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Objective. Tumor necrosis factor (TNF) and inter-
leukin-17A (IL-17A) may independently contribute to the
pathophysiology of rheumatoid arthritis (RA). This study
sought to evaluate the safety and efficacy of ABT-122, a
novel dual variable domain immunoglobulin targeting
human TNF and IL-17A, in patients with RA who have
experienced an inadequate response to methotrexate.

Methods. Patients with active RA who were receiv-
ing treatment with methotrexate and had no prior expo-
sure to biologic agents (n =222) were enrolled in a 12-week
phase II randomized, double-blind, active-controlled,
parallel-group study. Patients were randomized to receive
either ABT-122 at dosages of 60 mg every other week, 120
mg every other week, or 120 mg every week or adalimumab
at 40 mg every other week, administered subcutaneously.
The primary efficacy end point was the proportion of
patients achieving a >20% improvement response based on
the American College of Rheumatology criteria for 20%
improvement (ACR20) at week 12.
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Results. Treatment-emergent adverse events were
similar across all treatment groups, with no serious
infections or systemic hypersensitivity reactions reported
with ABT-122. ACR20 response rates at week 12 were
62%, 75%, and 80% with ABT-122 60 mg every other week,
120 mg every other week, and 120 mg every week, respec-
tively, compared with an ACR20 response rate of 68%
with 40 mg adalimumab every other week. The corre-
sponding response rates for ACR50 and ACR70 improve-
ment in the ABT-122 dose groups and adalimumab group
were 35%, 46%, 47%, and 48%, respectively, and 22%,
18%, 36%, and 21%, respectively.

Conclusion. Over the 12-week study period, dual
inhibition of TNF and IL-17A with ABT-122 produced a
safety profile consistent with that of adalimumb used for
inhibition of TNF alone. The efficacy of ABT-122 over 12
weeks at dosages of 120 mg every other week or 120 mg
every week was not meaningfully differentiated from that
of adalimumab at a dosage of 40 mg every other week in
patients with RA receiving concomitant methotrexate.
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EFFICACY AND SAFETY OF ABT-122 IN RA

The treatment goal for all patients with rheuma-
toid arthritis (RA) should be tailored to the individual
patient, keeping in mind that low disease activity and dis-
ease remission are optimal aims (1). Because current
therapies may fall short of these target goals (1-3) and fail
to improve quality of life in some patients (4), novel phar-
macologic therapies are needed to improve outcomes.
RA is a complex disease involving numerous cell types
and a variety of inflammation mediators operating in the
innate and adaptive immune systems (5). Thus, therapies
that simultaneously target different pathways involved in
the pathogenesis of RA may enhance treatment responses
in patients with RA.

Some patients fail to improve following treatment
with tumor necrosis factor (TNF) inhibitors or these
agents tend to lose effectiveness over time (6,7). TNF inhi-
bitor therapy in patients with RA was found to signifi-
cantly increase the frequency of circulating Th17 cells in
the peripheral blood (8), thereby enhancing the release of
the proinflammatory cytokine interleukin-17A (IL-17A)
(9). Moreover, in one study, patients with RA who failed
to respond to TNF inhibition had elevated concentrations
of circulating Th17 cells and increased serum levels of
IL-17 in comparison to patients who responded to TNF
inhibition (10).

IL-17A induces the release of a broad range of
proinflammatory cytokines and chemokines and may be
involved in cartilage destruction (9). TNF and IL-17A
may act synergistically to induce osteoclastogenesis via
pathways involving RANKL, resulting in bone loss
(11,12). Serum and synovial concentrations of IL-17A
are elevated in patients with RA compared with age-
and sex-matched healthy individuals, and these raised
levels are correlated with the severity of the disease
(13). In a mouse collagen-induced arthritis model,
simultaneous neutralization of TNF and IL-17 by 2 dif-
ferent selective monoclonal antibodies (mAb) reduced
the arthritis severity scores to a greater extent than did
neutralization by either mAb alone (14,15). Thus, tar-
geting both TNF and IL-17A in a combined strategy of
dual neutralization may lead to more effective and
enhanced clinical responses in patients with RA com-
pared with the response achieved by targeting TNF or
IL-17A alone. However, some studies reported an
increased rate of serious adverse events (AEs), most
notably serious infections, in patients with RA who
received combination therapy with 2 biologic disease-
modifying antirheumatic drugs (- DMARDs) compared
with patients who received single bDMARD therapy
(16-18). Combination bDMARD therapy was associated
with little or no incremental efficacy benefit when com-
pared with a single biologic agent in patients with RA
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(16-18). Therefore, it is important to carefully assess
the safety, tolerability, and efficacy of any combination
biologic therapy.

ABT-122 is a dual variable domain immunoglobulin
(DVD-Ig) targeting human TNF and IL-17A (19). Each
molecule of ABT-122 has 2 sets of selective binding
domains, with 1 pair targeting TNF and the other pair
targeting IL-17A. Thus, the ratio of TNF to IL-17A binding
sites in each molecule of ABT-122 is inherently constant
(ratio of 2:2) (20). In vitro surface plasmon resonance
analysis revealed that ABT-122 bound a similar amount of
TNF with high affinity independent of the occupancy of
IL-17A binding sites, and vice versa (20). In fibroblast-like
synoviocytes from patients with RA, ABT-122 fully
inhibited TNF- and IL-17A-induced production of IL-6 (20).

In addition, ABT-122 rapidly modulates potential
pathophysiologic pathways in patients with RA, including
reducing the serum levels of chemokines CXCL9, CXCL10,
and CCL23 (21), all of which are involved in lymphocyte
and myeloid cell recruitment into inflamed tissue. With
single doses of up to 3 mg/kg subcutaneously (SC) and
10 mg/kg intravenously in healthy volunteers, ABT-122
was well tolerated, and at these doses, target activity was
demonstrated ex vivo (20). In phase I studies, multiple
ascending SC doses of ABT-122 were administered to
patients with RA for 8 weeks (21,22). ABT-122 showed
approximately dose-proportional exposure at SC doses
of >1 mg/kg (22). Peak ABT-122 serum concentrations
were observed within 24 days after SC dosing, with
steady-state levels obtained by 6 weeks of SC dosing. The
effective half-life of ABT-122 was 10 days with dosing
every other week, and 18 days with dosing every week.
The results of these studies in patients with RA indicate
that there are no meaningful safety signals with ABT-
122, and it has potential antiinflammatory effects and a
pharmacokinetic profile favorable for SC administration
every other week or every week.

The objective of the current study was to deter-
mine the safety, efficacy, and pharmacokinetics of ABT-
122 in patients with RA who had an inadequate response
to methotrexate.

PATIENTS AND METHODS

The study was conducted in accordance with the Inter-
national Conference on Harmonisation Guidelines for Good
Clinical Practice, and adhered to the principles of the Declara-
tion of Helsinki. An independent ethics committee or institu-
tional review board at each center approved the protocol. All
patients provided written informed consent.

Study design. The study was designed as a phase II ran-
domized, double-blind, active-controlled, parallel-group study
in patients with active RA who had experienced an inadequate
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response to methotrexate, conducted at 46 sites in the United
States, Bulgaria, the Czech Republic, Germany, Hungary,
Poland, Romania, and New Zealand. After screening, eligible
patients receiving weekly stable treatment with methotrexate
were randomized 1:1:1:1 to receive either ABT-122 at dosages
of 60 mg every other week, 120 mg every other week, or 120 mg
every week or adalimumab (Humira; AbbVie) at a dosage of 40
mg every other week, administered SC for 12 weeks.

Patients. Adult patients (ages >18 years) who had a
diagnosis of RA for at least 3 months, with the diagnosis based
on the American College of Rheumatology (ACR)/European
League Against Rheumatism 2010 criteria (23), were eligible.
All eligible patients had active RA, defined as the presence of
>6 swollen joints and >6 tender joints (based on the 66/68-joint
counts at screening and baseline visits) and a high-sensitivity
C-reactive protein (hsCRP) level higher than the upper limit of
normal (cutoff 4.99 mg/liter) at screening or the presence of
rheumatoid factor and anti—cyclic citrullinated peptide antibod-
ies at screening. Eligible patients were those who had experi-
enced an inadequate response to methotrexate after having
received the treatment for >3 months (with no change in the
route of administration) and after having received a stable
dosage of >10 mg/week for at least 4 weeks before baseline.

Key exclusion criteria included the following: previous
exposure to adalimumab, other TNF inhibitors, and other
bDMARD:s; current treatment with conventional DMARDs
(except methotrexate, sulfasalazine, and hydroxychloroquine);
having received stable oral doses of prednisone or its equiva-
lent at >10 mg/day within 30 days of the first dose of study
medication; having received treatment with intraarticular or
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parenteral glucocorticoids in the 4 weeks before the first dose
of study medication; presence of active tuberculosis, chronic
recurring infections, and/or active viral infections; and having
received treatment with anti-infective agents within 30 days
(intravenously) or 14 days (orally) of the first dose of study
medication. Patients could continue to receive stable treat-
ment with oral prednisone or its equivalent (at a dosage of
<10 mg/day) if they had begun the treatment at least 4 weeks
before the first dose of study medication. Furthermore, use of
inhaled glucocorticoids to treat stable medical conditions was
allowed.

Safety assessments. Occurrence of AEs was monitored
and recorded throughout the course of the study. AEs were
coded using the preferred terms and system organ classes desig-
nated in the Medical Dictionary for Regulatory Activities, ver-
sion 17.1. Treatment-emergent AEs (TEAEs) were categorized
by treatment and by severity. The severity of TEAEs was classi-
fied by investigators according to the Rheumatology Common
Toxicity Criteria, version 2.0 (24).

Efficacy assessments. The primary efficacy end point was
the proportion of patients achieving a >20% improvement re-
sponse based on the ACR criteria for 20% improvement
(ACR20) (25) at week 12. Missing data were analyzed using
nonresponder imputation (NRI) and also the last observation
carried forward (LOCF) method. Secondary end points in-
cluded the following: the proportion of patients achieving a
>50% and >70% ACR improvement response (ACR50 and
ACR?70, respectively) at week 12, as well as change from base-
line in the Disease Activity Score in 28 joints using hsCRP level
(DAS28-hsCRP) (26) at weeks 2, 4, 6, 8, and 12; the proportion

Table 1. Demographic and baseline clinical characteristics of the patients in the full analysis set*

Adalimumab ABT-122 ABT-122 ABT-122
40 mg SC 60 mg SC 120 mg SC 120 mg SC
every other week  every other week  every other week  every week
Characteristic (n =56) (n=155) (n =56) (n=155)
Women, no. (%) 42 (75.0) 45 (81.8) 49 (87.5) 45 (81.8)
White, no. (%) 51 (91.1) 52 (94.5) 53 (94.6) 49 (89.1)
Age, years 57.6 £ 124 552 £ 118 53.5£13.0 55.6 £ 12.3
Weight, kg 80.2 + 17.6 78.4 £ 19.5 73.7 £ 16.5 77.3 + 14.1
BMI, kg/m? 29.3 + 6.0 287 +59 275 +£5.1 28.3 + 4.7
Duration of RA, years 7.6 £78 7.0 £ 8.1 94 £92 6.8 £ 6.7
MTX dose, mg/week 16.8 £ 4.3 17.5 £ 49 17.1 £ 47 16.7 £ 4.7
Prior use of non-MTX DMARD, no. (%)t 8 (14.3) 12 (21.8) 10 (17.9) 8 (14.5)
1 5(8.9) 10 (18.2) 9 (16.1) 6 (10.9)
2 3(54) 1(1.8) 1(1.8) 2 (3.6)
>3 0 1(1.8) 0 0
Prior use of systemic glucocorticoids, no. (%) 33 (58.9) 36 (65.5) 34 (60.7) 30 (54.5)
hsCRP, mg/liter 16.3 £ 24.0 13.8 £ 13.1 15.7 £ 19.3 17.3 £25.0
hsCRP category, no. (%)
<4.99 mg/liter 16 (28.6) 15 (27.3) 18 (32.1) 20 (36.4)
>4.99 mg/liter 40 (71.4) 40 (72.7) 38 (67.9) 35 (63.6)
DAS28-hsCRP score 58+ 1.0 6.0 £0.8 5.6 £09 57+09
DAS28-hsCRP category, no. (%)
<5.1 12 (21.4) 8 (14.5) 14 (25.0) 11 (20.0)
>5.1 44 (78.6) 47 (85.5) 42 (75.0) 44 (80.0)

* Except where indicated otherwise, values are the mean + SD. Patients were enrolled from sites in Poland (n = 112), the
United States (n = 49), Bulgaria (n = 17), the Czech Republic (n = 17), Hungary (n = 11), New Zealand (n = 9), Romania
(n = 6), and Germany (n = 1). SC = subcutaneous; BMI = body mass index; RA = rheumatoid arthritis; MTX = methotrex-
ate; DMARD = disease-modifying antirheumatic drug; hsCRP = high-sensitivity C-reactive protein; DAS28-hsCRP = Disease

Activity Score in 28 joints using hsCRP level.
+ Therapy was stopped before the first dose of study drug.
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of patients achieving a DAS28-hsCRP score of <3.2 or Clinical
Disease Activity Index (CDAI) score (27) of <10 at week 12;
and the proportion of patients achieving a DAS28-hsCRP score
of <2.6 or CDAI score of <2.8 at week 12. Exploratory end
points included ACR response rates at weeks 2, 4, 6, and 8 and
changes in ACR components over time, including changes from
baseline of at least —1.2 in the DAS28-hsCRP and of at least
—0.5 in the Health Assessment Questionnaire (HAQ) disability
index (DI) (28).

Assessments of pharmacokinetics and immunogenicity.
Serum concentrations of ABT-122 were determined at baseline
(before dosing), weekly during the 12-week treatment period,
and at a follow-up visit 6 weeks after treatment ended. Immuno-
genicity was characterized by assessment of antidrug antibodies
to ABT-122 at baseline, every 2-3 weeks during the 12-week
treatment period, and at a follow-up visit 6 weeks after treatment
ended. Serum concentrations of ABT-122 were determined using
a validated chimeric electrochemiluminescence immunoassay,
and the antidrug antibody assessment was performed using a vali-
dated bridging electrochemiluminescence immunoassay. The
assay included an acid dissociation step to allow for dissociation
of antibodies from the drug-antibody complex, thereby ensuring
reduced drug interference. The details of the bioanalytic assays
have been described previously (22,29).

Statistical analysis. The safety analysis set included
patients who received >1 dose of study drug. The full analysis
set, defined as all randomized patients from the safety analy-
sis set, was used for baseline and efficacy analyses. Summary
statistics were provided by treatment group. Given a sample
size of ~55 patients per group and an estimated ACR20
response rate of 60% for those treated with adalimumab, the
study had 88% power to detect an ACR20 response rate of
85% among patients who were treated with ABT-122, using a
1-sided o level of 0.05, with comparisons between groups by
Fisher’s exact test. Missing categorical efficacy end points
were imputed using NRI, whereas missing continuous efficacy
end points were imputed using LOCF; safety data were not
imputed. Statistical analyses were performed using SAS soft-
ware (version 9.2 or higher; SAS Institute).
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RESULTS

Characteristics of the study patients. The demo-
graphic and clinical characteristics of the patients at base-
line were comparable across the treatment groups (Table 1).
Most of the patients were white (92%) and female
(82%), with a mean duration of RA of ~8 years. Of the
222 randomized patients, 209 (94%) completed the study
(Figure 1). Three patients discontinued because of
TEAEs. The safety analysis set and the full analysis set
comprised the same patients.

Safety. The overall incidence of TEAEs was simi-
lar among the treatment groups, with most events being
mild or moderate in severity, and without evidence of a
relationship to dose (Table 2). There were very few severe
TEAEs or TEAE:s that led to discontinuation from the
study. There were 4 serious AEs that occurred after treat-
ment with ABT-122, compared with no serious AEs after
treatment with adalimumab, without any deaths. There
were no reported serious infections. Two serious AEs
(1 case of head injury and 1 case of an ovarian cyst)
occurred in patients treated with ABT-122 at 60 mg every
other week. Two serious AEs occurred in patients treated
with ABT-122 at 120 mg every week (1 case of a tibia frac-
ture, and 1 case of angina pectoris). The latter serious
AE, angina pectoris, occurred in a 69-year-old male
patient with a history of angina and hypertension, and
resolved after 2 days; on follow-up, the patient was found
to have cardiac failure.

Twenty-seven patients (16%) who received ABT-
122 reported experiencing >1 infection-related TEAE dur-
ing the study, with the highest proportion of patients
(24%) being those who received ABT-122 at 120 mg every

Randomized, N=222 |

N

Adalimumab ABT-122
40 mg SC EOW 60 mg SC EOW
n=56 n=55

ABT-122 ABT-122
120 mg SC EOW 120 mg SC EW
n=56 n=55

4

4

Discontinued, n=3 Discontinued, n=6
Patient noncompliant, n=1
Withdrew consent, n=1
Other, n=1

AE, n=2
Other, n=4

Discontinued, n=3 Discontinued, n=1

Withdrew consent, n=3 AE, n=1

Completed, n=53 Completed, n=49

Completed, n=53 Completed, n=54

Figure 1. Disposition of the study patients. SC = subcutaneous; EOW = every other week; EW = every week; AE = adverse event.
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Table 2. Frequency of TEAEs observed in patients in the safety analysis set*
Adalimumab ABT-122 ABT-122 ABT-122
40 mg SC 60 mg SC 120 mg SC 120 mg SC
every other week every other week every other week every week
Event (n =56) (n=155) (n =56) (n=155)
Any TEAE 24 (42.9) 23 (41.8) 21 (37.5) 20 (36.4)
Any serious AE 0 2 (3.6) 0 2 (3.6)
Any severe AE 0 1(1.8) 0 0
Any AE leading to discontinuation 0 2 (3.6) 0 1(1.8)
Infectiont 10 (17.9) 8 (14.5) 6 (10.7) 13 (23.6)
Infections reported in >2 patientst
Urinary tract infection 1(1.8) 509.1) 1(1.8) 1(1.8)
Nasopharyngitis 3(54) 2 (3.6) 1(1.8) 3(5.5)
Upper respiratory tract infection 1(1.8) 1(1.8) 0 4(7.3)
Lower respiratory tract infection 0 0 2 (3.6) 2 (3.6)
Serious infectionf 0 0 0 0
Ischemic eventf 0 0 0 1 (1.8)%
Cardiac failuref 0 0 0 1(1.8)
Malignancyt 0 1 (1.8)§ 0 0
Systemic hypersensitivity reactionf 1(1.8) 0 0 0
Severe injection site reactiont 0 0 0 0
Demyelinating disorderf 0 0 0 0
Hematologic disordert 0 0 0 0
Hepatic AE} 0 0 0 0

* Values are the number (%) of patients. Treatment-emergent adverse events (TEAEs) were defined as an adverse event
(AE) with an onset date that was on or after the first dose of study drug administration and no more than 70 days after the
last dose of study drug administration, or an AE with an onset date before the first dose of study drug administration but
with increased severity on or after the first dose of study drug administration and no more than 70 days after the last dose

of study drug administration. SC = subcutaneous.

+ Based on a standardized search of AEs, using a set of terms from the Medical Dictionary for Regulatory Activities (version

17.1) or compiled by the study sponsor.
1 Angina pectoris.
§ Meningioma.

week; 18% of patients who received adalimumab at 40 mg
every other week reported experiencing >1 infection over
the 12-week treatment course (Table 2). The most fre-
quently reported infections (>2 patients in any treatment
group) were urinary tract infection, nasopharyngitis, upper
respiratory tract infection, and lower respiratory tract inf-
ection. All infections were mild or moderate in severity,
were transient, and resolved with standard therapy. Menin-
gioma was diagnosed in 1 patient who was receiving ABT-

122 at 60 mg every other week. Systemic hypersensitivity
(urticaria) occurred in 1 patient who was being treated
with adalimumab at 40 mg every other week; after a tem-
porary treatment interruption, the patient completed the
study.

Efficacy. At week 12, there was a dose-related in-
crease in the proportion of patients achieving the primary
efficacy end point, the ACR20 response, among those
receiving ABT-122, as observed in NRI analyses (Table 3).

Table 3. Treatment response rates at week 12 in patients in the full analysis set with nonresponder imputation*

Adalimumab ABT-122 ABT-122 ABT-122

40 mg SC 60 mg SC 120 mg SC 120 mg SC

every other week every other week every other week every week
Response at week 12 (n =56) (n=155) (n =56) (n=155)
ACR20 38 (67.9) 34 (61.8) 42 (75.0) 44 (80.0)
ACRS0 27 (48.2) 19 (34.5) 26 (46.4) 26 (47.3)
ACR70 12 (21.4) 12 (21.8) 10 (17.9) 20 (36.4)
DAS28-hsCRP <3.2 25 (44.6) 18 (32.7) 29 (51.8) 30 (54.5)
DAS28-hsCRP <2.6 17 (30.4) 12 (21.8) 21 (37.5) 23 (41.8)
CDAI <10 22 (39.3) 18 (32.7) 24 (42.9) 30 (54.5)
CDAI 2.8 4 (7.1) 4(7.3) 6 (10.7) 6 (10.9)

* Values are the number (%) of responders based on the American College of Rheumatology response criteria for improve-
ment of 20% (ACR20), 50% (ACRS50), and 70% (ACR70), 2 different cutoffs for scores on the Clinical Disease Activity
Index (CDAI), and 2 different cutoffs for scores on the Disease Activity Score in 28 joints using high-sensitivity C-reactive

protein level (DAS28-hsCRP). SC = subcutaneous.
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The ACR20 treatment response rate was numerically
higher, but not statistically significantly different, in patients
treated with ABT-122 at 120 mg every other week (75%) or
120 mg every week (80%) compared with those receiving
adalimumab (68%) (Table 3). At week 12, the ACRS0
treatment response rate was similar between patients
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treated with ABT-122 at 120 mg every other week (46%) or
120 mg every week (47%) and those treated with adali-
mumab (48%), whereas the ACR70 response was numeri-
cally higher in patients treated with ABT-122 at 120 mg
every week (36%) compared with those who received
ABT-122 at 120 mg every other week (18%) or those who

A ACR20
Adalimumab 40 mg SC EOW
100 1 (n=56)
2
52 80 ABT-122 60 mg SC EOW
X (n=55)
a O
= < 60 ABT-122 120 mg SC EOW
) o
o .£ (n=56)
> 404
g2 40 ABT-122 120 mg SC EW
S& 01 (n=55)
(5]
o
0 . . .
0 2 4 6 8 10 12
Week
B ACRS50
100 1
]
23 80
cQ
5 > 60 4
o £
g3 401
55
0 < )
5 20
o
0 T T T T T 1
0 2 4 6 8 10 12
Week
C ACR70
100 -
5]
28 80
cQ
5 > 60 4
® £
g3 401
55
2 < 20
[
o
0

Week

10

12

Figure 2. Percentage of patients in each treatment group achieving improvement according to the American College of Rheumatology response
criteria for an improvement of at least 20% (ACR20) (A), 50% (ACR50) (B), and 70% (ACR70) (C) over the 12-week treatment course (full
analysis set, nonresponder imputation). SC = subcutaneous; EOW = every other week; EW = every week.
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received adalimumab (21%) (Table 3). Similar results were
obtained when missing data were imputed using LOCF
(see Supplementary Table 1, available on the Arthritis &
Rheumatology web site at http://onlinelibrary.wiley.com/doi/
10.1002/art.40580/abstract).

Mean improvements in the ACR score compo-
nents from baseline to week 12 were numerically highest
among patients who were treated with ABT-122 at 120 mg
every week compared with those who received the other
treatments (see Supplementary Table 2, available on the
Arthritis & Rheumatology web site at http://onlinelibrary.
wiley.com/doi/10.1002/art.40580/abstract). Following ini-
tiation of ABT-122, there was a time-dependent increase
in the proportion of patients achieving ACR20, ACR50,
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and ACR70 responses during the course of the 12-week
study (Figure 2).

At week 12, measures of disease activity based on
DAS28-hsCRP cutoff scores of <3.2 and <2.6 showed a
dependence on the ABT-122 dose. The proportions of
patients falling within these disease activity score ranges
were numerically higher among those receiving ABT-122
at 120 mg every week (55% for DAS28-hsCRP <3.2
and 42% for DAS28-hsCRP <2.6) compared with those
receiving adalimumab (45% for DAS28-hsCRP <3.2 and
30% for DAS28-hsCRP <2.6), in analyses using NRI
(Table 3).

At week 12, measures of disease activity based on
CDAI cutoff scores of <10 and <2.8 also showed a

e ABT-122 60 mg EOW
ABT-122 120 mg EOW

m  ABT-122 120 mg EW

Difference vs Lower Upper
Adalimumab, % 95%CI, % 95% Cl, %

—_—— -6.0 -23.3 11.6
ACR20 - : 7.1 -9.6 23.4
(IO S——| 12.1 4.4 27.8
——— -13.7 -31.0 4.7
ACRS50 - : -1.8 -19.9 16.4
—— -0.9 -19.2 17.4
—————| 0.4 -14.9 15.7
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Figure 3. Differences in efficacy end points at 12 weeks between the ABT-122 dosing groups compared with the adalimumab group. The end points
include the American College of Rheumatology response criteria for an improvement of at least 20% (ACR20), 50% (ACRS50), and 70% (ACR20), 2
score cutoffs for the Disease Activity Score in 28 joints based on high-sensitivity C-reactive protein level (DAS28-hsCRP), 2 score cutoffs for the Clinical
Disease Activity Index (CDAI), and change from baseline (CFB) of <—1.2 in the DAS28-hsCRP score or <—0.5 on the disability index (DI) of the
Health Assessment Questionnaire (HAQ). Bars show the difference in response with 95% confidence interval (95% CI). EOW = every other week;

EW = every week.
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dependence on the ABT-122 dose. The proportions of
patients falling in these score ranges were numerically
higher among those receiving ABT-122 120 mg every
week (55% for CDAI <10 and 11% for CDAI <2.8) com-
pared with those receiving adalimumab (39% for CDAI
<10 and 7% for CDAI <2.8), in analyses using NRI
(Table 3). These patterns of disease activity levels based
on the DAS28-hsCRP and CDAI scores were similar
when determined with LOCF methods (see Supplemen-
tary Table 1, http://onlinelibrary.wiley.com/doi/10.1002/art.
40580/abstract).

When the data were analyzed as forest plots, we
found that the response rates at 12 weeks favored ABT-
122 over adalimumab in most of the comparisons of effi-
cacy end points, although the 95% confidence intervals
crossed zero for all parameters except for change from
baseline in the HAQ DI scores when comparing the ada-
limumab group with the ABT-122 120 mg every week
group (Figure 3). However, differences considered to be
clinically important between the treatment groups were
few, and no statistically significant and clinically meaning-
ful differences between the ABT-122 groups and the adali-
mumab group were observed.

Pharmacokinetics and immunogenicity. ABT-122
serum concentrations increased in a dose-dependent man-
ner and reached steady state at ~6 weeks after initiation
of dosing. The mean steady-state serum concentrations
(Cirougn) of ABT-122 at week 12 were 1.4 pg/ml, 4.4 pg/ml,
and 12.1 pg/ml in the 60 mg every other week, 120 mg
every other week, and 120 mg every week treatment groups,
respectively. The mean serum concentration at steady state
for adalimumab at week 12 was 5.4 pg/ml. The average
molar serum concentrations of ABT-122 in the dosing inter-
val at steady state at 60 mg every other week (15 nM), 120
mg every other week (34 nM), and 120 mg every week (60
nM) were approximately one-half, comparable, and 2-fold
higher, respectively, compared with the average serum
exposure at steady state for adalimumab 40 mg every other
week (30 nM).

The proportions of patients with treatment-
emergent antidrug antibodies to ABT-122 at week 12
were 56%, 20%, and 13% in the ABT-122 60 mg every
other week, 120 mg every other week, and 120 mg every
week groups, respectively. During treatment with ABT-
122, some patients showed a decrease in ABT-122 serum
concentrations to below the lower limit of detection (13.6
ng/ml), which was likely the result of the development
of antidrug antibodies. The proportions of patients with
ABT-122 serum concentrations below the lower limit of
detection at week 12 were 36%, 13%, and 5% for ABT-
122 60 mg every other week, 120 mg every other week,
and 120 mg every week, respectively. Details on the
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ABT-122 pharmacokinetic and immunogenicity results
are reported elsewhere (29). Overall, the frequency of
TEAE:S and clinical laboratory profiles in patients receiv-
ing ABT-122 treatment were comparable between those
who had detectable antidrug antibodies to ABT-122 and
those without antidrug antibodies to ABT-122, indicating
that the safety profile of ABT-122 was not associated with
the development of antidrug antibodies to ABT-122 dur-
ing the study.

DISCUSSION

In this study utilizing dual inhibition of TNF and
IL-17A with a single immunoglobulin, there was no
observable increase in safety findings with ABT-122 com-
pared with adalimumab. The safety profile of ABT-122
was similar across all dosing regimens, with the possible
exception of more frequent overall infections with ABT-
122 at 120 mg every week. Moreover, the safety profile of
ABT-122 was comparable to that of adalimumab and did
not appear to be affected by the formation of antidrug
antibodies. There were no serious infections or systemic
hypersensitivity reactions with ABT-122. This safety pro-
file is of particular importance because in some studies
(16-18), but not all (30), an increased rate of serious AEs,
most notably serious infections, was observed in patients
with  RA who received combination therapy with 2
bDMARDs compared with patients with RA who received
single bDMARD therapy. Although these studies targeted
different mechanisms than those targeted by ABT-122, and
the results may not be directly comparable, it is reassuring,
in this short-term study, to note that the safety profile of
ABT-122, a novel bispecific DVD-Ig construct, was compa-
rable to that of adalimumab. The similarity of the safety
profiles of adalimumab and ABT-122 in the current study
and its 24-week open-label extension (31) provides evi-
dence that dual inhibition of TNF and IL-17A with the use
of a single agent that targets both of these inflammatory
cytokines did not increase the incidence of AEs, a compli-
cation that is known to occur as a result of treatment with
adalimumab.

ABT-122 was also efficacious over 12 weeks in
patients with RA who have demonstrated an inadequate
response to methotrexate. A time- and dose-dependent
increase in the percentage of patients achieving the pri-
mary end point of an ACR20 response was observed over
the 12-week treatment period. Compared with patients
receiving adalimumab at 40 mg every other week, the
ACR20 response rate was numerically higher following
treatment with ABT-122 at 120 mg every week, and was
comparable to that following treatment with ABT-122 at
120 mg every other week.
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Although the efficacy of ABT-122 could not be
consistently differentiated from adalimumab in the pre-
sent study, ABT-122 is known to be a suitable bispecific
blocking antibody for clinical research, having demon-
strated high affinity, high selectivity, and independent
engagement of each targeted cytokine, with correspond-
ing biologic activity (20,21). Further, with the evaluated
doses, ABT-122 serum exposures approximated those of
other biologic drugs, such as adalimumab and ixek-
izumab. The average molar serum concentration of ABT-
122 at a dosage of 120 mg every other week (34 nM) was
comparable to that of adalimumab at a dosage of 40 mg
every other week (30 nM), while the average molar
serum concentration with the ABT-122 dosage of 120 mg
every week (60 nM) was ~2-fold higher than that for adal-
imumab. Furthermore, the steady-state Ci.ouen molar
concentrations for the ABT-122 120 mg every week
dosage were comparable to that of the anti-IL-17 mAb
ixekizumab at 80 mg every other week (32), which has a
similar anti—IL-17A affinity.

The proportion of anti-TNF and anti-IL-17A func-
tionalities in the ABT-122 molecule is inherently constant
because of the fixed 2:2 ratio of TNF to IL-17A binding
sites in the ABT-122 molecule. These serum exposure com-
parisons suggest that exposure to the anti-IL-17A and anti-
TNF components of ABT-122 would be approximately in
the same range as exposure to the anti-TNF component of
adalimumab or the anti-IL-17A component of ixekizumab.
Overall, the lack of evidence to indicate a consistently
differentiable efficacy profile of ABT-122 in comparison
with adalimumab suggests that the anti—IL-17A component
of ABT-122 did not significantly add to the efficacy at the
evaluated dosages or exposure range. Results of mechanis-
tic analyses in the present study are consistent with the
notion of an anti-TNF effect of ABT-122 as the main driver
of its efficacy (33). In addition, the results of recent studies
published after the development of ABT-122 suggest that
IL-17A may not be a major contributor to the pathophysi-
ology of RA (34-36). This is consistent with the findings in
studies showing no or only modest improvement in the
efficacy of anti-TNF therapy when coadministered with
other biologic agents that target IL-1 (16), CD20-
positive B cells (30), or T cell activation (17) in patients
with RA.

A strength of the present study was having a
simultaneous cohort of patients treated with adalimu-
mab, which allowed a direct comparison to the safety and
efficacy of ABT-122. However, a number of limitations
should be noted. The lack of a placebo control group
(i.e., patients who were receiving methotrexate only) did
not allow for direct assessment of the magnitude of the
response to ABT-122. It is conceivable that a higher dose

GENOVESE ET AL

of ABT-122 might have improved its efficacy; however, in
a separate study conducted in patients with psoriatic
arthritis, even ABT-122 at a dosage of 240 mg every week
was not associated with significant differentiation from
adalimumab at 40 mg every other week (37). The propor-
tions of anti-TNF activity versus anti—IL-17A activity of
ABT-122 are fixed, which is unavoidable with a dual
inhibitor, thereby precluding the evaluation of different
ratios of anti-TNF and anti-IL-17A activity on efficacy
outcomes.

The duration of the study was 12 weeks, which did
not allow for longer-term assessment of the safety of ABT-
122 or the potential for identification of longer-term effi-
cacy. However, results of a 24-week open-label extension
of this study found that the frequency of AEs was
unchanged and the clinical effect was stable when all
patients continued treatment with ABT-122 at a dosage of
120 mg every other week (31).

Futhermore, the current study was limited to
biologic-naive patients; therefore, it could not be deter-
mined whether ABT-122 might be of benefit in patients
with a partial response to anti-TNF therapy.

Finally, the size of the study precluded a robust sub-
group analysis. This would have been helpful to investigate
whether ABT-122 might be more effective in certain sub-
groups of patients.

In conclusion, dual inhibition of TNF and IL-
17A with a DVD-Ig at the dosages tested in this study
provided efficacy with an acceptable safety profile in
patients with RA who had an inadequate response to
methotrexate. However, the clinical efficacy of ABT-
122 (120 mg SC every other week or every week) was
comparable to, and not significantly distinguishable
from, that of adalimumab (40 mg SC every other
week). Therefore, based on the results of this study, it
does not appear that a strategy of dual inhibition of
TNF and IL-17A with ABT-122 in patients with RA is
significantly different from that of TNF inhibition alone
with adalimumab. Because of these findings, further
development of ABT-122 for the treatment of RA is
not being pursued. It remains to be seen whether a
therapeutic approach involving dual inhibition targeting
TNF and IL-17A might be more efficacious with the
use of other molecules, or whether the efficacy of this
approach might differ in other populations of RA
patients.
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