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Abstract
Recent advancement in the understanding of the pathophysiology of inflammatory
bowel disease has seen an expansion in therapeutic options. Vedolizumab, a selective
α4β7 inhibitor, and ustekinumab, an IL 12/23 p40 inhibitor, have provided the much-
awaited out-of-class alternatives for patients who have failed or who are intolerant to
anti-Tumor Necrosis Factor (TNF) therapy. However, questions remain as to how we
may best use these novel therapeutic agents. We evaluate the evidence available from
randomized controlled trials and postmarketing cohort studies and discuss their safety,
efficacy, and limitations, in relation to anti-TNF therapy, in optimizing the treatment
outcomes.

Introduction
Inflammatory bowel disease (IBD) is a chronic idiopathic inflamma-
tory condition of the intestines of a relapsing and remitting nature.
IBD is often associated with high morbidity due to both disease-
and treatment-related complications. Up to 50% of patients with
Crohn’s disease (CD) and 30% of patients with ulcerative colitis
(UC) may require surgery in their life time.1 The addition of anti-
TNF therapies to the treatment armamentarium since 1997 was a
paradigm shift, especially in the setting of fistulizing CD and acute
severe colitis.2 This is the first medication class that changes natural
history by decreasing the risk of surgery and hospitalization, espe-
cially when used early in the treatment course.3

However, up to one-third of patients do not respond to anti-
TNF agents.2 For patients who respond initially, approximately
40% ultimately stop responding due to subtherapeutic drug levels,
the development of antidrug antibodies, or because of mechanistic
escape where another cytokine may become more important in
disease pathogenesis.4 Furthermore, a small minority of patients
may require change in treatment class due to adverse effects, for
example, drug-induced lupus, psoriasis, or demyelinating disease.

Vedolizumab, an anti-integrin α4β7 antibody, and usteki-
numab, an anti IL12/23 p40 antibody, now offer alternatives to
patients in whom a change in treatment class is needed. In this

article, we review the efficacy and safety data of vedolizumab
and ustekinumab, as well as their limitations in guiding clinical
decision on choices of biologics.

Vedolizumab

Efficacy
Registration trials and postmarketing reports.

Vedolizumab is the first gut-selective biological agent. It inhibits
integrin α4β7, thus inhibiting lymphocyte trafficking from the
blood vessel to the intestine. Its efficacy in induction and mainte-
nance of remission for CD and UC, both in anti-TNF-naïve and
anti-TNF-experienced patients, is well documented in registration
trials and postmarketing cohort studies (Table 1). The efficacy of
vedolizumab in CD at the induction phase was, however, modest
in GEMINI 2. Although the vedolizumab group achieved a mod-
est but significantly higher remission rate than the placebo,
(14.5% vs 6.8%, respectively, P = 0.02), the CDAI-100 response
rate was not significant.5 This is likely because of CD being a
transmural disease and the slow inductive effect of vedolizumab.
Rather than having an end-point at week 6, an end-point at week
14 may be more appropriate, where a peak effect would be
expected.6 Furthermore, up to 50% of the study cohort did not
receive concomitant corticosteroids, which could have improved
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Table 1 Efficacy data of vedolizumab in registration trials and postmarketing cohort studies

Study Design Patients Anti-TNF experienced Efficacy

Registration trials
Feagan et al.9 (GEMINI 1) Randomized controlled trial,

phase 3
UC: 895 TNF failure: 48% At W6:

Clinical response: 47.1% (VDZ) vs 25.5%
(PBO), P < 0.001

At W52:
Clinical remission: 41.8% (VDZ q8w) vs

44.8% (VDZ q4w) vs 24.8% (PBO),
P < 0.001

Sandborn et al.5 (GEMINI 2) Randomized controlled trial,
phase 3

CD: 1115 TNF failure: 63.8% At W6:
Clinical remission: 14.5% (VDZ) vs 6.8%

(PBO), P = 0.02
CDAI-100 response: 31.4% (VDZ) vs 25.7%

(PBO), P = 0.23
Sands et al.80 (GEMINI 3) Randomized controlled trial,

phase 3
CD: 416 TNF failure: 75.7% At W6:

Clinical remission: 15.2% (VDZ) vs 12.1%
(PBO), P = NS

At W10:
Clinical remission: 26.6% (VDZ) vs 12.1%,

P = 0.001
Sands et al.8 GEMINI 2 and 3 trials (post

hoc analysis)
CD: 1476 TNF naïve: 35% Clinical remission at W52:

TNF naïve: 48.9% (vs 26.8% PBO)TNF failure: 65%
TNF failure: 27.7% (vs 12.8% PBO)

Noman et al.81 (GEMINI LTS) Single arm, open label,
phase 3

CD: 24 TNF failure: 100% Mucosal healing:
UC: 34 CD: 29% (median 33 months)

UC: 50% (median 31 months)
Postmarketing cohort studies
Allegretti et al.17 Retrospective multicenter CD: 96

UC: 40
Not clear At W54:

CD:
Clinical response/remission: 52%
UC:
Clinical response/remission: 65%

Amiot et al.82 Retrospective multicenter CD: 173
UC: 121

TNF failure: 99% At W14:
CD:
SFCR: 31%

Clinical response: 51%
UC:
SFCR: 36%

Clinical response: 50%
Amiot et al.83 Prospective multicenter CD: 161

UC: 111
TNF failure: 99% At W54 (SFCR):

CD: 27.2%
UC: 40.5%

Baumgart et al.84 Prospective multicenter CD: 97
UC: 115

TNF failure: At W14 (clinical remission):
CD: 94.8%
UC: 75.7%

CD: 23.7%
UC: 23.5%

Dulai et al.12 (US VICTORY) Retrospective multicenter CD: 212 TNF failure: 90% At W52:
Clinical remission: 35%
Mucosal healing: 63%
Deep remission†: 26%

Eriksson et al.85 (SWIBREG) Prospective multicenter
national registry

CD: 147
UC: 92
IBD-U: 7

TNF failure: 86% At median follow up of 17 (IQR: 14–20)
months:
CD: 54% (clinical remission)
UC: 64% (clinical remission)

Kopylov et al.86 Prospective multicenter CD: 130
UC: 69

TNF failure: 92.6% At W14:
CD: Clinical remission: 34.6%
SFCR: 29.2%
UC: Clinical remission 28.4%
SFCR: 24.3%

(Continues)
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the response rate.7 Although there appears to be a lower percent-
age point difference with the placebo in CD than in UC during
the induction phase, the percentage point difference with the pla-
cebo at week 52 appears to be comparable for both diseases.8,9

Long-term efficacy data of patients in the GEMINI 1 and
two studies who received 152 weeks of continuous vedolizumab
were reported in GEMINI LTS. These included patients who
responded at week 6 of the GEMINI study and completed 1 year
of maintenance vedolizumab (either every 8 weeks or every
4 weeks) before receiving open-label vedolizumab every 4 weeks
in GEMINI LTS. When data were analyzed conservatively, with
incomplete data considered to represent treatment failures, the clin-
ical remission for CD (GEMINI 2) was 71, 69, and 43% at weeks
52, 104, and 152, respectively.10 For UC (GEMINI 1), clinical
remission was 74, 78, and 46% at week 52, 104, and 152, respec-
tively.11 Anti-TNF-naïve patients responded better to vedolizumab
compared with anti-TNF-experienced CD patients.8,10 For UC,
however, both groups appeared to have responded equally well.11

For patients where vedolizumab treatment was interrupted for
medical or nonmedical reasons, retreatment was successful for
both CD and UC patients with no increase in anti-vedolizumab
antibody regardless of the duration of time from last vedolizumab
dose.10 Similar to anti-TNF agents, a relatively lower vedolizumab
level was noted in the secondary nonresponders in the GEMINI
2 cohort. Shortening the dosing interval to every 4 weeks could be
considered salvage therapy, with up to 45% of the treatment
response recaptured in the GEMINI LTS cohort.10

Mucosal healing. Significant mucosal healing in UC with
vedolizumab was reported in the GEMINI 1 trial at week 6 [40.9%
(vedolizumab) vs 24.8% with placebo, P = 0.001] and week
52 (56% [vedolizumab Q4W] vs 51.6% [vedolizumab Q8W] vs
19.8% [placebo], P < 0.001).9 While endoscopy data were not
reported in the GEMINI 2 and 3 trials, GEMINI LTS has
observed mucosal healing in 29% patients at a median of
33 months for CD.8 A postmarketing report observed mucosal
healing in 63% of patients at week 52 for CD.12

Immunogenicity. Overall immunogenicity for vedolizumab
appears to be low in comparison with conventional anti-TNF
agents. When patients who received/had not received concomi-
tant immunosuppressant at baseline were compared, the risk of
developing anti-vedolizumab antibody was only marginally
lower, 3% versus 4%.13

Combination therapy with immunomodulator. The supe-
riority of combination therapy with an immunomodulator over
monotherapy with use of biologics was first reported in SONIC
(infliximab and azathioprine in CD) and UC SUCCESS (inflixi-
mab and azathioprine in UC).14,15 The benefit of its use with
vedolizumab is, however, less clear. Post hoc analyses from
GEMINI 1 and 2 trials did not reveal any additional clinical ben-
efit with combination therapy, both at week 6 and week 52.7,16 A
separate retrospective study of 136 patients observed higher clini-
cal response or remission at week 54 for CD patients who
received combination therapy but not patients with UC.17 Pro-
spective data will be required to confirm any synergistic effect
with combination therapy or whether the long-term benefit is
only a result of the reduced immunogenicity. With the coadmi-
nistration of an immunomodulator, it should be considered that
the benefit of gut-selective immunosuppression with vedolizu-
mab will be negated.

Role of therapeutic drug monitoring (TDM). Based on the
premise of the drug exposure–clinical efficacy relationship, the
measurement of an active drug level and antidrug antibodies has
been increasingly used, especially for anti-TNF therapies. How-
ever, the utility of TDM for vedolizumab is unclear. To achieve
clinical remission at week 6, post hoc analysis from GEMINI tri-
als observed that a minimum serum vedolizumab trough of
17.1 μg/mL is required for UC and 16.0 μg/mL for CD.6 A sepa-
rate prospective study observed that a median trough level of
>18 μg/mL at week 6 is less likely to be associated with the need
for further vedolizumab dose optimization within the first
6 months.18 This echoes the observation of further response

Table 1 (Continued)

Study Design Patients Anti-TNF experienced Efficacy

Shelton et al.87 Prospective multicenter CD: 107
UC: 59
IBD-U: 6

TNF failure: 97.1% At W14:
CD: Clinical response: 48.9%

Clinical remission: 23.9%
UC: Clinical response: 53.9%

Clinical remission: 29.3%
Singh et al.88 Retrospective multicenter CD: 30

UC: 22
TNF failure: 90% At W14:

CD: Clinical remission:42%
UC: Clinical remission: 76%

Stallmach et al.89 Prospective multicenter CD: 67
UC: 60

TNF failure: At W54 (clinical remission):
CD: 91%
UC: 81.7%

CD: 21%
UC: 25%

Vivio et al.90 Prospective single center CD: 30
UC: 21

TNF failure: At W14:
CD: 96.7%
UC: 76.2%

CD: improvement in CDAI score (mean
35 points, P = 0.04)

UC: clinical remission (55%)

†Deep remission: clinical remission + mucosal healing.
MH, mucosal healing; PBO, placebo; SFCR, steroid-free clinical remission.
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recapturing when the vedolizumab administration interval is
shortened from every 8 to every 4 weeks.10 While a higher vedo-
lizumab trough level is beneficial, its relationship with clinical
remission is not linear, especially for CD, as observed from the
GEMINI trials.6 As little as 2 mg/kg of vedolizumab is sufficient
to saturate most α4β7 integrin receptors. Furthermore, receptor
occupancy does not correlate with treatment response.13,19 It is
unclear if this may be related to other unknown mechanisms of
action that may benefit from a higher level of vedolizumab.19

Perianal CD. Prospective data on the efficacy of vedolizumab
in perianal CD is currently limited. Post hoc analysis from the
GEMINI 2 trial reported higher sustained perianal fistula closure
at week 52 for patients who received vedolizumab Q8W versus
placebo, 41.2% (95% CI: 18.4–67.1) versus 11.1% (95% CI:
1.4–34.7), respectively.20 A separate retrospective cohort study
observed 34.3% complete remission of perianal disease at week
54.21 A specifically designed trial on the efficacy of vedolizumab
on perianal fistulizing CD is currently in progress (ClinicalTrials.
gov Identifier: NCT02630966).

Primary sclerosing cholangitis. Due to the expression of
MadCAM-1 receptors in the liver, it was thought that the inhibi-
tion of α4β7 by vedolizumab may have a potential therapeutic
role in patients with primary sclerosing cholangitis (PSC). How-
ever, evidence of clinical efficacy is lacking. Two abstracts were
presented recently, with one reporting no change in liver chemis-
try, whereas the second abstract observed an increasing trend of
serum alkaline phosphatase at the 30-week follow up.22,23

Safety. A recent systematic review of vedolizumab-exposed
patients from six registration trials (2830 patients) and six post-
marketing cohort studies (1049 patients) demonstrated no
increase in adverse events (AE) or serious adverse events (SAE)
in the vedolizumab-exposed group.24 Follow up ranged from
10 weeks to 46 months for the registration trials and 14 to
53 weeks for the cohort studies. Risk of SAE for the
vedolizumab-exposed group was 20.0/100 patient years (95% CI,
18.5–21.5) versus 28.3/100 patient years (95% CI, 20.6–35.9) for
the placebo group.

Infection. Nasopharyngitis was the most common AE reported.
This is, however, not higher as compared with placebo, 13.5/100
PY (95% CI, 12.3–14.7) versus 14.1/100 PY (95% CI,
8.8–19.3), respectively.24 All other infections were comparable
between both cohorts. When assessed using the Cox proportional
hazards model, independent risk factors of serious infection for
UC included prior anti-TNF therapy and narcotics use. For CD,
younger age, concomitant steroid and narcotic use were predic-
tors of serious infection.25

Unlike natalizumab, an anti-α4 integrin antibody, patients
administered vedolizumab do not develop progressive multifocal
leukoencephalopathy (PML) from JC virus reactivation in the
central nervous system (CNS). In addition to inhibiting the traf-
ficking of gut-specific lymphocytes, it is believed that natalizu-
mab inhibits lymphocyte trafficking to the CNS by targeting
integrin α4β1-positive cells. A single dose of natalizumab has
been observed to reverse the CD4/CD8 ratio in the cerebrospinal
fluid.26 This has not been observed in patients who received

vedolizumab.27 To date, there is no reported case of
vedolizumab-related PML.25

Malignancy. There has been a theoretical concern for GI malig-
nancies due to reduced immunosurveillance in the gut. From the
registration trials of 2830 patients, there were 18 malignancies
reported, 6 of which were gastrointestinal. However, the risk of
malignancies were not significantly higher when compared with
anti-TNF agents using placebos as common comparators (OR:
0.87; 95% CI, 0.26–2.88).28 In a postmarketing surveillance
study, 25 malignancies were reported, half of which were gastro-
intestinal. Of note, this was not higher when compared with the
background risk. Furthermore, most of the malignancies reported
in the cohorts were patients with short vedolizumab exposure of
less than 6 months, tobacco users, or those who had a previous
history of malignancy prior to vedolizumab treatment.25 While
vedolizumab is not thought to be associated with increased risk
of malignancy, more long-term data is required.

Safety of vedolizumab in special populations
Children. Children <18 years old were excluded from the regis-
tration trials. Postmarketing case series demonstrate that vedoli-
zumab is safe in children.29 ESPGHAN recently published the
largest multicenter case series of 64 children, mean 14.5 (range
2–18) years old and treated with vedolizumab. No serious drug-
related AEs were reported at a median follow up of 24 weeks
(IQR 14–38, range 6–116).30

Elderly. Post hoc analysis of the GEMINI 1 and 2 trials was
performed, with patients stratified by age into <35, 35–54,
and > 55 years old.31 Of the entire cohort, 11% (220/2010)
were > 55 years old. Safety profile was similar across all age
groups for vedolizumab and placebo. A separate, single-center,
retrospective study showed that vedolizumab is safe and effica-
cious in 29 patients (10 UC and 19 CD) who were more than
60 years old.32 A total of 41% achieved clinical remission at
week 52, while four patients (13.8%) developed pneumonia,
clostridium difficile infection, and flu-like symptoms.

Pregnancy and lactation. Animal studies using suprathera-
peutic doses of vedolizumab did not report an increased risk of
teratogenicity, still birth, impaired intrauterine growth, or postna-
tal physical development up to 6 months of age.33 Data from
vedolizumab trials (pregnancies in 27 female participants, 19 with
male partners exposed to vedolizumab) and postmarketing
reports (81 pregnancies) were published recently.34 The exposure
of female trial participants to vedolizumab was limited as vedoli-
zumab was terminated once pregnancy was confirmed. In post-
marketing reports, pregnancy outcomes were only available in
15 pregnancies (4 live birth and 11 spontaneous miscarriages),
while remaining 66 had either ongoing pregnancies or undocu-
mented outcomes.34

Vedolizumab was detected in the milk of lactating mon-
keys, but there is currently no human data available.33 A human
lactation study on vedolizumab is currently in progress
(ClinicalTrials.gov identifier NCT02559713).

Perioperative setting. Safety data of vedolizumab in the
perioperative setting have so far been conflicting. While
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vedolizumab’s gut selectivity does not result in systemic immu-
nosuppression, there are theoretical concerns that the inhibition
of lymphocyte trafficking may impede intestinal healing
(Table 2). Lightner et al. observed that perioperative vedolizu-
mab use was associated with higher surgical site infection. How-
ever, their vedolizumab cohort was sicker, had higher median
platelet levels, was more likely to be on a concomitant immuno-
modulator, and had less primary anastomosis and more ostomy.
It is uncertain if these could have confounded the findings.35 A
more recent study by Yamada et al. and a pediatric study from
the Mayo Clinic, however, did not show an increased risk of
infection with preoperative vedolizumab exposure.36,37

Pitfalls with vedolizumab

Slow onset of action. The clinical response with vedolizu-
mab is slow in comparison with anti-TNF therapies. While the
clinical response in relation to placebo is reported to be signifi-
cantly different at week 6, the peak effect may not be expected
till weeks 10–14.6 This is not unexpected given vedolizumab’s
unique mechanism in inhibiting lymphocyte trafficking rather
than directly inhibiting cytokine activity.

Post hoc analysis of the GEMINI 2 trial observed syner-
gistic efficacy at week 6 for CD when corticosteroid was used in
addition to vedolizumab. Patients who received corticosteroid
with vedolizumab or a combination of corticosteroid, immuno-
modulator, and vedolizumab at baseline were more likely to be
in clinical remission at week 6 in comparison with patients who
received vedolizumab alone or vedolizumab in combination with
immunomodulator.7 While this additional benefit was not
observed in UC from the GEMINI 1 post hoc analysis, a pro-
spective study will be required as GEMINI trials were not specif-
ically designed to assess outcomes with combination therapy.16

Use of combination treatment with anti-TNF therapy or
tacrolimus (in the setting of acute severe UC) to overcome the
delayed efficacy of vedolizumab has been reported.38,39 Favor-
able long-term efficacy and safety outcomes of up to 21 months
of combination therapy with certolizumab (used off label) have

been reported in UC.40 To confirm its utility, dedicated clinical
trials are currently in progress. This includes the use of vedolizu-
mab monotherapy versus combination therapy with tacrolimus
for moderate-to-severe UC (ClinicalTrials.gov Identifier:
NCT02954159) and triple therapy with anti-TNF therapy and
methotrexate for CD (ClinicalTrials.gov Identifier:
NCT02764762).

Ustekinumab

Efficacy. Ustekinumab is a fully human monoclonal antibody
targeting the common p40 subunit of IL-12 and IL-23. Through
the inhibition of IL-23, ustekinumab limits the differentiation of
naïve T cells to TH17 cells. While clinical efficacy was well
documented in the CERTIFI and UNITI trials, a more rapid clini-
cal response at induction was observed when ustekinumab is
administered intravenously (in comparison with subcutaneous
administration) and at higher doses. Patients are then maintained
subcutaneously at a lower dose, which offers the benefit of con-
venience to the patients.

There is as yet no direct head-to-head comparison with
anti-TNF therapies. However, a significant clinical response has
been observed both for biologic naïve and experienced patients,
as summarized in Table 3.

Mucosal healing. Endoscopic healing was reported in a
post hoc analysis of UNITI trials.41 Colonoscopy was performed
at baseline (week 0), week 8, and week 52 (IM-UNITI week 44).
At week 8, the endoscopic response, defined by ≥3 points reduc-
tion of SES-CD, was significantly higher in the ustekinumab
group compared with the placebo group, 47.7% versus 29.9%,
P < 0.01. A sustained response in the ustekinumab group was
observed at week 52, with 50% reduction in SES-CD in 33.3%
(q8w group) versus 17.0% (q12w group) versus 13.7% (placebo
group), P = 0.01. A postmarketing cohort study from Canada
reported an endoscopic response and remission of 55.4 and
27.2%, respectively, at median follow up of 46 weeks.42

Table 2 Perioperative safety outcomes with vedolizumab

Study Design Patient numbers Types of IBD Duration
Predictors of postop

complication Conclusion

Lightner et al.35 Retrospective, single
center (VDZ vs
anti-TNF/nonbiologics)

VDZ: 94
Anti-TNF: 126
Nonbiologics: 172

CD and UC 30 days VDZ use VDZ group has higher
rates of postoperative
infection: 53% vs
33% anti-TNF, 28%
non-biologics,
P < 0.001

Lightner et al.(2)37 Retrospective single
center (VDZ vs anti
TNF agents)

*pediatric cohorts
(≤18 years)

VDZ: 13
Anti-TNF: 36

CD and UC 30 days Age > 50 years No increased risk with
vedolizumab use

Yamada et al.36 Retrospective single
center (VDZ vs
anti-TNF/nonbiologics)

VDZ: 64
anti-TNF: 129
Nonbiologics: 250

CD and UC 30 days Age > 65, low albumin No increased risk with
vedolizumab use

VDZ, vedolizumab.
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Role in perianal CD. While up to 43% of patients in UNITI-1
and 30% of patients in UNITI-2 trials had perianal disease, the
efficacy of ustekinumab in patients with perianal CD was not
specifically addressed.43 Limited real-world data have reported
favorable efficacy, with a clinical improvement rate of
61–100%.44,45 It is possible that this cohort of patients may

benefit from a higher ustekinumab trough level, but more data
will be required.42,45

Safety. Ustekinumab is approved for use in CD in North
America and Europe since 2016. While long-term safety data are
limited in CD, safety data are available on its use in psoriasis/

Table 3 Efficacy data of ustekinumab for Crohn’s disease in registration trials and postmarketing cohort studies

Study Design Patients Anti-TNF experienced Efficacy

Registration trials
Sandborn et al. (CERTIFI)91 RCT (phase 2b)

Induction: IV UST 1 mg/kg vs
3 mg/kg vs 6 mg/kg vs placebo

Maintenance: SC UST 90 mg at
week 8 and 16

CD: 526 TNF failure: 99.7% Clinical response at week 6:
1 mg/kg: 36.6% (P = 0.02)
3 mg/kg: 34.1% (P = 0.06)
6 mg/kg: 39.7% (P = 0.005)
Placebo: 23.5%

Clinical response at week 22:
69.4% vs 42.5% (placebo)

Clinical remission at week 22:
41.7% vs 27.4% (placebo)

Feagan et al. (UNITI-1, UNITI-2,
and IM-UNITI)43

RCT (phase 3)
Induction
UNITI-1
(patients failing anti-TNF therapy)
IV UST 130 mg vs 6 mg/kg
vs placebo

CD: 741 TNF failure: 99.2% Clinical response at week 6:
IV UST 130 mg/kg: 34.4%
IV UST 6 mg/kg: 33.7%
Placebo: 21.5%

UNITI-2
(patients failing conventional

therapy)
IV UST 130 mg vs 6 mg/kg
vs placebo

CD: 628 TNF failure: 32% Clinical response at week 6:
IV UST 130 mg/kg: 51.7%
IV UST 6 mg/kg: 55.5%
Placebo: 28.7%

Maintenance (IM-UNITI)
SC UST 90 mg Q8W vs Q12W vs

placebo

CD: 397 TNF failure: 60.5% Clinical remission at week 44:
SC UST Q8W: 53.1% (P = 0.005)
SC UST Q12W: 48.8% (P = 0.04)
Placebo: 35.9%

Postmarketing cohort studies
Harris et al.92 Retrospective multicenter (US) CD: 45 TNF failure: 100% At 3 months:

Clinical response:46%
Clinical remission: 35%

Khorrami et al.44 Retrospective multicenter (Spain) CD: 116 TNF failure: 100% Clinical response:
After induction: 83.6%
At 6 months: 76.4%
At 12 months: 63.6%

Kopylov et al.93 Retrospective multicenter
(Montreal, Canada)

CD: 38 TNF failure: 100% Clinical response:
At 3 months: 73.7%
At 6 months: 64.5%
At 12 months: 47.4%

Ma et al.42 Retrospective multicenter (Alberta,
Canada)

CD: 167 TNF failure: 95.2% Steroid-free clinical response/
remission:
At 3 months: 38.9%, 15.0%
At 6 months: 60.3%, 25.2%
At 12 months: 59.5%, 27.9%

Endoscopic/radiographic response:
At 6 months: 54.5%
At 12 months: 55.8%

Wils et al.63 Retrospective multicenter (GETAID,
France/Swiss)

CD: 122 TNF failure: 100% Clinical benefits†:
At 3 months: 65%

†Defined as reductions in symptoms, biochemical markers, steroid free, and without surgery or immunosuppressant therapies.
UST, ustekinumab.
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psoriatic arthritis.46 Ustekinumab, which is used at a lower dose
in psoriasis, appears to be safe, with no increased risk of AEs,
SAEs, infection, and malignancy. Data from clinical trials (phase
2 CERTIFI, phase 3 UNITI) demonstrated a similarly favorable
safety profile with no increased risk in comparison with placebo-
treated participants.

Infection. Four cases of opportunistic infections were reported
during the UNITI trials: one case of listeria meningitis (patient
received concomitant ustekinumab and oral prednisone 30 mg
daily), two cases of esophageal candidiasis (one patient who
received ustekinumab 90 mg every 8 weeks and one patient who
received placebo and concomitant prednisone), and a case of pul-
monary tuberculosis occurring 10 months after the administration
of a single dose of ustekinumab 130 mg intravenously.43

Using phases 2 and 3 clinical trials data for ustekinumab
across all indications (CD, psoriasis, and psoriatic arthritis), the
overall incidence rates of active tuberculosis was low compared
with patients treated with anti-TNF agents—0.02 per 100 patient
years; (95% CI: 0.00, 0.06) versus 0.28 (95% CI: 0.21, 0.37),
respectively.47 With isoniazid prophylaxis, ustekinumab treat-
ment appeared to be safe with no latent TB reactivation in a sys-
tematic review of five clinical trials (3177 patients).48

Malignancy. The 5-year safety data of 3117 ustekinumab-
treated psoriasis patients reported 47 cases of non-melanoma skin
cancer (NMSC).46 The risk of NMSC with ustekinumab is, how-
ever, not increased in comparison with the placebo-treated
cohort, 0.48 versus 0.52 per 100 patient years, respectively. Fur-
thermore, there is no reversal of the BCC and SCC ratio (4:1), as
expected in the general population.49 Over the 5-year follow up,
there was no time- or dose-dependent (45 mg vs 90 mg) differ-
ence observed.46 Despite the use of higher doses for the CD
cohort, no increased risk of NMSC was noted in comparison
with the placebo cohort in the registration trials.43 No concern
for other malignancies (excluding NMSC) was raised.46

Major adverse cardiovascular events. Concern regarding
the association of ustekinumab with major adverse cardiovascular
events was first raised in psoriasis trials. This included briakinu-
mab, which has a similar mode of action. Meta-analyses of RCTs
in the psoriasis cohorts have so far reported conflicting conclu-
sions.50 Nonetheless, 5-year safety data of ustekinumab in psoria-
sis did not show any dose- or duration-dependent relationship.46

As psoriasis is independently related to adverse cardiovascular
events, it is unclear if this could be a concern for CD.51 No asso-
ciation has so far been reported.

Safety of ustekinumab in special populations
Children. Use of ustekinumab in pediatric patients with CD was
only limited to case reports.52 Larger cohort studies will be
required to validate the efficacy and side effect profile in the
pediatric population.

Elderly. Use of ustekinumab in elderly patients (65 years and
above), a total 46 patients, with psoriasis was reported in two
retrospective studies.53,54 No increased risk of AE was reported
at the end of 1 year. No data for the CD cohort are yet available.

Pregnancy. Prior to the implementation of the Pregnancy and
Lactation Labelling Rule (PLLR), ustekinumab was labeled as
FDA pregnancy category B. Human data have so far been
restricted to the patient registry, case reports, and observational
studies. Animal studies with cynomolgus macaques receiving
doses of up to 45 mg/kg twice weekly did not report an increased
risk of teratogenicity or developmental delay up to 6 months of
age.55 The current dermatology literature has not reported an
increased risk of miscarriage or congenital malformation.56 Case
reports for its use in CD have observed conflicting pregnancy
outcomes.57–59 As most of the patients had active disease during
pregnancy, it is unclear if the adverse outcomes were related to
the active disease state rather than the medication. More data
from prospective pregnancy registry will be needed.

Perioperative settings. Perioperative safety outcomes of
patients exposed to ustekinumab were assessed in two retrospec-
tive multicenter cohort studies.60,61 Ustekinumab use was not
observed, in both studies, to be associated with the increased risk
of postoperative surgical site infection when compared with anti-
TNF-treated patients. This is in spite of a higher use of concomi-
tant immunosuppressants in the ustekinumab group in the study
by Shim et al. The study by Lightner et al., however, noted an
increased risk of reoperation in the ustekinumab cohort. It is
unclear if the observations were limited by the small sample
number. While perioperative ustekinumab exposure appears to be
safe, more studies are required. This will hopefully guide the
decision on the role of an elective drug holiday prior to elective
operation.

Other challenges

Immunogenicity
Immunogenicity with ustekinumab is remarkably low. Antibodies
to ustekinumab were reported in 0.7% of patients by week 36 in
the CERTIFI trial and in 2.3% by 1 year in the maintenance IM-
UNITI trial.43 This is much lower compared with anti-TNF
agents, such as infliximab (0–83%), adalimumab (0–54%), and
golimumab (0–19%).62 Long-term immunogenicity data for uste-
kinumab are eagerly awaited.

Combination therapy
In comparison with anti-TNF therapies, the benefit of combina-
tion therapy in ustekinumab is less clear. The synergistic effect
of a concomitant immunomodulator was observed in the
GETAID cohort but not in others.42,44,63 In a prospective study
of 62 patients, there was no significant difference in the ustekinu-
mab trough level between those with and without concomitant
immunomodulator use.64 Given this observation and the overall
low immunogenicity associated with ustekinumab, it is likely that
the use of a concomitant immunomodulator is less important.

The use of ustekinumab in combination with another bio-
logics (anti-TNF agent or vedolizumab) in refractory CD has
been described with favorable outcomes.65,66 Evidence to date is,
however, very limited, particularly for long-term safety.

Choice of biologics
For more than a decade, the only biologics licensed for use in
IBD patients were the anti-TNF agents. It was not possible for
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patients to be switched out of class even when they are obviously
not responding to anti-TNF agents. This has changed dramati-
cally since 2014, with vedolizumab and ustekinumab joining the
ranks of biologics approved for use in IBD.

These new agents appear to be associated with a lower
risk of patients developing cancers and a lower risk of infective
complications. They also appear to be less immunogenic than the
older anti-TNF agents. However, we have less real-world data on
how different subsets of IBD patients will respond, for example,
pregnant patients, patients with pouchitis, patients with perianal
CD, and patients with the extraintestinal manifestations. With the
advent of biosimilars, the newer agents are also more expensive
than the anti-TNF agents.

To date, there are no published data on the direct head-to-
head comparison between various biologics therapies. Clinical
trials of UC comparing vedolizumab and adalimumab
(NCT02497469) and etrolizumab and infliximab (NCT02136069)
are currently under way. Currently, available comparative safety
and efficacy data between various biologics therapies in both UC
and CD are derived solely from network meta-analyses. The over-
all safety profile appears to be comparable, although vedolizumab
may theoretically be the safest. For treatment of UC, there was no
significant difference in mucosal healing between vedolizumab
and anti-TNF agents.67 For infliximab-experienced UC, vedolizu-
mab was found to be superior to adalimumab in achieving muco-
sal healing during maintenance, OR 6.72, (95% CI 1.36–41.0),
although no difference was found during induction.68 For treat-
ment of CD, adalimumab and combination infliximab with azathi-
oprine are more effective than vedolizumab in achieving clinical
remission, OR 2.4 (95% CrI, 1.2–4.6).69

Rather than one-size-fits-all, the choice of biologics should
be tailored to the individual patient profile. The strength and lim-
itation of each agent, given the inherent differences in the phar-
macokinetics and pharmacodynamics properties should be
considered in conjunction with the heterogeneous disease profile
in each patient (Figs 1, 2). A patient with CD with concomitant
extraintestinal manifestation or psoriasis, for example, may bene-
fit from anti-TNF therapies or ustekinumab rather than vedolizu-
mab. On the other hand, vedolizumab may be preferable in a
patient with a history of non-GI malignancy or other comorbid-
ities, such as hepatitis B or C or pulmonary tuberculosis infec-
tion. Vedolizumab and ustekinumab have lower immunogenicity
than anti-TNF agents and could be a better option if monother-
apy is considered.62

Data to guide subsequent choices of biologics, especially
in CD, are currently limited. While registration data observed a
relatively inferior response with vedolizumab in comparison with
ustekinumab in anti-TNF-experienced patients, no definite con-
clusion could be drawn given the heterogeneity in study design.
Clear evidence from direct head-to-head comparisons is currently
lacking. Indirect comparisons by separate groups did not observe
any significant difference between ustekinumab and vedolizumab
in achieving clinical remission in anti-TNF-experienced CD.70–72

The efficacy of ustekinumab and vedolizumab in patients with
fistulizing CD was reported in a recent meta-analysis, with
pooled RR 1.77 (95% CI, 0.93–3.37; P = 0.08) and RR 2.54
(95% CI, 0.63–10.29; P = 0.19), respectively.73 Interestingly,
while treatment response is known to be poorer in biologic-
experienced patients, there may be a potential role of using the
etiology of withdrawal to guide subsequent choices of biologic.

Figure 1 Strength of various agents in Crohn’s disease (CD).
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In a recent meta-analysis, treatment response of a second bio-
logic, particularly with ustekinumab, is poorer in anti-TNF ther-
apy primary nonresponder, in comparison with secondary
nonresponder (RR, 0.64 [0.52–0.80]). There was no difference in
treatment response to vedolizumab for both anti-TNF primary
nonresponder and secondary nonresponder (RR, 1.16
[0.85–1.58]).74

Predictor of response
Clinicians have tried to predict which patients will respond to
biologics since the advent of biologics. Clinical characteristics,
drug factors, biochemical markers, endoscopic factors, and
genetic and serological markers have been proposed as predictors
of response. These have recently been reviewed by Ding et al.
with regard to anti-TNF agents.75

Clinical predictors of response to vedolizumab and usteki-
numab have also been studied. Patients with severe, complicated
disease phenotype (in CD) or previous anti-TNF therapy expo-
sure were less likely to respond. Other poor prognostic factors in
CD include smoking, history of intestinal resection, ileocolonic
disease, and low trough level of both biologics.76 Genetic poly-
morphism contributes to the variation in clinical presentation and
the response to ustekinumab.75,77 HLA-cw6 (C*06:02) expres-
sion, a major psoriasis-susceptible gene, was found to be useful
in predicting response to ustekinumab in the psoriasis cohort.77

In a phase 2a study, CD patients who received MEDI2070, a
selective IL 23/p19 inhibitor, and who responded had a greater
reduction in IL 22. In particular, the benefit was greater for those
with a higher baseline IL 22 level.78 For vedolizumab, molecular
imaging of mucosal α4β7 integrin expression with FITC-labeled
vedolizumab was useful in predicting response to vedolizumab in
CD in a small case series.79 While validation with more data is
required, these exploratory observations are encouraging and
may allow personalized treatment in the future.

Conclusions
The availability of novel therapeutics modalities for IBD is
encouraging. Vedolizumab and ustekinumab complement anti-
TNF agents and provide us with alternatives for patients who

have failed anti-TNFs. While more real-world data is awaited,
the safety and efficacy profiles of these two novel agents in the
registration trials have been encouraging. In selected patient sub-
sets, they could be considered first-line biologics over anti-TNF
agents.
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