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Objective: To determine the safety profile of anakinra after extended exposure in a diverse clinical trial
population of patients with rheumatoid arthritis.
Methods: A six month, randomised, double blind phase comparing anakinra (100 mg/day) with placebo
was followed by open label anakinra treatment for up to three years in patients with rheumatoid arthritis.
Concomitant non-steroidal anti-inflammatory drugs, corticosteroids, and other disease modifying
antirheumatic drugs were permitted.
Results: In all 1346 patients with rheumatoid arthritis received anakinra for up to three years. Patients had
varying levels of disease severity, concomitant drug use, and comorbid conditions. Cumulative, exposure
adjusted event (EAE) rates for all adverse events (AEs), serious AEs, and deaths were similar during each
year of anakinra treatment; the overall rate (0 to 3 years) was similar to that observed for controls during
the blinded phase. The most frequent AEs were injection site reactions (122.26 events/100 patient-years),
rheumatoid arthritis progression (67.80 events/100 patient-years), and upper respiratory infections
(26.09 events/100 patient-years). The EAE rate of serious infections was higher for patients treated with
anakinra for 0 to 3 years (5.37 events/100 patient-years) than for controls during the blinded phase (1.65
events/100 patient-years). However, if the patient was not receiving corticosteroid treatment at baseline,
the serious infection rate was substantially lower (2.87 event/100 patient-years). The overall incidence of
malignancies was consistent with expected rates reported by SEER. Neutralising antibodies developed in
25 patients, but appeared to be transient in 12; neutralising antibody status did not appear related to
occurrence of malignancies or serious infections. There were no clinically significant trends in laboratory
data related to anakinra.
Conclusion: Anakinra is safe and well tolerated for up to three years of continuous use in a diverse
population of patients with rheumatoid arthritis.

A
nakinra (recombinant methionyl human interleukin 1
(IL1) receptor antagonist (r-metHuIL1ra)), a recombi-
nant form of the naturally occurring IL1ra, acts as a

specific blocker of IL1 signalling. Preclinical studies showed
reduced inflammation and joint damage in various animal
models of rheumatoid arthritis.1–3 Subsequent human trials
have demonstrated the efficacy and safety of anakinra in
diverse populations with active rheumatoid arthritis: as a
single agent, anakinra resulted in significant improvement in
symptoms4 5 as well as inhibition of radiographic progres-
sion.4 6 Symptomatic improvement was also observed for
anakinra used in combination with methotrexate.7

To provide a comprehensive analysis of long term safety of
anakinra, a large, international, multicentre trial was con-
ducted in a broad variety of patients. This sample was
intended to reflect the population of typical patients treated
at rheumatology clinics. Data from the double blind phase of
this study were reported previously and showed similar
overall frequencies of adverse events and deaths for anakinra
treated and placebo treated patients, except that the
frequency of serious infections was somewhat higher for
anakinra treated patients.8 Post hoc analyses revealed that
safety outcomes among patients with comorbid conditions
who were considered at high risk for the occurrence of
adverse events9 and among those who used concomitant
corticosteroids, non-steroidal anti-inflammatory drugs
(NSAIDs), and disease modifying antirheumatic drugs
(DMARDs)10 were similar to those reported for the overall
cohort. The current report describes the safety of anakinra for

durations of up to three years of treatment during the open
label extension phase of the study.

METHODS
Study design
The institutional review boards or ethics committees of all
participating centres approved the protocol. The study
comprised an initial six month, randomised, double blind
phase comparing anakinra (100 mg/day) with placebo,
followed by an open label phase open to all patients who
completed the randomised phase. In the open label phase,
patients received anakinra (100 mg/day) for up to 30 months.
Thus patients originally assigned to anakinra received
anakinra for up to 36 months. The study drug was
administered as daily subcutaneous injections, either by the
patient or by a caregiver.

Use of concomitant NSAIDs, corticosteroids, and DMARDs
was permitted during the study, with the provision that the
doses had been stable for one month (NSAIDs and
corticosteroids) or two months (DMARDs) before randomi-
sation. Treatment with tumour necrosis factor inhibitors was
not permitted. Doses and combinations of concomitant drugs
were determined by the treating physician and could be

Abbreviations: DMARD, disease modifying antirheumatic drug; EAE,
exposure adjusted event; IL1, interleukin 1; IL8, interleukin 8; NSAID,
non-steroidal anti-inflammatory drug; SEER, surveillance, epidemiology,
and end results database (National Cancer Institute); SIR, standardised
incidence ratio
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modified if clinically indicated. Dose modifications were not
permitted for anakinra; in the case of an adverse event that
prevented administration of a full dose, anakinra was
withheld until symptoms resolved.

Study visits were conducted on day 1, week 1, months 1, 3,
6, 7, and 9, and then every three months until month 36, and
at discontinuation for patients who withdrew early. Adverse
events were coded by preferred term and body system
according to the World Health Organisation (WHO) Adverse
Reaction Terminology dictionary. Serious infections were
defined as infections that met the definition of a serious
adverse event, including hospital admissions and the use of
intravenous antibiotics. Opportunistic infections were identi-
fied in accordance with guidelines of the US Centers for
Disease Control (CDC).11 Laboratory values were assessed
using the WHO toxicity grading criteria.

Patients
Eligible patients were >18 years of age, had been diagnosed
with rheumatoid arthritis based on American College of
Rheumatology 1987 diagnostic criteria three months or more
before study entry, and had active disease, defined as the
presence of three or more swollen joints and three or more
tender/painful joints, or >45 minutes of morning stiffness.
Patients with the following uncontrolled medical conditions
were excluded: diabetes with HbAlc .8%; white blood cell
(WBC) count ,26109/l; neutrophil count ,16109/l; platelet
count ,1006109/l; aspartate transaminase or alanine trans-
aminase >1.5 times the upper limit of normal; malignancy

other than basal cell carcinoma of the skin or in situ
carcinoma of the cervix within the previous five years;
hepatitis B or C virus or HIV. Women were excluded if they
were pregnant or breast feeding or were unwilling to use
adequate contraceptives. All patients provided written
informed consent before any study procedures were under-
taken.

Antibody assays
Serum samples were drawn at months 3, 6, 9, and 12, and
then every six months until month 36, and at the final study
visit for patients who withdrew early. Samples were assayed
for the presence of antibodies against anakinra using an
enzyme linked immunosorbent assay. Samples with a
positive result were subjected to a confirmatory biosensor
assay (BIAcore 3000) and then analysed for the ability to
neutralise anakinra induced inhibition of IL1b induced IL8
production in COS-1 cells.

Statistical methods
This safety analysis included all patients who were rando-
mised and received at least one dose of anakinra. The primary
safety end points were rates of all adverse events, serious
adverse events, deaths, and serious infections, and the
percentage of patients who withdrew from the study because
of an adverse event. Rates of adverse events that occurred
during treatment or within 30 days of stopping anakinra
were analysed as cumulative exposure adjusted event (EAE)
rates (number of events/100 patient-years of exposure).

Table 1 Baseline characteristics of patients in the double blind and open label study
populations

Variable
Double blind Open label
(n = 1399) (n = 1103)

Demographics
Female (n (%)) 1045 (74.7) 819 (74.3)
Age (y) (mean (range)) 55.2 (19 to 85) 54.8 (19 to 85)
White race (n (%)) 1235 (88.3) 985 (89.3)

Disease status (mean (range))
Time since diagnosis of RA (y) 10.3 (0.2 to 59.5) 10.2 (0.2 to 59.5)
Tender/painful joint count 22.6 (0 to 68) 22.2 (0 to 68)
Swollen joint count 18.7 (0 to 66) 18.2 (0 to 66)
C reactive protein (mg/dl)* 2.67 (,0.1 to 25.6) 2.52 (,0.1 to 25.6)

Concomitant drug treatment (n (%))�
DMARDs 1090 (77.9) 888 (80.5)
Methotrexate 748 (53.5) 619 (56.1)
Corticosteroids 814 (58.2) 654 (59.3)
NSAIDs 1223 (87.4) 975 (88.4)

*C reactive protein values below detection limit are set at 0.09 for calculation of summary statistics.
�Numbers of patients are not additive, as many used more than one concomitant drug.
DMARD, disease modifying anti-rheumatic drug; NSAID, non-steroidal anti-inflammatory drug; RA, rheumatoid
arthritis; y, years.

Table 2 Overall cumulative exposure adjusted event rates for adverse events

Adverse event

EAE rate on exposure to anakinra* (No of events per 100 patient-years)

Placebo� 0 to 1 y 0 to 2 y 0 to 3 y
(E = 120.9) (E = 1041.8) (E = 1754.8) (E = 2273.0)

All AEs 1029.4 990.0 779.2 689.8
SAEs 22.3 26.5 27.7 27.1
Serious infections 1.6 5.2 5.5 5.4
Deaths 0.8 0.6 0.6 0.7

*Cumulative EAE rates in the specified period for 1116 patients randomly assigned to anakinra (873 of whom
continued treatment during the open label extension) and 230 patients randomly assigned to placebo who received
at least one dose of anakinra during open label.
�Cumulative exposure adjusted event rates for patients who received placebo during the randomised, double blind
phase.
AE, adverse event; E, number of patient-years of exposure; EAE, exposure adjusted event; SAE, serious adverse
event; y, years.
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The incidence of malignancies (excluding basal and
squamous cell carcinomas of the skin and all in situ
malignancies other than those of the urinary bladder, which
are included with other urinary system cancers) among
patients treated with anakinra was compared with that of the
general population, using data from the National Cancer
Institute surveillance, epidemiology, and end results (SEER)
database.11 Standardised incidence ratios were adjusted for
age, sex, and race.

RESULTS
Patient characteristics and exposure to anakinra
In all, 1346 patients (1116 randomly assigned to anakinra
and 230 randomly assigned to placebo) received at least one
dose of anakinra and are included in the current analysis.

Most patients in the open label cohort were white (89.3%)
and female (74.3%). At study entry, the majority of patients
were using NSAIDs (88.4%), corticosteroids (59.3%), or
methotrexate, either alone or in combination with other
drugs (56.1%). Slightly less than half were using DMARDs
other than methotrexate (49.0%). These characteristics were
similar to those observed in the entire randomised cohort
(table 1).

Including double blind treatment, 1346 patients completed
(1 year of treatment with anakinra, 835 completed .1 year
and (2 years of treatment, 627 completed .2 and ,3 years
of treatment, and 510 completed 3 years of treatment. The
estimated total exposure to anakinra was 1041.8 patient-
years after 12 months, 1754.8 patient-years after 24 months,

and 2273.0 patient-years after 36 months. Patient compliance
to the daily injection schedule was excellent: the average
frequencies of missed injections were 4.63%, 5.13%, and
5.33% for years 0–1, 0–2, and 0–3, respectively.

Adverse events
In all, 15 680 adverse events were reported by 1295 of the
anakinra treated patients (96%), including 616 serious
adverse events in 370 patients (27%), of which 122 were
serious infections in 105 patients (8%). As shown in table 2,
cumulative EAE rates for serious adverse events and deaths
among anakinra treated patients were similar during years 0–
1, 0–2, and 0–3; these rates also were similar to those
observed for placebo treated patients during the double blind
phase of the study. The cumulative rate of serious infections
for years 0–3 was low (5.4 events/100 patient-years) and
relatively constant for each year of anakinra treatment. The
average risk for overall adverse events did not increase with
longer durations of anakinra exposure.

Over the entire period of anakinra treatment, 389 patients
(28.9%) discontinued treatment because of adverse events,
including disease progression, or death. The cumulative rates
for withdrawal for adverse events—including events of
disease progression—decreased over time (events/100
patient-years were 47.23 for years 0–1, 33.28 for years 0–2,
and 28.07 for years 0–3); by the second year of treatment,
they were comparable to the rate observed for placebo
subjects during the six month blinded phase (33.90 events/
100 patient-years). The most common event leading to

Table 3 Cumulative exposure adjusted event rates for the most frequent adverse events*

Adverse event

EAE rate on exposure to anakinra� (No of events per 100 patient-years)

Placebo` 0 to 1 y 0 to 2 y 0 to 3 y
(E = 120.9) (E = 1041.8) (E = 1754.8) (E = 2273.0)

Injection site reactions 135.60 260.12 157.80 122.26
RA progression 122.37 77.46 72.43 67.80
URTI 58.70 33.88 27.81 26.09
Headache 32.25 35.52 23.31 19.05
Arthralgia 19.02 16.41 15.44 13.77
Sinusitis 18.19 15.65 13.16 12.80
Nausea 19.02 20.25 (14.82 12.45
Diarrhoea 16.54 17.09 12.88 11.26

*Adverse events occurring at rates of >10 events per 100 patient-years.
�Cumulative exposure adjusted event rates in the specified period for 1116 patients randomly assigned to
anakinra (873 of whom continued treatment during the open label extension) and 230 patients randomly assigned
to placebo who received at least one dose of anakinra the during open label extension.
`Cumulative exposure adjusted event rates for patients who received placebo during the randomised, double blind
phase.
E, number of patient-years of exposure; EAE, exposure adjusted event; RA, rheumatoid arthritis; URTI, upper
respiratory tract infection, y, years.

Table 4 Cumulative exposure adjusted event rates for the most frequent serious adverse
events and serious infections*

Adverse event

EAE rate on exposure to anakinra� (No of events per 100 patient-years)

Placebo` 0 to 1 y 0 to 2 y 0 to 3 y
(E = 120.9) (E = 1041.8) (E = 1754.8) (E = 2273.0)

RA progression 4.96 1.73 2.74 2.90
Fractures 0.83 0.86 1.08 1.19
Pneumonia 0.00 1.25 1.25 1.28

*Most frequent serious adverse events or infections were those occurring at rates of >1.0 event per 100 patient-
year for the 0–3 year period.
�Cumulative exposure adjusted event rates in the specified period for 1116 patients randomly assigned to
anakinra (873 of whom continued treatment during the open label extension) and 230 patients randomly assigned
to placebo who received at least one dose of anakinra during the open label extension.
`Cumulative exposure adjusted event rates for patients who received placebo during the randomised, double blind
phase.
E, number of patient-years of exposure; EAE, exposure adjusted event; RA, rheumatoid arthritis; y, years.
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withdrawal was injection site reactions (9.46 events/100
patient-years). During year 0–1, 199 patients withdrew
because of injection site reactions, but only five patients
withdrew for this reason during year 1–2 and none during
year 2–3. Progression of rheumatoid arthritis was the
second most common event leading to withdrawal (4.88
events/100 patient-years); the next three most common
events leading to withdrawal (headache, cellulitis, and
pneumonia) all occurred at cumulative rates of ,1 event/
100 patient-years.

Adverse events with the highest cumulative EAE rates
during 0–3 years of anakinra exposure were injection site
reactions (122.26 events/100 patient-years), rheumatoid
arthritis progression (67.80 events/100 patient-years), and
upper respiratory infections (26.09 events/100 patient-years)
(table 3). The cumulative EAE rates of injection site reactions,
rheumatoid arthritis progression, and upper respiratory tract
infections decreased during each year. Headaches, arthralgia,
sinusitis, nausea, and diarrhoea all occurred at rates of (20
events/100 patient-years. Each of these overall event rates
was lower than that observed for placebo treated patients
during the double blind phase.

The most frequent serious adverse events and serious
infections (EAE rates of >1 event/100 patient-years) were
rheumatoid arthritis progression, fractures, and pneumonia
(table 4). In addition, serious infection rates of anakinra
treated patients receiving corticosteroids at baseline were
compared with rates of anakinra treated patients not
receiving corticosteroids at baseline (table 5). Anakinra
treated patients receiving concomitant corticosteroid treat-
ment at baseline were much more likely to experience a
serious infection (7.13 events/100 patient-years (with corti-
costeroids) v 2.87 events/100 patient-years (without corticos-
teroids)). This phenomenon was mirrored in the two most
frequently observed types of infection in both classes:
pneumonia (1.5 events/100 patient-years (with corticoster-
oids) v 0.96 events/100 patient-years (without corticoster-
oids)) and cellulitis (1.2 events/100 patient-years (with
corticosteroids) v 0.21 events/100 patient-years (without
corticosteroids)). The rate for serious cases of rheumatoid
arthritis progression increased during each successive year of
treatment, but all were lower than that observed for placebo
treated patients during the double blind period. Rates for
serious fractures, serious cases of pneumonia, and serious
cases of cellulitis were relatively constant.

Other clinically important infections
Episodes of sepsis (a common terminology criterion of
>grade 3) were infrequent, although cumulative EAE rates
showed progressive increases with continued anakinra
exposure: rates for serious episodes of sepsis were 0.10,
0.28, and 0.35 events/100 patient-years for the 0 to 1 year, 0
to 2 year, and 0 to 3 year intervals of the study. Three patients
died because of sepsis.

Three distinct events meeting the CDC definition of
opportunistic infections were observed in three female
patients, all over 55 years of age. One event, diagnosed as
an atypical mycobacterial infection, occurred approximately
19 months after initiation of anakinra treatment in a patient
who had a history of reflex sympathetic dystrophy and was
receiving concomitant prednisone and methotrexate. The
second event, histoplasmosis, occurred approximately five
months after initiation of anakinra treatment in a patient
who had a history of cholecystectomy, appendectomy,
and occasional indigestion. The third event, candida oeso-
phagitis, occurred approximately 2.5 years after initiation
of anakinra treatment in a patient with a history of
gastro-oesophageal reflux and cirrhosis who was receiving
concomitant prednisone.

Deaths
Fifteen deaths occurred during the 0 to 3 year period of
treatment with anakinra or within 30 days of study
completion. Causes of death included cardiac arrest/myocar-
dial infarction (4), cerebrovascular accident (1), ventricular
fibrillation (1), sepsis (3), upper gastrointestinal haemor-
rhage (1), metastatic malignant melanoma (1), malignant
lymphoma (1), pulmonary fibrosis (2), and suicide (1). One
patient with pulmonary fibrosis had a history of interstitial
lung disease. Eleven of the other 14 patients who died also
had relevant pre-existing medical conditions.

Malignancies
The cumulative EAE rate for all malignancies in patients
treated with anakinra for up to three years was 1.2 events per
100 patient-years. The most common malignancies reported
in patients treated with anakinra were squamous cell or
squamous cell in situ skin carcinoma (nine events in seven
patients), malignant melanoma (four events in four
patients), breast carcinoma (three events in three patients),
and malignant lymphoma (three events in three patients).

Table 5 Cumulative exposure adjusted event rates for the most frequent serious infections
(n >2) by preferred term after three years of anakinra exposure (without steroid use at
baseline v with steroid use at baseline)

Without corticosteroid use at baseline With corticosteroid use at baseline
(n = 569) (E = 940.3) (n = 777) (E = 1332.7)

Preferred term n EAE rate* Preferred term n EAE rate*

Any 27 2.87 Any 95 7.13
Pneumonia 9 0.96 Pneumonia 20 1.50
Cellulitis 2 0.21 Cellulitis 16 1.20
Diverticulitis 2 0.21 Infection 9 0.68
Lower respiratory infection 2 0.21 Sepsis 5 0.38

Abscess abdomen 3 0.23
Bronchitis 3 0.23
Infection bacterial 3 0.23
Osteomyelitis 3 0.23
Pneumonia lobar 3 0.23
Gastroenteritis 2 0.15
Pneumonia bacterial 2 0.15
Pyelonephritis 2 0.15
Upper respiratory infection 2 0.15

*Number of events per 100 patient-years.
E, number of patient-years of exposure; EAE, exposure adjusted event.
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Analysis of malignancy data (excluding basal cell carcinoma,
squamous cell carcinoma of the skin, and all in situ
malignancies except those of the urinary bladder, which are
included with other urinary system cancers) revealed a lower
than expected overall incidence of cancer for this study
population compared with data for the general population
(table 6). Standardised incidence ratios (SIR) indicated a
higher than expected incidence for melanoma (SIR = 5.48
(95% confidence interval (CI), 1.49 to14.00)) and lymphoma
(SIR = 3.71 (0.77 to 11.0)) in patients exposed to anakinra
compared with the general population. Because of the
presence of additional risk factors and reporting confounders
in patients with rheumatoid arthritis, it cannot yet be
determined if such malignancies are related to anakinra
treatment.

Antibodies to anakinra
Of 1340 anakinra treated patients tested for antibodies to
anakinra, 672 (50.1%) had a positive immunoassay result at
one or more time points and 25 (1.9%) were found to have
neutralising antibodies. Twelve patients reverted to serone-
gative status for neutralising antibodies during the course of
the study, and two seroconverted from positive to negative to
positive. Of the 25 patients who tested positive for neutralis-
ing antibodies, 13 (52%) reported disease progression as an
adverse event; in six patients, the event occurred within three
months of seropositivity. No relations were seen between
neutralising antibody status and occurrence of malignancies,
opportunistic infections, or serious infections.

Laboratory data
No clinically significant trends were evident for haematology
or clinical chemistry indices. Most patients had normal
laboratory values at study entry. During the study, a few
anakinra treated patients experienced grade 3 or 4 toxicities
in laboratory values. Four patients experienced grade 3 or 4
decreases in haemoglobin (two had shown grade 1 decreases
at study entry), and two experienced a decreased haemato-
crit. Five patients had increased liver enzymes, and seven had
grade 3 or higher neutropenia at one or more time points.
Two of these seven subjects experienced serious infectious
events; in one case, the neutropenia was not associated
temporally with the infectious event; in the other case, the
temporal relation could not be determined. In most cases,
these grade 3 or 4 toxic events were sporadic and were not
associated with progressive decreases nor were indicative of
drug related impairment.

DISCUSSION
Anakinra has been approved for the treatment of rheumatoid
arthritis in adults, based on previously described efficacy and
safety studies.4–7 The current report confirms and extends
previous safety findings by assessing prolonged treatment in
a large and diverse population of adults with rheumatoid
arthritis. Notably, this study included patients with varying
levels of disease severity and a wide range of comorbid
conditions, and allowed multimodal concomitant antirheu-
matic treatment; most clinical studies in rheumatoid arthritis
restrict entry to patients lacking comorbid conditions and
prohibit concomitant antirheumatic treatment other than
methotrexate.10 12–18 Moreover, this design allowed for greater
ability to detect the occurrence of adverse events that might,
in shorter term studies, occur at rates too low to be estimated
accurately. Thus the results from this study should be a close
approximation of those expected in the general population of
patients with rheumatoid arthritis.

The cohort for this long term safety assessment comprised
1346 patients who received up to 36 months of continuous
anakinra treatment. At study entry, more than 80% of
patients were using NSAIDs and more than half were using
corticosteroids or methotrexate, while almost 70% of patients
had comorbid conditions.9 Overall exposure to anakinra was
considerable, with 510 patients completing three years of
treatment. The most common adverse events leading to
withdrawal were injection site reactions and rheumatoid
arthritis progression, consistent with previous studies of
anakinra.4 5 7 The cumulative rates for all adverse events
leading to withdrawal decreased over time, and by the second
year of treatment were comparable to the rate observed for
placebo subjects during the six month blinded phase (33.28 v
33.90 events/100 patient-years). Cumulative EAE rates for all
adverse events, serious adverse events, and deaths among
anakinra treated patients were similar during each of the
three years of the study and also were similar to those
observed for placebo treated patients during the randomised
double blind phase of the study.

Patients with rheumatoid arthritis have an increased risk
of infections, particularly those involving bones, joints, skin,
soft tissues, and the respiratory tract, either because of
underlying mechanisms of the disease itself, or because of
treatment induced decreases in immune function, or both.19–

21 In the current analysis, the overall cumulative EAE rate of
serious infections during extended anakinra treatment was
low (5.37 events/100 patient-years), but notably was
approximately threefold higher than that observed for
placebo treated patients (1.6 events/100 patient-years).
However, concomitant steroid use at baseline appears to

Table 6 Standardised incidence ratios for cancers occurring in patients treated with
anakinra

Site of malignancy Observed Expected* SIR 95% CI

All sites� 17 20.58 0.83 0.48 to 1.32
Oral cavity and pharynx 1 0.44 2.26 0.06 to 13.00
Digestive system 2 3.49 0.57 0.07 to 2.07
Respiratory system 1 3.19 0.31 0.01 to 1.75
Malignant melanoma 4 0.73 5.48 1.49 to 14.00
Breast 3 4.70 0.64 0.13 to1.86
Female genital system 1 1.85 0.54 0.01 to 3.02
Urinary system 2 1.23 1.63 0.20 to 5.89
Lymphoma 3 0.81 3.71 0.77 to 11.00
Other` 0 4.13 0.00 0.00 to 0.89

*Expected numbers of cases estimated using 1992–2000 SEER database adjusted for the age, sex, and race of
cohort receiving anakinra.
�Excludes malignancies that are not included in the SEER database (basal and squamous cell carcinomas of the
skin and all in situ malignancies other than those of the bladder).
`Combines all other SEER major organ system categories.
CI, confidence interval; SIR, standardised incidence ratio, calculated as observed/expected.
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substantially increase the likelihood that an anakinra treated
patient will develop an infection. These findings support the
safety of anakinra over extended exposure, but also suggest
that patients at high risk for infections should be carefully
monitored, particularly if corticosteroid treatment is con-
comitant. Current labelling for anakinra contraindicates its
use in patients with active infections.

The reason for increased risk of serious infections in
patients with rheumatoid arthritis treated with anakinra has
not been determined definitively, but may reflect immune
suppression resulting from inhibition of IL1.22 Several recent
studies have found increased risk of serious infections in
patients with rheumatoid arthritis treated with biological
agents compared with those treated with placebo or
methotrexate alone.12 14 18 Other studies, however, have found
no difference in frequencies of serious infections for such
patient groups.15–17 23–26 The reasons for these disparate
findings are unclear. Corticosteroid use also has been
associated with an increased risk of infections,27–29 and a post
hoc analysis of concomitant drug treatment in the six month
double blind phase of the current study showed that the
frequency of infections in the subset of patients who received
anakinra and concomitant corticosteroids was similar to that
of the overall cohort of anakinra-treated patients.10 However,
the three year safety data reported within reveal that
corticosteroid use while on anakinra significantly enhances
the chances of developing a serious infection.

The higher than expected incidence of melanoma observed
in the current study may not be related to anakinra, as one
patient had a prior history of the disease and most of the
others lived in areas with high sun exposure or in close
proximity to the equator. Furthermore, a higher than
expected incidence of melanoma has rarely been seen in
other anakinra studies.30 Only a single case of melanoma has
been observed prior to the present study, and the affected
patient also had a previous history of melanoma. In clinical
trials of other rheumatoid arthritis biological agents such as
etanercept,17 24 31 infliximab,15 32 33 and adalimumab,14 25 34–36

melanomas have not been found at rates higher than
expected.

The increased risk for lymphoma is consistent with
previous reports of increased risk of lymphoma in rheuma-
toid arthritis.37–40 In a case–control study, patients with
rheumatoid arthritis and high disease activity were estimated
to have up to a 25.8-fold increased risk of lymphoma
compared with controls without rheumatoid arthritis.41 The
SIR for lymphoma (3.71 (95% CI, 0.77 to 11.0)) observed in
the present study is consistent with odds ratios varying from
1.9 to 20.0 in various reports of patients with rheumatoid
arthritis.37 38 42–44 Wolfe and Michaud44 recently reported an
SIR of 2.9 (95% CI, 1.7 to 4.9) for lymphoma in patients who
received biological therapies. Thus the incidence ratios for
patients treated with anakinra and other biological agents
appear to be within the ranges observed in rheumatoid
arthritis in general, and indeed, Wolfe and Michaud
concluded that the existence of a causal relation between
lymphoma development and use of biological therapy in
patients with rheumatoid arthritis could not be determined
with the available data.44 While the current observations
suggest that anakinra treatment may not be an additional
risk factor for the development of lymphoma in patients with
rheumatoid arthritis, continued surveillance of anakinra and
other biological agents used for the treatment of this disease
is warranted.

Taken together, the data presented here support the safety
of extended treatment with anakinra in patients with
rheumatoid arthritis. Overall, anakinra was well tolerated.
Because most patients in this study used concomitant drug
treatment and many had comorbid conditions, the results

should be predictive of effects that would be seen in the
general population of patients typically cared for in a
rheumatology clinic.
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