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ABSTRACT
Objective Interleukin (IL)-12 and IL-23 have been
implicated in the pathogenesis of rheumatoid arthritis
(RA). The safety and efﬁcacy of ustekinumab, a human
monoclonal anti-IL-12/23 p40 antibody, and
guselkumab, a human monoclonal anti-IL-23 antibody,
were evaluated in adults with active RA despite
methotrexate (MTX) therapy.
Methods Patients were randomly assigned (1:1:1:1:1)
to receive placebo at weeks 0, 4 and every 8 weeks
(n=55), ustekinumab 90 mg at weeks 0, 4 and every
8 weeks (n=55), ustekinumab 90 mg at weeks 0, 4 and
every 12 weeks (n=55), guselkumab 50 mg at weeks 0,
4 and every 8 weeks (n=55), or guselkumab 200 mg
at weeks 0, 4 and every 8 weeks (n=54) through week
28; all patients continued a stable dose of MTX (10–
25 mg/week). The primary end point was the
proportion of patients with at least a 20%
improvement in the American College of Rheumatology
criteria (ACR 20) at week 28. Safety was monitored
through week 48.
Results At week 28, there were no statistically
signiﬁcant differences in the proportions of patients
achieving an ACR 20 response between the combined
ustekinumab group (53.6%) or the combined
guselkumab group (41.3%) compared with placebo
(40.0%) ( p=0.101 and p=0.877, respectively).
Through week 48, the proportions of patients with at
least one adverse event (AE) were comparable among
the treatment groups. Infections were the most
common type of AE.
Conclusions Treatment with ustekinumab or
guselkumab did not signiﬁcantly reduce the signs and
symptoms of RA. No new safety ﬁndings were
observed with either treatment.
Trial registration number NCT01645280.

INTRODUCTION
For patients with moderate-to-severe rheumatoid
arthritis (RA), treatment with biologic tumour
necrosis factor (TNF) inhibitors and other targeted
therapies with different modes of action is often
effective in reducing joint symptoms and inhibiting

progression of damage.1–7 However, many patients
with RA do not respond to or lose response over
time to the currently available treatments,8 9 thus,
there remains a need for novel therapies.
Interleukin (IL)-12 upregulates T helper type
1 (Th1) cell differentiation, and is the main stimulator of interferon (IFN)-γ. Increased levels of
IL-12 have been detected in serum and synovial
ﬂuid of patients with RA and correlate with disease
activity.10 Also, IFN-γ is upregulated in RA synovial
membranes,11 and an IFN-γ signature can be found
in peripheral mononuclear cells of patients with
RA.12 IL-23 is a member of the IL-12 cytokine
family and activates Th17 cells leading to increased
production of several other cytokines, including
IL-17 and TNF. Various in vivo models have
demonstrated that the IL-23-Th17 pathway may be
involved in the development of autoimmunity,
including RA.13–15 Elevated levels of IL-23 have
been observed in serum and synovial ﬂuid of
patients with RA, and serum levels decreased following anti-TNF therapy.16–19 Furthermore, Th17
cell numbers as well as synovial IL-17 expression
were found to be increased in RA.20 21 Importantly,
the extent to which RA is governed by Th1 or
Th17 cells remains unclear. Therapies targeting the
Th1 pathway have not been evaluated in RA, and
therapies targeting IL-17 have shown variable efﬁcacy in RA.22
Ustekinumab is a human monoclonal antibody
targeting the IL-12/23 p40 subunit, therefore inhibiting both IL-12 and IL-23 activities, and guselkumab is an investigational monoclonal antibody
targeting IL-23 speciﬁcally. Ustekinumab is effective
in treating moderate-to-severe psoriasis23 24 and
active psoriatic arthritis (PsA), including inhibition
of radiographic progression through 2 years.25 26
Results of a phase II trial suggest that guselkumab
may be effective in treating psoriasis;27 guselkumab
is currently being studied in phase III trials in psoriasis and a phase II trial in PsA. The current phase
II trial was conducted to evaluate the efﬁcacy and
safety of ustekinumab and guselkumab in patients
with active RA despite concomitant methotrexate
(MTX).
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PATIENTS AND METHODS
Patients
Adults (18–80 years) with a diagnosis of RA, according to the
American College of Rheumatology (ACR) 1987 criteria,28 for
≥6 months with persistent disease activity despite treatment
with MTX were eligible. Persistent disease activity was deﬁned
as: ≥6/66 swollen joints and ≥6/68 tender joints and a serum C
reactive protein (CRP) level ≥0.8 mg/dL. Eligibility criteria
included a positive test for anticyclic citrullinated peptide antibodies or rheumatoid factor and prespeciﬁed tuberculosis
screening. Patients who had received any approved or investigational biologic agent were not eligible.

Study oversight
This trial was conducted in accordance with the principles of
the Declaration of Helsinki. Each patient gave written informed
consent. This study was sponsored by Janssen Research &
Development, LLC. The authors, some of whom are employees
of the study sponsor, participated in designing the study and
collecting and analysing the data. An independent data monitoring committee regularly reviewed unblinded interim safety data.
All authors drafted or revised the manuscript with the assistance
of a professional medical writer employed by Janssen Scientiﬁc
Affairs, LLC.

Study design
This was a phase II, randomised, double-blind, placebocontrolled, parallel group trial. All patients had received MTX
(10–25 mg per week) for ≥6 months before screening, and the
dose was to be stable for ≥12 weeks prior to randomisation.
Stable doses of concomitant glucocorticoids (<10 mg prednisone/day) and/or non-steroidal anti-inﬂammatory drugs
(NSAIDs) and/or other analgesics for RA were permitted.
Patients were randomly assigned (1:1:1:1:1) to receive placebo
at weeks 0, 4 and every 8 weeks, ustekinumab 90 mg at weeks
0, 4 and every 8 weeks, ustekinumab 90 mg at weeks 0, 4 and
every 12 weeks, guselkumab 50 mg at weeks 0, 4 and every
8 weeks, or guselkumab 200 mg at weeks 0, 4 and every 8 weeks
through week 28. To maintain the blind, all randomised patients
were to receive two 1 mL subcutaneous injections in two identical syringes prepared by an independent unblinded pharmacist at
the sites at weeks 0, 4, 12, 16, 20 and 28 according to treatment
assignment, including placebo injections as needed to maintain
the blind, depending on the dose of ustekinumab or guselkumab
assigned. The doses chosen for ustekinumab and guselkumab
were based on the efﬁcacy seen with the respective doses in previous trials of PsA and/or psoriasis.23–27 At week 16, patients in
the placebo group who had <10% improvement from baseline
in both tender and swollen joint counts entered double-blind
early escape and received ustekinumab 90 mg at weeks 16, 20
and 28; no treatment adjustments were made for patients randomised to the ustekinumab or guselkumab groups. The ﬁnal
safety follow-up visit was at week 48.

Efﬁcacy
The primary end point was the proportion of patients who
achieved at least a 20% improvement in the ACR criteria
(ACR20)29 at week 28. Other efﬁcacy assessments included the
28-joint count Disease Activity Score using CRP
(DAS28-CRP),30 Clinical Disease Activity Index (CDAI) and
Simpliﬁed Disease Activity Index (SDAI).31 Physical function
and health-related quality of life were assessed using the Health
2

Assessment Questionnaire-Disability Index (HAQ-DI) and the
36-item Short-Form Health Survey (SF-36), respectively.32 33

Safety
Patients were monitored through week 48 for adverse events
(AEs), clinical laboratory testing, vital signs and ECGs (weeks 0,
16 and 28).

Pharmacokinetics and immunogenicity assessments
Blood samples were collected for measuring serum ustekinumab
and guselkumab concentrations and for evaluation of antidrug
antibodies. Serum guselkumab concentrations were measured
using a validated dissociation-enhanced lanthanide ﬂuorescent
immunoassay (lowest quantiﬁable guselkumab concentration:
0.04 μg/mL). Serum ustekinumab concentrations were measured
by a validated electrochemiluminescence-based immunoassay
method (lowest quantiﬁable ustekinumab concentration:
0.17 μg/mL). The presence of antibodies to ustekinumab or
guselkumab in serum was determined using validated electrochemiluminescence immunoassays.

Statistical analysis
The study was powered to detect a difference in the proportion
of patients achieving an ACR20 response at week 28 in the combined ustekinumab group and the combined guselkumab group
compared with placebo. Combining the two dose groups of ustekinumab and guselkumab was prespeciﬁed to increase the power
for detecting a difference between either ustekinumab or guselkumab and placebo as both dose groups were expected to be efﬁcacious based on pharmacokinetic and efﬁcacy data from other
indications.23–27 Based on a simulation of 5000 repetitions, a
sample size of 50 patients per treatment group was predicted to
provide approximately 74–89% power to detect an approximately 20–30% difference between a placebo plus MTX group
and an active treatment (ustekinumab or guselkumab) plus MTX
group. To control an overall type I error at 0.05 through the trial,
a two-sided Cochran-Mantel-Haenszel test with stratiﬁcation by
screening CRP level (<1.5, ≥1.5 mg/dL) at a signiﬁcance level of
0.025 was used in each step of a sequential testing process. For
both ustekinumab and guselkumab, the combined group was
compared with placebo ﬁrst; if the difference from placebo was
signiﬁcant, pairwise comparisons between each dose group and
placebo were performed. The primary end point analysis
included all randomised patients grouped by randomised treatment. If a patient had data for at least one ACR component at
week 28, missing component data were imputed with the last
observation carried forward if baseline data were available; otherwise, missing components were considered to contribute to less
than 20% improvement for ACR20 response. Patients were classiﬁed as non-responders if no ACR component data were available at week 28 or if they initiated prohibited medications
(including glucocorticoids for RA), increased the MTX or glucocorticoid dose above baseline level, or discontinued the study
agent for any reason. For patients who entered early escape,
week-16 efﬁcacy values were carried forward through week 28.
A nominal signiﬁcance level of 0.05 (two-sided) was applied to
secondary end points and other analyses.

RESULTS
Patients
Data were collected from July 2012 to May 2014 at 59 sites in
the USA (n=1), South America (n=72), Europe (n=197) and
Asia (n=4). Five hundred and one patients were screened and
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274 were randomised ( placebo plus MTX, n=55; ustekinumab
90 mg every 8 weeks plus MTX, n=55; ustekinumab 90 mg
every 12 weeks plus MTX, n=55; guselkumab 50 mg plus
MTX, n=55; guselkumab 200 mg plus MTX, n=54) (ﬁgure 1).
Baseline demographics and disease characteristics were similar
across treatment groups (table 1 and online supplementary table
S1). Through week 28, 22 patients discontinued the study
agent; the most common reasons were lack of efﬁcacy (n=10,
3.6%) and AEs (n=8, 2.9%) (ﬁgure 1).

Efﬁcacy
The primary end point was not achieved; all signiﬁcant differences in secondary end points are considered nominal. At week
28, an ACR20 response was achieved by 40.0% of patients in
the placebo group, 53.6% in the combined ustekinumab group
and 41.3% in the combined guselkumab group ( p=0.101 and
p=0.877, respectively); ACR20 responses in each dose group
are shown in ﬁgure 2. Compared with placebo, no treatment
beneﬁt on ACR20 response was observed with ustekinumab or
guselkumab in any subgroup deﬁned by baseline demographics,
disease characteristics or concomitant medications (MTX, oral
glucocorticoids or NSAIDs) when compared with placebo (see
online supplementary ﬁgures S1–S12). However, among
ustekinumab-treated patients, a numerically greater proportion
of patients in Europe achieved an ACR20 response over placebo
compared with those in South America, where a high placebo
response rate (58.3%) was observed. Per cent improvements in
the majority of ACR components, most notably tender and
swollen joint counts and physician’s global assessment of disease
activity, were numerically greater in the combined ustekinumab
group compared with placebo at week 28; however, the effect
on CRP was similar to that observed with placebo (table 2 and
online supplementary table S2). No consistent improvements in

ACR components were observed in the combined guselkumab
group except for modest decreases in swollen and tender joint
counts and physician’s global assessment of disease activity, particularly in the 200 mg group.
Greater improvements from baseline in DAS28-CRP at weeks
12 and 28 were observed in the combined ustekinumab group
but not in the combined guselkumab group compared with
placebo at both weeks 12 and 28 (nominal p<0.05) (table 2 and
online supplementary table S2). Mean changes from baseline in
CDAI and SDAI were greater in the combined ustekinumab
group compared with placebo at weeks 12 and 28 and in the
combined guselkumab group compared with placebo at week 28
(nominal p<0.05) (table 2 and online supplementary table S2),
with a trend of improvement in CDAI and SDAI Scores over
time (ﬁgure 3). No improvements in mean HAQ-DI Scores were
observed in both the combined ustekinumab and combined
guselkumab groups at weeks 12 and 28 (table 2 and online
supplementary table S2).

Safety
Through week 16, before early escape, and through week 48,
the proportions of patients with at least one AE were generally
comparable among the treatment groups (table 3). Through
week 48, infections were the most common type of AE. Four
patients had a serious infection ( placebo: appendicitis (n=1);
ustekinumab 90 mg every 8 weeks: urinary tract infection
(n=1); guselkumab 200 mg: lobar pneumonia and gastroenteritis (n=1 each)), with no apparent difference among the treatment groups. There were no cases of tuberculosis or
opportunistic infections. Overall, gastrointestinal AEs were more
common in the ustekinumab 90 mg every-12-week group and
blood and lymphatic disorder AEs were more common in the
guselkumab 200 mg group compared with placebo (5 (9.1%) vs

Figure 1 Patient disposition through week 28. AE, adverse event; MTX, methotrexate.
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Table 1 Baseline demographic and disease characteristics
Ustekinumab+MTX
Placebo+MTX 90 mg every 8 weeks
(N=55)
(N=55)

Guselkumab+MTX
90 mg every 12 weeks
(N=55)

50 mg every 8 weeks
(N=55)

Total
200 mg every 8 weeks
(N=54)

(N=274)

Characteristic
Demographics
Female sex, n (%)

48 (87.3)

46 (83.6)

47 (85.5)

45 (81.8)

42 (77.8)

228 (83.2)

Age, years

51.1±10.6

50.8±13.0

51.4±13.6

49.9±12.9

54.6±11.3

51.5±12.3

Disease duration, years

8.5±8.7

5.6±5.5

6.8±5.9

6.1±7.1

8.9±9.6

7.2±7.6

Concomitant medications
MTX dose, mg/week

14.5±4.6

14.8±4.2

14.9±4.9

15.6±3.6

14.5±4.6

14.9±4.4

Oral glucocorticoids, n (%)

30 (54.5)

33 (60.0)

30 (54.5)

37 (67.2)

35 (64.8)

165 (60.2)

Disease characteristics
SJC (0–66)

14.7±6.5

15.2±8.6

17.2±9.3

15.5±6.6

17.6±9.1

16.0±8.1

TJC (0–68)

26.7±11.3

26.4±14.2

27.4±12.3

26.1±12.1

28.0±13.7

26.9±12.7
6.5±2.0

Patient’s assessment of pain, cm

6.4±1.9

6.6±2.0

6.5±2.2

6.6±2.1

6.5±1.9

Patient’s global assessment, cm

6.5±1.8

6.8±1.9

6.8±2.0

6.8±1.7

6.7±1.7

6.7±1.8

Physician’s global assessment, cm

6.8±1.3

6.3±1.3

6.4±1.5

6.6±1.6

6.7±1.4

6.5±1.4

HAQ-DI (0–3)

1.7±0.5

1.8±0.6

1.7±0.6

1.7±0.7

1.8±0.6

1.7±0.6

CRP, mg/dL (ULN ≤0.287 mg/dL)

1.9±1.6

2.3±2.5

2.0±2.2

2.3±2.3

2.3±2.2

2.2±2.2
6.1±0.8

DAS28-CRP

6.1±0.8

6.0±0.8

6.1±0.7

6.1±0.8

6.1±0.9

CDAI

41.9±11.0

40.2±10.9

43.2±11.0

41.1±10.6

42.8±13.0

41.8±11.3

SDAI

43.8±11.2

42.6±11.1

45.2±10.9

43.4±11.4

45.1±13.7

44.0±11.7

Rheumatoid factor, n (%)

48 (87.3)

47 (87.0)

51 (92.7)

53 (96.4)

50 (92.6)

249 (91.2)

Anti-CCP, n (%)

53 (96.4)

47 (87.0)

51 (92.7)

53 (96.4)

53 (98.1)

257 (94.1)

Data presented as mean±SD unless otherwise noted. No statistically significant differences (α=0.05) were observed among treatment groups.
CCP, cyclic citrullinated peptide; CDAI, Clinical Disease Activity Index; CRP, C reactive protein; DAS28-CRP, 28-joint count Disease Activity Score using CRP; HAQ-DI, Health Assessment
Questionnaire-Disability Index; MTX, methotrexate; SDAI, Simplified Disease Activity Index; SJC, swollen joint count; TJC, tender joint count; ULN, upper limit of normal.

Figure 2 Proportions of patients
with an ACR20, ACR50 or ACR70
response at week 28. ACR20 response
includes all randomised patients.
ACR50 and ACR70 responses include
patients who received ≥1 dose of
study agent. ACR20/50/70, ≥20%/
50%/70% improvement in the
American College of Rheumatology
criteria; MTX, methotrexate.

2 (3.6%) and 5 (9.3%) vs 1 (1.8%), respectively). Few patients
had an injection site reaction (table 3); none were serious or
severe, and none led to discontinuation of the study agent.
The incidence of patients with at least one serious AE
(SAE) through week 48 was low and similar across treatment
groups (table 3). Two malignancies occurred, both during the
follow-up period after week 28: squamous cell carcinoma of
the lung (male, aged 59 years, non-smoker) in the
4

ustekinumab 90 mg every-12-week group and breast cancer
(female, aged 62 years) in the guselkumab 200 mg group.
One death occurred in a woman aged 61 years in the ustekinumab 90 mg every-8-week group who experienced syncope
(16 days after receiving the third administration of study drug)
and was admitted to the hospital, with pulmonary embolism or
pneumonia considered at admission; the exact cause of death
could not be conﬁrmed. Other SAEs were unstable angina and
Smolen JS, et al. Ann Rheum Dis 2017;0:1–9. doi:10.1136/annrheumdis-2016-209831

Secondary efficacy assessments at week 28
Ustekinumab+MTX

Guselkumab+MTX

Placebo+MTX (N=55)

90 mg every
8 weeks (N=55)

90 mg every
12 weeks (N=55)

Combined

50 mg every
8 weeks (N=55)

200 mg every
8 weeks (N=54)

Patients, n

55

54

55

109

55

54

109

ACR20, n (%)

22 (40.0)

29 (53.7)

30 (54.5)

59 (54.1)

21 (38.2)

24 (44.4)

45 (41.3)

Combined

ACR50, n (%)

8 (14.5)

12 (22.2)

8 (14.5)

20 (18.3)

12 (21.8)

12 (22.2)

24 (22.0)

ACR70, n (%)

3 (5.5)

8 (14.8)

3 (5.5)

11 (10.1)

3 (5.5)

4 (7.4)

7 (6.4)

Per cent change in ACR core components, median (IQR)
SJC

−26.7 (−75.0, 7.1)

−65.2 (−91.2, −28.6)

−71.9 (−86.7, −40.0)

−69.7 (−87.5, −34.8)

−50.0 (−86.7, −25.0)

−58.6 (−86.7, −40.0)

−57.1 (−86.7, −27.3)

TJC

−23.7 (−68.0, 13.6)

−43.7 (−79.2, −16.7)

−50.0 (−72.2, −25.0)

−45.8 (−75.0, −21.4)

−50.0 (−77.8, −15.8)

−45.0 (−71.4, −20.8)

−50.0 (−73.3, −20.5)

Pain, VAS

−25.8 (−56.5, 11.1)

−31.9 (−48.5, −8.8)

−20.8 (−47.7, 2.2)

−23.5 (−48.3, −5.7)

−15.6 (−45.3, 2.5)

−19.9 (−38.5, 1.2)

−19.7 (−40.0, 2.0)

Patient’s global assessment of disease activity

−22.8 (−50.0, 4.6)

−31.0 (−58.3, −12.2)

−25.0 (−46.8, −4.2)

−30.1 (−49.3, −6.3)

−17.0 (−58.6, 3.7)

−16.7 (−38.9, 1.2)

−16.9 (−41.3, 2.4)

Physician’s global assessment of disease activity

−26.4 (−59.4, −5.7)

−41.4 (−82.0, −16.7)

−49.4 (−64.7, −25.7)

−45.5 (−73.9, −23.3)

−52.0 (−71.9, −24.6)

−44.8 (−68.1, −20.4)

−49.2 (−71.0, −20.4)

HAQ-DI

−14.3 (−36.8, 6.3)

−21.1 (−57.1, −4.5)

−20.0 (−40.0, −7.1)

−20.0 (−45.5, −5.9)

−26.3 (−45.0. 0.0)

−18.8 (−45.0, 5.6)

−23.8 (−45.0, 0.0)

CRP

−7.2 (−55.3, 88.4)

−24.8 (−76.6, 26.1)

−29.1 (−69.1, 50.5)

−24.8 (−72.8, 40.8)

0.0 (−40.2, 141.2)

−36.0 (−69.3, 51.4)

−0.9 (−1.3, −0.6)

−1.5* (−1.9, −1.2)

−1.5* (−1.9, −1.1)

−1.5** (−1.8, −1.3)

−1.4 (−1.8, −1.1)

−1.2 (−1.5, −0.9)

−1.3 (−1.6, −1.1)

DAS28-CRP response, n (%)

24 (43.6)

36 (66.7)

33 (60.0)

69 (63.3)

31 (56.4)

32 (59.3)

63 (57.8)

CDAI change from baseline, mean±SD

−11.3±16.4

−17.2±16.8

−19.9±10.9**

−18.6±14.2**

−16.7±12.8

−18.6±14.9*

−17.6±13.8*

SDAI change from baseline, mean±SD

−11.4±17.0

−17.9±17.5

−20.4±11.6**

−19.2±14.8**

−16.5±13.1

−19.1±15.5*

−17.8±14.3*

0

3 (5.6)

1 (1.8)

4 (3.7)

0

1 (1.9)

1 (0.9)

−0.3 (−0.4, −0.1)

−0.4 (−0.6, −0.3)

−0.5 (−0.6, −0.3)

−0.5 (−0.6, −0.4)

−0.4 (−0.5, −0.2)

−0.4 (−0.6, −0.3)

−0.4 (−0.5, −0.3)

Patients in remission, n (%)
HAQ-DI change from baseline, least squares mean (95% CI)

*p<0.05; **p<0.01.
ACR20/50/70, ≥20%/50%/70% improvement in the American College of Rheumatology criteria; CDAI, Clinical Disease Activity Index; CRP, C reactive protein; DAS28-CRP; 28-joint count Disease Activity Score with CRP; HAQ-DI, Health Assessment
Questionnaire-Disability Index; MTX, methotrexate; SDAI, Simplified Disease Activity Index; SJC, swollen joint count; TJC, tender joint count; VAS, visual analogue scale.
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−28.4 (−60.6, 37.8)

DAS28-CRP change from baseline, least squares mean (95% CI)
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Figure 3 Mean Clinical Disease Activity Index (CDAI; panel A) and Simpliﬁed Disease Activity Index (SDAI; panel B) Scores through week 28. MTX,
methotrexate.

Table 3 Adverse events summary through week 48
Ustekinumab+MTX
Placebo+MTX
(N=55)

90 mg every
8 weeks (N=55)

Guselkumab+MTX
90 mg every
12 weeks (N=55)

Combined

50 mg every
8 weeks (N=55)

200 mg every
8 weeks (N=54)

Combined

Through week 16
Patients, n

55

54

55

109

55

54

109

Mean exposure, weeks

15.8

16.3

15.8

16.0

16.3

16.4

16.4

Patients with ≥1 AE, n (%)

21 (38.2)

22 (40.7)

24 (43.6)

46 (42.2)

16 (29.1)

21 (38.9)

37 (33.9)

Patients with ≥1 SAE, n (%)

1 (1.8)

2 (3.7)

2 (3.6)

4 (3.7)

0

1 (1.9)

1 (0.9)

Through week 48
Patients, n

55

54

55

125*

55

54

109

Mean exposure, weeks

23.7

27.8

26.9

25.4

28.2

28.0

28.1

Patients with ≥1 AE, n (%)

25 (45.5)

26 (48.1)

30 (54.5)

63 (50.4)

20 (36.4)

27 (50.0)

47 (43.1)

Injection site reactions through week 28,
n (%)

0

0

1 (1.8)

1 (0.8)

1 (1.8)

1 (1.9)

2 (1.8)

Infections, n (%)

16 (29.1)

13 (24.1)

21 (38.2)

37 (29.6)

12 (21.8)

13 (24.1)

25 (22.9)

Common AEs, n (%)
Nasopharyngitis

3 (5.5)

5 (9.3)

4 (7.3)

10 (8.0)

3 (5.5)

4 (7.4)

7 (6.4)

Influenza

3 (5.5)

1 (1.9)

3 (5.5)

4 (3.2)

3 (5.5)

3 (5.6)

6 (5.5)
6 (5.5)

Worsening of RA

1 (1.8)

2 (3.7)

5 (9.1)

8 (6.4)

2 (3.6)

4 (7.4)

Headache

3 (5.5)

2 (3.7)

5 (9.1)

8 (6.4)

2 (3.6)

3 (5.6)

5 (4.6)

Hypertension

3 (5.5)

4 (7.4)

2 (3.6)

7 (5.6)

1 (1.8)

1 (1.9)

2 (1.8)

Back pain

1 (1.8)

0

0

0

3 (5.5)

1 (1.9)

4 (3.7)

Anaemia

1 (1.8)

3 (5.6)

0

3 (2.4)

1 (1.8)

3 (5.6)

4 (3.7)

Patients with ≥1 SAE, n (%)

3 (5.5)

4 (7.4)

3 (5.5)

8 (6.4)

0

3 (5.6)

3 (2.8)

Patients with ≥1 serious infection, n (%)

1 (1.8)

1 (1.9)

0

1 (0.8)

0

2 (3.7)

2 (1.8)

*Includes 16 patients who entered early escape at week 16.
AE, adverse event; MTX, methotrexate; RA, rheumatoid arthritis; SAE, serious adverse event.

worsening of RA ( placebo); sciatica, anaemia, concussion and
shock (ustekinumab 90 mg every 8 weeks); and ileus and transient ischaemic attack (ustekinumab 90 mg every 12 weeks). All
SAEs were singular events, and no speciﬁc pattern of association
between SAEs and active treatments was identiﬁed.
There were no clinically meaningful changes in vital signs or
ECG ﬁndings. Most chemistry and haematology abnormalities
6

were mild to moderate; occurrences of toxicity grades >2 were
transient and not clinically signiﬁcant.

Pharmacokinetics
Median trough serum levels of ustekinumab reached steady state
by week 12 (1.59 μg/mL) in the every-8-week group and by
week 16 (0.61 μg/mL) in the every-12-week group, and were
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maintained through week 28 (1.77 mg/mL and 0.54 mg/mL,
respectively). No clear correlation between trough serum ustekinumab concentrations and ACR20 response at week 28 was
observed.
Median trough serum levels of guselkumab reached steady
state by week 20 and were maintained through week 28 (0.18
mg/mL and 0.73 μg/mL in the 50 mg every-8-week and 200 mg
every-8-week groups, respectively).

Immunogenicity
Through week 48, 7 out of 123 (5.7%) ustekinumab-treated
patients with appropriate samples tested positive for antibodies
to ustekinumab; four had neutralising antibodies. In both ustekinumab groups, serum ustekinumab concentrations were generally lower in patients who tested positive for antibodies to
ustekinumab compared with those who tested negative.
Through week 48, 12 out of 106 (11.3%) guselkumab-treated
patients with appropriate samples tested positive for antibodies
to guselkumab; none had neutralising antibodies. Serum guselkumab concentrations were generally comparable between
patients who tested positive for antibodies to guselkumab and
those who tested negative.

DISCUSSION
The relative contributions of IL-12 and/or IL-23 pathways to
the pathophysiology of RA are not well understood. This trial
was undertaken to evaluate the safety and efﬁcacy of ustekinumab (anti IL-12/23p40 antibody) and guselkumab (anti-IL-23
antibody) in patients with active RA despite MTX therapy. The
primary end point (ACR20 at week 28) was not met for either
ustekinumab or guselkumab. While some numerical trends
towards improvement were consistently observed in several secondary efﬁcacy measures in the ustekinumab treatment groups
compared with the placebo, the reductions in composite disease
activity measures DAS28-CRP, SDAI and CDAI were relatively
small. No consistent evidence of efﬁcacy in RA was observed
with guselkumab in this study. No treatment effect was observed
with ustekinumab or guselkumab on CRP levels in patients
with RA.
The large placebo effect on ACR20 response observed at
week 12 (29.1%) and week 28 (40.0%) may have made it more
difﬁcult to demonstrate efﬁcacy for the active treatments, which
may be a limitation for this study. However, it should be noted
that placebo response rates have been quite high in several
recent trials of similar populations, such as REALISTIC (ACR20
response: 26% at week 1234) or MOBILITY (ACR20 response:
46% at week 12 and 33% at week 2435 36); however, while the
placebo rates were in the order of those observed in our trial,
the response rates with the active medications were in the order
of 51% to 72% and thus much higher and even up to double
those observed here. The small sample size in this phase II study
could also be a limitation. However, the totality of the data,
including ACR 20/50/70 response over time and lack of effect on
CRP, an objective measure, suggested ustekinumab and guselkumab did not have signiﬁcant, clinically meaningful effects on the
signs and symptoms and the inﬂammatory markers of RA in this
patient population with moderate-to-severe disease.
As both guselkumab (which selectively inhibits IL-23) and
ustekinumab (which blocks IL-12/IL-23) failed to demonstrate
robust efﬁcacy in this study, these results suggest that activation
of Th17 cells may not play a major role in established RA.
These data are in stark contrast to those obtained in psoriasis
with both monoclonal antibodies and in PsA with ustekinumab.
Indeed, the efﬁcacy of ustekinumab in psoriasis23 24 and
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PsA,25 26 and of guselkumab in psoriasis27 is consistent with
the effects of IL-17 inhibition in both diseases. Notably, the
lack of robust efﬁcacy in patients with RA following treatment
with guselkumab or ustekinumab in the present trial is also
consistent with previous studies on IL-17 inhibition in patients
with moderate-to-severe RA, which showed modest efﬁcacy
with secukinumab37 and ixekizumab38 and no efﬁcacy with
brodalumab.39 Overall, these ﬁndings point to differences in the
immunopathology of active RA and PsA joint disease; in PsA,
the IL-23/IL-17-mediated Th17 pathway may play a more
important role.
While the lack of demonstrable efﬁcacy for both ustekinumab
and guselkumab in patients with RA suggests that Th17 cells
may only play a minor role in established RA, the effect of ustekinumab on Th1 cells suggests that Th1 cells play a limited role
in the pathophysiology of RA at this (established) stage of the
disease. Alternatively, Th1 cell function may be blocked insufﬁciently at the ustekinumab dose level evaluated in this study.
However, in a previous study, evidence of inhibition of IFNγ
production was shown in a subset of patients with psoriasis who
had ≥75% improvement in Psoriasis Area and Severity Index
after receiving a single administration of ustekinumab.40
Interestingly, abatacept, a T cell activation inhibitor, has
shown robust efﬁcacy on joint symptoms in both RA41 and
PsA,42 while an effect on skin psoriasis was not observed in a
phase II PsA Study.42 However, with the exception of abatacept,
no T cell directed therapy has hitherto shown efﬁcacy in RA.43
Also, it is not clear at present if the major mode of action of
abatacept in RA is mainly related to inhibition of T cell activation or due to other mechanisms.44–46 Irrespective of abatacept’s
mode of action, the difference in efﬁcacy proﬁles of ustekinumab, guselkumab and abatacept as well as direct IL-17 inhibitors
in RA,37 39 47 PsA48 49 and psoriasis50 51 suggest that the IL-23/
IL-17-mediated Th17 pathways do not play an important role in
RA joint inﬂammation.
An alternative explanation could be that the highest ustekinumab and guselkumab exposures achieved in this study may not
have been adequate for efﬁcacy in RA. However, this is unlikely,
as the serum exposures of ustekinumab and guselkumab observed
in this study were generally consistent with those observed in different patient populations (eg, psoriasis and PsA) that demonstrated efﬁcacy. Furthermore, no consistent dose response in
efﬁcacy was observed for either ustekinumab or guselkumab, and
there was no clear correlation between steady state trough serum
concentrations of ustekinumab or guselkumab with the proportion of patients who achieved an ACR20 response.
The safety proﬁles of ustekinumab and guselkumab were consistent with earlier studies in other patient populations.23–27
Overall, the incidence of AEs in the ustekinumab and guselkumab groups was comparable with the placebo group through
week 16. The incidence of SAEs was low and was similar among
the treatment groups, with no speciﬁc pattern of association
between SAEs and active treatments. Four patients (one receiving placebo, one receiving ustekinumab, two receiving guselkumab) had a serious infection. No opportunistic infections or
cases of tuberculosis were reported. Two malignancies (one in a
patient who received ustekinumab and one in a patient who
received guselkumab) and one death occurred (ustekinumab
group). Overall, no new safety risk or particular pattern of
event clustering was evident.
In summary, patients with active RA despite prior MTX did
not demonstrate any clinically meaningful improvement in the
signs and symptoms of RA following treatment with ustekinumab or guselkumab despite the clear beneﬁt of ustekinumab in
7
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both psoriasis and PsA and robust phase II data suggesting efﬁcacy of guselkumab in psoriasis. Our results suggest that, in contrast to psoriasis and PsA, Th17 cells, as well as Th1 cells, may
not play a major role in the pathogenesis of active established
RA. Additional research is needed to fully understand the relative roles of IL-12 and IL-23 in RA.
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