Phil. J. Internal Medicine, 47: 261-268, Nov.-Dec., 2009

SYSTEMATIC REVIEW OF INFECTION RISKS AMONG RHEUMATOID ARTHRITIS
PATIENTS RECEIVING BIOLOGIC AGENTS
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ABSTRACT

Infection is one of the leading causes of mortality
among patients with rheumatoid arthritis (RA). Several
RA cohorts have recently confirmed this increased risk
of infection with relative risks ranging from 5.3 to 14.9.
This predisposition to infections results from an interplay
of disease-associated and treatment-associated factors.
The introduction of biologic response modifiers, also
known as biologic agents, in the treatment of RA has
roused interest on their impact of the co-morbidities of
RA, particularly infections.

Objective: To systematically review safety data from
published randomized controlled trials (RCTs) evaluating
the use of biologic agents in the management of RA in
terms of infection rates documented

Methods: A PUBMED Search from 1999 - October
2005 was performed using the terms rheumatoid
arthritis, biologic agents, the specific biologic agents
available at that time, and randomized controlled trials.
Clinical trials were likewise identified by searching
electronic data sources as well as reference lists
and conference abstracts. Retrieved studies were
independently assessed for quality by the two authors
and were eventually included in the quantitative
analysis.

Results: Twenty Three (23) studies were retrieved
following PUBMED search. Of these, 18 studies of
fair quality were included. The general incidence of
infection was not increased by the administration of
biologic agents [Relative risk 1.01, 95% CI (0.96,
1.07)]. However, serious infections requiring intravenous
antibiotic administration or necessitating hospital
admission was significantly higher in the group receiving
biologic agents [Relative risk 1.35, 95% CI (1.04,
1.75)]. This risk was higher in the groups receiving
infliximab.

Conclusion: Biologic agents do not increase the
incidence of infections among rheumatoid arthritis
patients. However, serious infections occurred more
frequently among those who received such therapies.
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Studies of higher quality are needed to compare if
these treatment-associated risks are higher than that
observed with traditional disease modifying agents.

INTRODUCTION

Infection is a major cause of morbidity and
mortality among patients with RA. Earlier studies
on outcomes of RA showed infection accounting for
one-fourth of deaths. Recently, three independent
longitudinal studies reaffirmed that infection was
a major contributor to all-cause mortality among
RA patients. The risk of developing an infection is
increased among RA patients - recent cohorts report
relative risks of 5.3 to 14.9 compared to the normal
population.?3

Similar to other RA co-morbid conditions, the
increased risk of infection is believed to arise from
the interplay of disease-specific and treatment-
associated factors. Rheumatoid arthritis alters the
function of natural killer cells and T-lymphocytes
which are important in cell-mediated immunity.
Available therapies for RA potentially aggravate this
effect on cellular immunity by decreasing the number
and function of important cell-mediators. It is believed
that this combined effect of immunosuppression is
central to the increased risk of infection among RA
patients.

The population-based incident cohort of Doran,
et al. identified potential risk factors for serious
infection in RA patient.?* Increasing age, presence
of extra-articular manifestations, leucopenia,
presence of other medical co-morbidities (chronic
lung disease, alcoholism, organic brain disease and
diabetes mellitus) and corticosteroid use were found
to be strong predictors of infection, Interestingly,
the study found that use of disease modifying anti-
rheumatic drugs (DMARDS) was not associated
with an increased risk of infection after adjusting
for demographic characteristics, co-morbidities and
disease related factors in a multivariate analysis.

The availability of infliximab and etanercept in
the treatment of RA has generated observations of
the effects of these agents on RA co-morbidities,
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particularly infection.2® Listing, et al. reported a
higher prior risk of infection among RA patients
treated with etanercept and infliximab compared to
RA patients receiving traditional DMARDs in their
German Biologics Register of 1,529 patients seen
from May 2001 to September 2003. Incidence of
22.6 and 28.3 per 100 patient-years were reported
for etanercept and infliximab, respectively. This is
compared to the 6.8 per 100 patient-years among
patients receiving non-biologic DMARDs. Serious
infections similarly occurred more in the etanercept
(6.4) and infliximab (6.2) treated patients than in
those receiving DMARD (2.3) (p value 0.0016). The
study suggested that infection risk is increased by
treatment with tumor necrosis factor inhibitors.?®

This is in contrast to the study of Dixon, et al.
where treatment with anti-tumor necrosis factor
(anti-TNF) therapies were not associated with an
increased over-all risk of serious infection compared
to DMARDs treatment after adjusting for baseline
risk. This was based on a national prospective
observational study of 7,664 anti-TNF treated and
1,354 DMARD treated patients seen from December
2001 to September 2005 in the British Society of
Rheumatology Biologics Register. The incidence
rate ratio (IRR) for serious infections in the anti-TNF
treated compared to the DMARD treated cohort was
1.03 (95% confidence interval 0.68, 1.57). However,
serious skin and soft tissue infections were increased
among anti-TNF treated patients with an IRR of 4.28
(95% confidence interval 1.06,17.17). No significant
difference in incident infections were found among
the three biologic agents in the cohort - infliximab,
etanercept and adalimumab.2¢

Estimates of infection risks from randomized
controlled trials are generally difficult. Data from
these trials have not been powered to detect sparse
adverse events such as infections in their analysis and
interpretation. A solution to the lack of estimates of
infection risk from clinical trials is to pool the results
in a meta-analysis. This technique is often used to
assess drug efficacy but has been infrequently used
to determine harmful effects. Using such a technique
applies a validated approach to pooling sparse data
as an adjunct in assessing drug safety.

OBJECTIVE

This systematic review aims to determine the
risks of developing serious and non-serious infections
among RA patients being treated with biologic
agents.

MATERIALS AND METHODS
Search Strategy

A MEDLINE Search was performed to identify
randomized placebo controlled clinical trials or
systematic reviews on the use of biologic agents in
the treatment of RA from 1999 to October 2006. This
was supplemented by citation tracking in published
bibliographies and conference proceedings. The
Cochrane Database of Systematic Reviews was
likewise searched for existing studies and meta-
analysis on biologic agents and RA. The following
terms were used in the literature search: biologic
agents, Rheumatoid Arthritis, Anti-tumor necrosis
factor (anti-TNF) agents and specific names of such
agents (e.q. adalimumab, infliximab and etanercept),
Interleukin 1 receptor (IL-1R) antagonist and specific
names of such agents (anakinra), costimulation
blockade and specific names of such agents
(abatacept), anti CD20 antagonist and specific
names of such agents (rituximab), randomized
controlled trial.

Criteria for Inclusion of Studies in the Review

Only randomized controlled trials were considered
for inclusion in the systematic review. For studies
using a cross-over design, only data from the
preliminary phase of the trial were considered to
exclude the compounded effect of receiving different
forms of treatment.

Patients enrolled in the clinical trials should
be adults (aged 18 — 70 years old) who had been
diagnosed with Rheumatoid Arthritis using the 1997
American College of Rheumatology (ACR) Criteria for
the Classification of Rheumatoid Arthritis. Baseline
characteristics of patients and known prognostic
factors for infections should be comparable between
groups (p>0.05)

Only studies with at least two treatment groups
were to be included - one group should have been
randomized to receive a biologic agent for at least 12
weeks duration. The following biologic agents were
considered in this systematic review: anti-TNF agents
(Adalimumab, Infliximab and Etanercept), interleukin
1 receptor antagonist (Anakinra),costimulatory
blocking agents (Abatacept) and anti CD20
antagonist (Rituximab). The comparison group
should receive either a placebo or a traditional
disease modifying anti-rheumatic drug (DMARD).
Aside from the biologic agents, other concomitant
treatments in the study groups should be similar.
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Included trials should indicate in their safety
reports the incidence rates of infections (both serious
and non-serious) or at least tabulate the number
of infections reported during the clinical trial. For
studies wherein only the number of infections is
reported, the number of patients assigned to the
treatment group will be used as the denominator.

Validity Assessment and Data Analysis

Retrieved trials were independently evaluated
by the two authors for bias in the following
methodological features: randomization concealment
(selection bias), masking of allocation or blinding
of physicians and outcome assesors (detection and
performance bias), and intention-to-treat analysis
(exclusion bias). Disagreements were resolved by
consensus.

Abstracted data from included trials were
then entered and analyzed using Review Manager
(RevMan) version 4.2.9 (version date: October 23,
2006).

RESULTS

Twenty-three journal articles were identified using
the search strategy outlined above. Of these, only
18 were included in the final analysis. One study®
employed a cross-over design were some patients
originally assigned to the placebo group eventually
received a biologic agent. No safety report was
provided regarding infections documented during the
pre-crossover phase and thus could not be included in
the systematic review. In the remaining four excluded
trials, there was difficulty abstracting the incidence
of infection as the authors separately reported these
events (upper respiratory tract infection, sinusitis,
pharyngitis) without providing data on the over-all
index of infection occurrence.

Of the 18 included trials, 16 were evaluated to
be of fair quality - mostly because randomization
concealment was not ensured in the description of
the study protocol. Only two studies were of good
quality — both were for anti-TNF agents.

The included trials enrolled a total of 11,323 adult
rheumatoid arthritis patients receiving treatment for
a duration of four to 24 months. Table 1 tabulates
the number of patients enrolled in included trials
stratified based on the biologic agent studied. The
numbers listed below reflect a frequently used design
in clinical trials of randomizing more patients to the
active treatment group - usually in the ratio of 2:1.

Table 1. Population of Patients Enrolled in the Different Trials
Stratified Base on Biologic Agent Studied

Biologic  # of Trials  # Randomized # Randomized Total
Agent to Study to Placebo Number
Agent Group
Abatacept 4 1,527 766 2,293
Etanercept 3 1,236 498 1,734
Infliximab 3 1,814 747 2,561
Adalimumab 3 1,170 519 1,689
Anakinra 2 1,366 534 1,900
Rituximab 3 748 398 1,146
All agents 18 7,861 3,462 11,323

Aside from the diagnosis of RA, patients included
in the trials were assessed to have active disease
based on criteria using a combination of joint counts
(swollen and tender), laboratory values (erythrocyte
sedimentation rate or C-reactive protein), or clinical
features (duration of morning stiffness). Likewise,
some studies indicated that included patients should
either be class I, Il or Il of the American College of
Rheumatology Revised Criteria for Classification of
Global Functional Status in Rheumatoid Arthritis
(1991).

Infection Risk Among Patients Treated with Biologic
Agents (See Figure 1)

Only 13 trials reported the over-all incidence of
infection for the duration of their study period. The
data from 8,463 enrolled patients showed that the
over-all risk of infection among RA patients were
not significantly increased by the administration of
biologic agents [Relative risk 1.03 95% CI (0.99,
1.09)]. The chi-square test for heterogeneity of
the studies did not reach statistical significance,
indicating that across these trials the results are
comparable.

Furthermore, if the results are stratified based
on the mechanism of action of the biologic drug
TNF blocking agents, interleukin 1 receptor
antagonist, costimulatory blocking agents and
anti-CD20 antagonist, it likewise appears that
there is no difference in terms of infection risk
between these groups. However, this result should
be taken with caution, as none of the trials on
infliximab had indicated the incidence of non-
serious infections — and this group represents
almost one-quarter of the total number of patients
included in the quantitative analysis.
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Risk of Serious Infection among Patients Treated with
Biologic Agents (See Figures 2 and 3)

Most of the included trials reported their
incidence of serious infections, defined as
infection requiring either intravenous antibiotic
administration or necessitating hospitalization for
treatment. Data from 11,323 enrolled patients
show that serious infections were significantly
higher among biologics-treated patients. [Relative
risk 1.35 95%CI (1.04, 1.75)]. The test for
heterogeneity was not significant indicating
comparable results between the studies. However,
grouping these trials based on the biologic agent
used, serious infections occurred more frequently
among patients treated with infliximab [Relative
risk 1.70 95% CI (1.05, 2.76)] compared to
other biologic agents. However, grouping these
trials based on the mechanism of action of the
agent used, serious infections tended to occur
more frequently among patients treated with
TNF-blocking agents [Relative risk 1.29] but this
difference did not reach statistical difference.
These results may suggest that the increased risk
of serious infection may be drug specific rather
than a class effect.

Implications On Further Research and Practice

For most of the studies included in this
systematic review, the primary endpoint was an
evaluation of the efficacy of these biologic agents in
improving the rheumatic complaint and functional
disability. Few of these trials were specifically
aimed at evaluating the safety of biologic agents
among RA patients. This may translate to these
trials not being powered to detect differences in
infections among treatment groups. More studies
looking specifically into safety of these biologic
agents are recommended.

The results of the systematic review should not
deter physicians from using these very effective
drugs in the treatment of RA. Instead, the results
should be a reminder to be vigilant in monitoring for
infections particularly in this subset of patients.

CONCLUSION

Biologic agents do not significantly predispose
RA patients to more infections. However, serious
infections occurred more frequently among those
who received such therapies. Studies of higher quality

are needed to compare if these treatment-associated
risks are higher than that observed with traditional
disease modifying agents.

REFERENCES

1. Genovese MC, Becker JC, Schiff M, Luggen M, et al.:
Abatacept for Rheumatoid Arthritis Refractory to Tumor
Necrosis Factor Inhibition. NEJM; 353: 1114, 2005.

2. Weinblatt M, Combe B, Covucci A, Aranda R, et al.: Safety
of the Selective Co-Stimulation Modulator Abatacept
in Rheumatoid Arthritis Patients Receiving Background
Biologic and Non-Biologic Disease Modifying Anti-
Rheumatic Drugs. Arthritis and Rheum; 54 (9): 2807,
2006.

3. Kremer JM, Dougados M, Emery P, Durez P, et al.: Treatment
of Rheumatoid Arthritis with Selective Co-Stimulation
Modulator Abatacept. Arthritis and Rheum; 52 (8):2263,
2005.

4. Moreland LW, Alten R, den Bosch FV, Appelboom T, et al.:
Co-Stimulatory Blockade in Patients with Rheumatoid
Arthritis.

5. Kremer JM, Westhovens R, Leon M, DiGiorgio E, et al.:
Treatment of Rheumatoid Arthritis by Selective Inhibition
of T-cell Activation with Fusion Protein CTLA4lg. NEJM;
349: 1907, 2003.

6. Weinblatt M, Keystone E, Furst D, Moreland L, et al.:
Adalimumab, A Fully Human Anti-Tumor Necrosis Factor
A Monoclonal Antibody, for the Treatment of Rheumatoid
Arthritis in Patients Taking Concomitant Methotrexate.
Arthritis and Rheum; 48(1): 35, 2003.

7. Keystone E, Kavanaugh A, Sharp J, Tannembaum H, et
al.: Radiographic, Clinical, and Functional Outcomes
of Treatment With Adalimumab (a Human Anti-Tumor
Necrosis Factor Monoclonal Antibody) in Patients With
Active Rheumatoid Arthritis Receiving Concomitant
Methotrexate Therapy. Arthritis and Rheum; 50(5): 1400,
2004.

8. Breedveld F, Weisman M, Kavanaugh A, Cohen S, et al.: The
PREMIER Study. Arthritis and Rheum; 54 (1): 26, 2006.

9. Nuki G, Bresnihan B, Bear M, McCabe D: Long-Term
Safety and Maintenance of Clinical Improvement
Following Treatment With Anakinra (Recombinant Human
Interleukin-1 Receptor Antagonist) in Patients With
Rheumatoid Arthritis. Arthritis and Rheum; 46 (11): 2838,
2002.

10. Cohen SB, Moreland LW, Cush JJ, Greenwald MW, et al.: A
Multicenter, Double Blind, Randomized, Placebo Controlled
Trial of Anakinra (Kineret), A Recombinant Interleukin 1
Receptor Antagonist, in Patients with Rheumatoid Arthritis
Treated with Background Methotrexate. Ann Rheum Dis;
63: 1062, 2004.

11. Fleischmann RM, Schechtman J, Bennett R, Handel ML,
et al.: Anakinra, A Recombinant Human Interleukin-1
Receptor Antagonist (r-metHulL-1ra), in Patients With



12.

13.

14.

15.

16.

17.

18.

Systematic Review of Infection Risks among Rheumatoid Arthritis Patients Receiving Biologic Agents 265

Rheumatoid Arthritis. Arthritis and Rheum; 48 (4): 927,
2003.

Schiff MH, DiVittorio G, Tesser J, Fleischmann R, et al.:
The Safety of Anakinra in High-Risk Patients With Active
Rheumatoid Arthritis. Arthritis and Rheum; 50 (6): 1752,
2004.

Genovese MC, Bathon JM, Martin RW, Fleischmann RM, et
al.: Etanercept Versus Methotrexate in Patients With Early
Rheumatoid Arthritis. Arthritis and Rheum 46 (6); 1443,
2002.

Keystone EC, Schiff MH, Kremer JM, Kafka S, et al.: Once-
Weekly Administration of 50 mg Etanercept in Patients
With Active Rheumatoid Arthritis. Arthritis and Rheum;
50 (2): 353, 2004.

Weinblatt ME, Kremer JM, Bankhurst AD, Bulpitt KJ, et
al.: A Trial of Etanercept, A Recombinant Tumor Necrosis
Factor Receptor : Fc Fusion Protein in Patients with
Rheumatoid Arthritis Receiving Methotrexate. NEJM; 340
(4): 253, 1999.

van der Heijde D, Klareskog L, Rodriguez-Valverde
V, Codreanu C, et al.: Comparison of Etanercept and
Methotrexate, Alone and Combined, in the Treatment of
Rheumatoid Arthritis. Arthritis and Rheum 54 (4); 1063,
2006.

St.Clair EW, van der Heijde DMFM, Smolen JS, Maini RN,
et al.: Combination of Infliximab and Methotrexate Therapy
for Early Rheumatoid Arthritis. Arthritis and Rheum; 50
(11): 3432, 2002.

Lipsky PE, van der Heijde DMFM, St Clair EW, Furst DE,
et al.: Infliximab and Methotrexate in the Treatment of
Rheumatoid Arthritis. NEJM; 343: 1594, 2000.

19.

20.

21.

22.

23.

24.

25.

26.

Westhovens R, Yocum D, Han J, Berman A, et al.:
The Safety of Infliximab, Combined With Background
Treatments, Among Patients With Rheumatoid Arthritis
and Various Comorbidities. Arthritis and Rheum; 50 (4):
1075, 2006.

Edwards JCW, Szczepa’'nski L, Szechi'nski J, Filipowicz-
Sosnowska A, et al.: Efficacy of B-Cell-Targeted Therapy
with Rituximab in Patients with Rheumatoid Arthritis.
NEJM; 350: 2572, 2004.

Emery P, Fleischmann R, Filipowicz-Sosnowska A,
Schechtman J, et al.: The Efficacy and Safety of Rituximab
in Patients With Active Rheumatoid Arthritis Despite
Methotrexate Treatment. Arthritis and Rheum; 54 (5):
1394, 2006.

Cohen SB, Emery P, Greenwald MW, Dougados M, et
al.: Rituximab for Rheumatoid Arthritis Refractory to
Anti-Tumor Necrosis Factor Therapy. Arthritis and Rheum;
54(9): 2793, 2006.

Mikuls TR, Saag KF: Comorbidity in Rheumatoid Arthritis.
Rheumatic Dis Clin of North Am; 27(2): 283, 2001.

Doran MF, Crowson CS, Pond GR, Fallon M, Gabriel SE:
Predictors of Infection in Rheumatoid Arthritis. Arthritis
and Rheum; 46 (9): 2294, 2002.

Listing J, Strangfeld A, Kary S, Rau R, et al.: Infections in
Patients With Rheumatoid Arthritis Treated With Biologic
Agents. Arthritis and Rheum; 52 (11): 3403, 2005.

Dixon WG, Watson K, Lunt M, Hyrich KL, et al.: Rates of
Serious Infection, Including Site-Specific and Bacterial
Intracellular Infection, in Rheumatoid Arthritis Patients
Receiving Anti-Tumor Necrosis Factor Therapy. Arthritis
and Rheum; 54 (8): 2369, 2006.



266 Manahan SE T and Amante EJ B

Figure 1
Review: Infection among Rheumatoid Arthritis patients receiving biologic therapy
Comparison: 01 Biologic agents vs Placebo
Outcome: 01 Infection
Study Biologic Agents Placebo RR (fixed) RR (fixed)
or sub-category n/N n/N 95% Cl 95% Cl
01 Abatacept
Genovese 2005 50/258 24/133 — 1.07 [0.69, 1.67]
ASSURE 539/959 261/482 1.04 [0.94, 1.15]
Subtotal (95% ClI) 1217 615 : 1.04 [0.94, 1.15]
Total events: 589 (Biologic Agents), 285 (Placebo)
Test for heterogeneity: Chi? =0.02, df =1 (P = 0.88), I?=0%
Test for overall effect: Z = 0.80 (P = 0.42)
02 Adalimumab
ARMADA 103/209 23/62 1= 1.33 [0.93, 1.89]
Keystone May 2004 153/419 60/200 1= 1.22 [0.95, 1.56]
PREMIER 123/268 119/257 - 0.99 [0.82, 1.19]
Subtotal (95% Cl) 896 519 * 1.12 [0.98, 1.28]
Total events: 379 (Biologic Agents), 202 (Placebo)
Test for heterogeneity: Chi? = 3.01, df = 2 (P = 0.22), I = 33.5%
Test for overall effect: Z=1.60 (P =0.11)
03 Anakinra
Cohen 2004 83/250 65/251 e 1.28 [0.98, 1.69]
Fleischmann et al 460/1116 123/283 0.95 [0.82, 1.10]
Schiff et al 460/1116 123/283 % 0.95 [0.82, 1.10]
Subtotal (95% CI) 2482 817 1.00 [0.90, 1.10]
Total events: 1003 (Biologic Agents), 311 (Placebo)
Test for heterogeneity: Chi? = 4.09, df =2 (P = 0.13), I’ = 51.1%
Test for overall effect: Z = 0.09 (P = 0.93)
04 Etanercept
TEMPO 334/454 172/228 0.98 [0.89, 1.07]
Weinblatt et al 30/59 19/30 4-} 0.80 [0.55, 1.16]
Subtotal (95% ClI) 513 258 0.96 [0.88, 1.05]
Total events: 364 (Biologic Agents), 191 (Placebo)
Test for heterogeneity: Chi? = 1.02, df =1 (P = 0.31), I?=1.6%
Test for overall effect: Z = 0.93 (P = 0.35)
06 Rituximab
DANCER 111/316 42/149 +u— 1.25 [0.93, 1.68]
Edwards et al. 10/121 6/40 —_— 0.55 [0.21, 1.42]
REFLEX 128/311 79/209 1.09 [0.87, 1.36]
Subtotal (95% Cl) 748 398 —K 1.11 [0.94, 1.33]
Total events: 249 (Biologic Agents), 127 (Placebo)
Test for heterogeneity: Chi? = 2.71, df =2 (P = 0.26), I> = 26.3%
Test for overall effect: Z=1.23 (P = 0.22)
Total (95% Cl) 5856 2607 ) 1.03 [0.98, 1.09]

Total events: 2584 (Biologic Agents), 1116 (Placebo)
Test for heterogeneity: Chi? = 15.52, df = 12 (P = 0.21), I?=22.7%
Test for overall effect: Z = 1.25 (P = 0.21)

01 02 05 1 2 5

Favors Biologics ~ Favors Placebo

10
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Figure 2
Review: Infection among Rheumatoid Arthritis patients receiving biologic therapy
Comparison: 01 Biologic agents vs Placebo
Outcome: 02 Serious Infections
Study Biologic Agents Placebo RR (fixed) RR (fixed)
or sub-category n/N n/N 95% Cl 95% Cl
01 Abatacept
Genovese 2005 6/258 3/133 _— 1.03 [0.26, 4.06]
Kremer 2003 1/220 0/119 ¢ » 1.63 [0.07, 39.68]
ASSURE 28/959 9/482 —_ 1.56 [0.74, 3.29]
Moreland et al 1/90 0/32 < = > 1.09 [0.05, 26.05]
Subtotal (95% Cl) 1527 766 L 1.42 [0.76, 2.66]
Total events: 36 (Biologic Agents), 12 (Placebo)
Test for heterogeneity: Chi? = 0.31, df = 3 (P = 0.96), I> = 0%
Test for overall effect: Z=1.11 (P = 0.27)
02 Adalimumab
ARMADA 2/209 0/62 ¢ = » 1.50 [0.07, 30.84]
Keystone May 2004 4/419 0/200 » 4.31 [0.23, 79.61]
PREMIER 12/542 7/257 —_— 0.81 [0.32, 2.04]
Subtotal (95% Cl) 1170 519 - 1.08 [0.47, 2.45]
Total events: 18 (Biologic Agents), 7 (Placebo)
Test for heterogeneity: Chiz = 1.27, df =2 (P = 0.53), I? = 0%
Test for overall effect: Z=0.18 (P = 0.86)
03 Anakinra
Cohen 2004 2/250 2/251 1.00 [0.14, 7.07]
Fleischmann et al 23/1116 1/283 o I 5.83 [0.79, 43.00]
Subtotal (95% Cl) 1366 534 e 3.15 [0.81, 12.20]
Total events: 25 (Biologic Agents), 3 (Placebo)
Test for heterogeneity: Chi? = 1.68, df = 1 (P = 0.19), I> = 40.6%
Test for overall effect: Z = 1.66 (P = 0.10)
04 Etanercept
Genovese 2002 18/415 10/217 —1— 0.94 [0.44, 2.00]
Keystone Feb 2004 4/367 0/53 ¢ & » 1.32 [0.07, 24.19]
TEMPO 27/454 15/228 i 0.90 [0.49, 1.67]
Subtotal (95% CI) 1236 498 0.93 [0.58, 1.48]
Total events: 49 (Biologic Agents), 25 (Placebo)
Test for heterogeneity: Chiz = 0.07, df =2 (P = 0.97), I = 0%
Test for overall effect: Z=0.31 (P = 0.76)
05 Infliximab
START 24/721 6/363 4 2.01 [0.83, 4.88]
St. Clair et al 40/751 6/298 —_—— 2.65 [1.13, 6.17]
ATTRACT 21/342 7/86 —_—e— 0.75 [0.33, 1.72]
Subtotal (95% ClI) 1814 747 ’ 1.70 [1.05, 2.76]
Total events: 85 (Biologic Agents), 19 (Placebo)
Test for heterogeneity: Chi? = 4.94, df =2 (P = 0.08), I> = 59.5%
Test for overall effect: Z=2.16 (P = 0.03)
06 Rituximab
DANCER 4/316 2/149 0.94 [0.17, 5.09]
Edwards et al. 4/121 1/40 = » 1.32 [0.15, 11.49]
REFLEX 7/311 3/209 _— 1.57 [0.41, 6.00]
Subtotal (95% CI) 748 398 -l 1.30 [0.51, 3.33]
Total events: 15 (Biologic Agents), 6 (Placebo)
Test for heterogeneity: Chi? = 0.21, df =2 (P = 0.90), I> = 0%
Test for overall effect: Z = 0.55 (P = 0.58)
Total (95% Cl) 7861 3462 <o 1.35 [1.04, 1.75]
Total events: 228 (Biologic Agents), 72 (Placebo)
Test for heterogeneity: Chi2 = 12.13, df = 17 (P = 0.79), 1> = 0%
Test for overall effect: Z = 2.25 (P = 0.02)

01 02 05 1 2 5 10

Favors Biologics ~ Favors Placebo



268 Manahan SE T and Amante EJ B

Figure 3

Review: Infection among Rheumatoid Arthritis patients receiving biologic therapy
Comparison: 01 Biologic agents vs Placebo
Outcome: 03 Serious infection by MOA

Study Treatment Control RR (fixed) RR (fixed)

or sub-category niN niN 95% ClI 95% Cl

01 TNF Blockers

START 24/721 6/363 -+ 2.01 [0.83, 4.88]
St. Clair etal 40/751 6/298 —_— 2.65 [1.13, 6.17]
ARMADA 2/209 0/62 ¢ = » 1.50 [0.07, 30.84]
ATTRACT 21/342 7/86 —_— 0.75 [0.33, 1.72]
Genovese 2002 18/415 10/217 —_— 0.94 [0.44, 2.00]
Keystone Feb 2004 4/367 0/53 ¢ = » 1.32 [0.07, 24.19]
Keystone May 2004 4/419 0/200 = ) 4.31 [0.23, 79.61]
PREMIER 12/542 7/257 —_— 0.81 [0.32, 2.04]
TEMPO 27/454 15/228 0.90 [0.49, 1.67]
Subtotal (95% Cl) 4220 1764 _t 1.25 [0.92, 1.70]
Total events: 152 (Treatment), 51 (Control)

Test for heterogeneity: Chi? = 8.72, df = 8 (P = 0.37), 1= 8.3%

Test for overall effect: Z = 1.40 (P = 0.16)

02 IL-1Ra

Cohen 2004 2/250 2/251 1.00 [0.14, 7.07]
Fleischmann et al 23/1116 1/283 —_ ) 5.83 [0.79, 43.00]
Subtotal (95% CI) 1366 534 — 3.15 [0.81, 12.20]
Total events: 25 (Treatment), 3 (Control)

Test for heterogeneity: Chi2 = 1.68, df = 1 (P = 0.19), I* = 40.6%

Test for overall effect: Z = 1.66 (P = 0.10)

03 Anti-CD20

DANCER 4/316 2/149 0.94 [0.17, 5.09]
Edwards et al. 4/121 1/40 # » 1.32 [0.15, 11.49]
REFLEX 7/311 3/209 _— 1.57 [0.41, 6.00]
Subtotal (95% Cl) 748 398 -l 1.30 [0.51, 3.33]
Total events: 15 (Treatment), 6 (Control)

Test for heterogeneity: Chi? = 0.21, df =2 (P = 0.90), I>= 0%

Test for overall effect: Z=0.55 (P = 0.58)

04 Costimulatory blockade

Genovese 2005 6/258 3/133 —_— 1.03 [0.26, 4.06]
Kremer 2003 1/220 0/119 ¢ & ) 1.63 [0.07, 39.68]
ASSURE 28/959 9/482 —_1— 1.56 [0.74, 3.29]
Moreland et al 1/90 0/32 ¢ ) 1.09 [0.05, 26.05]
Subtotal (95% Cl) 1527 766 & 1.42 [0.76, 2.66]
Total events: 36 (Treatment), 12 (Control)

Test for heterogeneity: Chi? = 0.31, df = 3 (P = 0.96), I*= 0%

Test for overall effect: Z=1.11 (P = 0.27)

Total (95% Cl) 7861 3462 < 1.35 [1.04, 1.75]
Total events: 228 (Treatment), 72 (Control)

Test for heterogeneity: Chiz = 12.13, df = 17 (P = 0.79), I*= 0%

Test for overall effect: Z = 2.25 (P = 0.02)

04 02 05 1 2 5 10

Favours treatment  Favours control
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