an extraordinarily large increase in risk of reactivation TB
during TNF blockade and this would point to an essential
role for TNF in the maintenance of latency.

DIFFERENCES BETWEEN
AND ETANERCEPT

INFLIXIMAB

From the available data, it appears that the risk of TB after
etanercept is lower than after infliximab, and in fact not
above the population background rate,*” which could be
related to differences in the mechanism of action of these
drugs. Both agents probably work by binding and inactivating
TNF at the site of inflammation. Infliximab not only
neutralises soluble TNF, but also binds to membrane-bound
and receptor-bound TNF,"®" while etanercept has no such
additional effects. Infliximab has been shown to induce
apoptosis and cell-associated TNF infliximab complexes
could initiate antibody-dependent cellular cytotoxicity
resulting in cell lysis of the cells that contribute to the
defence against mycobacteria.’®**>* However, it is unclear
whether the proapoptotic effect of infliximab has clinical
relevance for the risk of TB after TNF antibodies. An
increased number of apoptotic cells were found in the
lungs of mice who developed TB after treatment with
TNF antibodies,” which is discordant with the minimal
apoptosis found in the lungs of similarly treated humans
with TB.® Downregulation of IFN-y production of T cells
by infliximab could add to the loss of resistance against
infection with M. tuberculosis.** Different kinetics,
dosages and intervals could affect the level and continuity
of TNF blockade. Etanercept binds lymphotoxin (TNF-B)
in addition to TNF-a. Yet another factor that could contribute
to the different effects could be that both infliximab and
etanercept have a high affinity for TNF but only the binding
of monoclonal TNF antibodies is irreversible. The naturally
occurring soluble TNF receptor 2, which constitutes the
TNF binding part of etanercept, is thought to be a ligand-
passing receptor. TNF bound to this receptor may thus
form a TNF reservoir from which TNF can be released in
the presence of a low concentration of soluble TNF.
Together, these differences between TNF antibodies and
the soluble TNF receptor-based hybrid may translate into
differences in efficacy and toxicity. In accordance with the
above, an increased risk of TB was also observed during
the clinical development of adalimumab (D2Ey, Abbott
Laboratories), a ‘human’ monoclonal antibody directed
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against TNF made by phage display from human com-
ponents.” A safety update on TNF antagonists by the Arthritis
Drugs Advisory Committee of the USA Food and Drug
Administration can be found at:

http://www.fda.gov/ohrms/dockets/ac/o1/briefing/3779b2.htm.

ROLE OF TNF DURING INFECTION
WITH M. TUBERCULOSIS

During active TB disease, TNF appears to be involved with
tissue necrosis and systemic symptoms® but the study of
its role during latent infection has been hampered because
the immune responses responsible for maintaining the
latent state of TB in humans are poorly understood. This
is related to the fact that latent TB does not occur after
infection with M. tuberculosis in animals and thus far no
experimental model of latency is available that is truly
comparable with latent TB infection in humans.
Notwithstanding the limitations of animal models, both
in TNF and TNF receptor knock-out mice and in mice
treated with TNF antibodies, the course of TB was rapidly
progressive.**” In an artificial murine latency model,
using low-dose intravenous infection, TNF antibodies led to
rapidly fatal ‘reactivation’ TB.” In these mice, the infection
was spread throughout the body, which reminds one of the
frequent presentation with extrapulmonary or disseminated
TB in patients after TNF blockade. These findings are in
accordance with an important role of TNF in granuloma
formation and local containment of infection.

The factors that underlie reactivation TB in persons without
recognised immune disorders are not known, although
previous studies suggest that the risk is influenced by
general health and deficiencies in specific nutrients such
as vitamin D.?® It is generally thought that Thr responses,
especially IFN-y production, confer protection to M. tuber-
culosis, but precise cell populations, the characteristics and
kinetics of a protective immune response have not yet been
defined, although they are of great interest in the light of
the development of an improved vaccine against TB.*® If
genetic determinants of the risk of active TB exist, no
convincing factors have thus far been identified.

Other cytokines besides TNF play a role in the pathogenesis
of inflammatory disorders and it is to be expected that
novel drugs targeting different cytokines will become
available. The question is then whether such new drugs
will have a similar effect on the risk of TB. While TNF is
central to the triggering of inflammation in RA, interleukin 1
appears to be particularly involved in tissue destruction.’®
Treatment with recombinant IL-1 receptor antagonist
(anakinra) was effective in a proportion of RA patients and
appeared to increase the risk of serious infections, although
so far it has not been associated with an increased risk of
TB."% Nevertheless, IL-1f and natural IL-1 receptor

antagonists probably play a role in the defence against
TB,* and polymorphisms in the genes coding for these
proteins were associated with clinical manifestations and
the occurrence of false-negative tuberculin skin tests
(TSTs) in TB patients.? This both justifies an increased
awareness of the possibility of reactivation TB during use
of novel anticytokine drugs in general and suggests that
interference with cytokines might decrease the reliability
of the TST.

PREVENTION OF TB DURING TNF
BLOCKADE

Identification of patients at risk

How can we identify patients eligible for TNF blockade
who are at an increased risk of reactivation TB? Some of
the patients who had developed active TB during TNF
blockade were positive to the tuberculin skin test (TST)
before the start of treatment or had a history of insuffi-
ciently treated TB.*93¢ This highlights the importance of
not missing the opportunity for prevention when it is still
possible, i.e. before starting treatment with TNF blockade,
or even better, before any immunosuppression is given. For
an individual patient, the risk of TB during and after TNF
blockade is the resultant of host factors, those determining
the risk of latent TB infection and the status of the cellular
immune system, and environmental factors determining
the risk of de novo infection. The a priori risk of latent TB
infection depends on factors such as age, country of origin,
age at migration or immigration, travel and occupational
history, recognised exposure to a patient with pulmonary
TB or regular exposure to persons belonging to a risk group
for TB (prison inmates, inhabitants of mental institutions,
immigrants and asylum seekers from high-endemic
countries, the homeless, drug abusers). The underlying
disease and the type and intensity of the cellular immune
defect induced by previous treatment can contribute to
the risk of TB, although this effect may be overshadowed
by the effect of TNF blockade, as was discussed above.
The first and most important part of the evaluation (figure 1)
should consist of an in-depth interview to establish the
risk of prior exposure to M. tuberculosis. Such an interview
could include questions regarding the place of birth of the
patient, the present residence, a travel history including
means of transport and the housing, whether TB has ever
been diagnosed and how this was treated, if there has been
any contact with a patient diagnosed with pulmonary TB
or with persons belonging to a risk group for TB, and
whether a TST has ever been performed at school, during
military service or in a contact investigation. If a positive TST
is reported, it is essential to find out if this was followed
by drug treatment, which drug was prescribed, for how
long and whether the patient adhered to the treatment.
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All persons considered for any form of immunosuppressive or immunomodulating treatment
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Figure 1

Provisional flow chart for the evaluation of tuberculosis infection in patients eligible for treatment with TNF-blocking agents
* Adequate treatment of active TB is defined as =6 months treatment, including =2 months rifampin combined with pyrazinamide. Adequate treatment
of latent TB infection consists of either =6 months of isoniazid, =2 months rifampin plus pyrazinamide or =4 months rifampin.

" The risk of latent TB infection, as deducted from the presence of risk factors for prior exposure, depends on age, country of origin, travel and
occupational history, recognised exposure to a patient with pulmonary TB or regular exposure to persons belonging to a risk group for TB (prison
inmates, inhabitants of mental institutions, immigrants and asylum seekers from high-endemic countries, homeless persons, drug abusers).

¢ In persons who may have been infected long ago, the response to a first TST may be negative, but positive after a second test as a result of a
booster phenomenon. Two-step testing could be useful in the cohort in which the prevalence of TB infection exceeds 5%, i.e. in persons born
before 1945. Two-step testing may also be valuable in immunosuppressed persons, irrespective of age.

4 There are no evidence-based data to determine a safe interval between the start of treatment of latent TB infection and TNF blockade (also, see text).
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The history of the introduction of the anti-TB drugs,
streptomycin in the mid-1940s, isoniazide in 1952 and
rifampin in 1964, may act as a guideline to assess whether
treatment has been effective according to current standards.
A physical examination and chest radiograph are part of the
workup and additional diagnostic tests should be performed
if so indicated by the history or clinical findings.

Detection of latent TB infection: tuberculin skin testing
and its limitations

Prevention of TB during TNF blockade requires the
detection of latent TB infection, but this is problematic as
the definition requires that M. tuberculosis can not be
identified and that there are no signs or symptoms of
active infection. A positive response to tuberculin (purified
protein derivative, PPD) is currently the only and by its
nature indirect method to detect latent infection with

M. tuberculosis. In a statement by the American Thoracic
Society and the Centres for Disease Control and Prevention
(ATS/CDC), guidelines for targeted testing and treatment
of latent TB infection are provided,” including criteria to
define a positive TST response. According to the ATS/CDC
guidelines, the criterion to define a positive TST response
depends on an individual’s clinical and epidemiological
characteristics, resulting in three different cut-off levels.”
In patients with a HIV infection and in those immuno-
suppressed by treatment or exposed to a patient with
contagious pulmonary TB, an induration of =5 mm is
defined to indicate a positive response, 210 mm is advocated
in the presence of less severe risk factors and =15 mm in
the absence of specific risk factors. In the Netherlands, a
single cut-off value of 210 mm has thus far been applied
to indicate a positive TST response, although the criterion
of 25 mm has been adopted for HIV-infected persons.
Along the same line, it may be argued that a cut-off level
of =5 mm would be more appropriate for patients on
immunosuppressive drugs or those with serious illness.
However, following Dick Menzies’ dictum ‘once positive,
no longer useful’ ** a TST should only be performed in
the absence of a history of a positive TST or previously
diagnosed TB.

The technical or biological reasons for false-positive and
false-negative TST results have been reviewed.””*® In the
Netherlands, vaccination with Mycobacterium bovis Bacille
Calmette-Guérin (BCG) has never been part of the routine
vaccination policy but has been restricted to persons
working in high-risk professions and long-term travellers
to high-endemic countries. In contrast to the native Dutch
population, most immigrants have been vaccinated with
BCG and false-positive TST results due to cross-reactive
immune responses can be expected in this population.
Recent studies have shown that false-positive responses
are avoided through the use of M. tuberculosis-specific
antigens (named ESAT-6 and CFP-10) in an in vitro T-cell

assay.** Results from an enzyme-linked immunospot
(ELISPOT) assay based on ESAT-6 in immunocompetent
persons gave a stronger positive relation with exposure to
M. tuberculosis than the TST.#' In a study of HIV-infected
persons, an ESAT-6/CFP-1o-based ELISPOT assay was
found to be highly sensitive for detection of active TB as
well as more specific and possibly more sensitive than the
TST for detection of latent TB infection.** Thus, such
alternative diagnostic tests may provide important infor-
mation in patients eligible for TNF-blocking agents and
who had previously received immunosuppressive treatment.
However, an assay based on such specific antigens is not
yet available for daily practice.

In the context of TNF blockade, TST results can be false-
negative in persons using immunosuppressive agents
such as corticosteroids or methotrexate. The demonstration
of skin test anergy could help to earmark a negative TST
result as unreliable, but unfortunately there are no defined
control antigens and results do not help to predict the
risk of TB in either HIV-negative or HIV-positive patients.
Anergy skin testing is therefore not advocated.® It is
highly preferable that a TST is performed before any
immunosuppressive drug is given and not just before the
first dose of a TNF-blocking agent, but a TST is nevertheless
indicated in a person who is already being treated with
immunosuppressive drugs, because a positive result still
provides relevant information although a negative result
does not rule out latent TB infection. As a result of
waning immune responses, a first TST may be negative
or false-negative in older persons who were infected with
M. tuberculosis in the remote past, while a repeat TST may
be positive due to the boosting effect of the first test.®
This method of two-step testing could be advocated in all
persons above a certain age, e.g. those born before 1945,
the cohort in which the prevalence of TB infection exceeds
5%. Two-step testing may also be valuable in immuno-
suppressed persons, although this has not been studied.

Who to treat and when can TNF blockade be given safely?
In persons with (a history of) a positive TST response,
strong epidemiological evidence for an increased risk of
latent infection with M. tuberculosis, such as a family
member being diagnosed with pulmonary TB in the past,
or in case of untreated or insufficiently treated TB in the
past it is mandatory to exclude active TB before a TNF-
blocking agent is given. This implies that TNF blockade
must be withheld until all results are available, including
the results of cultures which may imply a period of six to
eight weeks. When active TB is diagnosed or strongly
suspected, a full course of antituberculosis treatment
should be prescribed according to current guidelines* and
TNF-blocking agents withheld, preferably until treatment
of TB is completed. When latent TB infection is recorded or
strongly suspected and active TB is ruled out, the decision to
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start early or pre-emptive treatment should always be made
on an individual basis, weighing such factors as the risk of
side effects, which depends on age, alcohol consumption,
pre-existing liver function disturbances and co-medication.®
In general, the benefits of screening and preventive therapy
were found to outweigh the risks for all risk groups,
including immunocompromised persons.*® There are no
data on which to base a safe interval between the start of
treatment of latent TB infection and TNF blockade. In
France, the ‘Groupe Tuberculose et infliximab’ and the
French agency for healthcare product safety (AFSSAPS)
have provisionally advocated an interval of two months.#

How to treat and for how long?

The first choice of treatment for latent TB infection should
consist of isoniazid for nine months, except when there is a
high risk of infection with isoniazid-resistant M. tuberculosis
or if a shorter duration of treatment is essential. 5+
Treating for six months was found to be less effective, while
12 months of treatment did not decrease the risk of TB any
further compared with nine months.* Especially in persons
suspected to be infected by an isoniazid-resistant strain of
M. tuberculosis and in those originating from countries
with a high prevalence of isoniazid-resistant TB, alternative
regimens such as rifampin plus pyrazinamide for two
months or rifampin monotherapy for three to four months
should be considered.*%" Besides the lack of proof of efficacy
of these regimes in HIV-negative persons, there have been
reports of serious hepatotoxicity and fatal liver failure with
the rifampin-plus-pyrazinamide regimen’*% and rifampin
can interact with various other drugs which makes the
alternative regimes unattractive for wide-scale use.

Recommendations during TNF blockade

In general, patients treated with TNF-blocking agents
should be advised to avoid contact with persons known to
have or who are at increased risk of pulmonary TB,
including the risk of travel, and to seek medical advice
immediately if symptoms or signs compatible with TB,
such as weight loss, fever, sweats or persistent cough,
occur during or after treatment. A high index of suspicion
of TB is justified in all patients with unexplained symptoms,
and those who have been or are being treated with a
TNF-blocking agent. However, miliary TB can be notoriously
difficult to diagnose despite a thorough diagnostic
workup,’*% arguing for empiric treatment of TB if the
suspicion is high and no alternative diagnosis has been
made.’® Apart from the risk of TB, the occurrence of other
opportunistic infections such as Pneumocystis carinii
pneumonia, histoplasmosis and listeriosis has been reported
during TNF blockade and the clinician should keep an open
mind regarding the differential diagnosis.

CONCLUSION

TNF-blocking agents are not a panacea for all diseases in
which TNF is thought to play a role, as they were found
to be ineffective and possibly even deleterious in multiple
sclerosis and congestive heart failure. However, the number
of disorders for which TNF-blocking agents appear to be
effective is rapidly increasing, starting with RA and Crohn’s
disease, followed by ankylosing spondylitis, Still’s disease,
psoriatic arthritis, progressive systemic sclerosis,
Wegener’s granulomatosis, chronic uveitis and TRAPS
(TNF receptor-associated periodic syndrome) and new
indications might follow."*55® Until the time of this writing,
the TNF-blocking agents are only fully reimbursed
according to the reimbursement system for medications in
the Netherlands for use in RA, Crohn’s disease, juvenile
idiopathic arthritis and psoriatic arthritis. If they prove to
be highly effective for less severe cases of RA as well and
if health insurance companies start reimbursing the costs
the use of these drugs could increase considerably. It is
therefore mandatory that protocols aimed at optimal
prevention of reactivation TB and early detection of active
TB are rapidly developed and evaluated prospectively.

In conclusion, TNF-blocking agents are highly valuable
drugs with a straightforward clinical effect in several
inflammatory disorders, but can increase the risk of
infection with intracellular pathogens, in particular TB.
Thus, as holds true for cytokines in general, TNF is good
for you as long as it does not harm you.
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