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Abstract: Inflammatory bowel disease (IBD) management has changed dramatically over
the past 20years, after the introduction of targeted biological therapies. However, the impact
of these new drugs in changing the natural history of disease is still under debate. Recent
evidence seems to suggest that the extent of their efficacy might be, at least partially,
dependent on the timing of their introduction and on the subsequent management strategy.
In this complex landscape, the potential role for a more dynamic approach with treatments
based on sequencing and combining targeted therapies has been explored only minimally

so far. In this review, we aim to explore the potential biological rationale behind the use of
sequential and combination therapies in IBD, to summarise the current knowledge on this
topic and to propose a management algorithm that combines these notions.
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Introduction

Inflammatory bowel diseases (IBD) are chronic
conditions that require lifelong medical therapy.
However, despite available treatments, a signifi-
cant number of patients undergo abdominal sur-
gery one or more times during their life.! The
advent of biologics has undoubtedly represented
a significant advance in IBD management, but
their usefulness in changing the natural history of
the disease has not been clearly established.?
Several important limitations deserve attention
with respect to biological therapy for IBD.

Are we proving unwise in delaying the

introduction of biologics?

Data from national registries have disclosed that
the majority of patients receive biologics in a late
phase of their disease or do not receive them at
all.3* Conversely, growing evidence has suggested
that early treatment with these drugs might be
associated with more favourable outcomes.’ It is
conceivable that early introduction of biological

therapies might grant deeper control over intesti-
nal inflammation, possibly due to lower inflam-
matory burden or specific immunophenotypes
that are more sensitive to therapies associated
with early stages of disease. Furthermore, there
are no reliable clinical tools that can currently
predict patient response to a specific drug. Owing
to the impossibility of a prior:i stratification and
profiling, ineffective therapies are frequently
started: this leads to protracted time with active
disease and consequential damage progression,
overshadowing the window of opportunity to
introduce a therapy and maximise its efficacy.

Are we resting on the laurels of clinical

remission and settling for insufficient

outcomes?

Symptom control, although being the first goal of
IBD treatment, is insufficient. The 2015 Selecting
Therapeutic Targets in Inflammatory Bowels
Disease (STRIDE) consensus and its 2020
update proposed a management algorithm for
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Crohn’s disease (CD) and ulcerative colitis (UC)
aiming to optimise disease management and pre-
vent long-term disability. A treat-to-target strat-
egy involves identification of a pre-defined
therapeutic target and, accordingly, strict moni-
toring and potentially an optimisation of
therapy.®

Endoscopic healing has been proposed as the ulti-
mate target to pursue, as it has proved to correlate
with better long-term outcomes in both CD and
UC. The benefits associated with histological
healing have also been recognised in terms of
reduction of clinical relapse”-8; however, due to
the lack of standardised reporting methods and
the uncertainties surrounding the advantage of
optimising therapy to achieve it, it still not con-
sidered a clinical target.%® Furthermore, the
‘Effect of tight control management on Crohn’s
disease’ (CALM) study has shown that tight
monitoring — with therapy escalation based on
either clinical and biomarkers [C-reactive protein
(CRP) and faecal calprotectin] — is superior to
symptom-based management to achieve better
endoscopic and clinical outcomes in early CD.10
Accordingly, the STRIDE-II consensus included
normalisation of CRP/erythrocyte sedimentation
rate and faecal calprotectin as a clinical target to
be pursued.

Are we playing our cards right to maintain
long-term remission?

One of the main problems associated with bio-
logical therapies is the considerable rate of sec-
ondary loss of response,!! which prevents many
patients from achieving stable, durable remission
and, therefore, exposes them to damage progres-
sion associated with disease activity. Comparison
studies evaluate drug efficacy in patients with
active disease, but neglect to compare their capa-
bility of preventing relapses once the patient has
achieved remission. Indeed, whether a drug that
is more effective in inducing remission will also be
more effective in maintaining it over the long
term has not been demonstrated.

The overall notion suggested here is that IBD
treatment needs to be improved not only by
acquiring new drugs with different mechanisms
of action, but also by developing new treatment
strategies to optimise efficacy. IBD are character-
ised by significant disease-related burden that
progresses over time in parallel with disease flares

and damage accumulation. Aiming for timely and
deeper control might be able to avert disease pro-
gression and damage accumulation; decisions to
optimise or change therapy seeking for more
ambitious therapeutic goals might help to prevent
long-term disability associated with IBD. A more
profound comprehension of the immunological
landscape associated with IBD would help to
identify the mechanism of action needed to
achieve the best results in each patient.12 Multiple
inflammatory pathways are contemporarily acti-
vated in the intestinal mucosal!3; therefore, block-
ing only one of them — as we currently do with
targeted monotherapies such as biologics — might
not be sufficient to achieve adequate control over
inflammation in each patient. A combination of
targeted therapies [i.e. dual targeted therapy,
(DTT)] might be able to partially overcome the
intrinsic refractoriness that seems to be associated
with some diseases. Finally, it has now been dem-
onstrated clearly that the pathogenic mechanisms
that sustain inflammation in IBD are not static,
but rather evolve over time.!* Changing mecha-
nism of action to comply with different ‘phases’ of
the disease might prove beneficial to maintain
strict control over inflammation over the long
term and prevent damage accumulation.

In this review, we aim to summarise current
knowledge on sequential and combined use of
targeted therapies, and to provide a new view-
point on its potential implementation in clinical
practice.

What we have learnt so far. . .

Combining therapies: lessons learnt from
anti-TNFo and thiopurines

The efficacy of the combination of infliximab and
thiopurines has been proven in two double-blind
randomised controlled trials (RCTs); conversely,
combining immunosuppressors with other bio-
logics is not supported by evidence.!>-17 This
might depend on the fact that thiopurine associa-
tion is efficacious in improving infliximab phar-
macokinetics by lowering its immunogenicity,!8
which is higher compared with other biologics.!®
The Study of Biologic and Immunomodulator
Naive Patients in Crohn’s Disease (SONIC)
RCT showed that the association of infliximab
and thiopurines was more effective at inducing
steroid-free clinical remission (SFCR) and
mucosal healing at week 26 compared with both
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infliximab and thiopurines monotherapy in CD
patients naive to both agents.2? Similarly, the
UC-SUCCESS RCT proved that combining inf-
liximab and azathioprine was superior to inflixi-
mab monotherapy in inducing SFCR after
16 weeks in bionaive UC patients.2! There is also
evidence suggesting that the addition of immu-
nomodulators might be beneficial in some
patients with secondary loss of response to anti-
tumour necrosis factor alpha (TNFa) therapy.??
Specifically, in case of immunogenic loss of
response with detectable anti-infliximab or anti-
adalimumab antibodies, it has been shown that
the introduction of an immunomodulator can
make patients regain clinical response, in parallel
with increasing drug concentrations and disap-
pearance of anti-drug antibodies (ADAs).23

Sequencing therapies: maintenance and
de-escalation - lessons learnt from traditional
immunosuppressors

Therapeutic changes are usually reserved for IBD
patients who experience primary or secondary
failure to ongoing drugs. Conversely, clinicians
are cautious when it comes to discontinuing effec-
tive treatments due to the considerable rates of
short-term relapse observed in real-life studies
after therapy withdrawal, even among patients in
deep remission.2* Interestingly, there are two sce-
narios where remitting patients discontinue one
of two therapies or transition from one therapy to
another as a maintenance strategy.

Two randomised prospective studies demon-
strated clearly that indefinite continuation of the
combination of infliximab and thiopurines is not
necessary once the therapeutic target has been
achieved: in both studies, immunosuppressor dis-
continuation in stable patients (clinical remission
>6 months) was not associated with any loss in
terms of clinical benefit, despite a significant drop
in median trough levels (TLs).25:26 Conversely, a
2012 retrospective study, including stable CD
patients with infliximab and thiopurines, evalu-
ated the strategy of biologic discontinuation; after
1year of follow up, about 50% had relapsed, but
no control group was included in the study.??
Finally, there is an ongoing open-label RCT aim-
ing to compare the efficacy of three strategies in
maintaining SFCR in stable CD patients: con-
tinuation of infliximab and immunosuppressors,
continuation of infliximab alone and continuation
of immunosuppressors alone.28

Another interesting case could be made for ster-
oid-refractory acute severe ulcerative colitis
(ASUC) treated with calcineurin inhibitors. Since
it is recommended to discontinue them within
6—12 months, thiopurines are usually started in
combination and then continued as maintenance
monotherapy.?® Recently, vedolizumab has been
proposed as an alternative to thiopurines after
calcineurin inhibitor rescue therapy, with encour-
aging results.30-32 This represents an intriguing
scenario, as different therapies are chosen based
on the °‘clinical phase’ of disease: calcineurin
inhibitors are used to achieve rapid response dur-
ing the acute phase, while thiopurines or vedoli-
zumab serve as maintenance regimens in
responding patients.

Is there a rational for sequential and
combination therapies? Evidence from
translational studies

New insights into the role of cytokine-driven
pathways in mucosal immunity have been
described, based on several recent studies in ani-
mal models of acute intestinal injury, repair and
chronic inflammation. Information derived from
these studies reveals that intestinal homeostasis
and inflammation are driven by cellular elements
and soluble mediators that mediate both pro-
cesses, with several cytokines exhibiting opposing
roles, depending upon the specific phase of the
inflammation. In this scenario, the same cytokine
can possess both classic pro-inflammatory prop-
erties, as well as protective, anti-inflammatory
functions, which are dependent primarily on the
presence of receptor-bearing cells during the host
disease state.?3-44

As such, aside from the established pro-inflamma-
tory properties of cytokines implicated in IBD
pathogenesis [i.e. TNF-a, interleukin (IL)-12/23,
IL-1a, IL-1pB, IL.-18 and I1.-33], and their down-
stream signalling molecules, a growing body of
evidence indicates that these mediators are neces-
sary for the maintenance of mucosal homeostasis
by effectively handling microbiota, as well as by
protecting and restoring the integrity of the epi-
thelial barrier.#5-48 Epithelial disruption often
occurs, facilitating translocation of luminal bacte-
rial products and the recruitment of innate
immune cells, primarily neutrophils and mac-
rophages that are also a potent source of secreted
(s)IL-1Ra, IL-1p, I1-18 and IL.-33.4950 Normally,
early expression of these mediators dampens acute
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inflammation and promotes epithelial repair and
restitution, with the ultimate goal of limiting gut
mucosal damage and restoring intestinal homeo-
stasis. Under conditions of either uncontrolled
and/or persistent inflammation (e.g. as a result of
innate immune dysfunction or host genetic predis-
position), infiltration of adaptive immune cells
occurs during the later phases of inflammation,
making available an effector population able to
respond to various cytokines.>® For instance, the
presence of naive CD4+ T cells expressing the
IL-18R have the ability to respond to IL-18 and,
in combination with II.-12, represent one of the
most potent stimuli for interferon (IFN)y produc-
tion and Th1-polarised effector responses, thereby
promoting chronic Thl-mediated inflammation.
Similar effects can occur upon IL-33 stimulation
of naive CD4+ T cells but, in this case, a robust
Th2 immune response results. Furthermore, sev-
eral levels of regulation exist within each subfam-
ily of inflammatory molecules, often including the
presence of several agonist isoforms (both precur-
sor and mature, cleaved forms) and receptor
antagonists as well as soluble and cell-bound
decoy receptors. In addition, the usual promiscu-
ity of inflammatory ligands with both binding
receptors as well as recruited accessory proteins,
instils yet another level of regulation that should
be considered when determining the overall bio-
logical effects of a specific biological drug. In fact,
each cytokine cannot be considered in isolation,
but with other related proteins that can influence
their overall interactive effects. An imbalance in
the equilibrium between these components,
dependent on the prevalent isoform and receptor
binding domain/accessory protein present on
effector cells, may be responsible for either driving
pathogenic events, including chronic intestinal
inflammation and fibrosis, or for promoting pro-
tection by inducing epithelial repair, mucosal
wound healing and restoration of gut homeostasis.
Moreover, modifications in the composition of
mucosal immune cells in response to therapeutic
pressure are able to promote a molecular resist-
ance to these drugs. Indeed, a critical action of
evasion of apoptosis in response to anti-TNF
drugs has been evidenced for IL-23. This leads to
an expansion of apoptosis-resistant T cells and
consequent drug resistance.>!

Based on this new information, and the emerging
concept that several inflammatory molecules can
possess opposing roles in gut health and disease,
novel pathogenic hypotheses can be formed with

important translational implications in regard to
the use of sequential and combination therapies
in chronic intestinal inflammation.

Dual targeted therapy: real-life

management of complicated patients

Recently, DTT has been proposed for the treat-
ment of complex IBD patients in two archetypical
scenarios: concomitant IBD and extraintestinal
comorbidities (‘double indication’) or refractory
IBD. Despite being a largely unexplored strategy
with targeted immunomodulators, the rationale
behind the use of DTT in patients with ‘double
indication’ is easily intuitable: administration of
drugs with diverse mechanisms of action to treat
concomitant diseases that rely on different immu-
noinflammatory pathways. On the contrary,
whether multiple inhibitions provide any benefit
on a single immune-mediated disease remains
elusive. There is strong evidence from other med-
ical fields (i.e. oncology and haematology), that
combination therapies might work in selected
patients. Furthermore, it has been shown that
IBD rely on multiple immunoinflammatory
mechanisms that are activated concomitantly:
therefore, it is conceivable that some patients
might need multiple pathways to be targeted in
order to achieve disease control.

In the 2018 work from Buer and colleagues, 10
IBD patients (4 CD and 6 UC) received the
addition of vedolizumab after a median time of
13 months since anti-TNFa initiation (9 inflixi-
mab and 1 adalimumab). After a median follow
up of 17 months (range 12-20), all patients were
in clinical remission. At the end of follow up,
normalisation of biomarkers was observed in all
UC and in half of CD patients; all UC patients
had endoscopic improvement (three achieved
endoscopic remission, defined as endoscopic
Mayo score<1), while three of the four CD
patients had endoscopic improvement (one
achieved remission, defined as absence of ulcer-
ations). Notably, therapeutic drug monitoring
(TDM) was also performed in these patients:
anti-TNFa drugs concentration was persis-
tently above 3 mg/l, no patient developed anti-
TNFa neutralising antibodies and vedolizumab
TLs at the end of follow up ranged between 20
and 40mg/1.52 In another dataset, outcomes of
15 IBD patients (14 CD and 1 UC) were
reported: 8 patients received vedolizumab + anti-
TNFa agent, 5 vedolizumab + ustekinumab and
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2 ustekinumab + anti-TNFa. Clinical and endo-
scopic or radiologic improvement was reported
by 11 (73%) and 4 (44%) patients, respectively,
after a median follow up of 24 months (median
time on DTT: 6months); notably, 67% of
patients was able to reduce corticosteroid use
after DTT initiation.>3 In a recent Italian report,
16 IBD patients (11 CD and 5 UC) receiving
DTT were included: one group received DTT
due to uncontrolled IBD (seven patients), while
the other for uncontrolled extraintestinal mani-
festations (nine patients). In the former group,
two patients received anti-TNFa +vedolizumab,
two anti-TNFa +ustekinumab and two vedoli-
zumab +ustekinumab, while the remaining
patient had the addition of vedolizumab to secuki-
numab (which was initiated due to uncontrolled
severe psoriatic disease and caused IBD relapse).
After 2months, all patients already had clinical
improvement, 50% had CRP negativisation and
six out of seven were not on concomitant steroid
therapy.>* Another European report comprised
50 IBD patients (33 CD, 18 UC and 1 undeter-
mined IBD) who were treated with DTT, 10% of
whom also had extraintestinal manifestations.
Vedolizumab was the most commonly used drug
(25 times with ustekinumab, 7 times with anti-
TNFa agents and 8 times with tofacitinib); nota-
bly, this cohort also included 21 patients receiving
the combination of a small molecule (20 tofaci-
tinib and 1 apremilast) with a biologic. Data on
clinical efficacy was reported for 36 patients: the
proportion of patients in clinical remission
increased from 14% to 50% (p=0.0018) after a
median time of 4 months. Out of 32 patients with
endoscopic evaluation, 34% of them were in
endoscopic remission after a median follow up of
8 months, compared with 6% at baseline
(p=0.0039). A significant decrease in median
CRP levels was observed after 3months (5—
2.35mg/l, p=0.002), and 65% of patients who
were taking oral steroids at baseline were able to
discontinue them by the time of last follow up.>>
Finally, a study from a Canadian group includ-
ing 22 CD patients has been published recently;
24 DTT were used: 13 anti-TNFa +vedoli-
zumab, 3 anti-TNFa + ustekinumab and 8 ved-
olizumab + ustekinumab. DTT was associated
with a significant reduction in median patient
reported outcomes (PRO) 2 score (24.1-13.4,
$»=0.002) and CRP levels (17.0-9.0, p=0.02).
Clinical response and remission occurred in 50%
and 40% of patients, respectively, while endo-
scopic response and remission were recorded in

43% and 23%, respectively. The percentage of
patients taking oral corticosteroids decreased
from 33% to 17%. After 1year of follow up, 38%
of patients were still on DTT.56

The potentially harmful effect of combining two
targeted immunomodulators unquestionably rep-
resents one of the main limitations to DTT fur-
ther diffusion — alongside drug costs. These five
studies represent the largest cohort of IBD patients
receiving DTT reported so far, with a total of 113
patients included. Adverse events were reported in
13-30% of patients; as expected, infections were
the most common, whereas no deaths occurred
and only one malignancy (basal cell skin cancer)
was diagnosed. Data from early experiences with
DTT in rheumatological patients raised some
concerns about its safety, as a trend towards an
increased rate of serious adverse events was
observed.>” However, based on current evidence,
no specific safety issue in IBD has yet emerged,
beside a potential increase in risk of infection.
This might be attributable to the fact that vedoli-
zumab and ustekinumab are probably associated
with a more favourable safety profile. Nevertheless,
it needs to be recognised that the exiguous num-
ber of patients and the short follow up do not
allow us to draw firm conclusions.

Recently, DTT has also been tested in paediatric
IBD patients. In one study, the outcomes of 13
patients (9 CD, 4 UC) were reported: 8 were
receiving infliximab + vedolizumab due to uncon-
trolled IBD, while the remaining 5 received the
addition of ustekinumab in response to the devel-
opment of paradoxical psoriasis under infliximab.
In particular, in the first group, four of eight
patients achieved remission — three of whom were
able to discontinue infliximab and were left with
maintenance vedolizumab monotherapy — while
the other four underwent colectomy.>® The other
study comprised 16 IBD patients (7 CD, 9 UG, 1
undetermined IBD) treated with DTT due to
persistently active intestinal disease; 9 received
vedolizumab + tofacitinib, 4 ustekinumab +ved-
olizumab and 3 ustekinumab + tofacitinib. Among
them, 75% achieved steroid-free clinical remis-
sion after 6 months, and a significant reduction in
median disease activity scores and inflammatory
markers was recorded. Treatment failure with
need for therapy discontinuation occurred in
three (19%) patients.>® Comprehensively, safety
data from these two paediatric cohorts are in line
with the experiences in adult patients. One child
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Figure 1. Proposed management algorithm for CD. Created with BioRender.com.
ADAs, anti-drug antibodies; CD, Crohn’s disease; IMMs, immunosuppressors; TDM, therapeutic drug monitoring; TLs,

trough levels.

developed septic arthritis while on triple immu-
nosuppression (vedolizumab, tofacitinib and
prednisone 30mg); later, he also developed deep
vein thrombosis, which required anticoagulant
therapy and tofacitinib dose de-escalation.
Another patient developed aminotransferases ele-
vation, which did not recede after infliximab dis-
continuation, and was being investigated for
potential primary sclerosing cholangitis at the
time of publication. Finally, two cutaneous
eczematous reactions and one otitis were
recorded.

Comprehensively, current evidence on DTT
appears to suggest that it holds the potential to
become a useful strategy to implement in IBD
management. First, the encouraging data on its
safety should prompt the idea to consider it in
case of ‘double indication’, when the patient is
already receiving one biologic that is able to con-
trol one disease but not the other, and out-of-
class swap does not feel suitable. Furthermore, it
has been shown that patients previously consid-
ered refractory to medical therapy can benefit
from this approach. This might be particularly
important for all those patients who lack valid
alternatives, such as those who have already
failed all licenced therapies, when surgery is not
advisable and exclusion criteria prevents eligibil-
ity in clinical trials (i.e. patients with ileorectal

anastomosis, pouchitis, stomas or short-bowel
syndrome).

Sequential biologic therapy in failures:

in-class ‘switch’ or out-of-class ‘swap’

The choice of a specific biologic agent is often
arbitrary in IBD — except for some cases of spe-
cific contraindications or comorbidities — and
many society guidelines do not express specific
recommendations.2%%%-62 Figures 1 and 2 propose
an algorithm for choosing therapies based on cur-
rent evidence. Only one head-to-head trial com-
paring biological therapies has been published to
date; in the VARSITY trial, vedolizumab proved
superior to adalimumab to induce clinical remis-
sion in UC patients (31.3% wversus 22.5%,
p»=0.006), notably with a significant difference
reported only in naive patients.®> Of note, the
2020 AGA guidelines on the management of
moderate-to-severe UC suggest the use of inflixi-
mab or vedolizumab over adalimumab for induc-
tion of remission in naive patients.®* Indeed, in
the recent network meta-analysis from Singh and
colleagues, infliximab was ranked highest in
biologic-naive UC patients for inducing clinical
remission, and infliximab and vedolizumab were
ranked highest for inducing endoscopic remis-
sion.% In a similar meta-analysis on CD, inflixi-
mab and adalimumab were ranked highest for
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Figure 2. Proposed management algorithm for UC. Created with BioRender.com.

*Infliximab preferred as first-line agent in bionaive patients.¢®

**Tofacitinib or ustekinumab preferred over vedolizumab as second-line agents.t®
ADAs, anti-drug antibodies; IMMs, immunosuppressors; TDM, therapeutic drug monitoring; TLs, trough levels;

UC, ulcerative colitis.

inducing clinical remission in bionaive patients,
followed by ustekinumab and vedolizumab.%®
Anti-TNFa biosimilars are often started in the
majority of naive patients who need to start a bio-
logical therapy, as they allow significant cost-sav-
ing compared with other biologics®’; however,
about one-third of patients fails to respond to
these therapies,% and 13-20% of them will expe-
rience yearly loss of response.%%70 Data on real-
life effectiveness of second-line therapies, after
failure of the first anti-TNFa agent, is accumulat-
ing. As a general consideration, subsequent lines
are usually considered less effective compared
with first-line therapies?!; furthermore, a 2018
meta-analysis found that primary nonresponse
was associated with an even lower likelihood of
responding to second-line therapies, compared
with both loss of response and intolerance.’? In
case of primary failure, out-of-class swap should
probably be preferred; however, a second-line
anti-TNFo can be considered in patients who
develop ADAs.”3 After secondary failure, either
in-class switch or out-of-class swap might be
valid choices. In their 2015 work, Yanai et al.
demonstrated that response to specific second-
line therapies was correlated with the reason for
failure of the first anti-TNFa agent.’* Patients
with adequate TLs were more likely to regain

and maintain response after the introduction of a
non-TNFa antagonist second-line agent [com-
pared with dose escalation and in-class switch,
odds ratio (OR) 25, 95% confidence interval (CI)
3-220, p=0.002], suggesting that mechanistic
failure was responsible for treatment ineffective-
ness; conversely, in patients with undetectable
TLs and presence of anti-drug antibodies, sec-
ond-line anti-TNFo was generally effective in
inducing clinical remission.”* In a subsequent
French work, Roblin ez al. assessed the pharma-
cokinetic and clinical outcomes of IBD patients
treated with second-line anti-TNFo agents
according to the pharmacokinetic status at the
time of first TNFa antagonist discontinuation?;
patients with therapeutic TLs at withdrawal were
the most likely to fail the second anti-TNFa
despite adequate TLs, patients with positive anti-
drug antibodies were likely to develop ADAs
against the second agent and subtherapeutic or
undetectable TLs were associated with higher
rates of clinical response with the second anti-
TNFa. In patients with immunogenic failure, it
has been also shown that the addition of thiopu-
rines to the second-line therapy can prevent clini-
cal failure secondary to an unfavourable
pharmacokinetic: in a randomised controlled pro-
spective study, combination therapy with
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second-line anti-TNFa therapy was significantly
associated with a higher likelihood of evolution
without clinical failure compared with biologic
monotherapy [hazard ratio (HR) 2.98, 95% CI
2.98-13.26, p<0.001].7% In a large Spanish ret-
rospective study including more than 1000 IBD
patients, second- and third-line anti-TNFa ther-
apy has been evaluated. At multivariate analysis,
both primary and secondary nonresponse as rea-
son for discontinuation were associated with a
lower likelihood of achieving clinical remission
with subsequent anti-TNFa therapy at 12 weeks,
compared with treatment intolerance (OR 0.6,
95% CI 0.4-0.9, p=0.007 for primary failure
versus intolerance; OR 0.6, 95% CI 0.5-0.9,
p=0.005 for secondary failure versus intolerance);
surprisingly, no difference between primary and
secondary failure was observed. Furthermore,
reason for therapy discontinuation did not corre-
late with remission at 52weeks at multivariate
analysis.””

In two retrospective studies on UC patients fail-
ing on first-line anti-TNFa, vedolizumab as sec-
ond-line therapy has been shown to outperform
both infliximab and adalimumab.’87° In an Italian
work, amongst patients with previous loss of
response to infliximab, rates of clinical failure
were significantly higher in the adalimumab-
treated group compared with vedolizumab
(48.0% wversus 22.4%, p=0.035)7%; similarly, in a
French study including UC patients who had
experienced primary or secondary nonresponse to
subcutaneous anti-TNFo therapy, persistence
rates at 1 and 3years were significantly higher in
the vedolizumab group (80% and 50%) com-
pared with the infliximab group (50% and 29%,
p<<0.01 in both cases).”® A recent meta-analysis,
based on the results of RCTs concluded that,
after first anti-TNFa failure, tofacitinib and
ustekinumab were ranked highest for inducing
clinical remission in UC patients; notably, a clear
superiority of adalimumab and vedolizumab over
placebo as second-line agents has not been dem-
onstrated in this analysis.®> In CD, three recent
retrospective studies compared vedolizumab and
ustekinumab in patients who had already failed at
least one anti-TNFa agent, and all concluded
that ustekinumab was superior to vedolizumab at
1year. Two of these studies assessed persistence
with therapy at 1 year; in both cases, ustekinumab
was associated with higher rates of treatment per-
sistence at 1year (71.5% wversus 49.7%, OR 2.54,
95% CI 1.40-4.62 in one study; 84.4% versus

61.5%, p=0.007 in the other).8%81 Each study
evaluated steroid-free clinical remission at
12months. In two cases, a significant association
between ustekinumab and SFCR was found com-
pared with vedolizumab (OR 2.58, 95% CI 1.36—
4.90, p=0.004 in one study; OR 2.01, 95% CI
0.89-4.56, p=0.095 in the other).8!-82 Similarly, a
2018 meta-analysis found that ustekinumab and
adalimumab were superior to vedolizumab in
inducing clinical remission in CD patients who
had already failed at least one anti-TNFa agent.%¢

Sequential biologic therapy in remitters:
maintenance regimens and therapy
de-escalation

Even though there is robust evidence from basic
and translational works that the immunological
landscape of the disease changes over time,!%83
the current therapeutic paradigm establishes that
therapies are changed based only upon clinical
features (symptom relapse and endoscopic or
radiologic activity). Sequential therapy with bio-
logics and/or small molecules for stable patients is
not part of the standard of care for IBD manage-
ment, as early experiences with elective switch
have not provided positive results. In the 2011
SWITCH open-label RCT, elective switch from
infliximab to adalimumab in patients with CD in
stable remission was performed; the trial was dis-
continued prematurely due to the higher rate of
relapses reported in the adalimumab arm.
Specifically, a significantly higher proportion of
patients in the adalimumab group needed to
receive dose intensification or therapy discontinu-
ation, compared with the infliximab arm (47%
versus 16%, p=0.003), and 10 (28%) adali-
mumab-treated patients discontinued therapy,
compared with 1 (2%) infliximab-treated patient
(»p<0.01).8% In a subsequent single-arm trial,
72% of stable CD patients switched from inflixi-
mab to adalimumab were still on adalimumab
therapy at week 54 and 9.5% had to receive dose
optimisation (three of whom discontinued adali-
mumab in the end).85 Comprehensively, these
two studies raised enough concerns regarding
elective switch from intravenous to subcutaneous
anti-TNFa in IBD, so this strategy has not been
incorporated into routine clinical practice, despite
evidence of patients generally preferring subcuta-
neous administration.84

With the advent of new mechanisms of action,
there is now the theoretical possibility of
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sequencing therapies with elective switch from
anti-TNFa agents to other drugs; however, such
a possibility has not been explored thus far. Two
recent works focussed on the effect of starting
second-line vedolizumab while still having circu-
lating levels of previous anti-TNFa drug in IBD
patients. While these studies did not show any
significant effect on vedolizumab pharmacokinet-
ics, effectiveness and safety, they focussed mainly
on patients swapping therapy due to loss of
response; thus, they only revealed that, when
transitioning from anti-TNFa agents to vedoli-
zumab, wash-out periods are probably not
required.®%-87 In a recent retrospective study, 41
patients (36 CD and 5 UC) who underwent elec-
tive switch from anti-TNFa therapy to vedoli-
zumab while in stable clinical remission were
included; in the majority of cases, the reason for
discontinuing anti-TNFa treatment was adverse
events. Clinical remission was maintained by
97.6%, 97.6% and 93.4% of patients at 12, 24
and 36 months, respectively; 4 (9.8%) patients
had an immunomodulator added and 11 (26.8%)
received therapy optimisation. After a median fol-
low up of 30 months, only one (2.4%) patient had
to discontinue vedolizumab due to disease
relapse, and four more (9.8%) due to adverse
events.® Such figures support the idea that elec-
tive switch can be considered a safe and effective
option in selected patients in stable remission.
This study was not designed to compare the long-
term outcomes of anti-TNFa and vedolizumab
therapy; however, the cumulative probability of
maintaining vedolizumab after 3years was
remarkably high in this study, possibly suggesting
that elective switch to vedolizumab in remitting
patients might deserve further investigation.

The concept of sequencing therapies might also
be applicable to combinations, as already shown
with infliximab and thiopurines. So far, combina-
tions of targeted therapies have been employed
mainly in add-on strategies. Furthermore, we do
not know if a patient achieving remission with
DTT should continue both agents or can with-
draw one of them. Considering the two main indi-
cations for DTT in IBD (double indication or
purely intestinal disease), it is likely that patients
in the former group might require to continue
both drugs, as each agent is required to control a
specific disease. On the contrary, for patients in
the latter group, the question remains controver-
sial. An interesting line of evidence comes from
the 2007 double-blind RCT, where CD patients

not in remission while treated with scheduled inf-
liximab were randomised to receive three infu-
sions of natalizumab or placebo. The study was
designed to evaluate the safety of the additional
natalizumab infusions (of note, no significant dif-
ferences observed), and was not powered enough
to prove clinical benefit. However, efficacy analy-
sis, despite not reaching statistical significance,
showed a trend towards superiority of natalizumab
over placebo: reduction in Crohn’s Disease
Activity Index (CDAI) was numerically higher in
the natalizumab group at week 6 (—37.7 points in
the natalizumab group versus+ 3.5 in the placebo
group, p=0.084).8% As this study was not meant to
prove efficacy, and we cannot know whether three
additional infusions of natalizumab are actually
sufficient to provide any significant benefit, this
study only suggests the potentiality of add-on and
temporary DTT. In a more recent observational
study, Buer and colleagues tested the efficacy the
addition of vedolizumab in IBD patients receiving
anti-TNFa treatment. Out of 10 patients receiv-
ing DTT, 8 were able to discontinue anti-TNFa
therapy after a median time of 6months; the
remaining 2 had to resume it due to recurrence of
intestinal symptoms in 1 patient and arthralgias in
the other upon discontinuation. This study
prompts the idea that temporary DTT is an effec-
tive strategy to achieve remission, and that subse-
quent monotherapy can be considered as
maintenance regimen. However, it is impossible
to know if the same results would have been
obtained by directly swapping from anti-TNFa
therapy to vedolizumab.52

Combination and sequential therapies for a
dynamic management of IBD

The therapeutic paradigm of IBD treatment has
evolved rapidly over the last decades. As both CD
and UC are now recognised as progressive and
disabling conditions, prevention of long-term dis-
ability has become one of the main treatment
goals. With this shift, there are two main fields of
research where advances are needed: develop-
ment of new drugs with different mechanisms of
actions and implementation of new strategies for
diseases management (Figure 3). Together with
treat-to-target management and personalised
medicine, a ‘dynamic’ approach comprising com-
bination and sequential therapies for IBD treat-
ment — as we propose in the algorithm presented
in Figure 4 — might be worthy of consideration in
the near future.
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In oncology and haematology, the association of
multiple drugs represents the standard of care for
many malignancies.®® Furthermore, it is not unu-
sual in this field to start with combination thera-
pies for the first cycles, than to continue with
monotherapy in responding patients — as it hap-
pens, for instance, in some forms of advanced
lung cancer or in multiple myeloma.®1-93 There is
also evidence that some therapies can be used
effectively as maintenance regimens, after suc-
cessful induction with different drugs, as has been
proposed for some forms of BRCA-positive
advanced ovarian cancers.’* Whether such an
approach might be exported in immune-mediated
diseases — and, in particular, IBD — represents an
undoubtedly attractive possibility.

A recent meta-analysis, including more than 18,000
CD patients, has found that early (disease duration
less than 2years) biologic use was associated with

higher rates of clinical remission and mucosal heal-
ing and with lower rates of relapse.®> The SONIC
and UC-SUCCESS trials all concluded that early
introduction of the combination of infliximab and
thiopurines was more effective than monotherapy
with each of the two agents in inducing clinical and
endoscopic remission in IBD. Furthermore, the
CALM study demonstrated that rapid therapeutic
optimisation (adalimumab escalation followed by
introduction of azathioprine), driven by clinical and
objective markers, was more effective that conven-
tional management in inducing mucosal healing in
patients with early CD. Its long-term extension also
showed that achieving mucosal healing or deep
remission after the first year, regardless of the strat-
egy used to obtain it, was associated with a lower
risk of relapse in the subsequent follow up. These
lines of evidence seem to suggest that, especially in
the earliest phases of disease, the utmost effort
should be invested in achieving the best results with
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induction, as early control seems to be associated
with more favourable long-term outcomes.
Different pathogenetic pathways are activated con-
temporarily in the inflamed intestinal mucosa of
IBD patients,!3:51 so it could be speculated that tar-
geting multiple pathways at the same time might be
needed to achieve deep remission in some patients.
Accordingly, using DTT as a more effective induc-
tion strategy, possibly followed by maintenance
monotherapy, represents an intriguing possibility.
Real-life data on this issue is still missing, but it is
worth mentioning two ongoing RCT's that are test-
ing the efficacy of DTT in induction.?®%7

So far, DTT has been used mainly as an add-on
therapy in patients with partial response to one
therapy or in patients who relapse while

on maintenance therapy. In such cases, therapy
optimisation is usually the first choice, as it has
been shown that some patients might have accel-
erated drug clearance (even in absence of anti-
drug antibodies) or might need higher drug
concentrations to achieve disease control (i.e.
patients with perianal disease).® The manage-
ment of therapy failures can benefit from TDM.
The most convincing evidence is on infliximab
and adalimumab for the management of second-
ary failures.”> Reactive TDM (performed upon
symptoms relapse) can discriminate three differ-
ent scenarios accountable for drug inefficacy:
(1) low TLs with negative ADAs, a situation
which could require dose-escalation, (2) low/
undetectable TLs with positive ADAs, where
therapy optimisation (via dose-escalation or
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immunosuppressants add on) or in-class switch
are advisable, (3) normal/high TLs with negative
ADAs, when out-of-class swap is advisable.’% In
case of primary failure, evidence on the appropri-
ateness of TDM is less convincing, and out-of-
class swap is usually preferred,”® even though it
has been observed that reactive TDM might be
beneficial in some cases.!%° Fewer data on reac-
tive TDM with non-anti-TNFa agents exist, and
it is not recommended in routine clinical practice;
however, evidence from post hoc analysis of piv-
otal trials and observational studies have demon-
strated that a dose-response correlation exists for
these molecules!?l; therefore, it might be possible
that reactive TDM could help discriminate
patients who might benefit from dose-escalation
from those who need out-of-class swap. Indeed,
being able to identify patients with pharmacoki-
netic failure would be extremely useful; inade-
quate drug levels only account for certain cases of
treatment inefficacy, and patients can also become
‘insensitive’ to the drug’s mechanism of action.
For instance, it has been shown recently that
CD4+ T cells can become insensitive to anti-
TNFa-induced apoptosis due to the stimulation
of IL.23102; therefore, it is theoretically possible
that IL.23 inhibition might restore sensitivity to
the mechanism of action of TNFa antagonists in
such patients.

The correct management for IBD patients in
remission has not been defined. Continuation of
effective maintenance therapies is usually pre-
ferred, due to the higher risk of relapse after with-
drawal and the absence of reliable predictive
factors to identify patients who could harmlessly
discontinue treatments. In a retrospective obser-
vational study including 1055 IBD patients in
clinical remission, anti-TNFo discontinuation
was associated with an incidence of relapse of
18% per patient-year.!%3 Fiorino et al. retrospec-
tively compared the outcomes of UC patients
who continued infliximab against those who dis-
continued it after at least 12months of clinical
remission and concluded that therapy discontinu-
ation was associated with an increased risk of
relapse.1%4 Notably, the same studies also demon-
strated that restarting the previously effective
treatment was generally successful and safe.103:104
Whether elective swap to a drug with a different
mechanism of action could be proposed to IBD
patients in deep remission is unknown; the appro-
priateness of elective swap has not been investi-
gated appropriately so far and comparative data

on treatment persistence are scarce. Two recent
German studies reported that vedolizumab was
associated with better treatment persistence, both
as first and second line agent, compared with
anti-TNFa agents.105106 Such findings are in
contrast with the results of the VICTORY con-
sortium, where anti-TNF agents were reported to
have better persistence compared with vedoli-
zumab in CD patients.!9? Considering that IBD
are life-long conditions that usually arise in young
adults, 108 further investigations on the best strate-
gies to maintain long-term remission are needed.

Separate considerations should be made for two
specific situations that usually need therapy dis-
continuation, despite controlled IBD: (1) ineffi-
cacy on extraintestinal manifestations (EIMs),
where out-of-class swap is usually preferred or
DTT could be considered in selected cases; and
(2) intolerance to current treatment, which could
require either in-class switch or out-of-class swap,
depending on the situation. An interesting case
could be made for paradoxical psoriasis, which
can be regarded either as a form of intolerance or
an EIM. It has been estimated that it occurs with
an incident rate of 5 per 100 person-years in IBD
patients treated with anti-TNFa and is generally
considered a class effect.199-111 For patients with
concomitant psoriasis (including paradoxical),
swap to ustekinumab has been reported to be safe
and effective.!!? Furthermore, ustekinumab has
been reported to be superior compared with in-
class switch in case of paradoxical psoriasis.!!! A
few cases of patients where ustekinumab was
added to anti-TNFa have also been reported,
with five out of eight patients reporting clinical
benefit.38:113

Conclusions

A more dynamic approach to IBD treatment
might represent, in the near future, a way to
enhance its efficacy, together with the discovery
of new mechanisms of action, the advances in
personalised medicine and the implementation of
new therapeutic targets and strategies. To prove if
this dynamic approach, based on the use of com-
bination and sequential therapies, has the poten-
tial to contribute to change the natural history of
IBD, five main questions need to be answered in
the following years:

1. Is DTT superior to monotherapy in accom-
plishing the new goals of IBD management
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(deep remission to prevent long-term
disability)?

2. Should we invest more in the induction
phase of early IBD, by using combination
therapies, and then continue with mono-
therapy in patients who achieve remission?

3. If we were able to identify patients with
more aggressive IBD, should DTT be con-
sidered the preferential option in such
patients?

4. Can the addition of a second targeted ther-
apy be implemented in the treat-to-target
management algorithm?

5. Should we use different drugs in induction
and maintenance, in order to optimise
long-term treatment efficacy?
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