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PART VI: SUMMARY OF THE RISK MANAGEMENT PLAN
SUMMARY OF RISK MANAGEMENT PLAN FOR BENEPALI
This is a summary of the risk management plan (RMP) for Benepali. The RMP details important
risks of Benepali, how these risks can be minimised, and how more information will be obtained
about Benepali's risks and uncertainties (missing information).
Benepali's summary of product characteristics (SmPC) and its package leaflet give essential
information to healthcare professionals and patients on how Benepali should be used.
This summary of the RMP for Benepali should be read in the context of all this information
including the assessment report of the evaluation and its plain-language summary, all which is
part of the European Public Assessment Report (EPAR).
Important new concerns or changes to the current ones will be included in updates of Benepali's
RMP.

I. The medicine and what it is used for
Benepali is authorised for rheumatoid arthritis, psoriatic arthritis, ankylosing spondylitis,
plaque psoriasis, non-radiographic axial spondyloarthritis, juvenile idiopathic arthritis
(including polyarthritis (rheumatoid factor positive or negative) and extended oligoarthritis,
adolescent psoriatic arthritis, adolescent enthesitis- related arthritis) and paediatric plaque
psoriasis> (see SmPC for the full indication). It contains etanercept as the active substance and
it is given by subcutaneous injection.
Further information about the evaluation of Benepali’s benefits can be found in Benepali’s
EPAR, including in its plain-language summary, available on the EMA website, under the
medicine’s webpage:
https://www.ema.europa.eu/en/medicines/human/EPAR/benepali

II. Risks associated with the medicine and activities to minimise or further
characterise the risks
Important risks of Benepali, together with measures to minimise such risks and the proposed
studies for learning more about Benepali's risks, are outlined below.
Measures to minimise the risks identified for medicinal products can be:
•

Specific information, such as warnings, precautions, and advice on correct use, in the
package leaflet and SmPC addressed to patients and healthcare professionals;

•

Important advice on the medicine’s packaging;

•

The authorised pack size — the amount of medicine in a pack is chosen so to ensure t
hat the medicine is used correctly;
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•

The medicine’s legal status — the way a medicine is supplied to the patient (e.g. with
or without prescription) can help to minimise its risks.

Together, these measures constitute routine risk minimisation measures.
In the case of Benepali, these measures are supplemented with additional risk minimisation
measures mentioned under relevant important risks, below.
In addition to these measures, information about adverse reactions is collected continuously
and regularly analysed, including PSUR assessment, so that immediate action can be taken as
necessary. These measures constitute routine pharmacovigilance activities.
II.A List of important risks and missing information
Important risks of Benepali are risks that need special risk management activities to further
investigate or minimise the risk, so that the medicinal product can be safely administered.
Important risks can be regarded as identified or potential. Identified risks are concerns for which
there is sufficient proof of a link with the use of Benepali. Potential risks are concerns for which
an association with the use of this medicine is possible based on available data, but this
association has not been established yet and needs further evaluation. Missing information
refers to information on the safety of the medicinal product that is currently missing and needs
to be collected (e.g. on the long-term use of the medicine);
List of important risks and missing information
Important identified risks

Malignancy (including lymphoma and leukaemia)
Serious and opportunistic infections (including TB, Legionella, Listeria,
parasitic infection)
Demyelinating disorders
Aplastic anaemia and pancytopenia
CHF in adult subjects

Important potential risks

Encephalitis/leukoencephalomyelitis
Progressive multifocal leukoencephalopathy
Impaired growth and development in juvenile subjects
Acute ischemic CV events in adult subjects

Missing information

Not applicable
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II.B Summary of important risks
II.B.1 Important identified risks
Malignancy (including lymphoma and leukaemia)
Evidence for linking the risk to
the medicine

Study SB4-G31-RA; proposed Summary of Product Characteristics
(SmPC) for Benepali, section 4.4 ‘Special warnings and precautions
for use’; referenced scientific publications.

Risk factors and risk groups

The overall risk of malignancy including cutaneous and noncutaneous cancers has been reported to be higher in patients with
RA compared with healthy subjects.
In addition, the proposed SmPC for Benepali states that there is an
increased background risk for lymphoma and leukaemia in RA
patients with long-standing, highly active, inflammatory disease.
Studies have shown that patients with RA have an approximately 2fold increased risk of lymphoma and leukaemia, a 20% to 50%
increased risk of respiratory tract cancer, and a 70% increased risk of
non-melanoma skin cancers, but a decreased risk for breast and
colorectal cancer.1,2 The increase in lymphoma risk is limited to
those RA patients who have long-standing and very severe disease.3

Risk minimisation measures

Routine risk minimisation measures:
SmPC section 4.4 and 4.8
Additional risk minimisation measures:
None

Additional
activities

pharmacovigilance

Additional pharmacovigilance activities:
Registry participation, SB4-G31-RA
See section II.C of this summary for an overview of the postauthorisation development plan.
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Serious and opportunistic infections (including tuberculosis, Legionella, Listeria, parasitic
infection)
Evidence for linking the risk to
the medicine

Study SB4-G31-RA; referenced scientific publications.

Risk factors and risk groups

The patients who are on concomitant immunosuppressive therapy,
in addition to their underlying disease, can be predisposed to
infection.

Risk minimisation measures

Routine risk minimisation measures
SmPC section 4.3, 4.4, and 4.8
Additional risk minimisation measures
Patient card

Additional pharmacovigilance
activities

<Additional pharmacovigilance activities>
Registry participation, SB4-G31-RA
See section II.C of this summary for an overview of the postauthorisation development plan.

Demyelinating disorders
Evidence for linking the risk to
the medicine

Study SB4-G31-RA; proposed SmPC for Benepali, Section 4.4
‘Special warnings and precautions for use’; referenced scientific
publications.

Risk factors and risk groups

Patients with pre-existing or recent-onset central demyelinating
disorders.

Risk minimisation measures

Routine risk minimisation measures
SmPC section 4.4 and 4.8
Additional risk minimisation measures
None

Additional
activities

pharmacovigilance

Additional pharmacovigilance activities
Registry participation, SB4-G31-RA
See section II.C of this summary for an overview of the postauthorisation development plan.
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Aplastic anaemia and pancytopenia
Evidence for linking the risk to
the medicine

Study SB4-G31-RA; proposed SmPC for Benepali, Section 4.4
‘Special warnings and precautions for use’; referenced scientific
publications.

Risk factors and risk groups

Although no high risk group has been identified, caution should be
exercised in subjects being treated with etanercept who have a
previous history of significant haematological abnormalities.

Risk minimisation measures

Routine risk minimisation measures
SmPC section 4.4 and 4.8
Additional risk minimisation measures
None

Additional
activities

pharmacovigilance

Additional pharmacovigilance activities
Registry participation, SB4-G31-RA
See section II.C of this summary for an overview of the postauthorisation development plan.

CHF in adult subjects
Evidence for linking the risk to
the medicine

Study SB4-G31-RA; proposed SmPC for Benepali, Section 4.4
‘Special warnings and precautions for use’; referenced scientific
publications.

Risk factors and risk groups

Patients with a previous history of CHF.
Patients with diagnosed ischaemic heart disease.

Risk minimisation measures

Routine risk minimisation measures
SmPC section 4.4 and 4.8
Additional risk minimisation measures
None

Additional
activities

pharmacovigilance

Additional pharmacovigilance activities
Registry participation
See section II.C of this summary for an overview of the postauthorisation development plan.
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II.B.2 Important potential risks
Encephalitis/leukoencephalomyelitis
Evidence for linking the risk to
the medicine

Study SB4-G31-RA.

Risk factors and risk groups

Patients with pre-existing or recent onset of
encephalitis/leukoencephalomyelitis.

Risk minimisation measures

Routine risk minimisation measures
None
Additional risk minimisation measures
None

Additional
activities

pharmacovigilance

<Additional pharmacovigilance activities>
Registry participation, SB4-G31-RA
See section II.C of this summary for an overview of the postauthorisation development plan.

Progressive multifocal leukoencephalopathy
Evidence for linking the risk to
the medicine

Study SB4-G31-RA; referenced scientific publications.

Risk factors and risk groups

C Patients on concomitant immunosuppressive therapy that, along
with their underlying disease, could predispose them to PML.

Risk minimisation measures

Routine risk minimisation measures
None
Additional risk minimisation measures
None

Additional
activities

pharmacovigilance

Additional pharmacovigilance activities
Registry participation, SB4-G31-RA
See section II.C of this summary for an overview of the postauthorisation development plan.
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Impaired growth and development in juvenile subjects
Evidence for linking the risk to
the medicine

Referenced scientific publications

Risk factors and risk groups

There are currently no known risk groups or risk factors in patients
following the administration of etanercept for events in growth and
development.

Risk minimisation measures

Routine risk minimisation measures
None
Additional risk minimisation measures
None

Additional
activities

pharmacovigilance

Additional pharmacovigilance activities
None

Acute ischemic CV events in adult subjects
Evidence for linking the risk to
the medicine

Study SB4-G31-RA; referenced scientific publications.

Risk factors and risk groups

Currently, there are no known risk groups or risk factors for the
development of acute ischemic cardiovascular events with etanercept
treatment.

Risk minimisation measures

Routine risk minimisation measures
None
Additional risk minimisation measures
None

Additional
activities

pharmacovigilance

Additional pharmacovigilance activities
Registry participation, SB4-G31-RA
See section II.C of this summary for an overview of the postauthorisation development plan.

II.B.3 Missing information

Not applicable
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II.C Post-authorisation development plan
II.C.1 Studies which are conditions of the marketing authorisation

There are no studies which are conditions of the marketing authorisation or specific obligation
of Benepali.
II.C.2 Other studies in post-authorisation development plan

BSRBR-RA
Purpose of the study: An established nationwide register for patients with rheumatological
disorders treated with biologic agents. The register is designed as a national prospective study
whose primary purpose is to assess long-term toxicity from the use of these agents in routine
practice.

RABBIT
Purpose of the study: A prospective, observational cohort study whose objectives are to
evaluate the long-term effectiveness, safety, and costs associated with tumour necrosis factorinhibitor therapies in the treatment of RA and to compare this to a cohort of RA patients who
are treated with non-biologic DMARDs.
ARTIS
Purpose of the study: A national prospective, observational, uncontrolled cohort study whose
objectives are to evaluate the risk of selected AEs in RA, juvenile idiopathic arthritis, and other
rheumatic disease patients treated with etanercept.

BADBIR
Purpose of the study: A nationwide registry which seeks to assess the long-term safety of
biologic treatments for psoriasis. Recommended by NICE that all patients in the UK receiving
new therapies for psoriasis be registered in BADBIR.
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S Rantapää-Dahlqvist, T Saxne, L Klareskog, N Feltelius
...............................................................................................................................
Ann Rheum Dis 2005;64:1414–1420. doi: 10.1136/ard.2004.033241

See end of article for
authors’ affiliations
.......................
Correspondence to:
Dr J Askling, Clinical
Epidemiology Unit M9:01,
Karolinska University
Hospital Solna, SE-171 76
Stockholm, Sweden;
johan.askling@medks.ki.se
Accepted 6 April 2005
Published Online First
20 April 2005
.......................

P

Background: Patients with rheumatoid arthritis (RA) are at increased risk of malignant lymphomas, and
maybe also of leukaemia and multiple myeloma. The effect of tumour necrosis factor (TNF) antagonists on
lymphoma risk and characteristics is unclear.
Objective: To assess expected rates and relative risks of haematopoietic malignancies, especially those
associated with TNF antagonists, in large population based cohorts of patients with RA.
Methods: A population based cohort study was performed of patients with RA (one prevalent cohort
(n = 53 067), one incident cohort (n = 3703), and one TNF antagonist treated cohort 1999 through 2003
(n = 4160)), who were linked with the Swedish Cancer Register. Additionally, the lymphoma specimens for
the 12 lymphomas occurring in patients with RA exposed to TNF antagonists in Sweden 1999 through
2004 were reviewed.
Results: Study of almost 500 observed haematopoietic malignancies showed that prevalent and incident
patients with RA were at increased risk of lymphoma (SIR = 1.9 and 2.0, respectively) and leukaemia
(SIR = 2.1 and 2.2, respectively) but not of myeloma. Patients with RA treated with TNF antagonists had a
tripled lymphoma risk (SIR = 2.9) compared with the general population. After adjustment for sex, age,
and disease duration, the lymphoma risk after exposure to TNF antagonists was no higher than in the other
RA cohorts. Lymphomas associated with TNF antagonists had characteristics similar to those of other RA
lymphomas.
Conclusion: Overall, patients with RA are at equally increased risks for lymphomas and leukaemias.
Patients with RA treated with TNF antagonists did not have higher lymphoma risks than other patients with
RA. Prolonged observation is needed to determine the long term effects of TNF antagonists on lymphoma
risk.

atients with rheumatoid arthritis (RA) are at increased
risk of malignant lymphomas,1–5 but the risk determinants and lymphoma characteristics have only begun to
be unravelled.6–10 For other haematopoietic malignancies in
RA, several studies have indicated some degree of increased
occurrence of leukaemia,2 3 11–17 but the reported risks have
varied across strata without a consistent pattern, in part
because of insufficient statistical power and diagnostic
resolution. It is important to verify increased leukaemia risks
, however, as they might reflect yet unestablished side effects
of antirheumatic agents.17 18
With tumour necrosis factor (TNF) antagonists, conspicuously high, and rapid19 occurrences of malignant lymphomas
have been observed.19–21 Although several case reports, case
series,19 22 and crude incidences in series of patients treated
with TNF antagonists have been presented,23 24 few studies
outside a trial setting21 have examined the occurrence of
malignant lymphomas after TNF antagonist treatment in
relation to that among patients with RA not treated with
biological agents, or provided characteristics of consecutive
lymphomas associated with TNF antagonists in a defined
population. Likewise, much of the available data on
lymphoma risk in RA reflect cohorts both identified and
followed up decades ago,2 3 13 25 and may not apply to
contemporary patients. Wolfe and Michaud provide contemporary data based on 29 lymphomas.9 They observed a 40%
increased lymphoma risk in patients with RA not treated
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with TNF antagonists, and a tripled (in comparison with the
general population) lymphoma risk in patients receiving
treatment with TNF antagonists.9
Evidently, before we can evaluate the risk of haematopoietic malignancies in RA, or the level and characteristics of
any increased lymphoma risk associated with TNF antagonists, we need contemporary and comparable data on the
expected occurrence of haematopoietic malignancies in RA,
data on the incidence and risk of lymphomas in patients with
RA associated with TNF antagonists, and information on the
characteristics of such patients and their lymphomas.
To provide such data on the expected occurrence and risk
of haematopoietic malignancies in RA, we followed up one
prevalent (n = 53 067) and one incident (n = 3703) cohort of
Swedish patients with RA for cancer occurrence during 1990
through 2003 using high quality nationwide health and
census registers. To provide data on the risk for malignant
lymphomas in patients treated with TNF antagonists, we
followed up a cohort of 4160 patients with RA treated with
TNF antagonists to determine cancer occurrence in 1999
through 2003 using the same follow up registers (to provide
comparability), and compared their lymphoma risk with that
Abbreviations: EBV, Epstein-Barr virus; DAS, Disease Activity Score;
ICD, International Classification of Diseases; NRN, national registration
number; RA, rheumatoid arthritis; SIR, standardised incidence ratio;
TNF, tumour necrosis factor
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of the general population, and with that of other patients
with RA. Finally, to describe characteristics of lymphomas
occurring in anti-TNF treated patients, we present data on all
reported lymphomas among patients with RA treated with
TNF antagonists in Sweden through 2004.

SUBJECTS AND METHODS
Setting
Swedish health care is public and population based. Hospital
referrals are based on geographical determinants rather than
financial capacity or health insurance. Nationwide and
population based health and census registers in combination
with unique personal identifiers allow record linkage of
register data recorded prospectively since the 1960s, with very
few losses to follow up and minimum risk of recall bias.
The Inpatient Register cohort of prevalent RA
The Swedish Inpatient Register contains individual based
information on inpatient care county wide since 1964 and
nation wide since 1987.26 For every hospital discharge,
information on diagnoses and surgical procedures is recorded
according to the International Classification of Diseases
(ICD) versions 7–10. We identified all subjects above 16 years
of age ever discharged with a diagnosis of RA (primary or
contributory diagnosis) between 1 January 1990 and 31
December 2003. The ICD codes used were 714A-C, 714W
(ICD 9), and M05–6 (ICD 10). We excluded subjects who
were also discharged with systemic lupus erythematosus,
ankylosing spondylitis, or psoriatic arthritis. For each patient,
computerised information on date of entry (first hospital
discharge with RA 1964–2003), discharge department, age,
sex, and national registration number (NRN, unique to each
resident and recorded in all health and census registers) was
recorded (table 1). No information on treatment was
available.

Table 1 Characteristics of the three Swedish cohorts of
patients with RA
Rheumatoid arthritis cohorts*
Inpatient
Register
Overall
Men
Women

Early Arthritis TNF antagonist

53067
15185
37882

3703
1114
2589

4160
1048
3112

Age at start of follow up (years)
16–44
4666
45–74
29900
75+
18501

782
2421
500

950
2986
224

Calendar period of entry into cohort
1964–1979
6932
1980–1989
11867
1990–1998
20898
1999–2001
7667
2002–2003
5703

0
0
1176
1478
1049

0
0
11
2398
1751

Person-years
DAS28
HAQ

297102
–
–

13292
mean 3.5,
median 3.5
mean 0.6,
median 0.7

9715
mean 5.5,
median 5.6
mean 1.4,
median 1.4

*In the Early Arthritis cohort, values refer to status at 6 months after
diagnosis of RA. In the TNF antagonist cohort, values refer to status at the
start of anti-TNF treatment.
DAS28, 28 joint count Disease Activity Score; HAQ, Health Assessment
Questionnaire.

The Early Arthritis cohort of incident RA
In Sweden, RA is normally diagnosed and followed up by
rheumatologists. Centres reporting to the Early Arthritis
Register contain a typical mix of small outpatient clinics and
larger population based centres. The Early Arthritis Register
contains information on subjects with incident (,1 year
from onset) RA diagnosed at participating centres since the
mid-1990s, with a geographically varying but increasing
coverage (40–100% in different regions, overall around 70%)
of the estimated number of patients with incident RA.27 From
this register, we collected information on entry (date of
diagnosis of RA), date of birth, sex, and the NRN for 3703
incident cases of RA during 1995 through 2003 (table 1).
The TNF antagonist RA cohort
Within the context of a continuing Swedish structured postmarketing surveillance programme (ARTIS) we assembled a
cohort of 4160 patients with RA treated with etanercept,
infliximab, or adalimumab between 1999 and 2003 (table 1).
Details and patient identification methods have been
described elsewhere.28 In brief, patients were identified
through the Swedish Medical Products Agency in collaboration with the Swedish Society for Rheumatology, and
through regional surveillance programmes of patients treated
with TNF antagonists. We made assessments against sales
statistics, and estimated that our anti-TNF cohort covered
around 80% (higher for etanercept than for infliximab) of all
anti-TNF treated patients with RA in Sweden. For each
person we collected information on date of birth, sex, NRN,
type of TNF inhibitor, Disease Activity Score (DAS)/Health
Assessment Questionnaire at the start of treatment, and
entry (date of treatment start) and date of discontinuation
(table 1).
Register linkages
Through linkage (of all subjects, using the NRN as linkage
key) to the Swedish Cancer Register 1964–2003, we collected
information on all registered haematopoietic malignancies
(ICD 7 = 200–209), including the date of diagnosis. Reporting
to this registry is mandatory for clinicians and pathologists,
resulting in a completeness of around 99%.29 Through linkage
to the Cause of Death Register 1964–2003 and to the Register
of Population and Population Changes 1969–2003, we
collected information on marital status, and vital status,
including date of death and date of emigration until 31
December 2003.
Statistics
In the analyses of relative risk of haematopoietic malignancies, we used SIRs (the ratio of the observed and expected
numbers of cancers) as measures of relative risk. Expected
numbers were calculated by multiplying sex-, age-, and
calendar period-specific person-years of follow up with
corresponding rates from the entire Swedish population.
Ninety five per cent confidence intervals were calculated
assuming a Poisson distribution of the observed cases. In the
analyses of SIRs in each cohort, we defined start of follow up
as the latest of 1 January 1990 or date of entry into each
cohort, and end of follow up as the earliest of date of death,
date of emigration, or 31 December 2003. Because some
subjects might have entered into the Inpatient Register RA
cohort because of an incipient haematological malignancy,
we present results both including and excluding the first year
after entry into this cohort. We used Poisson regression to
model the relative risk of lymphoma in the patients treated
with TNF antagonists relative to that in the two other RA
cohorts. Because more than 80% of the total follow up time in
the TNF antagonist cohort represented time while receiving
treatment, we present relative risks based on the total time of
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Table 2 Relative risk of haematopoietic malignancies including 95% confidence intervals (CI) in three Swedish cohorts of
patients with RA
Inpatient Register RA

Early Arthritis cohort

TNF antagonist cohort

Type

No

SIR (95% CI)

No

SIR (95% CI)

No

SIR (95% CI)

All haematopoietic malignancies
Malignant lymphoma including CLL
Plasma cell neoplasms
Leukaemia excluding CLL
Acute lymphatic leukaemia
Acute myeloid leukaemia
Chronic myeloid leukaemia
Other or undefined leukaemia
Polycytaemia vera

481
319
45
107
2
68
13
23
10

1.7
1.9
0.8
2.1
0.9
2.4
2.4
1.5
0.9

15
11
0
4
0
4
0
0
0

1.6
2.0
0.0
2.2
0.0
4.3
0.0
0.0
0.0

11
9
0
2
0
0
0
2
0

2.1
2.9
0.0
2.0
0.0
0.0
0.0
6.8
0.0

(1.5
(1.7
(0.6
(1.7
(0.1
(1.9
(1.3
(1.0
(0.4

to
to
to
to
to
to
to
to
to

1.8)
2.1)
1.1)
2.5)
3.2)
3.0)
4.1)
2.3)
1.6)

(0.9
(1.0
(0.0
(0.6
(0.0
(1.2
(0.0
(0.0
(0.0

to
to
to
to
to
to
to
to
to

2.6)
3.5)
2.2)
5.7)
40.8)
10.9)
17.7)
6.8)
10.1)

(1.1
(1.3
(0.0
(0.2
(0.0
(0.0
(0.0
(0.8
(0.0

to
to
to
to
to
to
to
to
to

3.8)
5.5)
4.2)
7.3)
61.1)
7.4)
27.0)
24.7)
18.5)

Follow up from 1990 (or entry into cohort, if later) until 31 December 2003. Relative risk estimated comparing each cohort with the general Swedish population,
adjusting for age, sex, and calendar period.
CLL, chronic lymphocytic leukaemia.

haematopoietic malignancies in this cohort are tabulated in
the Appendix.
Apart from the first year after entry, the increased relative
risks of malignant lymphoma or leukaemia did not vary with
time of follow up (table 3), although a tendency towards
increasing relative risks with time was noted for chronic
myeloid leukaemia (table 3A). Excluding the first year of
follow up from the analyses resulted in an overall SIR of
malignant lymphoma = 1.6 (95% CI 1.4 to 1.9).

follow up. Sixty nine per cent of the TNF antagonist cohort
had been admitted to hospital for their RA, and 27% of the
Early Arthritis cohort had been admitted to hospital for their
RA before 31 December 2003. The study was approved by the
ethics committee at the Karolinska Institute.
Review of TNF antagonist associated malignant
lymphomas 1999–2004
This case series consisted of all lymphomas identified in the
register linkage 1999 through 2003, and all malignant
lymphomas reported thereafter (that is, during 2004) as part
of rheumatologists’ reporting of adverse events within the
framework of the ARTIS surveillance programme. To confirm
the lymphoma diagnoses, paraffin embedded lymphoma
tissues were retrieved from pathology departments, reviewed,
and reclassified according to the WHO classification, as
previously described.8 Epstein-Barr virus (EBV) in the
lymphomas was searched for using EBER in situ hybridisation.8

Relative risk of haematopoietic malignancies in the
incident RA cohort 1995–2003
In the Early Arthritis cohort, the overall relative risks of
haematopoietic malignancy (SIR = 1.6, 95% CI 0.9 to 2.6,
n = 15), of malignant lymphomas (SIR = 2.0, 95% CI 1.0 to
3.5, n = 11), and of leukaemia (SIR = 2.2, 95% CI 0.6 to 5.7,
n = 4, all myeloid) were of similar magnitude to those of the
Inpatient Register RA cohort (table 2). The relative risk of
lymphoma did not display any convincing trend (p = 0.5)
with increasing duration of RA (table 3B).

RESULTS

Relative risk of haematopoietic malignancies after
TNF antagonists 1999–2003
In the register based follow up 1999–2003, we identified 11
haematopoietic malignancies (SIR = 2.1, 95% CI 1.1 to 3.8).
Nine of these were lymphomas (SIR = 2.9, 95% CI 1.3 to 5.6)
and two were leukaemias (SIR = 2.0, 95% CI 0.2 to 7.3). The
relative risk (RR) for lymphoma did not display any trend
with time of follow up (table 3B). When compared with the
lymphoma incidence in the prevalent and incident RA
cohorts, the adjusted relative risk of lymphoma in the TNF
antagonist cohort was 1.1 (95% CI 0.6 to 2.1) (table 4). When

Relative risk of haematopoietic malignancies in the
prevalent RA cohort 1990–2003
Based on 481 observed haematopoietic malignancies occurring in the Inpatient Register RA cohort during 297 102
person-years of follow up 1990–2003, the overall relative risk
of haematopoietic malignancies was 1.7 (95% CI 1.5 to 1.8;
table 2). 319 of these were malignant lymphomas (SIR = 1.9,
95% CI 1.7 to 2.1), 107 were leukaemias (SIR = 2.1, 95% CI
1.7 to 2.5), and 45 were multiple myelomas (SIR = 0.8, 95%
CI 0.6 to 1.1).
Sex- and age-specific incidences of

Table 3A Relative risk including 95% confidence intervals (CIs) and observed number of cancers of selected haematopoietic
sites by time of follow up in the Swedish Inpatient Register RA cohort 1990–2003. Relative risks comparing the cohort with the
Swedish general population, adjusting for age, sex, and calendar period
No observed, relative risk (95% CI) by time with RA*
Site (ICD code)

No

1–4 years

All haematopoietic malignancies
Malignant lymphoma including CLL
Plasma cell neoplasms
Leukaemia excluding CLL
Acute lymphatic leukaemia
Acute myeloid leukaemia
Chronic myeloid leukaemia
Other or undefined leukaemia
Polycytaemia vera

129
80
14
30
1
19
2
8
5

1.5
1.6
0.9
1.9
1.5
2.2
1.2
1.7
1.5

*Counting from date of first discharge listing RA.
CLL, chronic lymphocytic leukaemia.
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(1.2
(1.2
(0.5
(1.3
(0.0
(1.3
(0.1
(0.7
(0.5

to
to
to
to
to
to
to
to
to

1.8)
1.9)
1.5)
2.7)
8.2)
3.5)
4.4)
3.4)
3.5)

No

5–9 years

98
68
7
21
0
12
4
5
2

1.5
1.7
0.6
1.7
0.0
1.8
3.2
1.4
0.8

(1.2
(1.3
(0.2
(1.1
(0.0
(0.9
(0.9
(0.5
(0.1

to
to
to
to
to
to
to
to
to

1.8)
2.2)
1.2)
2.7)
7.1)
3.2)
8.1)
3.3)
2.8)

No

10+ years

154
102
13
38
0
22
7
8
1

1.5
1.7
0.7
2.0
0.0
2.1
3.6
1.4
0.2

(1.3
(1.4
(0.4
(1.4
(0.0
(1.3
(1.5
(0.6
(0.0

to
to
to
to
to
to
to
to
to

1.7)
2.0)
1.1)
2.8)
4.5)
3.2)
7.5)
2.8)
1.3)
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Table 3B Relative risk of malignant lymphoma in the Early Arthritis cohort and in the TNF
antagonist treated cohort by time since entry into each cohort
No observed, relative risk (95% CI) by years since entry

Early Arthritis cohort
TNF antagonist cohort

No

,1 year

2
4

1.5 (0.2 to 5.2) 4
3.7 (1.0 to 9.4) 3

the first year of follow up in the Inpatient Register RA cohort
was excluded, the corresponding relative risk for the TNF
antagonist cohort was 1.3 (95% CI 0.6 to 2.5), and when the
follow up of the Inpatient Register RA cohort was restricted
to the period 1999–2003, the relative risks remained
unchanged (data not shown).
Characteristics of TNF antagonist associated
lymphomas 1999–2004
In addition to the nine lymphomas observed in our register
based follow up 1999 through 2003, an additional three were
reported in the ARTIS programme during 2004. No other
lymphomas than those identified in the register linkage had
been reported by the rheumatologists during the period 1999
through 2003. The review revealed a distribution of lymphoma subtypes similar to that seen among patients with RA
not treated with TNF antagonists,8 and a low number (n = 1)
of EBV positive lymphomas (table 5).

DISCUSSION
In this study we present updated information on the
expected occurrence of haematopoietic malignancies in
patients with RA. With a striking consistency between the
cohorts under study, the results indicate that patients with
RA are at increased risk not only of malignant lymphomas
but also equally of (myeloid) leukaemia. When using these
‘‘expected’’ RA rates as reference we found that patients with
RA treated with TNF antagonists were not at any additional
increased lymphoma risk compared with patients with RA
not treated with TNF antagonists. The case review of TNF
antagonist associated lymphomas showed an unremarkable

No

1–2 years

No

1.8 (0.5 to 4.6) 5
2.0 (0.4 to 5.8) 2

3+ years
2.4 (0.8 to 5.7)
4.2 (0.5 to 15.3)

distribution of lymphoma subtypes or EBV positive lymphomas compared with other patients with RA and lymphoma.8
The overall level of increase in lymphoma risk associated
with RA in our study is in line with previous estimates.1 2 9 13
For leukaemia, previous studies have indicated—rather than
confirmed—the possibility of increased risks. Because of the
low background incidence, reported estimates for leukaemia
have been less precise than those for lymphomas, often
grouped together in one heterogeneous category including all
leukaemia types, for example,3 13 and have been inconsistent
across the sexes, follow up categories, etc. In our study,
increased relative risks were seen in all strata of follow up
and for men and women. Although we can confirm an
increased risk of leukaemia in RA, the extent to which the
increased leukaemia risk is caused by the RA itself, its
treatment, or both, remains unknown, although the
increased risk also in the contemporary and incident RA
cohort suggests that historic—or ‘‘end stage’’—drug regimens in RA like chlorambucil do not in themselves fully
explain this increase in risk.
Validation of the RA diagnoses in the Inpatient Register
showed that they were diagnostically correct (information
available in the medical files versus American College of
Rheumatology criteria for RA30), close to 90%, with the
remainder being made up by other rheumatic diseases or
conditions.7 Based on reported population prevalences of RA,
we estimate that around 50% of all prevalent cases of RA in
Sweden 2003 are covered by the current analyses, which
might therefore serve as updated reference rates in current
and future safety evaluation of antirheumatic treatments.
Despite the presumed qualitative differences between the
prevalent Inpatient Register RA cohort and the Early Arthritis

Table 4 Relative risk (RR) including 95% confidence intervals (CI) of malignant lymphoma
in one prevalent cohort, one incident cohort, and one TNF antagonist treated cohort,
respectively, of Swedish patients with RA
Covariate

Person-years

Lymphomas (n)

Relative risk (95% CI)

RA cohort
Inpatient register cohort
Cohort with early arthritis
TNF antagonist cohort

297102
13292
9715

319
11
9

1.0 (reference)
0.8 (0.4 to 1.4)
1.1 (0.6 to 2.1)

Sex
Male
Female

82596
237513

138
201

2.0 (1.6 to 2.4)
1.0 (reference)

Age at entry (years)
16–44
45–74
75+

27702
190631
101776

9
197
133

1.0 (reference)
3.1 (1.6 to 6.1)
4.1 (2.1 to 8.0)

Time with RA* (years)
Missing
0–4
5–9
10+

437
137053
73708
108911

0
159
73
107

–
0.9 (0.6 to 1.1)
0.8 (0.7 to 1.1)
1.0 (reference)

RRs estimated using Poisson regression, adjusted for all parameters in table.
*Counting from date of first discharge with RA (Inpatient Register RA cohort) or specified date of onset of RA (Early
Arthritis Register and TNF antagonist cohort).
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Table 5 Malignant lymphomas diagnosed between 1 January 1999 and 31 December
2004 among Swedish patients with RA treated with TNF antagonists
Sex

Year of birth

Year of
lymphoma

F
F
F
M
F

1918
1940
1926
1923
1943

1999
2000
2000
2000
2001

F
M
F
M
F
F
F

1954
1943
1948
1928
1947
1921
1952

2002
2002
2002
2003
2004*
2004*
2004*

Lymphoma subtype

EBV

Unspecified low grade NHL
Diffuse large B cell lymphoma
Follicular lymphoma grade 1
Hodgkin, lymphocyte depletion
Follicular lymphoma grade 3
Diffuse large B cell lymphoma
MALT lymphoma
Diffuse large B cell lymphoma
Chronic lymphocytic leukaemia
Unspecified NHL
Unspecified high grade NHL
Unspecified
Hodgkin, lymphocyte depletion

Neg
Neg
Neg
Pos
Neg
Neg
NA
NA
NA
Neg
Neg
Neg

*Not included in register based assessment of relative risk.
M, male; F, female; NA, not assessed.

incident RA cohort (for example, method of identification,
calendar period of entry, duration of RA, and hospitalisation), the relative risks of haematopoietic malignancies were
strikingly similar. Although there was an overlap between the
cohorts, there was no overlap of haematopoietic malignancies
between the Early Arthritis cohort and the TNF antagonist
cohort, and the overlap between the TNF antagonist cohort
and the Inpatient Register RA cohort did not measurably
affect the relative risks observed (data not shown).
Because of the mandatory (for clinicians as well as
pathologists) reporting of malignancies to the Swedish
Cancer Register, its coverage is near complete.29 Previous
validations of, for example, 386 lymphomas in Swedish
patients with RA 1965–95 showed that 98% of the registered
lymphoma diagnoses were indeed correct, although the
register information on lymphoma subtype was limited.7
Our register based design thus provided sensitive and valid
outcome information, which was ascertained independently
of exposure and uniformly in all cohorts. To determine the
validity of the lymphoma diagnoses also in this study, and to
increase diagnostic resolution further, we retrieved and
reanalysed lymphoma specimens from patients in the TNF
antagonist RA cohort. In all cases, the lymphoma diagnosis
was substantiated by our review.
Data on the relative lymphoma risk associated with TNF
antagonists in routine care (that is, beyond the selected
patients’ phase III trials which suggest an overall fourfold
lymphoma risk21) is scarce, and case series presented by, for
example, regulatory agencies are difficult to evaluate because
of lack of information on the number of treated patients
corresponding with the reported numerator of lymphomas.19
In the hitherto largest attempt to assess relative risks outside
the trial setting, Wolfe and Michaud followed up patients
reported by some 900 rheumatologists to the National Data
Bank for Rheumatic Diseases for self reported (but subsequently validated) lymphoma occurrence, and observed 14
lymphomas occurring in TNF antagonist treated patients, and
15 lymphomas in TNF naı̈ve patients.9 As in our study, TNF
antagonists were associated with a tripled lymphoma risk in
comparison with the general population.9 In light of the
moderate number of observed lymphomas in their study and
ours, and the differences in study design, follow up, and
outcome ascertainment, the results are remarkably consistent.
In a previous investigation by one of the regional Swedish
initiatives to monitor TNF antagonists (SSATG)—which is
included in our current report—five lymphomas in patients
exposed to TNF antagonists were observed and compared
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with two lymphomas that occurred in a prevalent comparator
RA cohort, which resulted in a relative risk for TNF
antagonists compared with other patients with RA of 5.0
(95% CI 0.9 to 27).31 In the pilot Swedish national linkage,
the data of which are also included in the current linkage and
overlapped with the data reported from the regional
initiative, five TNF lymphomas were seen, which corresponded with a doubled relative lymphoma risk (relative
risk = 2.2, 95% CI 0.9 to 5.5) compared with other patients
with RA.32
Random variation and increased statistical precision are
reasonable explanations for the seemingly divergent results
between the two previous and our current Swedish assessment (relative risk compared with other patients with
RA = 1.1, 95% CI 0.6 to 2.1, n = 9). Other tentative explanations include the introduction of TNF antagonists into a
prevalent setting of severely ill patients with RA at high risk
of lymphoma, but that this degree of selection has attenuated
somewhat. Importantly, the apparent difference between the
Swedish assessments is unlikely to depend upon differences
in the intensity of rheumatologists’ reporting of lymphomas
as side effects, because all three investigations were based on
data reported as part of the mandatory cancer reporting to
the Cancer Registry, and no corresponding difference was
observed for solid cancers.31 33 34
Recent data from our group6 7 and others10 suggest that the
overall almost doubled lymphoma risk in RA has a striking
association with the burden of inflammatory activity (but not
with antirheumatic treatment). The marginal or lack of
increase in lymphoma risk associated with TNF antagonists
in our study must therefore be viewed in the context of antiTNF treatment of patients with high disease activity, as
indicated by the median DAS28 of 5.6 at the start of anti-TNF
treatment, and the more than 10-fold gradient in lymphoma
risk between low and high overall burden of inflammatory
disease activity among patients with RA.7
In the reviewed and reclassified lymphoma series, the
distribution of lymphoma subtypes was largely similar to that
reported by us in a larger series of lymphomas in Swedish
patients with RA not treated with biological agents,8 and with
that reported by others.35 Notably, we found little to suggest
an increased proportion of EBV positive lymphomas, which
indirectly argues against immune suppression (such as in the
immediate post-transplant setting36) as a critical risk factor.
Early reports to MedWatch highlighted the possibility of an
immediate increase in lymphoma risk after the start of antiTNF treatment.19 21 In the study by Wolfe and Michaud no
pattern of immediate risk was detected, although infliximab
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Table 6 The observed sex- and age-specific incidence rates (per 100 000, 95% confidence interval within parentheses) of
haematopoietic malignancies in the Inpatient Register RA cohort 1990–2003
Malignant lymphomas*

Multiple Myeloma

Leukaemia**

Attained age

Men

Women

Men

Women

Men

Women

16–19
20–39
40–59
60–79
80+

0 (0 to 5389)
59 (6 to 213)
120 (74 to 183)
240 (164 to 251)
143 (82 to 232)

0 (0 to 2422)
18 (2 to 66)
60 (41 to 86)
93 (76 to 112)
116 (86 to 153)

0 (0 to 5389)
0 (0 to 137)
11 (1 to 41)
16 (6 to 33)
27 (5 to 78)

0 (0 to
0 (0 to
6 (1 to
16 (10
26 (13

0 (0 to 5389)
0 (0 to 137)
29 (9 to 66)
61 (40 to 89)
53 (20 to 116)

0 (0 to 2422)
18 (2 to 66)
16 (7 to 31)
37 (27 to 50)
38 (22 to 62)

2422)
43)
17)
to 26)
to 47)

*Including chronic lymphocytic leukaemia.

.....................

treated patients had a seemingly shorter latency between the
start of treatment and lymphoma diagnosis.9 In our study we
found little to suggest an immediate but transient risk
increase. Interestingly, however, all four lymphomas that
occurred within the first year after starting TNF antagonist
treatment occurred in patients with RA who started the
treatment in the first half of our study period (1999–2000,
data not shown).
In conclusion, patients with RA are at increased risk not
only of lymphoma but also of leukaemia. TNF antagonist
treatment of RA is associated with, at the most, a marginally
augmented lymphoma risk, which still must be judged in the
light of a higher disease activity among patients who are
offered TNF antagonist treatment. Characteristics of these
lymphomas are similar to those seen in patients with
longstanding active RA not treated with biological agents.
Of necessity, long term lymphoma risk of TNF antagonists,
and temporal trends in this risk, remain unknown and
warrant prolonged systematic monitoring of large populations treated with TNF antagonists.
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Hospital; Jörgen Lysholm, Falu lasarett, Falun; Solveig Gustafsson,
Karlstad’s Central Hospital; Eva Baecklund, Akademiska Hospital,
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Tomas Torstenson, Uddevalla Hospital; Ingeli Andreasson, Göteborg
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We thank Maud Rütting, Medical Products Agency, for help with the
retrieval of medical files of the lymphoma cases.
Financial support for the Early Arthritis Register was provided by the
Swedish National Board of Health and Welfare.
Financial support for this study was obtained from the Swedish
Cancer Society, from the insurance company AFA, and from WyethAyerst, Schering-Plough, Abbott Immunology, and Bristol Myers
Squibb. The investigators were in charge of, and solely responsible
for, all data collection, analysis, and writing of the manuscript,
without any constraints exerted by the agencies or companies that
helped to sponsor the study.

Authors’ affiliations

J Askling, C M Fored, L Brandt, A Ekbom, Clinical Epidemiology Unit,
Department of Medicine, Karolinska University Hospital, Stockholm,
Sweden
J Askling, S Lindblad, L Klareskog, N Feltelius, Rheumatology Unit,
Department of Medicine, Karolinska University Hospital, Stockholm,
Sweden
E Baecklund, Department of Rheumatology, Uppsala University Hospital,
Uppsala, Sweden
C Backlin, C Sundström, Department of Genetics and Pathology,
Rudbeck Laboratory, Uppsala University, Uppsala, Sweden
L Bertilsson, Department of Rheumatology, Sahlgrenska University
Hospital, Gothenburg, Sweden
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ABSTRACT

Targeled lumor necrosis factor-a anlagoniSls, firsl approved by the FDA in
1998, have had a sigl1 ificant impact 011
the treatme l1 t of patiel1 ts with rheumatoid arthritis. 111 general, the ben캠ν
risk ratio ψr these agents and the IL-J
receptor antagol1 ist, anakinra. has been
quite favorable. However; infrequent adverse evellts can be serious and require
continued pharmacovigilance. J뺑c
tions. particula r/y tuberculosis and Less
commonLy fungal iψections. are among
the most serious adverse evenrs. e.ψe
cia l1y given deLays il1 diagnosis due to
subtle or atypicaL presemations. Questions have also arisen regarding whether anti-TNF-α agents increase the risk
of lymphoma. a complicated issue confounded by the multiple risk factors for
Lymphoma in patiellfs with rheumatoid
arthritis and Low observed incidence
rates of Lymphoma, requi셔ng prolonged monitoring. Additional rare reported compLications include systemic lupus erythematosus-like syndromes. COI1gestive heart fa iLure and demyelinating
syndromes (including cases resembling
progressive muLt~ψcal leukoencephalopathy). Ongoing post-marketing surveillance of these and other serious adverse events is necessalγ 10 detennine
the true incidence rates. and whether a
reassessment of the overall risk-ben앤t
of tumor l1 ecrosis factor-a antagonists
wiU be required.
Introduction
tumor necrosis factor (TNF)-a
antagonists that neutralize TNF-a are
available for clinical use: etanercept , a
protein composed of two p75 TNF-a
receptors fused to the Fc portion of
IgG 1, is approved for rheumatoid arth꺼디 s (RA), psoriatic arthritis, psoriasis,
ankylosing spondylitis , and juvenile
chronic arthritis; iηfliximab， a chjmeric
IgG 1a monoclonal antibody binding
TNF-a, is approved in the U.S. for RA
and Crohn’s disease; and adalimumab,
a fu lly humanjzed IgG Ia monoclonal
까lree
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antibody, is approved for RA. Worldwide prescription data through December 2002, reported at the FDA advisory
meeting March 2003, indicate that patient exposure for in fJ iximab is estimated at 400,000, etanercept at 150,000
(l), and 2 ,468 in clinical trials for adalimumab (2).
These biologic agents have had a marked impact in the treatment of RA , demonstrating efficacy in reducing disease
activity in palients who have incomplete responses to conventional diseasemodifying antirheumatíc drug (DMARD)
treatment and 피 retarding rådiographic
progression (1). Controlled phase 111
trials during clinical development for
TNF-a antagonists did not show an increase in overall serious adverse events
above active comparator controls. However, clinical trials do not include sufficient numbers of patients or sufficient
time to detect unusual adverse events.
Since the conclusion of the clinical tri외 s， post-marketing reports (MedWatch
program: www.fda.gov/medwatch) of
tuberculosis , opp아tunistic infection and
Iymphoma , have led to FDA-mandated
label changes ( 1).
This article focuses on serious adverse
events reported since the time of the
iotroduction of these bi이 ogic외 agents
and reviews the best available evidence
by which to j udge the overall safety of
TNF-a blockade. More detailed discussions conceroing infection - partic비앙
Iy tuberculosis (3), demyelination (4 ),
Iymphoma (5), congestive heart failure
(6) and drug induced lupus (6) - are
provided elsewhere in this supplemen t.
Infections
Serious iofections are well-Icnown to
occur in untreated RA patients and in
patients treated with both trarutional
DMARDs and TNF-a antagonists (2,
Il-ll). At the March 2003 Arthritis Advisory Committee meeting, 2782 cases
of infections for etaneπept and 1100
for in fJ iximab were reported through
August 2000 (1 3). Although there may
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be a bias toward increased spontaneous
reporting of adverse events shortly after the introduction of novel agents, the
evidence does support an increased risk
conferred by TNF-a antagonists for the
development of certain infections (1 3).
Three recent review articles have addressed the spec때 m of infections noted during TNF-a antagonist therapy (2,
8 , 9) , and a new review included in this
supplement (3). The most common Înfections reported are illustrated in Table 1 and 하e discussed below.
Mycobacterium tuberculosis
The infection that appears to be most
increased relative to usual occurrence
rates in post-marketing data has been
Mycobacterium tuberculosis (TB).
Through December 2002 in the United
States , TB was reported to have devel얘ed in 39 patients treated with etanercept, with at least one fatal outcome,
and in 335 patients who took i 바lix
imab, with at least 12 deaths (1 , 11 , 14,
16). During adalimumab clinical trials,
13 cases ofTB were observed in 2,468
patients , most of which developed before implementation ofTB surveillance
(2). The baseline TB incidence rate in
patients with RA in the United States
has been estimated at 6.2 per 100,000
per year (15), although the rate in patients with RA may be higher. Wallis et
al. recently analyzed the FDA Adverse
Event Reporting System database and
calculated an estimated 144 TB cases
per 100,000 infliximab-treated patients
and 35 TB cases per 100,000 etanercept-πeated patients based on cases reported from 1998 through the third
quarter of 2002 (1 1)
The majority of TNF-a antagonist associated TB cases are believed to be the
result of reactivation of latent disease.
Nearly 50% of the TB cases associated
with TNF-a antagonists were extrapulmon따y anψor disseminated disease.
The diagnosis may therefore be delayed due to atypical presentation , with
many pauents requ 1T1 ng an Ifl VaS1Ve
procedure for diagnosis. lt should be
noted , however, that even in the absence of TNF-blockers , there may be
an increased risk of TB in rheumatoid
arth디디s patients. For example, a recent
study from Spain of 788 biological1 y

naïve RA patients had a 4-fold increased risk of developing TB compared with the general population ( 134 per
100 ,000 versus 23 per 100,000 per
year, respectively (1 8).)
Because many TB infections following
TNF-a antagonist treatment appear to
be cases of reactivation , routine tuberculin skin testing before initiating treatment has been recommended (2, 7, 15 ,
19, 21). However, in an FDA-sponsored study surveyi ng various practices in
the United States, rates of tuberculin
ski n testing before adrninistration were
only 31 % for infliximab and 10% for
etanercept as of June 2002 (22). Evidence from a review of infliximab clinical trials for spondyloarthropathy a c;
well as from a surveillance study suggests that meticulous screening with
chest roentgenograms and a two-step
Mantoux skin test along with prophylaxis for latent TB has been effective in
reducing reactivation of TB (23 , 24).
There are no published data, however,
that confirm the effectiveness of isoniazid prophylaxis in patients with a positive tuberculin skin test before πeat
ment with TNF-a antagonists. Indeed
in 2 patients treated with infliximab, 6
months of isoniazid did not prevent the
reactivation of pansensitive TB (25 ,
26). Physicians must be alert to falsenegative tuberculin skin tes디 ng as described in RA patients, as weII as atypical presentations ofTB.
Funga l and other opportunistic
infections
Through June 2002, opponunistic infections were reported in 337 patients
treated with either infliximab or etanercept for various indications, leading to
at least 2 1 deaths. Reported organisms
have included other mycobacteria, fungi such as Histoplasma capsulatum , and
Coccidioides immitis , Pneumocystis
jirovecii (carinii) , yeasts such as Cη'P
tococcus neoformans and Candida species, molds such as Aspergillus, bacteria
such as Listeria monocytogenes and
Nocardia, the protozoan parasite Toxoplasma , 8rachiola algerae and cytomegalovirus ( 1, 7 , 11 , 12 , 27 , 28 ,). Awareness of risk factors , endernic areas , atypical presentations , specialized diagnostic tests, a nd antimicrobials for
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these infections are important in minimizing morbidity and mortality (Table
1). Patients should be educated to avoid
live vaccina디ons (29) , and unpasteurized dairy products as a potential source
of Liste끼a (30). Pbysicians sho비 dbe
vigilant for unusual presentations of infections before i 미tiating bi이 ogics. In
one reported case , a patient treated with
TNF-patients antagonists developed
disseminated sporotrichosis that initialIy masqueraded as synovitis of an autoimmuneeti이ogy (31).
With regard to the underlying mechanisms , one recent study demonstrated a
decreased Th I immune response in vitro against H. capsuLatum by host defense cells treated with infliximab (32).
In TNF-deficient mice , impaired granuloma formation is seen , with increased susceptibility to TB and increased
dissemination (33 , 34). Because TNF-a
also plays a central role in granuloma
formation , the produ띠 on of cytokines
and adhesion molecules , the release of
enzymes , and the migra디 on and maturation of inflammatory cells, the neutralization of TNF-a may contribute to
an increased susceptibility to infections
(9, 35). There is no experimental evidence that the three available TNF-a
antagonists differ in this regard , and
therefore susceptibility to infection
should be viewed as a class effec t.
Bacterial infections
Although attention has been drawn to
opportunistic infections, common bacteria have also led to serious infections
and fatalities in patients treated with
TNF-a antagonists. One study compared serious bacterial infections in patients treated with TNF-a antagonists
to patients treated with conventional
DMARDs , identified 2 years before biologics, calcu1ating an inc idence of
0.181 per y않r for TNF-a inhibitors and
0.008 per year for traditional DMARDs
(36). On reviewing eacb case, C-reactive protein appeared to be a more sensiti ve marker of infections than temperature, the e rythrocyte sedimentation
rate ‘ or the white blood cell count, and
rose before evidence of infection in
several cases.
A1though sepsis has been seen with all
available TNF-a antagonists to date ,

‘

Tab le 1. FDA reported cases of opportunistic infeclions associaled with TI F-Q anlagonisls.
Opportunistic ío. fectioo.s

Presentalio o. i o. πported cases

Transmission

Modes of diagnosis

Mycobaclerium luberculosis
(n=374)

Pulmo o.ary
Extrapulmo o. ary (ovcr 4 0% of cases)
Disseminated, Iymph nodes, tonsils, plcura, peritoneal,
meninges ‘ enteric, paravertebral, bone, genitaJ, bladder

Reaclivation
or
Inhalalion of lubcrcle bacilli

.
•
•
•

Hisloplasma caps비alum

Constirutional symploms ‘
Pneumonía: n여비 ar， inlerslílial , BOOP
(*nole: CXR can mimic TB)
Panc)이openia， hepalosplenomegaly

Inhalatíon of conlamínaled soil wilh bal and
guano ín endemíc arcas such as Ihe
Ohío and Mississippi River valleys

• Urine/serum anligen OR
• Culture* ξ 3 specimens improves yield
• Hi slochemistry of líssue or f1 uids with
Gomori melhenamine or Groc이1 silver staíns

Sepsis. 야ophagitís

CornensaJ organism

(n=4 2)

Candidasκcies

bi떠

Lísleria monocytogenes

• +Hyphae 0 0. superficial scraping
of biopsy or b여Y f1 uid

. C비ture

(0.=90)

(0.=38)

TST
Chesl radiograph
Culture specimens
Tissue biopsy (ex lrapulmonary)

Me o. i o. goencephalilis, sepsis. cholecysùtis, brain abscess,
sep l1 c JOlO t

Ingcslion of delícatessen ready-t o-eal meats, soft
cheeses, lurkey frankfurters , gravad or cold-smoked
troul, pale, raw vegelables, raw milk, fish. & poultry

•
•
•
.

Gram staín -variable
Culture a silc typically sterile
Microbial biochemical assays
MRI o dClec brai o. ínvolvement
Culture of spulum. BAL or biopsy
DClection of hyphae i o. spulum
Chesl radiograph
IgG liler delecls colonization

‘

‘

Aspcrgillus fumigalus
(n=39)

Invasivc Pu lmonary aspergillosis

Jnhalalion of Aspergillus sporcs

•
•
•
•

CryplOOOCCUS species

Disseminaled, Pulmonary. Pancyolpenia

Primary inhaJed fungi
Potential source-pigeon droppings or
Reactivalion

• Serum cηplOOα:CaI Ag d잉ectíon
• Cu llure ie bl∞d. urinc, prostale secrelion,
skin , spulum
• 끼ssue methenamine silver, pe디odic acidSchiff. mucicarmi ne slain
(High 0야ning pressure on lumbar puncture,
CSF cryplOCOCCaJ Ag)

Nocardia species
(n= ll )

NOle: Delails of presentalion nOI describcd

Soil-bomc, Iraumalic inocu131ion of s kin , has been
isolaled from secrelions in palienlS wilh COPD

• Biopsy wilh speci외 staining (Brown-Brcnn.
modified Filc)‘ &
• Cu lture

Salmonella species
(n= l l)

Seplicemia

Contaminalcd fo여 or water

• Rose spots
• C uJ lures of SIO이 ， u디 nc， bone marrow, and
gaslric or inleslinal secrelions.

Toxoplasma species
(n=5)

Cenlra.1 Nervous System

OraJ roule, Cat feces
Reaclivalion of lalenl infection or
exogenous sources such as blood or transplanted organs

• Toxoplasma JgM , IgG. IgA lilers
• Isolation of Ihe parasile from blo여 orother
body f1 uids after su b- inoculalion of the
sample i o. lo the pcriloneal cavily of mice.

Brucella species
(n=2)

NOle: Delails of presenlation nOI described

Potenlial sources:
lngeslion of unlreatcd milk or miJk produclS; raw meat
(i.e. , blood) and bone ma.trow.

• Combination of pOlenlial exposurc.
consislenl c1 inicaJ fealures and significanlly
raised levels of Brucella agglulinin
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only two cases of sep디c arthritis have
been reported (37, 38). The first was in
a 12-year-old girl with group A-hemolytic sπeptococci ， mullifocal sep디c arthritis, and osteomyelitis, whose left
toe abscess recurred despite surgical
drainage, appropriate antibiotics, and
discontinuation of etanercept. The second was a case of bilatera1 septic hip
arthritis with Staphylococc따 aureus in
a 27-year-old woman who had an 11year history of RA , after treatment with
4 months of etanercept. Currently, no
clinica1 studies have been conducted in
patients with RA who were taking biologics to establish perioperative guideIi nes. Given the potential risk of septic
arthritis and the indeterminate effect on
wound healing, withholding biologics
1 week before and after surgery may be
prudent (39, 40).
Lymphoma
An increased incidence of Iymphoma
among patients with RA had been reported ranging from 2 to 25-fold , even
before the introduction of TNF-a antagonists (41-48). To what extent the disease a1 0ne and/or concomitant therapies
such as azathioprine and methotrexate
(49, 50) may contribute to this increased risk has not been well delineated.
Brown et al. (51) reviewed MedWatch
reports of 26 cases of Iymphoma
through December 2000 in patients
who were treated with infliximab from
May 1999 and in patients treated with
etanercept from November 1998. The
main indication for treatment was RA ,
followed by Crohn’s disease, and psoriatic arthritis. From these data, a crude
extrapolation of the Iymphoma incidence for etanercept was 19 cases per
100,000 persons treated. For infliximab, a crude rate of 6.6 cases per
100 ,000 persons treated was calc비at
ed. These rates alone do not indicate an
increased risk for developing Iymphoma with TNF-a antagonists , because
the annu a1 incidence in the general
population is 24.8 per 100,000 for men
and 17.7 per 100,000 persons for women (52). Furthermore , coínparing such
rates is difficu]t due to an imprecise estimation of patient drug exposure used
to calculate the incidence rates.
Despite the low rates, salient features
$-111
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in these cases raised concern. Fìftyfour percent of the patients developed
Iymphoma wìthin 8 weeks of initìatìon
of treatment, and regressìon of Iymphoma occurred ìn 2 patients whose only
ìnterventìon was discontìnuation of
medication, one with etanercept and
one with inflixìmab (51). Three deaths
occurred , 2 in patìents wìth fulmìnant
recurrence of lymphoma that had been
ìn remissìon. ln an addendum to this
article, 68 new cases of "probable/possible" medication-associated Iymphoma were reported to MedWatch during
November 2001 to September 2002.
Information conceming the risk of Iymphoma in patients treated with TNF-a
antagonists was reviewed at an Arthritis Advisory CommiUee meeting in
March 2003 (1). Nine cases of Iymphoma occurred among 3 ,389 patients
treated with etanercept in clinical trials,
including patients in extension studies ,
treated for a median of 2.2 years, resulting in a standardized incidence ratio of 3.47 (95% CI, 1.58 to 6.59). For
infliximab , 4 cases were observed
among 555 patients with RA in the
ATTRACT lrial (standardized incidence ratio, 6.35; 95% CI , 1.73 to
16.26) and 2 cases occurred in Crohn’s
disease πi a1s (standardized incidence
ratio, 8.7; 95% CI, 1. 05 to 3 1.41). For
ad a1 imumab, 10 cases were reported
over the 24-month clinical trial among
2,468 RA patients (standardized incidence ratio , 5 .4; 95% CI, 2.6 to 10.0).
Comparing these incidence ratios is
complex because of the absence of definitive information conceming lymphoma incidence ratios in the RA population (41 -47). Three studies have been
cited frequently to mitigate concems
about potential increased incidences
with the biologics. A study by Baecklund et al. (44) demonstrated a 25.8fold increased risk for Iymphoma in
bi 이 ogically naïve RA patients with
high disease activity. The 95% conference interv a1 s CI for this odds ratio,
however, were extremely wide (3.1 to
213.0) , suggesting that more data are
needed before definitive conclusions
may be drawn. A study by Prior et a l.
(42) reported a 23-fold increased risk
for Iymphoma in RA patients. Because
this involved a sm a11patient population

l Ikn이jt;’”‘l 써、 ‘’ r hi 삐
treated at a tertiary referral center, referral bias may have influenced the reS비 ts. Lastly, in a 1994 study by Wolfe
and Fries (53) , a correction was made
in the incidence death rate for leukemi a/lymphoma in RA patients, reducing it from 8.02 to 1.7 8.
An important concern raised at the
FDA Advisory Commiuee meeting in
March 2003 was the absence of Iymphoma in comparator groups in clinical
trials of etanercept, infJiximab, and adalimumab, although this suggests that
the biologic agents increase the risk of
Iymphoma because the control group
of RA patients with parallel disease activity not treated with TNF-(l antagonists had a lower incidence. One rationale is that the control groups were considerably smaller and were followed
only for brief periods. Therefore, the
increased number of Iymphoma cases
in patients lreated with TNF-(l antagonists could have been the result of
chance. Further data, including careful
longitudinal assessment of treated patients, are required and are being collected to clarify the risk of Iymphoma
with TNF-(l antagonists (4).
Systemic lupus erythematosus-Iike
syndromes
Systemic lupus erythematosus-like syndromes and autoimmune serology conversion has been desc매ed with all the
TNF-(l antagonists. Of the confirmed
cases of etanercept-associated systemic
lupus erythematosus (SLE) from November 1998 to February 2002, 12 of 13
patients had complete resolution of
symptoms by 1 to 4 months after discontinuation of the biologic agent (54).
A caveat is the difficulty in detecting
TNF-(l antagonist-induced SLE because these features may be misinterpreted as symptoms resulting from RA
(55). In a few recently reported cases of
drug-induced SLE, patients initially
had 。이때ve evidence of RA but vague
symptoms and serologic findings typical of SLE. Treatment with TNF- (l antagonists appeared to lead to the progression of subtle SLE mani festations
(56) , causing re-evaluation of the original diagnosis of RA.
Although monitoring of autoantibodies
may be important, the predictive value

of seroconversion while taking biologics for developing SLE still needs to be
determined. In a one-y않r randomired ,
controlled trial of RA patients treated
with inniximab, antinuclear antibodies
were detected in 29% of the patients
before and in 53% after treatment, and
approximately 10% of the patients deve loped IgM anti-dsDNA antibodies
(pre-treatment anti-dsDNA levels were
not reported). However, only one patient with 외 1 three isotypes (lgG, IgM,
and IgA anti-dsDNA) was observed to
develop a reversible lupus syndrome
(57).
Positive dechal1enge and rechallenge
cases are the strongest evidence that
these TNF- (l antagonists induce features of SLE (54,58). One proposed explanation for the development of autoantibodies is that administration of antibodies to TNF-(l on the cell surfaces
leads to apoptosis releasing nuclear
antigens that promote the formation of
antinuclear antibodies (57).
Heart failure
Questions have arisen conceming the
possibility that TNF- (X antagonists may
cause new congestive heart failure
(CHF) or worsen pre-existing disease
(6). In clinical trials of infliximab for
CHF, mortality and hospitalizations for
heart failure were increased ( 1). A report from the MedWatch database described 47 cases of heart failure after initiation of TNF- (X antagonists (59).
These cases in cI uded new onset or exacerbations that were diagnosed a median of 3 .5 months and 4 months respectively after the initiation of therapy. New-onset heart failure without a
known 다sk factor occurred in 19 (50%)
ofthese pa디ents with a median ejection
fraclion of 0.2 (range, 0.1 to 0 .45). For
the 10 patients under age 50, 9 had stopped the TNF-(l antagonist and received
treatment for heart failure. Three patients completely resolved , 6 patients
P따U외 Iy resolved, and one patient died.
Despite the temporal association , no
definitive conclusions can be made because coincidental occurrence cannot
be ruled out with this small number of
case se끼es (59).
In response to the FDA warning of cases of heart failure in patients treated

S-112

with etanercept or infliximab, Wolfe et
al reviewed their National Data 8ank
for cases of heart f，밍 lure in patien잉 with
RA. The most relevant information
gleaned from this data is that there
were no incidents of heart failure in
1,569 patients who were less than 50
years old and treated with TNF-(X antagonists. However, heart failure associated with TNF-(X antagonists appears
to be a rare event , with on ly 47 cases
reported to the FDA among approximately 270 ,000 patients exposed to
TNF-(X antagonists. Furthermore‘ there
was a strong temporal associalion in
the cases reported by the FDA , as the 9
patients who had no predisposition to
cardiac disease had resolution of their
depressed ejection fractions after withdrawal , as well as treatment for heart
faHure. Detection of cases of heart failure may have been Iimited , as 8% of
their pop비ation declined to participate
in the study. Approximately 0.017% of
the FDA database patients developed
heart f.히lure. (60)
Because TNF- (X is important for viral
cI earance (61 , 62), a possible explanation for congestive heart failure in patients without a history of heart disease
might be that myocardial decompensation is secondary to viral myocarditis.
A study with TNF-deficient mice demonstrated decreased survival after infection with encephalomyocarditis virus , res비ting from viral defects in cI earance from the myocardium (63 , 64).
Survival improved wilh the administration of recombinant human TNF-α
These find ings suggest that viral myocarditis may develop during treatment
with TNF-(l antagonists. Furlher evaluation for viral infection may help characterize new cases of heart failure in
patients treated with TNF-(l antagoßlsts.
Demyelination
Twenty cases of patients developing
neurologic symptoms with accompanying demyelination on MRI scans have
been reported to the FDA database as a
TNF- (X antagonist-associated adverse
event (4, 65). Although this complication has been attributed to possible precipitation of a multiple sclerosis-like demyelinating syndrome ‘ a brain biopsy
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from one index case demonstrated leukoencephalopathy. The pa디 ent’s symptoms and progressive lesions on MRT
were consistent with progressive multifocal leukoencephalopathy. Th is report
raises an int디guing possibility: namely,
that some cases categorized as multiple
sclerosis-like demyelinating syndromes
could in fact represent progressive multifocalleukoencephalopathy. Th e organism responsible for progressive multifocal leukoencephalopathy is human
JC papovavirus, which can be detected
in the cerebrospinal fluid by the polymerase chain reaction (66-69). Cases of
"demyelination syndrome" will require
careful analysis to determine the etiology of the symptoms , and increased
scrutiny is necessary to exclude progressive multi-focalleukoencephalopathy.
Conclusion
The introduction of TNF-antagonists
has been a major advance for patients
with inflammatory arthritis. The overall safety of these agents appears to be
comparable to traditional DMARDs.
However, pa디ents may be at a small
but increased risk for specific serious
adverse events such as tuberculosis , opportunistic infection, and possibly lymphoma. In general , the perception by
many patients and physicians that these
agents also offer greater therapeutic
benefit with respect to symptoms, quality of life and retardation of disease
progression, has led to the widely held
view that the benefitlrisk ratio for TNFblockers is posi 디 ve despite a s mall possibility of an increase in serious adverse events.
Ongoing surveillance is crucial to define accurately the incidences of adverse events, with a particular focus on
Iymphoma. Pharmaceutical companies ,
working with the FDA , have developed
pharmacovigilance programs to collect
data in c1 inical trials and registries for 3
to 10 years with pr이 ected enrollments
of 600 to 5000 patients per program
(70), in addition to efforts by rheumatologists such as the National Database
for Rheumatic Diseases under leadership ofDr. Frederick Wolfe, and the AJberta Pharmacosurvei l1 ance Program
under leadership of Dr. Walter Maksy-

mowych (71). y，이 untary health care
professional reporting is also making a
key contribution to s urveillance via the
FDA MedWatch progr없n. Anticipating
and identifying complications early
should decrease the frequency and severity of adverse events and improve the
overall safety of these highly effective
agents.
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Cns~ R~port: A 51-year-o ld man 、쩌s referrcd for esophago월$
Irodu。denoscopy on the basis of microcyIic anemia- The parienI’s

peninenc medical hisrory included end-stage rcn :tl diseasc secondal)’
co poly양stic kidney disease leading ro cadaveric rcna.l cransplanracion
in 1996. cercbral ancurysm rcquiring surgical rcpair. hyper <cnsion.
and obsrrucrive sleep apnea. Idiopathic angiocdema had been diagnosed l l monIhs earlier on rhe basis or Iypi@l sympIOms m d nor민al r야비 [S on C I csrcrasc inhibiror and c4 ass웹 pcrforr뼈 during
tne acme eplSOde.
Medicarions ar che rime of rhe procedure werc doxazosin. racrolimus. arcnolol. prcdnisonc, crythropoiccin. furosc l1l idc. hydralazine. and sirolimus. Hyd ra.lazinc. crythropoierin. and sirolimus had
bccn addcd 、이chin chc prcvious 2 monrhs. T hc paricnc h:td undcrgonc colonoscopy 3 days earl ier for <he same indication; for thar
procedure, hc receivcd intravcnous fenranyl and midazo l:t m. Divcrriculosis was norcd, and no cO l1l plicarions follo \Vcd rhc proccdurc.
A prescntalÎon for uppcr endoscopy, the patienr h:td no unusual symproms co rcporr. Findings on physical exanlinacion pcr&띠ed bcforc rhe proccdure \Vcre unrc l1l arkablc. An experie짜d
endoscopy nurse adminisrered lWO brief sprays of20% benzocaine 10
rhe oropharynx. Conscious sedarion was rhen adminisrered inrravenously (Jlljdazolam , 5 mg, and fcnranyl , 125 μ밍. The esophag따 was
inrubalcd 、，vithouc di fTi culcy. Erosive csoph:tgiris 、V3S found ac endoscopy, :t nd no biopsies or other inrcrvencions werc pcrformcd.
The iniri:tl re∞very period 、，vas unevemful. Howevcr. approxiIllarcly 1 hour afcer thc proccdurc concludcd, rhc pa니cnt ， 배ile in
rhe rccovcry area, reporrcd dysphagia and $wclling of thc rongue rhar
rapidly spread tO the ncck and pcriorbital 따'ea. He djd n야 reporr
prufltus or rcspirarory sympcoms. Physical cxamin :tlion now showcd
obvious macroglossia. pcriorbiral and Iabial edclna. and nonpicring
edema of me neck Nasopliaryngoscopy showed mud phafyng@|
edem:t. T he p:t ricnc rapidly improved aftcr raking H 1- and H.l-blockeπ in combinarion with inrravenous sreroids. He rccove뼈 ‘,\,ithour
incidcnt and 、V3S doing well whcn sccn in follow-up 1 ‘,vcck lacer.
COllcLusion: This casc of angiocdcma occurring in thc conrcxr of
upper endoscopy 、vas probably due to adminisuurion of ropical ben
zocainc spray. Allhough midazol :t m 、，vas lhoughl co be rhc C3l1SC in
rhe only othcr known rcporrcd αsc of :mgiocdcma during upper
endoscopy, the authors did nor repocr on chc 따e of ropical anesthelics ( 1). O ur palÎcnr receivcd both midazolam and fcnranyl on scveral
previous occasions wi hou r advcrse s여 uel:tc.
This ease reporr rniscs rwo imporranr issucs. Firsl, dinicians and
p:t뼈 rs sh。이d bc :t、V3rc of this potcntial compli C3 rion. Pril씨η C3 rc
physici :t ns referring paricnts for uppcr cndoscopy should inform thc
gasrroinrcsrinal consulranr of rhis relevanr mcdical hisrorv if ir is
pr앙Cnt. Li kewisc, rhe cndoscopisr and pa따nr should remain vigilanr
for symptoms suggescive of angiocdcma following lhe proccdure. Ir is
also imporram ro nore rh :t t thc dcvelopmcnt of symproms may bc
delayed, as suggcsrcd by rhcir onSCl ncarly 1 hour afrcr endoscopy in
。ur paticnr. Second. as 、얘s recently su앓esled by Gunaratnam and
associarcs (5) , cndoscopisrs should rcconsidcr thc routine adminisrrarion of ben zoe:t ine. Topi C31 ancsthcsia ∞uld be providcd with vis∞us lidoC3 ine or possibly cvcn ab:tndoncd alrogcthcr in palienrs
rccciving inrravcnous scd:uion.
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Severe Neutropenia and Thrombocytopenia Associated with
Infliximab
TO THE EDITOR: 8nc，썽'011’'Id. InAiximab, a monoclonal anli- rumor
nccrosis (ñ clor (TNF)-a :mribod)'. has reccndy bccn approvcd for
lrearmcnr of rhcumaroid arthri따 (1 , 2). To dalc, rhcrapy with this
drug has been assOci :tlCd 、이 th fc、v :tdvcrsc cvems (3-5).
Objmivt: To dcscribc a paricnr who devclopκ1 severe neu rropcnia and thrombocyropcnia afrer adminisrration of inRiximab.
Cnst R~porl: A 60-yc:t r-old woman had dcvelopcd rheu l1l aroid
arthritis in her forrics. Shc had reccivcd many drugs, induding nonslcroidal ami-inR :t mmarory drugs, slcroids, chloroq Jine, cyclophosphamidc. 3nd mcrhotrcxarc (lIP 10 15 mglwk), 、이th good hCIl1:t rologic rolerance bur poor clinical rcsults. The diseasc pr앵resscd
markedly, and by thc beginning of 2001 , lhe pa[Ì cnr rcquired assislancc wirh activirics of daily living. Shc 、얘s recciving indomerhacin,
150 mgld. and ιmcthylprcdnisolonc. 12 mgld; rrealmenr 、이 rh iml1l unosupprcssivc drugs h:t d becn disconrillucd scvcral monrhs beforc. Jn Junc 2001 , inrravcnous inRi.xilll:t b 、vas srarted (aftcr
I-momh prclrcatmenr wirh mcthotrcxare. 7.5 mglwk) ar doses of 3
mg/kg of body wcighc ar \Vceks 0, 2, and 6 , and cvcry 8 wccks
thereaftcr.
0wing thc sccond dose of inAiximab, rhc palienr improved m:trkedly. BI∞d ccll coun rs, assesscd before 뼈 dose of
inAiximab, rcmained norma l.
One wcck aftcr thc third inAiximab dose. the paricnr was admirrcd ro thc hospi t:t l bCC3 USC of fcvcr. chills. and skin hcmorrhagcs.
Iir。found neurropenia and linombocyIopenia werc noted (Figure),
:t nd bonc marrow cxamination indi C3 rcd hypoplasia. Me비01타xace
센d inRixin뼈 therapies wcrc disconrinued. and ccfcpilllc and granUlocylC macrophagc colony-srimulating rncror wcre st:l rted. The cy_
lopcnias rccovered in 10 days. Rcsults of microbiological cxaminatlons werc ncgarivc. La rer, rcsults of initial and rcpcatcd laborarory
띤d ics and tCSts for 뼈er C3 USCS of cytopenia (sys
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'1: I nAix씨11…Illab is a monoclonal anri-TNF-a antibodv
and rcpr，않nrs onc of 바e l:t tCSl and mOSl promising 3d째 nccs for
trcating inflammarory diseascs th.at arc refrnctory ro currcllt srandard
mernpy. To darc. inRiximab has bcen uscd ro rrear rhcumatoid arthriris (1) :lI1d Crohn diseasc (6). Main adversc cffccrs rcporred by
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Figllre. Blood cell counts before and during treatm ent with
inflixima b.
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To convcrr hcmoglobin valucs ro glL, mul.~iply by 10. To converr plarclec counts and granulocyre counrs 10 X 10" cells/L, mulriply by 0.001.
pharmaceutical companies and medical journals are hypersensitive
reactions (3), development of 3ntinuclcar antibodies (3) , possibly
Iymphoproliferarive disorders (3). and reactivation oflarenr rubcrculosis (4 , 5). Serious hemacologic reactions have been rcporced ln
parienrs Ircatcd 、.vith eta neκepr (기， a recombinanr human TNF-a
r야epror chat renders TNF biologically inacrivc. Howevcr, ro our
knowledgc , no prcvious inAiximab-relared hemarologic roxiciry has
bccn rcporred. In our paric t1(, rreatmcnr wirh mcrhorrexace could
have played a role in the development of the cyropenias. bur rwo
facrs arguc againsc rhis. Firsc, the paricnt had rcceivcd mcrhorrcxarc
in rhe pasr, cvcn ar highcr doscs , 、.vich good hemacologic rolerancc,
and second, the tO cal dose lhar she received 、왜S tOO low tO induce
ncurropcnra.

Fr'Olu: http://murals.or'gI by a T he British
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Thc causal rcJ arion bcrwecn TNF-a blockadc and bonc marrow
hypoplasia is undcar. H。、，vcvcr， sincc TNF-a cxcrrs irs physiologic
and immunc funcrions lhrough irs abiliry ro rcgularc somc proinflammarory cyrokines, such :lS inrerleukin (1니-1 ， 1L-6, IL-8. and
granulocyre macrophage colony-srimularing Iàcror, ir is rhcorerically
conceivable rhar irs blockade could induce bone marrow fuilure by
blocking s<cm-ccU diffcremiarion (8). Jn facr, ca.rly rrials of infliximab documcnrcd a rapid dccrcase in Icvels of IL-Iβ， 1L-6, and
TNF-a Rl and R2, all of which are cyrokincs r.har play a rolc in
srcm-ccll d i따rcnriarion. T hercforc, we think rha< nemropen ia and
thro l11 bocyropenia in our parienr were p robably due ro inAiximab, or
were ar leasr relared ro che combination ofin8iximab and methotrexarc, and shou.ld be addcd ro thc adversc eJfcCts of this drug. Although
this is an 뻐ccdo떼 casc rcporr, c1 inicians and paricnrs should bc
3warc rhar ncw-onse < fcver in 3 paticm bcginning a lrcarmcnr rcgimcn conraining infliximab rcquircs a complcrc blood ccll COU Ill ro
cxdudc ncurropcnia.
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