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required.5 This leaves a significant unmet need in the treat-
ment of non-responsive patients, particularly after therapy with 
anti-TNF antibodies.

The cytokine interleukin-6 (IL-6) has multiple pro-inflamma-
tory effects such as inhibition of apoptosis in mucosal T-cells 
and is a logical target for treating CD.6 A small (n=36) 12-week, 
placebo-controlled pilot study of the IL-6 receptor inhibitor, 
tocilizumab, in moderate-to-severe CD suggested a clinical 
benefit.7

PF-04236921 is a fully human immunoglobulin G2 mono-
clonal antibody that binds to human IL-6 and has a half-life of 
36–51 days. In phase I trials in healthy volunteers and patients 
with rheumatoid arthritis (protocol B0151001, NCT00838565 
and NCT01166555), intravenous and subcutaneous (SC) 
PF-04236921 was well tolerated and caused sustained suppres-
sion of C-reactive protein (CRP), a marker for inflammation 
that is transcriptionally controlled by IL-6.8 PF-04236921 has 
also been investigated in a phase II trial in patients with systemic 
lupus erythematosus (SLE; NCT01405196).9 While the study 
did not meet the primary end point, improvement was noted 
in the primary as well as key secondary end points with 10 mg.

In this phase  II trial, the efficacy, pharmacokinetics, safety, 
tolerability and immunogenicity of PF-04236921 were assessed 
in patients with moderate-to-severe CD, who were inadequate 
responders to anti-TNF therapy. It was followed by an open-
label extension (OLE) study with the primary objective of 
assessing the long-term safety, tolerability and immunogenicity 
of PF-04236921.

Methods
Patients
In this multicentre, phase II, randomised study, patients were aged 
18–75 years and had moderate-to-severe CD (Crohn’s Disease 
Activity Index (CDAI) score 220–450) with CRP ≥5.0 mg/L and 
ulceration demonstrated by colonoscopy within 8 weeks before 
screening. All patients had failed  ≥1 anti-TNF therapy due to 
primary non-response, loss of response, intolerance or another 
reason. Permitted and prohibited treatments and study exclusion 
criteria are described in the online supplementary file.

Patients were enrolled in the OLE study if they had completed 
the blinded 12-week induction period. Patients were excluded 
from the OLE study if they had experienced a serious adverse 
event (SAE) related to treatment with PF-04236921 during the 
primary study or if there was a contraindication to ongoing 
treatment.

Protocols were approved by the relevant institutional review 
boards or ethics committees. Both studies complied with the 
ethical principles of the Declaration of Helsinki and the Inter-
national Conference on Harmonization Good Clinical Prac-
tice Guidelines. Safety was reviewed throughout the studies by 
an external data monitoring committee (DMC). All patients 
provided written, informed consent.

Study design
This parallel-group, dose-ranging, double-blind phase II induc-
tion trial (​ClinicalTrials.​gov identifier: NCT01287897) involved 
a 4-week screening period and a 12-week treatment period. 
Patients were planned to be randomised 1:1:1:1 to receive 
placebo or PF-04236921 10, 50 or 200 mg SC, on days 1 and 
28. Randomisation was performed using a computer-gener-
ated randomisation scheme, with stratification by background 
immunosuppressive therapy (azathioprine, six mercaptopurine, 
methotrexate or none) and reason for prior anti-TNF failure. 

Dose regimens were selected to provide a range of CRP suppres-
sion, based on pharmacokinetic pharmacodynamic modelling of 
phase I data.

After the induction period, patients entered either a 28-week 
follow-up period or the 48-week OLE study to receive 
PF-04236921 50 mg every 8 weeks followed by a 28-week 
follow-up period (NCT01345318). To enter the OLE, patients 
were required to complete the induction period but were not 
required to be considered responders. In the OLE, a one-time 
dose escalation to 100 mg was allowed for non-responders 
starting at week 8. If the patient failed to respond within 8 weeks 
after dose escalation, they were discontinued from the active 
treatment period. Patients continued to be monitored every 4 
weeks through to the final OLE study evaluation at week 76.

All authors had access to the study data, and reviewed and 
approved the final manuscript.

Efficacy assessments
The primary end point for the induction study was CDAI-70 
response rate (proportion of patients achieving a  ≥70-point 
reduction in CDAI score) at weeks 8 or 12. Analysis of the effi-
cacy end points was prespecified based on the modified intent-
to-treat (mITT) population, which included all patients who 
were randomised and received at least one treatment. Sample 
size calculation is described in the  online supplementary file. 
Enrolment into the 200 mg group was discontinued due to fatal-
ities in patients with SLE who were treated with this dose in 
a separate trial9 (NCT01405196). Power calculations were not 
impacted for comparisons between PF-04236921 10 or 50 mg 
and placebo. However, because the 200 mg arm was stopped 
early, the sample size was less than the planned sample size 
(n=40 instead of 60); hence, the data were not included in the 
primary efficacy analysis.

Secondary end points in the induction study were CDAI-70 and 
CDAI-100 response rates, CDAI remission (CDAI score <150) 
rates and mean changes from baseline in CDAI scores at weeks 2 
through 12. Exploratory end points included comparisons with 
placebo in the changes from baseline in total scores at week 12 of 
the Inflammatory Bowel Disease Questionnaire (IBDQ) and the 
European Quality of Life 5 Dimensions Questionnaire (EQ-5D).

As per protocol, the efficacy, health outcomes and biomarker 
end points were analysed using the mITT population, defined 
as all randomised subjects who received at least one dose of 
PF-04236921. The CDAI response and remission rates at weeks 
2 through 12 were analysed using a longitudinal model, described 
as generalised linear mixed-effects model (statistical methods are 
discussed in the online supplementary file), containing fixed 
factors of treatment group, visit and treatment by visit and a 
random effect for patient and baseline covariates, as per the stan-
dard approach for phase II data analyses.

The primary objective of the OLE study was safety. The 
CDAI instrument that was used to assess efficacy in the induc-
tion trial is complicated and intensive. Since efficacy was an 
exploratory end point in the OLE, the simpler Harvey-Brad-
shaw Index (HBI; online supplementary table s1) was used to 
evaluate disease activity and was assessed in all patients who 
had received at least one dose of PF-04236921 in the OLE 
(exploratory efficacy end points and analysis are described in the  
online supplementary file).

The percentage of patients requiring dose escalation, including 
visit date, was recorded.

Pharmacokinetic, pharmacodynamics and immunogenicity 
assessments are described in the online supplementary file.
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Figure 1  Patient disposition. AE, adverse event; ITT, intent to treat; OLE, open-label extension.

Inflammatory bowel disease

Safety assessments
Treatment-emergent adverse events (TEAEs) and SAEs, as well as 
the proportions of patients experiencing events, were reported 
throughout the study. Other safety considerations are included 
in the online supplementary file.

Results
Patient allocation and demographics
Patients were enrolled from February 2011 to June 2014, 
with the last patient visit in February 2015 (induction study) 
and March 2016 (OLE). Of 633 screened patients, 249 were 
randomised, 247 were included in the safety population and 245 
were included in the mITT population (figure 1). Baseline demo-
graphics and characteristics were generally balanced between 
groups (table  1). Patient screen failures, corticosteroid use 
and endoscopy findings at baseline are described in the online 
supplementary file.

Fifty patients (20.1%) discontinued during the 12-week treat-
ment period, and the rates were not meaningfully different 
across the groups, with the exception of the 200 mg group.

In the OLE, 191 patients were enrolled and treated (figure 1), 
of whom 89 were responders (achieving CDAI-70 at week 12 in 
the induction study) and 99 non-responders at entry (table 2). 
Sixty-nine patients (36.1%) completed 48 weeks’ treatment. 
The responder and non-responder statuses for completers and 
discontinued subjects are also provided in table 2.

Efficacy of induction therapy
In the induction study, PF-04236921 50 mg met the primary end 
point: CDAI-70 response rates were significantly greater than 

with placebo at weeks 8 (49.3% vs 30.6%, P<0.05) and 12 
(47.4% vs 28.6%, P<0.05) (figure 2).

Separation from placebo was observed as early as week 4, 
particularly for CDAI-70 response and remission (figure 3A,C), 
as well as mean change in CDAI score at weeks 4, 8, 10 and 12 
(figure 3D). Notably, CDAI remission rates with PF-04236921 
50 mg were significantly greater than with placebo at week 12 
(27.4% vs 10.9%, respectively) with a difference of 16.5% 
(P<0.05). PF-04236921 50 mg provided statistically significant 
improvements over placebo for nearly all time points for CDAI 
remission (figure 3C,D).

Comparison of 50 mg with placebo for CDAI-100 was signifi-
cant at week 6, but not at week 12 (figure 3B).

The 10 mg dose did not meet the primary end point. Numer-
ical improvements were noted in the continuous CDAI score 
for 10 mg compared with placebo but were not significant 
(figure  3D). There were no significant differences observed 
across groups for the number of patients taking oral steroids 
and/or the median dose usage over time.

A separate longitudinal analysis model was used to evaluate 
efficacy outcomes for the PF-04236921 200 mg dose (online 
supplementary figure s1). Estimates for CDAI-70 response rates 
at week 8 were 39.0% with PF-04236921 200 mg and 28.8% 
with placebo; corresponding values at week 12 were 41.7% and 
26.7%, respectively, and were not statistically significant. Results 
of sensitivity analysis of the efficacy end points and post-hoc 
subgroup analyses are described in the online supplementary file.

Statistical analyses showed that differences from placebo in the 
change from baseline in IBDQ total scores ranged from −13.6 to 
−4.7 for PF-04236921 10 mg and from −5.7 to 2.2 for 50 mg, 
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Figure 2  Primary end point: CDAI-70 response rates at weeks 8 and 12 (generalised linear mixed model; modified intention-to-treat population). 
*P<0.05 versus placebo. CDAI, Crohn’s Disease Activity Index; CDAI-70, proportion of patients who achieved a ≥70-point reduction in CDAI score.
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(online  supplementary figure s7) are described in the online 
supplementary file.

Identification of antidrug antibodies (ADAs) was rare across the 
two studies. Of 680 serum samples collected for ADA analysis in 
the induction study, one (0.1%) was confirmed as ADA-positive 
(50 mg, week 4) and also tested positive for neutralising antibodies 
(Nab). These findings did not appear to be associated with any 
TEAEs or pharmacokinetic effects in this patient. In the OLE study, 
among 1159 serum samples, six samples from one patient were 
confirmed ADA  positive and 1/6 was confirmed Nab-positive. 
There was no discernible impact of this positive ADA result on the 
patient’s pharmacokinetic profile.

Serum CRP levels were continuously suppressed during the 
treatment period in the OLE study, returning to baseline during 
the follow-up period. At the OLE baseline, the median serum 
concentration of CRP was 4.030 mg/mL (−74.3% change from 
induction study baseline). The median per  cent changes from 
induction study baseline in serum concentrations of CRP were 
−93.5% and −89.2%, respectively, at weeks 4 and 48. By the 
end of the study (week 76), the median per cent change from 
induction study baseline was −57.9%.

Results from faecal calprotectin assays were highly variable 
at baseline and over time in all groups. No significant treatment 
effects of PF-04236921 on faecal calprotectin were identified.

Safety outcomes
Rates of TEAE and SAEs are described in table  3 and online 
supplementary table s2 for the induction and OLE studies, 
respectively. For both studies, the most frequent TEAEs and 
SAEs with PF-04236921 were CD  related (including wors-
ening, exacerbation and flare of CD and abdominal pain) and 
nasopharyngitis.

During the OLE study, there were 890 AEs in 171 patients 
(89.5%) and most AEs were mild or moderate in severity. A total 
of 58 patients (30.4%) experienced SAEs of all causalities in the 
treatment period of the OLE study.

There was one death in the induction study, which occurred 
in the 50 mg group, in a patient in their mid-70s who had a 
54-year history of ileocolonic CD without prior surgery and a 
medical history of chronic obstructive pulmonary disease. The 
patient died of respiratory failure secondary to pneumonia on 
day 96, judged as unrelated to treatment by the investigator. The 
patient had a colectomy on day 80 and experienced a postoper-
ative complication of respiratory failure. The full narrative can 
be found in the online supplementary file. There were no deaths 
in the OLE.

Injection-site TEAEs were infrequent (placebo, n=4; 
PF-04236921 10 mg, n=2; 50 mg, n=7; 200 mg, n=6) in the 
induction study, and there were 42 in the OLE.

In light of the concern for risk of GI perforation and abscess 
with this mechanism of action (and because these events may 
be reported by investigators as infections or GI events), online 
supplementary table s3 lists the events of abscess and perforation 
identified by the Standardised Medical Dictionary for Regula-
tory Activities Queries search. During the induction study, six 
patients experienced seven SAEs of abscess or perforation, all 
in PF-04236921-treated patients. In the OLE study treatment 
period, 10 patients experienced 12 SAEs of abscess and perfora-
tion (50 mg, n=6; 100 mg, n=4).

Discussion
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Figure 3  CDAI outcomes from week 2 to week 12 by treatment group: (A) CDAI-70 response rate; (B) CDAI-100 response rate; (C) CDAI remission 
rate; and (D) mean changes in CDAI score from baseline (generalised linear mixed model; modified intention-to-treat population). *P<0.05 versus 
placebo. CDAI, Crohn’s Disease Activity Index; CDAI-70/100, proportion of patients who achieved a 70/100-point reduction in CDAI score.

Inflammatory bowel disease
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