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Abstract

Inflammatory bowel diseases (IBD) represent a significant challenge for modern medicine. Despite the wide
availability of numerous conventional therapies, remission cannot be achieved in a substantial proportion of
patients, particularly those with severe forms of IBD. The still incompletely understood etiology of these disorders
and the need for lifelong treatment underscore the necessity for intensive research into novel therapeutic strategies.
A breakthrough in treatment has been achieved with the introduction of monoclonal antibodies, whose more pre-
cise mechanisms of action have significantly improved patients” quality of life. Given the currently crucial role of
modern therapies in IBD, we have presented and discussed current knowledge on the biological treatment of these
diseases. We hope that, in the era of globally increasing incidence, personalized selection of modern therapies and
further research will enable patients to achieve longer periods of life free from disease symptoms. (Farm Wspét
2026; 19: 3-12) doi: 10.53139/FW.20261910
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Introduction

Inflammatory bowel diseases (IBD) comprise a
group of disorders represented by Crohn’s disease (CD)
and ulcerative colitis (UC). IBD are complex, chronic
conditions characterized by relapsing periods of disease
activity and remission. These disorders are progressive
in nature, leading to cumulative tissue damage and the
development of complications, which are often respon-
sible for recurrent hospitalizations [1]. In addition to
intestinal manifestations, extraintestinal manifesta-
tions are frequently observed in IBD, significantly
affecting patients’ quality of life and complicating the
therapeutic process [2].

Despite the broad availability of conventional tre-
atments, including corticosteroids, aminosalicylates,
small-molecule agents such as tofacitinib and filgotinib,
and immunosuppressive drugs such as azathioprine

and cyclosporine, a substantial proportion of patients
fail to achieve remission. Moreover, long-term use of
these therapies is associated with an increasing risk of
serious adverse events [1,3].

In recent years, significant progress in the
treatment of IBD has been achieved through the
introduction of biological therapies, including monoc-
lonal antibodies targeting specific molecular targets.
Inhibition of selected cytokines or receptors enables
a more targeted therapeutic approach by modulating
disease-related pathophysiological pathways [4].
Although biological agents have revolutionized IBD
therapy, challenges related to their use remain, inclu-
ding an increased risk of infections, including oppor-
tunistic infections, an elevated risk of malignancy, and
high treatment costs [5].
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Currently, research is ongoing into novel agents
aimed at improving therapeutic efficacy, offering
safer adverse event profiles, and more patient-friendly
routes of administration [6]. In this article, we briefly
summarize current knowledge of the epidemiology and
etiopathogenesis of IBD and describe contemporary
biological therapies, focusing on the advantages and
limitations of each available monoclonal antibody, their
mechanisms of action, and the differences between
them. Finally, we present a range of novel molecules
that are still under investigation for efficacy but demon-
strate promising therapeutic potential.

Methodology

To conduct a literature review of the current state
of knowledge regarding biological treatment in IBD,
widely used scientific databases, including PubMed
and Google Scholar, were searched. During the search
process, the following terms and keywords were used:
biological treatment, inflammatory bowel disease,
pathogenesis, infliximab, adalimumab, golimumab,
certolizumab, natalizumab, vedolizumab, and uste-
kinumab.

Epidemiology

IBD are diagnosed worldwide; however, the highest
incidence is observed among Caucasian populations in
developed countries of Europe, North America, and
Australia [7]. In South American and African countries
with alow development index, a lower incidence of IBD
isreported. Nevertheless, a continuous increase in dise-
ase incidence is being observed in these regions, and
many cases may remain undiagnosed due to limited
access to adequate diagnostic facilities [8,9].

In Asian countries, the prevalence of IBD is lower
compared with Western countries; however, it is cha-
racterized by a high growth rate. The highest projected
increase in incidence has been reported in India [10,11].
In Poland, according to data from the National Health
Fund, the prevalence of IBD is estimated at 0.25% of the
total population, which represents a relatively high rate
compared with other countries. However, a stabilizing
or declining trend has been observed. The incidence of
ulcerative colitis is lower than that of Crohn’s disease
and amounts to 12.5 per 100,000 compared with 4.7 per
100,000, respectively. The incidence of IBD is highest in
the 20-29-year age group and is higher in males than in
females, which contrasts with trends observed in the
global population [12].

Types of IBD and etiopathogenesis

Despite differences in disease course and histopa-
thological findings between Crohn’s disease (CD) and
ulcerative colitis (UC), their etiopathogenesis, certain
clinical manifestations, and endoscopic features are
very similar in both conditions [13].

CD is a segmental, transmural inflammatory
process that may involve any part of the gastrointe-
stinal tract. The disease most commonly begins in the
terminal ileum. The most frequent symptoms include
anemia, fever, diarrhea, and abdominal pain-most
often localized to the right lower quadrant. The pre-
sence of blood in the stool is observed relatively rarely
[14]. Owing to the extensive areas that may be affected,
clinical manifestations can be specific to the involved
region, such as aphthous ulcers in the oral cavity,
esophageal dysphagia and odynophagia, abdominal
pain and vomiting, and perianal ulcers and fistulas
in cases with anorectal involvement. In addition to
gastrointestinal lesions, extraintestinal manifestations,
including dermatological and joint involvement, may
also occur [14,15].

UC primarily affects the mucosal layer of the
colon and rectum and, in severe cases, may extend to
the distal ileum. The predominant and often initial
symptom is blood in the stool. Diarrhea, abdominal
pain, anemia, and fever are also commonly observed.
The severity of symptoms depends on the extent of
colonic mucosal involvement. Complications of UC
include inflammatory polyps, colonic perforation, toxic
megacolon, and colorectal cancer [14].

IBD are diseases with an etiology that remains
incompletely understood. Due to their multifactorial
nature, several factors contribute to their etiopathoge-
nesis, which can be categorized into four main groups:

e Genetic.
Enviromental.
Intestinal barrier-related.
Immunological [16].

Classification for biological treatment

The classification of patients eligible for biological
therapy is evolving as knowledge advances, diagnostic
methods improve, and inflammatory bowel disease
(IBD) is better controlled. According to the European
Crohn’s and Colitis Organization and the guidelines
of the Polish Society of Gastroenterology, biologi-
cal therapy for Crohn’s disease (CD) and ulcerative
colitis (UC) should be considered in patients with a
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moderate to severe disease course. Patients who are
steroid-refractory or steroid-dependent, those with
recurrent disease—particularly involving the entire
colon in CD-those with extensive disease (defined as
involvement of more than 100 cm of the gastrointe-
stinal tract in CD), as well as patients with a lack of
response after 3 days of intravenous steroid therapy in
UC, may also benefit from the initiation of biological
treatment [14,17-19].

Biological treatment

Biological therapy is based on the use of monoc-
lonal antibodies-therapeutic proteins composed of
four polypeptide chains. Owing to the presence of a
hypervariable region, monoclonal antibodies bind to
their specific antigens in the body, thereby modulating
the immune system response. Murine, human, chi-
meric, and humanized antibodies are distinguished.
These agents fall into the following groups: anti-TNF-a
(tumor necrosis factor), anti-integrin, and anti-cyto-
kine therapies [4].

Anti-TNF- a

TNF-a is a cytokine secreted predominantly by
macrophages. It is involved in numerous physiologi-
cal processes in the body, including cell proliferation,
survival, and cell death. Under normal conditions,
it plays a key role in the proper functioning of the
immune system [20]. However, TNF-a is also implica-
ted in pathological immune-mediated conditions such
as rheumatoid arthritis, psoriasis, and inflammatory
bowel disease (IBD). In the course of IBD, elevated
levels of TNF-a have been observed in serum, stool,
and mucosal biopsy specimens. Moreover, TNF-a
inhibitors have been shown to reduce disease symp-
toms, directly indicating TNF-a’s involvement in the
pathogenesis and clinical course of IBD. The TNF-a
inhibitor group includes infliximab, adalimumab,
golimumab, and certolizumab [21].

Infliximab

Infliximab was the first biological agent approved
for the treatment of inflammatory bowel disease (IBD)
and is supported by the largest body of published
data. It is a chimeric monoclonal immunoglobulin
G1 antibody directed against TNF. It is administered
intravenously or subcutaneously at intervals of 4-8
weeks, with doses adjusted to body weight. Studies
have shown that infliximab is an effective and safe

treatment for both Crohn’s disease (CD) and ulcerative
colitis (UC); however, approximately 30% of patients
do not exhibit a therapeutic response, and up to half
of treated patients are forced to discontinue therapy
due to loss of response or the development of severe
adverse effects [22].

Despite the establishment of a universal infliximab
dose of 5 mg/kg, this dosing strategy often fails to
achieve its intended effect because of interindividual
variability in factors influencing drug clearance. These
factors include serum C-reactive protein (CRP) con-
centration, sex, and body weight. Approaches based
on monitoring serum drug concentrations, such as
therapeutic drug monitoring (TDM), proactive the-
rapeutic drug monitoring (PTDM), and dashboard-
-guided infliximab dosing, may significantly improve
treatment efficacy by enabling patient-specific dose
adjustments [23-25].

An additional factor contributing to loss of
response to infliximab therapy is the development of
antibodies directed against the drug molecule. It has
been demonstrated that combination therapy with
infliximab and mercaptopurine or azathioprine (anti-
neoplastic and immunosuppressive agents from the
thiopurine group) reduces the formation of anti-infli-
ximab antibodies, thereby prolonging the duration of
therapeutic effectiveness [26].

Adalimumab

Adalimumab is a fully humanized monoclonal
antibody directed against TNF-a and belongs to the
immunoglobulin Gl class. Its administration regimen
includes an induction dose of 160 mg given subcutane-
ously, followed by a second dose of 80 mg after 14 days.
Subsequent maintenance doses are 40 mg every 14 days.
Remission induction lasts 12 weeks [27].

The clinical response to adalimumab is closely
associated with the therapeutic serum drug concen-
tration. Serum antibody levels below 0.33 pg/mL,
recorded at least once, are associated with a lower rate
of remission and sustained clinical benefit. To achieve
the greatest therapeutic benefit from adalimumab
therapy, serum drug concentrations should be main-
tained between 4.8 and 5.9 ug/mL. Higher serum drug
levels reduce the risk of developing antibodies against
adalimumab molecules and, consequently, the risk of
loss of response to treatment [28].

Adalimumab may be used as first-line biological
therapy on par with infliximab. During long-term tre-
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atment, no significant differences have been observed
between adalimumab and infliximab, with both agents
demonstrating comparable efficacy in remission induc-
tion [29,30]. Combination therapy with adalimumab
and thiopurines does not show the same effectiveness
as observed with infliximab. It has been demonstrated
that combination therapy may only slightly reduce the
risk of antibody formation against the drug molecule;
therefore, in patients for whom thiopurine therapy is
contraindicated due to adverse effects, adalimumab
should be considered [31].

Golimumab

Golimumab is also a fully human IgG1 anti-TNF-a
antibody. In 2013, it was approved by the FDA (United
States Food and Drug Administration) and the EMA
(European Medicines Agency) for the treatment of
patients with moderate to severe ulcerative colitis (UC).
For remission induction, golimumab is administered
via subcutaneous injections at an initial dose of 200
mg in the first week of therapy, followed by 100 mg in
the second week. Maintenance dosing ranges from 50
mg to 100 mg, administered every 4 weeks (according
to EMA recommendations, in patients with a body
weight below 80 kg, the maintenance dose should be
reduced by half) [32].

Similarly to infliximab, an association has been
observed between increased golimumab clearance
and low serum albumin levels, leading to rapid loss of
response after induction therapy. Moreover, fecal loss
of golimumab has been demonstrated, increasing in
proportion to the severity of intestinal inflammation
present at the time of drug administration, which may
necessitate higher doses of the monoclonal antibody
[33].

In combination therapy, only methotrexate has
been shown to increase drug levels. Thiopurines,
nonsteroidal anti-inflammatory drugs, corticosteroids,
or sulfasalazine did not affect golimumab clearance.
The immunogenicity of golimumab remains under
investigation due to the limited availability of reliable
assays to detect and quantify antibodies against the
drug. Nevertheless, studies indicate that golimumab
is less immunogenic than infliximab [34].

The safety and efficacy profile of golimumab is
comparable to that of infliximab and adalimumab.
The advantages of golimumab include a 4-week dosing
regimen, the possibility of subcutaneous administra-
tion, potentially reduced immunogenicity, and the

lowest cost to achieve a full year of remission [35,36].
There are no formal clinical trials based on which the
efficacy of golimumab in Crohn’s disease (CD) can be
definitively assessed; however, available retrospective
studies demonstrate a satisfactory safety profile and
efficacy of golimumab in the treatment of CD [37].

Certolizumab

Certolizumab is a humanized monoclonal
antibody fragment lacking the Fc region, to which
polyethylene glycol (PEG) is attached-specifically, a
Fab fragment. This structure enables more effective
penetration into tissues affected by inflammatory
processes while not inducing complement activation
or antibody-dependent cell apoptosis. All studies
involving certolizumab have focused exclusively on
Crohn’s disease (CD).

Remission induction with certolizumab consists of
subcutaneous administration of 400 mg at weeks 0, 2,
and 4, followed by continued treatment at 4-week inte-
rvals. Owing to its modified structure, certolizumab
is less likely to induce antibody formation against the
drug. Additionally, the combined use of certolizumab
with immunosuppressive agents further reduces the
incidence of such antibodies [38].

Certolizumab is more effective at inducing remis-
sion in CD, but only in patients who have not been
previously treated with other anti-TNF-a agents and
who present with high CRP levels; however, it demon-
strates lower efficacy in maintaining remission. Due to
its molecular structure, certolizumab does not cross the
placenta and may therefore be used in pregnant women
[39,40]. Certolizumab is not approved for the treatment
of Crohn’s disease in the European Union [14].

Anti-integrin

Integrins are receptors present on the surface of
leukocytes and are composed of two subunits, a and
B. Different leukocyte populations express integrins
characteristic of each cell type. The a4f1 integrin
is expressed on the majority of leukocytes, whereas
a4p7 is detected exclusively on lymphocytes of the
gastrointestinal tract. Integrins enable communication
between leukocytes and cells expressing appropriate
cell adhesion molecules (CAMs), such as E-cadherin on
mucosal epithelial cells or MadCAM-1 on endothelial
cells. Excessive CAM expression leads to enhanced
leukocyte migration into tissues and the development
of inflammatory processes.
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Anti-integrin therapy, which includes two monoc-
lonal antibodies—natalizumab and vedolizumab—
blocks the interaction between integrins and their
ligands, thereby inhibiting leukocyte migration and
alleviating inflammation [41]. Integrins may also be
involved in the manifestation of extraintestinal symp-
toms of inflammatory bowel disease (IBD) [42]. Anti-
integrin therapy is particularly important for patients
who do not respond to, or have lost the therapeutic
effect of, anti-TNF-a agents [43].

Natalizumab

Natalizumab is a humanized monoclonal immu-
noglobulin G4 antibody directed against the a4f1
and a4f7 integrins. Natalizumab is administered at
a dose of 300 mg as an intravenous infusion every 4
weeks [44]. The drug is more effective as maintenance
therapy than as an induction agent; however, due to the
high risk of adverse effects, it is used only in selected
cases of Crohn’s disease, most often in patients with
concomitant multiple sclerosis [14,45].

Vedolizumab

Vedolizumab is a human monoclonal antibody
directed against the a4f7 integrin. For remission
induction, 300 mg of the drug is administered intra-
venously at weeks 0 and 2, followed by a third dose at
week 6, after which a maintenance dose of 108 mg is
given every 8 weeks. If remission is not achieved after
the third dose, a fourth dose may be administered
at week 10. A subcutaneous formulation of the drug
is also available; in this form, vedolizumab may be
administered starting from the third dose.

Serum albumin levels significantly affect vedo-
lizumab clearance, with lower levels associated with
increased clearance [46]. Vedolizumab is also charac-
terized by a lower rate of antibody formation against
the drug molecule, and the antibodies that do develop
do not cause significant elimination of vedolizumab
from the body, which may be related to its gut-selective
mechanism of action [47].

Previous use of TNF-a antagonists does not signifi-
cantly affect vedolizumab therapy, apart from a slightly
higher probability of remission when vedolizumab is
used as the first biological agent. The use of immuno-
suppressive drugs, such as thiopurines or methotrexate,
in combination therapy with vedolizumab results in
a similar increase in plasma drug concentrations as
observed with anti-TNF-a monoclonal antibodies.

The therapeutic effect of vedolizumab is comparable
in patients with Crohn’s disease (CD) and ulcerative
colitis (UC) [48].

Due to its gut-selective mechanism of action,
vedolizumab causes fewer systemic adverse effects than
TNF-a antagonists; however, it also does not reduce
extraintestinal manifestations of IBD [43]. Although
vedolizumab is approved for the treatment of IBD in
patients who have failed anti-TNF-a therapy, it should
be considered as a first-line treatment in steroid-depen-
dent and steroid-refractory patients, as well as in those
with intolerance to immunosuppressive drugs, owing
to its favorable safety profile [49].

Anti-cytokine

Cytokines are molecules produced by immune sys-
tem cells, other cells of the body, such as mucosal cells,
and the gut microbiota present in every individual.
Cytokines perform numerous important pleiotropic
functions in communication between the body’s cells
and immune cells, as well as in maintaining overall
homeostasis [50]. Unfortunately, the same cytokines
are also involved in pathological processes, often
initiating disease mechanisms. In addition to driving
chronic inflammatory processes, they can also regulate
extraintestinal disease manifestations in IBD. Due to
their widespread involvement in intestinal inflamma-
tory processes, molecules have been developed to limit
cytokine-mediated inflammation. One such molecule
approved for the treatment of IBD is ustekinumab
[51,52].

Ustekinumab

Ustekinumab is a humanized monoclonal IgG4
antibody targeting the cytokines IL-12 and IL-23,
which are involved in the cascade of responses that
contribute to the pathogenesis of IBD. Inhibition of
these cytokines’ interactions with their receptors indu-
ces remission of the disease, without affecting immune
responses mediated by other cytokines [53].

The induction dose of ustekinumab is 6 mg/kg,
administered intravenously. Maintenance doses can
be administered subcutaneously at 90 mg every 8-12
weeks. No differences in pharmacokinetics or clini-
cal outcomes have been observed between its use in
Crohn’s disease (CD) and ulcerative colitis (UC). As
with other biological agents, ustekinumab clearance
increases with decreasing serum albumin levels and
increasing CRP concentrations [54].
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Ustekinumab exhibits low immunogenicity, and
antibodies developed against the drug do not signi-
ficantly reduce its efficacy [55]. Combination therapy
with immunosuppressive agents does not affect the rate
of clinical or endoscopic remission [56]. Ustekinumab
has an excellent safety and efficacy profile, with a sub-
stantially reduced risk of serious infections compared
with TNF-a antagonists [57].

Adverse reactions to biological drugs

Although monoclonal antibodies are highly effec-
tive in the treatment of moderate to severe IBD, they
are associated with adverse effects that may complicate
or even preclude further therapy. Infection-related
adverse events are common across all classes of bio-
logical agents, with the highest incidence, including
opportunistic infections, observed during TNF-a
antagonist therapy. Interstitial lung disease, as well as
malignancies such as lymphoma, breast cancer, and
gastric cancer, have also been significantly associated
with TNF-a antagonist therapy [58].

For anti-integrin antibodies, the main serious
adverse effect observed is the risk of progressive
multifocal leukoencephalopathy during long-term
natalizumab use [59]. In the case of ustekinumab, as
a representative of anti-cytokine antibodies, adverse
effects, in addition to an increased risk of infections,
include musculoskeletal pain accompanied by fatigue
[60].

Although these serious adverse events occur in
a minority of patients treated with biological agents,
it is important to consider their potential occurrence
during therapy and to use the lowest effective drug
doses recommended. In patients at risk of malignancy,
the selection of vedolizumab or ustekinumab, which
carry the lowest risk of carcinogenesis, should be
promoted [14].

Treatment costs

The costs of biological agent treatment vary
depending on drug prices in a given country [61].
Nevertheless, the prices of biological drugs are
significantly higher than the costs of treatment with
non-biological preparations. An additional factor
contributing to higher treatment costs is the chronic
nature of Crohn’s disease (CD) and ulcerative colitis
(UC), meaning that treatment costs are not one-time
expenses. According to an article by J. Burisch in The
Lancet Gastroenterology and Hepatology, the average

annual cost of IBD treatment per patient in Europe
using biological agents is €866 [62].

In Poland, the cost of an 8-week treatment cycle,
including both induction and maintenance phases,
per patient for infliximab is as follows: 16,240.57 PLN
(Induction phase: 12,180.43 PLN; Maintenance phase:
4,060.14 PLN). The total lifetime cost of treatment from
the time of diagnosis amounts to 141,300.94 PLN for
infliximab [63]. Complex production processes and
administrative methods, combined with evolving
generic competition, result in biological therapy costs
approximately 60% higher than those for conventional
IBD treatment [64].

Many patients are unable to personally finance
the full course of treatment, particularly when dise-
ase exacerbations compromise their earning capacity.
Consequently, drug reimbursement programs fully
funded by the National Health Fund (NFZ) have been
established in Poland. These include:

e DrugProgram B.32 - for the treatment of Crohn’s
Disease.

e Drug Program B.55 - for the treatment of
Ulcerative Colitis.

Program B.32 encompasses a 12-month treat-
ment cycle utilizing Adalimumab and Ustekinumab,
or a 24-month regimen involving Infliximab and
Vedolizumab. In contrast, Program B.55 provides
for a 12-month course of Infliximab or Tofacitinib,
or a 54-week therapeutic regimen with Vedolizumab
[65]. According to 2024 reports from the Medical
Technology Assessment Division of the Agency for
Health Technology Assessment and Tariffication
(AOTMIT), the average annual cost of therapy per
patient is 22,129 PLN for Program B.32 and 28,125
PLN for Program B.55 [66,67]. Beyond the direct cost
of the biological agents, the total expenditure is further
increased by administration costs—associated with
either hospitalization or outpatient visits—as well as
eligibility screening and treatment monitoring. These
components add several hundred or even thousands
of PLN to the overall clinical budget per patient [65].

However, studies on treatment efficacy and quality
of life in patients receiving biological therapy demon-
strate its superiority over conventional IBD therapy.
During treatment with non-biological drugs, the
percentage of patients reporting deterioration in self-
-care increased significantly-from 3.09% at the start
of observation to 17.52% after 6 months of treatment.
This represents approximately 11 percentage points
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more compared with patients treated with biological
agents (11.86% at baseline and 15.25% after 6 months
of observation). Biological therapy is always considera-
bly more expensive but is more effective in improving
quality of life in 99.45% of cases [68].

Furthermore, early initiation of biological therapy
in IBD, without prior step-up treatment, may be more
cost-effective than treatments involving surgical inte-
rvention for severe cases of IBD [62]. In the future, the
cost-effectiveness of biological drugs may improve as
prices decline and biosimilars are introduced. Cost-
effectiveness studies indicate that biosimilars can
reduce treatment costs by 30-50% compared with ori-
ginal biological drugs, increasing accessibility without
compromising clinical outcomes [69].

New biologics for the treatment of IBD

Currently, research is ongoing on new biological
drug molecules with a more patient-friendly route of
administration, reduced risk of adverse effects, lower
immunogenicity, and decreased susceptibility to loss
of disease remission. One such agent currently in Phase
IT clinical trials is the oral anti-TNF-a preparation
AVX-470. This is a polyclonal antibody derived from
bovine colostrum. Due to its gut-specific activity and
the known safety of IgA, it is considered a promising
therapeutic candidate [70].

New anti-integrin agents are also under investi-
gation, such as AJM300, an oral formulation of nata-
lizumab. Attention is drawn to its very short half-life,
which reduces the risk of adverse effects. Abrilumab
is a humanized antibody targeting the a4f7 integrin,
demonstrating very low immunogenicity, a favorable
safety profile, and particularly promising outcomes in
patients who have failed TNF-a antagonist therapy.
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