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During the last decades, the management of patients with chronic intestinal diseases
has experienced remarkable progress from both diagnostic and therapeutic point of view.
Irritable bowel syndrome (IBS) and inflammatory bowel disease (IBD) are the best known
and with the highest incidence and prevalence around the world among chronic intestinal
pathologies. Both chronic conditions display a significant overlap in terms of symptoms,
pathophysiology, and treatments. However, these chronic intestinal diseases are poorly
characterized and the understanding about is limited. New clinical approaches with novel
mechanisms of action may offer more efficient options for treatment of chronic intestinal
diseases, especially in those patients who are not optimally characterized or controlled.

Integration of innovative approaches into clinical practice together with emerging
strategies for management of chronic intestinal diseases would permit the amelioration
of patient outcomes, and potentially slow the progressive course of these diseases. In
this Special Issue, we have collected the latest approaches to improve the management of
chronic intestinal diseases. Six articles have been published in total, including both reviews
and research articles.

Most of the studies are focused on IBD, a chronic inflammatory disease of the gut
with heterogeneous manifestations, and a clinical presentation as Crohn’s disease (CD),
ulcerative colitis (UC), or IBD unclassified (IBD-U) [1]. The prolonged inflammation of
the gastrointestinal tract results in critical damage, leads to a wide range of signs and
symptoms such as diarrhoea, abscesses, fistulas, abdominal pain, or stenosis, that have a
significant effect on the quality of life of affected patients. The prevalence and incidence of
IBD in the world is increasing, especially in developed countries. Over 2.5 million residents
in Europe are estimated to have IBD, with substantial costs for health care: around €4.6-5.6
billion a year.

On the other hand, IBS is a functional gastrointestinal disorder, whose main symptoms
are recurrent abdominal pain, changes in the frequency or characteristics of stool and
abdominal distension, but without morphological, metabolic, or neurologic alterations.
It is diagnosed using Rome IV clinical parameters and classified in 4 different subtypes
according to patient’s bowel habit: IBS-D with predominant diarrhoea, IBS-C with pre-
dominant constipation, IBS-M, with alternation between diarrhoea and constipation, and
IBS-U, unclassified, including individuals who do not fall into the other categories [2]. Cu-
riously, patients with IBS-like symptoms are the single largest group of patients presenting
gastrointestinal (GI) complaints in both primary and secondary healthcare. IBS has been
estimated to affect at least 7-21% of the global adult population [3].

The exact cause of IBD and IBS are unknown. However, IBD is the result of a defective
immune system. Nowadays, IBD treatment is based on biologic therapy (monoclonal
antibodies against certain proteins causing inflammation). Managing IBS has attracted
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major attention because single-agent therapy rarely relieves bothersome symptoms for
all patients. In clinical practice, there is still a lack of effective treatment for IBS, and the
prescribed drugs usually alleviate only one symptom of the whole syndrome. The high
incidence and prevalence of these pathologies, expensive treatments, and the increasing
number of refractory patients, are sufficient reasons to seek to improve treatments based
on the available drugs and develop novel clinical managements.

Biologic therapies in IBD have increased hugely in past decades; multiplying the
options to treat patients, but also adding more difficulties in choosing the right treatment.
Laredo et al. summarize the current data comparing biologic therapies in both, Crohn’s
disease and ulcerative colitis in diverse clinical situations and synthesize the evidence
related to predictors of biologic response [4]. Evidence from meta-analysis and real-world
experience are valuable, but individual characteristics such as age, patient preferences, and
comorbidities, as well as costs, must be contemplated to select the best treatment for the
IBD patient. Despite the important benefits that biological agents bring to IBD management,
in some patients the biologic therapy is ineffective; then the combination of two biological
therapies seems a reasonable alternative. Brunet and Calvet offer a comprehensive update
on dual biologic therapy in aggressive IBD [5]. Indeed, ustekinumab plus vedolizumab
and vedolizumab plus anti-TNF were the most used co-treatments for Crohn’s disease.
For ulcerative colitis, the most used co-treatments were vedolizumab plus anti-TNF and
vedolizumab plus tofacitinib. These dual biologic therapies have shown good efficacy and
few adverse events have been reported.

The development of biological agents was a crucial revolution for IBD management.
However, despite the continuous and key advances in this area, there are still important
questions to be clarified. The impact of these agents on postoperative infectious complica-
tions is uncertain, especially for the common ustekinumab and vedolizumab. Garcia et al.
has evaluated the safety of preoperative anti-TNF, vedolizumab or ustekinumab treatments
in IBD patients and demonstrate that preoperative administration of biologics does not
seem to be a risk factor for overall postoperative complications, although it could be for
postoperative infections [6]. Beyond current biologic therapies, novel selective blockade
of pro-inflammatory factors as JAK, S1P or IL-6 are other emerging strategies for IBD
treatment. Kofla-Dlubacz, et al. review the latest investigations on immune selective forms
of therapy in IBD, from the inhibition of the TNF« pathways, until group 12/23 cytokines,
as well as lymphocyte migration [7].

On the other hand, IBS is a common functional digestive condition, where gut-brain
axis is involved. Between all symptoms and alterations, IBS patients present some neuro-
transmitter dysfunctions that could cause disruption of gut-brain axis and would explain
the onset of some IBS symptoms. Gros et al. have assessed the neurotransmitter dysfunc-
tions in IBS and explored the potential therapeutic approaches [8]. The role of the gut-brain
axis in the pathogenesis of this syndrome should be clarify for a improved management of
the IBS patients

Apart from IBD and IBS, other chronic intestinal diseases need to be studied for a
better understanding. Chronic intestinal pseudo-obstruction is a scarce condition with
symptoms of recurrent intestinal obstruction, but without any lesions, especially relevant
on infants. Appropriate management with a multidisciplinary approach and nutritional
support could improve the mortality rates. In an important retrospective study, Ko, et al.
have analysed the clinical outcomes and predictors of this chronic intestinal disease [9].

In conclusion, the treatment of IBD is evolving rapidly, while the number of biological
therapies available is increasing. Despite this, and although there are numerous studies that
evaluate the efficacy and safety of each therapy individually, there is a lack of direct trials
that help the clinician to choose the best possible treatment. Undoubtedly, there are current
recommendations to be able to select these treatments, but we must always be attentive
to new drugs with good results, especially for those refractory and critical patients, while
waiting for the new molecules that will be available in the future. In addition, and although
IBD cannot be considered an autoimmune disease, it is true that the immune system is
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altered, so investigations about the immunological mechanisms involved to achieve highly
selective forms of therapy with fewer side effects are needed. Similarly, other chronic
intestinal diseases as IBS, intestinal pseudo-obstruction, or celiac disease among many
should be deeply studied to provide more effective treatments and clinical management.

This special issue illustrates the cutting edge of chronic intestinal diseases treatment
and the envisaged future in the management of these pathologies.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.
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Abstract: The availability of biologic therapies in inflammatory bowel disease (IBD) is increasing
significantly. This represents more options to treat patients, but also more difficulties in choosing the
therapies, especially in the context of bio-naive patients. Most evidence of safety and efficacy came
from clinical trials comparing biologics with placebo, with a lack of head-to-head studies. Network
meta-analysis of biologics and real-world studies have been developed to solve this problem. Despite
the results of these studies, there are also other important factors to consider before choosing the
biologic, such as patient preferences, comorbidities, genetics, and inflammatory markers. Given that
resources are limited, another important aspect is the cost of biologic therapy, since biosimilars are
widely available and have been demonstrated to be effective with a significant decrease in costs. In
this review, we summarize the evidence comparing biologic therapy in both Crohn s disease (CD)
and ulcerative colitis (UC) in different clinical situations. We also briefly synthesize the evidence
related to predictors of biologic response, as well as the biologic use in extraintestinal manifestations
and the importance of the drug-related costs.

Keywords: inflammatory bowel disease; biologic therapy; bio-naive

1. Introduction

The expansion of therapeutic options in inflammatory bowel disease (IBD) makes
the management of these chronic diseases more and more complex. However, choosing
the right drug for the right patient at the right time is all but easy. The high variability of
individual factors, the lack of data from head-to-head trials, and the limited generalization
of clinical trial results to all populations make evidence-based decisions difficult. Hopefully,
new clinical trials designs, more head-head studies, multiomics analysis, and artificial
intelligence will change the landscape in the future [1-3], but while waiting for this new
world, we think a review of currently available information will be useful for patients
and clinicians.

2. Comparison of Biological Drugs for IBD in Bio-naive Patients According
to Indication

In this section, we will summarize the existing evidence on head-to-head comparison
of biologicals in Crohn’s disease (CD) and ulcerative colitis (UC), based on data from
randomized controlled trials (RCT) and real-world evidence (RWE).

J. Clin. Med. 2022, 11, 829. https:/ /doi.org/10.3390/jcm11030829
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2.1. In Crohn ’s Disease
2.1.1. Efficacy in Luminal CD

The SEAVUE study is the only head-to-head comparative RCT between two biologicals
in CD [4]. It was a multicenter, randomized (1:1 ustekinumab (UST):adalimumab (ADA)),
blinded, parallel-group, active-controlled study that included 386 biologic-naive patients
with moderate to severe CD through one year. Both drugs were highly effective without
statistically significant differences at week 52 in clinical remission (65% and 61% with UST
and ADA, respectively), corticosteroid-free remission, clinical response, and endoscopic
remission. Treatment discontinuation was numerically lower for UST (15.2% vs. 23.6%),
and safety data were similar to prior studies for both treatments. Infections were more
frequent with ADA (34% vs. 40.5%), but serious infections occurred at a similar rate
(2.1% and 2.6%). Several head-to-head comparative RCTs in CD are close to completion
or are ongoing (brazikumab vs. ADA vs. placebo, mirikizumab vs. UST vs. placebo,
risankizumab vs. UST, guselkumab vs. placebo vs. UST).

Given the scarcity of head-to-head RCTs, indirect comparisons can be useful. In 2021,
a systematic review and network meta-analysis of 31 phase 2 and phase 3 RCTs including
patients with moderate to severe CD (2931 biologic-naive patients and 2479 patients with
previous biologic exposure) was published. In naive patients, combination therapy inflix-
imab (IFX) plus azathioprine (OR 7.49, 95% CI 2.04-27.49), IFX (OR 4.53, 95% CI 1.49-13.79),
ADA (OR 3.01, 95% CI 1.25-7.27), and UST (OR 2.63, 95% CI 1.10-6.28) were more effective
in achieving remission than certolizumab pegol (CTZ). IFX plus azathioprine was also more
effective than vedolizumab (VDZ) and CTZ. In patients with a history of prior biologic
treatments, ADA, after loss of response to IFX, and risankizumab were more effective in
achieving remission than VDZ. There were no differences in maintenance trials [5,6].

On the other hand, the amount of RWE that compares the effectiveness between
different biologics in CD is large (Table 1) [7-14]. IFX and ADA are the most used biologic
drugs in CD, and several real-world studies concluded that they appeared to have similar
effectiveness in patients with CD [7-12]. The approval of VDZ and UST for CD expanded
the therapeutic arsenal with biologics with a therapeutic target other than TNF alpha. There
is little evidence comparing anti-TNFs with VDZ or UST in naive to biological CD patients,
but the data to date seem to indicate that there are no differences in terms of effectiveness
in this indication [13,14].

Table 1. Real-world studies comparing effectiveness between biologicals in anti-TNF-naive

CD patients.
p
A(‘\l/le};(:; s Biological Drugs Patients Sample Size Follow-Up Main Results Conclusion
Steroid-free clinical response:
Kestens Lo TFX (at'1 and 2 years): 65% .
etal. IFX versus ADA Anti-TNF naive 1002?}?Xpalt(;§n/§}) A 1and 2 years and 49% No Cﬁg?;?gi%xveen
(2013) [7] ( . ) ADA (at 1 and 2 years): 62%
and 41%
Narula 362 patients Steroid-free re;’f;{ission at12 No dif bet
. . months: o difference between
chaly T vesusADA Anti-TNFnaive 51 Ex 111 ADA) 1year IFX: 44.3% IFX and ADA
ADA: 53.7%
Response rate at 6 months and
at 2 years:
) IEX mono: 72% and 45%
Cosnes uzgiﬁ)::al;?jﬁc ) TFX combo with No difference between
et al.‘ IFX versus ADA Anti-TNF naive exposures to ADA 2 years 1mmunom0duloa:°r : 84% and C oniiﬁ\gﬁgr? geArapy
(2016) [9] (n=>521 )725 TFX ADA mono: 64% and 44% superior to monotherapy
(n=763) ADA combo with
immunomodulator: 86% and
70%
Clinical benefit (steroid-free No difference between
Macaluso P remission or clinical response) L IFX and ADA
Anti-TNF naive and patients in naive patients at 12 weeks ower response rates
(ZOT;)ah 0l IFX versus ADA experienced 735 total treatments Lyear and 1 year: among anti-TNF
IFX: 77.6% and 64.5% experienced compared
ADA: 81.8% and 69.2% to naive
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Table 1. Cont.

Authors

(Year) Biological Drugs Patients Sample Size Follow-Up Main Results Conclusion

Osterman . . .

i i 2330 patients Persistence on therapy: TEX No difference between
(zoﬂ)al[i . IFX versus ADA Anti-TNF naive (1459 TFX, 871 ADA) 26 weeks 49%, ADA 47% TFX and ADA.

CD-related hospitalization: HR
0.81 (95% C10.55-1.20) No difference between
Singh et al. - i 827 patients Major abdominal surgery: HR e
@oig)[12] ~ [PXversus ADA Anti-TNFnaive (515 [EX 315 ADA) Zyears 124 (0.66-2.33) [FX and ADA in efficacy
Serious infections: HR 1.06 and satety
(0.26-4.21)

Macaluso 585 treatments Clinical response (week 52):

Anti-TNF naive and

ADA: 69.1% and VDZ: 64.3% No differences between

etal. VDZ versus ADA . (277 VDZ, 308 56 weeks f
experienced v Mucosa healing: ADA: 33.8% VDZ and ADA
(2021) [13] ADA) and VDZ: 31.8%
Steroid-free clinical remission: Lower risk of
HR 1.250, 95% CI 0.677-2.310 noninfectious serious
Endoscopic remission: HR ad\_'erse_e\f/engs, but f}g:
VDZ versus . . : 0.827, 95% CI0.595-1.151 serious infections, wi
Bﬁ%‘ e; 4aL anti-TNFs (IFX, Aml-TNF«nmved and 1266 patients 1 year Noninfectious serious adverse VDZ vs. anti-TNF
( ) [14] ADA, and CTZ) experience (659VDZ) events: OR 0.072, 95% CI No significant difference
0.012-0.242 for achieving disease
Serious infections: OR 1.183, remission (clinical and
95% CI 0.786-1.795 endoscopic)

Abbreviations: Infliximab (IFX), adalimumab (ADA), vedolizumab (VDZ), certolizumab (CTZ), Crohn 's disease
(CD), hazard ratio (HR), confidence interval (CI).

2.1.2. Efficacy in Fistulizing CD

Evidence on the efficacy and effectiveness of biologics is scarcer for fistulizing or
penetrating CD than for luminal CD. This form of CD is difficult to treat and often requires
medical plus surgical management. The efficacy of biological drugs in the subgroup of
patients with penetrating CD has been poorly evaluated, and most data are extracted from
subanalyses from registry studies and from small observational studies. Moreover, most
of the evidence is on perianal disease, with scarce data on internal fistulae (enteroenteric,
enterovesicular, enterovaginal, or enterocutaneous).

IFX is the only biological drug specifically compared against placebo in fistulizing CD.
The strongest evidence on the efficacy of biologics in this scenario is with this anti-TNF
drug. One positive RCT published in 1999 that showed the superiority of IFX in achieving
complete fistula closure (almost all perianal) compared with placebo in 94 patients revolu-
tionized the treatment of fistulizing CD [15]. Another RCT (ACCENT II) that evaluated
IFX efficacy as maintenance treatment in 195 patients who had responded to IFX induction
therapy also showed the superiority of IFX compared with placebo at week 54 (58% vs.
38%) [16]. Regarding ADA, most of the evidence comes from subanalysis of RCTs with low
statistical power. Among four trials with ADA for induction, two were positive and two
were negative [17-20]. A subgroup analysis of CHARM RCT that evaluated 117 patients
with fistulae (almost all perianal) showed the superiority of ADA compared with placebo
in fistula closure after one year of treatment (33% vs. 13%) [17,21]. There are also several
real-world studies with positive results for ADA in perianal CD. Nowadays, most clinical
practice guidelines consider ADA as a good option in this scenario [22-24]. There are no
positive studies with CTZ for fistulizing CD [25-27]. Note that in penetrating CD, long-term
treatment is frequently necessary before considering a failure of biologic. In summary, both
IFX and ADA seem to be effective in this form of CD.

Data about efficacy of non-anti-TNF biologicals, VDZ and UST, in fistulizing CD are
scarce. In a subanalysis of the GEMINI trial that included 165 CD patients with at least
one draining fistula, VDZ seems to be superior compared to placebo for fistula remission
at week 14 (23% patients with VDZ, 8 weeks; 41% patients with VDZ, 4 weeks; and 11%
in the placebo group) [28]. An RCT (phase 4) that compared two regimens of VDZ (with
or without an extra dose at week 10) reported that over half of patients had reductions
of >50% in the number of draining perianal fistulae with no differences between the two
doses [29]. Moreover, there is an ongoing clinical trial evaluating VDZ in this scenario
(NCT02630966). Regarding UST, Sands and colleagues published a pooled analysis of four
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induction RCTs that included 238 patients with active perianal disease, and their analysis
showed that UST was superior to placebo in reaching fistula remission [30]. In an extension
of the IM-UNITI maintenance trial in which patients who had responded to UST induction
were randomized to UST vs. placebo, UST was more effective (fistula closure at week 44,
80% (12/15) vs. 45.5% (5/11)) [31]. Moreover, several small, open-label case series have
reported a symptomatic response rate of up 60-70% of patients with UST [32-34].

2.1.3. Safety

Serious infections, particularly opportunistic, and malignancies are the main safety
issues with the use of biologics in IBD. We will summarize key data.

Serious Infections

Active disease and concomitant use of steroids and /or immunomodulators are the
most important risk factors for serious infections in IBD patients. Because of that, the safety
of a biologic depends mainly on two factors: (1) its intrinsic immunosuppressive effect and
(2) its ability to reduce inflammation, reducing the risk of IBD complications and the use
of corticosteroids.

The largest amount of evidence and the highest-quality evidence on biologic drug
safety have been accumulated for anti-TNFs. Registry studies and RWE have suggested
that anti-TNFs may double the risk of serious infections compared with other immunomod-
ulators [35-38]. A recent meta-analysis reported that the highest risk of serious infections
was associated with combination therapy (anti-TNF plus immunomodulators) and the
lowest risk was associated with immunomodulator monotherapy (combination therapy
vs. anti-TNF alone: RR 1.19, 95% CI 1.03-1.37; anti-TNF vs. immunomodulators: RR
1.64, 95% CI1.19-2.27) [39]. Interestingly, a retrospective Medicare and Medicaid cohort
study reported that the risk of serious infections with anti-TNF and with long-term steroid
treatment was similar, but a higher mortality with steroids was observed [40].

Regarding VDZ, in the pivotal GEMINI studies, VDZ was not associated with an
increased risk of infections compared to placebo, except for an apparently higher risk
of Clostridium difficile [41]. VDZ seems to be associated with less serious infections than
anti-TNF, at least in some studies, with others showing similar data [42,43].

Registry studies and large real-world observational studies of UST in CD are awaited.
A recent safety analysis of a pooled IBD population (2574 patients with CD and 1733 with
UC) of six phase 2/3 trials of UST reported that the safety profile of UST was similar to
placebo after one year of treatment [44]. These data are in agreement with other analyses
that include cross-indications [45], longer-term analysis in psoriasis (5 years) [46], or
analysis in UC [47], suggesting that serious infections risk with UST may be lower than
that with anti-TNE. It should be noted that the UST dose used in psoriasis is lower than the
dose used in CD, so psoriasis data should be interpreted with caution.

Malignancies

Long-term population studies did not report an association between anti-TNFs and
the risk of solid neoplasms [48,49]. However, these drugs have been variably associated
with a 2-5-fold increased risk of lymphoma [36,50,51]. A meta-analysis of four high-quality
observational studies reported a similar risk of lymphoma with anti-TNF monotherapy and
thiopurine monotherapy [52]. It is important to note that patients with combination therapy
(thiopurine plus anti-TNF) seem to have a significant increase in the risk of lymphoma (up
to 6-fold compared with nontreated patients and 2.5-fold compared with patients treated
with thiopurines or anti-TNF monotherapy). By contrast, long-term follow-up of RCTs has
not found an increased risk of solid-organ neoplasms or hematologic malignancies with
anti-TNFs [53].

Pivotal VDZ studies have not notified an increased risk of solid-organ or hematologic
malignancies, but long-term follow-up and RWE are lacking. Regarding UST, integrated
safety analyses of phase 2/3 trials, including cross-indications, did not show an increased
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risk of malignancy; the risk of malignancy was comparable with that of placebo (0.4 vs. 0.2
per 100 person-years) [44].

Adding an immunomodulator to a biologic drug may increase its efficacy because
it adds its own effectiveness and because it seems to decrease the immunogenicity of
biological drugs. Anti-TNF drugs, particularly IFX, are more immunogenic than non-
anti-TNF biologics [54,55]. Therefore, combination therapy to prevent immunogenicity in
anti-TNF-treated patients (particularly in patients treated with IFX) may be particularly
interesting when patients have an unfavorable pharmacokinetic profile or a history of
immunogenicity to other anti-TNFs [53]. Nevertheless, combination therapy increases
the risk of tumors and infections, so in patients with risk factors for infections and/or
tumors and for the development of immunogenicity, non-anti-TNF biologics may be a
better option.

Briefly, anti-TNF drugs may be more immunosuppressive than VDZ and UST and
may have a higher risk of hematologic tumors and serious infections. The potential safety
advantage of non-anti-TNF biologics over anti-TNF therapies may disappear if these non-
anti-TNF drugs are used in combination with thiopurines, which increases the risk of
infections and lymphomas.

2.2. In Ulcerative Colitis
2.2.1. Efficacy in Moderate-Severe UC

e Head-to-head comparisons of biologic drugs

There are many randomized placebo-controlled trials assessing the efficacy of biologics
in patients with moderate to severe UC (Table S1); however, there are only a few studies
comparing efficacy between different biologic therapies. In the VARSITY study, patients
with moderate to severe UC refractory to conventional therapy or other anti-TNFs were
randomized assigned to be treated with VDZ or ADA [56]. Less than 25% of patients were
previously treated with anti-TNFs. In the group of bio-naive patients, at week 52, clinical
remission and endoscopic improvement were superior in the VDZ group (34.2% vs. 24.3%
and 43.1% vs. 29.5%, respectively). However, 12.6% of patients treated with VDZ and 21.8%
of those treated with ADA were in steroid-free clinical remission at week 52.

Recently, the results of the histologic outcomes from the VARSITY trial have been
published [57]. In the subgroup of bio-naive, there were higher rates of histological remis-
sion at week 14 in the group of VDZ using either of the histological scores (remission rates
according to Geboes index: 18.1% VDZ vs. 9.2% ADA, p = 0.0014, and according to RHI
score: 27% VDZ vs. 19% ADA, p = 0.0198). The results were similar at week 52 (remission
rates according Geboes index: 32.2% VDZ vs. 9.5% ADA, p < 0.0001, and according RHI
score: 39.8% VDZ vs. 22.6% ADA, p < 0.0001). In a post hoc analysis, VDZ was also
more effective in terms of mucosal healing (composite outcome of histologic remission and
endoscopy improvement) (25.6% vs. 6.7%, p < 0.0001, and 30.5% vs. 14.5%, p < 0.0001, for
VDZ vs. ADA according to Geboes and RHI scores, respectively). The superiority of VDZ
has been recently confirmed in a retrospective Belgian study [58].

e Network meta-analysis comparing biologic drugs

Since head-to-head trials comparing biologic therapy in UC bio-naive patients are
lacking, some meta-analysis has been developed. In 2017, Singh et al. published a meta-
analysis including RCTs comparing the efficacy of biologic therapy and small molecules
in moderate-severe UC [59]. In the subgroup of naive patients, compared with the other
alternatives, IFX and VDZ had the highest rates of clinical remission (SUCRA for IFX
0.85, VDZ 0.82, golimumab (GOL) 0.58, tofacitinib 0.43, ADA 0.31) and mucosal healing
(SUCRA for IFX 0.91, VDZ 0.81, tofacitinib 0.54, GOL 0.41, ADA 0.32). In this study, IFX
was superior in inducing clinical remission to ADA (OR 2.33, 95% CI 1.17-4.64) and
there were no differences when comparing it with VDZ (OR 0.96, 95% CI 0.30-3.09).
Concerning safety, VDZ did not increase the risk of infections compared with placebo
(OR 1.03, 95% CI 0.60-1.79), while anti-TNFs were associated with more infections with
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statistical significance in the case of GOL (OR 1.85, 95% CI 1.20-2.86) but without it in the
case of IFX (OR 1.30, 95% CI 0.60-179) and ADA (OR 1.23, 95% CI 0.91-1.65). The risk of
infections with 5 mg of tofacitinib was also increased (OR 1.75, 95% CI 1.13-2.70), and when
using 10 mg, the risk was higher than that of ADA and VDZ. Based on this study, VDZ
and IFX are the most useful biologics in achieving clinical remission and mucosal healing
in anti-TNF-naive patients with moderate-severe UC. In terms of safety, VDZ is the drug
with less serious adverse events.

A similar meta-analysis was conducted with moderate-severe UC Japanese patients
naive to biologics [60]. During induction, compared with placebo, IFX and VDZ had
the highest rates of remission (OR 2.35, CI 1.31-4.08; OR 2.32, CI 1.05-5.16, respectively),
without differences in ADA therapy (OR 1.57, CI 0.82-2.92). In induction, only ADA and
IFX showed a statistically significant effect in mucosal healing. In maintenance, GOL and
VDZ had the highest rates of remission (OR 5.13 and 3.84, respectively) (there were no data
on IFX).

In the meta-analysis of Bonovas et al. in UC anti-TNF-naive patients, IFX was superior
to ADA in clinical response, remission, and mucosal healing (OR 2.01, 2.10, and 1.87,
respectively), and it was also superior to GOL in clinical response and mucosal healing (OR
1.67 and 1.75, respectively) [61]. There were no differences in efficacy between tofacitinib
and biologics.

Trigo-Vicente et al. carried out a meta-analysis including bio-naive patients with
moderate-severe UC, and the best biologic for induction in terms of clinical remission was
IFX (IFX (OR 4.15), VDZ (OR 3.7), GOL (OR 3.2), tofacitinib (OR 2.2), and ADA (OR 1.9)) [62].
IFX was also significantly superior to ADA (OR 2.35). In maintenance, the best therapies for
clinical remission were tofacitinib 10 mg and VDZ (OR 5.5 and 3.8, respectively). The odds
ratios of IFX, ADA, and GOL were 2.7, 2.4, and 1.8, respectively. In this setting, tofacitinib
was statistically superior to ADA and GOL. Moreover, in this study, the highest rates of
infections were associated with tofacitinib and VDZ, without global differences in terms of
serious adverse events between all the drugs included.

In the American Gastroenterological Association (AGA) Technical Review, in the
induction of remission in bio-naive moderate—severe UC, IFX was superior to ADA (OR
2.10, 95% CI 1.16-3.79) with moderate quality of evidence [63]. The rest of the comparisons
between biologics and small molecules (IFX, VDZ, GOL, UST, tofacitinib) did not find a
superiority of any of the drugs. It is important to note that the quality of evidence for
these comparisons was low or very low. In maintenance, the authors explain that a meta-
analysis is not useful since the designs of the studies are not comparable. Moreover, in
most maintenance studies, there are no data about previous exposure to biologic therapy.
A comparison between studies with similar designs was made (IFX-~ADA-VDZ and GOL-
VDZ-UST-tofacitinib) without finding differences between the drugs, but the quality of
evidence was low again.

o Comparison of biologic drugs in the real-world setting

Although there are many studies assessing the efficacy of different biologic therapies
in the real-world practice, the number of studies comparing two or more therapies is
limited (Table 2). In a Danish study based on nationwide registry data of UC bio-naive
patients, authors used propensity score matching to compare efficacy and safety of ADA
and IFX [64]. Twenty-four percent of patients had severe UC. In the group of ADA, the
risks of hospitalization for any cause (HR 1.84, 95% CI 1.18-2.85, p = 0.007) and serious
infection (HR 5.11, 95% CI 1.20-21.80, p = 0.03) were greater than those of IFX, without
differences in hospitalization due to UC (p = 0.07) and surgery (p = 0.45). When comparing
IFX and ADA, both in monotherapy, there were no differences in any of the outcomes;
however, when comparing combination therapies (ADA + immunomodulator vs. IFX +
immunomodulator), the group of ADA had more risk of UC-related hospitalization (HR
3.89, 95% CI 1.32-11.50, p = 0.01). In men, the rates of hospitalization were higher with
ADA, without differences between ADA and IFX in women.
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Table 2. Real-world studies comparing effectiveness between biologicals in anti-TNF-naive
UC patients.
“\(‘;tel;gfs Biological Drugs Patients Sample Size Follow-Up Main Results Conclusion
All-cause hLBs(Jnitalization rate
Shing et al. (IIZrlogexr{s}tO;-slzgé Apa vs,cﬁ 181:2{815?4 ©3% Higher risk of
@017 [64] [FX versus ADA Anti-TNF naive matched UC-related hospitalization  hospitalization with
cohort) rate ADA vs. IFX: HR 1.71 than
(95% CI 0.95-3.07)
Clinical response: anti-TNFs
86.2% vs. VDZ 88.3%;
p=0.64
. 604 UC patients Clinical remission: No difference
B(rfg;‘f)r[ggi"- Anti-TNFs versus Anti-TNF naive (138 TFX, 62 ADA, 24 24 months anti-TNFs 48.6% vs. VDZ  between anti-TNFs
GOL, 380 VDZ 65.9%; p = 0.09 and VDZ
14
Mucosal healing: anti-TNFs
80.6% vs. VDZ 86.6%;
p =066
Helwing . . . Clinical remission in .
Anti-TNFs versus 46.5% anti-TNF 133 UC (57 anti-TNFs, Pt . Anti-TNFs and
et al. (2020) - 4 26 weeks bio-naive: anti-TNFs 31.5% -
[o6] vDZ naive 76 VDZ) vs. VDZ 50.1%; p = 0.15 VDZ are effective
Treatment persistence rates at
12 months: VDZ 84.5% vs. VDZis %_\I.l\;IaFerior to
Patel et al. . . . 1721 (542 VDZ, 1179 anti-TNFs 77.5%; p = 0.006 anti-TNFs in
(2019) [67] VDZ versus IFX Anti-TNF naive anti-TNFs) 24 months Treatment persistence rates at long-term
24 months: VDZ 77.6% vs. effectiveness
anti-TNFs 64.6%; p = 0.0005
Allamneni VDZ versus IFX 42.4% anti-TNF 59 patients Until assessment z%‘—'}:%;leff\s/%%sg.%;s‘l 00 pemo difference |
et a[‘()(g] ) versus naive (32 VDZ, 27 IFX) ?erscp ohse person-weeks vs. IFX e

6.48/100 person-weeks

Abbreviations: Infliximab (IFX), adalimumab (ADA), vedolizumab (VDZ), golimumab (GOL), ulcerative colitis
(UC), hazard ratio (HR), confidence interval (CI).

The retrospective EVOLVE study compared long-term (24 months) effectiveness and
safety of anti-TNFs (mainly IFX, but also ADA and GOL) and VDZ in naive IBD patients [65].
In this study, there were more patients with moderate-severe UC in the group of anti-TNFs
than in the VDZ group (82.7% vs. 72.4%, p < 0.001); however, after an adjusted comparison,
the rates of response, clinical remission, and mucosal healing were similar between groups
(VDZ vs. anti-TNFs: 88.3% vs. 86.2%, p = 0.64; 65.9% vs. 48.6%, p = 0.09; 86.6% vs. 80.6%,
p = 0.66, for each endpoint respectively). Concerning safety, after adjustment, the rate
of serious adverse events was lower in the group of VDZ without differences in serious
infections (HR = 0.37, C1 0.21-0.63; HR = 0.56, CI 0.21-1.51, respectively).

In a German study in the real-world setting, the effectiveness and safety of anti-TNFs
and VDZ in IBD were evaluated [66]. In the group of bio-naive UC patients, at week 26,
50.1% of those treated with VDZ and 31.5% of those treated with anti-TNFs were in clinical
remission. In this subgroup of patients, the mean of the partial Mayo score was 4.8, and in
those with information about baseline endoscopy score, more than half were classified as
Mayo 0 or 1. The rate of adverse events related to treatment was 4.5% for VDZ and 7.5%
for anti-TNFs. In the group of VDZ, all adverse events, except infections, occurred in less
than 5% of patients.

In a United States (US) study comparing VDZ with IFX in UC, after 24 months of
therapy, the rates of treatment persistence were higher with VDZ than with IFX (78.5%
vs. 63.5%, p = 0.046) [67]. More patients receiving IFX needed treatment intensification
compared with VDZ (at 12 months 21.8% vs. 6.4%, p = 0.0008, and at 24 months 25.1%
vs. 12.8%, p = 0.0022). In another real-world study in UC, there were no differences in
terms of induction response between VDZ and IFX in bio-naive patients (IRR 1.04, 95% CI
0.47-2.29) [68]. Data comparing UST with other biologic therapy in the real-world setting
are scarce.

When there is indication for biologic therapy, the AGA recommends anti-TNFs in
bio-naive UC patients but also suggests that VDZ and tofacitinib could be used as first-line
therapy, particularly in special populations [69].
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2.2.2. Efficacy in Acute Severe UC

In this setting, there is only enough evidence to recommend IFX. In a RCT including
45 patients with acute or moderately severe UC refractory to intravenous steroids, the rates
of colectomy were lower among those receiving one dose of IFX compared with placebo
(colectomy in 7/24 vs. 14/21; p = 0.017, OR 4.9) [70]. There are no other RCTs or prospective
studies with the rest of the biologics in this setting. The alternative to IFX is cyclosporine,
without differences in terms of colectomy (RR 1.00, 95% CI 0.72-1.40) [63]. When using
cyclosporine as induction, a different maintenance treatment is necessary. Traditionally,
thiopurines were the drugs used for maintenance; however, there is recent evidence sup-
porting the utility of some biologics [71]. Ollech et al. conducted a retrospective study of
patients with severe UC refractory to steroids and treated with calcineurin inhibitors as
induction therapy and, after that, treated with VDZ for maintenance [72]. Only 15% of
patients were bio-naive. This sequential therapy avoided colectomy in 67% and 55% of
patients after 12 and 24 months. Steroid-free remission rates were 27%, 43%, and 76% at
3,12, and 24 months, respectively. The treatment with VDZ had to be intensified every
4 weeks in 44% of patients after a mean time of 5.6 months. Case reports in acute UC
patients with previous exposure to anti-TNFs treated with calcineurin inhibitors and UST
have also been published [73].

3. Predictors of Biologic Therapy Response

There are several studies trying to find predictors of biologic therapy response, mainly
with anti-TNFs. We will briefly summarize those available in clinical practice.

3.1. Genetic Predictors of Response

Genetic predictors have the potential advantage of remaining unchanged over time.
The identification of distinctive genetic profiles of nonresponder patients may lead to
understanding the predominant active mechanism of inflammation in these patients and
may help to find a fit treatment. Recent genome-wide association studies (GWASs) suggest
that beyond a few genes with large effects on biologic response, there may be several
single-nucleotide polymorphisms with modest effects. Many genes have been evaluated,
especially TNF-related genes, but the overall results are poor and there are no good predic-
tive factors for anti-TNF response [74,75]. However, findings from the PANTS study have
relaunched the genetic predictors to the foreground. The PANTS study is a prospective
observational United Kingdom (UK)-wide study that included 955 patients with active
luminal CD treated with IFX and 655 patients treated with ADA. The only factor associated
with primary nonresponse to anti-TNF was low drug concentration at week 14, mediated
in part by immunogenicity. Immunogenicity was twice as common in IFX-treated than
ADA-treated patients at week 54, and combination with thiopurines or methotrexate miti-
gates this risk [76]. Specifically, the variant HLA-DQA1*05, present in 40% of patients of
European descent, seems to significantly increase the risk of developing antibodies against
IFX and ADA, regardless of concomitant immunomodulators. Evaluating HLA-DQA1*05
before starting biologic treatment may guide the selection of biological drugs and the
selection of patients who can benefit more from adding a thiopurine.

3.2. Patient Characteristics

Age and gender have been studied as possible predictors of biologic therapy response
in IBD. Data from a study suggest that anti-TNFs may be cleared faster in men than women,
which seems to have a greater impact in biologics for which the dose is not adjusted by
weight [64]. However, there is not enough evidence supporting gender as a predictor of
response for anti-TNFs, VDZ, or UST [75]. Concerning age, the evidence is contradictory
and will be discussed later [75].
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3.3. Inflammatory Markers (Albumin, C-Reactive Protein (CRP), Calprotectin)

An interesting pharmacokinetic study analyzed factors associated with a higher IFX
clearance in IBD [77]. Patients with low albumin levels had a higher IFX clearance, and in
this study, an association between low albumin and the risk of developing antibodies was
suggested, perhaps due to an intermittent IFX exposure. Authors suggest that shortening
the interval of infusions at induction could be the best strategy.

Data regarding the utility of CRP as a predictor of anti-TNF response are controversial.
In UC, patients with lower levels of CRP seem to have a better response to IFX and
ADA [78,79]; however, in other studies, there was no association [80,81]. In CD, there
are many studies assessing an association between high levels of CRP and anti-TNF
response [82-84], but others fail to find an association [8,85]. In a review article about
this topic, the authors conclude that the predictive value of CRP in this context is possible
in CD and controversial in UC [75]. The same authors did not find a significant association
between calprotectin levels and anti-TNF or VDZ response. Concerning VDZ, the value of
CRP as a predictor of response is also controversial. In UC, lower levels are associated with
a better response, while in CD the evidence is inconclusive [86,87]. In the case of UST in CD,
there is also no evidence suggesting the utility of CRP as a predictor of response [32,33].

4. Other Aspects to Consider before Choosing a Biologic
4.1. Age and Response

Treatment of elderly patients with IBD can pose certain unique challenges. Firstly,
advanced age is a risk factor for several comorbidities, including cardiovascular disease,
diabetes, and cancer, which complicate the use of biological drugs. Secondly, the elderly
population may be different in terms of absorption, distribution, and excretion of drugs
compared with the younger age population [88]. Thirdly, there is often a mismatch between
chronological and biological age. Not all “elderly patients” are the same, and it is important
to distinguish between age and frailty [89]. Therefore, the use of biological treatment in
elderly IBD patients requires a careful assessment of the efficacy and safety profile. Clinical
trials often exclude or underrepresent elderly patients, and observational studies examining
biologic drugs in this subpopulation have small sample sizes, so treatment decisions are
usually based on extrapolated evidence.

The evidence supporting the efficacy of anti-TNF therapy in elderly patients is conflict-
ing. Some studies showed lower response rates and lower persistence with therapy [90,91],
but it was not apparent in other cohorts [92,93]. However, the evidence indicating that
adverse events are more frequent in the elderly population is robust [94]. A meta-analysis
that compared the safety of biological drugs (mostly anti-TNF drugs) across age groups for
immune-mediated diseases showed that infections were more prevalent in elderly patients
treated with biologics than in younger patients treated with the same therapies (OR 2.28)
and in elderly patients not treated with biologics (OR 3.60). Malignancies were also more
frequent in elderly patients treated with biologics than in younger users (OR 3.07) but not
when compared to elderly controls. The analysis restricted to the six studies including IBD
patients showed that older anti-TNF users had an elevated risk of infection (OR 3.48) and
malignancy (OR 3.47) than younger users [95]. Regarding combination therapy, the Euro-
pean Crohn’s and Colitis Organisation (ECCO) recommends anti-TNF monotherapy over
combination therapy in elderly patients. Although there are no specific studies, optimizing
doses to reach adequate (or even higher) trough levels is not associated with an increased
risk of adverse effects in this subpopulation [96].

Data about VDZ are limited, but GEMINI trials showed a similar efficacy and safety
in all age subgroups [97]. Some studies have compared VDZ and anti-TNF in elderly IBD
patients with controversial results; two studies did not show differences in the incidence
of significant infections or efficacy, but another showed a reduction in infection-related
hospitalization with VDZ [98-100]. There are no studies directly comparing the efficacy
and safety of UST in elderly IBD patients, but the IM-UNITI trial reported similar rates
of adverse events between UST and placebo across all age subgroups [101]. In two retro-
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spective psoriasis studies (UST dose is lower in psoriasis than in IBD), an increased risk of
adverse events was not observed in elderly patients [102,103]. Briefly, VDZ and UST may
be prioritized in elderly patients, especially in frail elderly patients.

4.2. Comorbidities

Comorbidities in IBD patients may have a negative impact on the safety and effective-
ness of biologics.

Obesity and overweight are increasingly common in IBD patients. Observational stud-
ies in rheumatology have reported a worse response to anti-TNF in obese patients [104].
Based on pharmacokinetic studies, this may be due to two main reasons: an increased vol-
ume of distribution with consequent low drug trough concentrations and higher systemic
inflammatory burden due to obesity-induced low-grade inflammation, [105,106]. However,
in IBD studies, obesity is not clearly associated with an impaired response to TNF inhibitors.
Some studies have reported a higher response rate in IBD patients with lower weight, and
others have reported opposite results [76,79,107]. A recent pooled data analysis of IFX-RCTs
in IBD (ACCENT-1, SONIC, ACT-1, and ACT-2) showed that there was no association
between obesity and the probability of clinical remission [108]. Evidence about the impact
of obesity on UST or VDZ efficacy is scarce [109]. In psoriasis studies, increasing dose
in patients with high weight (>100 kg) was associated with more effectiveness [110,111].
Therapeutic drug monitoring can be a very useful tool in obese patients.

Anti-TNF agents should not be used in patients with congestive heart failure (NYHA
class III/IV) because they can worsen it. Conversely, there is no evidence of worsening
heart failure using non-anti-TNF biologics [112]. In addition, it is known that anti-TNF
therapy is not appropriate in a patient who has a demyelinating disease (e.g., optic neuritis
or multiple sclerosis) because such treatment can worsen outcomes. Therefore, UST or VDZ
may be prioritized in IBD patients with these comorbidities [113].

Finally, given that anti-TNFs seem to be associated with a higher risk of infections
than UST or VDZ, the latter may be prioritized in patients at high risk of serious infections
or with prior history of infections requiring hospitalization [113].

4.3. Presence of Extraintestinal Manifestations

When choosing a biologic, the presence of extraintestinal manifestations could cause
some drugs to be preferred over others.

4.3.1. Arthropathy

In general, in polyarthritis and axial arthropathy, IBD activity is independent of
articular inflammation, while in peripheric monoarthritis, IBD activity is usually associated
with articular inflammation. In the situation of a patient with IBD and axial arthritis, both
active and with indication for biologic therapy, the drugs with more evidence are anti-TNFs.
IFX and ADA can be used for CD and UC, but GOL is only effective in UC [114-116].
The dose should be the one generally used for IBD, which is higher than the one used
only for arthropathy. VDZ seems to be ineffective for axial arthropathy, and there is
also a lack of evidence supporting the use of UST in this context [117,118]. If the IBD is
active and the patient also has peripheral arthritis, the best choice would also be anti-TNF
therapy [119]. In patients with active arthropathy without IBD activity, it is mandatory to
ensure IBD remission, for example, using calprotectin, endoscopy, or magnetic resonance
imaging (MRI) [119]. In these cases, it is recommended to use anti-TNFs which have also
demonstrated to be effective for the specific type of IBD (UC or CD) at rheumatologic
dose [119]. If the arthropathy is inactive but a biologic therapy is necessary to control the
IBD, we should choose it based on IBD algorithm, with anti-TNFs as first choice [113,119].
In all cases, if it is necessary to associate an immunomodulator, the preferred one should be
methotrexate [120].
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4.3.2. Ocular Manifestations

In patients with ocular involvement (scleritis and uveitis), the control of IBD activity
usually leads to ocular disease remission. If a biologic therapy is necessary, anti-TNFs are
the first choice, with more evidence about ADA [121,122].

4.3.3. Skin Manifestations

In patients with erythema nodosum and pyoderma gangrenosum, the IBD activity
control is the best therapy; however, if a biologic is required, anti-TNFs are the preferred
ones [123-125].

Some IBD patients can also be affected by psoriasis. Anti-TNFs, ADA and IFX, have
been demonstrated to be effective for both indications (IBD and psoriasis) [126,127]; how-
ever, it should be noted that, in some patients, anti-TNFs can induce paradoxical psoriasis
and make preexistent lesions worse. These lesions can improve with topical therapy and
usually disappear when the drug is withdrawn. The swap of biologic therapy could be
necessary [128]. UST is another safe and effective option in the treatment of IBD associated
with psoriasis and, also, in the management of anti-TNF paradoxical psoriasis [129].

In patients with IBD, especially in CD, there is an increased risk of hidradenitis
suppurativa. In this setting, the biologic therapy with more evidence is the anti-TNFs [130].

4.4. Patient Preferences

There are different routes of administration of the biologics, and this should be consid-
ered in order to improve patients* adherence. For example, subcutaneous therapies could
be preferred in patients who do not want to come to the hospital for infusions. On the other
hand, in patients with a lack of adherence, intravenous infusions could be a better option,
because we assure that the patient is taking the treatment. In some cases, industry-provided
patient assistance programs could be useful too. There are also differences in subcutaneous
formulations. For example, in ADA therapy, the citrate has been removed from the original
Humira because it was associated with painful injection, and this strategy seems to increase
the patients” adherence [131].

In patients at reproductive age, the desire for pregnancy can also be important in
selecting the biologic. Most data about biologic therapy and pregnancy comes from anti-
TNFs, which have been demonstrated to be safe. In the case of VDZ and UST, there are
fewer studies in pregnancy, but they are not associated with poor outcomes [132]. The AGA
suggests, if possible, taking the last dose of the biologic in the third trimester according to
its half-life, in order to minimize the fetal transmission of the drug as long as the remission
is achieved [133].

4.5. Speed of Onset

The onset of action should also be considered. For example, the clinical improve-
ment in patients taking VDZ appears from week 2 [134], especially in bio-naive patients.
Moreover, anti-TNFs are known for their fast onset of action, especially IFX, which has
been demonstrated to be effective in acute severe UC [70,135]. There are also data in
naive patients with CD treated with ADA, assessing clinical improvement from day 4 of
therapy [136]. Depending on the clinical situation, a fast onset of action could be necessary.

4.6. Costs and Availability

Since the introduction of the biologic therapy in IBD, the treatment-related costs have
increased significantly [137]. So, the biologic therapy is an important part of IBD-care costs,
and for that reason, many cost-effectiveness studies have been published recently.

4.6.1. Cost-Effectiveness Studies of Biologic Therapy

When evaluating the costs of a therapy, we have to consider not only the cost of the
drug itself, but also the need for hospitalization, intravenous infusions, consultant visits,
complementary explorations, surgery, and adverse-event-related costs. In a UK study, the
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acquisition cost of VDZ (300 mg) in 2017 was GBP 1678.48, while that of IFX (100 mg)
was GBP 419.62 [138]. However, in this study, considering all that has been previously
mentioned, VDZ is a cost-effective therapy compared with anti-TNFs in moderate—severe
UC. Nevertheless, in a Spanish study with a higher price for VDZ and a EUR 30000/ quality-
adjusted life year threshold, ADA would be cost-effective in 64% cases, IFX in 29.1%, GOL
in 7.1%, and VDZ in 0.5% in bio-naive patients [139].

In an American study, the cost-effectiveness of VDZ in UC was found to depend on the
type of anti-TNF most frequently prescribed as first-line therapy [140]. In a Polish cohort of
bio-naive UC patients, comparing with standard care, the most favorable increment in cost-
effectiveness was found for the treatment with IFX and VDZ [141]. For moderate-severe
CD, in a US study in bio-naive patients, IFX was the most cost-effective biologic, followed
by ADA and UST [142].

Regarding the price of therapies, in some countries, especially those with health
insurance policies, the coverage included should also be taken into account when choosing
between two equally effective therapies.

4.6.2. Biosimilars

The development of biosimilars seems to decrease the biologic-related costs [137,143,144],
and its use in bio-naive patients is supported by the main scientific associations, but with
low quality of evidence [145-147]. The noninferiority strategy of switching IFX for a
biosimilar has also been proven [148]. In a Hungarian study, the rates of clinical remission
at week 14 with biosimilar IFX were higher in anti-TNF-naive compared with previous
exposure to originator IFX (in CD 60.9% vs. 35.7% and in UC 65.1% vs. 33.3%, respectively;
p < 0.005); nevertheless this difference was not statistically significant at week 30 for both
CD and UC [149].

In the PROSIT-BIO cohort, including anti-TNF-naive patients, patients with previous
exposure, and patients with a switch to a biosimilar, the efficacy of IFX biosimilar seems to
be the same as the original [150]. In a French study including 5050 CD IFX-naive patients,
there was equivalence in terms of death, surgery, hospitalization, and change of biologic
therapy between IFX biosimilar and original [151]. The efficacy in UC IFX-naive patients
does not differ from biosimilar and the original [152].

In a Sicilian study of IBD patients treated with ADA biosimilar, including anti-TNF-
naive and previous exposure patients, efficacy and safety of ADA biosimilar did not differ
from the original [153]. The efficacy of ADA biosimilar has also been demonstrated in other
studies including UC and CD [154,155].

5. Positioning Biologic Therapies in the Management of IBD
5.1. In Crohn’s Disease

In patients with moderate-severe CD, we recommend both IFX and ADA as first-line
therapies. IFX may be preferred over ADA in patients with higher inflammatory burden,
perianal disease, or fistulizing pattern.

In patients with moderate—severe CD with high disease severity, who have relative or
absolute contraindications to anti-TNF drugs (e.g., demyelinating diseases, heart failure,
multiple serious infections), we prefer UST monotherapy as first-line therapy. However, in
fragile patients with moderate CD and higher risk of treatment-related complications or in
treatment with other high-risk immunosuppressive therapies, VDZ monotherapy could
be preferred.

5.2. In Ulcerative Colitis

In moderate-severe UC, we recommend both IFX and VDZ as first-line therapies, and
the keys to guide this decision are the costs, the risk of adverse events, and the probability
of developing secondary loss of response. The most important factor would probably be
the price, since the availability of IFX biosimilar significantly decreases the costs when
compared with VDZ and the two of them are equally effective. In fragile patients or
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those with higher risk of infections, VDZ could be preferred. In those patients who desire
subcutaneous treatment, IFX and VDZ are the best choices if available, but if not, GOL and
UST are good alternatives.

In the acute ulcerative colitis setting, the only biologic we can recommend is IFX, based
on the current evidence.

6. Conclusions

The number of biologic therapies available for IBD is increasing, and there are many
studies assessing the efficacy and safety of each therapy separately; however, the lack of
head-to-head trials makes it difficult to choose the best therapy for a specific patient among
the options available. Data from meta-analysis and real-world experience are useful, but
individual characteristics such as age, patient preferences, and comorbidities, as well as
costs, must be considered. Table 3 summarizes our recommendations, based on all that has
been mentioned above, about the most appropriate biologic therapy in particular situations.
It should be noticed that small molecules are not discussed in this review, but tofacitinib
and other drugs that are going to be available in the near future (e.g., filgotinib, upadacitinb,
etrasimod) will probably change the decision algorithm.

Table 3. Authors’ recommendations for biologic choice in different situations.

Situation Recommendation

IFX and ADA seem to be the best options

Luminal CD UST seems useful too
VDZ seems useful too
Fistulizing CD IFX seems to be the best option

ADA, UST, and VDZ seem useful too
Acute severe UC IEX

IFX and VDZ seem to be the best options
GOL and UST are useful too
ADA seems to be less effective

Moderate-severe UC

Use anti-TNF combination therapy or other
molecules (in patients at risk of adverse events
due to combination therapy, other biologics
could be preferred)

HLA-DQAT*05
(patients are at risk of secondary loss of
response due to immunogenicity)

The drugs with more evidence are anti-TNFs
UST and VDZ also seem to be safe

UST and VDZ could be preferred, especially if
we want to avoid combination therapy with
anti-TNFs

UC: IFX, ADA, GOL
CD: IFX, ADA

Pregnancy desire

Elderly patients

Arthropathy

© IBD active and axial/peripheral
inflammation
Anti-TNFs also effective for IBD

e IBD inactive and active arthropathy

o IBD active and inactive arthropathy

(rheumatologic dose)
Select biologic according to IBD algorithms,
suggest anti-TNFs as first choice

Episcleritis or uveitis

Anti-TNFs (more evidence with ADA)

Erythema nodosum and pyoderma
gangrenosum

Anti-TNFs

Psoriasis associated

Anti-TNFs or UST

Hidradenitis suppurativa

Anti-TNFs
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Table 3. Cont.

Situation Recommendation

e Subcutaneous: UC (in order of preference:
Patients’ route of administration preference GOL, UST, ADA)*, CD (ADA, UST)*
e Intravenous: IFX, VDZ*

Biologic with intravenous administration could

Low adherence be preferred

Low resources Anti-TNF biosimilars could be preferred

* Subcutaneous administration of VDZ and IEX are also available in many countries. Abbreviations: Crohn s
disease (CD), ulcerative colitis (UC), inflammatory bowel disease (IBD), Infliximab (IFX), adalimumab (ADA),
golimumab (GOL), vedolizumab (VDZ), ustekinumab (UST).
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Abstract: Current medical treatment for inflammatory bowel disease (IBD) does not achieve 100%
response rates, and a subset of refractory and severely ill patients have persistent active disease
after being treated with all possible drug alternatives. The combination of two biological therapies
(CoT) seems a reasonable alternative, and has been increasingly tested in very difficult cases. The
present review suggests that CoT seems to be safe and effective for refractory and severely ill IBD
patients. Ustekinumab plus vedolizumab and vedolizumab plus anti-TNF were the most used CoTs
for Crohn'’s disease. For ulcerative colitis, the most used CoTs were vedolizumab plus anti-TNF and
vedolizumab plus tofacitinib. The aforesaid CoTs have shown good efficacy and few adverse events
have been reported.

Keywords: inflammatory bowel diseases; biologic treatment; combination; Crohn’s disease;
ulcerative colitis

1. Introduction

Currently, there is a reasonable number of useful therapies for IBD. The treatment
armamentarium includes small molecules and biological treatments. Small molecules
include classical drugs such as mesalazine, corticosteroids, and immunosuppressant treat-
ments; this latter group includes thiopurines, methotrexate for Crohn’s disease (CD), and
tofacitinib for ulcerative colitis (UC). Regarding biological treatments, anti-TNF drugs,
vedolizumab, and ustekinumab are currently widely used [1,2].

These drugs are mostly used sequentially. Thus, if a drug is ineffective in controlling
IBD symptoms, that drug is withdrawn and replaced by another (for example, in patients
who have active disease despite receiving an anti-TNF drug, treatment with the anti-
TNF drug would be stopped and the patient would begin treatment with an alternative
biological drug). The only exception is the combination of an anti-TNF plus azathioprine,
which has been widely used in clinical practice since the 2010 SONIC trial showed that
this combination achieved higher remission and mucosal healing rates than monotherapy
without a clear increase in adverse events [3].

Used individually, IBD therapies reach a maximum clinical remission rate of approxi-
mately 40-60% [4]. Therefore, current medical treatment for IBD does not achieve 100%
response rates, and a subset of refractory and severely ill patients have persistent active
disease after being treated with all the possible drug alternatives. These patients often
require aggressive rescue therapies such as major surgery or bone marrow auto-transplant
in CD, or proctocolectomy in UC [5,6].

As these rescue treatments have significant risks and may have a negative impact
on quality of life, the combination of two biological therapies (CoT) seems a reasonable
alternative. In fact, CoT has been increasingly tested in very difficult cases and in two
clearly different settings: in patients with uncontrolled IBD, and in patients with controlled
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IBD but extraintestinal manifestations that did not respond to a single biological therapy [7].
The safety and efficacy of CoT have mostly been reported as case reports or short series [4].

Two meta-analyses and one large review on CoT have been published to date [7-9].
Neither of them reported the efficacy and safety of the individual CoT evaluated.

After the publication of these articles, a large case series study gathering cases from
many European centers was published (104 combinations in 98 patients (75 for IBD and 23
for uncontrolled extraintestinal manifestations)). This study, along with a few other case
series, reported data separately for the most used CoT, allowing a first attempt in pooling
results to evaluate their individual safety and efficacy [10].

The aim of this review was to describe the data on the effectiveness and safety of
the most popular biological CoT for refractory IBD patients. Individual case reports and
pediatric studies were not included in the review.

2. Global Efficacy and Safety of CoT

Two meta-analyses and two large reviews have been published to date:

In an early study, Ribaldone et al. reviewed seven studies (18 patients) with a com-
bination of TNF inhibitors and vedolizumab as well as vedolizumab and ustekinumab.
Clinical improvement was seen in all patients, and endoscopic improvement was reported
in 93% of patients. No safety concerns were identified [9].

Ahmed et al. in a recent meta-analysis reviewed 30 studies reporting 288 trials of dual
biologic or small-molecule therapy in 279 patients. The most common CoT was anti-TNF
and vedolizumab (48%). The pooled clinical remission was 59% (95%CI 42-74%) and the
endoscopic remission was 34% (95%CI 23-46). They observed 31% (95%CI 13-54%) of
adverse events, but only 7% (95%CI 2-13%) were severe or life-threatening [8].

In 2021, Gold et al. published a review pooling data from 209 CoTs. They included
retrospective studies, case reports, and case series. This review suggested that dual bio-
logic therapy may be effective at inducing remission in patients with refractory luminal
symptoms and/or extraintestinal manifestations. They reported an efficacy ranging from
67% to 80%. No severe adverse events were described [7].

After adding a large recent European study [10] to the previous studies, anti-TNF plus
vedolizumab and vedolizumab plus ustekinumab emerged as the most used CoTs. Less-
frequent combinations included anti-TNF plus ustekinumab and anti-TNF plus tofacitinib,
with the latter mostly used in UC.

3. Usefulness and Safety of Biologic Combinations

Table 1 shows the studies on the use of combination targeted therapy in IBD in the
adult populations included in the review. Additionally, Figure 1 shows the pooled rates
of clinical response, clinical remission endoscopic response, endoscopic remission, and
adverse event rates for the most used CoTs.

(a) Ustekinumab plus vedolizumab

Yang et al. [11] reported the results of eight patients who received treatment with the
combination of ustekinumab and vedolizumab. During follow-up at week 40, five of seven
(71%) patients achieved clinical response, four of seven (57%) achieved clinical remission,
five of eight (63%) achieved endoscopic improvement, and two of eight (25%) achieved
endoscopic remission. The adverse event rate was low—one of eight (13%) patients.

Kwapisz et al. [12] reported the results in five patients with this CoT. Four of five (80%)
had a clinical response, and no adverse events were reported.

Privitera et al. [13] reported results in three patients. All (100%) had a clinical response
but none had a clinical remission (0%) at 6 months of follow-up. One patient (33.3%)
presented a perianal abscess as an adverse event.

In the US series of Glassner et al. [14], 25 patients received ustekinumab and vedolizumab.
Unfortunately, individual results were not available.
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Finally, in the European study of Goessens et al. [10], 21 patients received this CoT.
Endoscopic response was observed in 11 of the 13 patients with CD evaluated (85%) after
an 11-month follow-up.

(b) Anti-TNF plus vedolizumab

Yang and colleagues [11] reported the results of 12 patients who received CoT with
anti-TNF and vedolizumab. During follow-up at week 40, 5 of 12 (42%) patients achieved
clinical response, 4 of 12 (33%) achieved clinical remission,4 of 12 (33%) achieved endoscopic
improvement, and 3 of 12 (25%) endoscopic remission. The adverse event rate was low
(2 of 12 (15%)).

Kwapisz et al. [12] reported results in eight patients. Five of eight (62.5%) had a clinical
response. Three of eight patients (37.5%) presented infections as an adverse event.

Privitera et al. [13] reported results in six patients. Three of six (50%) patients had a
clinical response and three of six had clinical remission (50%) at 6 month follow-up. Only
one adverse event was reported in one patient (16.6%), who presented a cutaneous rash.

Glassner et al. [14] included seven patients on anti-TNF plus vedolizumab in their US
series, however, individual results were not available.

Finally, Goessens et al. [10] reported 41 patients with this CoT. The endoscopic response
was observed in 16 of the 25 (64%) patients with CD and in 8 of 11 (67%) patients with UC
evaluated at 11 months of follow-up.

(c) Other combinations

Yang and colleagues [11] reported the results of three patients who received treatment
with the combination of anti-TNF and ustekinumab. During follow-up at week 40, one
of three (33%) patients achieved clinical response, one of three (33%) achieved clinical
remission, one of three (33%) achieved endoscopic improvement, and one of three (33%)
achieved endoscopic remission. No adverse events were observed.

Kwapisz et al. [12] reported the results in two patients on anti-TNF and ustekinumab.
Both patients (100%) had a clinical response and neither patient presented an infection as
an adverse event.

Privitera et al. [13] reported results in four patients on anti-TNF plus ustekinumab;
one patient had a clinical response and three had clinical remission at 6 month follow-up.

Glassner et al. [14] reported eight patients on vedolizumab plus tofacitinib, nine
patients on anti-TNF plus tofacitinib, and three patients on tofacitinib plus ustekinumab.
However, individual results were not available.

Finally, Goessens et al. [10] reported on 12 UC patients treated with vedolizumab
plus tofacitinib. Endoscopic response was observed in 8 of the 12 patients (67%) evaluated
after an 11 month follow-up. Other combinations were anti-TNF plus ustekinumab in 11
patients and tofacitinib plus anti-TNF in 1 patient.

(d) Safety

Although the studies did not give individual data of each combination, they do offer
an overview of the safety of combination treatment. In the European study of Goessens
et al. [10], 42 of 98 (42%) patients experienced a total of 42 significant adverse events.
Serious opportunistic infections occurred in 10 of 98 patients, 6 in the group of anti-TNF
plus vedolizumab, 3 with anti-TNF plus ustekinumab, and 1 with ustekinumab plus
vedolizumab. All of them resolved. Life-threatening adverse events were observed in two
patients (angioedema and hypersensitivity to infliximab) [10]. In the American study, 13
patients (26%) experienced 23 adverse events; 8 were serious infections (1 bacterial enteric
infection, 3 postoperative infections, 2 pelvic abscesses, and 2 infections of intravenous
catheters) and the remaining 15 adverse events were mild (7 enteric infections, 7 pulmonary
infections, 3 postoperative infections, 1 viral wart, 1 urinary tract infections, 2 pelvic
abscesses, and 2 catheter infections) [14]. Table 2 shows the rates of clinical response,
clinical remission, endoscopic response, endoscopic remission, and adverse event rates for
each study and each CoT.
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Table 1. Data on the use of combination targeted therapy in IBD in adult populations.

Number of . Age Disease Duration Clinical Endoscopic Adverse Follow-Up
Reference  Year Study Type Subjects Disease (Mean) (Mean Years) Evaluation  Evaluation Events (Mean)
Goessens Multicentric 58 CD 70% 50%
etal. [10] 2021 Retrospective 8 40 UC 26 response response 42% 8 month
. . 32CD
Glassner Unicentric 50% 34% o,
etal. [14] 2020 Retrospective 50 111?33% 367 148 remission remission 16% 8 month
Kwapisz Unicentric 14 CD 73% 44%
etal. [12] 2021 Retrospective 15 1uC 36 125 response response 55% 24 month
Privitera Multicentric 11 CD 100%
etal. [13] 2020 Retrospective 16 5UC 38 105 response 18.8% 7-month
Yang Multicentric 50% 50% o,
etal. [11] 2020 Retrospective 2 2eD 35 response response 13% 9 month
Table 2. Results for clinical response, clinical remission, endoscopic response, endoscopic remission,
and adverse events for each combination and each study.
Clinical Response Clinical Remission Endoscopic Endoscopic Adverse Events
P Response Remission
Yang et al. 50f7 4of7 50f8 20f8 1of8
Kwapisz et al. 40f5 0of5
Ustekinumab + Privitera et al. 30f3 1of3
Vedolizumab Glassner et al. 110f13
TOTAL 12 of 15 (80%) 4 of 7 (57%) 16 of 21 (76%) 2 of 8 (25%) 2 of 11 (18%)
Yang et al. 50f12 40f12 40f12 30f12 20f12
Kwapisz et al. 50f8 30f8
Anti-TNF + Privitera et al. 30f6 30f6 lof6
Vedolizumab Glassner et al. 24 of 36
TOTAL 13 of 26 (50%) 7 of 18 (29%) 28 of 48 (58%) 3 0f 12 (25%) 5 of 26 (19%)
Yang et al. 1of3 1of3 1of3 1of3
Anti-TNF + Kwapisz et al. 20f2
Ustekinumab Privitera et al. lof4 3of4
TOTAL 4 0f 9 (44%) 4 0f 7 (57%) 1 0f 3 (33%) 1 0f 3 (33%)
Secukinumab + Privitera et al. 20f2
Vedolizumab TOTAL 2 of 2 (100%)
Vedolizumab + Privitera et al. lof1 Tofl
A il;
premilast TOTAL 1of 1 (100%) 10f 1 (100%)
Vedolizumab + Glassner et al. 8of 12
Tofacitinib TOTAL 8 of 12 (67%)
100%
80%  76%
80% 67%
57% 58% 57%
60% 50%
’ 44%
40% 29% 33%33%
25% 25%
18% 19%
o n HENNE
0%

Ustekinumab + Anti-TNF + Vedolizumab Anti-TNF + Ustekinumab Vedolizumab +
Vedolizumab Tofacitinib

M Clinical response M Clinical remission Endoscopic response

Endoscopic remission B Adverse events

Figure 1. Percentage of clinical response, clinical remission, endoscopic response, endoscopic remis-
sion, and adverse events for each combination therapy.
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4. Discussion

Although data are still preliminary, CoT may quickly become a must for IBD specialists.
Uncertainty remains, but first reports suggest more than reasonable efficacy and safety for
very severely ill IBD patients. Even though CoT is not 100% efficacious and may carry
significant adverse events, risks and benefits should be balanced with those of the current
treatment of uncontrolled severe IBD (multiple surgeries, proctocolectomy with ileostomy,
ileoanal reservoir, or autologous bone marrow transplantation). So, it seems reasonable
that, after a careful discussion of potential risks and benefits, most patients will opt for a
CoT trial before progressing to more aggressive approaches.

From our data, it is not possible to give a clear recommendation of which combina-
tion should be used. The most-used CoTs are shown in Table 3. Of them, vedolizumab
plus ustekinumab and vedolizumab plus anti-TNF were the most effective CoTs for CD.
Furthermore, vedolizumab plus anti-TNF and vedolizumab plus tofacitinib were the most
effective CoTs for UC. The combination of ustekinumab and vedolizumab seems especially
attractive because it might combine efficacy, safety, and persistence over time. Very recently,
Stone et al. reported similarly good results in a retrospective series of 10 patients. However,
data are currently incomplete as the study has been published only as an abstract [15]. Data
are preliminary and, in patients with UC and uncontrolled extraintestinal manifestations,
CoT including anti-TNF or tofacitinib might be more effective.

Table 3. Most used combinations.

Study VEDO+ AntiTNF+  AntiTNF+ TOFA+ TOFA+ TOFA+ Other **
USTE VEDO USTE VEDO USTE TNF

Goessens et al. * [10] 16 36 8 12 - 1 8
Glassner et al. [14] 25 7 8 3 9 1
Kwapisz et al. [12] 5 8

Privitera et al. ** [13] 6 4 3
Yang et al. [11] 8 13

TOTAL 62 75 20 21 3 10 19

VEDO (vedolizumab), USTE (ustekinumab), TOFA (tofacitinib). * CoTs used for extraintestinal manifesta-
tions were excluded. ** Other molecules used: apremilast, cyclosporine, rituximab, secukinumab, leflunomide,
and tacrolimus.

CoT has also been explored in other clinical settings, such as the treatment of psoriasis
with associated joint manifestations. In these patients, treatment was effective and there
was no increase in adverse events [16-18]. Otherwise, the combinations used for the
treatment of rheumatoid arthritis demonstrated good efficacy but an increase in the rate of
adverse events [19-22]. In IBD, CoT has even been used in pediatric patients with good
results and safety [23,24].

There are multiple limitations of this review. The most important is the low number
of cases to date and the high risk of selection bias. In this sense, trials with good results
are likely more reported than those without efficacy or with severe adverse events. Addi-
tionally, data on the safety of each combination are currently lacking. However, the largest
series [10,14] reported a low global rate of adverse events, suggesting that most individual
combinations may be safe. Particularly in the study of Goessens et al. [10], safety results
were analyzed globally and patients with CoT for extraintestinal manifestations cannot
be excluded.

Prospects for combination therapy are multiple. For example, as mucosal healing
has been shown to be an extremely good prognostic factor [25,26], initial CoT aimed to
achieve early mucosal healing may have the potential to modify the natural history of
IBD. However, in our opinion, prudence should be applied. Careful evaluation of CoT in
a multidisciplinary committee before approval might further enhance both patient and
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doctor safety. Furthermore, the patient needs to be clearly informed about the benefits and
risks of CoT. Finally, we recommend that informed consent be obtained for any CoT trial.

In conclusion, IBD treatment is still rapidly evolving. Along with the new therapies
that are rapidly becoming available, CoT has demonstrated promising results and may
represent a new opportunity to improve both patients” quality of life and long-term prog-
nosis. However, current data are very limited, and larger studies with longer follow-up
are desirable to confirm the safety and efficacy of CoT. In the meantime, CoT seems a real
alternative for refractory and severely ill patients who cannot wait for new developments
to come.
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Abstract: Background: The impact of biologics on the risk of postoperative complications (PC) in
inflammatory bowel disease (IBD) is still an ongoing debate. This lack of evidence is more relevant
for ustekinumab and vedolizumab. Aims: To evaluate the impact of biologics on the risk of PC.
Methods: A retrospective study was performed in 37 centres. Patients treated with biologics within
12 weeks before surgery were considered “exposed”. The impact of the exposure on the risk of 30-day
PC and the risk of infections was assessed by logistic regression and propensity score-matched
analysis. Results: A total of 1535 surgeries were performed on 1370 patients. Of them, 711 surgeries
were conducted in the exposed cohort (584 anti-TNEF, 58 vedolizumab and 69 ustekinumab). In the
multivariate analysis, male gender (OR: 1.5; 95% CI: 1.2-2.0), urgent surgery (OR: 1.6; 95% CI: 1.2-2.2),
laparotomy approach (OR: 1.5; 95% CI: 1.1-1.9) and severe anaemia (OR: 1.8; 95% CI: 1.3-2.6) had
higher risk of PC, while academic hospitals had significantly lower risk. Exposure to biologics (either
anti-TNF, vedolizumab or ustekinumab) did not increase the risk of PC (OR: 1.2; 95% CI: 0.97-1.58),
although it could be a risk factor for postoperative infections (OR 1.5; 95% CI: 1.03-2.27). Conclusions:
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Preoperative administration of biologics does not seem to be a risk factor for overall PC, although it
may be so for postoperative infections.

Keywords: inflammatory bowel disease; Crohn'’s disease; ulcerative colitis; anti-TNF; ustekinumab;
vedolizumab; postoperative complications; surgery; preoperative therapy

1. Introduction

Inflammatory bowel disease (IBD) management completely changed after the ap-
proval by the European Medicines Agency (EMA) of the first anti-tumor necrosis factor
(TNF) in 1999 [1]. Since then, biologics have increased the therapeutic armamentarium
previously based on corticosteroids, immunomodulators and surgery. The development of
these therapies exerted a positive impact on the natural history of IBD and an improvement
in the control of inflammation [2]. However, only a proportion of patients respond to
medical therapy and surgery still has a fundamental role in the management of IBD [3]. For
this reason, 50% of the patients affected by Crohn’s disease (CD) and 10-20% of ulcerative
colitis (UC) patients require surgery within 10 years after diagnosis [4,5]. Furthermore,
15-20% of those surgeries suffer from postoperative complications, thus preventing these
side effects is highly relevant [6,7].

Several risk factors related to postoperative complications have been identified, such
as preoperative corticosteroid administration, malnutrition, hypoalbuminemia or other
factors associated to the surgical procedure, such as the experience of the surgeon or the
surgery approach [8-10]. Regarding preoperative treatment, the preoperative administra-
tion of thiopurines or methotrexate does not seem to be associated with a higher risk of
postoperative complications [11].

Several studies have evaluated the risk of postoperative complications in patients
treated with biologics, mainly anti-TNF, obtaining conflicting results [12,13]. Furthermore,
safety data about more recently approved biologics, such as vedolizumab and ustekinumab,
in this setting are limited [14,15]. Therefore, the safety of preoperative biological therapy
within the preoperative period remains unclear. A high proportion of patients who un-
dergo surgery are using biological agents and, therefore, knowing whether this treatment
poses a higher risk of complications is of utmost importance in determining whether to
schedule surgery.

Therefore, our aim was to evaluate the impact of preoperative biological therapy
(not only anti-TNF but also vedolizumab and ustekinumab) on the risk of postsurgical
complications (mainly focused on infections). In addition, we aimed to identify clinical
characteristics, surgical procedures and any treatment administered during the preopera-
tive period that might impact on patients’ outcomes. Thus, our study will contribute to
improve the knowledge of the safety of these treatments during the postoperative period.

2. Materials and Methods
2.1. Study Design and Population

We designed a multicentre retrospective study of patients who required abdominal
surgery as treatment for IBD. Patients above 18 years old who required surgery between
1 January 2009 and 31 December 2019 were included. This period was chosen after consid-
ering the approval date of IBD biological therapy to establish a homogeneous management
of these diseases in Spain. Pregnant women, patients on immunosuppressants for dis-
eases other than IBD, patients on biologicals for diseases other than IBD or patients who
underwent surgeries for perianal disease were excluded. In order to establish the risk of
these patients, we compared two groups: the exposed cohort, which was comprised of
patients whose last dose of biological therapy had been administered at any point during
12 weeks before the date of surgery, and the non-exposed cohort, which was comprised of
patients who had not been subjected to any biological therapy in the same period. Once
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the surgeries were assigned to each group, the clinical characteristics of both categories
were studied and their differences concerning clinical features, biochemical parameters,
preoperative treatments and surgical procedures were analysed. Surgeries with and with-
out complications were compared according to the presence of biological therapy during
the preoperative period. Postsurgical infections were also separately analysed because they
are especially relevant complications.

The study was conducted by the Young Group of the Spanish Working Group of
Crohn’s disease and Ulcerative Colitis (GETECCU). The study was carried out in accor-
dance to the European General Data Protection Regulation (GDPR) 2016/679 and the
Spanish Data Protection Organic Law 3/2018. The protocol was approved by the Research
Ethics Committees of each centre and the Spanish Agency of Medicines and Medical
Devices (code MJG-VED-2019-01).

2.2. Data Collection

All patients diagnosed with IBD were distributed into three categories, namely CD,
UC and IBD-unclassified, according to the recommendations set by the European Crohn
and Colitis Organisation (ECCO). The location and the severity of IBD at the time of
surgery was recorded according to the Montreal Classification. Data collection included
demographic characteristics such as sex, date of birth, IBD diagnosis date, smoking habit
at the time of surgery and anthropometric measurements. The Harvey-Bradshaw index
and partial Mayo score as well as laboratory parameters including nutritional status were
recorded two weeks before the date of surgery. The parameter closer to the date of surgery
was chosen when more than one were found in the medical records. Data of corticosteroid,
immunomodulator administration previous to the date of surgery were also collected. The
biologic agents included during the preoperatory period were infliximab, adalimumab,
golimumab, vedolizumab and ustekinumab. Regarding the surgical procedure, indication,
whether surgery was urgent or elective, type of surgery, postoperative complications,
length of hospital stay, 30-day hospital readmission, 30-day surgical requirements to
control complications and 90-day death rate were recorded. Clavien-Dindo classification
was used to assess the severity of complications [16]. The centres involved in the study
were categorized in 5 levels, according to parameters such as number of hospital beds,
local population assigned, the existence of university teaching and available diagnostic
tests such as on-site nuclear or radiological techniques, with 5 being the maximum score
for these parameters.

Study data were collected by an electronic data capture tool (Research Electronic
Data Capture (REDCap), which is hosted by Asociacién Espafiola de Gastroenterologia
(AEG; www.aegastro.es) [17]. AEG provided this service free of charge, with the sole aim
of promoting independent investigator-driven research. REDCap is a secure, web-based
application designed that supports data capture for research studies and provides an
intuitive interface for validated data entry, audit trails for tracking data manipulation and
export procedures, automated export procedures for seamless data downloads to common
statistical packages and procedures for importing data from external sources.

2.3. Definitions

— Postoperative complications: the presence of superficial wound infection, intraabdom-
inal infection, urinary tract infection, bacteraemia, respiratory infection, fever above
38 °C of unknown origin, anastomosis leak, mechanical obstruction, postoperative
ileus, bleeding, thrombosis, fistula or evisceration during the 30 days after the date
of surgery.

— Anaemia: haemoglobin level under 12 g/dL for women and under 13 g/dL for men at
any point during the two weeks prior to surgery [18]. Severe anaemia was considered
when haemoglobin level was under 10 g/dL regardless of the sex [19].

— Low albumin levels: albumin levels lower than 3 g/dL at any point during the
two weeks before the date of surgery [20].
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— Low cholesterol levels: serum cholesterol level below 160 mg/dL at any point during
the two weeks prior to surgery [10].

—  Smoking habit: current smokers included individuals who actively smoked more than
seven cigarettes per week, former smokers included individuals who quit smoking
more than six months ago and non-smokers included those patients who had never
smoked before [21].

— Nutritional risk: a weight loss >10% within six months or body mass index (BMI)
<185 kg/m2 [22].

2.4. Statistical Analysis

Quantitative variables are expressed as mean and standard deviation or median
and interquartile range, depending on whether they have a normal distribution or not.
Qualitative variables are expressed as percentages and 95% confidence intervals (CI).
Chi-square test or the Fisher exact test were used to compare qualitative variables, while
differences of quantitative variables between the two groups were analysed by the Student
t-test or the Wilcoxon-rank sum test depending on data distribution. A significant result
was considered when the p-value was <0.05 for the overall comparison of both groups
(exposed to biological therapy or non-exposed to these drugs). The analysis was performed
separately for each variable. Afterwards, a multivariate analysis through binary logistic
regression was carried out to compare the risk of every variable with respect to the risk of
postoperative complications as well as the risk of postoperative infections. Two models
were evaluated: the first model included the perioperative administration of biological
therapy as a binary variable, while the second model evaluated the biological therapy in
3 categories (anti-TNFE, ustekinumab and vedolizumab). All the variables with a univariate
p < 0.20 and those that were clinically relevant were evaluated in the multivariate analysis
as independent variables while the presence of postoperative complications was considered
as the dependent variable. All statistical analyses were performed with STATA Statistical
Software: Release 14. StataCorp LP.

A sensitivity analysis through propensity score was performed to evaluate base-
line variables that could have an influence on the results. The variables included in the
propensity score were those clinically or statistically significant through logistic regres-
sion, biological exposure being the dependent variable. The confounding factors included
were carefully discussed, evaluated and selected before the data analysis. Surgeries were
matched one-to-one through the genetic matching method and the covariates were bal-
anced for both groups [23]. To evaluate the balance of each variable, a graphic representing
the means of each covariate compared to the estimated propensity score was made after
matching by exposure.

3. Results
3.1. Patient Population

A total of 1535 IBD surgeries in 1370 patients from 37 hospitals were performed. Base-
line characteristics of both groups are detailed in Table 1. Overall, in 584 surgery patients
had been exposed to anti-TNF before surgery, 58 to vedolizumab and 69 to ustekinumab.
In thirty-five percent of the surgeries there was no previous exposure to biological therapy
at any point during the disease course, while patients had been treated with one biological
treatment in 40% of the surgeries, with two biological treatments in 16.9% and with three or
more in 8.3% of the surgeries. Regarding the type of intervention, small bowel surgery was
the most frequent in 48.8% of the cases, followed by colonic surgery (26.6%), ileocolonic
surgery (19.0%) and restorative surgery (5.6%).
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Table 1. Clinical characteristics of the surgeries according to prior exposition to biological therapy. p-values were calculated

by Chi-square test, f-test or Wilcoxon-rank sum.

Exposed Cohort (1 = 711) Non-Exposed Cohort (1 = 824) p-Value
Gender: male 51.5 (363) 53.8 (443) 0.3
Median age at surgery (years) (mean, SD) 43.57 (13.48) 46.26 (15.36) <0.001 *
Median age at IBD onset (years) (mean, SD) 33.43 (13.74) 37.40 (16.03) <0.001 *
Mean duration of IBD until surgery (years) (mean, SD) 10.13 (8.56) 8.85 (9.05) <0.05*
Smoking habit (%, n)
- Current smokers 25.2 (170) 31.6 (242) 0.05*
- Former smokers 25.2 (170) 18.8 (144) <U-
- Non smokers 49.7 (336) 49.5 (379)
Type of disease (%, n)
- Ulcerative colitis 18.76(132) 18.1 (149) 076
- Crohn’s disease 80.6 (573) 80.7 (665) :
- IBD-unclassified 0.8 (6) 1.2 (10)
Location of IBD (%, n)
- Ulcerative proctitis (UC) 3.6 (5) 0.6 (1) 0.08
- Left-side colitis (UC) 23.2(32) 18.2 (29)
-Extensive colitis (UC) 73.2 (101) 81.1 (129)
- Ileum (CD) 49.2 (282) 53.4 (355)
- Colon (CD) 5.8 (33) 7.1(47) 013
- Ileocolonic (CD) 45.0 (258) 39.6 (263) ’
- Upper disease (CD) 10.8 (62) 7.5 (50)
Behaviour of CD at surgery (%, 1)
- Inflammatory 13.3 (76) 16.5 (110) 0.05 *
- Stricturing 56.5 (324) 46.3 (308) <U-
- Penetrating 30.2 (173) 37.1(247)
Perianal disease (yes) (%, 1) 24.4 (140) 17.1 (14) <0.05*
Extraintestinal manifestations (yes) (%, 1) 21.9 (156) 15.7 (129) <0.05*
Prior surgery for IBD (yes) (%, 1) 31.1 (221) 35.8 (295) 0.05
Hospital admission within 3 months prior to surgery (yes) (%, 1) 43.7 (310) 32.2 (265) <0.001 *
Partial Mayo Score (mean, SD) 6.89 (2.27) 4.2 (3.04) <0.001 *
Harvey-Bradshaw Index (mean, SD) 6.56 (3.59) 6.38 (3.28) 0.47
Weight at surgery (kg) (mean, SD) 64.18 (14.23) 65.99 (14.49) 0.08
Weight loss between 6 months and 2 weeks prior to surgery (kg) 452 (8.73) 3.09 (7.18) <0.05*
(mean, SD)
BMI at surgery (mean, SD) 22.81 (4.53) 23.31 (4.48) 0.13
Haemoglobin (gr/dL) (mean, SD) 12.19 (1.98) 12.63 (2.11) <0.001 *
Lymphocyte count (/mL) (mean, SD) 1895.51 (1096.27) 1702.5 (1013.08) <0.001 *
C-reactive protein (mg/dL) (mean, SD) 4.53 (13.61) 5.05 (8.43) 0.47
Cholesterol (mg/dL) (mean, SD) 149.60 (43.40) 153.66 (43.52) 0.23
Prealbumin (mg/dL) (mean, SD) 21.84 (9.20) 21.41 (10.35) 0.76
Albumin (mg/dL) (mean, SD) 3.52(0.70) 3.59 (0.78) 0.14
Malnutrition (yes) (%, 1) 43.7 (151) 37.53 (158) 0.08
Blood transfusion (yes) (%, 1) 13.5(96) 6.9 (57) <0.001 *
Intravenous iron treatment (yes) (%, 1) 22.9 (163) 13.0 (107) <0.001 *
Type of preoperative nutrition support (%, 1)
- No supplementary nutrition 61.6 (438) 77.3 (637)
- Enteral 20.4 (145) 11.5 (95) <0.001 *
- Parenteral 9.3 (66) 8.0 (66)
- Enteral and parenteral 8.7 (62) 3.2(26)
Corticosteroids (yes) (%, 1) 38.1 (271) 28.1 (231) <0.001 *
Immunomodulators (yes) (%, 1) 43.7 (311) 24.4 (201) <0.001 *

SD = standard deviation; IBD = inflammatory bowel disease, UC = ulcerative colitis; CD = Crohn’s disease; BMI = body mass index;

* = statistical significance
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3.2. Postoperative Complications

Postoperative complications were observed in 35.6% (95% CI: 33.2-38.1, n = 547)
of the surgeries; 37.6% (95% CI: 34.0-41.2) in the exposed cohort and 34.0% (95% CI:
30.7-37.3) in the non-exposed cohort (p = 0.15). The most frequently found postoperative
complications were infections, which occurred in 48.0% of the cases, followed by anas-
tomosis leak in 15.6%, postoperative ileus in 12.4% and bleeding in 12.2% of the overall
complications. Of surgeries with complications, 83.6% (1 = 457) had one complication,
13.7% (n = 75) two complications, 2.2% (n = 12) three complications, and 0.6% (1 = 3)
more than three complications. According to exposure, 20.8% (1 = 148) of postoperative
infections were assigned to the exposed cohort and 19.3% (1 = 159) to the non-exposed
(p = 0.5). Using the Clavien-Dindo classification we grouped the complications according
to severity levels; 55.2% (n = 302) of the cases required pharmacologic treatment without
surgery, 35.1% (n = 192) needed endoscopic, radiological or surgical intervention and 9.7%
(n = 53) of the surgeries presented a life-threating complication. Hospital readmission
within 30 days after hospital discharge was needed in 7.2% (1 = 110) of the patients and 1.9%
(n = 29) required a new surgery. The 90-day mortality rate reached 0.7% (1 = 11) of the
surgeries. No significant differences in complication rates, Clavien-Dindo classification,
type of complication, hospital readmission or the need for a new surgery were observed
according to treatment exposure. Detailed data of this analysis is presented in Table 2.

Table 2. Effect of biological treatment on the incidence of postoperative complications calculated by
Chi-square test.

Exposed Cohort  Non-Exposed Cohort p-Value

Overall complications (%, 1) 37.6 (267) 34.0 (280) 0.15
Superficial wound infection (%, 1) 7.7 (55) 7.5 (62) 0.8
Intraabdominal infection (%, 1) 10.4 (74) 9.3 (77) 0.5
Other infections (%, 1) 3.4 (24) 3.9(32) 0.5
Anastomosis leak (%, 1) 7.0 (50) 6.9 (57) 0.9
Bowel obstruction (%, 1) 2.0 (14) 1.2 (10) 0.2
Postoperative ileus (%, n) 6.5 (46) 4.6 (38) 0.1
Bleeding (%, 1) 5.2(37) 5.2 (43) 0.9
Thrombosis (%, 1) 0.4 (3) 0.7 (6) 0.4
Fistula (%, n) 0.8 (6) 1.0 (8) 0.8
Evisceration (%, 1) 0.1(1) 0.73 (6) 0.09

3.3. Postoperative Complications According to Exposure

When we grouped the cohort according to the exposure, 46.3% (95% CI: 43.8-48.9,
n =711) had received a biological treatment during the preoperative period and 53.7%
(95% CI: 51.1-56.2, n = 824) of the surgeries had not. We found that the exposed cohort was
composed of younger patients, with lower median age at the time of IBD surgery, higher
proportion of stricturing behaviour, perianal disease and extraintestinal manifestations
in comparison to the non-exposed cohort. Furthermore, more hospital admissions within
three months before the date of surgery were registered in the exposed cohort (43.7% vs.
32.2%, p = 0.001), as well as higher Mayo scores (6.9 points vs. 4.2 points, p < 0.0001).

According to anthropometric and laboratory parameters, more weight loss within six
months prior to surgery and lower levels of haemoglobin were observed in the exposed
cohort resulting in an increased use of blood transfusions and intravenous iron in that
group. Furthermore, more nutritional support was administered in that cohort, although
no differences in cholesterol, albumin and prealbumin levels were observed between both
groups (Table 1).
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3.4. Predictive Factors Associated with the Appearance of Postoperative Complications

The factors associated with patients experiencing more postoperative complications
as determined in the univariate analysis were male gender, age over 40 years at the time of
surgery, a diagnosis of UC, severe anaemia, corticosteroid use, higher levels of C-reactive
protein (CRP) and nutritional parameters such as low serum cholesterol and albumin
levels during the preoperative period (Table 3). Surgical techniques were also analysed,
finding higher risk in emergency surgeries, colonic surgeries, pouch surgeries and in those
performed by laparotomy (Tables 3 and 4).

Table 3. Clinical and therapeutic features related to the presence of postoperative complications. p-values were calculated
by Chi-square test, {-test or Wilcoxon-rank sum.

Postoperative Complications Non-Complications Value
(547 Surgeries) (988 Surgeries) 7
Gender (%, 1) Men 59.4 (325) 48.7 (481) <0.001 *
Younger than 40 34.9 (191) 44.3 (438)
Age at surgery (years) (%, n) Between 40 and 60 48.0 (262) 40.7 (402) <0.001 *
Older than 60 17.2 (94) 15.0 (148)
Current smoker 27.8 (141) 29.0 (271)
Smoking habit (%, 1) Former smoker 22.45(114) 21.4 (200) 0.84
Non smoker 49.7 (252) 49.6 (463)
Ulcerative colitis 21.6 (118) 16.5 (163)
Type of disease (%, 1) Crohn’s disease 76.6 (419) 82.9 (819) <0.05 *
IBD-unclassified 1.8 (10) 0.6 (6)
Extensive colitis 83.0 (98) 74.2 (122)
Left-side colitis 15.2 (18) 23.3 (38) 0.21
Proctitis 1.7 (2) 2.5 (4)
: o
Location at surgery (%, 1) Tleal (L1) 4.4 (186) 55.1 (451)
Colic (L2) 47 3 (198) 39 4 (323)
Tleocolic (L3) 4(35) 5(45) <0.001%
Upper (L4) 1(34) 5(78)
Inflammatory 18.1 (76) 13.4 (110)
Behaviour (only CD) (%, 1) Stricturing 48.0 (201) 52.6 (431) 0.07
Penetrating 33.9 (142) 33.9 (278)
. . Yes 19.9 (109) 16.7 (165)
o
Perianal disease (%, 1) No 80.1 (438) 833 (823) 0.12
. Yes 35.3 (193) 32.7 (323)
o
Prior IBD surgery (%, 1) No 64.7 (355) 7.3 (665) 0.3
. Yes 18.1 (99) 17.5 (173)
~ o
Prior non-IBD surgery (%, n) No 81.9 (448) 82.5 (815) 0.77
. . . . Yes 19.9 (109) 17.8 (176)
o
Extraintestinal manifestations (%, n) No 80.0 (438) 822 (812) 0.3
. Yes 17.7 (81) 10.0 (81)
o
Severe anaemia (%, 1) No 82.3 (376) 90.0 (732) <0.001 *
. Yes 28.7 (93) 14.9 (84)
o
Low albumin levels (%, 1) No 713 (231) 85.1 (479) <0.001 *
Yes 64.9 (163) 55.8 (235)
o
Low cholesterol levels (%, 1) No 35.1 (88) 442, (186) <0.05 *
. Yes 214 (117) 15.5 (153)
o
Intravenous iron treatment (%, 1) No 78.6 (430) 84.5 (835) <0.05*
) Yes 152 (83) 1(70)
o
Blood transfusion (%, n) No 84.8 (464) 92 9 (918) <0.001 *
Enteral 414 (72) 58.7 (168)
Type of nutritional support (%, 1) Parenteral 33.3 (58) 25.9 (74) <0.001 *
Enteral and parenteral 25.3 (44) 15.4 (44)
. Yes 36.3 (198) 30.8 (304)
o
Glucocorticoids (%, 1) No 63.7 (347) 69.2 (683) <0.05 *
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Table 4. Univariate analysis of surgical procedures as risk factors for postsurgical complications
calculated by logistic regression.

Unadjusted Odds Ratio 95% Confidence Interval
Ileocecal resection 0.58 0.47-0.73
Bowel resection 0.90 0.63-1.27
Strictureplasty 1.68 0.70-4.03
Partial colonic resection 1.45 1.03-2.04
Subtotal colectomy 1.62 1.56-2.30
Total colectomy 1.72 1.06-2.79
Proctectomy 1.93 1.29-2.90
Pouch surgery 1.69 1.05-2.70

In the multivariate analysis, the factors that posed a risk for surgical complications
were male gender, requirement of urgent surgery, need for laparotomy approach and
haemoglobin levels under 10 gr/dL during the preoperative period. In contrast, being
operated in centres whose category was 5 led to a reduction in the risk of postoperative
complications (Table 5). Regarding the preoperative treatment for IBD, biological therapy
was not associated with postoperative complications in the multivariate analysis (OR 1.24;
95% CI: 0.97-1.58).

Focusing on postoperative infections, the multivariate analysis showed that the pa-
tients that received biological therapy during the preoperative period were at increased
risk of developing postoperative infections, with borderline statistical significance (OR 1.50;
95% CI: 1.03-2.17). Moreover, this result was confirmed in the propensity score, which
showed a significant result for postoperative infections in patients exposed to biological
therapy during the preoperative period. Other factors that influenced the risk of postop-
erative infections were high levels of CRP, hypoalbuminaemia, and the requirement of
laparotomy (Table 5).
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Table 5. Risk factors for postoperative complications and infections in the multivariate analysis
calculated by logistic regression.

Postoperative Complications Adjusted Odds Ratio 95% Confidence Interval
Exposure to biological therapy 1.24 0.97-1.58
Gender: male 1.54 1.21-1.95
Severe anaemia 1.83 1.30-2.57
Urgent surgery 1.61 1.21-2.16
Surgical approach: laparotomy 1.45 1.11-1.90
Hospital level: 5th category 0.69 0.54-0.88

Postoperative Infections Adjusted Odds Ratio Confidence Interval 95%
Exposure to biological therapy 1.50 1.03-2.17
C-reactive protein 1.04 1.01-1.06
Hypoalbuminemia 1.92 1.27-2.90
Surgical approach: laparotomy 2.15 1.39-3.32

3.5. Type of Biological Therapy during the Preoperative Period and Its Impact on
Postoperative Complications

As previously mentioned, in the multivariate analysis the use of biological therapy
during the preoperative period was not associated with suffering from overall postop-
erative complications. Furthermore, biological intensification during the preoperative
period did not influence postsurgical complications (p = 0.7). The groups defined accord-
ing to prior biological treatment were no biological therapy (584 surgeries), anti-TNF
(261 exposed to adalimumab and 323 exposed to infliximab), vedolizumab (58) and
ustekinumab (69). Regarding the type of IBD, for UC 101 cases had received anti-TNF,
28 vedolizumab, three ustekinumab and 149 no biological therapy, while for CD 477 had
received anti-TNF, 30 vedolizumab, 66 ustekinumab and 665 no biological therapy. Results
of the univariate analysis of association between preoperative biological treatment and
postsurgical complication are shown in Figure 1 for IBD, UC and CD. In the multivariate
analysis, no specific treatment was associated with postoperative complications or infec-
tions. Regarding other therapies, no statistically significant differences were found for
corticosteroids or immunomodulators during the preoperative period.

3.6. Sensitivity Analysis

The estimation of the exposure to biological therapy during the preoperative period
and its influence on postoperative complications and postoperative infections was con-
firmed in the propensity score matching analysis estimated with the following variables:
mean age at surgery, age at IBD onset, average duration of IBD until surgery, extraintestinal
manifestations, smoking habit, perianal disease, prior IBD surgery, need for nutritional
support, haemoglobin level, and the need for transfusion. In the matched cohort, all
standardised differences were below 10%. The means of each covariate compared to the
estimated propensity score were represented in graphs, finding no significant differences
(Figure 1, supplementary Figure S1). In the matched cohort ORs were 1.4 (95% CI: 0.85-2.33)
for postoperative complications and 2.33 (95% CI: 1.12-4.07) for postoperative infections.
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Figure 1. Effect of biological treatment during the preoperative period on frequency of postoperative
complications and infections by Chi-square test. (A), Inflammatory bowel disease. (B), Ulcerative
colitis. (C), Crohn’s disease. Statistically significant differences (p < 0.05) are indicated in the graphic.

4. Discussion

To our knowledge, this is the largest cohort study that has evaluated the safety of
preoperative anti-TNF, vedolizumab or ustekinumab treatments in IBD patients. Our
results demonstrate that preoperative administration of biologics is not associated with
overall postoperative complications in IBD patients, although it may be a risk factor for
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postoperative infections. In the sensitivity analysis, the risk of postoperative complications
was similar in the non-matched and the matched cohort so the differences in clinical
characteristics do not affect the results of the study.

Although multiple studies have evaluated the risk of biological therapy during the
preoperative term, its effect is still under debate. Similar incidences of postoperative
complications in patients with or without this therapy was observed in our cohort. The
preliminary data of several meta-analyses showed a higher risk of complications in IBD
patients treated with anti-TNF, especially in those with CD [24,25]. In contrast to these
data, the administration of preoperative infliximab was not related to the appearance of
early postoperative complications in recent meta-analyses for CD [26,27]. Furthermore,
the only two studies that evaluated this effect prospectively showed that neither anti-TNF
administration nor anti-TNF drug levels during the preoperative period was associated
with postoperative complications in IBD; therefore, the complete withdrawal of biolog-
ical therapy during the preoperative period is not necessary to reduce the frequency of
postoperative complications [28,29].

Data on recently approved treatments and their implications on the risk of postop-
erative complications are limited, as comparative studies have only been published since
2017. Our study is the first one analysing anti-TNF, vedolizumab, and ustekinumab, using
a cohort of IBD patients with no preoperative biological therapy as control. In our study,
no statistical differences were observed in the multivariate analysis between the different
types of biological therapy. Only one study compared these treatments, exclusively for CD,
and it had similar results [30]. Regarding vedolizumab, previous publications reported that
this treatment was not an independent risk factor for developing postoperative complica-
tions compared to anti-TNF and ustekinumab [31,32]. However, more postoperative ileus
was found after vedolizumab administration during the preoperative period compared to
anti-TNF and no biological therapy [33].

Our cohort is also the largest reported to date analysing the preoperative adminis-
tration of ustekinumab and its effect during the postoperative period. This therapy was
recently approved for UC; accordingly, no information concerning its effect on this dis-
ease has ever been published. In our cohort only three UC patients were treated with
ustekinumab, hence no conclusions could be established. Only two studies evaluated the
association between previous ustekinumab administration and complications in CD [34,35].
Based on these preliminary data and according to previous publications, withdrawal of
ustekinumab or vedolizumab before a surgical procedure does not seem to be required in
routine practice to avoid postoperative complications.

Regarding postoperative infections, the exposure to biological therapy seemed to be
an independent risk factor in our patient cohort, although the results only reached bor-
derline statistical significance. A recent meta-analysis revealed a slightly higher incidence
of infections in patients under anti-TNF therapy, although this effect was not observed
for vedolizumab [36,37]. Discordance of results for anti-TNF agents could be influenced
by therapeutic plasma concentrations of anti-TNF at the time of surgery [38]. Regarding
vedolizumab and infection complications, only one study linked the preoperative adminis-
tration of anti-integrins to a higher proportion of superficial wound infections, whereas
no association was found in other studies [39-41]. Similarly, ustekinumab administration
is not a risk factor for postoperative infections, even though its use was associated with
intraabdominal sepsis after surgery in a single-centre study [34,42,43]. It is worth mention-
ing that, according to other studies, calcineurin inhibitors, thiopurines or methotrexate do
not pose a risk for postoperative complications or infections [44,45].

Although one-third of all the patients in the current study had received corticosteroids
before surgery, their effect was only detected in the univariate analysis, whereas hypoal-
buminaemia was an independent risk factor for suffering from postoperative infections
in the multivariate analysis. Corticosteroids are known to be one of the most important
factors affecting the incidence of postoperative complications through their effect on wound
healing and the bursting pressure of the healing [8,46]. Albumin and nutritional status are
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also essential factors to evaluate during preoperatory management, despite the fact that a
higher risk of complications has been observed in those patients with mixed or exclusive
parenteral nutrition [47]. Of note, corticosteroids and hypoalbuminaemia are intimately
associated with other factors involved in postoperative complications such as anaemia,
the temporality of surgery or the surgical approach [48-50]. Regarding anaemia, only
one study analysed the association between its severity and the risk of complications in
IBD [51]. We report that suffering from anaemia before surgery is also a significant risk
factor for postoperative complications. Its influence has been also recognized in other
diseases such as colorectal cancer, hence the preoperative management of this condition is
recommended in IBD [52,53]. Analysing the temporality of the surgery, we observed that
urgent surgeries increased the rate of complications compared to elective ones; and the
use of the laparotomy approach during surgery also increased complications, as described
in previous reports [54-57]. Moreover, infections were linked to high CRP levels in our
cohort [58]. For this reason, a balance of risk and benefit has to be assessed, trying to opti-
mize the preoperative status of the patient by a multidisciplinary team, avoiding surgery
delays, monitoring clinical condition and performing the surgery in referral centres when
possible [59,60].

One of the limitations of our study is retrospective data collection. Also, the postoper-
ative events included as complications depend on their definition in each study, thus their
incidence could differ, thereby affecting the results between studies. However, the Clavien-
Dindo classification, which has been used as an outcome in previous reports, was used
to avoid this limitation by making an effort at standardising our data [61]. Nevertheless,
neither patient comorbidity nor the risk associated with the anaesthetic procedure was
collected. Another important aspect is the recent approval of vedolizumab or ustekinumab,
which limits the number of patients treated with those drugs compared to anti-TNF ther-
apy. On the other hand, a strength of our study is the application of the genetic matched
score. The use of this method to compare cohorts improved the quality of our results in
comparison to previous studies that did not utilize this analysis. Furthermore, our study is
one of the largest cohorts for IBD patients encompassing both different hospital categories
and various types of biological therapy. For that reason, our results show real-world
postoperative complications and not only those from referral centres.

5. Conclusions

In conclusion, the preoperative administration of biological therapy does not seem
to increase the risk for overall postoperative complications in IBD, although it may be a
specific risk factor for postoperative infections. The need for urgent surgery, the laparotomy
approach, severe anaemia as well as the type of hospital have to be considered as risk factors
for developing postoperative complications. Finally, hypoalbuminaemia, the laparotomy
approach and higher CPR levels increase the risk of developing postoperative infections.
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Abstract: Selective interference with the functioning of the immune system consisting of the selective
blockade of pro-inflammatory factors is a modern, promising, and developing strategy for the
treatment of diseases resulting from dysregulation of the immune system, including inflammatory
bowel disease. Inhibition of the TNF alpha pathway, group 12/23 cytokines, and lymphocyte
migration is used in the treatment of severe or moderate ulcerative colitis and Crohn’s disease.
Intracellular signal transduction by influencing the phosphorylation of SAT (signal transducer and
activator of transcription) proteins remains in clinical trials.
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1. Introduction

Inflammatory bowel diseases (IBD), which include two main types: Crohn’s disease
(CD) and ulcerative colitis (UC), are chronic diseases of the gastrointestinal tract whose
etiology has not been fully elucidated. It is known that the underlying cause of the
development of IBD is over-stimulation of pro-inflammatory signaling pathways, falling
out of regulatory mechanisms. Increasingly, knowledge of these pathomechanisms is
being used in the development of treatment strategies, highly specific for triggers of
immune response activation. The inhibition of the accumulation of immune cells, where
inflammation develops, and the inhibition of the activity of pro-inflammatory cytokines
have become the main goals of the development of new and more effective forms of
therapy. In the mucosa of the gastrointestinal tract of people with CD, dysregulation of
the functional elements of the immune system is observed, including accumulation and
hyperactivity of Th 1 and Th 17 lymphocytes, depending on the excessive production of
cytokines, mainly tumor necrosis factor alpha (TNF-«), interleukin (IL)-12, and IL-23. This
stimulation results, among others, from the immune system'’s response upon stimulation
with bacterial antigens in the intestinal lumen. In addition to changing the composition
of the intestinal microbiome, the initial impact on the development of the disease may
include reduced mucus secretion (the Muc2 phenotype in a mouse model) or a change in
the expression of molecules mediating the adhesion and interaction of bacteria with the
immune system (variant FUT2). The balance of pro-inflammatory and anti-inflammatory
cytokines activity determines the proper functioning of the human immune system, while
excessive or insufficient activation of triggering factors is detected in many autoimmune
diseases, as well as in neoplastic transformation [1]. Knowledge of the signaling pathways
of the stimulation of the inflammatory process allowed for the development of biological
drugs is used in the therapy of IBD. TNF-« inhibitors (infliximab-IFX and adalimumab-
ADA) were the first monoclonal antibodies used in the treatment of patients with IBD.
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2. Tumor Necrosis Factor Alpha

TNF-« is a central pro-inflammatory cytokine produced mainly in macrophages and
monocytes. TNF-« has a pleiotropic effect on cells, and among others, it stimulates the
migration of NF kB from intracellular plasma to the nucleus. It stimulates the production
of various pro-inflammatory molecules, as well as cell proliferation, differentiation, and
angiogenesis, and has a pro-thrombotic effect. Its action ultimately leads to cell necrosis
or apoptosis. TNF-a acts on cells by binding to cell membrane receptors 55 kDa TNFR-1
or 75 kDa TNFR-2. TNF-« plays a crucial role in both the formation and maintenance of
inflammation in many tissues and organs, including the gut. Higher serum levels of TNF-oc
than in the healthy population are observed in both UC and CD patients. In addition,
there is an increased number of cells secreting TNF-a in the inflamed intestinal mucosa
in the course of IBD. For this reason, in recent decades, research has been carried out on
substances that block the action of TNF-a, including precisely in the treatment of IBD [2,3].

The first drugs tested were TNF-a inhibitors. This group includes monoclonal antibod-
ies, such as IFX and ADA, as well as antibody fragments, such as certolizumab (CER) and
the fusion proteins etanercept (ETA). The mechanism of their action is not fully understood,
and due to the complexity of TNF-« signaling, it is likely that the interaction of drugs is
not only simple blockades [4].

IFX is a chimeric human-mouse monoclonal antibody (IgG1) directed against TNF-«
with a molecular weight of 149 kDa. The human component constitutes 75% of it. IFX
inhibits the activity of TNF-a. It reduces the infiltration of inflammatory cells into the
tissue, as well as the expression of cell adhesion molecules, chemotactic activity and tissue
degradation. It contributes to the death of activated lymphocytes and monocytes.

The recommended dose of IFX is 5 mg/kg body weight given as an intravenous
infusion. The induction of remission is three doses at intervals of 0-2—-6 weeks, and to
maintain remission, administration is necessary at intervals of 8 weeks [5].

ADA is a recombinant pure human monoclonal antibody (IgG1) with a size of 148 kDa.
ADA binds specifically to human TNF-«, which prevents this cytokine from binding to
the p55 and p75 receptors on the surface of cells. Thus, ADA inhibits its pro-inflammatory
activity. By changing the activity of TNF-«, ADA also indirectly influences the concentration
of cellular adhesion particles that directly regulate the leukocyte migration process. The
drug is administered subcutaneously. In the induction phase of remission, the ADA dose is
160/80 mg-80/40 mg (0-2 weeks), followed by 40 mg every 2 weeks for the next 12 weeks.
In the maintenance phase of remission, 40 mg should be administered every 2 weeks [6].

Many clinical trials, including ACCENT I (A Crohn'’s Disease Clinical Trial Evaluating
Infliximab In a New Long-term Treatment Regimen), have assessed the safety and efficacy
of anti-TNF-alpha antibodies in the treatment of IBD. The study showed that at 52 weeks
of treatment, steroid-free remission was observed more frequently in patients receiving
IFX than in placebo, and this difference was statistically significant (24% vs. 9%; p = 0.031).
Similarly, the CHARM (Crohn’s Trial of The Fully Human Antibody Adalimumab for
Remission Maintenance) study confirmed that ADA treatment is also effective in the
treatment of CD; after 56 weeks of treatment, remission without glucocorticoids was
observed in 29% of patients with ADA, with only 6% receiving a placebo (p < 0.001). The
benefits of using anti-TNF antibodies have also been demonstrated by other clinical trials:
CLASSIC, EXTEND, ULTRA [7].

IFX was registered in CD in adults in 1998, in children in 2006, in UC in adults in 2005,
and in children in 2011. ADA was registered in the treatment of CD in adults in 2007, in
children in 2012, and also in 2012 in the treatment of adults with UC [8], and in children in
2021 [9]. IFX and ADA are the longest-used biologics in the treatment of IBD and remain
the only biologics approved for the treatment of children.

3. The Group of Interleukin-12 Cytokines

The group consisted of interleukins (IL) 12, 23, 27 35. IL-12, IL-23, and IL-27 are
secreted by previously activated antigen-presenting cells (APC), mainly macrophages and
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dendritic cells. IL-35 is secreted by lymphocytes, both regulatory T (T reg) and B-type
lymphocytes. IL-12 and IL-23 have a pro-inflammatory effect, as they activate NK cells
(natural killer) and stimulate the process of CD4 + cell differentiation into Th 1 and Th
17 [10]; IL-27 and 35 have an immunosuppressive effect [10,11].

A special feature of the IL-12 group cytokines is the heterodimeric structure of the
a (p19, -28, p35) and P (p40, Ebi3) component units. I1-12 contains the p40-p35 subunits,
while IL 23 has p40-p19. The stimulation of the pro-inflammatory intracellular signaling
pathway is carried out by the connection of the p40 protein subunit with the membrane
receptor IL-12R (31 of effector cells. The selective blockade of the IL-12 group of cytokines
has been shown to be effective in inhibiting an excessive inflammatory response in the gas-
trointestinal mucosa. Ustekinumab and briakinumab are drugs that abolish the functional
effect of IL-12 and IL-23 activity, while risankizumab, mirikizumab and brazicumab inhibit
the IL-23 stimulation pathway [12].

Ustekinumab, as a monoclonal antibody (IgG1k) that specifically binds to the p40
subunit, prevents an interaction with the receptor, and subsequently, the activation of the
immune system-dependent IL-12/23. In a clinical trial in adults who did not respond to
treatment with TNF-antagonists or experienced significant adverse events during treatment,
which assessed the efficacy of induction treatment with intravenous ustekinumab, it was
shown that in patients treated with ustekinumab, the clinical response was statistically sig-
nificantly more frequent compared to those receiving placebo (34.3% vs. 21.5%; p < 0.001),
(UNITI-1). Additionally, 33.7% of patients who did not benefit from standard therapy
or who discontinued therapy due to adverse events had a significant clinical response
(p <0.001) (UNITI-2). During the maintenance phase, remission at week 44 of the study
was maintained in 53.1% of patients receiving the drug by subcutaneous injection at 8
week intervals, and in 48.8% of patients who received the drug every 12 weeks, though
only in 35.9% of subjects receiving the placebo (p = 0.005; p = 0.04), (IM-UNITI) [13]. The
indications for the use of ustekinumab are CD and UC in people who have not responded
to conventional treatment and anti-TNF-« therapy, or who have developed side-effects that
make it impossible to continue therapy [14]. In the pediatric population, the drug has not
been approved yet, and the necessary clinical trials are underway. However, therapy is pos-
sible for patients who have exhausted the existing conventional methods of treatment, each
time after obtaining the opinion of the ethics committee [15]. Among the indications other
than IBD, the drug is used in plaque psoriasis in adults and children and adolescents [14].
In IBD, the drug is administered according to the following schedule: a single induction
dose administered intravenously, and subsequent doses at 8 week intervals administered
subcutaneously [14].

4. Leukocyte Migration as an Expression of the Inmune System’s Hyperreactivity

Leukocyte migration to the inflamed tissue is dependent on the expression of leuko-
cyte membrane proteins (integrins) that interact with cell adhesion molecules (CAM),
promoting the migration of lymphocytes into tissues. The process of releasing immune
system cells from the lymph nodes into the lymphatic vessels is related to the interaction of
S1P receptors (sphingosine-1-phosphate receptors) present on the surface of lymphocytes
with their ligands. Th lymphocytes, which exercise immunological supervision in the
gastrointestinal tract, express integrin «4p7, which has an affinity for the mucosal ad-
dressin cell adhesion molecule-1 (MAdCAMS-1) of intestinal vascular endothelial cells and
is responsible for the activation and maintenance of the inflammatory process-lymphocytes
accumulation in the intestine. This mechanism is one of the pathways of an excessive
inflammatory response in IBD, including CD. Thus, inhibition of the interaction between
the MAdACAM-1 integrin may have important therapeutic significance. Drugs that in-
hibit Th (leukocyte migration) migration to the gastrointestinal tract by blocking specific
leukocyte integrins are vedolizumab (anti-o437), abrilumab (anti-o47 IgG2), etrolizumab
(anti-p7), o4-specific small molecule AJM300 (orally active small molecule inhibitor of
a4) and PN-943 (oral gastrointestinal-restricted peptide antagonist of x4(7). Blockade of
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the MAdACAM-1 molecule is another strategy leading to the inhibition of the interactions:
integrin alpha 4, beta 7-MAdCAM-1, and an antibody with the potential to act in this way
is PF-00547659 [16]. Of these drugs, vedolizumab is approved for the treatment of UC
and CD in adults. The remaining drugs mentioned have potential value in the effective
treatment of IBD [8].

Vedolizumab is an anti-«4(7 integrin humanized IgG1 monoclonal antibody. Natal-
izumab, an anti-o4 integrin antibody, was the prototype of therapy targeting the interaction
of lymphocytic integrins with adhesive molecules due to significant side effects, including
progressive multifocal leukoencephalopathy, is not currently used. Evaluation of the effi-
cacy and safety of vedolizumab in the treatment of IBD, both in the induction phase and
the maintenance phase of remission, was the main goal of the GEMINI studies (GEMINI
1-UC; GEMINI 2-CD, GEMINI distant safety). The studies showed that the effectiveness
of vedolizumab therapy was statistically higher than in the placebo-controlled groups,
both in the induction phase and in the maintenance of remission [17,18]. Vedolizumab is
administered intravenously in the induction phase at weeks 0, 2 and 6, then during the
maintenance phase, also by intravenous infusions at 8 week intervals, or every 4 weeks if
there is a decrease in response [19].

Etrolizumab is a monoclonal antibody directed selectively against the 37 subunit of
the x4p7 and oER7 integrins. The phase II study showed that drug-treated patients with
moderate to severe UC were more likely to achieve clinical remission than the placebo
at week 10 [20]. The results of phase III trials to date do not provide a clear answer as to
whether etrolismumab is more effective than the placebo or TNF-« antagonists, especially
in the maintenance phase of remission in UC patients. Further studies are needed to finally
determine the efficacy of etrolizumab in the treatment of IBD [21]. Importantly, no serious
adverse events were reported with etrolizumab therapy [20,21].

5. Sphingosine-1-Phosphate Receptor Modulators

Another drug limiting lymphocytic migration is the orally bioavailable ozanimod. It
is a selective modulator of sphingosine-1-phosphate receptors. There are five subtypes
of S1P receptors: S1P1-5R. They are found on many cells of the body, but the S1P1 and
S1P5 isoforms are present mainly in immune system cells and they are the center of action
of ozanimod, which limits the effect of the drug on other organs [22]. According to the
Food and Drug Administration (FDA) and European Medicines Agency (EMA), treatment
with ozanimod is currently approved in adult patients with relapsing-remitting MS [23].
The TOUCHSTON, a phase 2 placebo-controlled trial and the True North, a phase 3
placebo-controlled trial, and Phase II and III studies have shown efficacy in remission
induction and maintenance therapy in adults with moderate to severe UC. At the end of
the induction and maintenance treatment period, the proportion of patients who achieved
clinical improvement, a change in Mayo score, and mucosal healing treated with ozanimod
was greater than with the placebo. However, the adverse event profile was comparable
between the ozanimod and placebo groups [24]. Based on the results of these trials in 2021,
the FDA approved ozanimod for adults with moderately to severely active UC [25]. The
STEPSTONE, a phase 2 study, was being conducted in adult patients with moderate and
severe CD. Clinical response and clinical remission were seen in 56.5% and 39.1% of subjects
at week 12, respectively. Ozanimod is well-tolerated in patients with CD and is consistent
with that observed in other patient populations (UC and SM). No serious side effects have
been reported (23). Four phase 3 clinical trials with ozanimod are currently ongoing in adult
patients with CD (NCT03467958, NCT03440385, NCT03440372, and NCT03464097) [26].

A drug with a similar method of action is etrasimod. Previous studies show that
etrasimod is a safe drug and leads to significant clinical and endoscopic improvement in
patients with moderate or severe UC. In 2020, the results of a randomized phase 2 study in
which patients with UC were qualified, were presented in the Journal of Gastroenterology.
The multicentre international study, which lasted 12 weeks, enrolled 156 subjects who
were assigned to three groups: a 1 mg or 2 mg study drug (n = 52, n = 50) and placebo
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(n = 54). The primary endpoint was the mean improvement of the Mayo Clinical Score
from baseline to week 12. Etrasimod 2 mg led to a statistically significant improvement
in the Mayo Clinical Score compared to pre-trial scores than placebo (0.99 points different
from the placebo; p = 0.009); the 1 mg dose also improved the baseline value (0.43 points
more than placebo), but in this case, the effect was not statistically significant (p = 0.15).
In patients receiving the drug in a 2 mg dose, regression of endoscopic changes was
also statistically significantly more often than in patients receiving a placebo (41.8% vs.
17.8%, p = 0.003). Etrasimod therefore appears to have a good safety profile. Most of the
adverse effects were mild or moderate in severity [27]. The study showed that in patients
with moderate to severe UC, 2 mg of etrasimod led to significant clinical and endoscopic
improvement. Following completion of the OASIS study, patients had the option of
continuing etrasimod 2 mg treatment for an additional 3440 weeks as part of an open-label
extension (OLE protocol) [28]. The study was conducted in 14 countries and 51 clinical sites.
A total of 118 patients were enrolled in the OLE protocol, 112 of whom received 2 mg of
etrasimod. The study was completed by 92/112 (82%) patients treated with etrasimod 2 mg
according to the OLE protocol. Although in this group, the drug-related adverse events
were observed in 67/112 (60%) patients, they were only mild or moderate (94%). The most
common symptoms were worsening of the underlying disease and anemia. 64% of patients
achieved a clinical response, 33% achieved clinical remission, and 43% achieved endoscopic
improvement. Clinical response, clinical remission or endoscopic improvement at week
12 was kept at the end of the study in 85%, 60%, and 69% of the study group, respectively.
A total of 22% of patients maintained steroid-free clinical remission. Thus, long-term use
of etrasimod at a dose of 2 mg per day was safe and brought measurable benefits to the
patients [28].

6. Janus Kinases Inhibitors

Therapies with the use of monoclonal antibodies used in the treatment of autoimmune
diseases have fundamentally changed the patient prognosis, improved their quality of
life, and thus also reduced the social effects resulting from the chronicity of the disease.
However, other new therapeutic strategies are also under development, using particles
modifying the transduction of intracellular signals along the cytokine receptor pathway
and growth factors in the cell membrane to the cell nucleus, by influencing the signal
transducer and activator of transcription Janus kinases (JAK, Janus-activated kinases).
Tofacitinib is a drug that blocks the activity of three types of JAK. It is an oral drug used to
treat rheumatoid arthritis and psoriatic arthritis, as well as for UC. Other medicines that
belong to the class of JAK inhibitors are filgotinib and upadacitinib [29]. In vitro studies in
human T cells showed that tofacitinib blocks IL-6-, IFN-y-, and IL-12-dependent signaling
from JAKS3 receptors, and also decreased signaling from JAK1 and JAK2 receptors. As a
result, the secretion of pro-inflammatory cytokines and mediators related to the immune
reaction is limited. Additionally, tofacitinib prevents the differentiation of CD4 + T cells into
Th1, Th2, and Th17 lymphocytes in mice. In addition, tofacitinib modulates the immune
response by altering lipopolysaccharide signaling. In summary, tofacitinib significantly
suppresses the immune response, which plays an important role in the etiopathogenesis of
IBD [30,31].

The efficacy of tofacinitib in adult patients with moderate or severe UC has been
studied in several clinical trials (phase 3). The efficacy of induction therapy was assessed in
OCTAVE Induction 1 and 2—multicentre, randomized, double-blind, placebo-controlled
trials. A total of 139 patients (OCTAVE 1-598 and OCVTACE 2-541 patients) were assigned
to receive induction treatment with tofacitinib or a placebo for 8 weeks. In OCTAVE 1,
there were statistically significantly more patients who achieved clinical remission in the
tofacinitib group than in the placebo group (18.5% vs. 8.2%, p < 0.01). Efficacy in induction
remission therapy was reported more frequently in patients receiving tocafinibib than in
patients receiving the placebo (31.3% vs. 15.6%, p < 0.001). The effectiveness of tofacinitib
was comparable in patients who had previously been treated with TNF-« inhibitors and
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those who had not been treated. The results of the OCTAVE 2 study were similar to
the results from OCTAVE 1 [27,31,32]. The OCTAVE study also assessed the efficacy of
tofacitinib in the maintenance treatment of UC. It was shown that at 52 weeks of treatment,
remission was observed more frequently in patients receiving tofacitinib compared to the
placebo group (tofacitinib dose: 5 mg—34.3%, 10 mg—40.6% vs. 11.1%), and from week 4
of the study there was a significant difference between patients on the placebo compared to
those receiving tofacitinib. Among patients who responded well to maintenance therapy,
those receiving tofacitinib were more likely to maintain glucocorticoid-free remission at
24 and 52 weeks than those receiving the placebo (p < 0.001) [27,32]. A systematic review
by Pantavou et al. confirmed the efficacy and safety of tofacinitib in the treatment of UC.
It was also noted that tofacitinib appeared to be more effective than adalimumab and
golimumab in maintaining remission and in the improvement of endoscopic changes in
adult patients with UC [33]. In 2018, based on the results of the quoted studies, the FDA
approved tofacitinib for the treatment of moderate to severe UC in adult patients who
did not respond adequately to conventional therapy [34]. Phase III clinical studies are
ongoing to evaluate the efficacy, safety and pharmacokinetics of tofacitinib in children
with moderately or severely active UC [35]. Phase II, randomized, blinded, and placebo-
controlled multicentre studies of the efficacy of tofacinitib have also been conducted in
adult patients with moderate to severe CD. However, the efficacy of tofacinitib in inducing
and/or maintaining remission has not been demonstrated to be statistically significantly
higher than the placebo [36].

There are also ongoing clinical trials with other JAK inhibitors in the treatment of IBD,
both in CD and UC, including phase 2 trials of upadacitinib and filgotinib [37]. Upadacitinib
is a selective JAK1 inhibitor. In the CELEST trial in patients with moderate to severe CD, the
efficacy of Upadacitinib was greater than the placebo in inducing clinical and endoscopic
remission (p < 0.01). However, it is noteworthy that the achievement of clinical remission
was dose-dependent. Similar results were obtained in the U-ACHIEVE study evaluating
the efficacy of Upadacitinib in patients with moderately or severely active UC compared to
the placebo in induction of clinical remission (p = 0.002 for the 45 mg dose) and endoscopic
remission (p < 0.05 regardless of dose). However, there is a need for further, more detailed
studies on a large population of patients to confirm these observations [38]. Another
selective JAK1 inhibitor is filgotinib. The efficacy of orally administered filgotinib in
inducing and maintaining remission in adult UC patients was assessed in the SELECTIVE
study, and it was shown that treatment with 200 mg oral filgotinib was associated with
significantly more clinical remission at 10 and 58 weeks in filgotinib-treated patients than in
placebo-treated patients (p = 0.003; p < 0.0001) [39]. Filgotinib obtained a positive opinion
from the EMA and was approved for the treatment of adult UC patients in the European
Union in November 2021 [40]. It was shown that patients receiving oral filgotinib at a dose
of 200 mg achieved clinical remission significantly more often than those receiving the
placebo (p = 0.0077). However, there was no statistically significant difference between
patients receiving the drug and those taking a placebo in the induction of endoscopic
remission, mucosal healing, or deep remission (p = 0.31; p = 0.82; p = 0.31). A phase III
study is currently being conducted to assess the effect of filgotinib on the course of CD
in adults [41]. Another moderately selective JAK 3 inhibitor evaluated in Phase II clinical
trials for the treatment of adult UC patients was peficitinib administered orally at various
doses. Higher clinical and endoscopic remission rates and mucosal healing rates were
observed in patients receiving higher doses of peficitinib compared to those receiving a
placebo, but these differences were not statistically significant. However, it is noteworthy
that side-effects were observed more frequently in patients receiving peficitinib than in
patients receiving the placebo [42].

TYK2 belongs to the JAK-STAT family of proteins, which are an important element of
intracellular signaling stimulated by various cytokines. The use of the TYK2/JAK1 inhibitor
brepocitinib has been reported to be effective in the treatment of plaque psoriasis. Phase
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2 trials are also ongoing in combination with brepocitinib and a selective JAK3 inhibitor
known as PF-06651600 in patients with both moderate to severe UC and CD [43].

7. Interleukin-6 Inhibitors

Interleukin-6 (IL-6) is known to be a multidirectional cytokine. It stimulates, among
others, the migration of phagocytic cells and lymphocytes to the place where chronic
inflammation takes place. Thus, IL-6 can have a significant influence on the development
and maintenance of IBD. It has also been shown that the concentration of IL-6 is often
higher in serum and in the inflamed intestinal wall in patients with severe CD [44].

PF-04236921 is a human monoclonal antibody against IL-6. The ANDANTE I and
IT clinical trials assessed the efficacy and safety of PF-04236921 in the treatment of adults
with moderate to severe CD who had not benefited from treatment with anti-TNF alpha
agents. Various subcutaneous doses of drugs (10 mg, 50 mg, and 200 mg) have been
studied, and it has been shown that only patients receiving 50 mg of the drug achieved
a significantly better clinical response at week 12 than the placebo group (47.4% vs. 28%,
p =0.004). It is also important that serious adverse events (gastrointestinal perforation and
suppuration) have been reported during, and even after treatment completion. Therefore,
the safety assessment of PF-04236921 treatment will be extremely important in future
clinical trials [43,45].

Attention is also drawn to the fact that the pro-inflammatory action of IL-6 is the
result of transmembrane signaling resulting from stimulation of the soluble membrane
receptor in the presence of the gp130 co-receptor. It has been shown in preclinical studies
that blocking signal transduction by a special decoy protein sgp130Fc (olamkicept) can
inhibit pro-inflammatory processes without blocking the IL-6 receptor itself. This avoids
immunosuppression, and therefore has significant benefits. In FUTURE Phase II studies,
olamkicept was used in 16 patients with IBD. The authors concluded that the drug was
well-tolerated, the clinical response was noted in 44% of patients, and clinical remission
was noted in 19% of patients. There is a need for further studies to evaluate the safety and
efficacy of this new type of immunoregulatory therapy in IBD patients [46].

8. IL-22Fc Fusion Protein

There are also studies aimed at finding a way to induce mucosal healing without
the need for anti-inflammatory action and inducing immunosuppression in patients. It
promotes the secretion of antimicrobial substances; the enhancement of these effects by
appropriate stimulation of the IL-22 pathway of action may therefore promote the regener-
ation of tissues, including the intestinal mucosa.

Based on those observations, a study was carried out on subjects who received IL-22
associated with the crystallizing part of human immunoglobulin G4 (Fc), creating the so-
called fusion protein-IL-22Fc. They showed higher concentrations of mediators of the IL-22
pathway, which may also directly affect the tissue regeneration of inflamed lesions in the
course of IBD, but without inducing immunosuppression and the resulting consequences
for the patient. The above reports must be confirmed in further clinical trials on a large
number of patients [43,47,48].

9. Phosphodiesterase 4 Inhibitors

Phosphodiesterases (PDE1-PDE11) are enzymes involved in the transformation of
intracellular cAMP. Their activity results in the activation of the nuclear transcription factor
kappaB (NF-«B), which promotes the development of inflammation (e.g., by stimulating
the secretion of TNF-« and inhibiting the secretion of anti-inflammatory cytokines). Thus,
inhibition of these enzymes may reduce non-specific inflammation, hence the need to
investigate the possibility of using PDE4 inhibitors as a form of IBD treatment [43]. The
efficacy and safety of orally administered apremilast, a PDE4 inhibitor, in adult UC patients
was assessed in a phase II randomized, double-blind, placebo-controlled study. Clinical
remission was observed in patients taking apremilast more than in the placebo group, but
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a statistically significant difference was only shown in patients receiving 30 mg of the drug
compared to the placebo (31.6% vs. 12.1%; p = 0.01). The authors emphasize, however,
that the use of apremilast contributed to a significant decrease in inflammatory markers
(C-reactive protein in the blood and calprotectin in the feces) [48].

10. Summary

The increase in the incidence of autoimmune diseases in population requires an
emphasis on the search for new therapeutic strategies in the care of patients not only with
IBD. Continuation of research on immunological mechanisms in the course of autoimmune
diseases and further identification of both pro-inflammatory and anti-inflammatory triggers
makes it possible to achieve highly selective forms of therapy with a limited number of
side-effects in the future.
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Abstract: Irritable bowel syndrome (IBS) is a functional gastrointestinal disorder whose aetiology is
still unknown. Most hypotheses point out the gut-brain axis as a key factor for IBS. The axis is com-
posed of different anatomic and functional structures intercommunicated through neurotransmitters.
However, the implications of key neurotransmitters such as norepinephrine, serotonin, glutamate,
GABA or acetylcholine in IBS are poorly studied. The aim of this review is to evaluate the current
evidence about neurotransmitter dysfunction in IBS and explore the potential therapeutic approaches.
IBS patients with altered colorectal motility show augmented norepinephrine and acetylcholine levels
in plasma and an increased sensitivity of central serotonin receptors. A decrease of colonic mucosal
serotonin transporter and a downregulation of x2 adrenoceptors are also correlated with visceral
hypersensitivity and an increase of 5-hydroxyindole acetic acid levels, enhanced expression of high
affinity choline transporter and lower levels of GABA. Given these neurotransmitter dysfunctions,
novel pharmacological approaches such as 5-HTj receptor antagonists and 5-HT4 receptor agonists
are being explored for IBS management, for their antiemetic and prokinetic effects. GABA-analogous
medications are being considered to reduce visceral pain. Moreover, agonists and antagonists of
muscarinic receptors are under clinical trials. Targeting neurotransmitter dysfunction could provide
promising new approaches for IBS management.

Keywords: IBS; microbiota; visceral hypersensitivity; colorectal motility

1. Introduction

Irritable bowel syndrome (IBS) is defined as a functional gastrointestinal disorder,
whose main symptoms are recurrent abdominal pain, changes in the frequency or charac-
teristics of stool and abdominal distension. As a functional gastrointestinal disorder, IBS
does not have a morphologic, metabolic, or neurologic aetiology. It is diagnosed using
Rome IV clinical parameters. IBS can be classified in 4 different subtypes according to
patient’s bowel habit: IBS with predominant constipation (IBS-C), IBS with predominant
diarrhoea (IBS-D) and mixed-IBS which alternates between diarrhoea and constipation
(IBS-M). Another type of IBS is called unclassified (IBS-U) [1], where individuals who do
not fall into the other intestinal pattern categories are included.

IBS is considered the most prevalent gastrointestinal disorder; its prevalence is esti-
mated to be around 10% to 15% of the population in Europe and North America. Despite its
high prevalence, the physiopathology of IBS is still unknown. There are many hypotheses
about IBS aetiology: psychosocial disorders, microbiotic alterations, hypersensitivity to
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some food, intestinal motility disorders, changes in visceral pain perception, or neuro-
transmitter alterations, creating a complex disorder of the gut-brain axis [2]. This axis is
composed of intestinal microbiota, the intestinal epithelial barrier, neurotransmitters, the
central nervous system (CNS), enteric nervous system (ENS), autonomic nervous system,
and the hypothalamic-pituitary-adrenal axis. Together, all these components communicate
bidirectionally (mainly through neurotransmitters), so intestinal signals can influence brain
functions and vice versa. In fact, IBS patients show differences in brain activation areas
in response to rectal distension and pain compared with healthy controls; suggesting that
IBS patients lack central activation of descending inhibitory pathways [3]. Recent studies
have reported alterations in brain networks and networks of interacting systems in the
gut in IBS patients, evidencing a potential role of neurotransmitters on IBS pathophysi-
ology [4]. On the other hand, psychosocial factors such as stress, anxiety, or depression,
where neurotransmitters can play a key role, are considered risk factors for IBS and may
even contribute to an exacerbation of IBS symptoms [5].

In recent years, many studies have focused on the association between IBS and changes
in gut microbiota [6]. Gut microbiota can modulate host production of different neuro-
transmitters, as well as produce some neurotransmitters themselves [7]. Gut microbiota
could play a role in the aetiology of IBS as they influence intestinal motility, gastrointestinal
physiology, neurotransmitter levels, and behaviour. Actually, germ-free rats display a delay
in intestinal peristalsis and that can be reverted by colonization with Lactobacillus acidophilus
or Bifidobacterium bifidum [8]. As demonstrated in several studies, IBS patients show per-
turbed microbiota composition, although there is no common microbiotic signature among
IBS patients [9]. An increase of Firmicutes, especially Clostridium and Ruminococcaceae with
a decrease of Bacteroidetes, particularly Bifidobacteria can be obtained in several mucosal and
faecal samples from IBS patients [10]. Moreover, preliminary data suggest correlations of
regional brain structural differences with gut microbial taxa [4].

The pathophysiology of IBS is incompletely understood, but it is well established that
alterations in the gut-brain axis, altered CNS processing, motility disturbances and visceral
hypersensitivity contribute to IBS aetiology. Other, less relevant or less studied mechanisms
involved in IBS include genetic associations, alterations in gastrointestinal microbiota,
cultural factors, and disturbances in mucosal and immune function [11]. Alterations in
the gut-brain axis and differences in brain function are major contributing factors to IBS
aetiology; however, the implications of key neurotransmitters such as norepinephrine (NE),
serotonin, glutamate, GABA, and acetylcholine (ACh) in IBS are still unknown. The aim
of this review is to evaluate the current evidence about neurotransmitter dysfunction in
IBS and explore its potential therapeutic treatment. The Rome IV criteria for the diagnosis
of IBS consist of abdominal pain associated with an alteration in either stool form or
frequency, occurring for at least 6 months. Neurotransmitter dysfunctions could contribute
to IBS and some of its most prevalent symptoms used for its diagnosis, grouped into
two main aspects, visceral hypersensitivity and altered motility (Figure 1), although they
may also be involved in other symptoms such as diet-related digestive disturbances,
psychosocial disturbances, anxiety, depression, fatigue, hypertension, dyslipidaemia, etc.
Therefore, targeting those dysfunctions may open novel lines for IBS management, taking
into account, that these symptoms may also be indirect effects mediated by other biological
and psychological factors.
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Figure 1. Neurotransmitter dysfunctions are related to some gastrointestinal IBS symptoms. Visceral hypersensitivity
has been correlated to decreased glutamine levels, lower levels of GABA in the anterior cingulate cortex, higher levels of
5-hydroxy-indol acetic acid, increased expression of high affinity choline transporter, downregulation of x-2 adrenoceptors,
augmented sensitivity of central serotonin receptors and lower levels of mucosal SERT. The latter 3 alterations can also
be found in altered colorectal motility together with higher levels of NE in plasma, activation of a-1 adrenoceptors and
higher levels of ACh. We notate neurotransmitter’s families with colours: red- norepinephrine; blue- 5-HT; green- GABA;

orange-acetylcholinergic.

2. Norepinephrine

NE, also known as noradrenaline, is a key catecholamine with multiple physiological
and homeostatic functions, key in the sympathetic nervous system. It is involved in excita-
tion and the alert state during awake time, and in sensory signal detection. Secondarily,
NE plays a role in behaviour, memory, attention, and learning. In fact, NE depletion in rats
triggers distractibility and attentional deficits [12]. NE also has a leading role in spatial
working, and memory functions, and its level is correlated with cognitive performance.

2.1. Norepinephrine in the Central Nervous System

Noradrenergic neurons come from the locus coeruleus, and their axons reach many
brain regions. NE improves long-term memory consolidation, influences the processing of
sensory stimuli in the amygdala and hippocampus, and also regulates working memory
and attention in the prefrontal cortex [13]. There are 3 types of adrenergic receptors,
which NE can interact when is released from ascending fibres: the stimulatory «1 and 3
adrenoceptors, and the inhibitory «2 adrenoceptor. Among those receptors, NE has a higher
affinity for o2, which has 3 subtypes: «2A, «2B and «2C. Although a2-adrenoceptors are
found postsynaptically, subtypes «2A and C are predominantly presynaptic [14]. There are
also 3 subtypes of xl-adrenergic receptors, 1A, x1B and «1D, for which NE has lower
affinity. Stimulation of those receptors enhances excitatory processes, especially in the
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somatosensory cortex. [3-receptors are divided into 3 types: 1, localized in the heart,
2 in the lungs and 33 in stomach and adipose tissues. They are also expressed in the
CNS; however, NE has low affinity for these types of receptors. Electromagnetic studies in
primates have found (2-receptor expression on dendritic spines in the prefrontal cortex
and on GABAergic interneurons; on glia, these 3-receptors reduce glutamate reuptake
and regulate glucose availability [15]. Similarly, other studies have demonstrated that
[-receptors could enhance GABAergic processes in the somatosensory cortex [16].

2.2. Norepinephrine’s Role in the Gastrointestinal System

In the peripheral nervous system, noradrenergic neurons respond to stress via sym-
pathetic. Higher levels of epinephrine or NE can increase heart rate (via 31-receptors),
pulmonary function (via 2-receptors), and blood pressure (via x1- and 3-receptors) to in-
crease the amount of oxygenated blood in striated muscle [17]. Via 33-receptors, digestive
function is reduced. However, acute stress in mice stimulates colonic contractile activity
almost immediately for defecation [18]. Presynaptic inhibition of NE is the main role of
an «2A-adrenoceptor. Decreased levels of this receptor and NE transporter (NET) were
found in colon of IBS rats, resulting in an increased release of NE [19]. Moreover, «2A
and a2C polymorphisms are associated with constipation and high somatic symptoms
in patients with lower functional gastrointestinal disorders [20]. This genetic variation
in a2-adrenoceptors could influence not only visceral sensation and stool frequency (es-
pecially in IBS-C), but also behaviour in IBS patients. Noradrenaline also seems to affect
colorectal motility. The intrathecal injection of noradrenaline induces a propulsive motility
through activation of al-adrenoceptors on sacral parasympathetic preganglionic neurons
in rats [21]. In contrast, intrathecal injection of prazosin (xl-adrenoceptor antagonist)
presents no effects on colorectal motility, confirming that noradrenergic descending path-
way from the brain influences gastrointestinal motility by acting on the lumbosacral spinal
defecation centre.

Intestinal NE can increase the pathogenicity of some bacteria. Pathological Escherichia
coli O157:H7 (EHEC's) growth is enhanced by the presence of dopamine and NE in in-
testinal lumen. NE also increases motility, the ability to create biofilm, and virulence of
EHEC [22]. In turn, gut microbiota can influence NE levels in intestinal lumen, but it is
still undetermined whether bacteria can produce NE themselves or only modulate host
production [23]. Germ-free mice show lower levels of NE in caecal tissue. Those mice also
present behavioural changes that can be reverted by probiotics. These data support the
relation between microbiota and neurotransmitters [24] and highlight microbiota’s role
in the gut-brain axis. Using microbiota modulation as a source of neurotransmitters to
coordinate neurological function could be an interesting approach to study.

Stress could be a risk factor for IBS development. There are 3 main mediators of
stress: corticotropin releasing hormone, corticosterone, and NE. Plasma concentrations
of corticosterone and NE were significantly higher after 9-day mild stress in rats [25].
Although it is known that IBS patients usually report higher levels of psychological distress,
Deechakawan W. et al. found no relation between the improvement of psychological
symptoms and norepinephrine levels in urine [26]. Similarly, other studies revealed no
differences in blood cathecolamin levels during sleep. However, differences between IBS
subtypes were found: women with IBS-C displayed significantly increased NE, epinephrine
and cortisol levels throughout the sleep interval, and women with IBS-D presented lower
levels of NE and cortisol [27]. Chronic stress in rats increases ¢ subunit of Cay1.2 chan-
nels in colonic muscularis. These changes are expressed clinically as accelerated colonic
transit and increased defecation rate. Actually, NE induces colonic circular smooth mus-
cle hyperreactivity to acetylcholine [18]. In agreement, an inverse relationship between
parasympathetic tone and epinephrine plasma levels in IBS patients has been observed [28].
However, NE alterations are not clear, as some studies have shown higher levels of nore-
pinephrine in blood, urine and saliva in IBS patients [29]. Berman et al. [29] demonstrated
that IBS patients had higher plasma NE levels than healthy controls before and after inges-
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tion of yohimbine (x2A-adrenoreceptor antagonist) and clonadine («2A-adrenoreceptor
agonist). That augmentation of noradrenergic activity can be explained by a downregula-
tion of presynaptic inhibitory x2A-receptors. Both phenomena (higher plasma NE levels
and downregulation of presynaptic inhibitory a2A-receptors) were correlated with anxiety
disorders [30].

Enzymes from the noradrenergic system have also been studied in IBS, including
tyrosine hydroxylase (TH), whose function is rate-limiting norepinephrine production.
TH expression seems to be increased in IBS-D rats, although the augmentation was non-
significant [31]. Chronic stress also enhances TH expression in the adrenal gland, which
manifests in an increase of NE release in response to stressors in rats [32]. IBS patients with
depression display changes in TH gene expression, as well [33]. These findings suggest
that some drugs such as reboxetine, which strengthens the adrenergic system may play a
role in the treatment of IBS patients with depressive disorders.

2.3. Norepinephrine as a Target for Treatment

Preliminary clinical results support a possible therapeutic role for the a2-adrenoreceptor

in IBS. A study investigated modifications of NE plasma levels after ingestion of the «2-
receptors antagonist, yohimbine (YOH) and agonist clonidine (CLO). The results showed
that YOH increased NE plasma levels and anxiety in IBS patients, while CLO decreased
NE plasma levels and was associated with more brain activity [30]. Another possible line
of treatment focuses on the Corticotrophin Release Factor- Receptor type 1 (CRF-R1). IBS
patients present alterations in NE pathways of locus coeruleus complex, and CRF-R1 could
attenuate the locus coeruleus complex responsiveness to stressors [34]. The vagus nerve
could also be a target for IBS treatment. A vagal reinforcement can be achieved by different
techniques as electrical or pharmacological stimulation. Moreover, nonpharmacological
approaches such as hypnotherapy or mindfulness seem to increase vagal tone. Visceral
pain perception may also be improved by these therapies which reduce epinephrine and
TNF-« levels allowing remission maintenance [28].

3. Serotonin

Serotonin was previously called enteramin by Erspamer and Asero due to its gastroin-
testinal functions; after discovering that it was identical to the vasoconstrictor substance
known as such, it was renamed serotonin (5-HT, 5-hydroxytriptamin). Serotonin is syn-
thesized from the amino acid tryptophan in enterochromaffin cells from the intestinal
epithelium and serotonergic neurons. Ninety-five percent of serotonin production is from
the gastrointestinal tract, meanwhile, 5% is from the nervous system. Once in the blood,
serotonin can be stored in platelets, in which there are high levels of SERT (serotonin
transporter) [35]. SERT uptakes 5-HT into cells, where it can be stored or degraded. SERT
function is key to regulate 5-HT’s availability, and consequently 5-HT signalling.

Serotonin has multiple functions at the digestive level as a modulator of gastrointesti-
nal secretion, peristalsis, or absorption; and also at a central level, controlling behaviour
and critical neurological functions [36]. Experimental exogenous intake of serotonin results
in multiple responses. This wide range of effects is due to the vast localization and diver-
sity of 5-HT receptors [37]. Fourteen different 5-HT receptors have been identified and
clustered in seven families based on their signalling pathways. Most of them are coupled
to G proteins, and only the 5-HTj3 receptor is a ligand-gated ion channel [38]. It is now
known that some 5-HT receptors have specific functions, although many of them trigger
diverse and antagonistic responses [39].

3.1. Serotonin’s Role in the Central Nervous System

In the CNS, 5-HT regulates numerous functions such as nociception, motor tone, sleep,
sexual behaviour, emesis, and temperature. It also affects vascular tone as a vasoconstrictor
molecule, helping other vasoactive mediators as angiotensin II, histamine and NE [40].
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Moreover, alterations in the serotonergic system are correlated to some psychiatric
diseases such as depression or anxiety disorders. Activity of 5-HT,c receptors seems to
increase anxiety [41], and platelet 5-HT levels are increased in patients suffering from
anxiety and depression [42]. Almost all serotonin receptors play a role in depression
and anxiety-like behaviours. Activation of postsynaptic 5-HTq5, 5-HT;p, 5-HTp and
5HT, receptors and inhibition of postsynaptic 5-HT54, 5-HT3, 5-HT54 and 5-HT7 result in
antidepressant-like effects [43].

3.2. Serotonin’s Role in the Gastrointestinal System

The release of 5-HT from enterochromaffin cells in the intestinal epithelium occurs
mainly after mechanical and chemical stimulus of the intestinal wall when food passes
through the intestine [44]. Intestinal microbiota are an essential regulator of 5-HT, as they
increase the expression of tryptophan hydroxylase enzymes [7] and regulate serotonin
transporter function [45]. 5-HT release can also be regulated by vagal or sympathetic
adrenergic stimulation, mucosal changes, obstruction of gut motility or lowering of luminal
pH [46]. After its release, 5-HT stimulates the peristaltic reflex, increases ileal and duodenal
irrigation and facilitates gastric accommodation mediated by 5-HT;, 5-HTj3, 5-HTy and
5-HTj receptors [47]. To avoid serotonin overstimulation, 5-HT is afterwards taken up by
SERT from enterocytes.

There are 3 main 5-HT receptors involved in the regulation of gastrointestinal func-
tions: 5-HT;, 5-HT3 and 5-HTy. Activation of 5-HT5 receptors (mainly localized in
submucosally and in the myenteric plexus of the ENS) inhibits ACh release, which leads to
a reduction of intestinal smooth muscle contraction—an anticholinergic effect [35]. These re-
ceptors are located in the spinal cord as well, where their main function is to reduce somatic
pain signalling [48]. 5-HTj3 receptors (situated in enteric neurons and smooth muscle cells)
intervene in the contraction of intestinal smooth muscle (modulating gut motility) and in
gut-brain communication through vagal afferent fibres, activating pain-mediating neurons
(modulating visceral pain signalling) [49]. The 5-HTj3 receptor also mediates nociception
by activation of inhibitory GABAergic interneurons. Some polymorphisms of this receptor
may be associated with IBS-D risk [50]. In fact, the gastrointestinal serotonergic system has
been widely associated with some IBS alterations.

Enterochromaffin cells and 5-HT are increased in colonic tissue from IBS rats. In
addition, that increment is correlated to higher c-fos levels in CNS. This evidence sustains
that CNS activation may induce enterochromaffin cells activation in the colon and sub-
sequent 5-HT release [33]. IBS-D patients show significantly elevated serotonin levels in
blood and urine compared with controls and IBS-C patients [51]. However, high sero-
tonin levels do not seem to be specific to an IBS subtype, as other studies have detected
increased 5-HT concentrations in both IBS-C and IBS-D patients [52]. IBS patients show
lower concentrations of the main 5-HT metabolite, 5-HIAA (5-hydroxyindole acetic acid),
and a lower 5-HIAA /5-HT ratio [46], although hypersensitive IBS patients show increased
concentrations of 5-HIAA compared with non-hypersensitive ones [53]. A gender influ-
ence on 5-HIAA levels and 5-HIAA/5-HT ratio was found in IBS patients, with levels
significantly lower in female than male IBS patients. According to IBS subtypes, IBS-M
patients displayed the lowest 5-HIAA and 5-HIAA /5-HT ratios compared to IBS-D and
IBS-C patients [54]. Moreover, significant differences in the ratio of 5-HIAA /HVA (ho-
movanillic acid, a dopamine metabolite) have been demonstrated among IBS subtypes:
IBS-C patients have higher levels of dopamine in plasma and of dopamine metabolites in
their urine. 5-HIAA was not the only serotonin metabolite studied, 5-HTP might play a
role in hyperalgesia [55]. Lower densities of endocrine cells expressing 5-HT and peptide
YY in the colon tissues of IBS patients have been also demonstrated, as well as a reduction
of chromogranin A density in the colon of patients with IBS [56].

Some SERT polymorphisms are responsible for pharmacokinetic differences that are
observed, for example, in the response of colonic transit to alosetron in IBS-D patients [57].
IBS symptoms including luminal hypersensitivity, augmented peristalsis, or diarrhoea

68



J. Clin. Med. 2021, 10, 3429

might be explained by changes in SERT expression. Mucosal SERT expression decreases
in IBS-C and IBS-D patients. This increases mucosal 5-HT, which could mediate those
symptoms [58]. Furthermore, a decrease of mucosal SERT expression is correlated with an
increase of mucosal intraepithelial lymphocytes and mast cells in IBS-D patients [59]. The
activity of platelet SERT has also been examined with some controversial results. Some
studies have shown reduced platelet SERT expression in IBS patients, but other studies have
found a reduction only in male IBS patients [60]. Genetic variations in SERT expression
are being studied as a possible aetiology for IBS development, hypothesizing a genetic
predisposition to IBS. In fact, it was demonstrated that SERT variants could be correlated
in IBS patients with psychiatric comorbidities [59]. Interestingly, ethnic differences were
found in specific genetic variations. The L/L genotype or the L allele was more frequent in
East Asians than in Caucasians with IBS-C, and SLC6A4 polymorphism was found to be
associated with a reduced risk of IBS in American and Asian populations [59].

Many studies have described changes in serotonin metabolism in patients with psy-
chiatric comorbidity, but according to Thijssen et al., there is no change in plasma 5-HT
metabolites caused by anxiety or depression symptoms [46]. Changes in tryptophan
metabolism have been correlated with the manifestation of depressive symptoms in pa-
tients with IBS as well. Decreases in kynurenic acid and 5-HT were observed in duodenal
mucosa from IBS patients, and these changes were correlated with their psychological state.
These data suggest that modulation of the kynurenine/tryptophan pathway influences
NMDA receptors in CNS regions involved in the development of depression and may
provide useful therapeutic tools to prevent or reduce psychiatric comorbidities of IBS [61].

It must be known that, due to the multifactorial physiopathology of IBS, single-
receptor-modulating drugs may not reach enough therapeutic gain. Almost 67% of IBS
patients associate their symptoms with diet. A decrease in the intake of foods rich in
FODMAPs increases the density of 5-HT and peptide YY in endocrine cells and improves
symptoms and quality of life for IBS patients [56]. Other possible diets base on tryptophan
modifications have been proposed, as serum tryptophan levels are increased in D-IBS
patients compared to healthy controls. However, a dairy-free diet does not change these
alterations or eliminate IBS symptoms [62]. Otherwise, kynurenine/tryptophan and mela-
tonin/tryptophan ratios are decreased in IBS-D patients compared to healthy controls, with
the latter ratio directly correlated to altered sleep quality in IBS-D patients [63].

3.3. The Serotonergic System as a Target for Treatment

Promising IBS management results using agonists and antagonists of 5-HT3 and 5-HT4
receptors are being explored [64]. Cisapride is a prokinetic drug, a partial 5-HTy receptor
agonist, 5-HT3 receptor antagonist, and HERG K+ channel blocker. Its effects on smooth
gut muscle may be paradoxically due to the blockage of the HERG K+ channel; this action
is also the cause of its proarrhythmic effect [65]. Tegaserod is a 5-HT4 agonist that is
already used to treat IBS-C in women in some parts of the world. As with cisapride, it
has prokinetic effects [47] and decreases abdominal contractions during colorectal balloon
distension in mice [66]. Other studied 5-HT, agonists are velusetrag and prucalopride
which seem to be effective for constipation [67]. Alosetron is approved in the United States
for the treatment of female IBS-D patients. It is a 5-HT3 receptor antagonist and reduces
abdominal pain [68]. It is suggested that alosetron’s effect may occur on the CNS instead of
peripherally. PET scans show that alosetron reduces cerebral blood flow in the left anterior
insula and inhibits the ventromedial frontal cortex, indicating that alosetron may repress
autonomic and emotional processing networks. It was also demonstrated that alosetron
and granisetron could cross the blood-brain barrier, supporting the idea that the effect
of those drugs is centrally mediated [69]. Granisetron was tested in mice, demonstrating
that it could blockade 5-HT-induced hypersensitivity [53]. Ondansetron and Ramosetron
are also 5-HT3 antagonists. Ramosetron is used in Asia as an antiemetic drug, but it is
still not available for therapeutic use in other continents, even though, it is a promising
treatment for IBS-D patients, since it improves stool consistency and reduces urgency and
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frequency of stool [70]. Recently, chanoclavine, a 5-HT35 blocker, has been proposed due
to its potential antiemetic effects [71]. 5-HTp,p receptor agonists such as sumatriptan
are also under study. Sumatriptan’s intravenous application delays gastric emptying and
causes a significant relaxation of the gastric fundus [72]. In addition to its actions on the
upper gastrointestinal tract, sumatriptan also modifies colonic, rectal, and anal sensitivity.
Despite its effects on gastric function in dyspeptic patients, sumatriptan and other 5-HT;
receptor agonists can have many side effects including constriction of coronary arteries or
induction of chest pain by increasing oesophageal visceral sensitivity. Therefore, its daily
use may not be possible [73].

Selective serotonin reuptake inhibitors (SSRIs) are a group of antidepressant drugs
that include fluoxetine, paroxetine, citalopram, and sertraline, among others. Their increase
on serotonergic activity is mainly due to SERT inhibition. There are contradictory studies
about the effects of those drugs on 5-HT plasma levels in IBS patients. Some studies
affirm that administration of citalopram in IBS patients leads to an increase of 5-HT plasma
levels, but it is still unknown how this increase may change 5-HT activity at the CNS or
intestinal levels [74]. There is conflicting information about the use of antidepressants
to treat functional gastrointestinal disorders [75]. Although some of them improve IBS
symptoms, their side effects can reduce their applicability to treat IBS. Actually, venlafaxine
(a serotonin-NE reuptake inhibitor) improves gastric and colonic symptoms but can also
cause fatigue, hypertension or dyslipidemia [75]. Moreover, there is some controversy also
exists regarding citalopram’s efficacy in treating IBS symptoms compared to placebo [76,77].
Other SSRIs have been studied with diverse results. Paroxetine enhanced patients’ per-
ception of well-being, but did not ameliorate abdominal symptoms [78]. In contrast, some
studies found that fluoxetine improves abdominal symptoms and stool frequency in IBS-C
patients [79]. Patients treated with low doses of amitriptyline (a tricyclic antidepressant)
reported amelioration of all symptoms [80]. All these data suggest that SSRIs could be
a useful treatment for IBS, but more clinical trials and studies are needed to clarify the
controversial results [81].

4. Glutamate

Glutamate is the main excitatory neurotransmitter in the CNS [82], and it has been
described as having multiple roles as a nutrient, catalytic intermediate, or excitatory
molecule [83]. Glutamate is an amino acid that can be introduced exogenously through the
diet; however, exogenous glutamate crosses neither the intestinal barrier nor blood-brain
barrier. Glutamate as a neurotransmitter is produced de novo in the brain from glucose [84].
After glutamate release from neurons, this amino acid is taken up by glia cells, and there,
it is turned to glutamine by glutamine-synthetase for recycling to neurons. Glutamate
reserves are refilled again when glutamine is engrossed by neurons. This means glutamine
metabolism is the principal cycle for replacement of glutamate in neurons [85]. A high
protein diet decreases glutamate and glutamine concentrations in plasma, although this
phenomenon is still unexplained [86].

4.1. Glutamate in the Central Nervous System

In the CNS, glutamate plays a role in learning, motor activity, memory, neural devel-
opment and synaptic plasticity [84]. Its involvement in processing pain was demonstrated
through the measurement of glutamate levels in cerebrospinal fluid because higher levels
of glutamate are correlated to heavy pain [87].

Glutamate receptors are divided into ionotropic glutamate receptors (iGluRs) and
metabotropic glutamate receptors (mGluRs). In turn, mGluRs are clustered in 3 groups: L II,
and III [88]. Receptors belonging to groups II and III act as regulators, inhibiting glutamate
release [89]. Eight different mGluR subtypes (mGluR1 to mGluR8) exist. The first studies
of glutamate supported the theory that its receptors were in the CNS, but recent results
confirmed that mGluRs are also expressed peripherally, such as in the gastrointestinal
system [89]. IGluRs are divided into 3 subtypes: N-methyl-D-aspartate (NMDA), amino-3-
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hydroxy-5-methyl-4-isoxazole propionate, and kainate receptors. Located in the esophagus,
NMDA receptors are involved in the process of swallowing [90]. Depression and anxiety
disorders have been associated with glutamatergic changes, especially in mGluRs, because
effective antidepressants activate this group of glutamate receptors [91].

4.2. Glutamate’s Role in the Gastrointestinal Tract

Glutamate modulates energy metabolism in the gastrointestinal system at pre and
postprandial phases. Glutamate also seems to enhance digestion and nutrient absorption
via brain activation by the vagus nerve [92]. It is conjectured that the glutamate receptor
located in the stomach is mGluR1, and that its role is to stimulate 5-HT release indirectly
through excitation of vagal afferents. On the other hand, glutamate decreases somatostatin
release, stimulating exocrine and endocrine functions in the GI tract [93]. The activation of
mGluR7 increases colonic secretory function, while mGIuRS plays a role in colon motility.
Moreover, mGIuR?7 could be associated with IBS, because its expression is increased in
colon of rats with visceral hypersensitivity [94]. Glutamate injection into the stomach,
duodenum, and portal vein results in the activation of afferent fibres on the gastric, celiac
and hepato-portal vagal branches. This activation in the stomach seems to stem from the
vagus nerve via 5-HT receptors. In fact, granisetron, a selective inhibitor of the 5-HTj3
receptor, can inhibit this response [95].

IBS patients show reduced glutamate and glutamine concentrations, although glu-
tamine was disjointed to psychological or gastrointestinal symptoms [96]. These results are
contradictory regarding pain because glutamate concentrations are elevated in fibromyal-
gia and chronic pelvic pain [97]. Oppositely, lower concentrations of glutamine can be a
predictor of the duration of abdominal pain in IBS patients [98]. Lower glutamate levels
and disruptive glutamate receptors expression could point to glutamate as a possible thera-
peutic target for IBS. In fact, AMNO82, a mGluR?7 agonist, showed a decrease in colorectal
distension-induced visceral hypersensitivity and a reduction in the inflammatory response
via inhibition of NF-«B in IBS rats [99]. An anxiolytic effect has also been described in the
CNS, modulating GABAergic neurotransmission [100].

Central changes in the glutamatergic system in relation to visceral hypersensitivity
have been studied in animals, showing that rats suffering from induced colitis and visceral
pain manifested increased levels of GluN2B and GluA2 receptors in the anterior cingulate
cortex [101].

4.3. Glutamate as a Target for Treatment

Changes in dietary glutamate have also been studied for the management of IBS and
fibromyalgia. A glutamate-rich diet worsens IBS and fibromyalgia symptoms. Although
different doses of glutamate as nutritional supplement have been investigated for the
treatment of dyspepsia, functional dyspepsia, gastrointestinal ulcer, and diarrhoea with
improvement of symptoms [95], higher dietary glutamate levels have been associated with
abdominal bloating, diarrhoea, and abdominal pain [102]. However, glutamine supple-
mentation seems to be beneficial in some cases. Actually, in IBS-D patients with intestinal
hyperpermeability following an enteric infection, oral dietary glutamine supplements
dramatically and safely reduced all major IBS-related endpoints [103].

mGluR5 has been found peripherally in the gastrointestinal tract. After this discovery,
several trials have emerged targeting those receptors. mGluR5 antagonists such as MPEP or
SIB1893 remove IL-13-induced mechanical allodynia in rats [104]. MPEP also diminishes
reflux symptoms by inhibiting the transient lower sphincter relaxation. Patients with
gastroesophageal reflux disease reported improvement in acid reflux with the use of
ADX10059 (a mGluR5 negative allosteric modulator) [104]. Moreover, glutamate uptake
activators such as riluzole seem to improve visceral hypersensitivity in stressed animals,
having no effect on naive rats [105]. Nausea and emesis could be treated by the blockade
of non-NMDA iGluRs. In fact, NBQX eliminates salivary secretion and nausea [90]. On the
other hand, antagonists of NMDA receptors could be beneficial for visceral pain, which was
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shown in male mice faced with the hot plate and writhing tests [106]. Despite their useful
pharmacological applications, iGluRs modulators cannot be used as long-term treatment
due to their psychiatric side effects [105].

5. Gamma-Aminobutyric ACID

Gamma-aminobutyric acid (GABA) is an amino acid derivate of glutamate. Glutamic
acid decarboxylase (GAD) enzyme is responsible for the conversion of glutamate to GABA
by a-decarboxylation; afterwards, GAD interacts with the vesicular GABA transporter
mediating the vesicular uptake of GABA [105]. Brain-derived neurotrophic factor (BDNF)
increases GAD expression, regulating GABA homeostasis [106]. Ninety percent of the
GABA synthesized is subsequently degraded by GABA-transaminase, which is present
in neurons and glia cells. After its release from the nervous system, GABA transporter
uptakes GABA from the synaptic cleft.

5.1. GABA in the Central Nervous System

GABA is the primary inhibitory neurotransmitter in the CNS [107]. Its inhibitory
function is shared with the neurotransmitter glycine in the mammalian CNS [108]. It
functions to reduce neuronal excitability by inhibiting nerve transmission. GABAergic
neurons are located in the hippocampus, thalamus, basal ganglia, hypothalamus, and
brainstem. The balance between inhibitory neuronal transmission via GABA and excitatory
neuronal transmission via glutamate is essential for proper cell membrane stability and
neurologic function. GABA is conjectured to have effects on motor performance and
cognitive functioning because a decrease of GABA levels in elderly patients seems to be
associated to the deterioration of these abilities [109]. It also plays a role as a source of
energy, generating ATP in the tricarboxylic acid cycle in the mitochondria [110]. There are
2 main types of GABA receptors: GABA-A (fast-acting ionotropic receptors) and GABA-
B (slower-acting metabotropic receptors) [110]. GABA-A receptors are divided into 19
subunits that can be located in neuronal and nonneuronal cells [111]. They are chlorine
ion channels, whereas GABA-B receptors are G-protein coupled receptors [108]. GABA-A
receptors are localized in synaptic and extrasynaptic sites. Synaptic sites mediate phasic
inhibition and extrasynaptic ones mediate tonic inhibition [112]. Non-neuronal GABA-
receptors play a role in fluid secretion in lungs and intestine [113] while in central nervous
system GABA can play the role of gliotransmitter when it is released from astrocytes [114].
Recent studies have also described a third GABA-receptor: GABA-p or GABA-C receptor.
This receptor is also considered a subtype of GABA-A receptor, which is mainly localized
in the eye and involved in visual image processing [115]. Another receptor that GABA
shares with glutamate is GAT, which mediates the uptake of both neurotransmitters. GAT
is present in glial cells and neurons. Four types of GAT transport GABA: GAT1, GAT2,
GAT3, and BGT-1. GABA transporters function by the gradients of Na* and C1~. GAT1
is the major GABA transporter, and it is mainly localized in the cerebral cortex, whereas
GAT3 is found in the brainstem. Otherwise, GAT2 is expressed in liver and kidney, and to
a lesser extent in the leptomeninges [116]. Because GABA is an inhibitory neurotransmitter,
decreasing its concentration would produce a feeling of anxiety. It has also been associated
with schizophrenia, autism spectrum disorder, and major depressive disorder.

5.2. GABA’s Role in the Gastrointestinal Tract

In the gastrointestinal tract, GABA has multiple functions such as visceral nocicep-
tion, modulation of colonic afferent excitability, gastrointestinal secretion, and motility or
enhancement of the local immune system [117]. The different GAT isoforms are present in
the gastrointestinal tract: GAT2 is predominantly localized in enteric glia cells and GAT3 in
myenteric neurons [118]. A GABAergic signal system in the intestinal epithelial cells has
been demonstrated and has a role in the pathogenesis of allergic diarrhoea by activation of
submucosal secretomotor neurons [113].
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As the main inhibitory neurotransmitter, GABA plays a protective role in inflammatory
diseases by modulating the production of cytokines. Actually, GABA levels are decreased
in serum samples of patients suffering from multiple sclerosis, ischaemic stroke, ulcerative
colitis, and other inflammatory diseases [119]. The GABAergic system is also altered in IBS
patients. IBS-D patients show diminished levels of GABA, GAD2, and GABA- B receptors
subtype Bl and B2, as well as increased GAT-2 [119]. Not only are GABA-B receptors
altered in IBS patients, but Selfi et al. have also demonstrated higher levels of GABA-A
receptor o3 in colon from mice exposed to stress, showing that stress could be responsible
for GABAergic alteration in IBS.

Hypersensitivity to visceral pain is a key IBS symptom. In this line, patients suffering
from chronic pelvic pain had lower levels of GABA in anterior cingulate cortex [120].
Moreover, anxiety disorders are comorbid pathologies highly related to IBS. GABA levels
in the prefrontal cortex appear to be increased in IBS patients with highly severe anxiety
symptoms, but not in IBS patients without comorbid anxiety disorders. However, these
GABAergic alterations are not related to gastrointestinal symptoms, pain or depression [96].

5.3. GABA as a Target for Treatment

GABA agonists or analogues such as pregabalin or gabapentin could be useful for IBS
treatment. As Zhang et al. proved, gabapentin improves pain and anxiety-like behaviours
in mice, although the pharmacological use of this drug for the treatment of IBS should be
limited due to its serious side effects (hepatotoxicity and neurotoxicity) [121]. Gabapentin
also demonstrated a reduction in the cerebral nociceptive response to colorectal distension.
The FDA has approved pregabaline for the treatment of fibromyalgia and neuropathic
pain for its analgesic and anxiolytic effects [122]. In IBS-D and IBS-M, pregabalin seems
to improve abdominal pain, diarrhoea, and bloating, but it did not affect the quality of
life, anxiety or depression, and IBS symptoms in IBS-C patients [122]. The improvement
of pregabalin in IBS symptoms may be explained by its binding to calcium channels of
the enteric neurons in the ileum [123]. The use of baclofen (a GABA-B receptor agonist)
and gabapentin has been investigated to reduce visceral sensitivity in rats. Baclofen can
decrease visceromotor response, but its effect does not seem to be significant and its side
effects do not allow its use as chronic treatment [124]. CGP7930 is another GABA-BR
agonist that can reduce visceral pain without as many side effects as baclofen due to
its mechanism of action, that enhances endogenous GABA release [118]. Despite being
a promising target for IBS treatment, activation of GABA-A receptors has also shown
important side effects such as exacerbation of acute colitis [125]. Other possible alternative
treatments for GABA-dependent gastrointestinal symptoms are the use of genetically
modified GAD-productor Bifidobacterium longum [126] or GABA containing functional
foods such as enriched goat milk [127].

6. Acetylcholine

Ach is an excitatory neurotransmitter that is named after its chemical structure con-
sisting of acetic acid and choline. Choline is present in dietary foods, and acetic acid
derives from mitochondrial coenzyme acetyl-coA. The synthesis of ACh takes place in axon
terminals and is catalysed by the enzyme choline-acetyl-transferase; then it is introduced in
synaptic vesicles by the vesicular ACh transporter. After its release and binding to nicotinic
or muscarinic receptors, ACh is degraded by acetylcholinesterase, mainly present in the
synaptic cleft. Once hydrolysed, choline returns to presynaptic neurons by the action of a
high-affinity choline transporter.

6.1. Acetylcholine’s in the Central Nervous System

ACh acts at various sites within the CNS, where it can function as a neurotransmitter
and as a neuromodulator. It plays a role in motivation, arousal, attention, learning, and
memory, and is involved in promoting REM sleep. ACh signalling can be mediated by
nicotinic and muscarinic receptors; nicotinic receptors are ion channel ligated, whereas
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muscarinic ones are ligated to G proteins. Nicotinic receptors are composed of 5 homolo-
gous subunits, but those localized in neuromuscular junctions consist of different subunits
that are different from neuronal ones. Although activation of nicotinic receptors shows
variable responses depending on the subunit composition, their activation usually pro-
duces membrane depolarization [128]. Among their functions, these receptors play a role in
enhancing neuromodulation and release of different neurotransmitters such as glutamate
and GABA [129]. They are especially vulnerable to the deposit of 8-amyloid peptide in the
pathogenesis of Alzheimer’s disease, manifesting a down-regulation of these receptors in
Alzheimer’s patients [129]. On the other hand, there are 5 subtypes of muscarinic receptors:
M1, M2, M3, M4, and M5 that can be classified into 2 groups, depending on their associated
G protein: M1, M3, and M5 are ligated to the family of Gq /11 proteins [130] and their
activation increases neuronal excitability [131], whereas M2 and M4 are joined to G; /o-type
G proteins [130] and their activation produces postsynaptic inhibition [131]. Muscarinic
receptors are involved in memory, motor function and learning; in fact, M1 is associated
with cognitive processing, memory, and learning. M2 expression is decreased in patients
with Alzheimer’s disease and associated with the neuropsychiatric behaviour of these
patients [132].

ACh is known for its function as a key neurotransmitter and mediator of the commu-
nication between neurons and muscle cells, but it also plays an important role in the au-
tonomous nervous system regulating heart rate, digestion, breathing, or vasodilation [133].
The release of ACh in neocortical cells is associated with a state of vigilance, but in contrast,
Ach can also be key in sleep phases. The participation of ACh in cognitive function and
episodic as well as semantic memory is also recognized, especially in the hippocampus. In
both sites (hippocampus and neocortex), ACh enhances experience-dependent plasticity in
synergic action with NE [134]. In addition, ACh plays an important role as a neuromodu-
lator, enhancing neuronal responses to internal and external stimuli [133] Actually, ACh
enhances T cell migration into infected tissues in the immune response [135].

ACh’s functions mostly depend on its concentration. ACh concentration oscillates
with circadian rhythms, but other stimuli (as caffein or attentional demands) may trigger
variations in the concentration of ACh [136]. Alterations in the cholinergic system are
associated with the pathogenesis of different mental pathologies such as schizophrenia,
major depression, or bipolar disorder. In fact, ACh receptor antagonists and inhibitors
of acetylcholinesterase are used for the treatment of depressive symptoms and visual
hallucinations [129].

6.2. Acetylcholine’s Role in the Gastrointestinal System

In the gastrointestinal system, ACh is involved in colonic motility [137]. Higher levels
of ACh result in an increase in gastrointestinal motility [138], but a decrease in cholinergic
function in the elderly may explain their propensity to have constipation [137]. ACh also
modulates CI secretion, mainly via M3 muscarinic receptors and to a lesser extent M1
muscarinic receptors as well [139]. ACh is released from vagal efferent nerves then it joins
o7 nicotinic ACh receptors, inhibiting TNFa from macrophages and decreasing intestinal
permeability. Moreover, it is conjectured that vagus nerve stimulation by those receptors
could mediate a protective role in the intestinal epithelium barrier [140].

ACh may be involved in IBS pathophysiology, because IBS’s comorbidities (especially
anxiety disorders and stress) produce changes in ACh levels. Acute stress suppresses ACh
synthesis in the intestine and brain by inhibiting the production of choline acetyltrans-
ferase, and favouring the synthesis of acetylcholinesterase [141], which is associated with
an inflammatory effect due to the loss of inflammatory inhibition mediated by ACh [142].
In this context, some studies have shown that acute stress in maternally separated rats
with IBS results in increased colonic motility, mediated by ACh [143]. This may be clini-
cally translated into augmentation of stool frequency. Furthermore, blocking muscarinic
receptors with atropine inhibits stress-induced diarrhea [144]. In contrast, IBS-C patients
showed no differences in the secretory response of colonic mucosa to acetylcholine [145].
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Because it is recognized that the development of IBS and other gastrointestinal diseases is
joined to early life stress, changes in the cholinergic system were studied in pigs exposed
to early weaning stress. Compared to controls, an upregulation of the cholinergic activity
in early weaning stress pigs was expressed as the absence of decrease of ChAT neurons in
the GI tract [146].

6.3. Acetylcholine as a Target for Treatment

Mediators of colonic mucosa in IBS patients have been demonstrated to activate ACh
release from myenteric neurons via mast cells independently of the bowel habit [147].
Hyperalgesia and visceral hypersensitivity have been associated with increased expression
of high-affinity choline transporter (HAChT) [148]. This augmentation can result in an
increase in ACh levels, which has an antinociceptive role [149]. Pharmacological modifica-
tions of the upregulation of HAChT have been done with ammonium pyrrolidinedithio-
carbamate, which abolishes this phenomenon. Moreover, MKC-231 can enhance HAChT
activity, resulting in a decrease in visceral pain [150]. Most of the investigated drugs with
cholinergic effects in the treatment of IBS reduce colonic motility and stool frequency. Mus-
carinic antagonists (e.g., dicyclomine) inhibit colonic contractility, which can be an effective
way to manage symptoms such as abdominal pain and diarrhoea [151]. In Australia, the
utilization of mebeverine is approved for the treatment of alterations in the bowel transit
and abdominal pain. Mebeverine acts as an antagonist of muscarinic receptors and an
inhibitor of NE uptake [152]. Pinaverium is also prescribed for the same gastrointestinal
symptoms, because its anticholinergic effect only takes place on smooth intestinal muscle,
reducing systemic effects [153]. Recent studies have demonstrated the potential use of
selective M3-antagonists. Darifenacin may regulate gastrointestinal motility in a manner
more pronounced than is seen in non-selective antagonists such as tolterodine. In fact, in
patients with IBS-D, darifenacin causes a significant delay of intestinal and colonic transit
compared to alosetron [154]. Tolterodine is nowadays used for the treatment of overactive
bladder. As a muscarinic receptor antagonist, one of its main side effects is constipation,
although it is proven that no differences in bowel transit occur with placebo [155]. More-
over, anticholinergic drugs used for the treatment of overactive bladder were tested in
different intestinal diseases resulting in an improvement of IBS symptoms [156]. Another
muscarinic antagonist used for the treatment of IBS is zamifenacin (a partially selected
M3 antagonist), which reduces postpandrial colonic contractility [157]. Apart from the
use and research of drugs acting on muscarinic receptors, other drugs that target different
receptors have also been studied. Cannabinoid receptors are in cholinergic neurons; thus,
cannabinoid agonists also have cholinergic effects. Dronabinol (a cannabinoid receptor
agonist) has been probed in IBS patients, showing a reduction in gastrointestinal motility
and gain in colonic compliance in IBS-D and IBS-M subtypes but not in IBS-C [158]. In
addition, some serotonin antagonists also have anticholinergic effects, including alosetron,
ramosetron, cilansetron, ondansetron, and granisetron; they can reduce gastrointestinal
peristalsis and upgrade abdominal pain [159].

7. Other Neurotransmitters

Here we have explored the role of main neurotransmitters in IBS, but the involvement
of other neurotransmitters cannot be neglected. Several studies have pointed out the
potential role of histamine and dopamine in IBS pathogenesis.

Histamine has been related to gastrointestinal inflammation and abdominal pain. The
main histamine receptors, which take part in gastrointestinal processes, are H1 and H4,
although H2 is related to the production of gastric acid [160]. In IBS patients, levels of
urinary histamine have correlated to the severity of IBS symptoms, especially abdominal
pain [161]. The administration of an H1-antagonist revealed different responses in IBS
patients compared to healthy controls, demonstrating possible overstimulation of the
histaminergic system in IBS patients [162]. H1 and H4 receptors could have a key role
in the pathogenesis of colitis and postinflammatory visceral hypersensitivity, because
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their expression is increased in colon tissue of rats that have colitis. JNJ7777120, an
H4-antagonist, seemed to ameliorate abdominal pain in that postinflammatory colitis
model [163]. Novel interventions are being proposed that involve blocking H1 receptors,
as ebastine has been found to improve IBS symptoms, including visceral hypersensitivity
and abdominal pain [164], and ketotifen has been found to enhance health-related quality
of life and increase the pain threshold in IBS patients [165]. Similarly, AST-120, which
adsorbs histamine from the intestinal lumen, could reduce pain and bloating in IBS-D and
IBS-M patients [166].

On the other hand, several studies have investigated alterations in the dopaminergic
system in IBS patients. In fact, IBS patients show lower dopamine levels in plasma [51]
and urine [161] compared to healthy controls. Dopamine mediates colonic peristalsis,
activating muscle contraction through D1 receptors and inhibiting it by D2 receptors [167],
being related to motility dysfunction. However, the administration of dopamine or its
agonists enhances IBS symptoms in patients with comorbid restless legs syndrome [168].
Nowadays, metformin is a widely used drug for the treatment of mellitus diabetes type
II. Nevertheless, this drug has been studied for its antinociceptive effect through the
activation of central D2 dopamine receptors in IBS patients [169]. Similarly, activation of
those dopaminergic receptors by butyrate enemas decreases visceral allodynia and colonic
hyperpermeability [170].

8. Conclusions

Managing IBS has attracted major attention because single-agent therapy rarely re-
lieves bothersome symptoms for all patients. In clinical practice, there is still a lack of
effective treatment for IBS, and the prescribed drugs usually alleviate only one symptom
of the whole syndrome. IBS patients display some neurotransmitter dysfunctions that
could cause disruption of gut homeostasis and the onset of gastrointestinal symptoms such
as abdominal pain, bloating and changes in stool frequency in IBS. A more exhaustive
personalized analysis in relation to neurotransmitters in IBS patients would be necessary
to develop strategies that are more effective and achieve a better understanding of the role
of the gut-brain axis in the pathogenesis of the syndrome.

Here, we have evaluated the current evidence of neurotransmitter dysfunction in IBS
and explored its potential therapeutic use. Dysfunctions of key neurotransmitters such as
norepinephrine, serotonin, glutamate, GABA, or acetylcholine could help to understand
IBS pathophysiology and open the door of new approaches for IBS management.

Some drugs focused on neurotransmitters are being explored for the management
of IBS symptoms (Table 1), however, the interaction between different neurotransmitters
should be considered. Even if evidence of improvement of IBS symptoms exists, new
targets and therapies are needed. In this context, finding novel targets for specific neu-
rotransmitters’ receptors to reduce side effects is critical. The use of antidepressants for
the treatment of IBS is controversial due to their adverse effects. SSRIs improve psycho-
logical symptoms in depressive and anxiety disorders, but their effect on gastrointestinal
symptoms is limited. Individualized treatment could be an alternative for patients with
comorbid anxiety or depressive disorders. The development of more selective molecules
as isoform-targeted agonists and antagonists of serotonin receptors [171] would provide
novel approaches with minimal side effects. In addition, we cannot forget the effect of diet
on the production and metabolism of neurotransmitters [172].
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Table 1. Summary of the drugs targeting neurotransmitters used in IBS.

Neurotransmitter Drug Receptor Effect Pharmacological Use References
Use for the treatment of
5-HT, agonist and S Gastroesophageal reflux, Pytliak et al.
CISAPRIDE 5-HTj3 antagonist Prokinetic functional dyspepsia 2011 [65]
and gastroparesis
TEGASEROD 5-HT, agonist Prokinetic Use for the treatment of IBS-C Crfo”g)’fl[l :6*] al.
. s Clinical trials have to be done Terry et al.
VELUSETRAG 5-HT, agonist Prokinetic for its approvement 2017 [67]
. - Used for the treatment Terry et al.
SEROTONIN PRUCALOPRIDE 5-HT, agonist Prokinetic of IBS-C 2017 [67]
. - Approved in the USA for the Lacy et al.
ALOSETRON 5-HT3 antagonist Decreases GI motility treatment of IBS-D 2018 [68]
. Antiemetic, it reduces . . Min et al.
ONDASETRON 5-HT3 antagonist abdominal pain Used as antiemetic 2015 [70]
. . . . . . Min et al.
RAMOSETRON 5-HT3 antagonist Antiemetic Used as antiemetic in Asia 2015 [70]
. Delays gastric Many side effects to Mulak et al.
SUMATRIPTAN 5-HTp,p agonist emptying be approved 2006 [73]
Analgesic and Use for the treatment of Saito et al.
PREGABALIN GABA analogous anxiolytic neuropathic pain 2019 [122]
Analgesic and Use for the treatment of Zhang et al.
GABAPENTIN GABA analogous anxiolytic neuropathic pain 2014 [121]
GABA . K
CGP7930 GABA-B rfeceptor Reduces visceral pain Clinical Frlals have to be done Hyland et al.
agonist for its approvement 2010 [118]
Reduces i
BACLOFEN GABA-B receptor visceromotor Usg Afor the treatment of Nissen et al.
agonist spasticity and muscle spasms 2018 [124]
response
RILUZOLE Glutamate reuptake Improves visceral Use for the treatment of Moloney et al.
activator hypersensitivity Amyotrophic Lateral Sclerosis 2015 [105]
MPEP mGluR5 antagonist Reduces allodynia Chm;:gi ;Zais hi;/setglleastdone Fe;éi%n[(i Si]al'
GLUTAMATE PP
Reduces visceral
. hypersensitivitiy Clinical trials have to be done Shao et al.
AMNO82 mGIuR7 agonist induced by for its approvement 2019 [99]
colorectal distension
Partially selected . L. .
Z AMIFENACIN muscarinic M3 Decreases gqlomc Clinical Frlals have tobe done  Houghton et al.
. contractility for its approvement 1997 [157]
antagonist
Non-selective o Use for the treatment of Bharucha et al.
TOLTERODINE muscarinic antagonist Induces constipation overactive bladder syndrome 2008 [155]
Improves bowel . . .
ACETYLCHOLINE = MEBEVERINE Muscarinic antagonist transit and Approved in Australia for Dumitrascu
. . IBS treatment etal. 2014 [152]
abdominal pain
. Improves IBS Use for the treatment of De Schryver
DARIFENACIN M3 antagonist bowel habits overactive bladder syndrome et al. 2000 [154]
Approved for the treatment of Zhene ot al.
PINAVERIUM Anticholinergic effect Antispasmodic functional gastrointestinal & )

diseases, as IBS

2015 [153]

Finally, numerous pieces of evidence suggest that changes in the microbiota are cor-
related with the development of visceral hypersensitivity, which represents one of the
major symptoms in IBS patients [172]. Recent studies have demonstrated the crucial
inter-relationship between bacteria and neurotransmitters. Gut microbiota can produce
neurotransmitters, modulate host production and even regulate their signalling. Therefore,
more studies addressing the microbiota-gut-brain axis in the IBS context are needed. An
innovative and intriguing approach has been opened by the possibility of modulating neu-
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rotransmitter signalling along the microbiota-gut-brain axis by influencing the microbiota
composition [61]. Microbiota modulation by probiotics, prebiotics or faecal transplantation
could bring new approaches for IBS management. In fact, a randomized, double-blind,
placebo-controlled trial showed improved diversity of microbiota in faecal transplantation
IBD patients [173]. Promising results concerning probiotics as a new approach to IBS
have also been obtained [173]. Research in this field opens an exciting scenario on the
possibility of targeting neurotransmitter signalling, by means of traditional pharmacologi-
cal approaches as well as by microbiota modulation as new potentially therapeutic tools
addressed to irritable bowel syndrome.
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Abstract: Chronic intestinal pseudo-obstruction (CIPO) is an extremely rare condition with symptoms
of recurrent intestinal obstruction without any lesions. The outcomes of pediatric CIPO and predictors
for the outcomes have not yet been well established. We analyzed the clinical outcomes and associated
factors for the outcomes of pediatric CIPO. We retrospectively reviewed 66 primary CIPO patients
diagnosed between January 1985 and December 2017. We evaluated parenteral nutrition (PN) factors
such as PN duration, PN use over 6 months, home PN, and mortality as outcomes. We selected onset
age, presence of urologic symptoms, pathologic type, and involvement extent as predictors. The early-
onset CIPO was found in 63.6%, and 21.2% of the patients presenting with urologic symptoms. Of
the 66 patients, 47 and 11 had neuropathy and myopathy, respectively. The generalized involvement
type accounted for 83.3% of the cases. At the last follow-up, 24.2% of the patients required home PN
management. The mean duration of PN was 11.8 = 21.0 months. The overall mortality rate of primary
CIPO was 18.2%. PN factors were predicted by the urologic symptoms and extent of involvement.
However, mortality was predicted by pathologic type. The onset age was not significantly associated
with the outcomes. CIPO with urologic symptoms and generalized CIPO had poor PN outcomes.
Myopathy is suggested as a predictor of mortality in children with primary CIPO.

Keywords: chronic intestinal pseudo-obstruction; parenteral nutrition; pediatrics; myopathy; neu-
ropathy

1. Introduction

Chronic intestinal pseudo-obstruction (CIPO) was first reported in 1958, and pediatric
intestinal pseudo-obstruction (PIPO) was first reported in a case series of 11 children in
1977 [1]. When the patients show severe obstructive symptoms without any mechanical
obstruction, we can suspect the possibility of CIPO. However, the diagnostic criteria for
CIPOs varied in previous studies [2,3].

CIPO is divided into primary and secondary CIPOs. In the case of primary CIPO,
neuropathy, myopathy or mesenchymopathy are shown as an abnormality in the enteric
nervous system, not as a symptom of pseudo-obstruction caused by an underlying disease.
However, pathogenesis of enteropathy is still not clearly established [4].

Generally, adult CTPOs tend to present in secondary forms, which are associated with
systemic disease, and patients experience chronic abdominal pain. In contrast, PIPO present
as a primary CIPO. Although many cases of PIPO develop as a sporadic form, several
pathogenic mutations are reported [5]. The gene encoding the enteric smooth muscle
contractile protein actin gamma 2 (ACTG2) are associated with a primary CIPO, visceral
myopathy [6]. Mutation in the X-linked gene FLNA also associated with filaminopathy
presented as a myopathic CIPO [7].
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PIPO present with persistent vomiting and abdominal distension, which arises without
any underlying cause [8]. The prognosis of CIPO is more aggressive in the pediatric
population than in the adult population. In the pediatric population, growth failure is
critical problem for the intestinal failure due to PIPO [5]. The rates of mortality and
morbidity vary and remain unclear in PIPO [5,9,10]. The factors that are associated with
mortality and morbidity in PIPO remain unclear.

In our study, we aimed to identify clinical manifestations, evaluate clinical outcomes,
and analyze predictors of outcomes in PIPO.

2. Materials and Methods
2.1. Patients

According to the European Society for Paediatric Gastroenterology Hepatology and Nutri-
tion (ESPGHAN)-Led Expert Group paper published in 2018, a pediatric primary CIPO was
diagnosed when two or more of the following signs or symptoms were observed: (1) objective
measure of small intestinal neuromuscular involvement, (2) recurrent and/or persistent bowel
dilatation, (3) genetic and/or metabolic abnormality, and (4) inability to maintain adequate
nutrition and/or growth upon oral feeding [5]. Owing to the different characteristics of PTPO,
there is no clear unification of the diagnostic process. Recently, efforts have been made to unify
diagnostic standards. The ESPGHAN society reported the diagnostic criteria for PIPO and
recommended a step-by-step diagnostic approach, wherein obstructive symptoms caused by
true obstruction and secondary causes among patients with abdominal distension could be
excluded, and if two of the four diagnostic criteria were met, PIPO could be confirmed [5].
According to previous data, the “chronic” criterion is based on symptoms that persist for up to
2 months immediately after birth and thereafter for 6 months; other studies have reported that
symptoms are based on a 6-month duration regardless of age [2,5,11].

Our hospital’s policy was to perform surgery when abdominal distension worsened
2 months before, and the patient had no choice but to undergo decompressive operation.
The biopsy obtained at surgery confirmed the presence of ganglion cells and smooth muscle
abnormalities. When the biopsy results were consistent with PIPO and showed persistent
symptoms, PIPO was diagnosed and aggressive treatment was performed. Based on the
diagnostic criteria of PIPO reported by the ESPGHAN-Led Expert Group, the data of 82 patients
who visited Seoul National University Children’s Hospital and were suspected to have intestinal
pseudo-obstruction from 1978 to 2017 were reviewed. We excluded 12 patients with mechanical
obstruction. Four patients were excluded owing to secondary causes. In total, 66 patients with
primary PIPOs were included in this study for analysis (Figure 1).

Out of the 82 patients who were suspected of having intestinal obstruction, 16 were
excluded from this study because of mechanical obstruction and secondary causes. Finally,
66 primary PIPO patients were included for analysis.

This study was approved by the Institutional Review Board (IRB) of Seoul National
University Hospital (IRB 1807-009-955).

2.2. Patients’ Characteristics

We retrospectively reviewed patients’ general characteristics including age, symptoms,
pathology, extent of involvement, genetic mutation, operation, and clinical outcomes based
on medical records. Clinical outcomes were evaluated using mortality and parenteral
nutrition (PN) factors, which included PN duration, PN use over 6 months, and need for
home PN.
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Figure 1. Diagnostic flow.

2.3. Diagnostic Examinations

All specimens were examined by a dedicated pathologist and reviewed by another
pathologist. Hematoxylin and eosin staining and immunohistochemistry were performed
on full-thickness biopsy specimens. The pathologic type was categorized as neuropathy,
myopathy, or undetermined. Neuropathy PIPO included hypoganglionosis and intestinal
neuronal dysplasia type B. Myopathy PIPO was diagnosed when the specimen showed
abnormality in the muscle layer, vacuolization of the muscle layer, additional muscle layer,
and muscle degeneration with fibrosis (Figure 2).

Figure 2. Pathologic specimens in chronic intestinal pseudo-obstruction patients were shown. Hema-
toxylin and eosin staining shows a hypoganglionosis. Arrow indicated the ganglion in the myenteric
plexus (a); other slide demonstrates an immature ganglion cell (black triangle) (b); additional muscle
layer was identified (circle) (c); muscle cells in the inner circular muscle layer show vacuolization
(circle) (d).
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In this study, 18 patients underwent whole exome sequencing analysis for identifying
genetic mutations. Genetic testing included 13 genes known to be related to CIPO from
previous studies: ACTA2, ACTG2, CLMP, FLNA, L1ICAM, LMOD1, MYH11, MYLK, POLG,
RAD21, SGOL1, SOX10, and TYMP.

2.4. Patient Groups

To analyze predictors for outcomes, known characteristics of PIPO including onset
age group, urologic symptoms, pathology, and involvement extent were used in this study.
The early-onset group was defined as a group of patients diagnosed with PIPO before
the age of 1 month. Localized type involvement was defined when only one organ was
invaded. The median follow-up period was 35 months.

2.5. Statistical Analyses

Continuous data were analyzed using the t-test. Categorical data were analyzed using
the chi-squared test or Fisher exact test, as appropriate. Survival was evaluated using the
Kaplan-Meier method and log-rank test. All statistical analyses were performed using
software R version 3.4.0 (R Core Team, 2015). All tests were two-sided, and p values < 0.05
were considered statistically significant.

3. Results

The ratio of boys to girls was similar in our study. Symptoms developed around the
age of 1 year (mean, 14.4 months). The number of early-onset patients with symptoms
before the age of 1 month was 42 (63.6%). The most common initial symptom was abdomi-
nal distension (75.4%), and 21.2% of the patients presented urologic symptoms, including
megacystis and vesicoureteral reflux at diagnosis (Table 1).

Table 1. General characteristics of pediatric chronic intestinal pseudo-obstruction patients.

n (%)
Sex: male 34 (51.5%)
Birth weight (kg) 34+£05
Gestational age (day) 254.5 4 28.5
Onset age (month) 144 + 33.1
Early (<1 month) 42 (63.6%)
Late (>1 month) 24 (36.4%)
Gastrointestinal symptom
Abdominal distension 49 (75.4%)
Vomiting 29 (44.6%)
Constipation 19 (29.2%)
Feeding difficulty 7 (10.8%)
Diarrhea 4 (6.2%)
Abdominal pain 4 (6.2%)
Urologic symptom 14 (21.2%)
Megacystis 8 (12.1%)
Hydronephrosis 3 (4.5%)
Vesicoureteral reflux 2 (3.0%)
Neurogenic bladder 1(1.5%)

Forty-seven and 11 patients had neuropathy and myopathy, respectively. Of the
66 patients, 83.3% had generalized PIPOs, and 16.7% had localized PIPOs. The average
number of operations per patient was 3.6. Most patients underwent enterostomy with
intestinal biopsy (71.2%) (Table 2).

Among the 18 patients who underwent genetic analysis, four showed a mutation in
the ACTG-2 gene, and one showed a mutation in SOX10 (Table 3).

The mean duration of PN use was 11.8 months, and 24.2% of the pediatric patients
still required home PN at the last follow-up. The mortality rate was 18.2%, and the causes
of death were sepsis, malnutrition, and multiorgan failure (Figure 3).
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The mortality rate was significantly higher in patients with myopathic PIPOs than in
patients with neuropathic PIPOs. However, symptom onset age, involvement type, and
urologic symptoms were not associated with mortality in PIPOs. Regarding nutritional
outcome, the total duration of PN was significantly longer in the generalized PIPO and
in patients with urologic symptoms. The proportion of patients requiring PN over 6
months in the generalized group was 34.5%, which was significantly higher than that in
patients with localized PIPO. Patients who presented with urologic symptoms also showed
a higher proportion of PN usage over 6 months than patients without urologic symptoms.
The proportion of patients requiring home PN had shown similar results, which was
associated with urologic symptoms. In contrast, the pathologic type and age of onset had
no association with nutritional outcomes (Table 4).

Table 2. Disease characteristics in chronic intestinal pseudo-obstruction patients.

n (%)
Pathology
Neuropathy 47 (71.2%)
Hypoganglionosis 21 (31.8%)
IND-B § 9 (13.6%)
Others 17 (25.8%)
Myopathy 11 (16.7%)
Neuropathy, myopathy 3 (4.6%)
Undetermined 5 (7.6%)
Extent of involvement
Generalized 55 (83.3%)
Localized 11 (16.7%)
Stomach 3 (4.6%)
Small bowel 3 (4.6%)
Colon 5 (7.6%)
Genetic mutation
ACTG-2 mutation 40f18
SOX10 mutation 1of18
CLMP, FLNA, MYH-11, RAD21, SGOL1 0of 18
Number of operations 3.6+£22
Name of operation
Bowel resection
Gastrectomy 4
Colectomy 15
No bowel resection
Full-thickness intestinal biopsy 2
Full-thickness intestinal biopsy with enterostomy 45
Outcome
PN * duration (month) 11.8 £21.0
PN > 6 months 21 (31.8%)
Home PN 16 (24.2%)
Mortality 12 (18.2%)

5 IND-B: intestinal neuronal dysplasia type B; * PN: parenteral nutrition.

Table 3. Genetic mutation.

Gene Mutation

c.533G > A, p.Argl78His, Heterozygote
c.188G > A, p.Arg63Gln, Heterozygote

c.188G > A, p.Arg63Gln, Heterozygote

c.769C > T, p.Arg257Cys, Heterozygote
SOX10 mutation c.1164T > A, p.Tyhr388, Heterozygote

ACTG-2 mutation
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Figure 3. Overall survival was shown in this figure. Overall survival rate was 81.8%, and the median
follow-up period was 35 months.
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4. Discussion

Rudolph et al. have reported that PIPO could be diagnosed if intestinal obstruction
symptoms and intestinal distension in plain abdominal radiographs persist without true
obstruction or secondary causes [12]. PIPO is a heterogeneous condition with different
causes, symptoms, and signs. For example, PIPO can be different for urologic symptoms
and pathologic type [13]. Prior studies have reported that PIPO can combine urologic
symptoms including megacystis and neurogenic bladder at birth [5]. Faure et al. have
reported that, even in cases with normal biopsy results, megacystis could occur with
neuropathy and myopathy [14]. Urological involvement rates of 36-100% are reported [15].
Our results showed 21% of urologic symptoms, which is consistent with the results of
previous studies. Pathologic findings including neuropathy, myopathy, or non-specific
findings could be observed in PIPO patients. According to Thapar et al., in PIPO, the
neuropathy ratio was up to 70%; our study showed similar results at 71.2% [5].

Recent advancements in nutritional support and Intestinal Rehabilitation Programs
(IRPs) improved the outcomes of intestinal failure including CIPO by lowering CIPO
mortality rates. However, among the patients with intestinal failure, those with CIPO,
which is a representative motility disorder, showed poorer outcomes than those with short
bowel syndrome [16]. The survival rate of patients with short bowel syndrome is reported
to be >95% since the IRPs, but the survival of patients with intestinal failure owing to CIPO
is still reported to be approximately 85% [17-19]. In a previous study, CIPO outcomes were
evaluated based on improvement after drug treatment, nutritional outcome, and death [19].
In our study, we evaluated mortality and nutritional outcomes. The mortality rate of CIPO
was reported as 10-25% [18,19]. The cause of death was often owing to long-term PN
complications including central catheter-associated sepsis and intestinal failure associated
with liver disease [5]. The overall mortality rate of primary pediatric CIPO was 18.2%,
which is in line with those of previous studies. All mortality cases occurred before 2011.
At our institute, we performed a home PN program for patients with intestinal failure
since 2008.

Despite our patients showing better survival, approximately 24% of them needed
long-term PN and home PN management. Mousa et al. have reported that the rate
of home PN in children diagnosed with CIPO was 60-80% [9]. In another study, one
third of patients were dependent on home PN [19], which is higher than the number in
the present study; this could be because it has not been long since our institute started
home PN management. Among the 23 newly diagnosed CIPO patients from 2010, the
rate of administering home PN was approximately 40%, compared to the previous 0%.
We observed that 31.8% of patients relied on PN for >6 months. In a recent study, PN-
dependent children showed low social quality of life. Particularly, patients receiving PN
in the long term have negative emotions and limited sports activities. Caregivers also
experience more depression, economic stress, and social isolation than those with children
without CIPO [20]. Therefore, it is important to manage these patients comprehensively
for improving mortality and nutritional outcomes.

Heneyke et al. have reported malrotation, short bowel, urinary involvement, and
myopathy as poor prognostic factors for CIPO [10]. Another retrospective study of 105
pediatric patients has reported CIPO onset at birth, acute onset, megacystis, and operation
as poor prognostic factors for PN dependence [14]. In the cases of early onset, especially
before the age of 1 year, surgery is often performed for discriminating other obstructive
causes; however, the outcomes are reported to be poor. Fell et al. have reported that
only four out of 14 infants with CIPO recovered enteral autonomy, and five patients died,
resulting in a mortality rate of 35.7% [21]. In contrast, there was no significant difference
according to the onset age in current study. There was rare report regarding the onset time
as a prognostic factor in recent 10 years. The previous results were also reported in the
1990s, and it is interpreted that the results such as mortality have improved as medical
support including PN has been improved.
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Urologic involvement is associated with diffuse hollow viscus organ involvement,
suggesting the possibility of generalized disease rather than localized disease; it is reported
as a predictor of poor outcome [14]. We identified that all 14 patients with urologic
involvement had generalized type CIPO, and their nutritional outcome tended to be poor
than patients without urologic symptoms. However, the mortality of patients with and
without urologic symptoms was not significantly different, which might be because many
patients use PN and can prevent sepsis due to bacterial translocation; however, the number
of deaths due to the disease is low. Additionally, there was no difference in the nutritional
outcome and mortality according to age at CIPO onset.

Pathologic type has been identified as an important prognostic factor for CIPO in many
studies. In particular, the myopathy type was reported as a poor prognostic [10,22,23]. Ad-
ditionally, patients with hypoganglionosis in pathologic specimens showed better survival
rates than those without hypoganglionosis [24]. In our study, we analyzed the outcomes
according to pathologic type: patients with myopathy had a significantly higher mortality
rate (54.6%) than those with neuropathy (8.5%). This result was consistent with those of
previous studies.

Kim et al. have reported good and fair outcomes in three localized CIPO cases, but
four expired cases were reported in 19 generalized CIPOs when classified according to the
involvement area [22]. In this study, according to the involvement type, mortality showed
similar results with a previous study, which showed a difference in outcome according to
the involvement area: the generalized type of 21.8% and localized type of 0%. However, it
was not significant. Regarding nutritional outcomes for the localized type, there was no
case in which PN was required for >6 months, and there was no case in which home PN
was performed. Therefore, it was confirmed that the nutritional outcome was very poor in
the generalized CIPO.

However, our study has some limitations. Although our results contain relatively
large number of CIPO children, we collected data retrospectively. Future work should,
therefore, include prospective study to evaluate risk factor.

5. Conclusions

In conclusion, we found that the diagnosis and proper management of pediatric
primary CIPO are difficult to determine. However, appropriate management with a
multidisciplinary approach and nutritional support could improve the mortality rates in
CIPO. CIPO with myopathy is suggested to have poor mortality outcomes, and CIPO with
urologic symptoms and generalized CIPO is suggested to have poor PN outcomes. It might
be helpful in determining the treatment plan of PIPO patients based on the analysis of
prognostic factors from this study.
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