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Abstract: Significant advances in the management of patients with ulcerative colitis (UC) have
been made since the introduction of anti-tumor necrosis factor (TNF)-alpha agents, especially
for those who fail or do not tolerate conventional therapies. Two drugs, infliximab first, then
adalimumab afterward, showed effectiveness in inducing and maintaining long-term remission
both in pivotal trials as well as in clinical practice. However, approximately 25% of patients with
UC, who fail or do not tolerate all available therapies, require a colectomy for refractory disease.
The therapeutic scenario of UC has been recently upgraded by the introduction of golimumab,
the latest anti TNF-alpha agent to be approved. Golimumab is a totally humanized monoclonal
antibody, administered by a subcutaneous injection every 4 weeks. Treatment with golimumab
has shown to be effective to induce sustained clinical benefit in tough-to-treat patients with UC,
including steroid and/or immunosuppressive refractory and steroid-dependent patients. In this
review, we summarize all available efficacy and safety data of golimumab in UC, analyzing the
potential therapeutic position for the treatment of refractory patients with UC.

Keywords: ulcerative colitis, refractoriness, anti-TNF-alpha, golimumab

Introduction
Since the introduction of anti-tumor necrosis factor (TNF)-alpha drugs approximately
15 years ago, the management of ulcerative colitis (UC) has dramatically changed.
Initially used only for severe steroid-refractory active diseases as “the last chance”
before colectomy,'? over the years anti-TNF-alpha agents have been increasingly
recommended in different categories of patients for inducing and maintaining clinical
and endoscopic remission.’ To date, three anti-TNF-alpha drugs are licensed for the
treatment of UC: infliximab, adalimumab, and recently golimumab. The mechanism
of action of these drugs has been linked to the ability to bind both free-and surface
bound anti-TNF-alpha on activated T lymphocytes, leading to their apoptosis.*
Infliximab, the first anti-TNF-alpha agent to be licensed for UC, is a mouse-human
chimeric antibody, and is administered intravenously according to a scheduled regimen:
one infusion at 0, 2, and 6 weeks, and every 8 weeks thereafter.’ In ACT 1 and ACT 2
pivotal trials,® patients with moderately to severely active UC, despite the use of con-
ventional therapies, naive to anti-TNF-alpha, were treated with scheduled infliximab (at
dosage of 5 or 10 mg/kg) or placebo (ACT 1 for 46 weeks and ACT 2 for 22 weeks), and
then followed-up for a further 8 weeks. In both studies, clinical response was statisti-
cally in favor of infliximab at both week 8 and 30. Furthermore, by week 30, in ACT 1
approximately 35% and in ACT 2 approximately 31% of patients receiving infliximab
experienced clinical remission compared to 15.7% and 10.6% of the placebo groups,
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respectively. A significant difference between infliximab
and placebo treatment arms, with respect to maintenance of
clinical remission, was also recorded at week 54 in ACT 1
study with approximately 34% vs 16.5%, respectively,® (Table
1). Long-term clinical practice data supported the effective-
ness of infliximab in an outpatient setting with steroid- or
immunomodulator-refractory patients with UC, with 68%
showing sustained clinical remission during a median follow-
up of more than 30 months.” Moreover, a significant benefit
of scheduled treatment with infliximab has been shown in
steroid-dependent patients with UC, with approximately
50% of patients achieving steroid-free clinical remission after
12 months® and 65% of whom maintained a durable clinical
response after a median follow-up of 45 months.’

The therapeutic scenario of refractory patients with UC
has been upgraded by the approval of adalimumab. Compared
to infliximab, adalimumab has two peculiar characteristics: a
fully humanized nature, which reduces the probability of infu-
sion reactions and a subcutaneous (SC) self-administration.
The standard regimen consists of an induction phase with
160/80 mg at week 0/2, respectively, and a maintenance phase
with 40 mg every other week.'® Adalimumab has been licensed
after the publication of trials ULTRA 1 and ULTRA 2, enroll-
ing patients with moderately to severely active disease despite
stable doses of conventional drugs, who were either naive or
previously exposed to anti-TNF-alpha.!'? Patients receiving
adalimumab were significantly more likely to be in clinical
remission compared to patients treated with placebo, with a
therapeutic gain over placebo of 7.2% to 9.3% at week 8'1?
and of 8.8% at week 522 (Table 1). An Italian observational
study, including the largest case-series of patients with UC
treated with adalimumab, has confirmed the effectiveness in

the induction of durable clinical remission in patients with
medically refractory UC."

However, in both clinical trials and in population cohort
studies including inflammatory bowel disease patients,
anti-TNF-alpha treatment failures, categorized as primary
nonresponse and secondary loss of response, were reported
between 10%-40%, and 20%—-60% of cases, respectively.'*!s
Dose intensification, empirically or based on therapeutic
drug monitoring, or addition of other immunosuppressive
drugs could represent effective strategies in order to manage
secondary nonresponse. In case of failure of these options
or in case of primary nonresponse, switching to another
anti-TNF-alpha drug could be attempted.'*!* Unfortunately,
to date, approximately 25% of patients with UC, who fail or
do not tolerate all available therapies, will require colectomy
for refractory disease.'®

While waiting for new classes of drugs, golimumab, a new
member of the anti-TNF-alpha family, has shown encourag-
ing results in the treatment of refractory UC."""

This review summarizes all available efficacy and safety
data of golimumab in UC and analyzes its therapeutic position
for the treatment of refractory patients with UC.

Golimumab

Golimumab is a totally humanized anti-TNF-alpha mono-
clonal antibody, administered through SC injections. As
with infliximab and adalimumab, golimumab blocks soluble
and trans-membrane TNF-alpha, avoiding permanent TNF-
alpha receptor binding. However, compared to infliximab
and adalimumab, golimumab preclinical studies showed
greater conformational stability and higher binding affin-
ity for soluble and trans-membrane TNF-alpha.?’ The peak

Table I Summary of efficacy end points in pivotal trials with infliximab and adalimumab

Outcomes ACT I¢ ACT 2¢
IFX 5 mglkg IFX 10 mg/kg Placebo IFX 5 mgl/kg IFX 10 mgl/kg Placebo
(n=121)n (%) P* (n=122)n (%) P> (n=121)n (%) (n=121)n (%) P> (n=120) n (%) P* (n=123) n (%)
Clinical response at week 8 84 (64.9) <0.001 76 (61.5) <0.001 45 (37.2) 78 (64.5) <0.001 83 (69.2) <0.001 36 (29.3)
Clinical response at week 30 63 (52.1) <0.001 62 (50.8) 0.002 36 (29.8) 57 (47.1) <0.001 72 (60) <0.001 32 (26)
Clinical remission week 30 41 (33.9) 0.001 45 (36.9) <0.001 19 (15.7) 31 (25.6) 0.003 43 (35.8) <0.001 13 (10.6)
Clinical remission week 54 42 (34.7) 0.001 42 (34.4) 0.001 20 (16.5) / / /
ULTRA " ULTRA 2"
ADA 160/80 mg ADA 80/40 mg Placebo ADA 160/80 mg Placebo
(n=130) n (%) P* (n=130) n (%) P* (n=130) n (%) (n=248) n (%) P* (n=246) n (%)
Clinical remission at week 8 24 (18.5) 0.031 13 (10) 0.833 12 (9.2) 41 (16.5) 0.019 23 (9.3)
Clinical remission at week 52 / / / 43 (17.3) 0.004 21 (8.5)
Clinical response at week 8 71 (54.6) 67 (51.5) 58 (44.6) 125 (50.4) 0.001 85 (34.6)
Clinical response at week 52 / / / 75 (30.2) 0.002 45 (18.3)

Notes: *Versus placebo. /, not applicable.
Abbreviations: IFX, infliximab; ADA, adalimumab.
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serum concentrations are reached within a maximum of
6 days (minimum 2 days) after a single administration
of golimumab and the steady-state after approximately
14 weeks of scheduled treatment. The scheduled treatment
for patients with UC comprises an induction phase with
200 and 100 mg at week 0-2, respectively, and a mainte-
nance phase with 50 or 100 mg every 4 weeks, according
to patient’s body weight (= or <80 kg, respectively) in
Europe, and 100 mg every 4 weeks in US.?! After the results
of Program of Ulcerative Colitis Research Studies Utiliz-
ing an Investigational Treatment (PURSUIT), golimumab
has been approved for the treatment of adult patients with
moderately-to-severely active UC, who failed or not tolerated
conventional drugs. This program comprises two induction
studies PURSUIT-SC!” and PURSUIT-IV" and one main-
tenance study, PURSUIT-M." Population enrolled included
patients with moderately-to-severely active UC (defined as
a Mayo Score of 6—12 with an endoscopic sub-score of at
least 2),2 who showed steroid-dependence (defined as the
inability to taper corticosteroids without recurrence of UC
symptoms) or failed or not tolerated conventional therapies
(including aminosalicylates, steroids, and thiopurines), naive
to anti-TNF-alpha.

Induction studies

The PURSUIT-SC trial,'” aimed at testing SC administration
of golimumab, included two induction sub-studies: a Phase I1
dose-finding study to assess the best induction regimens (that
would be used in the second study) and a Phase III to evalu-
ate the efficacy and safety of previously selected golimumab
induction dosages.

Table 2 Summary of efficacy endpoints in PURSUIT studies

In the SC Phase II, three golimumab induction regi-
mens were tested: 400 and 200 mg, 200 and 100 mg, and
100 and 50 mg at week 0 and 2, respectively. According to
a dose-response proportional relationship recorded with
greater changes of the Mayo Score from baseline and greater
proportions of favorable clinical response and remission
rate associated with higher serum golimumab exposure, the
first two regimens were selected for the subsequent drug
development.

In the SC phase 3,761 patients were randomized to receive
one of two of the previously mentioned induction golimumab
regimens or placebo. The primary endpoint was the propor-
tion of patients achieving a clinical response at week 6 in each
treatment arm. Clinical response was defined as a reduction
in the full Mayo Score of at least 30% and three points from
baseline with either a decrease in the rectal bleeding sub-score
=1 from baseline or a rectal bleeding sub-score of 0 or 1. At
week 6, clinical response was recorded in 51% and 54.9% of
actively treated patients compared with 30.3% of the placebo
group (P<<0.0001 for both comparisons), with a therapeutic
gain of golimumab over placebo of approximately 20% (Table
2). Furthermore, at week 6, patients who received golimumab
were significantly more likely to achieve clinical remission
and mucosal healing, to reduce C-reactive protein (CRP) and
improve their quality of life compared to those who received
placebo. Clinical remission at week 6 (defined as a full Mayo
Score =2 with no individual sub-score >1) was achieved in
17.8 8% and 17.9% of patients who received golimumab at
low and high dose regimens, respectively, compared to 6.4%
of patients treated with placebo (P<<0.0001 for both com-
parisons; Table 2). Complete endoscopic remission (Mayo

PURSUIT-SC" Golimumab 200/100 mg, Golimumab 400/200 mg, Placebo, n (%) P
n (%) (n=253) n (%) (n=257) (n=251)
Clinical response® 129 (51) 141 (54.9) 76 (30.3) <0.0001°
Clinical remission® 45 (17.8) 46 (17.9) 16 (6.4) <0.0001°
Mucosal healing® 107 (42.3) 116 (45.1) 72 (28.7) 0.0014¢
<0.0001¢
PURSUIT-M" Golimumab 100 mg, Golimumab 50 mg, Placebo n (%) P
n (%) (n=151) n (%) (n=151) (n=154)
CCR 75 (49.7) 71 (47) 48 (31.2) <0.001°
0.010
Clinical remission at both week 30 and 54 42 (27.8) 35(23.2) 24 (15.6) 0.004¢
0.122f
Mucosal healing at both week 30 and 54 64 (42.4) 62 (41.7) 41 (26.6) 0.002¢
0.011f

Notes: *At week 6; *for both comparisons; ‘golimumab 200/100 mg versus placebo; “golimumab 400/200 mg versus placebo; *golimumab 100 mg versus placebo; ‘golimumab

50 mg versus placebo.

Abbreviations: CCR, continuous clinical response; PURSUIT-SC, Program of Ulcerative Colitis Research Studies Utilizing an Investigational Treatment subcutaneous;
PURSUIT-M, Program of Ulcerative Colitis Research Studies Utilizing an Investigational Treatment maintenance.
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endoscopy score of 0 or 1) rates were significantly higher
than in controls: 42.3% and 45.1% in patients receiving goli-
mumab 200/100 and 400/200 mg vs 28.7% (P=0.0014 and
P<0.001, respectively; Table 2). As CRP serum levels were
significantly reduced from baseline in patients treated with
golimumab at week 2 and 6, respectively, on the contrary an
increase of CRP levels was observed at both time-points in
the placebo group. A remarkable difference between active
and control arms emerged also in terms of improvement of
quality of life from baseline, evaluated with Inflammatory
Bowel Disease Questionnaire (IBDQ).2* Serum golimumab
levels, assessed at 2, 4, and 6 weeks, respectively, were dose-
proportional and were directly associated with greater rates
of clinical benefit.

The PURSUIT-IV trial,'® conducted from August 2007
to May 2009, evaluated the efficacy at week 6 of one single
dose intravenous (IV) induction therapy with golimumab
in patients with moderate-to severe UC, naive to anti-TNF-
alpha and refractory or intolerant to conventional drugs.
As with PURSUIT-SC," this study included two phases:
a dose-finding Phase II to establish the dose-response rela-
tionship among three different induction regimens (1, 2, or
4 mg/kg, respectively) and a Phase III to assess real efficacy
and safety of previously selected dosages. In the Phase II,
a clear dose-response relationship was not observed, the high-
est two regimens, 2 and 4 mg/kg, were selected for further
development in the Phase III. However, after the analysis
of all Phase II data, which revealed a lower than expected
efficacy, the enrollment in the Phase Il was prematurely
interrupted, after the inclusion of 44 patients. The efficacy
analysis, performed on all 291 patients randomized in both
Phase II and III, did not show any significant difference
among golimumab and placebo-treated patients in terms
of clinical response, clinical, and endoscopic remission at
week 6. Conversely, a greater proportion of patients actively
treated with golimumab (particularly those receiving a single
2 mg/kg or 4 mg/kg infusion) experienced an improvement
in their quality of life, evaluated with IBDQ.*

The comparison of these two induction studies suggested
more favorable pharmacokinetics of golimumab when
administered SC, probably related to a more sustained serum
concentrations over the 6-week induction period, compared
to one single IV infusion.

Maintenance study

After the completion of induction studies, only patients
who responded to SC or IV golimumab induction, were
rerandomized and enrolled in PURSUIT-M trial,!® which

evaluated the efficacy of SC golimumab as long-term
maintenance therapy. Four-hundred and sixty-four patients
were randomized to receive SC golimumab 50 mg, 100 mg,
or placebo, respectively, every 4 weeks through 52 weeks
and followed-up for 54 weeks. The study also included an
open-label extension arm, including 764 patients among
placebo-induction responders who maintained placebo
every 4 weeks through week 52 and placebo and golimumab
induction nonresponders, who received golimumab 100 mg
every 4 weeks through 52 weeks. Randomized patients were
clinically evaluated using the partial Mayo Score at each
visit every 4 weeks, with the addition of endoscopy (full
Mayo Score) at week 30 and 54, respectively. The primary
endpoint was the clinical response maintained through week
54 in golimumab induction-responders (ie, continuous clini-
cal response [CCR]). Compared to previous maintenance
trials with infliximab and adalimumab,>'? the methodology
of the PURSUIT-M study has two peculiar characteristics:
1) efficacy of long-term maintenance treatment with goli-
mumab was evaluated only in the subgroup of patients who
responded to golimumab induction (SC or IV), rerandom-
ized to golimumab or placebo; 2) the primary endpoint was
CCR, that is the maintenance of constant benefit over 54
weeks, without any relapse during the year of observation,
and not a single assessment at one specific time-point.

This endpoint was met in 49.7% and 47% of patients who
received 100 mg and 50 mg of golimumab, respectively, com-
pared with 31.2% of patients belonging to the placebo group
(P<<0.001 and P=0.010, respectively). Moreover, a greater pro-
portion of patients treated with golimumab 100 mg achieved, at
both week 30 and 54, clinical remission and mucosal healing
compared to placebo (27.8% vs 15.6%, P=0.004 and 42.4% vs
26.6%, P=0.002, respectively; Table 2).

Data from post hoc sub-analysis confirmed the validity of
the primary outcome, showing that patients achieving CCR
through week 54 were more likely to have better clinical out-
comes compared to non-CCR patients. In particular, a greater
proportion of CCR patients receiving steroids at baseline,
were able to stop steroids, achieved clinical and endoscopic
remission and experienced a greater improvement of IBDQ
outcomes. Furthermore, higher mean decreases from baseline
(week 0 of PURSUIT-M study) in fecal lactoferrin and cal-
protectin values were recorded (only abstract available).?*

In PURSUIT-M," serum golimumab levels were assessed
before each drug administration and reached the steady-state
approximately after 8 weeks from the first maintenance goli-
mumab dose, regardless of the received induction regimen.
Serum golimumab concentrations were dose-proportional,
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since golimumab treated patients, at the dose of 100 mg, had
double the serum concentrations compared to golimumab
treated patients at the dose of 50 mg at each follow-up visit.
Moreover, among randomized patients, higher serum levels,
stratified by concentrations quartiles, were associated with
better clinical outcomes.

In PURSUIT-M, the development of antibodies against
golimumab through 54 weeks was lower compared to the
incidence of anti-drug antibodies reported for infliximab and
adalimumab (approximately 2.9%).>-!2

After the completion of 52 weeks treatment period and
54 weeks follow-up, eligible patients entered 3 year open-label
long-term extension (LTE), maintaining the same golimumab
doses or placebo they were taking at the end of PURSUIT-
M study. However, during LTE, in case of disease flares on
golimumab 50 mg or placebo, patients could have their treat-
ment modified to golimumab 100 mg. At week 104, 80.5%
of patients (157/195), previously randomized to golimumab
and on maintenance with it during LTE, had a Physician’s
Global Assessment of 0/1 and 56.4% of them (110/195)
had a Physician’s Global Assessment of 0 (according to an
intention-to-treat analysis). Steroids were not necessary until
week 104 for 88.5% of steroid-free patients at the end of week
54 of PURSUIT-M.»

Medical treatment of refractory UC:

the position of golimumab

The standard treatment of patients with UC is based on a
step-up approach, in which, according to disease activity and
extension, more powerful and potentially more dangerous
therapies are progressively added at each step. Patients could
be categorized as refractory at each level of this pyramid,
even though sometimes because of a suboptimal use of each
specific therapy, in terms of dose, route of administration
or timing.”® Biologic drugs are commonly positioned at the
top of this pyramid and recommended in case of failure or
intolerance of all previous therapies. However, despite current
guidelines recommending thiopurines as first line immuno-
suppressive therapy,® few evidence-based data have been
reported to support the efficacy for patients with UC, most
of them derived from clinical trials with small sample sizes,
short follow-up, and performed several decades ago.?’*°
Furthermore, taking into account their slow-acting profile
(average 3—4 months), thiopurines cannot be considered alone
for inducing disease remission. Therefore, an earlier introduc-
tion of biologics should be considered mainly for moderate
to severe patients with UC, in order to spare steroids, in
particular for those who develop dependence.’!

In this scenario of naive anti-TNF-alpha patients, whether
already exposed to thiopurines or not, the decision on which anti-
TNF-alpha agent to use can be made only based on providers’
personal experience, patients’ preferences, costs, and safety.

At present, the primary reason for this choice, cannot be
the greater effectiveness of one anti-TNF-alpha agent, because
no head-to-head comparison studies among different anti-
TNF-alpha agents have been performed. Recently, Stidham
et al*? performed a network meta-analysis, indirectly compar-
ing the efficacy of three available anti-TNF-alpha agents for
UC comparing their effectiveness over placebo in randomized
controlled trials.>!1-1217:1933 From this analysis, no single agent
seemed to be superior to the others in terms of short-term
and/or long-term clinical benefit. However, this meta-analysis
did not take into account the differences on disease assess-
ments (Probert et al*® used ulcerative colitis symptom score
and not Mayo Score?) and study designs.

Compared to the others,®!'2 PURSUIT trials!’!* had in
fact several innovative features, first, due to the two-stage
rerandomization trial design with the evaluation of long-term
effectiveness data only in patients who responded to induc-
tion, but also the inclusion of steroid-dependent patients and
the definition of CCR.

Later on, Thorlund et al proposed a new mathematical
model of network meta-analysis accounting for differences in
trial design. From this analysis, as golimumab and infliximab
appeared comparable in long-term clinical and endoscopic
benefit, golimumab seemed to be statistically superior to
adalimumab.**

Although the validity of statistical approach adopted, to
date, in our opinion, it is far too early to draw any conclu-
sions on the superiority of one anti-TNF-alpha agent. As far
as route of administration is concerned, patients need to be
informed about all different available options and have the
opportunity to discuss with physicians pros and cons of each
one. It is a commonly noted how convenient SC administra-
tion is, in particular for young patients who are more active,
need to travel, or simply do not want to feel sick coming to
the hospital for an infusion.>* Compared to adalimumab,
administered every other week, golimumab has the advantage
of a 4 week administration, but the disadvantage of a fixed
dose. Notably, to date, even though higher through levels
seemed to be associated with better outcomes,!”!? it remains
to be determined the benefit of golimumab dose escalation in
case of partial response or loss of response. In PURSUIT-M
study,'” a subgroup analysis on dose adjustment comparing
secondary nonresponder patients on golimumab 50 mg who
increased to 100 mg with those who continued receiving
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50 mg, did not reveal any differences in terms of clinical
response at week 54.

Conversely, of note, the scheduled treatment of golimumab
for rheumatological diseases consists of 50 mg single admin-
istration every month with or without methotrexate without
an initial loading dose.?! As far as rheumatoid arthritis is
concerned, golimumab, in combination with methotrex-
ate, was shown to be effective in the induction of durable
symptoms’ control in difficult-to-treat population, who failed
disease modifying anti-rheumatic drugs*® and anti-TNF-alpha
drugs.’” Similar findings have been reported in patients with
refractory psoriatic arthritis®® and ankylosing spondylitis,** for
whom golimumab was effective in maintaining clinical ben-
efit up to 60 months. Additionally, in ankylosing spondylitis,
patients who had an inadequate response to golimumab 50
mg experienced an improvement of symptoms after the dose
escalation up to 100 mg.*

Safety

In PURSUIT-M trials," the incidence of adverse events,
adjusted for length of follow-up were comparable among
golimumab and placebo randomized patients through
week 54. Infections were recorded in 39% of golimumab
treated patients (120/308), but only 3.2% (10 patients)
of them were serious. Serious adverse events occurred in
approximately 11% (mean value between 8.4% of golimumab
50 mg and 14.3% of golimumab 100 mg, respectively) of
golimumab treated patients (35/308) compared to 7.7% of
placebo-treated ones. Injection-site reactions were reported in
only 4.5% of treated patients (totally 14 golimumab patients),
none of which were serious.

Long-term safety data could be extracted from rheuma-
tologic experiences, since golimumab has been approved for
the treatment of rheumatoid arthritis, psoriatic arthritis, and
ankylosing spondylitis.*** Golimumab safety was compa-
rable to other anti-TNF-alpha agents, without any increase
of serious adverse events, malignancies, serious infection, or
injection-site reactions reported in the long-term treatment.

Conclusion

Based on all the available data, golimumab seems a valid
medical option for the induction and maintenance of sustained
clinical benefit in refractory patients with UC, who failed or
did not tolerate conventional drugs, or were steroid-dependent.
However, it could be difficult translating the results of clinical
trials into daily practice, mainly because of the heterogeneity
of patients in a daily clinical setting. To date, no data from
“real life” regarding golimumab in UC have been published.

However, owing to encouraging results and the great interest
of the scientific community for new drugs, above all, for
refractory patients, we can be expect, increasing widespread
use of golimumab for patients with UC.
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