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Abstract: Background: The expansion of advanced therapies for inflammatory bowel disease created a
lag between the development of these new therapies and their incorporation and use in daily practice.
At present, no clear definitions for treatment optimization, treatment failure or criteria to abandon
therapy are available. We aimed to centralize criteria for a nonresponse to all available molecules and
to summarize guideline principles for treatment optimization. Methods: We conducted a systematic
review of studies that reported criteria for the treatment response to all advanced therapies (infliximab,
adalimumab, golimumab, ustekinumab, vedolizumab and tofacitinib) in patients with inflammatory
bowel disease. Results: Across trials, criteria for a response of both patients with ulcerative colitis and
Crohn’s disease are heterogenous. Investigators use different definitions for clinical and endoscopic
remission, and endoscopic response and outcomes are assessed at variable time points. Current
society guidelines provide heterogenous recommendations on treatment optimization. Most available
data on loss of response concern anti-TNF molecules, and newer therapies are not included in the
guidelines. Conclusion: The lack of clear definitions and formal recommendations provide the
premise for empirical treatment strategies and premature abandonment of therapies.

Keywords: inflammatory bowel disease; Crohn’s disease; ulcerative colitis; failure; biologics; medi-
cal treatment

1. Introduction

After the approval of tumor necrosis factor antagonists (anti-TNFs) for IBD treatment
two decades ago, several other therapeutic options became available. With the development
of advanced therapies, we are now witnessing a change in the management paradigm, as
vedolizumab (VDZ), ustekinumab (USTEK) and tofacitinib (TOFA) are now providing new
advances in achieving treatment goals for patients with IBD. However, a lag exists between
the development of these new therapies and their incorporation and use in daily practice,
as well as their incorporation in guidelines and recommendations.

A treatment nonresponse to biologics may be classified as primary or secondary based
on the presence of an initial response. A primary nonresponse is generally considered if the
drug was ineffective, with no clinical response within the initial treatment period, while a
secondary nonresponse or loss of response (LOR) is considered if the effectiveness is lost
over time after an initial response.

Criteria for assessing the response (definition and time frames) are heterogeneous
and usually based on clinical and endoscopic activity scores. Clinical trial methodology
includes clear definitions for responders, and a primary nonresponse is indirectly defined
by subjects failing to meet the proposed outcomes. For the secondary loss of response,
investigators propose variable clinical and endoscopic scores. For example, Roblin et al. [1]
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defined clinical failure for patients with CD as a Harvey–Bradshaw index ≥ 5 associated
with a fecal calprotectin level > 250 µg/g of stool and for patients with UC as a Mayo
score > 5 with endoscopic subscore > 1 or as the occurrence of adverse events requiring the
patient to stop treatment.

Despite these general considerations, a consensus on how to optimize treatment, when
to abandon a molecule and when to switch to another has not been reached. Current
evidence is highly heterogeneous, and the lack of formal recommendations makes medical
decisions difficult.

We aimed to discuss and centralize criteria for a nonresponse for all available molecules.
Second, we summarized guideline principles for treatment optimization and recommenda-
tions on how and when to integrate new molecules into treatment strategies.

2. Materials and Methods
Rationale

We conducted a systematic review of studies that assessed the treatment response
of patients with IBD to all advanced therapies (infliximab, adalimumab, golimumab,
ustekinumab, vedolizumab and tofacitinib).

Literature search. A structured search of the PubMed (MEDLINE) database was
conducted on 1 December 2022. Our search terms included the following medical subject
headings (MeSH) and text words:

For IBD: Inflammatory bowel disease, ulcerative colitis and Crohn’s disease
For treatment: anti-TNF, infliximab, adalimumab, golimumab, vedolizumab, ustek-

inumab, tofacitinib, anti-integrin, anti-interleukin and JAK inhibitors
First, we aimed to centralize definitions for a primary nonresponse. We extracted

term definitions for clinical and endoscopic responses during the induction phase from all
clinical trials and RCTs (randomized controlled trials). Subjects failing to achieve at least a
clinical response after induction therapy were considered primary nonresponders.

The entire search algorithm was as follows: ((“inflammatory bowel diseases” [MeSH
Terms] OR (“inflammatory” [All Fields] AND “bowel” [All Fields] AND “diseases” [All
Fields]) OR “inflammatory bowel diseases” [All Fields] OR (“inflammatory” [All Fields]
AND “bowel” [All Fields] AND “disease” [All Fields]) OR “inflammatory bowel disease”
[All Fields] OR (“colitis, ulcerative” [MeSH Terms] OR (“colitis” [All Fields] AND “ul-
cerative” [All Fields]) OR “ulcerative colitis” [All Fields] OR (“ulcerative” [All Fields]
AND “colitis” [All Fields])) OR (“crohn disease” [MeSH Terms] OR (“crohn” [All Fields]
AND “disease” [All Fields]) OR “crohn disease” [All Fields] OR “crohn s disease” [All
Fields])) AND (“anti-TNF” [All Fields] OR (“infliximab” [MeSH Terms] OR “infliximab”
[All Fields] OR “infliximab s” [All Fields]) OR (“adalimumab” [MeSH Terms] OR “adali-
mumab” [All Fields]) OR (“golimumab” [Supplementary Concept] OR “golimumab” [All
Fields] OR “golimumab s” [All Fields]) OR (“vedolizumab” [Supplementary Concept]
OR “vedolizumab” [All Fields]) OR (“ustekinumab” [MeSH Terms] OR “ustekinumab”
[All Fields]) OR (“tofacitinib” [Supplementary Concept] OR “tofacitinib” [All Fields] OR
“tofacitinib s” [All Fields]) OR (“anti” [All Fields] AND (“integrin s” [All Fields] OR “inte-
grins” [MeSH Terms] OR “integrins” [All Fields] OR “integrin” [All Fields])) OR (“janus
kinase inhibitors” [Pharmacological Action] OR “janus kinase inhibitors” [MeSH Terms]
OR (“janus” [All Fields] AND “kinase” [All Fields] AND “inhibitors” [All Fields]) OR
“janus kinase inhibitors” [All Fields] OR (“jak” [All Fields] AND “inhibitor” [All Fields])
OR “jak inhibitor” [All Fields]) OR “anti-interleukin” [All Fields])) AND ((clinical trial
[Filter] OR randomized controlled trial [Filter]) AND (fft [Filter]))

Inclusion criteria. All clinical trials and RCTs (randomized controlled trials) available
as full text, either via open access or pay per view, were included in the screening process.

Exclusion criteria. Studies of pediatric populations, maintenance studies, post hoc analy-
ses, experimental studies (e.g., local administration of IFX for fistulizing CD), lack of outcome
definitions and studies not reporting on clinical/endoscopic outcomes were excluded.
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Data extraction. Using a designed extraction form, two independent reviewers
screened the filtered results and collected data on the type of study and main findings. The
reference sections of the included studies were analyzed to retrieve relevant studies not
identified in the original search.

Our review was registered on PROSPERO (ID 395550) and is currently awaiting publica-
tion on the registry site. Reporting of the review was conducted using the PRISMA guidelines.

3. Results

The search strategy for a primary nonresponse yielded 653 citations, of which 38 were
included in the full-text analysis (Figure 1).
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Figure 1. Study selection flowchart.

The characteristics of the trials are summarized in Table 1 (UC) and Table 2 (CD). Across
trials, criteria for a clinical response in both patients with UC and CD are heterogenous.
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Table 1. Definitions of endpoints in ulcerative colitis clinical trials.

Trial/Author Molecule Clinical Response Clinical Remission
Endoscopic
Response/
Remission

Time
Frame
(Weeks)

UNIFI [2] USTE

decrease in the total Mayo score ≥30%
and ≥3 points from baseline, with an
accompanying decrease of ≥1 point on
the rectal bleeding component of the
Mayo scale or a rectal bleeding subscore
of 0 or 1

total Mayo score ≤ 2 and
no subscore > 1)

Mayo endoscopic
subscore ≤1 8

OCTAVE [3] TOFA

decrease in the total Mayo score ≥30%
and ≥3 points from baseline, with an
accompanying decrease of ≥1 point on
the rectal bleeding component of the
Mayo scale or a rectal bleeding subscore
of 0 or 1

total Mayo score ≤ 2,
with no subscore > 1 and
a rectal bleeding subscore
of 0

Mayo endoscopic
subscore ≤1 8

ACT [4] IFX

decrease in the total Mayo score ≥30%
and ≥3 points from baseline, with an
accompanying decrease of ≥1 point on
the rectal bleeding component of the
Mayo scale or a rectal bleeding subscore
of 0 or 1

total Mayo score of
2 points or lower, with no
individual subscore
exceeding 1 point

Mayo endoscopic
subscore ≤1 8

ULTRA [5] ADM

decrease in the total Mayo score ≥ 30%
and ≥3 points from baseline, with an
accompanying decrease of ≥1 point on
the rectal bleeding component of the
Mayo scale or a rectal bleeding subscore
of 0 or 1

total Mayo
score ≤ 2 points, with no
individual subscore
exceeding 1 point

Mayo endoscopic
subscore ≤1 8

PURSUIT-SC [6] GOL

decrease in the Mayo score ≥ 30% and
≥3 points from baseline, accompanied
by either a rectal bleeding subscore of 0
or 1 or a decrease from baseline in the
rectal bleeding subscore ≥1

Mayo endoscopic
subscore ≤1 6

UC-SUCCESS [7] IFX vs. AZA vs.
IFX + AZA

decrease in the total Mayo
score ≥ 3 points and at least a 30%
decrease from baseline

total Mayo score ≤ 2,
with no individual
subscore exceeding
1 point, without the use
of corticosteroids

Mayo endoscopic
subscore ≤1 16

NCT00385736 [8] ADM

decrease in Mayo score ≥ 3 points and
≥ 30% from baseline, plus either a
decrease in the rectal bleeding subscore
≥ 1 point or an absolute rectal bleeding
subscore of 0 or 1

total Mayo score ≤ 2 and
no individual
subscore > 1

Mayo endoscopic
subscore ≤1 8

SERENE-UC [9] ADM

decrease in the total Mayo score ≥ 30%
and of ≥3 points from baseline, with an
accompanying decrease of ≥1 point on
the rectal bleeding component of the
Mayo scale or a rectal bleeding subscore
of 0 or 1

full Mayo score ≤ 2 with
no subscore > 1

Mayo endoscopic
subscore ≤1 8

Suzuki Y. et al. [10] ADM

decrease of ≥3 points and ≥30% from
baseline plus a decrease in the rectal
bleeding subscore [RBS] ≥ 1 or an
absolute RBS ≤ 1

full Mayo score ≤2 with
no subscore >1

Mayo endoscopic
subscore ≤1 8

NCT00787202 [11] TOFA

decrease in the total Mayo score ≥ 30%
and ≥ 3 points from baseline, with an
accompanying decrease of ≥1 point on
the rectal bleeding component of the
Mayo scale or a rectal bleeding subscore
of 0 or 1

total Mayo score of
2 points or lower, with no
individual subscore
exceeding 1 point

Mayo endoscopic
subscore of 0

NCT02039505 [12] VEDO

reduction of ≥3 points and ≥30% from
baseline in the full Mayo score, and a
≥1 point decrease on the rectal bleeding
subscore or an absolute rectal bleeding
subscore ≤ 1

total Mayo score ≤ 2 and
no individual
subscore > 1

Mayo endoscopic
subscore ≤1

AZA = azathioprine, IFX = infliximab; ADM = adalimumab; GOL = golimumab; CTZ = certolizumab;
VEDO = vedolizumab; USTE = ustekinumab; TOFA = tofacitinib; NA = not applicable.
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All study protocols, except NCT00787202 [11], defined endoscopic remission/response
as a Mayo endoscopic subscore ≤ 1. For patients with CD, endoscopic outcomes were not
included in the protocol or were evaluated using various definitions.

All trials define clinical response by a decrease in the total Mayo score of at least ≥30%.
Some trials use additional criteria, with an accompanying decrease of ≥1 point on the rectal
bleeding component of the Mayo scale or a rectal bleeding subscore of 0 or 1 or they include
the use of corticosteroids in the definition [7].

Table 2. Definitions of endpoints in Crohn’s disease clinical trials.

Trial/Author Molecule Clinical Response Clinical Remission Endoscopic Re-
sponse/Remission

Time
Frame
(Weeks)

UNITI-2 [13] USTE

decrease in the CDAI score of at
least 100 points from the
baseline or a total CDAI
score < 150 points (w 6)

CDAI score < 150
decrease in the
SES-CD compared
with the placebo

8

DIAMOND [14] ADM vs.
ADM + AZA

greater than 70-point reduction
in the CDAI score from the
baseline value

CDAI score < 150

decrease in the
SES-CD of at least
8 points from the
baseline, or
SES-CD ≤ 4

26

ENTERPRISE [15]
(fistulizing CD) VEDO

≥50% decrease in the number
of draining perianal fistulae
from the baseline

CDAI score <150 NA 30

NCT00105300 [16] ADM

decrease in the CDAI score of
70 points or more (70-point
response) or of 100 points or
more (100-point response) at
week 4 compared with
the baseline

NA 4

EXTEND [17] ADM NA NA Absence of ulceration 12

GEMINI-3 [18] VEDO decrease in the CDAI score of
≥100 points from the baseline CDAI score < 150 NA 6

NCT02038920 [19] VEDO
reduction in the CDAI
score ≥ 100 points from
the baseline

NA NA 10

Lemann M. et al. [20] IFX + AZA NA CDAI score < 150 Improvement in
the CDEIS 24

NCT00445432
NCT00445939 [21] IFX

decrease in the CDAI
score ≥ 100 or ≥ 70 from
the baseline

CDAI score < 150 NA 2 and 4

Sprakes MB et al. [22] ADM decrease in the HBI score of
2 points from the baseline value HBI ≤ 4 NA 6

NCT00615199 [23] TOFA
decrease in the CDAI
score ≥ 70 points from the
baseline value

CDAI score < 150 NA 4

AZA = azathioprine, CDEIS = Crohn’s Disease Endoscopic Index of Severity, HBI = Harvey–Bradshaw in-
dex; IFX = infliximab; ADM = adalimumab; GOL = golimumab; CTZ = certolizumab; VEDO = vedolizumab;
USTE = ustekinumab; NA = not applicable.

For Crohn’s disease, definitions are more heterogenous. Various clinical and endo-
scopic activity scores are used across trials. There is a general consensus regarding clinical
remission, defined by a CDAI score <150. However, clinical response is defined by a
wide range of changes in CDAI score, for different clinical settings. A similar situation
is observed for the definition of endoscopic remission. Investigators proposed various
activity scores (CDEIS, SES-CD) or used none and defined endoscopic remission only by
absence of ulcerations [17]. Time frames for outcome assessment are variable, ranging from
4 to 30 weeks.

We further summarized current society guidelines and recommendations for treatment
optimization strategies (Table 3).
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Table 3. Summary of guideline recommendations regarding treatment optimization.

Guideline Molecule Trough Level Threshold ADA Recommendation

ECCO IFX/ADM NA NA

Insufficient data to make a
recommendation on
proactive/reactive TDM (CD
and UC)

French national consensus [24] IFX/ADM

<10 µg/mL (12 µg/mL in
cases of fistulizing
perianal lesions)

absent Optimize anti-TNF (CD and UC)

<10 µg/mL (12 µg/mL in
cases of fistulizing
perianal lesions)

present
Combination therapy with a
second anti-TNF agent (CD
and UC)

≥10 µg/mL (12 µg/mL in
cases of fistulizing
perianal lesions)

absent Switch to USTE (CD) and
VEDO (UC)

AJG Expert Consensus [25]

IFX/ADM/
GOL/CTZ

Depends on the
molecule/desired
outcomes
At least 10–15 µg/Ml for
IFX/ADM

High-titer * Switch within class or out-of-class

Low-titer
Optimization (dose escalation,
interval shortening and/or
addition of an immunomodulator)

VEDO

Depends on the desired
outcome and TDM
timepoint. No formal
recommendation.

Less common
(1–4.1%)Titration
not recommended

USTE

Depends on the desired
outcome and TDM
timepoint. No formal
recommendation.

Less common
(0.7–4.6%) Titration
not recommended

BSG [26]
Anti-TNF

optimal ** - Switch out of class

Suboptimal **

low
Intensify anti-TNF treatment and
consider adding/optimizing an
immunomodulator

intermediate Intensify anti-TNF treatment and
add/optimize immunomodulator

high

Switch in/out of class. If another
anti-TNF agent is used,
add/optimize an
immunomodulator

USTE/VEDO/TOFA NA NA NA

IFX = infliximab; ADM = adalimumab; GOL = golimumab; CTZ = certolizumab; VEDO = vedolizumab;
TNF = tumor necrosis factor; USTE = ustekinumab; ADA = antidrug antibodies; TDM = therapeutic drug
monitoring. * Data are insufficient to support clinically relevant cutoffs to define high-titer antibodies, except a
homogeneous mobility shift assay (<10 U/mL). ** Not defined, depends on the assay used and clinical context.

4. Discussion
4.1. Therapeutic Response and Clinical Trial Endpoints

The treatment response is assessed through predefined endpoints using variable
cutoffs for commonly used scores (Mayo, CDAI, SES-CD, and CDEIS). If the use of the
Mayo score (both clinical and endoscopic subscores) is preferred to other criteria for
assessing response to medication in the majority of clinical trials, definitions and scores vary
widely for CD patients. Investigators use different definitions for clinical and endoscopic
remission, and endoscopic response and outcomes are assessed at variable time points
(Tables 1 and 2). Previous studies reported that increasing the stringency of clinical and
endoscopic endpoint definitions in CD trials, particularly lowering stool frequency or SES-
CD definitions, reduces the ability to detect treatment-related changes in CD activity [27].

Before the emergence of new molecules for IBD treatment in real-life settings, the
decision to stop biologic therapy was made based on solid evidence of a nonresponse,
usually beyond the induction period. At present, considering therapeutic alternatives,
clinicians may be prone to deciding on a premature switch of therapy. Clear and consistent
recommendations are needed to guide treatment strategies and fully utilize available
resources. For example, the BSG [26] guidelines recommend that treatment options for
patients who failed to respond to the initial anti-TNF therapy (increase the dose, shorten
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the dosage interval, switch to an alternative anti-TNF drug or switch to a different drug
class) may be informed by the clinical context and by measurement of serum drug and
anti-drug antibody concentrations. Nonetheless, this recommendation is weak and based
on low-quality evidence. None of the available IBD treatment guidelines provide insights
into failure definitions and when to abandon treatment.

It is important to mention that application of clinical trial results to clinical practice is
often not straightforward. Issues such as restrictive enrollment criteria, design limitations
or conflicts of interest can all underlie the disparity between the outcomes achieved in
clinical trials versus those achieved in clinical practice. According to our analysis, drug
characteristics (time to clinical response or remission, dosing interval) can make it difficult to
implement a universal definition of loss/lack of response and to establish clear timepoints
for evaluation. Furthermore, as treatment targets and monitoring tools are constantly
improving, we cannot rely on a consensus between society guidelines for decision making.
In UC patients, the Mayo score is a widely used and recognized activity index. However, it
may not be optimal as some of its components (endoscopic subscore, the Physician Global
Assessment) are subjective and introduce variability and a lack of precision into the index.
For CD, clinical and endoscopic activity scores are difficult to perform, so they are mostly
used in clinical trials. Given the transmural nature of the disease, an accurate evaluation of
disease activity would also include cross-sectional imaging techniques, such as computed
tomography enterography (CTE) and magnetic resonance enterography (MRE) [28].

In order to formulate universal definitions for loss/lack of response, experts should
first reach a consensus regarding clinical and endoscopic response/remission criteria.
STRIDE-II, a landmark consensus for IBD management, includes definitions for all pro-
posed treatment targets [29]. Clinical response and clinical remissions definitions are based
on patient reported outcomes for both UC and CD and are expressed as percentage changes.
An important aspect is that time to achieving treatment targets vary based on therapy and
mechanism of action. For example, for anti-TNF the following number of weeks should
be allowed between the onset of treatment and assessing proposed targets: 2–4 weeks for
clinical response, 4–6 weeks to clinical remission, and 17 weeks for endoscopic healing.
On the other hand, for vedolizumab, clinicians should wait 11, 17, and 24 weeks before
assessing clinical response, clinical remission, and endoscopic healing, respectively.

At the present time, clinicians abandon treatment after gathering enough data to
support their decision (blood and faecal tests, clinical and endoscopic assessments). It
would be interesting to investigate in further multicentric prospective studies the strategies
that are being used in real life in the therapeutic management of IBD patients. Current
monitoring instruments (scores, patient reported outcome measures) were developed
as research tools and are too cumbersome for use in daily clinical practice. Another
knowledge gap which needs to be filled refers to measuring tools designated for clinical
practice and everyday use. Further studies should focus on developing and validating such
scores/questionnaires.

4.2. Treatment Optimization for Advanced Therapies

Assessment of response to a certain medication is mandatory before declaring treat-
ment failure and moving to another line of treatment. An accurate evaluation can be made
by measuring serum drug and ADA concentrations, guided by clinical response and inflam-
matory markers (blood and faecal) [26]. Measuring serum drug and ADA concentrations
helps explain the absence of response that can be attributed to either pharmacokinetic
issues, characterized by low drug concentrations with or without the development ADA, or
a mechanistic failure in patients with adequate drug concentrations [30]. Several situations
can occur:

• Primary nonresponse: lack of improvement in clinical signs or symptoms after the
induction phase. Current guidelines recommend evaluation of response 2–4 weeks
after completing loading doses of anti-TNF therapy [26]. Secondary nonresponse or
LOR to anti-TNF agents is defined in those patients who initially respond to therapy
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and subsequently lose the clinical response [31]. In patients that experience LOR
to maintenance therapy, TDM should be performed. Current guidelines discuss
performing TDM guided by clinical status (reactive approach) or periodically/ at
least once during the maintenance period (proactive approach) [28,32]. Other authors
defined LOR as patients requiring dose intensification or drug discontinuation after a
period of use [33].

Most available data on LOR concern anti-TNF molecules, and newer therapies are
not included in guidelines. For example, no studies have provided data thus far on LOR
to USTEK in patients with UC. In patients with CD, Yang et al. [34] showed in a recent
meta-analysis that primary responders experienced LOR to ustekinumab at a risk of 21%
per person-year and required dose escalation at a risk of 25% per person-year. Based on the
current LOR definitions, we summarized the current guidelines and recommendations in
Table 3, highlighting the discrepancy in management approaches. An ongoing debate exists
regarding the usefulness of therapeutic drug monitoring compared with standard therapy,
even for well-established therapies such as IFX [35,36]. High-quality studies showed
that increasing the dose of infliximab based on a combination of symptoms, biomarkers,
and serum drug concentrations does not lead to corticosteroid-free clinical remission in a
larger proportion of patients than increasing the dose based on symptoms alone [37]. A
summary of current guidelines and recommendations for treatment optimization is listed in
Table 3. At present, no formal recommendations are available for the optimization of newer
therapies, and confusing data persist regarding anti-TNF drugs (trough level threshold and
undefined terms).

4.3. Declaring the Failure of Medical Therapy

The decision to stop an advanced therapy is based on clinical and/or endoscopic data
after adequate optimization of treatment. As therapeutic options continue to increase and in
the absence of clear criteria for a nonresponse and irrecoverable loss of response, therapies
might be prematurely abandoned. In contrast, persistent treatment with medical therapies
in order to evade surgery may miss the optimal chance of surgical treatment. ECCO guide-
lines on surgical treatment for acute severe UC recommend colectomy to avoid further
increases in surgical morbidity and potential mortality for patients who display no im-
provement with second-line therapy [38]. The latest ECCO guidelines on CD management
recommend always considering surgery as an option for refractory patients [39].

In nonurgent settings, researchers have not clearly determined the number of failed
treatment lines that should prompt a recommendation for surgery.

4.4. Combining Biologics Strategy

Developing new drugs with different targeted molecular pathways created the premise
of combining biologics to maximize efficacy. Available data on the concomitant use of dual
biologics are limited to case reports and series of cases. Preliminary evidence suggests
that the efficacy of dual biologic therapy might be promising in patients with refractory
CD. Vedolizumab and ustekinumab are frequently paired due to their favorable safety
profiles. According to a recent study, dual therapy is associated with clinical, biomarker,
and endoscopic improvements in patients with refractory CD [40]. A retrospective analysis
of 15 patients using either VEDO + IFX, USTE + IFX, or VEDO + USTE identified frequent
infections requiring antibiotics, the need for surgical intervention, and hospitalization in
a 24-month follow-up period [41]. Results of a systematic analysis totaling 18 patients
showed more promising results, with no adverse reactions reported and great clinical
outcomes (100% clinical improvement, 93% endoscopic improvement) [42]. Although
combination biologic therapy is an attractive strategy, the lack of data mandates future
studies prior to its wide use.
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4.5. Study Limitations

The most important limitation of our study is that data was gathered exclusively
from clinical trials methodology and results. Definitions and criteria used in clinical trials
are rigorous and apply to select patient populations (previously treated with biologics or
refractory to corticosteroids, considered difficult to treat). In common practice, the decision
to evaluate and declare treatment failure is tailored to each patient and guidelines do not
offer clear recommendations on this subject. Another consequence of the study selection
process is that patients with intestinal resections, stomas, or stricturing phenotype were not
included in the analysis.

Even though our search gathered data from studies investigating all advanced thera-
pies, some data may have been missed as we relied exclusively on the PubMed (MEDLINE)
database for identification of potentially eligible studies.

5. Conclusions

Advances in biologic and small-molecule therapeutics have resulted in an increased
temptation to prematurely declare failure and switch treatment. The lack of clear formal
recommendations on the assessment of a lack/loss of response makes clinical practice
heterogeneous and empirical. Debate is ongoing regarding strategies for treatment opti-
mization, and more studies are necessary to establish common practices.

Author Contributions: M.S. and L.N. contributed to the study design and data acquisition, analysis
and interpretation; M.S. and L.N. contributed to writing this article and L.N. contributed to the
editing, reviewing and final approval of the article. All authors have read and agreed to the published
version of the manuscript.

Funding: Research and publication of this paper was supported by the University of Medicine and
Pharmacy Carol Davila, through the institutional program Publish not Perish.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Roblin, X.; Williet, N.; Boschetti, G.; Phelip, J.-M.; Del Tedesco, E.; Berger, A.-E.; Vedrines, P.; Duru, G.; Peyrin-Biroulet, L.; Nancey,

S.; et al. Addition of azathioprine to the switch of anti-TNF in patients with IBD in clinical relapse with undetectable anti-TNF
trough levels and antidrug antibodies: A prospective randomised trial. Gut 2020, 69, 1206–1212. [CrossRef] [PubMed]

2. Sands, B.E.; Sandborn, W.J.; Panaccione, R.; O’Brien, C.D.; Zhang, H.; Johanns, J.; Adedokun, O.J.; Li, K.; Peyrin-Biroulet, L.; Van
Assche, G.; et al. Ustekinumab as Induction and Maintenance Therapy for Ulcerative Colitis. N. Engl. J. Med. 2019, 381, 1201–1214.
[CrossRef]

3. Sandborn, W.J.; Su, C.; Sands, B.E.; D’Haens, G.R.; Vermeire, S.; Schreiber, S.; Danese, S.; Feagan, B.G.; Reinisch, W.; Niezychowski,
W.; et al. Tofacitinib as Induction and Maintenance Therapy for Ulcerative Colitis. N. Engl. J. Med. 2017, 376, 1723–1736. [CrossRef]
[PubMed]

4. Rutgeerts, P.; Sandborn, W.J.; Feagan, B.G.; Reinisch, W.; Olson, A.; Johanns, J.; Travers, S.; Rachmilewitz, D.; Hanauer, S.B.;
Lichtenstein, G.R.; et al. Infliximab for Induction and Maintenance Therapy for Ulcerative Colitis. N. Engl. J. Med. 2005, 353,
2462–2476. [CrossRef]

5. Sandborn, W.J.; van Assche, G.; Reinisch, W.; Colombel, J.; D’Haens, G.; Wolf, D.C.; Kron, M.; Tighe, M.B.; Lazar, A.; Thakkar, R.B.
Adalimumab Induces and Maintains Clinical Remission in Patients with Moderate-to-Severe Ulcerative Colitis. Gastroenterology
2012, 142, 257–265.e3. [CrossRef]

6. Sandborn, W.J.; Feagan, B.G.; Marano, C.; Zhang, H.; Strauss, R.; Johanns, J.; Adedokun, O.J.; Guzzo, C.; Colombel, J.-F.; Reinisch,
W.; et al. Subcutaneous Golimumab Induces Clinical Response and Remission in Patients with Moderate-to-Severe Ulcerative
Colitis. Gastroenterology 2014, 146, 85–95. [CrossRef]

7. Panaccione, R.; Ghosh, S.; Middleton, S.; Márquez, J.R.; Scott, B.B.; Flint, L.; van Hoogstraten, H.J.; Chen, A.C.; Zheng, H.; Danese,
S.; et al. Combination Therapy with Infliximab and Azathioprine Is Superior to Monotherapy with Either Agent in Ulcerative
Colitis. Gastroenterology 2014, 146, 392–400.e3. [CrossRef]

http://doi.org/10.1136/gutjnl-2019-319758
http://www.ncbi.nlm.nih.gov/pubmed/31980448
http://doi.org/10.1056/NEJMoa1900750
http://doi.org/10.1056/NEJMoa1606910
http://www.ncbi.nlm.nih.gov/pubmed/28467869
http://doi.org/10.1056/NEJMoa050516
http://doi.org/10.1053/j.gastro.2011.10.032
http://doi.org/10.1053/j.gastro.2013.05.048
http://doi.org/10.1053/j.gastro.2013.10.052


Biomedicines 2023, 11, 544 10 of 11

8. Reinisch, W.; Sandborn, W.J.; Hommes, D.W.; D’Haens, G.; Hanauer, S.; Schreiber, S.; Panaccione, R.; Fedorak, R.; Tighe, M.B.;
Huang, B.; et al. Adalimumab for induction of clinical remission in moderately to severely active ulcerative colitis: Results of a
randomised controlled trial. Gut 2011, 60, 780–787. [CrossRef]

9. Panés, J.; Colombel, J.-F.; D’Haens, G.R.; Schreiber, S.; Panaccione, R.; Peyrin-Biroulet, L.; Loftus, E.V.; Danese, S.; Tanida, S.;
Okuyama, Y.; et al. Higher vs. Standard Adalimumab Induction and Maintenance Dosing Regimens for Treatment of Ulcerative
Colitis: SERENE UC Trial Results. Gastroenterology 2022, 162, 1891–1910. [CrossRef]

10. Suzuki, Y.; Motoya, S.; Hanai, H.; Matsumoto, T.; Hibi, T.; Robinson, A.M.; Mostafa, N.M.; Chao, J.; Arora, V.; Camez, A.; et al.
Efficacy and safety of adalimumab in Japanese patients with moderately to severely active ulcerative colitis. J. Gastroenterol. 2013,
49, 283–294. [CrossRef] [PubMed]

11. Panés, J.; Su, C.; Bushmakin, A.G.; Cappelleri, J.C.; Mamolo, C.; Healey, P. Randomized trial of tofacitinib in active ulcerative
colitis: Analysis of efficacy based on patient-reported outcomes. BMC Gastroenterol. 2015, 15, 14. [CrossRef] [PubMed]

12. Motoya, S.; Watanabe, K.; Ogata, H.; Kanai, T.; Matsui, T.; Suzuki, Y.; Shikamura, M.; Sugiura, K.; Oda, K.; Hori, T.; et al.
Vedolizumab in Japanese patients with ulcerative colitis: A Phase 3, randomized, double-blind, placebo-controlled study. PLoS
ONE 2019, 14, e0212989. [CrossRef]

13. Feagan, B.G.; Sandborn, W.J.; Gasink, C.; Jacobstein, D.; Lang, Y.; Friedman, J.R.; Blank, M.A.; Johanns, J.; Gao, L.-L.; Miao, Y.;
et al. Ustekinumab as Induction and Maintenance Therapy for Crohn’s Disease. N. Engl. J. Med. 2016, 375, 1946–1960. [CrossRef]

14. Matsumoto, T.; Motoya, S.; Watanabe, K.; Hisamatsu, T.; Nakase, H.; Yoshimura, N.; Ishida, T.; Kato, S.; Nakagawa, T.; Esaki, M.;
et al. Adalimumab Monotherapy and a Combination with Azathioprine for Crohn’s Disease: A Prospective, Randomized Trial.
J. Crohn’s Colitis 2016, 10, 1259–1266. [CrossRef]

15. Schwartz, D.A.; Peyrin-Biroulet, L.; Lasch, K.; Adsul, S.; Danese, S. Efficacy and Safety of 2 Vedolizumab Intravenous Regimens
for Perianal Fistulizing Crohn’s Disease: ENTERPRISE Study. Clin. Gastroenterol. Hepatol. 2021, 20, 1059–1067.e9. [CrossRef]

16. Sandborn, W.J.; Rutgeerts, P.; Enns, R.; Hanauer, S.B.; Colombel, J.-F.; Panaccione, R.; D’Haens, G.; Li, J.; Rosenfeld, M.R.; Kent,
J.D.; et al. Adalimumab Induction Therapy for Crohn Disease Previously Treated with Infliximab: A randomized trial. Ann.
Intern. Med. 2007, 146, 829–838. [CrossRef]

17. Rutgeerts, P.; Van Assche, G.; Sandborn, W.J.; Wolf, D.C.; Geboes, K.; Colombel, J.; Reinisch, W.; Kumar, A.; Lazar, A.; Camez,
A.; et al. Adalimumab Induces and Maintains Mucosal Healing in Patients with Crohn’s Disease: Data from the EXTEND Trial.
Gastroenterology 2012, 142, 1102–1111.e2. [CrossRef] [PubMed]

18. Sands, B.E.; Feagan, B.G.; Rutgeerts, P.; Colombel, J.-F.; Sandborn, W.J.; Sy, R.; D’Haens, G.; Ben-Horin, S.; Xu, J.; Rosario, M.;
et al. Effects of Vedolizumab Induction Therapy for Patients with Crohn’s Disease in Whom Tumor Necrosis Factor Antagonist
Treatment Failed. Gastroenterology 2014, 147, 618–627.e3. [CrossRef]

19. Watanabe, K.; Motoya, S.; Ogata, H.; Kanai, T.; Matsui, T.; Suzuki, Y.; Shikamura, M.; Sugiura, K.; Oda, K.; Hori, T.; et al. Effects of
vedolizumab in Japanese patients with Crohn’s disease: A prospective, multicenter, randomized, placebo-controlled Phase 3 trial
with exploratory analyses. J. Gastroenterol. 2019, 55, 291–306. [CrossRef]

20. Lémann, M.; Mary, J.; Duclos, B.; Veyrac, M.; Dupas, J.; Delchier, J.C.; Laharie, D.; Moreau, J.; Cadiot, G.; Picon, L.; et al. Infliximab
Plus Azathioprine for Steroid-Dependent Crohn’s Disease Patients: A Randomized Placebo-Controlled Trial. Gastroenterology
2006, 130, 1054–1061. [CrossRef]

21. Watanabe, M.; Hibi, T.; Lomax, K.G.; Paulson, S.K.; Chao, J.; Alam, M.S.; Camez, A. Adalimumab for the induction and
maintenance of clinical remission in Japanese patients with Crohn’s disease. J. Crohn’s Colitis 2012, 6, 160–173. [CrossRef]
[PubMed]

22. Sprakes, M.B.; Hamlin, P.J.; Warren, L.; Greer, D.; Ford, A. Adalimumab as second line anti-tumour necrosis factor alpha therapy
for Crohn’s disease: A single centre experience. J. Crohn’s Colitis 2011, 5, 324–331. [CrossRef] [PubMed]

23. Sandborn, W.J.; Ghosh, S.; Panes, J.; Vranic, I.; Wang, W.; Niezychowski, W.; Vermeire, S.A.; Dewit, O.; Peeters, H.; Stehlik, J.; et al.
A Phase 2 Study of Tofacitinib, an Oral Janus Kinase Inhibitor, in Patients with Crohn’s Disease. Clin. Gastroenterol. Hepatol. 2014,
12, 1485–1493.e2. [CrossRef]

24. Amiot, A.; Bouguen, G.; Bonnaud, G.; Bouhnik, Y.; Hagege, H.; Peyrin-Biroulet, L.; Abitbol, V.; Malamut, G.; Boruchowicz,
A.; Siproudhis, L.; et al. Clinical guidelines for the management of inflammatory bowel disease: Update of a French national
consensus. Dig. Liver Dis. 2020, 53, 35–43. [CrossRef] [PubMed]

25. Cheifetz, A.S.; Abreu, M.T.; Afif, W.; Cross, R.K.; Dubinsky, M.C.; Loftus, E.V.; Osterman, M.T.; Saroufim, A.; Siegel, C.A.; Yarur,
A.J.; et al. A Comprehensive Literature Review and Expert Consensus Statement on Therapeutic Drug Monitoring of Biologics in
Inflammatory Bowel Disease. Am. J. Gastroenterol. 2021, 116, 2014–2025. [CrossRef]

26. Lamb, C.A.; Kennedy, N.A.; Raine, T.; Hendy, P.A.; Smith, P.J.; Limdi, J.K.; Hayee, B.; Lomer, M.C.E.; Parkes, G.C.; Selinger, C.;
et al. British Society of Gastroenterology consensus guidelines on the management of inflammatory bowel disease in adults. Gut
2019, 68 (Suppl. S3), s1–s106. [CrossRef]

27. Feagan, B.; Sandborn, W.J.; Rutgeerts, P.; Levesque, B.G.; Khanna, R.; Huang, B.; Zhou, Q.; Maa, J.-F.; Wallace, K.; Lacerda, A.;
et al. Performance of Crohn’s disease Clinical Trial Endpoints based upon Different Cutoffs for Patient Reported Outcomes or
Endoscopic Activity: Analysis of EXTEND Data. Inflamm. Bowel Dis. 2018, 24, 932–942. [CrossRef]

28. Rodrigues, B.L.; Mazzaro, M.C.; Nagasako, C.K.; Ayrizono, M.D.L.S.; Fagundes, J.J.; Leal, R.F. Assessment of disease activity in
inflammatory bowel diseases: Non-invasive biomarkers and endoscopic scores. World J. Gastrointest. Endosc. 2020, 12, 504–520.
[CrossRef]

http://doi.org/10.1136/gut.2010.221127
http://doi.org/10.1053/j.gastro.2022.02.033
http://doi.org/10.1007/s00535-013-0922-y
http://www.ncbi.nlm.nih.gov/pubmed/24363029
http://doi.org/10.1186/s12876-015-0239-9
http://www.ncbi.nlm.nih.gov/pubmed/25651782
http://doi.org/10.1371/journal.pone.0212989
http://doi.org/10.1056/NEJMoa1602773
http://doi.org/10.1093/ecco-jcc/jjw152
http://doi.org/10.1016/j.cgh.2021.09.028
http://doi.org/10.7326/0003-4819-146-12-200706190-00159
http://doi.org/10.1053/j.gastro.2012.01.035
http://www.ncbi.nlm.nih.gov/pubmed/22326435
http://doi.org/10.1053/j.gastro.2014.05.008
http://doi.org/10.1007/s00535-019-01647-w
http://doi.org/10.1053/j.gastro.2006.02.014
http://doi.org/10.1016/j.crohns.2011.07.013
http://www.ncbi.nlm.nih.gov/pubmed/22325170
http://doi.org/10.1016/j.crohns.2011.02.007
http://www.ncbi.nlm.nih.gov/pubmed/21683302
http://doi.org/10.1016/j.cgh.2014.01.029
http://doi.org/10.1016/j.dld.2020.10.018
http://www.ncbi.nlm.nih.gov/pubmed/33160886
http://doi.org/10.14309/ajg.0000000000001396
http://doi.org/10.1136/gutjnl-2019-318484
http://doi.org/10.1093/ibd/izx082
http://doi.org/10.4253/wjge.v12.i12.504


Biomedicines 2023, 11, 544 11 of 11

29. Turner, D.; Ricciuto, A.; Lewis, A.; D’Amico, F.; Dhaliwal, J.; Griffiths, A.M.; Bettenworth, D.; Sandborn, W.J.; Sands, B.E.; Reinisch,
W.; et al. STRIDE-II: An Update on the Selecting Therapeutic Targets in Inflammatory Bowel Disease (STRIDE) Initiative of the
International Organization for the Study of IBD (IOIBD): Determining Therapeutic Goals for Treat-to-Target strategies in IBD.
Gastroenterology 2021, 160, 1570–1583. [CrossRef]

30. Papamichael, K.; Cheifetz, A.S. Therapeutic drug monitoring in inflammatory bowel disease. Curr. Opin. Gastroenterol. 2019, 35,
302–310. [CrossRef]

31. Allez, M.; Karmiris, K.; Louis, E.; Van Assche, G.; Ben-Horin, S.; Klein, A.; Van Der Woude, J.; Baert, F.; Eliakim, R.; Katsanos, K.;
et al. Report of the ECCO pathogenesis workshop on anti-TNF therapy failures in inflammatory bowel diseases: Definitions,
frequency and pharmacological aspects. J. Crohn’s Colitis 2010, 4, 355–366. [CrossRef] [PubMed]

32. Mitrev, N.; Vande Casteele, N.; Seow, C.H.; Andrews, J.M.; Connor, S.J.; Moore, G.T.; Barclay, M.; Begun, J.; Bryant, R.; Chan,
W.; et al. Review article: Consensus statements on therapeutic drug monitor-ing of anti-tumour necrosis factor therapy in
inflammatory bowel diseases. Aliment. Pharm. 2017, 46, 1037–1053. [CrossRef]

33. Ben-Horin, S.; Kopylov, U.; Chowers, Y. Optimizing anti-TNF treatments in inflammatory bowel disease. Autoimmun. Rev. 2014,
13, 24–30. [CrossRef] [PubMed]

34. Yang, H.; Li, B.; Guo, Q.; Tang, J.; Peng, B.; Ding, N.; Li, M.; Yang, Q.; Huang, Z.; Diao, N.; et al. Systematic review with
meta-analysis: Loss of response and requirement of ustekinumab dose escalation in inflammatory bowel diseases. Aliment.
Pharmacol. Ther. 2022, 55, 764–777. [CrossRef] [PubMed]

35. Syversen, S.W.; Goll, G.L.; Jørgensen, K.K.; Sandanger, Ø.; Sexton, J.; Olsen, I.C.; Gehin, J.E.; Warren, D.J.; Brun, M.K.; Klaasen,
R.A.; et al. Effect of Therapeutic Drug Monitoring vs. Standard Therapy During Infliximab Induction on Disease Remission in
Patients with Chronic Immune-Mediated Inflammatory Diseases. JAMA 2021, 325, 1744–1754. [CrossRef]

36. Casteele, N.V.; Ferrante, M.; Van Assche, G.; Ballet, V.; Compernolle, G.; Van Steen, K.; Simoens, S.; Rutgeerts, P.; Gils, A.; Vermeire,
S. Trough Concentrations of Infliximab Guide Dosing for Patients with Inflammatory Bowel Disease. Gastroenterology 2015, 148,
1320–1329.e3. [CrossRef]

37. D’Haens, G.; Vermeire, S.; Lambrecht, G.; Baert, F.; Bossuyt, P.; Pariente, B.; Buisson, A.; Bouhnik, Y.; Filippi, J.; Woude, J.V.;
et al. Increasing Infliximab Dose Based on Symptoms, Biomarkers, and Serum Drug Concentrations Does Not Increase Clinical,
Endoscopic, and Corticosteroid-Free Remission in Patients with Active Luminal Crohn’s Disease. Gastroenterology 2018, 154,
1343–1351.e1. [CrossRef]

38. Øresland, T.; Bemelman, W.A.; Sampietro, G.M.; Spinelli, A.; Windsor, A.; Ferrante, M.; Marteau, P.; Zmora, O.; Kotze, P.G.;
Espin-Basany, E.; et al. European evidence based consensus on surgery for ulcerative colitis. J. Crohn’s Colitis 2014, 9, 4–25.
[CrossRef] [PubMed]

39. Torres, J.; Bonovas, S.; Doherty, G.; Kucharzik, T.; Gisbert, J.P.; Raine, T.; Adamina, M.; Armuzzi, A.; Bachmann, O.; Bager, P.; et al.
ECCO Guidelines on Therapeutics in Crohn’s Disease: Medical Treatment. J. Crohn’s Colitis 2019, 14, 4–22. [CrossRef] [PubMed]

40. Yang, E.; Panaccione, N.; Whitmire, N.; Dulai, P.S.; Casteele, N.V.; Singh, S.; Boland, B.S.; Collins, A.; Sandborn, W.J.; Panaccione,
R.; et al. Efficacy and safety of simultaneous treatment with two biologic medications in refractory Crohn’s disease. Aliment.
Pharmacol. Ther. 2020, 51, 1031–1038. [CrossRef]

41. Kwapisz, L.; Raffals, L.E.; Bruining, D.H.; Pardi, D.S.; Tremaine, W.J.; Kane, S.V.; Papadakis, K.A.; Coelho-Prabhu, N.; Kisiel, J.B.;
Heron, V.; et al. Combination Biologic Therapy in Inflammatory Bowel Disease: Experience from a Tertiary Care Center. Clin.
Gastroenterol. Hepatol. 2021, 19, 616–617. [CrossRef] [PubMed]

42. Ribaldone, D.G.; Pellicano, R.; Vernero, M.; Caviglia, G.P.; Saracco, G.M.; Morino, M.; Astegiano, M. Dual biological therapy
with anti-TNF, vedolizumab or ustekinumab in inflammatory bowel disease: A systematic review with pool analysis. Scand. J.
Gastroenterol. 2019, 54, 407–413. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1053/j.gastro.2020.12.031
http://doi.org/10.1097/MOG.0000000000000536
http://doi.org/10.1016/j.crohns.2010.04.004
http://www.ncbi.nlm.nih.gov/pubmed/21122530
http://doi.org/10.1111/apt.14368
http://doi.org/10.1016/j.autrev.2013.06.002
http://www.ncbi.nlm.nih.gov/pubmed/23792214
http://doi.org/10.1111/apt.16802
http://www.ncbi.nlm.nih.gov/pubmed/35141914
http://doi.org/10.1001/jama.2021.4172
http://doi.org/10.1053/j.gastro.2015.02.031
http://doi.org/10.1053/j.gastro.2018.01.004
http://doi.org/10.1016/j.crohns.2014.08.012
http://www.ncbi.nlm.nih.gov/pubmed/25304060
http://doi.org/10.1093/ecco-jcc/jjz180
http://www.ncbi.nlm.nih.gov/pubmed/31711158
http://doi.org/10.1111/apt.15719
http://doi.org/10.1016/j.cgh.2020.02.017
http://www.ncbi.nlm.nih.gov/pubmed/32068149
http://doi.org/10.1080/00365521.2019.1597159
http://www.ncbi.nlm.nih.gov/pubmed/30945576

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Therapeutic Response and Clinical Trial Endpoints 
	Treatment Optimization for Advanced Therapies 
	Declaring the Failure of Medical Therapy 
	Combining Biologics Strategy 
	Study Limitations 

	Conclusions 
	References

