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Abstract

Biologic treatments—including five TNF-a inhibitors, the IL-1 receptor antagonist anakinra, the IL-6 recep-

tor inhibitor tocilizumab, the selective inhibitor of T-cell co-stimulation abatacept and the B-cell-directed

mAb rituximab—have provided effective therapeutic options for patients with RA with inadequate re-

sponse to conventional DMARDs. However, the fact that these agents are immune modulators has

raised safety concerns, prompting careful evaluation in clinical trials and intensive post-marketing surveil-

lance. Serious infections may arise, and diagnosis may be delayed by an atypical spectrum of signs and

symptoms. Patients may experience reactivation of latent tuberculosis, hepatitis B or C or opportunistic

infections. RA is a risk factor for cancer, and biologic therapy may modestly increase the risk of lymphoma

and some solid tumours beyond background. During biologic therapy, demyelinating disorders of the CNS

have been noted, and pre-existing disease manifestations may be aggravated. Hepatic transaminase

levels may increase, although these elevations are usually mild to moderate, transient and without clinical

consequence. Hyperlipidaemia, which is responsive to lipid-lowering therapy, may develop, and patients

with congestive heart failure may experience symptom exacerbation. Safe use of biologic agents requires

thorough risk assessment of potential candidates for treatment and careful monitoring during and after

therapy.
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Introduction

Guidelines for the treatment of RA recommend early ag-

gressive therapy with one or more DMARDs to prevent

joint destruction, disability and loss of work capacity

[1�3]. Conventional DMARDs are usually considered the

standard of care for most patients [1, 4]. The emergence

of biologic agents has provided effective therapeutic

options for patients with inadequate response to conven-

tional DMARDs.

Despite the efficacy of biologic agents, their immuno-

modulatory properties have raised many safety con-

cerns, prompting careful evaluation in clinical trials and

intensive post-marketing surveillance. This article will dis-

cuss the safety of currently available biologic agents in

patients with RA and will present potential methods by

which the safety of these drugs can be monitored and

addressed.

Co-morbidity in RA

Patients with RA are at increased risk for several

disorders, including cancer, infection and cardiovascular

disease (CVD). Rates of haematological malignancies

(i.e. lymphomas, myeloid leukaemia) [5], non-melanoma

skin cancer (NMSC) and lung cancer are elevated in this

patient population [6]. Another frequent finding in RA is

an atherogenic pattern of dyslipidaemia [low total and

high-density lipoprotein cholesterol (HDL-C) levels and

elevated levels of triglyceride lipoprotein(a), low-density

lipoprotein cholesterol (LDL-C) and free fatty acids] [7].

Compared with the general population, persons with RA

have up to a three-fold increased risk for cardiovascular

events [8], and CVD mortality is increased by �50% [9].

There are also reports of progressive multifocal leucoen-

cephalopathy (PML), a rare, often fatal demyelinating

disease caused by JC virus reactivation, in patients with

RA [10].
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Safety of biologic agents

Currently approved biologic agents for RA treatment in-

clude several TNF-a inhibitors (i.e. infliximab, etanercept,

adalimumab, certolizumab and golimumab), anakinra,

tocilizumab, abatacept and rituximab.

TNF-a inhibitors

Inhibition of TNF-a, a pro-inflammatory cytokine found in

high concentrations in joints affected by RA [11], is a

major avenue of RA treatment. TNF-a plays a key role in

the cytokine cascade, stimulating the production of other

inflammatory mediators and the further recruitment of

immune and inflammatory cells into the joint [11].

Differentiating the safety profiles of individual TNF-a
inhibitors is difficult because of the lack of head-to-head

trials and differences between studies in patient popula-

tions, adverse events (AEs) enumerated and stringency of

exclusion criteria. AEs commonly associated with TNF-a
inhibitors include acute infusion reactions (AIRs) and in-

fections with infliximab [12, 13] and injection site reactions

(ISRs), upper respiratory tract infection (URTI), headache,

rash and nausea with the other TNF-a inhibitors [12,

14�17]. Extended post-treatment monitoring is required

for TNF-a inhibitors after an increased rate of sepsis

was observed recently in patients who stopped TNF-a
inhibitors, most often because of previous infectious com-

plications [18]. Of note, times for drug elimination are

4300 h for etanercept [19], 45 months for adalimumab,

certolizumab and golimumab [20�22] and 46 months for

infliximab [23].

Serious infections and tuberculosis

Patients taking TNF-a inhibitors are at increased risk for

serious infectious events, including tuberculosis and in-

fections caused by opportunistic pathogens [12, 14�17].

The incidence of serious bacterial infections is as high as

0.07�0.09/patient-year (PY) in patients receiving a TNF-a
inhibitor vs 0.01�0.06/PY for treatment with other

DMARDs [24]. Infection risk is highest in the skin, soft

tissues and joints during the first 6 months of treatment

and in patients receiving multiple biologic agents [24].

Histoplasmosis [12, 14�17, 25, 26], coccidioidomycosis

[12, 14�17, 27�29] and Pneumocystis pneumonia are the

most frequent opportunistic infections [12, 14�17]; ther-

apy must be initiated with caution in patients who have

lived in or travelled to regions with endemic mycoses [23].

Antigen and antibody test results may be negative in pa-

tients with fungal infection [12, 14�17], and disseminated

disease is not uncommon [12, 14�17, 25, 26, 28, 29].

Although rare, PML has been reported in patients receiv-

ing TNF-a inhibitors [30, 31].

TNF-a regulates host defences against mycobacterial

infection [32]; therefore patients receiving TNF-a inhibitors

are at increased risk for new-onset tuberculosis and tu-

berculosis reactivation [12, 14�17]. Disseminated or extra-

pulmonary disease is not uncommon, and some cases

have been fatal [12, 14�17, 23]. In clinical trials, tubercu-

losis incidence was 0.4% with infliximab [12], 0.01% with

etanercept [14], 2% with certolizumab [16], 0.26/100 PYs

with adalimumab [15] and 0.23/100 PYs with golimumab

[17] (using local country guidelines for tuberculosis skin

test eligibility). Of note, initial trials with TNF inhibitors

did not include screening procedures for latent tubercu-

losis. Re-activation risk may be lower with etanercept than

with mAbs targeted against TNF-a [14]. Given that tuber-

culosis has been observed in patients with negative re-

sults on pre-screening for latent tuberculosis, vigilance is

required [33].

Infusion reactions, ISRs and immunogenicity

In clinical trials, �20% of infliximab-treated patients had

AIRs, and patients who developed anti-infliximab anti-

bodies were two to three times more likely to experience

reactions, including anaphylactic-like reactions [23].

Infusion reactions may lead to discontinuation of inflixi-

mab therapy [13]. ISR rates are 36% for etanercept [19],

15% for adalimumab [20], 6.4% for certolizumab [21] and

5.8% for golimumab [22].

Induction of autoimmune disease

Proportions of patients who developed ANAs in clinical

trials that did not compare individual TNF-a inhibitors

were as follows: infliximab 8% (placebo not reported);

etanercept 11% vs placebo 5%; adalimumab 11.9% vs

placebo 8.1%; certolizumab 16.7% vs placebo 12.0%

and golimumab 4.0% vs controls 2.6% [19�23]. In

comparative studies the incidence of ANA positivity was

higher with infliximab than with etanercept [34, 35]. TNF-a
deficiency also may induce autoimmune disorders (e.g.

lupus-like syndrome, autoimmune hepatitis) [19�23,

36�38], new-onset psoriasis or psoriasis exacerbations

[39�42] and drug-induced vasculitis [43, 44]. Pulmonary

granulomatous reaction [45] and new-onset uveitis [46]

have been reported with etanercept treatment. Symptoms

of autoimmune disease usually improve when TNF-a
inhibitor therapy is discontinued [36, 37, 39�42, 47�50],

but rare cases of persistent or fatal vasculitis have been

reported [43].

Malignancies

Clinical trial data suggest a link between TNF-a inhibitor

treatment and cancer [19�21, 23]. In infliximab-treated

and placebo patients, respectively, incidence rates were

0.09% compared with 0% for lymphoma and 0.4% com-

pared with 0.06% for other malignancies [23]. For patients

treated with etanercept for up to 6 years, the malignancy

incidence was 3%, consistent with that generally seen in

patients with RA, but additional cases of lymphoma and

breast and lung carcinoma were reported during the

post-marketing period [19]. In adalimumab and control

groups, respectively, event rates per 1000 PYs were 8.8

vs 2.6 for NMSC, 0.8 vs 0.9 for lymphoma and 5.9 vs 4.3

for other malignancies [20]. In certolizumab-treated pa-

tients, event rates per 100 PYs were 0.07 for lymphoma

and 0.02 for melanoma [21]. Event rates per 100 PYs in

golimumab-treated and placebo patients, respectively,

were 0.10 vs 0 for lymphoma, 0.72 vs 1.51 for NMSC

and 0.51 vs 0.60 for other malignancies [22].
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CVD

Findings of elevated TNF-a levels in patients with con-

gestive heart failure (CHF) [51] suggested that TNF-a
inhibitor therapy might be effective in these patients.

However, new-onset or worsening CHF and increased

CHF mortality have been reported in patients adminis-

tered some TNF-a inhibitors [19�23]. Clinical trials of

TNF-a inhibitor therapy in patients with chronic heart fail-

ure have shown an increased risk of adverse clinical

events with infliximab [52] but not with etanercept [53].

With the exception of etanercept, TNF-a inhibitor therapy

is contraindicated in patients with class III/IV heart failure

[20�23], and these agents should be used cautiously in

patients with less severe CHF [20�23]. It is recommended

that treatment be discontinued if new or worsening symp-

toms develop [20�23].

Lipid levels

During clinical trials, rates of dyslipidaemia (or lipids

increased) were reported as uncommon (0.1 to <1%)

with certolizumab [21] and golimumab [22] and very

common (>10%) with adalimumab [20], but have not

been reported for infliximab and etanercept. The reason

for the apparent increased rate of dyslipidaemia with ada-

limumab was unclear; however, the results were observed

in separate clinical trials and could not be compared

directly because the outcome parameters might have

varied.

Hepatic effects

Alanine aminotransferase (ALT) and aspartate aminotrans-

ferase (AST) levels may increase during TNF-a inhibitor

therapy [20�23, 54]. Elevations are usually mild to moder-

ate [<3� upper limit of normal (ULN)], but severe eleva-

tions (55�ULN) have been reported in 40.9% of

patients [22, 23]. The most frequent elevations are seen

with infliximab followed by adalimumab [55]. Transami-

nase elevations are usually asymptomatic, resolving

spontaneously or after medication adjustment or discon-

tinuation [20, 22, 23]. Reactivation or worsening of HBV

and HCV infections may occur and may be associated

with increased mortality [19�23, 56]. Risk factors for

HBV or HCV infection should be evaluated before com-

mencing anti-TNF therapy, and carriers should be moni-

tored for active infection during and after treatment

[19�23]. In HCV-infected patients, outcomes have been

favourable with anti-TNF therapy without anti-viral therapy

[57, 58] or with ciclosporin [59, 60], whereas concomitant

antiviral therapy may be required in HBV-infected patients

receiving anti-TNF agents.

Demyelinating disease

Recent evidence has suggested that biologic agents,

most notably TNF-a inhibitors, are associated with the

development of demyelinating disease. A database ana-

lysis in patients with RA exposed to various biologic

agents noted a trend towards an increased incidence of

demyelinating diseases after treatment with TNF-a inhibi-

tors [61], suggesting caution in their use in patients at high

risk for demyelinating disease.

Anakinra

Anakinra, an IL-1 receptor inhibitor [62], is regarded as

less effective than TNF-a inhibitors in reducing symptoms

associated with RA, even though a direct comparative trial

has not been conducted [24]. Anakinra is used by <5% of

patients with RA [63]. AEs associated with its use include

ISRs, URTIs, headache, nausea and diarrhoea [64].

The favourable AE profile of anakinra may be due in part

to its markedly shorter half-life (4�6 h) compared with

other biologic agents, which preserves the anti-infective

activity of IL-1 [62, 65]. IL-1 may also play a reduced role

in host defence mechanisms, so that IL-1 inhibition may

render patients less susceptible to AEs than TNF-a inhib-

ition [65].

Serious infections and tuberculosis

In controlled trials, rates of serious infection remained

stable over 3 years, and no infection-related deaths

were reported with anakinra [62]. Rare cases of fungal,

mycobacterial, bacterial and viral opportunistic infection

have occurred. Concurrent use of anakinra and a TNF-a
inhibitor should be avoided because the combination in-

creases the risk for infection without improving efficacy

[62]. In contrast to TNF-a inhibitors, no link has been

observed between anakinra therapy and tuberculosis de-

velopment or reactivation [24, 65].

Infusion reactions, ISRs and immunogenicity

ISR was the most frequently reported AE and the most

common reason for clinical trial discontinuation [62]; rates

were 71% with anakinra and 28% with placebo [62]. ISRs

frequently occur within 4 weeks after initiating treatment

and are most frequent in patients with previous ISRs [62].

Malignancies

During clinical trials, overall cancer incidence was the

same in anakinra-treated and placebo patients and did

not differ from that in the general population [62].

Lymphoma incidence was consistent with that reported

in patients with RA [62].

Tocilizumab

Tocilizumab is a humanized mAb against the human IL-6

receptor that inhibits signalling via both soluble and

membrane-bound human IL-6 receptors [66, 67].

Commonly reported AEs in patients who received tocili-

zumab 8 mg/kg monotherapy in clinical trials were URTI,

nasopharyngitis, headache, hypertension and increased

ALT [66]. A meta-analysis of AEs from six randomized

controlled trials of tocilizumab with or without MTX

showed a higher risk for infection with the 8 mg/kg com-

bination group compared with controls (odds ratio 1.30),

but no increased risk for malignancy, tuberculosis reacti-

vation or hepatitis [68]. The safety profile of tocilizumab in

an open-label clinical practice study was similar to that

noted in randomized controlled trials [69].

A pooled analysis of 4009 patients enrolled in five phase

3 clinical trials, a phase 1 study and two ongoing

open-label extension studies has provided extensive

safety and tolerability data for an all-exposed population
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that included patients who received at least one dose of

tocilizumab [70]. Comprehensive safety data from this

analysis following total exposure to tocilizumab of 8580

PYs and observation to 9414 PYs have been published

[70]. Longer-term data encompassing 3.6 years of

follow-up and a total treatment exposure of 12 293 PYs

were presented recently [71]. These analyses have

demonstrated that the long-term safety profile of tocilizu-

mab is consistent with that observed in phase 3 studies.

Serious infections and tuberculosis

In the all-exposed population, rates of serious infection/

100 PYs were 3.5, 3.5 and 4.9 in the control, tocilizumab

4 mg/kg and tocilizumab 8 mg/kg groups, respectively

[70]. The overall rate of serious infection after 3.6 years

of treatment was 4.6/100 PYs [71]; the rate remained

stable with continued exposure to tocilizumab, but

increased with age [70]. The most common serious infec-

tions in tocilizumab-treated patients are pneumonia,

gastroenteritis and cellulitis. A report from Japan noted

a three-fold higher rate of serious respiratory infections

among RA patients treated with tocilizumab in clinical

trials compared with those in clinical practice (1.77/100

vs 0.53/100 PYs) [72]. The death rate from serious infec-

tion has been estimated at 0.13/100 PYs [73]. One report

of leucoencephalopathy has been associated with tocili-

zumab treatment [74]. No cases of HBV reactivation have

been observed in clinical trials, but it is noteworthy that

patients screening positive for hepatitis B or C were

excluded [75].

In the pooled analysis, seven patients in the all-exposed

population developed tuberculosis, all in the tocilizumab

8 mg/kg group [70]. Six cases of tuberculosis were

reported in the worldwide tocilizumab RA clinical trials

database based on >10 000 PYs of exposure [76].

Experience with tocilizumab therapy in patients with

latent tuberculosis is limited.

Infusion reactions, ISRs and immunogenicity

During randomized controlled trials, 6.9% of the tocilizu-

mab 8 mg/kg plus DMARD group and 5.1% of the placebo

plus DMARD group experienced AIRs [66]. In the all-

exposed population, eight anaphylactic events occurred,

requiring treatment discontinuation with median 2.6 years

treatment [70]. Of 2876 tested patients in randomized

controlled trials, 46 (1.6%) developed anti-tocilizumab

antibodies and 6 had medically significant hypersensitivity

reactions. Thirty patients (1.1%) developed neutralizing

antibodies [66]. Recently, a post-marketing case of fatal

anaphylaxis was reported with tocilizumab in a patient

with RA who had experienced a reaction to a previous

infusion [77].

Malignancies

In the all-exposed population, overall rates of malignancy

with median 2.6 years treatment were 0.7/100, 1.4/100

and 0.7/100 PYs in the control, tocilizumab 4 mg/kg plus

DMARD and tocilizumab 8 mg/kg plus DMARD groups,

respectively [70]. The overall malignancy rate of 1.1/100

PYs remained stable over time, and the standardized

incidence ratio for all cancer types was comparable with

that for the general population [70].

CVD

During randomized controlled trials, tocilizumab-treated

patients had durable CRP reductions to within normal

ranges as early as week 2 and experienced rapid ESR

reductions [66]. After a median 3.6 years of follow-up,

rates of myocardial infarction and stroke were 0.3/100

and 0.2/100 PYs, respectively [71]. Rates remained

stable over time and did not exceed expected rates in

the RA population [71].

Lipid levels

In the all-exposed population, total, LDL-C, HDL-C and

triglyceride levels increased in tocilizumab-treated

patients but stabilized with continued treatment with a

median 2.6 years of treatment; 456 patients began

lipid-lowering therapy during treatment [70]. Of note, ele-

vated levels of lipoprotein(a), which reflect an independent

cardiovascular risk factor, decreased during 3 months of

tocilizumab treatment [78].

Hepatic effects

In the all-exposed population, tocilizumab (median 2.6

years of treatment) often resulted in mild to moderate

(>1 to 3�ULN) ALT/AST increases in patients with

normal baseline levels, which often occurred during con-

comitant DMARD therapy. Rates of elevations of ALT and

AST >3�ULN were 9.5 and 3.1%, respectively, in the

all-exposed population and led to dose reduction or tem-

porary interruption of treatment in 9.3% of patients; rates

remained stable and were not associated with clinical

sequelae [70].

Haematological abnormalities

In some patients treated with tocilizumab 8 mg/kg plus

MTX in randomized controlled trials, neutrophil and plate-

let counts decreased [66]. In the all-exposed population,

common toxicity criteria (CTC) grade 3 neutropenia

[absolute neutrophil count (ANC) 0.5 to <1.0� 109/l) was

reported in 4.1% of patients (165/3992) and CTC grade 4

(ANC <0.5�109/l) neutropenia in 0.6% (24/3992) [70] with

a median 2.6 years of treatment. There was no temporal

association of grade 4 neutropenia with serious infection.

Gastrointestinal perforations

After 3.6 years, 29 patients experienced gastrointestinal

perforation (0.24/100 PYs) [71]. Seventeen (59%) of 29

events were colonic diverticular perforations [71]. Tocili-

zumab should be used cautiously in patients with a pre-

vious history of intestinal ulceration or diverticulitis [66].

Abatacept

Abatacept, an inhibitor of T-cell co-stimulation, is a fusion

construct of human cytotoxic T-lymphocyte-associated

antigen 4 and the modified Fc portion of human IgG1

[24, 79]. Common AEs associated with abatacept include

headache, nasopharyngitis, dizziness, cough, back pain,

hypertension, dyspepsia and urinary tract infection [80].
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Safety data from an integrated analysis of five RA trials

of s.c. abatacept have been reported recently [81, 82].

These analyses included 1879 patients with 3086 PYs

of exposure to abatacept with mean exposure of

20 months (range 2�56 months). The pooled safety data

with up to 4.5 years of exposure showed that

long-term treatment with s.c. abatacept did not increase

rates of AEs of concern with biologic therapy and

were generally consistent with observations from i.v.

therapy [82]. Another safety analysis from clinical trials

in different patient populations showed lower rates of

AEs, serious AEs, serious infections and malignancies in

previously untreated or MTX-treated patients compared

with TNF inhibitor-treated patients, suggesting a more

favourable safety profile of abatacept in patients with

early RA [83].

Serious infections and tuberculosis

Serious infections with abatacept, including sepsis and

pneumonia, have been reported and some have been

fatal [84]. In a recent integrated analysis of safety from

short- and long-term periods of five abatacept clinical

trials, serious infections occurred at a rate of 1.94/100

PYs in 59 (3.1%) patients, with pneumonia, urinary tract

infections and gastroenteritis being the most frequent

infections. The incidence rate (IR) was highest during the

first 6 months and declined thereafter [81]. For patients

treated with i.v. abatacept, the reported IR for serious

infections was 2.87 in 332 patients [82].

Infections often develop during concomitant immuno-

suppression therapy, and concurrent TNF-a inhibitor ther-

apy is not recommended [84]. In placebo-controlled

studies, no increased tuberculosis incidence was

observed; however, screening for latent tuberculosis is

recommended [84].

Infusion reactions, ISRs and immunogenicity

In clinical trials, AIRs occurred in 9.8% of abatacept-

treated and 6.7% of placebo patients, and anti-abatacept

antibodies developed in 2.8% of patients treated with

abatacept for 43 years [84]. No correlation between anti-

body development and clinical response or AEs was

observed [84]. The integrated safety summary for s.c.

ISRs reported an IR of 2.22, the majority of which were

mild and occurred during the first 6 months [81].

Malignancies

In controlled trials, malignancies were reported in 1.4% of

abatacept-treated and 1.1% of placebo patients [84]. In

double-blind and open-label clinical trials, rates per 100

PYs were 1.41 for any malignancy, 0.74 for NMSC, 0.59

for solid malignancies and 0.12 for haematological

malignancies [84]. In the integrated safety analysis,

the overall IR for malignancies (excluding NMSC)

was 0.68 in 21 (1.1%) patients. The most frequent malig-

nancies were basal cell carcinoma, breast cancer and

squamous cell carcinoma of the skin [81]. In the i.v. aba-

tacept population, the IR for malignancies was 0.73 in 88

patients [82].

CVD

During long-term follow-up, rates of 3.87/100 PYs were

reported for cardiac disorders following abatacept ther-

apy [85].

Rituximab

Rituximab is a chimeric human/mouse mAb directed at

the CD20 antigen expressed on mature B and pre-B

cells. Peripheral B cells are temporarily depleted by treat-

ment with rituximab but usually recover within 6�12

months [86]. Long-term safety information for rituximab

has been obtained from a pooled analysis of 3194 patients

(11 962 PYs) with up to 9.5 years of treatment with ritux-

imab and MTX in clinical trials [87]. The most frequently

reported AE with rituximab was AIR. Increased duration of

exposure to rituximab treatment was not associated with

any new safety signals.

Serious infections and tuberculosis

New, reactivated or exacerbated viral infections may

occur with rituximab. Rates of serious infection remained

stable following multiple courses of rituximab, and subse-

quent treatment with other biologic agents did not in-

crease the risk. The safety of rituximab was similar

regardless of use with another biologic agent, MTX or

other DMARD and was similar among patients treated

up to 24 or 48 weeks or re-treated with rituximab [88].

Given that rituximab is approved for patients who do not

respond to or who are intolerant of previous TNF inhibi-

tors, most patients will have been pre-screened for latent

tuberculosis in daily practice. Pre-screening patients for

the presence of latent tuberculosis was not performed for

the clinical trials, and reactivation of tuberculosis was not

observed.

Although assessment of peripheral B cells is not rou-

tinely recommended [89], serum immunoglobulin levels

should be monitored because serious infections may

occur more frequently in patients with hypogammaglobu-

linaemia [54]. At least 76 cases of confirmed or suspected

PML have been reported in patients administered rituxi-

mab, usually those with underlying haematological malig-

nancies such as lymphomas and those who underwent

stem cell transplantation [90�93]. Patients with SLE are

at particular risk for PML compared with patients with

other rheumatic disease [10]. A recently published

meta-analysis reported the incidence of PML was �4

based on 129 000 RA patients receiving rituximab [94].

Although no direct link between rituximab therapy and

PML has been found, PML should be considered in the

differential diagnosis if the neurological status of a patient

changes [86]. Due to the risk for HBV reactivation, screen-

ing for HBV is recommended in at-risk patients,

and anti-viral treatment should be considered in HBV

carriers [95].

Infusion reaction, ISRs and immunogenicity

During clinical trials, AIRs occurred in 15% of

rituximab-treated and 5% of placebo patients after the

first infusion and in 2% of both groups after the second

infusion [86]. In the pooled safety analysis, 23%
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TABLE 2 Recommendations for preventing and diagnosing tuberculosis in patients receiving biologic agents [19�23, 32,

63, 66]

Before initiating treatment with a biologic agent
Evaluate patients for active and latent tuberculosis

Take detailed medical history

Identify possible previous contacts with tuberculosis
Document previous and current immunosuppression therapy

Identify patients at elevated risk for latent infection (e.g. homeless persons, those who have lived in countries in which
tuberculosis is highly prevalent, i.v. drug users, persons who have spent time in prison or a health care institution)

Perform appropriate screening tests

Follow local recommendations concerning the use of chest X-ray and TST

Recognize that false-negative TST results may occur because of immunosuppression; consider induration 55 mm as a
positive response
Consider use of the QuantiFERON-TB Gold test (Cellestis Ltd, Abbotsford, Victoria, Australia) or the T-SPOT.TB (Oxford
Immunotech, Abingdon, UK), if available

Withhold biologic therapy from patients with active tuberculosis

If latent tuberculosis is suspected, consult a physician with expertise in the treatment of tuberculosis

Start treatment for latent tuberculosis at least 4 weeks before initiating biologic therapy, following local recommendations

Consider administering anti-tuberculosis treatment before initiating biologic therapy for patients with:
Significant risk factors for tuberculosis

History of latent or active tuberculosis if an adequate course of treatment cannot be confirmed

Educate patients about the signs and symptoms of tuberculosis
During biologic therapy

Monitor patients closely for signs and symptoms of tuberculosis (e.g. persistent cough, wasting or weight loss, low-grade
fever)

Instruct patients to seek medical advice if they experience signs or symptoms of tuberculosis

TST: tuberculin skin test.

TABLE 1 Recommendations for preventing and diagnosing infections in patients receiving biologic agents [19�23, 62,

66, 84, 86]

Before starting biologic therapy

Evaluate patients for active infections before beginning therapy

Take detailed medical history

Identify possible sources of infection
Document previous and current immunosuppressive therapy

Exercise caution when considering the use of biologic therapy for a patient

With a history of recurring or chronic infections

With underlying conditions (e.g. diabetes, CHF, diverticulitis) that may predispose patients to infection
Who is receiving immunosuppressive therapy that would be continued

Who has resided in or travelled to regions where invasive fungal infections are endemic

Withhold therapy in patients with active infections until the infection is controlled
Educate patients about likely signs and symptoms of infection during biologic therapy

During biologic therapy
Remain alert so that potentially serious infections can be detected in a timely fashion

Remember that signs and symptoms of acute infection may be lessened as a consequence of biologic therapy

Instruct patients to contact their health care professional immediately if they experience signs and symptoms of infection to
ensure rapid evaluation and appropriate treatment

Interrupt therapy if the patient develops a serious infection until the infection is controlled
Monitor patients with particular care when transitioning from one biologic agent to another and when they are receiving
concomitant immunosuppressive therapy

After biologic therapy
Continue to monitor patients after the conclusion of treatment, at least throughout the period needed for complete drug
elimination
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(734/3194) of patients experienced an infusion-related re-

action following the first infusion [87]. Most reactions are

mild to moderate, but serious reactions have occurred

[86]. Pre-treatment with methylprednisolone is recom-

mended for reducing AIR risk and severity. Antibodies to

rituximab, which developed in 9.2% of patients during

clinical trials [86], may be associated with more severe

infusion or allergic reactions [86].

Malignancies

In a long-term safety assessment of 2578 patients who

received at least one dose of rituximab, the incidence of

malignancies (excluding NMSC) was 0.84/100 PYs and

was stable over multiple courses of therapy [54]. Overall,

rituximab did not increase the risk for malignancies in pa-

tients with RA [54].

CVD

In the long-term safety analysis of patients receiving ritux-

imab therapy, no notable differences in serious cardiovas-

cular events were reported during placebo-controlled

periods [54]. The overall rate of myocardial infarction of

0.41/100 PYs following long-term exposure to rituximab

was consistent with rates observed in the general RA

population [87].

Demyelinating disease

No data suggest an association between rituximab ther-

apy and demyelinating disease. Interestingly, data from a

phase 2 study in patients with multiple sclerosis demon-

strated the efficacy of rituximab in the treatment of pa-

tients with relapsing and remitting multiple sclerosis [96].

Gastrointestinal perforations

Gastrointestinal perforations have been reported in

patients receiving rituximab for the treatment of non-

Hodgkin’s lymphoma or post-transplantation lymphopro-

liferative disorder [86, 97].

Discussion

The emergence of biologic agents for the management of

RA has significantly improved patient outcomes, but their

use raises safety concerns, related mainly to their immu-

nomodulatory properties. Major safety issues are serious

infections (including tuberculosis), lymphoma and other

malignancies, demyelinating disorders, hepatotoxicity,

hyperlipidaemia, cardiotoxicity, ISRs and AIRs.

Guidelines on safety assessments and monitoring during

biologic therapy have been issued [63, 98]. Tables 1

[19�23, 62, 66, 84, 86] and 2 [19�23, 32, 63, 66] provide

recommendations for preventing and diagnosing serious

infections and tuberculosis.

To optimize patient safety, physicians should carefully

screen candidates for biologic therapy, exercising special

caution in patients with conditions that predispose them

to adverse effects. Given that patients with co-morbidities

are most often not enrolled in clinical trials, registries are

crucial for the long-term assessment of safety during rou-

tine clinical practice.

Monitoring is particularly important when initiating,

resuming or substantially increasing the dose of a biologic

agent and for patients who are receiving multiple immu-

nomodulators. Vigilance should continue at least through

the period required for complete elimination of the drug.

Rheumatology key messages

. Development of biologic agents has significantly
improved the treatment of patients with RA.

. Short- and long-term safety-related factors are
critical in determining appropriate therapy for RA
patients.

. Although biologic agents are clinically effective,
physicians should be mindful of potential safety
concerns associated with their use.

Acknowledgements

The author thanks ApotheCom for writing and editorial

assistance, which was funded by F. Hoffmann-La Roche

Ltd.

Funding: This study was funded by Roche. Support for

third-party writing assistance for this supplement was pro-

vided by F. Hoffmann-La Roche Ltd.

Disclosure statement: A.R.-R. has received honoraria for

talks and consulting from Bristol-Myers Squibb, Chugai,

Merck Sharp & Dohme, Abbott, UCB, Pfizer, Roche,

Novartis and Amgen.

Supplement: This paper forms part of the supplement

‘Current Treatment Options and New Directions in the

Management of Rheumatoid Arthritis’. This supplement

was commissioned and funded by F. Hoffmann-

La Roche Ltd.

References

1 Block SR. Hidden hazards and practical problems: com-

ment on the 2002 update of the American College of

Rheumatology Guidelines for the Management of

Rheumatoid Arthritis. Arthritis Rheum 2002;46:3102�3.

2 Puolakka K, Kautiainen H, Mottonen T et al. Early sup-

pression of disease activity is essential for maintenance of

work capacity in patients with recent-onset rheumatoid

arthritis: five-year experience from the FIN-RACo trial.

Arthritis Rheum 2005;52:36�41.

3 Smolen JS, Landewe R, Breedveld FC et al. EULAR rec-

ommendations for the management of rheumatoid arthritis

with synthetic and biological disease-modifying antirheu-

matic drugs. Ann Rheum Dis 2010;69:964�75.

4 Combe B, Landewe R, Lukas C et al. EULAR recommen-

dations for the management of early arthritis: report of a

task force of the European Standing Committee for

International Clinical Studies Including Therapeutics

(ESCISIT). Ann Rheum Dis 2007;66:34�45.

5 Askling J, Fored CM, Baecklund E et al. Haematopoietic

malignancies in rheumatoid arthritis: lymphoma risk and

v44 www.rheumatology.oxfordjournals.org

Andrea Rubbert-Roth
D

ow
nloaded from

 https://academ
ic.oup.com

/rheum
atology/article/51/suppl_5/v38/1787184 by guest on 16 August 2022



characteristics after exposure to tumour necrosis factor

antagonists. Ann Rheum Dis 2005;64:1414�20.

6 Gridley G, McLaughlin JK, Ekbom A et al. Incidence of

cancer among patients with rheumatoid arthritis. J Natl

Cancer Inst 1993;85:307�11.

7 Sattar N, McCarey DW, Capell H, McInnes IB. Explaining

how ‘high-grade’ systemic inflammation accelerates

vascular risk in rheumatoid arthritis. Circulation 2003;108:

2957�63.

8 del Rincon I, Williams K, Stern MP, Freeman GL,

Escalante A. High incidence of cardiovascular events in a

rheumatoid arthritis cohort not explained by traditional

cardiac risk factors. Arthritis Rheum 2001;44:2737�45.

9 Avina-Zubieta JA, Choi HK, Sadatsafavi M et al. Risk of

cardiovascular mortality in patients with rheumatoid

arthritis: a meta-analysis of observational studies. Arthritis

Rheum 2008;59:1690�7.

10 Molloy ES, Calabrese LH. Progressive multifocal

leukoencephalopathy: a national estimate of frequency in

systemic lupus erythematosus and other rheumatic

diseases. Arthritis Rheum 2009;60:3761�5.

11 Scott DL, Kingsley GH. Tumor necrosis factor inhibitors for

rheumatoid arthritis. N Engl J Med 2006;355:704�12.

12 Remicade� (infliximab) for IV injection [prescribing

information]. Malvern, PA, USA: Centocor Ortho Biotech,

Inc., 2009.

13 Delabaye I, De Keyser F. Remitract Study Group. 74-week

follow-up of safety of infliximab in patients with refractory

rheumatoid arthritis. Arthritis Res Ther 2010;12:R121.

14 Enbrel� (etanercept) for subcutaneous injection [pre-

scribing information]. Thousand Oaks, CA, USA: Amgen

Inc. and Wyeth Pharmaceuticals, 2009.

15 Humira (adalimumab) injection, solution [prescribing

information]. North Chicago, IL, USA: Abbott Laboratories,

2009.

16 Cimzia� (certolizumab pegol) [prescribing information].

Smyrna, GA, USA: UCB, Inc., 2009.

17 Simponi (golimumab) [prescribing information]. Horsham,

PA, USA: Centocor Ortho Biotech Inc., 2009.

18 Strangfeld A, Hierse F, Manger B et al. Increased risk of

sepsis after termination of anti-TNF treatment. Ann Rheum

Dis 2010;69:56 (abstract).

19 Enbrel 25 mg powder and solvent for solution for injection

[summary of product characteristics]. Berkshire, UK:

Wyeth Europa Ltd., 2010.

20 Humira 40 mg solution for injection [summary of product

characteristics]. Berkshire, UK: Abbott Laboratories Ltd.,

2010.

21 Cimzia� 200 mg solution for injection [summary of

prescribing information]. Brussels, Belgium: UCB, Inc.,

2009.

22 Simponi 50 mg solution for injection in pre-filled pen

[summary of product characteristics]. Leiden, The

Netherlands: Centocor B.V., 2009.

23 Remicade 100 mg powder for concentrate for solution for

infusion [summary of product characteristics]. Leiden, The

Netherlands: Centocor B.V., 2009.

24 Furst DE, Keystone EC, Fleischmann R et al. Updated

consensus statement on biological agents for the

treatments of rheumatic diseases, 2009. Ann Rheum Dis

2010;69:i2�29.

25 Lee JH, Slifman NR, Gershon SK et al. Life-threatening

histoplasmosis complicating immunotherapy with tumor

necrosis factor alpha antagonists infliximab and

etanercept. Arthritis Rheum 2002;46:2565�70.

26 Wood KL, Hage CA, Knox KS et al. Histoplasmosis after

treatment with anti-tumor necrosis factor-alpha therapy.

Am J Respir Crit Care Med 2003;167:1279�82.

27 Mertz LE, Blair JE. Coccidioidomycosis in rheumatology

patients: incidence and potential risk factors. Ann NY

Acad Sci 2007;1111:343�57.

28 Rogan MP, Thomas K. Fatal miliary coccidioidomycosis in

a patient receiving infliximab therapy: a case report. J Med

Case Rep 2007;1:79.

29 Bergstrom L, Yocum DE, Ampel NM et al. Increased risk of

coccidioidomycosis in patients treated with tumor

necrosis factor alpha antagonists. Arthritis Rheum 2004;

50:1959�66.

30 Yamamoto M, Takahashi H, Wakasugi H et al.

Leukoencephalopathy during administration of etanercept

for refractory rheumatoid arthritis. Mod Rheumatol 2007;

17:72�4.

31 Kumar D, Bouldin TW, Berger RG. A case of progressive

multifocal leukoencephalopathy in a patient treated with

infliximab. Arthritis Rheum 2010;62:3191�5.

32 Bellofiore B, Matarese A, Balato N et al. Prevention of

tuberculosis in patients taking tumor necrosis factor-alpha

blockers. J Rheumatol Suppl 2009;83:76�7.

33 Hsia EC, Cush JJ, Matteson EL et al. A comprehensive

tuberculosis screening program in patients with

inflammatory arthritis treated with golimumab, a human

anti-TNF antibody, in phase 3 clinical trials. Arthritis

Rheum 2010;62:S396 (abstract).

34 Caramaschi P, Biasi D, Colombatti M et al. Anti-TNF alpha

therapy in rheumatoid arthritis and autoimmunity.

Rheumatol Int 2006;26:209�14.

35 Gonnet-Gracia C, Barnetche T, Richez C et al.

Anti-nuclear antibodies, anti-DNA and C4 complement

evolution in rheumatoid arthritis and ankylosing spondylitis

treated with TNF-alpha blockers. Clin Exp Rheumatol

2008;26:401�7.

36 Swale VJ, Perrett CM, Denton CP, Black CM, Rustin MHA.

Etanercept-induced systemic lupus erythematosus. Clin

Exp Dermatol 2003;28:604�7.

37 De Bandt M, Sibilia J, Le Loet X et al. Systemic lupus

erythematosus induced by anti-tumour necrosis factor

alpha therapy: a French national survey. Arthritis Res Ther

2005;7:R545�51.

38 Debandt M, Vittecoq O, Descamps V, Le Loet X, Meyer O.

Anti-TNF-alpha-induced systemic lupus syndrome. Clin

Rheumatol 2003;22:56�61.

39 Collamer AN, Guerrero KT, Henning JS, Battafarano DF.

Psoriatic skin lesions induced by tumor necrosis factor

antagonist therapy: a literature review and potential

mechanisms of action. Arthritis Rheum 2008;59:996�1001.

40 de Gannes GC, Ghoreishi M, Pope J et al. Psoriasis and

pustular dermatitis triggered by TNF-alpha inhibitors in

patients with rheumatologic conditions. Arch Dermatol

2007;143:223�31.

www.rheumatology.oxfordjournals.org v45

Safety of biologics for rheumatoid arthritis
D

ow
nloaded from

 https://academ
ic.oup.com

/rheum
atology/article/51/suppl_5/v38/1787184 by guest on 16 August 2022



41 English PL, Vender R. Occurrence of plantar pustular

psoriasis during treatment with infliximab. J Cutan Med

Surg 2009;13:40�2.

42 Wollina U, Hansel G, Koch A et al. Tumor necrosis

factor-alpha inhibitor-induced psoriasis or psoriasiform

exanthemata: first 120 cases from the literature including a

series of six new patients. Am J Clin Dermatol 2008;9:

1�14.

43 Ramos-Casals M, Brito-Zeron P, Munoz S et al.

Autoimmune diseases induced by TNF-targeted therapies:

analysis of 233 cases. Medicine 2007;86:242�51.

44 Srivastava MD, Alexander F, Tuthill RJ. Immunology of

cutaneous vasculitis associated with both etanercept and

infliximab. Scand J Immunol 2005;61:329�36.

45 Phillips K, Weinblatt M. Granulomatous lung disease

occurring during etanercept treatment. Arthritis Rheum

2005;53:618�20.

46 Wendling D, Paccou J, Flipo NM et al. New onset of uveitis

under anti TNF therapy. A nationwide series. Arthritis

Rheum 2010;62:S374 (abstract).

47 Porfyridis I, Kalomenidis I, Psallidas I et al.

Etanercept-induced pleuropericardial lupus-like

syndrome. Eur Respir J 2009;33:939�41.

48 Neradova A, Stam F, van den Berg JG, Bax WA.

Etanercept-associated SLE with lupus nephritis. Lupus

2009;18:667�8.

49 Benucci M, Li Gobbi F, Fossi F, Manfredi M, Del Rosso A.

Drug-induced lupus after treatment with infliximab in

rheumatoid arthritis. J Clin Rheumatol 2005;11:47�9.

50 Abunasser J, Forouhar FA, Metersky ML.

Etanercept-induced lupus erythematosus presenting as a

unilateral pleural effusion. Chest 2008;134:850�3.

51 Levine B, Kalman J, Mayer L, Fillit HM, Packer M. Elevated

circulating levels of tumor necrosis factor in severe

chronic heart failure. N Engl J Med 1990;323:236�41.

52 Chung ES, Packer M, Lo KH, Fasanmade AA,

Willerson JT. for the ATTACH Investigators. Randomized,

double-blind, placebo-controlled, pilot trial of infliximab, a

chimeric monoclonal antibody to tumor necrosis

factor-alpha, in patients with moderate-to-severe heart

failure: results of the anti-TNF Therapy Against Congestive

Heart Failure (ATTACH) Trial. Circulation 2003;107:

3133�40.

53 Mann DL, McMurray JJV, Packer M et al. Targeted

anticytokine therapy in patients with chronic heart failure:

results of the Randomized Etanercept Worldwide

Evaluation (RENEWAL). Circulation 2004;109:1594�602.

54 van Vollenhoven RF, Emery P, Bingham CO III et al.

Long-term safety of patients receiving rituximab in

rheumatoid arthritis clinical trials. J Rheumatol 2010;37:

558�67.

55 Sokolove J, Strand V, Greenberg JD et al. Risk of elevated

liver enzymes associated with TNF inhibitor utilisation in

patients with rheumatoid arthritis. Ann Rheum Dis 2010;

69:1612�7.

56 Cansu DU, Kalifoglu T, Korkmaz C. Short-term course of

chronic hepatitis B and C under treatment with etanercept

associated with different disease modifying antirheumatic

drugs without antiviral prophylaxis. J Rheumatol 2008;35:

421�4.

57 Ferri C, Ferraccioli G, Ferrari D et al. Safety of anti-tumor

necrosis factor-alpha therapy in patients with rheumatoid

arthritis and chronic hepatitis C virus infection. J

Rheumatol 2008;35:1944�9.

58 Cavazzana I, Ceribelli A, Cattaneo R, Franceschini F.

Treatment with etanercept in six patients with chronic

hepatitis C infection and systemic autoimmune diseases.

Autoimmun Rev 2008;8:104�6.

59 Galeazzi M, Bellisai F, Giannitti C et al. Safety of

cyclosporin A in HCV-infected patients: experience with

cyclosporin A in patients affected by rheumatological

disorders and concomitant HCV infection. Ann NY Acad

Sci 2007;1110:544�9.

60 Giannitti C, Benucci M, Caporali R et al. Efficacy and

safety of anti-TNF-alpha therapy combined with

cyclosporine A in patients with rheumatoid arthritis and

concomitant hepatitis C virus infection. Int J

Immunopathol Pharmacol 2009;22:543�6.

61 Bernatsky S, Renoux C, Suissa S. Demyelinating events in

rheumatoid arthritis after drug exposures. Ann Rheum Dis

2010;69:1691�3.

62 Kineret 100 mg solution for injection [summary of product

characteristics]. Stockholm, Sweden: Biovitrum AB, 2009.

63 Saag KG, Teng GG, Patkar NM et al. American College of

Rheumatology 2008 recommendations for the use of

nonbiologic and biologic disease-modifying antirheumatic

drugs in rheumatoid arthritis. Arthritis Rheum 2008;59:

762�84.

64 Kineret� (anakinra) [prescribing information]. Thousand

Oaks, CA, USA: Amgen Inc., 2001.

65 Fleischmann RM. Addressing the safety of anakinra in

patients with rheumatoid arthritis. Rheumatology 2003;42:

ii29�35.

66 RoActemra 20 mg/ml concentrate for solution for infusion

[summary of product characteristics]. Welwyn Garden

City, UK: Roche Registration Limited, 2011.

67 Mihara M, Kasutani K, Okazaki M et al. Tocilizumab

inhibits signal transduction mediated by both mIL-6R and

sIL-6R, but not by the receptors of other members of IL-6

cytokine family. Int Immunopharmacol 2005;5:1731�40.

68 Campbell L, Chen C, Bhagat SS, Parker RA, Ostor AJ.

Risk of adverse events including serious infections in

rheumatoid arthritis patients treated with tocilizumab: a

systematic literature review and meta-analysis of

randomized controlled trials. Rheumatology 2011;50:

552�62.

69 Weinblatt ME, Kremer JM, Cush JJ et al. Efficacy and

safety of tocilizumab as monotherapy or in combination

with nonbiologic disease-modifying antirheumatic drugs: a

24-week randomized study in a United States population.

In: Annual Scientific Meeting of the American College of

Rheumatology/Association of Rheumatology Health

Professional; November 5�9, 2011; Chicago, IL.

70 Schiff MH, Kremer JM, Jahreis A et al. Integrated safety in

tocilizumab clinical trials. Arthritis Res Ther 2011;13:R141.

71 Genovese MC, Sebba A, Rubbert-Roth A et al. Long-term

safety of tocilizumab in rheumatoid arthritis clinical trials.

In: Annual Scientific Meeting of the American College of

Rheumatology/Association of Rheumatology Health

Professional; November 5�9, 2011; Chicago, IL.

v46 www.rheumatology.oxfordjournals.org

Andrea Rubbert-Roth
D

ow
nloaded from

 https://academ
ic.oup.com

/rheum
atology/article/51/suppl_5/v38/1787184 by guest on 16 August 2022



72 Hoshi D, Nakajima A, Inoue E et al. Incidence of ser-

ious respiratory infections in patients with rheumatoid

arthritis treated with tocilizumab. Mod Rheumatol 2012;

22:122�7.

73 van Vollenhoven RF, Siri D, Furie R et al. Long term safety

and tolerability of tocilizumab treatment in patients with

rheumatoid arthritis and a mean treatment duration of 2.4

years. Arthritis Rheum 2009;60:1955 (abstract).

74 Kobayashi K, Okamoto Y, Inoue H et al.

Leukoencephalopathy with cognitive impairment following

tocilizumab for the treatment of rheumatoid arthritis (RA).

Intern Med 2009;48:1307�9.

75 Actemra� (tocilizumab) injection for intravenous infusion

[prescribing information]. South San Francisco, CA, USA:

Genentech, Inc., 2011.

76 van Vollenhoven RF, Nishimoto N, Yamanaka H.

Experience with Mycobacterium tuberculosis infection re-

ported in the tocilizumab worldwide RA safety database.

Ann Rheum Dis 2009;68(Suppl 3):567.

77 Genentech USA, Inc. Important safety information

regarding tocilizumab (Actemra/Roactemra).

http://www.gene.com/gene/products/information/

actemra/pdf/actemra_september_2010_dhcp_letter.pdf

(16 November 2011, date last accessed).

78 Laudes M, Schultz O, Oberhauser F et al. Inhibition of

interleukin-6 signalling improves insulin sensitivity and

reduces lipoprotein (A) levels in humans. Ann Rheum Dis

2010;69:317 (abstract).

79 Smolen JS, Aletaha D, Koeller M, Weisman MH, Emery P.

New therapies for treatment of rheumatoid arthritis. Lancet

2007;370:1861�74.

80 Orencia� (abatacept) [prescribing information]. Princeton,

NJ, USA: Bristol-Myers Squibb, 2009.

81 Alten R, Kaine JL, Keystone E et al. Safety profile of

subcutaneous abatacept focusing on clinically relevant

events in patients with rheumatoid arthritis (RA) and up to

4.5 years of exposure. In: Annual Scientific Meeting of the

American College of Rheumatology/Association of

Rheumatology Health Professional; November 5�9, 2011;

Chicago, IL.

82 Alten R, Kaine J, Keystone E et al. Safety of subcutaneous

abatacept in patients with rheumatoid arthritis (RA)

integrated analysis of five clinical trials up to 4.5 years.

Ann Rheum Dis 2011;70:617 (abstract).

83 Smitten A, Becker JC, Qi K, Kelly S, Aranda R. Evaluation

of the safety profile of abatacept (ABA) by prior therapy in

patients with rheumatoid arthritis (RA). Ann Rheum Dis

2010;69:541 (abstract).

84 Orencia� 250 mg powder for concentrate for solution for

infusion [summary of product characteristics]. Uxbridge,

UK: Bristol-Meyers Squibb Pharma EEIG, 2009.

85 Becker JC, Westhovens R, Hochberg M. The long-term

safety of abatacept in the treatment of rheumatoid

arthritis: integrated analyses from the abatacept clinical

trial program. Ann Rheum Dis 2010;69:377 (abstract).

86 MabThera 100 mg (10 mg/ml) concentrate for

solution for infusion [summary of product characteristics].

Welwyn Garden City, UK: Roche Registration Limited,

2008.

87 van Vollenhoven RF, Emery P, Bingham CO et al.

Long-term safety of rituximab in rheumatoid arthritis:

pooled analysis of patients in clinical trials with up to 9.5

years of treatment. In: Annual Scientific Meeting of the

American College of Rheumatology/Association of

Rheumatology Health Professional; November 5�9, 2011;

Chicago, IL.

88 Rigby W, Mease PJ, Olech E, Ashby M, Tole S. Safety of

rituximab in combination with other biologic

disease-modifying antirheumatic drugs in rheumatoid

arthritis: 48-week data from SUNDIAL. In: Annual

Scientific Meeting of the American College of

Rheumatology/Association of Rheumatology Health

Professional; November 5�9, 2011; Chicago, IL.

89 Smolen JS, Aletaha D, Bijlsma JW et al. Treating

rheumatoid arthritis to target: recommendations of an

international task force. Ann Rheum Dis 2010;69:631�7.

90 Carson KR, Focosi D, Major EO et al. Monoclonal

antibody-associated progressive multifocal

leucoencephalopathy in patients treated with rituximab,

natalizumab, and efalizumab: a review from the Research

on Adverse Drug Events and Reports (RADAR) project.

Lancet Oncol 2009;10:816�24.

91 Major EO. Progressive multifocal leukoencephalopathy in

patients on immunomodulatory therapies. Annu Rev Med

2010;61:35�47.

92 Carson KR, Evens AM, Richey EA et al. Progressive

multifocal leukoencephalopathy after rituximab therapy in

HIV-negative patients: a report of 57 cases from the

Research on Adverse Drug Events and Reports project.

Blood 2009;113:4834�40.

93 Fleischmann RM. Progressive multifocal

leukoencephalopathy following rituximab treatment in a

patient with rheumatoid arthritis. Arthritis Rheum 2009;60:

3225�8.

94 Clifford DB, Ances B, Costello C et al.

Rituximab-associated progressive multifocal

leukoencephalopathy in rheumatoid arthritis. Arch Neurol

2011;68:1156�64.

95 Rituxan� (rituximab) [prescribing information]. South San

Francisco, CA, USA: Genentech, 2009.

96 Hauser SL, Waubant E, Arnold DL et al. B-cell depletion

with rituximab in relapsing-remitting multiple sclerosis. N

Engl J Med 2008;358:676�88.

97 Cornejo A, Bohnenblust M, Harris C, Abrahamian GA.

Intestinal perforation associated with rituximab therapy for

post-transplant lymphoproliferative disorder after liver

transplantation. Cancer Chemother Pharmacol 2009;64:

857�60.

98 Ding T, Ledingham J, Luqmani R et al. BSR and BHPR

rheumatoid arthritis guidelines on safety of anti-TNF

therapies. Rheumatology 2010;49:2217�19.

www.rheumatology.oxfordjournals.org v47

Safety of biologics for rheumatoid arthritis
D

ow
nloaded from

 https://academ
ic.oup.com

/rheum
atology/article/51/suppl_5/v38/1787184 by guest on 16 August 2022


