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Editorial

The Challenges of Quantifying the Risk of
Serious Infection with Tumor Necrosis Factor
Antagonist Therapy

As early as 1725 the medical literature contained reports
that certain acute bacterial infections coincided with cancer
regression. This observation led some clinicians to inten-
tionally infect their patients in the hopes of treating their
cancer. While this approach was successful, it had the obvi-
ous risks of serious infection. In the late 1800s the promi-
nent American orthopedic oncologist William B. Coley
hypothesized that it was the immune system’s response to
the bacterial infection and not the bacteria that was respon-
sible for the beneficial tumor effect. Coley successfully
experimented with a concoction of inactivated Serratia
marcescens and Streptococcus pyogenes to treat inoperable
sarcomas1. These experiments initiated the modern era of
immunotherapy (the treatment of disease via the manipula-
tion of immune response).

Almost 100 years later in 1975, Carswell, et al described
a substance toxic to sarcoma cells that was released by
macrophages in response to polysaccharide2. They later
characterized the substance as a glycoprotein, which they
named tumor necrosis factor (TNF). It is postulated that the
lipopolysaccharide content of Coley’s concoction may have
stimulated the production of TNF by macrophages that
resulted in sarcoma regression. Today, recombinant forms of
TNF are used as an adjunct to surgery for certain sarcomas.

In addition to its direct cytotoxic effect on tumor cells,
decades of research show TNF to be a multifunctional
cytokine with antiviral activity and roles in the regulation of
autoimmunity, inflammation, cardiac function, bone metab-
olism, control and containment of intracellular pathogens,
and host response to infection and sepsis.

Given TNF’s protective role in host defenses, the early
clinical investigations of TNF antagonists anticipated
increased serious infection rates. However, the first clinical
trials evaluating the safety of TNF antagonists in rheuma-
toid arthritis (RA) performed in the mid to late 1990s did not
note increased infection risk with TNF antagonist thera-
py3-5. While the initial results were comforting, the relative-

ly small size of these early trials prohibited a definitive
quantification of the risk of serious infection.

Similar to early-phase trials, registration trials for the
first TNF antagonists did not show an increased risk of
infection, and by the late 1990s, risk of serious infection
with TNF antagonists did not seem overly problematic. In
fact, the initial infliximab phase III study (ATTRACT) had
an incidence of serious infections of 6% for placebo versus
1% for the recommended dose6; the etanercept study did
not report serious infections, and the total infection rate in
the placebo group was 61% versus 53% in the active
group5.

It was not until both agents were used in clinical practice
that reports of sepsis, tuberculosis, and infections with atyp-
ical Mycobacterium and other organisms appeared. In 2001
these observations led the US Food and Drug Adminis-
tration and other regulatory bodies to modify the labeling of
TNF antagonists to outline the potential risks of serious
infection.

After 2001 the results of several randomized clinical tri-
als (RCT) evaluating the safety and efficacy of TNF anta-
gonists in RAwere published. Figure 1 shows the odds ratio
(OR) of serious infections for recommended doses of TNF
antagonist in RA trials published between 1998 and 2007.
The risk of serious infection in these trials has been rela-
tively stable over time, with the majority of RCT having an
OR of 1 for serious infection with TNF antagonist therapy.

Bongartz, et al were the first to publish a metaanalysis of
the risk of serious infection with the use of TNF antagonist
antibodies7. They reported an OR of 2.0 [95% confidence
interval (CI) 1.3–3.1] for serious infection using all doses of
infliximab and adalimumab reported in the trials. A more
recent analysis by Alonso-Ruiz, et al that included etaner-
cept did not report a significant risk of serious infection
with TNF antagonists (risk ratio 1.4; 95% CI 0.8–2.2). A
limitation of both reports was that they did not report risk of
serious infection with recommended doses. To address this
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limitation, Leombruno, et al performed a metaanalysis that
included 16 studies with 3729 subjects receiving recom-
mended doses of adalimumab, etanercept, or infliximab and
2618 placebo patients; an OR for serious infection of 1.21
(95% CI 0.89–1.63) was reported8.

Published metaanalyses do not support an increased risk
of serious infection with recommended doses of TNF antag-
onists; however, the metaanalyses agree that subjects who
initiate TNF antagonist therapy at higher than recommend-
ed doses have an increased risk of serious infection. This
dose-response relationship strengthens the argument that
TNF antagonists may increase the risk for serious infection
through a biological mechanism.

Today, many rheumatologists accept that TNF antago-
nists increase the risk of serious infection; however, quanti-
fying the risk of TNF antagonist therapy is difficult, given
that RA itself and the traditional medications used to treat
RA may increase the risk of serious infection.

In this issue of The Journal, Bernatsky, et al describe
their metaanalysis of observational studies published
between 2002 and 20089. Their analysis included 7 studies
and 124,357 RA subjects receiving TNF antagonists or dis-
ease-modifying antirheumatic drugs. The rate of serious
infections in their study was about 3.5 per 100 subject-years,
which is strikingly similar to the rate of 3.6 per 100 sub-
ject-years noted in the RCT analyzed by Leombruno, et al8.

Bernatsky, et al report an increased risk of serious infec-
tion with TNF antagonist therapy (risk ratio 1.37; 95% CI
1.18–1.60). The point estimate of the risk of serious infec-
tion is roughly similar to the point estimate from the RCT;

however, the narrower confidence limit from the observa-
tional studies results in statistical significance. The advan-
tages of their study are the large number of subjects, use of
“real-world” TNF antagonist dosing, generalizability of
results (i.e., the subjects were not highly selected as in
RCT), and the fact that the care subjects received was not
mandated by a protocol. The limitations of their study cen-
ter on the problems of observational studies and pooling
them. The major limitation is that non-random allocation of
subjects to treatment groups will result in confounding.
Although Bernatsky, et al note that all included studies
adjusted for confounders, the reality is that there are
unknown and unmeasured confounders that may affect the
analysis in unexpected ways.

It is not uncommon in medicine for results of observa-
tional studies to differ from RCT; often attempts to explain
the differences result in new learning about the conditions,
treatments, and patients being investigated. This leads to the
question, why is the overall rate of serious infection similar
in observational and RCT metaanalyses but the relative risk
of TNF antagonist therapy different?

The relative risk of serious infection may be increased in
observational studies when compared to RCT because of the
difference in study populations. The mean age of subjects in
the RCT was 54 years compared to 60 years in observation-
al studies. Askling, et al estimated that relative risk of seri-
ous infection with TNF antagonist therapy increases from
1.29 to 1.75 as age increases from 54 to 60 years10. Between
12% and 17% of subjects in observational studies received
a second TNF antagonist (12%–17%), while previous expo-
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Figure 1. Odds ratio of serious infection with recommended doses of TNF antagonist versus placebo by study by year of initial
publication. Each circle represents a trial, with area proportional to the inverse of the variance of the estimated treatment effect.
Year of publication does not significantly affect the risk of serious infection (p = 0.16).
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sure to a TNF antagonist was a common exclusion criterion
in the early RCT. The risk of serious infection increases
from 4.5% to 7.0% during treatment with a second TNF
antagonist10, and may explain the higher serious infection
risk seen in observational studies.

In contrast to the above, some attributes of RCT may
result in higher relative risk of serious infection compared to
observational studies. The mean followup in the observa-
tional studies was over 2 years, while 10 of the 16 RCT had
durations less than 6 months. Several authors have noted
that risk of infection with TNF antagonist therapy is highest
within the first few months of treatment, followed by
decreasing risks after the first year of treatment10,11. Given
the time dependency of the risk of serious infection, the
shorter observation periods in RCT may result in relatively
higher risks. The use of corticosteroid at baseline was simi-
lar in the RCT and observational studies; however, while it
is common for observational studies to report a decrease in
the corticosteroid dose12, many RCT protocols require that
dose of corticosteroid remain stable throughout the study.
Since corticosteroids confer a dose-dependent risk of seri-
ous infection13,14 and RCT subjects cannot reduce their cor-
ticosteroid dose, the RCT design may result in an increase in
the relative risk of serious infection. Last, RCT had a much
higher rate of concomitant methotrexate use. While no
definitive data link methotrexate to serious infections, there
has been debate in the literature. In the PREMIER trial the
rate of serious infection in the adalimumab-methotrexate
combination group was significantly higher than in the adal-
imumab monotherapy group15.

In summary, in complex ways, the differences between
RCT and observational studies affect the relative risk esti-
mates of serious infection with TNF antagonist therapy.
Both types of analysis have advantages and disadvantages.
Thus, clinicians need to consider all scientific approaches
that help contextualize this issue.
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