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ABSTRACT

Biologics have greatly improved the management of rheumatoid arthritis (RA), demonstrating efficacy and safety in
alleviating symptoms, inhibiting bone erosion, and preventing loss of function. Unmet therapeutic needs in RA remain;
however, further advances require an understanding of issues left unaddressed under the current treatment paradigm.
Most biologic-naive and biologic-pretreated patients who initiate a biologic therapy, for example, do not reach Ameri-
can College of Rheumatology 50% (ACRS50) response, and few achieve remission. Responses are often not durable,
prompting frequent treatment switching. Predictive markers are unavailable to guide therapy selection, and clinical trial
data are lacking on whether a tumor necrosis factor inhibitor (TNFi) is the best first-line biologic and on the optimal
sequence of use for the different biologics. Risk of serious infection is the major safety concern. Translating preclinical
and clinical findings into new therapeutics may help address unmet needs. An increasing body of evidence indicates
that the cytokine interleukin (IL)-17A represents an important therapeutic target; ongoing trials with IL-17A inhibitors
will determine whether these agents can address some of the unmet needs associated with current biologics.
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1. Introduction rheumatoid factor [RF] or anti-cyclic citrullinated pep-
tide [anti-CCP] antibodies, high disease activity despite
synthetic DMARD treatment, or early erosions), and in
others after failure of more than one DMARD. The Ca-
nadian Rheumatology Association (CRA) and the Ame-
rican College of Rheumatology (ACR) have recently
published similar treatment recommendations [4,5]. It is
common practice to initiate a tumor necrosis factor in-
hibitor (TNFi) as the first biologic and, if this is inef-
fective, to switch to another TNFi or to an alternative bio-
logic with a different mechanism of action. The reason
for starting biologic therapy with a TNFi may be histori-
cal, in that TNFi agents were the first biologic class ap-
proved for RA and clinicians now have more than a dec-
ade of experience with these agents. Although the advent

Rheumatoid arthritis (RA) is a chronic inflammatory dis-
ease associated with progressive joint damage, disability,
and systemic complications [1]. RA has considerable in-
terpatient variability in clinical course and severity, which
may be due to genetics or environmental factors. The
goal of RA treatment is clinical remission, defined by the
absence of signs and symptoms of inflammation. When
remission is not possible, the target should be low dis-
ease activity, particularly in patients with established
disease [2]. To achieve these goals, European League
Against Rheumatism (EULAR) guidelines recommend
starting therapy with synthetic disease-modifying anti-
rheumatic drugs (DMARDs) as soon as possible after
diagnosis [3]. In patients with an inadequate response to - - 3
synthetic DMARDs, a biologic should be added when of biologic therapy has greatly 1mproYed RA manage-
poor prognostic features are present (i.e., presence of ment, there are still unmet needs. This paper reviews

unmet needs with the currently available biologics and
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2. Literature Search

Areas of potential unmet needs with respect to efficacy,
safety, and treatment persistence were identified based on
the authors’ clinical experience, and literature searches
were then conducted on Medline to identify relevant arti-
cles published in English from January 2000 to June
2012. Search terms included “RA” in combination with
biologic by class (“TNF blocker” or “TNF inhibitor”) and
by individual drug (“adalimumab”, “certolizumab pegol”,
“etanercept”, “golimumab”, “infliximab”, “abatacept”, “ri-
tuximab”, “tocilizumab”) and biologic by class or indivi-
dual drug in combination with “safety”, “infection”, “ma-
lignancy”, “autoimmune”, “cardiovascular”, “adherence”,
and “persistence”. The term “IL-17” was also searched,
with particular attention paid to articles relevant to arthri-
tis. Reference lists in selected articles and recent meeting
abstracts were also reviewed. Preference in selecting
articles was given to randomized controlled trials, meta-

analyses, and large observational registries.

3. Adequacy of Responsesto Current
Biologics

3.1. Response Rates and Dur ability of Response

Biologics may be more effective than synthetic DMA-
RDs, but a substantial proportion of patients achieve only
partial responses and not remission. In randomized cli-
nical trials, the addition of a TNFi to methotrexate (MTX)
produced higher response rates than MTX alone in
MTX-inadequate responders [6-9]. The TNFi-MTX com-

bination also significantly improved other efficacy mea-
sures: disease activity as assessed by the 28-item Disease
Activity Score (DAS28), tender joint counts, swollen
joint counts, and C-reactive protein (CRP); function as
measured by the Health Assessment Questionnaire-Disa-
bility Index (HAQ-DI); and radiographical joint damage
as evaluated on serial X-rays. However, most patients
treated with a TNFi plus MTX failed to achieve ACR50
or ACR70 responses or remission (Table 1). Radiograp-
hical analyses showed the combination slowed or arres-
ted progressive joint damage; however, erosions usually
did not heal during the observation period [10-12]. More-
over, good responses were often subsequently lost, with
an estimated 20% to 25% of patients per year disconti-
nuing treatment [13-15].

Observational registries suggest that response rates
achieved in daily clinical practice may be lower than
those reported in randomized clinical trials [16,17]. Seve-
ral reasons may contribute to this disparity, including dif-
ferences in patient selection (specific enrollment criteria
versus all-comers), use of a washout period in randomi-
zed clinical trials (which may increase disease activity at
baseline), differences in disease activity (real-world pa-
tients often start treatment with lower disease activity
and therefore may not achieve high ACR responses), and
differences in drug doses and adherence rates [18]. How-
ever, for some measures, such as HAQ-DI, the minimally
important difference observed in clinical practice is smal-
ler than that observed in randomized clinical trials, indi-
cating that real-world patients indeed experience relevant

Table 1. Proportion of patients with inadequate response to MTX who did not meet major ACR response criteria in key

phaselll clinical trialsof a TNFi plusMTX.

Percentage of Patients Who Did
N Assessment Not Achieve Response

Study Treatments .
Time (weeks) ACRS0 ACRT0
Infliximab 3 mg/kg q8w* + MTX 83 73° 92¢
Infliximab 3 mg/kg q4w" + MTX 85 71° 89°
ATTRACT [6] Infliximab 10 mg/kg q8w* + MTX 85 30 69° 82°
Infliximab 10 mg/kg q4w* + MTX 80 74° 89°
Placebo + MTX 84 95 100
Adalimumab 20 mg q2w + MTX 69 68° 90
Adalimumab 40 mg q2w + MTX 67 45° 73°
ARMADA [7] Adalimumab 80 mg q2w + MTX 73 24 580 81¢
Placebo + MTX 62 92 95
Golimumab 50 mg g4w + MTX 89 63° 80°
Golimumab 100 mg q4w + MTX 89 67° 85¢
GO-FORWARD [8] Golimumab 100 mg g4w + Placebo 133 24 80 89
Placebo + MTX 133 86 95
Certolizumab pegol 200 mg q2w* + MTX 246 68° 84¢
RAPID 2 [9] Certolizumab pegol 400 mg q2w + MTX 246 24 67 89°
Placebo + MTX 127 97 99

ACR, American College of Rheumatology; ARMADA, Anti-TNF Research Study Program of the Monoclonal Antibody D2E7 in Patients with Rheumatoid
Arthritis; ATTRACT, Anti-Tumor Necrosis Factor Trial in Rheumatoid Arthritis with Concomitant Therapy; GO-FORWARD, GOlimumab FOR Subjects
With Active RA Despite MTX; MTX, methotrexate; RAPID 2, Rheumatoid Arthritis Preventlon Damage 2; TNFi, tumor necrosis factor inhibitor. “Patients
received infliximab at the indicated dose at weeks 0, 2, and 6, and then every 4 or 8 weeks as indicated. °p < 0.001 versus placebo + MTX group. p < 0.01. %p <
0.05. °Patients in this group received certolizumab pegol 400 mg at weeks 0, 2, and 4 and then 200 mg every 2 weeks.
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improvement with available biologic agents [19]. When
registry patients meeting clinical trial enrollment criteria
are considered separately, response rates approach those
achieved in the clinical trials [16,17]. Nevertheless, only
a small proportion of patients in clinical practice achieve
remission as defined by the new ACR/EULAR Boolean
criteria [20].

Several other biologics and small molecules have emer-
ged for RA treatment, including abatacept (a CTLA4-Fc
fusion protein that modulates T-cell costimulation), rituxi-
mab (an anti-CD20 monoclonal antibody that depletes B
cells), tocilizumab (an anti-IL-6 receptor monoclonal
antibody), Janus kinase (JAK) inhibitors such as tofaciti-
nib and baricitinib, and the spleen tyrosine kinase (Syk)
inhibitor fostamatinib [21]. However, these agents also
exhibit a ceiling for response rates, with only a minority
of patients reaching ACR50 or ACR70 responses.

3.2. Switching Biologic Therapy

Patients who do not respond to a TNFi or who lose their
initial response may still benefit from another TNFi, or
they may respond to other biologics with different mecha-
nisms of action. In general, ACR50 and ACR70 response
rates are decreased with the next biologic after use of a
TNFi. Additionally, the reason for discontinuing the ini-
tial TNFi can predict the results of the next treatment. In
a meta-analysis of 19 studies, switching to a second
TNFi was associated with a slightly higher ACRS50 rate if
the switch had been prompted by adverse events (43%)
rather than by lack of efficacy (31%), although the EU-
LAR responses were similar in both subgroups [22].

Within the TNFi class, differences in molecular struc-
ture provide a rationale for switching to a second or even
a third TNFi [23]. Choices include the TNF receptor fu-
sion protein etanercept, the chimeric anti-TNFo mono-
clonal antibody infliximab, the fully human anti-TNFa
monoclonal antibodies adalimumab and golimumab, and
the pegylated humanized anti-TNFo Fab’ fragment certo-
lizumab pegol. The benefit of switching to a second TN-
Fi is illustrated by the golimumab in patients with active
rheumatoid arthritis after treatment with TNFa inhibitors
(GO-AFTER) trial, in which 461 patients with active RA
who discontinued their previous TNFi were randomized
to receive golimumab 50 or 100 mg subcutaneously (SC)
or placebo every 4 weeks, with or without background
DMARDs. Compared with placebo, golimumab signifi-
cantly increased ACRS50 responses at week 14 (18%
versus 6%; p < 0.001) [24]. Fifty-one percent of the pa-
tients continued treatment for 3 years. In this subgroup,
ACRS50 and ACR70 response rates were 40% and 19%,
respectively, at the end of the 3-year period, but it is im-
portant to recognize that these rates exclude patients who
discontinued before 3 years [25].

Rituximab, tocilizumab, and abatacept, other available

Copyright © 2013 SciRes.

biologic options with distinct mechanisms of action, are
often initiated following TNFi failure. The recombinant
IL-1 receptor antagonist anakinra is also approved for use
in RA but will not be discussed further here as it is ge-
nerally less effective than other options and not reco-
mmended in EULAR guidelines as a major biologic in
RA [3]. Rituximab, tocilizumab, and abatacept significan-
tly increased response rates compared with placebo when
added to background MTX in patients who had failed
one or more TNFi agents. ACR20, ACR50, and ACR70
response rates at week 24 were 51% versus 18%, 27%
versus 5%, and 12% versus 1%, respectively, with rituxi-
mab versus placebo (all p < 0.001) in the Randomized
Evaluation of Long-Term Efficacy of rituximab in RA
(REFLEX) trial [26]; 50% versus 10%, 29% versus 4%,
and 12% versus 1%, respectively, with tocilizumab 8
mg/kg versus placebo (all p < 0.001) in the Research on
Actemra Determining efficacy after Anti-TNF failures
(RADIATE) trial [27]; and 50% versus 20%, 20% versus
4%, and 10% versus 2%, respectively, with abatacept
versus placebo (all p < 0.003) in the Abatacept Trial in
Treatment of Anti-TNF Inadequate Responders (ATTAIN)
trial [28]. Significant improvements in other efficacy
measures, including HAQ-DI, DAS28 remission, and
health-related quality of life measured by SF-36 were
also reported in one or more of these trials. Rituximab
also showed a trend for slowing progression of radiograp-
hical damage [26].

In a recent meta-analysis, the probability of achieving
an ACRS50 response did not differ among golimumab,
rituximab, tocilizumab, and abatacept in patients with
inadequate responses to a prior TNFi (TNF-IR) [29]. As
initial biologic therapy in MTX-inadequate responders,
TNFi agents were significantly more likely to produce an
ACRS50 response than abatacept but not rituximab or
tocilizumab [29]. However, the results of several recently
reported trials call the latter conclusion into question, in
that no differences in response rates were seen with
abatacept SC compared with adalimumab in MTX-inade-
quate responders in the Abatacept Versus Adalimumab
Comparison in Biologic-Naive rheumatoid arthritis Sub-
jects With Background Methotrexate (AMPLE) trial [30]
or between abatacept 10 mg/kg every 4 weeks and infli-
ximab 3 mg/kg every 8 weeks in the Abatacept or inflixi-
mab versus placebo, a Trial for Tolerability, Efficacy and
Safety in Treating RA (ATTEST) trial [31]. Moreover,
monotherapy with tocilizumab (8 mg/kg IV every 4 weeks)
was superior to monotherapy with adalimumab in pa-
tients who were intolerant of MTX or for whom continued
MTX was inappropriate in the ADalimumab ACTemrA
(ADACTA) study [32].

In summary, available clinical data indicate the utility
of switching therapy in patients who have an inadequate
response to their current agent but provide little guidance
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on selection of the next therapy.

4. Predictive Clinical Char acteristics and
Biomarkers

Predictive clinical characteristics and biomarkers are
needed to help identify which agents should be used in
individual patients as initial biologic therapy or following
failure of TNFi therapy. Clinical and observational studies
indicate that concurrent use of a synthetic DMARD (es-
pecially MTX) and nonsmoking status are predictive of
better response to TNFi therapy [33-35]. Beyond that,
other baseline factors associated with good response de-
pend on the efficacy measure being evaluated. High dis-
ease activity at baseline was associated with better
ACRS50 and ACR70 responses, which is not unexpected
given that higher baseline activity offers a greater win-
dow for showing a treatment effect [36]. In contrast, low
baseline disease activity was associated with DAS28
remission rate, which is also logical given that it is much
easier to produce remission when disease is less active.
Numerous genetic markers, including TNFa gene poly-
morphisms, and protein markers, including RF and anti-
CCP antibodies, have been evaluated, but to date, none
has shown robust and consistent predictive value for
TNFi response [36] The presence of RF and/or anti-CCP
antibodies appears predictive of better responses with
rituximab [37]. Other studies suggest that the reason pro-
mpting biologic switching and the number of previous
biologics may influence treatment response. In the ob-
servational Swiss Clinical Quality Management RA co-
hort, switching to rituximab was more effective than swit-
ching to a second or third TNFi when the change in the-
rapy was prompted by inadequate response to the initial
TNFi, but switching to rituximab or to another TNFi had
comparable efficacy when the switch was prompted by
other reasons [38,39]. However, it is important to remem-
ber that observational studies are limited by potential
patient selection and prescribing biases. Whereas rituxi-
mab may be most effective when used after zero to one
TNFi, the efficacy of tocilizumab was independent of the
number of previous TNFi agents in the RADIATE trial
[27]. In a large Canadian observational cohort, abatacept
produced similar changes in HAQ-DI as initial biologic
therapy and after previous TNFi therapy; however, the
durability of response to abatacept was greater when it
was used as the first biologic [40].

5. Safety Profilesof Current Agents
5.1. SeriousInfection

Serious infection is the most important safety concern
with biologic therapy. In a meta-analysis of 160 random-
ized clinical trials and 46 extension studies, biologics as
a group in the standard-dose model were significantly

Copyright © 2013 SciRes.

associated with increased risk of serious infection com-
pared with control treatment (odds ratio 1.37, 95% con-
fidence interval [CI] 1.04 - 1.82) [41]. The risk of serious
infection with the individual biologics is shown in Fig-
ure 1; most showed odds ratios above 1 but had 95% ClIs
overlapping with unity. However, recent data from sev-
eral observational registries suggest that TNFi therapy
(etanercept, infliximab, and adalimumab) is associated
with a small but significantly increased risk of serious
infection in daily clinical practice. In an analysis of the
Consortium of Rheumatology Researchers in North
America (CORRONA) registry involving 7971 RA pa-
tients, TNFi use tended to increase the risk of opportun-
istic infections (incidence rate ratio 1.67, 95% CI 0.95 -
2.94) [42]. Similarly, in the British Society for Rheuma-
tology Biologics Register (BSRBR), involving 15,396
RA patients, TNFi therapy was associated with risk of
serious infection compared with nonbiologic DMARDs
(hazard ratio [HR] = 1.2, 95% CI 1.1 - 1.5); this associa-
tion was most pronounced during the first 6 months of
treatment (HR = 1.8, 95% CI 1.3 - 2.6) but then declined
over time [43]. Finally, in the French RATIO (Recherche
Axée sur la Tolérance des Biothérapies) registry, risk of
nontuberculosis opportunistic infections was substantial-
ly higher with the anti-TNF monoclonal antibodies inflixi-
mab and adalimumab than with the TNF receptor fusion
protein etanercept [44].

5.2. Tuberculosis Reactivation

TNFi therapy is associated with increased risk of tuber-
culosis due to reactivation of latent disease [45], with the
anti-TNF monoclonal antibodies carrying a higher risk
than etanercept [46,47]. As a result, screening for latent
tuberculosis before initiation of any TNFi has become
standard practice and has resulted in substantial reduction
in tuberculosis risk [48]. With this practice in place,

Biologic OR (95% ClI)
Abatacept ——i‘—_ 0.97 (0.40 to 2.31)
Adalimumab —— 1.23 (0.65 to 2.40)
Anakinra ——— 4.05(1.22t016.8)
Certolizumab — 1 4.75(1.52 t0 18.5)
Etanercept —— 1.29 (0.72 to 2.45)
Golimumab — 1.11 (0.45 to 2.59)
Infliximab —— 1.41 (0.75 to 2.62)
Rituximab ——Jil}— 0.26 (0.03 to 2.16)
Tocilizumab B 0.84 (0.20 to 3.56)
Overall + 1.37 (1.04 to 1.82)

0.10 ‘ — '1.00 . — 1'0.00

Favors Biologic Favors Control

0dds Ratio (95% Cl)
Serious Infections

Figure 1. Meta-analysis of serious infection risk with bio-
logics [41]. Reproduced with permission. Copyright © 2010
The Cochrane Collaboration. Published by John Wiley &
Sons, Ltd.
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tuberculosis risk with newer agents appears low [49,50].
Recommendations are in place for country-specific tu-
berculosis screening for TNFi agents, tocilizumab, and
abatacept, but screening is not necessary for rituximab.
TNFi agents are also associated with increased risk of
nontuberculosis mycobacterial infections. These infec-
tions, which are most commonly caused by Mycobacte-
rium avium, are difficult to diagnose and no screening
tests for them are as yet available [51].

5.3. Malignancy

RA patients are at higher risk of certain malignancies,
notably, lymphomas and lung cancer [52]. Given that the
molecular targets of biologic therapy may be important
in tumor surveillance and control, there is concern about
increased cancer risk. Evidence supporting this concern
is limited. A meta-analysis of clinical trials with inflixi-
mab and adalimumab found a higher malignancy risk,
particularly with higher doses of these agents [53]. In
addition, several studies suggest that TNFi therapy is
associated with risk of melanoma and nonmelanoma skin
cancers [54,55]. However, large meta-analyses and ob-
servational registries suggest that TNFi agents are not
associated with increased risk of malignancy overall
[41,55-57]. Similarly, pooled analyses of clinical trials
suggest that rituximab, tocilizumab, and abatacept are not
associated with increased malignancy risk in RA, al-
though additional long-term follow-up data are needed
[58-60].

Limited information is available on malignancy risk in
patients with a history of cancer, because these patients
were typically excluded from randomized clinical trials.
The incidence of new cancers was not increased by TNFi
agents compared with synthetic DMARD:s in a cohort of
293 patients with prior malignancy in the BSRBR, but
these findings may have been biased by the fact that pa-
tients are more likely to be selected for biologic therapy
if a prior malignancy is considered to have a good prog-
nosis [61].

5.4. Immune Reactions

TNFi agents are associated with the production of antinu-
clear antibodies (ANA) and, less frequently, with anti-
double stranded DNA (anti-dsDNA) antibodies [62,63].
Although such antibodies have been associated with the
development of systemic lupus erythematosus and other
immune conditions, these events are uncommon in pa-
tients treated with TNFi agents or abatacept [64,65]. For
example, 22 of 156 infliximab-treated patients (14%) de-
veloped anti-dsDNA, but only one of them had symp-
toms suggestive of a drug-induced lupus syndrome [62].

5.5. Cardiovascular Risk

Cardiovascular disease is common in patients with RA.

Copyright © 2013 SciRes.

TNFa is involved in all stages of atherosclerosis, from
plaque generation through plaque rupture, and may sti-
mulate several cardiovascular risk factors, including dys-
lipidemia and insulin resistance [66]. Consistent with this
profile, multiple observational registries and meta-analy-
ses have shown that TNFi therapy is associated with sig-
nificant reductions in risk of major cardiovascular events
[67-69]. Of note, some evidence suggests that the cardio-
vascular benefit may be restricted to RA patients who
respond to TNFi [70].

The risk of congestive heart failure (CHF) with TNFi
therapy remains controversial. TNFa levels are known to
be elevated in CHF patients [71], which prompted clini-
cal trials of TNFi agents in this population. Two clinical
trials of etanercept in CHF patients were stopped early,
with a pooled analysis showing a small, nonsignificant
trend toward increased hospitalization and mortality at
higher doses [72]. Similarly, infliximab was ineffective
in CHF patients, with the higher dose (10 mg/kg) associ-
ated with a significant increase in risk of mortality or
CHEF hospitalization [73]. However, observational studies
have not convincingly shown that TNFi agents increase
CHF risk in RA patients, particularly in the absence of
pre-existing cardiovascular disease [69,74,75]. Never-
theless, caution appears warranted when these agents are
used in RA patients with CHF.

Information about the cardiovascular risk profile of the
other available biologics is limited. Evidence from long-
term extension studies suggests that they do not have a
beneficial or a detrimental effect on cardiovascular out-
comes [66]. Differences among biologics in associated
cardiovascular risk could reflect differences in underly-
ing risk factors. For example, TNFi agents may increase
total cholesterol and high-density lipoprotein (HDL)
cholesterol [76], and tocilizumab raises total cholesterol
and low-density lipoprotein (LDL) lipid parameters with
or without increases in HDL [77,78].

6. Persistence and Adherence with Current
Therapies

Despite the effectiveness of biologics, patients may dis-
continue treatment for a variety of reasons, including lack
of efficacy, loss of treatment response, adverse events,
personal preference, and achievement of remission.
Treatment persistence is defined by treatment continua-
tion for a given time period without significant gaps in
treatment and/or without switching between biologics. In
a recent systematic review, median drug survival across
all biologics was typically between 32 and 39 months
[79]. For example, median drug survival was 37 months
in a cohort of 2364 patients treated initially with inflixi-
mab, etanercept, or adalimumab [80]. Median drug sur-
vival decreased with each subsequent TNFi to 21 months
for the second agent and 13 months for the third agent
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[80]. In the BSRBR registry, discontinuation of a TNFi
due to lack of efficacy was associated with an increased
rate of discontinuation of a second TNFi due to lack of
efficacy [81]. Similarly, discontinuation due to toxicity
from the first agent was associated with an increased rate
of discontinuation of the second drug for toxicity. Per-
sistence with abatacept averaged 26.8 months in a Cana-
dian observational cohort and was significantly longer
among biologic-naive patients than among those treated
previously with TNFi therapy [40].

Whereas persistence measures drug continuation,
treatment adherence reflects whether the patient takes a
medication according to the prescription. Measures of ad-
herence vary across studies, as do adherence rates. When
measured as the proportion of patients with a medication
possession ratio > 0.8, adherence rates with TNFi agents
ranged from 41% to 81% in four studies, and the mean
medication possession ratio for treatment with a biologic
plus MTX was 0.64 to 0.72 [79]. In general, higher rates
of adherence with biologics in RA are associated with a
belief in the medication’s necessity for health and with
lower out-of-pocket costs, whereas lower adherence is
associated with concern about toxicity [82,83]. Patients
who are adherent to the prescribed dosing of a TNFi
seem to have a more durable response, consistent with
observations relating adherence to treatment benefits in
other therapeutic areas.

7.1L-17A Inhibitors. Novel Investigational
Agentswith Potential to Address Unmet
Needs

The TNF1i agents were developed at a time when RA was
thought to be a Th1l-mediated disease leading to the pro-
duction of monocyte-/macrophage-derived cytokines,
such as TNFa, IL-18, and IL-6. In 2005, a new subset of
T-helper cells, known as Thl7 cells, was discovered,
whose effector functions are mediated predominantly by
IL-17A [84,85]. IL-17A plays a key role in host defense
against extracellular bacteria and fungi; this role is dis-
tinct from the role of the Thl pathway and its mono-
cyte-derived cytokines in host defense against intracellu-
lar pathogens and certain fungi [86].

IL-17A is thought to play an important role in RA ac-
cording to both preclinical and clinical data and therefore
may be a viable therapeutic target. As shown in Figure 2,
IL-17A is produced by multiple cell types and causes a
range of biological effects culminating in joint inflam-
mation, cartilage degradation, and bone erosion.

These effects are reproduced in experimental models
associated with IL-17A overexpression [94], whereas
they are blocked in IL-17A-deficient animals [95] and by
the use of IL-17A inhibitors [96,97]. In RA patients,
IL-17A levels are elevated in serum and synovial fluid
and appear to be associated with greater disease activity

Copyright © 2013 SciRes.

[98-101]. Moreover, IL-17A has been associated with
impaired microvascular function and arterial compliance
in RA and therefore may contribute to comorbid cardio-
vascular risk [101].

IL-17A inhibitors have been developed and evaluated
in early clinical trials. Secukinumab (previously known
as AIN457), a fully human IgGlea anti-IL-17A mono-
clonal antibody, was initially assessed in a randomized,
placebo-controlled, proof-of-concept trial involving 52
RA patients on stable background MTX [102]. Adminis-
tered at 10 mg/kg IV at weeks 0 and 3, secukinumab sig-
nificantly improved the area under the treatment re-
sponse-time curve for ACR20 (p = 0.011), the adjusted
DAS28 score (p = 0.027), and the baseline-adjusted CRP
level (p = 0.002), with effects evident by 1 week and
maintained throughout the 16-week trial. Secukinumab
was subsequently evaluated in a randomized, double-
blind, placebo-controlled phase II trial, in which 237 RA
patients with active disease despite stable MTX were allo-
cated to monthly treatment at a dose of 25, 75, 150, or
300 mg SC [103]. Doses of 75 to 300 mg produced hig-
her ACR20 response rates than placebo at the week 16
primary endpoint (47% - 54% versus 36%), although
statistical significance was not demonstrated. Patients
with ACR20 responses received the same dose of secu-
kinumab through week 52, whereas in patients who did
not show a response by week 16, the dose was escalated
at week 20. For responders who remained on the 150 mg
dose for the entire study, ACR20 response rates im-
proved to 75% at week 24 and to 90% at week 52, with
corresponding improvements in ACR70 response rates to
20% and 40%, respectively. Responders who remained
on the 150 mg dose also had sustained improvements in
DAS28-CRP and HAQ-DI. In contrast, week 16 nonre-
sponders derived little benefit from dose escalation. Ad-
verse events were mostly mild to moderate in severity
and led to discontinuation in 6.9% of patients.

Ixekizumab (previously known as LY2439821), a hu-
manized 1gG4 anti-IL-17A monoclonal antibody, was
evaluated in proof-of-concept and phase II trials. In the
former, patients on one or more synthetic DMARDs re-
ceived ixekizumab 0.2, 0.6, or 2 mg/kg IV at weeks 0, 2,
4, 6, and 8 [104]. Ixekizumab (all doses combined) sig-
nificantly reduced DAS28 compared with placebo at
week 10 (2.3 versus —1.7; p < 0.05) and showed activity
by 1 week that was maintained at the final week 16 as-
sessment. In a subsequent phase II trial, patients on
background DMARD therapy received placebo or ixeki-
zumab at doses of 3 to 180 mg SC if naive to biologic
therapy and 80 or 180 mg SC if previously treated with a
TNFi [105]. Treatment was given at weeks 0, 1, and 2
and then every other week through week 10. Ixekizumab
produced an ACR70 response rate of 14% at the dose
levels of 10, 30, and 180 mg in the biologic-naive cohort
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Figure 2. Role of interleukin (IL)-17A in rheumatoid arthritis (RA) pathogenesis. IL-17A is produced by Th17 cells and binds
to areceptor complex consisting of IL-17RA and IL-17RC subunits on target cells[86,87]. IL-17A isalso produced by cells of
the innate immune system, of which mast cells may be the most important in the rheumatoid synovium [86,88-91]. IL-17A
acts on synovial fibroblaststo increase chemokine and cytokine production, leading to joint inflammation, on chondrocytesto
stimulate release of cartilage-degrading matrix metalloproteinases (MMPs) and block new matrix synthesis, and on os-
teoblasts and osteoclast precursors to stimulate expression of RANKL and RANK, respectively, leading to bone erosion. The
products released promote further effects in the joint (e.g., CCL20 may promote recruitment of Th1l7 and dendritic cdls;
tumor necrosis factor (TNF)-a acts on chondrocytes and osteoclast precursors to promote joint damage) [86,92,93]. Secuki-
numab and ixekizumab are monoclonal antibodies directed against 1L-17A, whereas brodalumab is a monoclonal antibody

directed against the IL-17RA subunit.

(all p < 0.05 versus placebo) and 10% at a dose of 180
mg in TNFi-pretreated patients (p = 0.11 versus placebo).
Although infection rates were slightly higher with ixeki-
zumab than with placebo, no mycobacterial or systemic
fungal infections were observed.

Brodalumab (previously AMG-827) differs mechanis-
tically from secukinumab and ixekizumab; it is a fully
human monoclonal antibody directed against IL-17RA
[106], which is a subunit of the receptor through which
IL-17A produces its biological effects [87,107]. IL-17RA
also mediates the effects of IL-17F, another Th17 cyto-
kine, with similar but less potent effects than IL-17A,
and IL-17RA is also a subunit of the receptor for IL-17E
(also known as IL-25), which may be involved in Th2-
mediated eosinophil recruitment. A phase II study of

Copyright © 2013 SciRes.

brodalumab in biologic-naive RA patients on background
MTX yielded negative results [108]. A total of 252 par-
ticipants who had previously experienced an inadequate
response to MTX were randomized to additional treat-
ment with brodalumab (70, 140, or 210 mg) or placebo
subcutaneously at day 1 and weeks 1, 2, 4, 6, 8, and 10.
The percentage of patients who achieved ACRS50 re-
sponse at week 12, the primary endpoint, did not signifi-
cantly differ between any brodalumab-treated group and
placebo: 70 mg (16%), 140 mg (16%), 210 mg (10%),
placebo (13%). Differences in ACR20 and ACR70 re-
sponse were nonsignificant for any brodalumab group
versus placebo. Incidences of adverse events, including
serious adverse events, were similar across treatment
groups.
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Blocking IL-17A potentially raises the risk of infection
and immune-mediated disorders, given the role of IL-
17A in host defense. Several different genetic disorders
have been identified that result in a deficiency of
IL-17RA or IL-17F or lead to autoantibody production
against IL-17A and other Th17 cytokines [109-111]. Af-
fected patients develop chronic mucocutaneous candidi-
asis characterized by recurrent or persistent skin, nail, and
mucosal infections caused by Candida albicans. There-
fore, mucocutaneous candidiasis is a theoretical risk with
IL-17A inhibitors, but its occurrence should require com-
plete blockade of IL-17A function rather than the partial
inhibition likely to be achieved with therapeutic doses.

8. Conclusions

Despite the treatment advances achieved with biologics,
most patients do not reach ACR50 or ACR70 responses,
and few actually achieve remission. Moreover, responses
are often not durable, prompting frequent treatment switch-
ing. These issues are evident in both biologic-naive and
TNF-IR patients and underscore the need for new agents
that allow a greater proportion of patients to reach treat-
ment goals than currently available biologics (i.e., higher
rates of ACR70 response, DAS28 remission, and ACR/
EULAR remission) and that produce longer-lasting re-
sponses. The new agents should ideally also improve
other features of RA, such as fatigue, function, pain, joint
damage, and disability.

On the basis of available data, it is difficult to know
which biologic to choose, and in which order, after fail-
ure of MTX as well as after failure of a TNFi. Common
practice dictates starting biologic therapy with a TNFi,
but other drug classes may be perfectly acceptable alter-
natives, as illustrated by meta-analyses and recent clini-
cal trial findings [29,30]. With multiple biologic options,
there is a need for strong predictive biomarkers to deter-
mine which drug is most likely to be effective (and which
will likely be ineffective), safe, and durable in a given
individual. The fact that available biologics are not effec-
tive in all patients attests to the heterogeneity of RA and
implies that the underlying pathophysiology likely varies
across patients and disease stages. Seropositivity appears
to predict better responses to rituximab [37], but overall,
robust predictive markers for use in clinical practice re-
main elusive.

From a safety perspective, the risks of serious infec-
tion and malignancy are significant concerns with avail-
able biologics. Most safety data focus on the TNFi class,
and specifically on the first three members that were
available—etanercept, infliximab, and adalimumab. In
general, the safety data from meta-analyses and observa-
tional registries suggest that TNFi agents increase the
risk of serious infection and skin cancer but not that of
malignancy overall. Importantly, the adoption of appro-

Copyright © 2013 SciRes.

priate clinical practices, such as tuberculosis screening
prior to initiating biologic therapy, has helped to reduce
serious infection risk. With the newer biologics, pooled
analyses of clinical trial databases provide an initial step
in assessing their safety, but additional long-term data are
needed to adequately define their overall safety profiles.
On the basis of available safety information, there is still
a need for new agents with a lower risk of serious infec-
tion, particularly for patients with certain comorbidities
(e.g., diabetes, bronchiectasis, prednisone use), and a
lower risk of potential immune-mediated adverse events.
Given the potential cardioprotective effects of TNFi
agents, it would be preferable for new agents to retain
this feature, particularly because cardiovascular disease
is increased in RA. However, it is unknown whether ef-
fective RA treatment is sufficient for lowering cardio-
vascular risk and whether intrinsic factors associated
with TNFi contribute to risk reduction.

To address these unmet needs, innovation is needed to
translate preclinical and clinical evidence into viable
therapeutics. Along these lines, significant progress has
been made in identifying IL-17A as a therapeutic target
and in developing IL-17 inhibitors for RA. Early clinical
trial results are as yet mixed, and further evaluation is
ongoing in phase II and III studies. It is still too soon to
determine whether the IL-17 inhibitors will address some
of the unmet needs associated with current agents.
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