The New England Journal of Medicine

TUBERCULOSIS ASSOCIATED WITH INFLIXIMAB,
A TUMOR NECROSIS FACTOR a-NEUTRALIZING AGENT

JoserPH KEANE, M.D., SHARON GERSHON, PHARM.D., RoBERT P. Wisg, M.D., M.P.H., ELizaBETH MIRABILE-LEVENS, M.D.,
JoHN Kasznica, M.D., WiLLiam D. ScHwIETERMAN, M.D., JErFrey N. SiEGEL, M.D., AND M. MiLes BRAauN, M.D., M.P.H.

ABSTRACT

Background Infliximab is a humanized antibody
against tumor necrosis factor a (TNF-«) that is used
in the treatment of Crohn’s disease and rheumatoid ar-
thritis. Approximately 147,000 patients throughout the
world have received infliximab. Excess TNF-« in asso-
ciation with tuberculosis may cause weight loss and
night sweats, yet in animal models it has a protective
role in the host response to tuberculosis. There is no
direct evidence of a protective role of TNF-« in patients
with tuberculosis.

Methods We analyzed all reports of tuberculosis af-
ter infliximab therapy that had been received as of May
29, 2001, through the MedWatch spontaneous report-
ing system of the Food and Drug Administration.

Results There were 70 reported cases of tuberculo-
sis after treatment with infliximab for a median of 12
weeks. In 48 patients, tuberculosis developed after
three or fewer infusions. Forty of the patients had ex-
trapulmonary disease (17 had disseminated disease,
11 lymph-node disease, 4 peritoneal disease, 2 pleural
disease, and 1 each meningeal, enteric, paravertebral,
bone, genital, and bladder disease). The diagnosis was
confirmed by a biopsy in 33 patients. Of the 70 re-
ports, 64 were from countries with a low incidence of
tuberculosis. The reported frequency of tuberculosis
in association with infliximab therapy was much high-
er than the reported frequency of other opportunistic
infections associated with this drug. In addition, the
rate of reported cases of tuberculosis among patients
treated with infliximab was higher than the available
background rates.

Conclusions Active tuberculosis may develop soon
after the initiation of treatment with infliximab. Be-
fore prescribing the drug, physicians should screen
patients for latent tuberculosis infection or disease.
(N Engl J Med 2001;345:1098-104.)

Copyright © 2001 Massachusetts Medical Society.

HE role of tumor necrosis factor o (TNE-«)

in the human immune response to tubercu-

losis remains unclear. This cytokine may be

responsible for some of the clinical manifes-
tations of tuberculous disease, including weight loss,
night sweats, and tissue destruction.-2 Yet in animal
models, TNF-a plays a central part in the host re-
sponse against tuberculosis,3* including granuloma
formation and containment of disease.>¢ Antibodies
against TNF-« cause a reactivation of tuberculosis in a
mouse model of latent infection.” Unlike interferon-y3
and interleukin-12, TNF-a has not been shown to
have a protective role in the human immune response
to mycobacteria.
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Infliximab (Remicade) is a humanized monoclonal
antibody against TNF-« that is approved in the United
States and elsewhere for the treatment of rheumatoid
arthritis and Crohn’s disease.!%!! Infusions of inflix-
imab can be administered in a single dose, a monthly
regimen, or on day 0, day 14, day 42, and then every
8 weeks. The half-life of infliximab is 10 days,!2 and
its biologic effect persists for up to 2 months. The
Food and Drug Administration (FDA) approved in-
fliximab in 1998 for use in patients who do not have
a response to other antiinflammatory agents.!> Approx-
imately 147,000 people throughout the world have re-
ceived the drug; in the United States, 45,000 patients
have received it for rheumatoid arthritis and 76,000
for Crohn’s disease (Table 1). One case of tuberculosis
after infliximab therapy was reported in a clinical trial .4
We evaluated the clinical pattern of disease and the in-
terval between the initiation of infliximab therapy and
the onset of discase in 70 reported cases of tubercu-
losis in patients treated with infliximab. We compared
the rate of reported tuberculosis in this group with
available data on background incidence rates. The as-
sociation of this disease in humans with decreased
TNEF-« activity suggests that the cytokine has a key
role in the control of latent tuberculosis.

METHODS

The FDA monitors the safety of newly licensed products, such as
infliximab. Data from the FDA’s Adverse Event Reporting System
(AERS) were reviewed for reports of tuberculosis with infliximab
from its licensure in 1998 through May 29, 2001. AERS receives
spontancous reports of suspected adverse drug reactions through
the MedWatch program!s and from pharmaceutical manufacturers.
The vast majority of reports are submitted by health care providers,
who are sometimes contacted for additional information. Reports to
the AERS may involve any time interval between the administration
of the drug and the suspected reaction. Further details are available
at http://www.fda.gov/cder /aers/. The current collaborative study
was undertaken after two of us treated the index patient, in whom
tuberculosis developed after treatment with infliximab for Crohn’s
disease.

Patients were included in the study if during or after treatment
with infliximab, they had received a diagnosis of tuberculosis on the
basis of clinical, radiologic, and laboratory findings. We sought ev-
idence in each case report of preexisting latent infection with Myco-
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TABLE 1. CUMULATIVE NUMBERS OF PATIENTS
TREATED WITH INFLIXIMAB OR ETANERCEPT,
ACCORDING TO LOCATION AND INDICATION.*

UniTeD OTHER
DRrUG STATEs  COUNTRIES

no. of patients

Infliximab 121,000 26,000
Crohn’s disease 76,000 NA
Rheumatoid arthritis 45,000 NA

Etanercept 95,493 6,638

*Data, provided by the manufacturers, are for all
patients who had received infliximab as of March 30,
2001, and for all those who had received etanercept
as of January 31, 2001. NA denotes not available.

bacterium tuberculosis (i.e., a prior positive tuberculin skin test).
Lung-tissue samples from our index patient were compared with
archival lung tissue from a patient with tuberculosis who had not
received an anti—-TNF-a agent. Tissue samples were stained with he-
matoxylin and eosin, and the terminal deoxynucleotidyl transferase—
uridine triphosphate nicked-end labeling method (Apotag kit, In-
tergen, New York) was used to identify apoptotic cells according to
the manufacturer’s protocol.

RESULTS

Seventy patients were reported to have tuberculosis
during or after infliximab therapy, including the index
patient. Their ages ranged from 18 to 83 years (me-
dian, 57) (Table 2). Forty-five of the patients were
women. Forty-seven patients were taking the drug for
rheumatoid arthritis, 18 for Crohn’s disease, and 5 for
other types of arthritis. The median interval from the
start of treatment with infliximab until the develop-
ment of tuberculosis was 12 weeks (range, 1 to 52).
The distribution of cases according to the interval be-
tween the initiation of treatment and the development
of tuberculosis is shown in Figure 1.

Fifty-five patients were reported to have received
one or more other immunosuppressive medications,
including corticosteroids (45 patients), methotrexate
(35), azathioprine (6), and cyclosporine (1). Five pa-
tients were using antiinflammatory agents, such as me-
salamine and indomethacin, before tuberculosis de-
veloped. Of 11 corticosteroid-treated patients in the
United States for whom data were available, 9 were
taking doses of prednisone that did not exceed 15 mg
per day. The doses of methotrexate ranged from 10 to
20 mg per week. More than half of the patients (56
percent) had extrapulmonary tuberculosis, and approx-
imately one quarter had disseminated tuberculosis (Ta-
ble 2). Other manifestations of extrapulmonary tuber-
culosis included lymph-node disease (in 11 patients),
peritoneal disease (in 4), pleural disease (in 2), me-
ningeal disease (in 1), enteric disease (in 1), paraverte-
bral disease (in 1), bone disease (in 1), genital disease
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TABLE 2. CHARACTERISTICS OF 70 PATIENTS WITH TUBERCULOSIS
AFTER INFLIXIMAB THERAPY.

CHARACTERISTIC VALUE
Age — yr
Range 18-83
25th percentile 39
Median 57
75th percentile 67
Indication — no. (%)
Crohn’s disease 18 (26)
Rheumatoid arthritis 47 (67)
Juvenile rheumatoid arthritis 2(3)
Ankylosing spondylitis 2(3)
Behget’s disease 1(1)

Recent immunosuppressant use — no. (%)
Methotrexate alone 6(9)

Methotrexate plus corticosteroids 28 (40)
Corticosteroids alone 14 (20)
Azathioprine plus corticosteroids 3(4)
Other individual or combined immuno- 4 (6)
suppressants
Not reported 15 (21)
Interval between first dose and diagnosis — wk*
Range 1-52
25th percentile 8
Median 12
75th percentile 22
No. of doses*
Range 1-9
25th percentile 2
Median 3
75th percentile 3
Clinical manifestation of disease — no. (%)
Pulmonary 22 (31)
Extrapulmonary, not disseminated 23 (33)
Extrapulmonary, disseminated 17 (24)
Not reported 8 (11)
Method of diagnosis — no. (%)
Culture 40 (57)
Biopsy or sputum smear for acid-fast bacilli* 16 (23)
Polymerase-chain-reaction assay 2 (3)
Not reported 12 (17)
Recent exposure to tuberculosis — no. (%) 2 (3)
Country or region of report — no. (%)
United States 17 (24)
Europe 45 (64)
Spain 10
Traly 8
France 7
Other European countries 20
Other 8 (11)

*Reports were not counted in this category if a culture or the polymer-
ase-chain-reaction assay was positive.

(in 1), and bladder disease (in 1). Thirty-three of the
70 patients underwent a biopsy to confirm the diag-
nosis of tuberculosis; biopsy specimens were from a
lung (in 12 patients), a lymph node (in 11), the peri-
toneum (in 3), enteric tissue (in 2), the pleura (in 1),
bone marrow (in 1), the liver (in 1), a paravertebral
mass (in 1), and the bladder (in 1).

Two reports noted possible recent exposure to tu-
berculosis. Eight patients had a history of tuberculosis
infection or disease. Most of the 70 reports (91 per-
cent) were from countries with a low incidence of tu-
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Figure 1. Time from the Initiation of Infliximab Therapy to the Diagnosis of Tuberculosis.
Data were available for 57 patients, most of whom had received monthly infusions of infliximab.

berculosis (less than 20 cases per 100,000 population
per year).!'® On the basis of reports to the AERS, the
estimated rate of tuberculosis among patients with
rheumatoid arthritis in the United States who have
received infliximab therapy within the previous year
is 24.4 cases per 100,000. The background rate of
tuberculosis in patients with rheumatoid arthritis in
the United States was assessed in a recent study with
active follow-up, which found one case of tuberculo-
sis in 10,782 geographically dispersed patients with
rheumatoid arthritis who were followed prospectively
for approximately 18 months.l” On the basis of these
data, the background rate of tuberculosis in patients
with rheumatoid arthritis in the United States is 6.2
cases per 100,000 per year (95 percent confidence in-
terval, 0.6 to 34.0). Background rates of tuberculosis
among patients with Crohn’s disease and among pa-
tients with rheumatoid arthritis in Europe are not
available for comparison with the case rates associated
with infliximab therapy. Five of the 17 patients in the
United States who had tuberculosis (29 percent) were
immigrants, but all 5 had lived in the United States
for 10 years or longer. Of the approximately 18,000
cases of tuberculosis reported in the United States
in 1999, about 44 percent were in foreign-born per-
sons.!8

Patients received antituberculosis medication, and
infliximab treatment was stopped after the diagnosis
of tuberculosis had been made. Twelve patients sub-
sequently died, and at least four of these deaths appear
to have been directly related to tuberculosis. Other se-
rious opportunistic infections have been reported in
patients treated with infliximab, but the frequency of
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tuberculosis exceeds that of other infections. Twelve
patients treated with infliximab had listeriosis, nine had
Pneumocystis carinii pneumonia, seven had histoplas-
mosis, six had aspergillosis, and seven had severe can-
dida infections. No coinfection with the human im-
munodeficiency virus (HIV) has been reported.
The index patient was a 68-year-old man with
Crohn’s disease in whom pulmonary tuberculosis de-
veloped seven weeks after he had received a single dose
of infliximab. Shortness of breath was the first symp-
tom. A thoracic computed tomographic (CT) study
suggested the presence of new pulmonary fibrosis
(a previous thoracic CT study had shown no abnor-
malities). Histopathological examination of a speci-
men from an open-lung biopsy showed idiopathic
pulmonary fibrosis with lymphocyte infiltration; no
granulomas were present (Fig. 2C). Sputum cultures
subsequently grew M. tuberculosis on three separate
occasions, although acid-fast bacilli were not seen in
the biopsy specimen. TNF-a—mediated apoptosis has
been shown to occur after infection with M. tubercu-
losis,!® and extensive macrophage apoptosis is a feature
of the normal granulomatous response to tuberculosis
(Fig. 2A and 2B).1922 There was little apoptosis in
the lung specimen from the index patient (Fig. 2D).
Caseating granulomas were described in the biopsy
specimens from some of the other patients.

DISCUSSION

Our data suggest an association between treatment
with infliximab and the development of tuberculosis.
Although passive surveillance data are often insufficient
to prove a causal relation between an adverse event and
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Figure 2. Photomicrographs of Lung Specimens from a Patient with Tuberculosis Who Did Not Receive Infliximab (Panels A and B)
and the Index Patient with Tuberculosis Who Did Receive Infliximab (Panels C and D).

The specimen from the patient who did not receive infliximab shows well-formed granulomas with negligible overt necrosis (Panel A;
hematoxylin and eosin, X100). A photomicrograph of a granuloma at a higher magnification shows moderate-to-marked apoptosis,
as demonstrated by the terminal deoxynucleotidyl transferase—uridine triphosphate nicked-end labeling (TUNEL) reaction. Cells stained
brown are positive for apoptosis, and cells with blue nuclei, which are stained with the methyl-green counterstain, are normal (Pan-
el B, X400). The specimen of lung parenchyma from the patient who received infliximab shows prominent interstitial fibrosis and
lymphoid inflammation, without granulomas (Panel C, hematoxylin and eosin, X100). TUNEL analysis shows minimal apoptosis

(Panel D, X400).

a drug, we believe this association is not coincidental,
because of the large number of reports of tuberculosis
in close temporal association with the initiation of
treatment and the increased rate of tuberculosis among
patients treated with infliximab, as compared with
available data on background rates. In addition, data
from in vitro investigations,232+ as well as a mouse tu-
berculosis model 35725 link susceptibility to tubercu-
losis with decreased TNF-« activity.

We reviewed the clinical and laboratory findings in
70 cases of tuberculosis that developed after the ini-
tiation of treatment with infliximab. The pattern of tu-
berculous disease was unusual. The majority of the pa-
tients (56 percent) had extrapulmonary tuberculosis,
and 24 percent had disseminated disease — forms of
tuberculosis that are associated with marked immu-
nosuppression. In contrast, among cases of tuberculo-

N Engl J Med, Vol. 345, No. 15 -

sis that are not associated with HIV infection, approx-
imately 18 percent are manifested as extrapulmonary
disease, and disseminated disease accounts for less than
2 percent.?¢ The unusual manifestations of tuberculo-
sis in this group of 70 cases may have made the diag-
nosis uncertain (as reflected by the large number of bi-
opsies performed to establish the diagnosis); delays in
the diagnosis may have contributed to morbidity and
mortality. The available data suggest that the patients
who survived recovered from their infections after the
withdrawal of infliximab and the administration of ap-
propriate chemotherapy for tuberculosis.

We do not have complete information about the sta-
tus of these patients with respect to tuberculous infec-
tion before they received infliximab, but it is likely that
most patients had reactivation disease, in view of their
age (median, 57 years), the small number with report-

October 11, 2001 - www.nejm.org - 1101

Downloaded from www.nejm.org on December 5, 2009 . For personal use only. No other uses without permission.
Copyright © 2001 Massachusetts Medical Society. All rights reserved.



The New England

Journal of Medicine

ed recent exposure to tuberculosis, and the low inci-
dence of tuberculosis in the countries from which the
reports were received.?”28 That only eight reports not-
ed a history of tuberculosis infection or disease is not
surprising, since medical information from the remote
past is frequently lacking, particularly in passive sur-
veillance reports. Given the key role of TNF-« in the
innate immune response to tuberculosis, patients re-
ceiving treatment with infliximab are probably also
susceptible to disease after primary infection and ex-
ogenous reinfection with M. tuberculosis.

Foreign-born persons were not overrepresented in
the U.S. reports, and all such persons had been living
in the United States for more than 10 years. Persons
who move to the United States have a high incidence
of tuberculosis for the first five years.2? With time,
however, the incidence declines and approaches that
in the general population. It is also not surprising that
most of the reports came from countries with a low in-
cidence of tuberculosis, because infliximab is an expen-
sive treatment!? that is rarely available in poor coun-
tries, where tuberculosis is most prevalent.

The recent use of other immunosuppressive drugs
and systemic illness in infliximab-treated patients may
increase the risk of a variety of opportunistic infec-
tions, including fungal infection,? but tuberculosis was
reported much more frequently than other opportun-
istic infections. Tuberculosis is not associated with the
use of prednisone at doses of 15 mg or less,? and the
cytotoxic agents and low doses of corticosteroids used
in this group of patients have not been associated with
tuberculosis in patients with rheumatic diseases3! or
asthma.32:33

Another agent that neutralizes TNF-« is etanercept,
which has been used, often along with other immuno-
suppressive medications, in the treatment of approx-
imately 102,000 patients with rheumatoid arthritis
throughout the world (Table 1). Etanercept is a fusion
protein that binds free TNF-« using the extracellular
or soluble portion of tumor necrosis factor receptor 2
(TNFR2) coupled with an Fc moiety.3¢ Studies in an-
imals have demonstrated increased susceptibility to tu-
berculosis in association with transgenic expression of
the soluble portion of tumor necrosis factor receptor 1
(TNFR1).35 Although the numbers of patients who
have been exposed to etanercept and infliximab are
similar, only 9 cases of tuberculosis in patients treated
with etanercept have been reported to the FDA, as
compared with 70 cases in patients treated with in-
fliximab. This difference may reflect the different ways
in which the two agents neutralize TNF-a.25 The pro-
portion of patients treated with infliximab rather than
etanercept is larger in Europe than in other countries
(Table 1), and the majority of the reports are from
Europe. These and other factors may also explain the
difference in the number of reported cases of tubercu-
losis associated with the two agents.

Since there is underreporting with all passive sur-

veillance systems, the AERS reports probably represent
only a subgroup of incident cases.3¢ Nonetheless, the
rate of reported cases in the United States among in-
fliximab-treated patients with rheumatoid arthritis is
substantially higher than the estimated background
rate for patients with rheumatoid arthritis in the Unit-
ed States. In a randomized, double-blind, placebo-
controlled trial of infliximab treatment in patients with
rheumatoid arthritis in Europe, there were no cases of
tuberculosis among the 88 patients who received pla-
cebo and methotrexate.’* Among the 340 patients
treated with infliximab and methotrexate, disseminated
tuberculosis was diagnosed in 1 patient after a protract-
ed illness; the patient was treated for tuberculosis but
died. Adalimumab, an investigational antibody against
TNF-« that is similar to infliximab, has been associat-
ed with tuberculosis in clinical trials involving patients
with rheumatoid arthritis.3” The association was seen
with high doses of adalimumab but not with lower
doses, suggesting that there is a dose—response effect.
Taken together, these data suggest that the risk of tu-
berculosis is higher among infliximab-treated patients
with rheumatoid arthritis than among patients with
rheumatoid arthritis who do not receive this agent.
Infliximab currently leads all other drugs and biologic
products with respect to the number of cases of tuber-
culosis reported to the AERS. The association between
the use of infliximab and reactivation tuberculosis is
strong but not proven. The manufacturer of the drug
has recognized the concern about this association, and
the product’s package insert now includes a warning
about the risk of tuberculosis and the need to screen
patients for tuberculosis before treatment with inflix-
imab is initiated.

The pattern of tuberculosis observed after anti—
TNF-a treatment may be due to the failure of granu-
lomas to compartmentalize viable M. tuberculosis bacil-
li, but the underlying mechanism is unclear. TNF-«
is an inflammatory cytokine that can induce a broad
spectrum of biologic effects mediated by TNFR1 and
TNFR2.38 Signals from these receptors mediate apop-
tosis and the activation of nuclear factor-«B, which can
influence the production of cytokines and the expres-
sion of adhesion molecules.?® Mohan et al. noted that
in a mouse model of latent tuberculosis, reactivation of
disease followed the neutralization of TNF-a with
TNF-a antibodies.” They also reported markedly in-
creased infiltration of the lung with immune cells —
an increase that was disproportionate to the bacillary
load. This finding is consistent with the extensive in-
filtration in the lung specimen from our index patient,
although acid-fast bacilli were not seen in the speci-
men. One mechanism by which TNF-« is thought to
mediate a successful host response to mycobacteria is
the orderly induction of macrophage apoptosis after
bacillary infection.2##0 Macrophage apoptosis is a
prominent feature of tuberculosis-associated granulo-
mas!®22 (Fig. 2B) and may help maintain their integ-
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rity. Yet apoptosis was rare in the pathological spec-
imen from our index patient (Fig. 2D). There probably
are many mechanisms that lead to apoptosis in tuber-
culosis, and infliximab may affect one or more of these
mechanisms. Taken together, these observations sug-
gest that an interruption of TNF-« activity may allow
an aberrant immune response to a small number of tu-
bercle bacilli. This abnormal response may have impor-
tant pathologic effects.

Our findings have important clinical implications.
Infliximab is an effective treatment for two debilitating
diseases for which other treatments are frequently in-
adequate.!.1! Physicians should be aware of the in-
creased risk of reactivation of tuberculosis among
patients who are receiving infliximab and other immu-
nosuppressive agents and, in particular, of the unusual
clinical manifestations of the disease. When active
tuberculosis is suspected, treatment with infliximab
should be stopped until the diagnosis has been ruled
out or the infection has been treated with antitubercu-
losis agents. Before treatment with infliximab is initiat-
ed, every effort should be made to determine whether
the patient has latent tuberculosis infection. Since tu-
berculin tests may have false negative results in system-
ically ill or immunosuppressed patients, a detailed
assessment of the risk of tuberculosis should be per-
formed in every case. In our opinion, patients with la-
tent infection should be given prophylactic treatment
to prevent active disease before infliximab is adminis-
tered. Physicians prescribing infliximab should advise
patients to seek medical attention if they have symp-
toms suggestive of tuberculosis while taking the drug.

Supported by grants to Dr. Keane from the National Heart, Lung, and
Blood Institute (HL-03964), the Massachusetts Thoracic Society, and the
American Lung Association of Massachusetts.

We are indebted to Drs. Hardy Kornfeld, John Bernardo, Susan
Ellenbery, Jay Siegel, and Robert Ball for their carveful review of the
manuscript and constructive comments; and to Dv. Manette Niu for
her veview of the early reports of tuberculosis and her veview of the
manuscript.

REFERENCES

1. Rook GA, Taverne J, Leveton C, Steele J. The role of gamma-interfer-
on, vitamin D3 metabolites and tumour necrosis factor in the pathogenesis
of tuberculosis. Immunology 1987;62:229-34.

2. Tramontana JM, Utaipat U, Molloy A, et al. Thalidomide treatment re-
duces tumor necrosis factor alpha production and enhances weight gain in
patients with pulmonary tuberculosis. Mol Med 1995;1:384-97.

3. Flynn JL, Goldstein MM, Chan J, et al. Tumor necrosis factor-alpha is
required in the protective immune response against Mycobacterium tuber-
culosis in mice. Immunity 1995;2:561-72.

4. Turner J, Frank AA, Brooks JV, Marietta PM, Orme IM. Pentoxifylline
treatment of mice with chronic pulmonary tuberculosis accelerates the de-
velopment of destructive pathology. Immunology 2001;102:248-53.

5. Senaldi G, Yin S. Coryncbacterium parvum- and Mycobacterium bovis ba-
cillus Calmette-Guerin-induced granuloma formation is inhibited in TNF
receptor I (TNE-RI) knockout mice and by treatment with soluble TNE-RI.
J Immunol 1996;157:5022-6.

6. Kindler V, Sappino AP, Grau GE, Piguet PE Vassalli P. The inducing
role of tumor necrosis factor in the development of bactericidal granulomas
during BCG infection. Cell 1989;56:731-40.

7. Mohan VP, Scanga CA, Yu K, et al. Effects of tumor necrosis factor al-

N Engl J Med, Vol. 345, No. 15 -

pha on host immune response in chronic persistent tuberculosis: possible
role for limiting pathology. Infect Immun 2001;69:1847-55.

8. Newport MJ, Huxley CM, Huston S, et al. A mutation in the interfer-
on-y—-receptor gene and susceptibility to mycobacterial infection. N Engl
J Med 1996;335:1941-9.

9. de Jong R, Altare IF, Haagen I-A, Elferink D, Ottenhoft T. Severe my-
cobacterial and Salmonelln infections in interleukin-12 receptor-deficient
patients. Science 1998;280:1435-8.

10. Schuna AA, Megeff C. New drugs for the treatment of rheumatoid
arthritis. Am J Health Syst Pharm 2000;57:225-34.

11. Kornbluth A. Infliximab approved for use in Crohn’s disease: a report
on the FDA GI Advisory Committee conference. Inflamm Bowel Dis
1998;4:328-9.

12. Infliximab (Remicade) for Crohn’s disease. Med Lett Drugs Ther
1999;41:19-20.

13. Lipsky PE, van der Heijde DMEM, St Clair EW, et al. Infliximab and
methotrexate in the treatment of rheumatoid arthritis. N Engl ] Med 2000,
343:1594-602.

14. Maini R, St Clair EW, Breedveld E et al. Infliximab (chimeric anti-
tumour necrosis factor alpha monoclonal antibody) versus placebo in rheu-
matoid arthritis patients receiving concomitant methotrexate: a randomised
phase III trial. Lancet 1999;354:1932-9.

15. Kessler DA. Introducing MEDWatch: a new approach to reporting
medication and device adverse effects and product problems. JAMA 1993;
269:2765-8.

16. Global tuberculosis control: WHO report: communicable diseases.
Geneva: World Health Organization, 1999.

17. Wolfe F, Flowers N, Anderson J, Urbansky K. Tuberculosis is not in-
creased in rheumatoid arthritis (RA). Arthritis Rheum (in press). abstract.
18. Reported tuberculosis in the United States, 1999. Atlanta: Centers for
Disease Control and Prevention, August 2000:24.

19. Keane J, Balcewicz-Sablinska MK, Remold HG, et al. Infection by
Mycobacterium tuberculosis promotes human alveolar macrophage apop-
tosis. Infect Immun 1997;65:298-304.

20. Cree IA, Nurbhai S, Milne G, Beck JS. Cell death in granulomata: the
role of apoptosis. J Clin Pathol 1987;40:1314-9.

21. Klingler K, Tchou-Wong KM, Brandli O, et al. Effects of mycobacteria
on regulation of apoptosis in mononuclear phagocytes. Infect Immun
1997;65:5272-8.

22. Fayyazi A, Eichmeyer B, Soruri A, et al. Apoptosis of macrophages
and T cells in tuberculosis associated caseous necrosis. J Pathol 2000;191:
417-25.

23. Britton WJ, Meadows N, Rathjen DA, Roach DR, Briscoe H. A tu-
mor necrosis factor mimetic peptide activates a murine macrophage cell line
to inhibit mycobacterial growth in a nitric oxide-dependent fashion. Infect
Immun 1998;66:2122-7.

24. Keane J, Remold HG, Kornfeld H. Virulent Mycobacterium tubercu-
losis strains evade apoptosis of infected alveolar macrophages. J Immunol
2000;164:2016-20.

25. Scallon B, Cai A, Shealy D, Solowksi N, Song X, Wagner C. New
comparisons of two types of TNFa antagonists approved for rheumatoid
arthritis. Arthritis Rheum 2000;43:Suppl:S226. abstract.

26. Rieder HL, Snider DE Jr, Cauthen GM. Extrapulmonary tuberculosis
in the United States. Am Rev Respir Dis 1990;141:347-51.

27. Stead WW. Pathogenesis of a first episode of chronic pulmonary tu-
berculosis in man: recrudescence of residuals of the primary infection or
exogenous reinfection? Am Rev Respir Dis 1967;95:729-45.

28. Sutherland I, Svandova E, Radhakrishna S. The development of clin-
ical tuberculosis following infection with tubercle bacilli. 1. A theoretical
model for the development of clinical tuberculosis following infection,
linking from data on the risk of tuberculous infection and the incidence of
clinical tuberculosis in the Netherlands. Tubercle 1982;63:255-68.

29. Targeted tuberculin testing and treatment of latent tuberculosis infec-
tion. Am ] Respir Crit Care Med 2000;161:Suppl:S221-S247.

30. Invasive pulmonary aspergillosis associated with infliximab therapy.
N Engl ] Med 2001;344:1099-100.

31. Kim HA, Yoo CD, Back HJ, et al. Mycobacterium tuberculosis intection
in a corticosteroid-treated rheumatic disease patient population. Clin Exp
Rheumatol 1998;16:9-13.

32. Schatz M, Patterson R, Kloner R, Falk J. The prevalence of tubercu-
losis and positive tuberculin skin tests in a steroid-treated asthmatic popu-
lation. Ann Intern Med 1976;84:261-5.

33. Lieberman P, Patterson R, Kunske R. Complications of long-term
steroid therapy for asthma. J Allergy Clin Immunol 1972;49:329-36.

34. Choy EHS, Panayi GS. Cytokine pathways and joint inflammation in
rheumatoid arthritis. N Engl J Med 2001;344:907-16.

35. Garcia I, Miyazaki Y, Marchal G, Lesslauer W, Vassalli P. High sensi-
tivity of transgenic mice expressing soluble TNFRI fusion protein to my-
cobacterial infections: synergistic action of TNF and IFN-y in the differ-
entiation of protective granulomas. Eur J Immunol 1997;27:3182-90.

October 11, 2001 - www.nejm.org - 1103

Downloaded from www.nejm.org on December 5, 2009 . For personal use only. No other uses without permission.
Copyright © 2001 Massachusetts Medical Society. All rights reserved.



The New England Journal of Medicine

36. Wood AJJ. Thrombotic thrombocytopenic purpura and clopidogrel — 39. Pryhuber GS, Huyck HL, Staversky RJ, Finkelstein JN, O’Reilly MA.
a need for new approaches to drug safety. N Engl ] Med 2000;342:1824-6. Tumor necrosis factor-alpha-induced lung cell expression of antiapoptotic
37. Fischkoft S. Preliminary analysis of phase I and II safety data from the genes TRAF1 and ¢IAP2. Am ] Respir Cell Mol Biol 2000;22:150-6.
Adalimumab (D2E7) Clinical Trials Program. In: Abstracts of the Advanc- 40. Fratazzi C, Arbeit RD, Carini C, Remold HG. Programmed cell death
es in Targeted Therapies Meeting, Nassau, Bahamas, April 27-May 1, of Mycobacterium avium serovar 4-infected human macrophages prevents
2001. abstract. the mycobacteria from spreading and induces mycobacterial growth inhi-
38. Tartaglia LA, Goeddel DV. Two TNF receptors. Immunol Today bition by freshly added, uninfected macrophages. J Immunol 1997;158:
1992;13:151-3. 4320-7.

Copyright © 2001 Massachusetts Medical Society.

1104 - N Engl ] Med, Vol. 345, No. 15 - October 11, 2001 - www.nejm.org

Downloaded from www.nejm.org on December 5, 2009 . For personal use only. No other uses without permission.
Copyright © 2001 Massachusetts Medical Society. All rights reserved.



