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Abstract: Inflammatory bowel diseases are chronic illnesses that involve intestinal inflammation and are usually 
diagnosed as Crohn’s disease or ulcerative colitis. As these diseases do not have a cure, the goal of treatment is 
to induce and maintain remission. Monoclonal antibodies have been recognized as the most advanced therapy to 
avoid complications and reduce the need for surgical approaches. However, although their effectiveness has been 
proven by several studies, they can trigger the immune system, induce the occurrence of immunogenicity, which 
may lead to the loss of response and treatment failure. The purpose of this review is to determine what are the 
main mechanisms involved in IBD; to assess the recommended treatments; to explore the mechanisms of immu-
nogenicity. We also try to explain the detection and describe the existing advances that make possible the clinical 
application of these approaches.
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Introduction

Inflammatory bowel disease (IBD) is character-
ized by a chronic, progressive and recurrent 
immune-mediated inflammation, which inclu- 
des the main subtypes of ulcerative colitis (UC) 
and Crohn’s disease (CD). The etiopathogen-
esis of IBD is not fully understood, but the 
known factors include genetics and other inter-
nal and external factors, such as environment 
and lifestyle, and the intestinal microbiota and 
unregulated immune response [1, 2]. 

Crohn’s disease can affect the entire gastro-
intestinal tract, which may present itself in the 
ileum and cecum (40% of presentations), be 
restricted to the ileum (30%), or restricted to 
the colon (35%) [3]. The pattern of a segmented 
lesion with injured areas interspersed with 
healthy ones is typical, in addition to trans-
mural inflammation. CD can also be distin-
guished from UC by its behavior (inflammatory, 
stenosing, and/or fistulising disease), and by 
non-caseating granulomas [2, 4].

Unlike CD, UC involves only the intestinal 
mucous layer and produces a continuous 
inflammatory pattern, which is limited to the 
intestinal colon and rectum. UC injuries caused 
by inflammation usually start in the rectum and 
advance proximally throughout the colon [5]. 
The extent to which these lesions reach deter-
mines whether the UC is classified as proctitis, 
left colitis, or pancolitis and it also indicates 
severity and possible complications [6, 7].

IBD manifestations can be quite wide depending 
on the severity of the disease and its location. 
However, the most common clinical presenta-
tions include abdominal pain, chronic watery 
(occasionally bloody) diarrhea, weight loss, 
fatigue, and fever. Particularly in CD, extraintes-
tinal manifestations, whether on the skin, eyes, 
or joints, can affect more than 50% of patients 
[2, 7].

The incidence and prevalence of IBD are trad-
itionally higher in urban areas and western 
countries, such as those in Western Europe and 
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North America [8]. Therefore, an increase in 
IBD cases tends to correlate with industrial and 
socio-economic development in countries in 
Latin America, Asia, Eastern Europe, and Africa. 
This phenomenon highlights the relevance of 
lifestyle and the environment as risk factors for 
the disease [1, 2, 8].

In general, the development of IBD is based on 
three pillars that add up and interact with each 
other: genetics, environmental or external fac-
tors, and internal factors, the latter indicates 
the patients’ microbiota [1].

Immunopathology of IBD 

The immune system has been implicated roles 
in the development of IBD [9], and some stud-
ies have demonstrated the effect of the innate 
and adaptive immune system on intestinal 
inflammation.

The innate immune system acts as the first line 
of defense against possible pathogens and is 
responsible for preventing, controlling, and/or 
eliminating infections [10]. It is mediated by 
several cell types, such as monocytes, macro-
phages, dendritic cells, neutrophils, and natu-
ral killer cells [11]. The adaptive immune sys-
tem is characterized by its specific sensitivity to 
different molecules, recognizing and reacting 
to different microbial and non-microbial stimuli. 
The main cell types associated with this kind of 
immune response are lymphocytes [10].

All these immune cells secrete cytokines, which 
are proteins that affect the behavior of other 
cells [12]. Among the produced cytokines, 
some have been identified as important in the 
development or act as maintainers of the 
inflammatory environment described in IBD. 

The tumor necrosis factor α (TNF-α), a mediator 
of the acute inflammatory response, is pro-
duced mainly by macrophages, lymphocytes, 
dendritic cells, and endothelial cells [10]. The 
biological activity of TNF-α begins when the 
cytokine is linked to its receptors TNFR-1 and 
TNFR-2. This further activates the NF-κB signal-
ing pathway, thereby stimulating the production 
of other pro-inflammatory cytokines, such as 
Th1 type cytokines [13, 14]. 

In studies conducted by Friedrich et al. and 
Geremia et al., a greater amount of TNF-α was 

found both in the lamina propria and in the 
intestinal mucosa of patients with IBD [16,  
17]. The presence of this cytokine induced a 
pro-inflammatory response, which damaged 
the gut tissue. In addition, it influenced other 
cells that present in the mucosa, which in turn 
leads to its dysregulation.

Similarly, Neurath et al. demonstrated that 
mice with TNBS-induced colitis produced high-
er levels of TNF-α. When the gene responsible 
for this cytokine was inhibited, colitis could not 
develop in these animals [15]. Furthermore, 
studies conducted on human patients demon-
strated a significant presence of TNF-α produc-
ing cells in the gut environment. When antago-
nists of this cytokine were used, both induction 
and endoscopic/histological remission status 
were maintained in these patients [18, 19].

Several other studies corroborate Neurath’s 
findings by showing the chronic elevation of 
TNF-α in patients with IBD. Braegger et al. 
quantified the presence of this cytokine in fecal 
samples from pediatric patients with both 
active disease and during remission. Their data 
demonstrated that patients with active CD and 
UC have higher levels of TNF-α, respectively, 
and that patients in remission had similar level 
of TNF-α to those of the controls [20]. Reimund 
et al. also investigated the production of TNF-α 
on biopsies of the affected mucosa, but in an 
adult cohort with CD. Their results demonstrat-
ed a higher production of TNF-α in these 
patients, even in normal mucous membranes 
that did not show apparent signs of inflamma-
tion [21].

Other cytokines have also been shown to act in 
maintaining the inflammatory state seen in IBD. 
Among them, IL-12 stimulates IFN-γ production 
[22] and induces intestinal Th1 immune 
response [23, 24]. It also promotes the devel-
opment of innate lymphoid cells (ILCs), expands 
IFN-γ and IL-17A, and produces Th17 cytokines 
as IL-17 and IL-22 [25-28]. 

IL-23 has also been described as a participant 
in IBD inflammation. Disruption of IL-23 leads 
to resistance to immune-mediated diseases, 
such as autoimmune encephalomyelitis, and 
T-cell-induced colitis [29, 30]. In an experimen-
tal model, IL-23 has been described as essen-
tial for the manifestation of chronic intestinal 
inflammation. It has been demonstrated that 
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IL-23 affects Th17 cells, the main producers of 
IL-17 and TNF-α [31]. In general, cytokines that 
play an important role in inducing the inflamma-
tion seen in IBD, and is correlated with TNF-α, 
have the potential to be therapeutic targets.

Anti-TNF-αmonoclonal antibody therapy for 
IBD

There is currently no specific cure for IBD, so 
the goal of treatment is to induce and maintain 
the state of remission in patients, thus control-
ling the exacerbation of the disease [32, 33]. 
Monoclonal antibodies (MAbs) are antigen-rec-
ognizing glycoproteins generated from identical 
immune cells, which make them identical 
clones [34]. Thanks to Köhler and Milstein, the 
Nobel winners in 1975, who described the 
technique of hybridoma creation, which makes 
it possible to obtain large amounts of MAbs, 
that can be utilized clinically [35].

Advances in genetic engineering made it pos-
sible to create new MAbs, which are a second 
class composed of chimeric molecules, and 
which include a hybridoma formed by human 
and mouse Ig regions [36]. 

Among the chimeric MAbs, there is Infliximab 
(IFX/Remicade®), a TNF-α blocker, which is 
effective against several pathologies mediated 
by TNF-α, including CD and UC. In the USA, IFX 
was approved for use in 1998, which is a chi-
meric antibody, containing 75% human and 
25% murine IgG1. When it binds to soluble 
TNF-α and to the precursor attached to the 
membrane, it prevents the activity of this cyto-
kine, reducing the inflammatory response [37, 
38].

For IBD, IFX, which is administered intravenous-
ly, has been utilized to treat moderate to severe 
cases of both DC and UC that are refractory or 
intolerant to conventional medications. IFX’s 
management two phases’ administration: 
induction and maintenance. Induction doses of 
5 mg/kg of body weight are given at week 0, 
week 2, and week 6. Thereafter, the mainte-
nance phase is initiated and infusions are per-
formed every 8 weeks, with the same dose as 
for induction [5, 39].

The effectiveness of IFX has already been 
described by several studies, including one per-
formed by Rutgeerts et al., which analyzed the 

efficacy of repeated infusions, and whether this 
administration would maintain the remission in 
patients with active CD. IFX has shown toler-
ance and efficiency in managing the clinical 
symptoms of patients that didn’t respond to 
conventional therapy [40]. Similarly, Sandborn 
also studied the role of IFX, by analyzing 
patients who had active, moderate, or severe 
UC, and who received IFX treatment. Their 
results demonstrated that patients using MAb 
required less colectomies when compared to 
patients who received the placebo [41].

In an attempt to minimize the incidence of anti-
drug antibodies (ADAs), humanized MAbs were 
developed by using the hybridoma technique. 
However, a 100% human equivalent began to 
be used in the antibody constant region that 
was previously murine [42]. In general, human-
ized MAbs tend to produce fewer ADAs than the 
chimeric ones, but the incidence of ADAs is not 
wholly eliminated [34, 43]. 

Adalimumab (Humira®), approved by the FDA in 
2002, was initially used to treat rheumatologi-
cal disorders [5]. The medication is an IGg1 
that has high affinity and specificity to soluble 
TNF-α [44], which prevents the action of this 
cytokine. Adalimumab is commonly used as an 
option for IBD patients who had previously 
used IFX, and has been shown to be well toler-
ated along with a clinical benefit [45]. 
Adalimumab administration, similar to IFX, is 
divided into induction and maintenance phas-
es. However, it is a medication for subcutane-
ous application, distinct from IFX, which is 
intravenous. In the induction phase, the patient 
receives a dose of 160 mg on week 0, 80 mg 
on week 2, and then 40 mg every 2 weeks. The 
dose during the maintenance phase is 40 mg 
every 2 weeks [44]. 

Several studies have proven the capacity of 
Adalimumab to induce and maintain remission 
in both CD and UC. Hanauer et al. included in 
their study patients with moderate to severe CD 
who had never received previously anti-TNF-α. 
The medication regimen was administrated 
according to the drug description leaflet. The 
results showed that remission rates were 
achieved in 4 weeks, being higher than placebo 
[46]. The role of Adalimumab was also studied 
in UC, as was the study by Colombel et al., in 
which researchers followed patients with mod-
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erate to severe forms for 4 years. The results 
indicated that the medication led to remission, 
and to mucosa healing, which increased the 
quality of life of these patients [47].

Another MAbs that also work by blocking the 
action of TNF-α is Certolizumab pegol (Cimzia®). 
Besides having the potential to be used in the 
treatment of IBD, this medication is currently 
used for treating CD. This MAb, also human-
ized, is a pegylated Fab fragment, thus differing 
structurally from both IFX and Adalimumab, 
and it acts by inhibiting the activation of the 
TNF-α membrane receptor by neutralizing both 
the soluble form of the cytokine and its trans-
membrane form [48, 49]. Certolizumab pegol is 
administered subcutaneously and also requires 
phases of induction and maintenance. In the 
induction phase, 400 mg are administered on 
week 0, week 2, and week 4. Afterward, the 
patient receives 400mg every 4 weeks during 
maintenance phase [48].

Several researchers have analyzed the role of 
Certolizumab pegol to evaluate its effective-
ness. Sandborn et al. conducted a randomized, 
placebo-controlled, and double-blind study  
to evaluate the efficacy of this medication. 
Patients with moderate to severe CD, who 
received Certolizumab pegol according to the 
drug description leaflet, were included. The 
results showed that the medication was associ-
ated with an improved response, but there was 
no increase in the remission rates [50]. Stein et 
al. analyzed the use of Certolizumab pegol as a 
re-induction therapy and demonstrated that 
most patients who received re-induction doses 
failed to achieve a sustained clinical response. 
In fact, previous treatment with another anti-
TNF-α showed a reduced response, suggesting 
that the use of Certolizumab pegol is effective 
as initial therapy [51]. 

Despite the effectiveness, some patients show 
a loss of response to anti-TNF-α over time [52]. 
Studies indicate that the loss of response to 
IFX in patients with CD is 13%, and 25% to 
Adalimumab [53, 54].

One way to continue the use of anti-TNF-α and 
to decrease the formation of ADAs is to associ-
ate the biological medication with immunosup-
pressants, such as azathioprine. In the SONIC 
study, patients received IFX, azathioprine, or a 
combination of both. The results showed that 

patients who received both medications dem-
onstrated a superior remission without the 
need for corticosteroids when compared to 
those who used IFX as monotherapy. Also, 
serum levels of IFX were higher in patients 
receiving combination therapy, demonstrating 
the benefit of concomitant use of the two medi-
cations [18].

Similarly, the DIAMOND study analyzed the 
same context, but with Adalimumab. Again, 
patients using Adalimumab, azathioprine, and 
both concomitant medications were included. 
Although the study showed no differences 
regarding clinical remission, it did confirm endo-
scopic improvement in those patients who 
used the two combined medications, when 
compared to the monotherapy of Adalimumab 
[55].

Immunogenicity

As mentioned above, the use of MAbs in the 
treatment of IBD has brought several advances 
and has significantly improved the quality of 
patients’ life. Despite advances in genetic engi-
neering and the improved quality of MAbs, it 
has shown an increase in the number of 
adverse effects/reactions to these medica-
tions related to loss of response [56].

The process by which a medication can lead 
the immune system to respond against it, 
thereby compromising its effectiveness or gen-
erating toxic compounds, is called immunoge-
nicity [57]. Its occurrence is closely associated 
to the disappearance of the medication in the 
bloodstream and, consequently, results in ther-
apeutic failure [58-60].

Besides the immune response that is triggered 
by the medications, the humoral immune 
response is also activated. Active T helper lym-
phocytes cause stimulation, proliferation, and 
further differentiation of B cells that are linked 
to antigens, in this case, MAbs. Plasma cells 
are generated from that differentiation, which 
is responsible for the production of specific 
antibodies against MAbs [10].

Several factors can lead to the formation of 
ADAs, such as the frequency of medication 
administration, the route that the drug uses to 
be metabolized, particularities of the medica-
tion biology itself, and factors intrinsic to the 
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patient (e.g.: genetic factors, the use of other 
medications) [61, 62]. In general, the produc-
tion of ADAs directly interferes with the effect 
of the drug or produces changes that neutralize 
its effectiveness, and may even generate 
adverse reactions [63, 64]. 

Neutralizing ADAs (ntADAs) act in a way that 
directly interferes with the biological activity of 
the medication. ADAs associated with TNF-α 
blockers render the medication ineffective. 
These ADAs against idiotypes can prevent the 
binding of the medication with its complement 
in the structure of TNF-α, which is normally 
associated with the Fab portion of the antibody. 
Furthermore, another way in which ADAs func-
tion is neutralized occurs when ADAs can bind 
to different parts of the MAb, modifying their 
morphological structure, thus preventing their 
binding to TNF-α [65]. On the other hand, non-
neutralizing ADAs (bADAs), cause the removal 
of the medication by inducing its filtration by 
the spleen, in addition to facilitating the binding 
of the ADA to the phagocytic cells that remove 
them. Both ntADAs and bADAs, when linked to 
Mab, may form a complex composed of drug-
ADA that is called immune-complex [65].

Immuno-complexes (ICs) can activate dendritic 
cell maturation. In addition, they can influence 
the promotion of cytotoxic T lymphocytes and 
make them behave like opsonins, thus activat-
ing the complementary system C1q pathway 
[10]. The formation of ICs happens continuous-
ly whenever the ADA finds the MAb in the blood-
stream [66].

In addition to the roles mentioned above, some 
IC molecules can generate type III hypersensi-
tivity reactions that are observable when these 
complexes are deposited in diffuse capillaries. 
This and by the ability of ICs to cross-link with 
complement receptors and Fcγ receptors can 
cause vascular thrombosis and increase inflam-
mation in that region [67]. 

The formation of antibodies has come under 
increasing scrutiny as one of the mechanisms 
that could explain the reduced efficacy or even 
the total therapeutic failure of some drugs. 
Among the main acute clinical adverse effects 
associated with MAbs are flushing, shortness 
of breath, hives, and chest tightness. All can 
occur with the presence of ADA. These symp-

toms are seen mainly in patients who produce 
anti-IFX antibodies [68]. Some types of serious 
reactions can happen, such as delayed-type 
hypersensitivity after the infusion, character-
ized by fever, rash, itching, myalgia, headaches 
[69].

Baert et al. analyzed the formation of ADA in 
patients with CD receiving IFX infusions. After 
the first infusion, about 40% of them developed 
anti-IFX antibodies, and after the fifth infusion, 
this number increased to 61%. He also noted 
that the presence of these antibodies was 
associated with a higher incidence of some 
type of reaction during the infusion, and also 
with a less effective clinical response [68]. 
Similarly, Cheifetz also analyzed the incidence 
of reactions to IFX infusion in CD patients. 
About 5% of them experienced reactions during 
the infusions, and less than 1% experienced a 
delayed reaction [31].

A way to decrease the chances of MAbs to trig-
ger the immune system is to concomitantly add 
immunomodulatory medications, such as aza-
thioprine, 6-mercaptopurine, or methotrexate, 
thus avoiding loss of response. Several studies 
analyzed the impact of adding these medica-
tions, and whether in their presence the amount 
of anti-drug antibodies decreased [18, 71-73]. 
Although the mechanism that allows the effects 
of immunosuppressants on immunogenicity to 
happen is not yet known, Krieckaert et al. 
hypothesize that it is possibly due to the sup-
pression of the immune response. This may 
block the expansion of immunoreactive cells, 
which leads to reduced formation of antibodies 
against the drugs [74].

Vermeire et al. sought to analyze the impact of 
azathioprine and methotrexate, administered 
concomitantly with infliximab, in patients with 
CD. In addition to the lower incidence of anti-
bodies against infliximab in those patients who 
used immunomodulators, patients who did not 
receive the concomitant medication had very 
low serum MAb levels [75]. Correspondingly, a 
similar pattern was observed with Adalimumab. 
When an immunosuppressive agent such as 
azathioprine or methotrexate was used, less 
ADA was produced and, consequently, a lower 
incidence of adverse effects occurred [74]. The 
same was not observed when corticosteroids 
or aminosalicylates were used [56]. 
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Bodini also analyzed the formation of ADAs in 
patients using Adalimumab. CD patients who 
had not previously received IFX, who were in 
remission, and who were in the medication 
maintenance phase were included. The results 
showed that the development and presence of 
ADAs influenced the serum level of Adalimumab, 
and that this led to the promotion of clinical 
relapse [76]. Similarly, Yarur et al. investigated 
the association between levels of ADAs with 
levels of Adalimumab and CD endoscopic activ-
ity. They found that patients with active disease 
showed high serum levels of anti-TNF-α due to 
the inability of the medication to neutralize the 
production of TNF-α in the tissue [77]. 

In addition to the formation of ADAs as one of 
the main causes of MAbs therapeutic failure, 
researchers also sought to analyze the forma-
tion of ICs as one of the contributing factors to 
this deficient response. Few studies have ana-
lyzed the role of ICs specifically in IBD, and fur-
ther studies are needed to contribute to a bet-
ter understanding. Most of what is known came 
from studies on rheumatological diseases. A 
significant number of patients with rheumatoid 
arthritis develop ADA after receiving both IFX 
and Adalimumab in the first 6 months of thera-
py [78-80]. Many of the adverse effects are 
believed to be related to the formation of ICs 
induced by the use of medication [62]. In an 
experimental study performed by Arnoult et al., 
mice received doses of IFX or Adalimumab 
intending to analyze the IC formation induced 
by these medications. Their results demon-
strated that both knockout and wild-type ani-
mals formed an immune response against 
MAbs, which suggests that ICs play a determin-
ing role in the therapeutic response [81].

Measurement of immunogenicity compounds

As immunogenicity is correlated with changes 
in drug efficacy, as well as patient safety, the 
quantification of drug levels along with the 
measurement of ADAs makes it possible to 
identify if the patient is responding adequately 
to the therapy. Depending on the amounts of 
drug and ADAs levels, they can help to identify 
a possible pathway that is leading to this clini-
cal non-response [82].

With the inclusion of anti-TNF-α as a therapy for 
IBD, these biological compounds may act as a 
trigger for the immune system, so immunoge-

nicity may occur. Studies conducted by Vermeire 
et al. and Strand et al. analyzed the relationship 
among the MAbs used for both CD and UC 
treatment and their capability to induce immu-
nogenicity. Their data have demonstrated that 
the immunogenicity rate varies from 0.0% to 
65.3% for IFX and 0.3% to 38.0% for adalim-
umab [75, 83]. 

Strategies to determine the response to the 
medication can be made empirically, by observ-
ing the patient’s reaction, or by evaluating 
serum drug levels and their correlation to the 
measurement of ADAs [84]. This latter strategy 
is called Therapeutic Drug monitoring (TDM) 
and the literature has shown satisfactory 
results concerning the cost-benefit ratio of its 
application [85, 86].

With TDM, not only did patients experience 
lower hospitalization rates (22% versus 35% in 
the group without monitoring), but there were 
also 24% savings from using optimized treat-
ment [84]. TDM can be performed reactively, 
when the patient already shows the first signs 
of loss of response. This demonstrates the 
need to investigate possible immunogenicity, 
and then to choose a more appropriate medica-
tion. TDM can also be mannered proactively, in 
which the patient still responds positively to the 
treatment. However, in order to maintain its 
effectiveness, an analysis must be made to 
avoid subtherapeutic or supratherapeutic drug 
levels, preventing relapses [85]. 

Several studies seek to understand the best 
way to perform TDM, proactively or reactively. 
Initially, the guidelines supported the reactive 
practice, with the intention to optimize doses 
when there was loss of response. However, 
because this strategy does not maximize its 
best use, proactive TDM has been given  
greater consideration [86]. The TAXIT (Trough 
Concentration Adapted Infliximab Treatment) 
trial demonstrated that when TDM was perfor- 
med proactively, it was associated with lower 
frequencies of undetectable IFX levels, and 
consequently a lower chance of relapse [87]. 
Similarly, in a study by Amiot et al., the authors 
demonstrated that in cases of remission, IFX 
de-escalation has better results when using 
TDM instead of symptoms and tests such as 
C-Reactive Protein (CRP) [88]. Concerning more 
severe cases and those that present higher 
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drug clearance, proactive TDM also proved to 
be indicated more often [89].

One of the most used techniques for these pur-
poses is the enzyme-linked immunosorbent 
assay (ELISA). This methodology is a technique 
that makes possible the detection and quantifi-
cation of soluble substances, including anti-
bodies. Its main advantage is its high sensitivi-
ty and specificity. Despite being an excellent 
method, among its disadvantages are the need 
for specialized technicians to perform it and the 
fact that its reagents need to be handled with 
care since their degradation occurs mainly 
when exposed to sources of heat or light [90]. 

Several companies already produce commer-
cial ELISA kits to detect serum levels of MAbs 
and ADAs, such as Lisa-Tracker® (Theradiag, 
Marne-la-Vallée, France) and Promonitor® 
(Proteomika S.L., subsidiary of Progenika Bio- 
pharma S.A., Spain). The tests differ from  
each other in terms of their kit methodology, 
such as the Lisa-Tracker®, which is an ELISA 
that uses its wells pre-coated with TNF-α, while 
Promonitor®, as a capture ELISA, has its wells 
covered with anti-TNF monoclonal antibody 
bound to recombinant TNF-α [91, 92], but both 
are effective and reliable.

New technologies have emerged to improve 
ELISA tests, making them more sensitive and 
faster to perform. One of these improvements 
is the Multiplex, a system that is similar to the 
ELISA, and derived from it. However, it uses 
magnetic beads that allow for multiple analy-
ses in a single experiment. Despite being a 
more refined and improved technique, its use is 
more common for research than in the clinic 
itself [93]. 

There are also commercial Multiplex kits that 
allow the quantification of serum levels of dif-
ferent MAbs in the same experiment, such as 
SIL-Infliximab and SIL-Adalimumab (Millipore- 
Sigma®, a Merck® brand). This technique 
allowed for improvements in both reproducibili-
ty and accuracy in the quantification of MAbs of 
IFX and Adalimumab in routines [94].

Likewise, it is also possible to use the ELISA 
technique to measure circulating ICs in both 
serum and blood plasma. Since the formation 
of ICs is associated with several pathologies 
such as autoimmune, rheumatological diseas-

es, bacterial and viral infections, in addition to 
allergies. The measurement of these complex-
es is extremely important [95-100]. As previ-
ously stated, despite their effectiveness, they 
are often performed only in the laboratory envi-
ronment. The need for specific equipment and 
reagents makes them unviable in the clinic.

With this purpose in mind, researchers have 
been working towards simplifying these tests, 
so that they can be made outside laboratories, 
with fewer reagents, while maintaining their 
quality and sensitivity. In the context of IBD, 
these advances have produced rapid-result 
tests. Through the lateral flow test (LFT) tech-
nique, it is possible to detect the presence of 
the desired substance without the need for the 
use of specialized equipment. This technique, 
commonly used in everyday life as in pregnancy 
tests, where the beta HCG is measured in a 
strip, is a simple, economical method that gives 
its result in a short time [101].

One of the tests already in use is the measure-
ment of calprotectin, a protein derived from 
neutrophils. It is not metabolized by the intes-
tine, remains intact in the stool, and is consid-
ered a marker of gastrointestinal inflammation 
[102]. Its presence in the feces can indicate 
disease activity, relapse, or healing of the 
mucosa, and can also aid in identifying the best 
appropriate management for that patient [103, 
104]. Through LFT, is possible to quantify the 
presence of calprotectin in the patient sample. 
If the amount of this protein is low, it indicates 
that the patient does not have active inflamma-
tory disease, so more invasive tests such as 
colonoscopies can be avoided. If the situation 
is the opposite, and the protein is presented in 
high quantities, imaging and/or endoscopic 
exams must be performed, mainly to identify 
the site of inflammation.

LFT tests are now commercially available to 
measure the serum level of some MAbs  
such as IFX and Adalimumab, like those from 
Bülhmann® (Schönenbuch, Switzerland) [105]. 
These tests do not require complex apparatus, 
and all the necessary reagents come with the 
kit, which is composed of the diluent and a cas-
sette in which the diluted sample is added. In 
15 minutes, the amount of medication that the 
patient has in the peripheral circulation is 
available.
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Several studies have shown that although 
these tests are rapid, their efficiency and appli-
cability are similar to the results obtained by 
ELISA measurements, such as those performed 
by Laserna-Mendieta et al. and Gomes et al. 
[88, 106]. Likewise, this company has also 
recently developed kits for measuring the  
ADAs generated by these MAbs. The technique 
works in the same way as the LFT serum dos-
age tests, with the same methodology and 
execution. 

Anti-TNF-α through levels monitoring in clini-
cal practice

Monitoring drug levels and the presence of 
ADAs is possible and has been widely used in 
clinical practice. However, it is important to 
know the ideal moment to perform its evalua-
tion. Vermeire et al. claim that the moment of 
measurement can influence the detection rate 
of both drug and ADAs levels. They observed 
that some assays are not able to detect the 
presence of anti-drug antibody because the 
concentration of the drug at the time of collec-
tion (before the administration of the next dose) 
is lower [75].

Lower levels of MAbs, as well as the presence 
of ADAs, have been identified as the most 
important factors in the secondary loss of 
response during treatment of patients with 
anti-TNF-α therapy [68, 107].

Clinically, the intensification of drug dosage 
regimen is frequently performed empirically, 

based on the patients’ symptoms. The continu-
ation of the treatment already established is 
maintained until there is no response and the 
patient needs to be submitted to another class 
of medication to regain the ideal response. 
Therefore, the use of TDM for serum levels and 
the detection of ADAs may require a personal-
ized approach to identify an early failure of the 
anti-TNF-α agent [108]. With this information, 
the best medical conduct can be determined, 
benefiting the patient with a specific therapeu-
tic adjustment of the drug (Figure 1). 

The presence of antibodies is not always relat-
ed to the low levels of the drug and a worse 
outcome. This finding can be justified by the 
existence of two types of antibodies, the tran-
sient antibody and the persistent antibody. The 
persistent antibody does not become extinct 
over time. However, the transient antibody is 
inconsistent and certainly does not affect drug 
levels [109].

Bodini et al. performed a study that analyzed 
the usefulness of assessing minimum drug lev-
els early. They observed that the presence of 
persistent antibodies, when compared to tem-
porary antibodies, affects serum concentra-
tions of MAbs, and that the patients who devel-
oped persistent antibodies more frequently 
showed lower response during treatment  
[110]. Patients with persistent antibodies may 
develop low drug levels, and this will affect the 
patient’s clinical outcome. However, temporary 
antibodies appear to be biologically inactive 
[111].

Figure 1. Monitoring Drug Levels and ADAs formation. Clini-
cal management, when accompanied by TDM, contributes 
to conducting the patients’ treatment, attending to their 
clinical needs more appropriately, and improving their qual-
ity of life. * Non-responders, determined by endoscopic and 
radiological examination.
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Mitrev et al. demonstrated that undetectable 
levels of anti-TNF-α facilitated sustained remis-
sion after a period of drug pause, associated 
with endoscopic remission, and normal levels 
of inflammatory biomarkers [107]. Although 
drug monitoring is used to improve anti-TNF-α 
treatment, it has not been used to identify 
adverse reactions to the anti-TNF-α agent.

Concentrations of drug levels can be classified 
as therapeutic or subtherapeutic, and antibody 
levels as detectable or undetectable. These 
classifications are used to assess whether 
there was a loss of response due to immunoge-
nicity or as a result of non-immune mediated 
pharmacokinetics or pharmacodynamics [112].

Although there are several commercial tests, 
some of them present benefits, such as rapid 
quantification and the ease of handling equip-
ment and materials. Other types of tests may 
demand specialized technicians and require a 
longer time to be performed. Some of the dis-
advantages presented by rapid tests have been 
described in a cohort of patients under the use 
of IFX and have demonstrated especially their 
inability to accurately detect samples with posi-
tive antibodies [113]. Another issue concerning 
rapid tests is that this method might be used to 
quantify levels of antibodies in serum samples 
with undetectable levels of IFX. However, it 
wasn’t effective in quantifying samples with IFX 
concentrations ≥0.4 µg/ml [114].

In a comparison between the established ELISA 
assay and rapid tests used to measure IFX lev-
els, it was observed that these tests cannot be 
interchanged to measure drug levels in IBD 
patients [113]. 

Although ELISA assays and rapid tests are not 
interchangeable, the mathematical correlation 
of the minimum levels of IFX measured in the 
tests does hold well. However, the comparison 
between assays should be performed with cau-
tion, because just a good mathematical corre-
lation is not sufficient by itself [115]. 

From bench to bedside: from labs to clinics

The importance of basic research for obtaining 
knowledge, understanding processes, in addi-
tion to developing and proving hypotheses has 
already been described. However, there is a big 
barrier between having the knowledge and 

actually applying it, especially in the clinic. 
Hence, translational research, in which the 
knowledge obtained from basic research, main-
ly concerning molecular approaches, is one of 
the most pursued nowadays and can be effec-
tively used in clinical tests.

Translational research makes it possible to 
develop new drugs, medications, and the  
identification of biomarkers that can directly 
improve the patient’s life. Both basic and 
applied research complement each other. 
Basic research provides the knowledge to be 
analyzed translationally. On the other hand, 
clinical experience can help to identify mole-
cules and targets more quickly.

The creation of tests for monitoring diseases is 
a product of translational research (Figure 2). 
For these tests to be developed, many previous 
experiments, which identified the molecules, 
their pathways, and their mode of action, need-
ed to be analyzed in isolation, so that, when 
brought together, they may achieve the desired 
result.

To be able to provide a fast test result, technol-
ogy is already being used in the clinic. The 
speed and the ease of performing the test out-
side of a laboratory or at the bedside bring  
several benefits to the patients, who can have 
their treatment performed in a personalized 
and faster way, using more specific medica-
tions, or even analyzing the need for a comple-
mentary invasive investigation. The develop-
ment of rapid tests, especially the TDM type 
that does not require a laboratory bench, brings 
numerous advantages both in terms of clinical 
and financial benefits. Measuring the individual 
need of the patient and adjusting the doses to 
those that are necessary, the treatment can be 
more accurate and effective, and its cost can 
decrease because unnecessary doses will be 
avoided.

Despite the various advances that have been 
already achieved, there is still a need for new 
translational studies to be performed. They 
must guarantee the effectiveness of these 
tests so that the result obtained is reliable 
because the patients’ kind of treatment will  
be directly affected by it. Since IBD are still 
incurable diseases, translational technologies 
become excellent contributors to provide a bet-
ter quality of life for these patients.
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Conclusion

In conclusion, the present review correlated the 
occurrence of clinical therapeutic failure in 
patients with IBD that use monoclonal antibod-
ies as treatment. By characterizing immunoge-
nicity, we explained the main factors that lead 
to loss of response, such as the formation of 
anti-drug antibodies and immune complexes. 
Our review also demonstrated the importance 
of monitoring the drug therapy, diagnosing 
early, or even preventing the occurrence of 
immunogenicity in these patients. 
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