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Abstract

Inflammatory bowel disease (IBD) is an autoimmune condition with an increasing incidence
worldwide, which manifests in two pathological forms: Crohn’s disease (CD) or ulcerative
colitis (UC). Both cause chronic inflammation of the digestive tract, although they can
present different locations and with different symptoms. To date, the pathogenesis of IBD
remains unclear. One of the major complications of these diseases is colorectal cancer.
Several studies have reported a correlation between chronic intestinal inflammation and
an increased risk of malignancy. Persistent inflammation damages the intestinal mucosa
and epithelial wall, altering gut permeability and the local microenvironment. Moreover,
the heightened activity of the immune system leads to an increased production of reactive
oxygen and nitrogen species (ROS and RNS), increasing the risk of DNA mutation and
cell transformation. In addition, some current therapies used to treat IBD and induce
remission may contribute to carcinogenesis or impair immune surveillance due to their
immunosuppressive activity. The management of cancer risk for IBD patients remains
a challenge, and existing screening methods are often invasive (endoscopies, biopsies),
resulting in low patient compliance. To address this unmet clinical need, researchers have
started using proteomics to identify novel biomarkers that could predict cancer risk in
IBD patients in a non-invasive manner. This review aims to examine the current state
of knowledge regarding the correlation between IBD and cancer, with a special focus on
the biomarkers discovered through proteomic approaches, and their potential application
in routine clinical screening. In our view, proteomics represents a powerful and rapidly
evolving strategy for biomarker discovery, with the potential to complement or even replace
invasive procedures. Its future clinical impact will rely on translating current research
advances into robust and accessible diagnostic tools.

Keywords: IBD; proteomics; IBD-related cancer; gut inflammation; IBD therapies

1. Introduction
1.1. Inflammatory Bowel Disease

Inflammatory bowel disease (IBD) is an autoimmune condition that causes life-long
chronic inflammation of the gastrointestinal tract due to genetic traits that lead to an
exaggerated immune response against intestinal commensal microbial antigens. Although
it has been established that the immune system plays a key role in the pathogenesis of IBD,
the etiology of this disease is still not clear.
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This pathological condition can manifest itself in two different ways: Crohn’s disease
(CD) and ulcerative colitis (UC). These diseases are distinguished based on their location
and on their effects on the intestinal wall and mucosa. UC leads to a chronically inflamed
colonic mucosa and is divided into four subgroups, based on the area where it is detected:
proctitis (rectum), proctosigmoiditis (sigmoid colon), distal UC (beyond sigmoid), and
pancolitis (entire colon up to the cecum). CD can cause the ulceration of the wall in any part
of the gastrointestinal tract (from the mouth to the anus), but it preferentially affects the
ileum and the colon and can be classified in two phenotypes: perforating and stricturing.

When it is not possible to identify the type of IBD, the disease is referred as unclassified
IBD (IBD-U). However, the term indeterminate colitis may be used if the disease is limited
to the colonic trait of the intestine.

1.1.1. Symptoms

Since IBD does not encompass one specific region of the gastrointestinal (GI) tract, its
symptoms are dependent on the damaged intestinal area. Generally, due to the chronicity
of this condition, the symptoms can be mild, moderate, or severe during relapses, but might
be completely absent during remissions.

In addition to general symptoms (fever, weight loss, fatigue, etc.), more specific symp-
toms of IBD include diarrhea (associated with mucus or blood in the stool), constipation,
painful bowel movements, abdominal pain, bowel movement urgency, tenesmus, nausea,
vomiting [1].

1.1.2. Intraintestinal and Extraintestinal Complications

Intestinal complications of IBD include bleeding in ulcerative colitis and abscesses,
fistulas, perianal disease, perforation, and strictures in Crohn’s disease, with malignancy
possible in both. Extraintestinal complications, mainly due to IBD therapies but some-
times chronic inflammation, encompass arthropathies, hepatic steatosis, and renal and
skeletal disorders.

1.1.3. Diagnosis

The diagnosis of IBD relies on a combination of clinical assessment and laboratory
investigations. Clinical examination evaluates the patient’s general condition by assess-
ing parameters such as blood pressure, temperature, pallor, etc. Laboratory analyses
include both stool and blood tests. Among fecal markers, lactoferrin and calprotectin, most
commonly quantified by ELISA, represent the reference indicators of intestinal inflamma-
tory activity. Blood analyses comprise the detection of microbial agents by ELISA, the
measurement of C-reactive protein through immunoturbidimetric assays, and the eval-
uation of erythrocyte sedimentation rate. The most common laboratory tests are shown
in Tables 1 and 2.

Table 1. Stool examination diagnostic test for IBD. Information from World Gastroenterology Organi-
sation Global Guidelines [1].

Stool Examination

Lactoferrin Used to exclude intestinal inflammation, it is a negative
diagnostic test

Calprotectin Used to measure the activity of IBD
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Table 2. Blood examination diagnostic tests for IBD. Information from World Gastroenterology
Organisation Global Guidelines [1].

Blood Examination

Erythrocyte sedimentation rate Levels correlate with inflammation activity
C-reactive protein Levels correlate with inflammation activity

Antibody tests (with ELISA) Mostly for microbial agents that increase probability of IBD

Another diagnostic method involves endoscopy. Although it is the most invasive of
all the previously mentioned methods, it represents the gold standard for obtaining precise
diagnosis, since it allows a visual assessment of the state of the intestine. In fact, endoscopy
is essential to validate the presence of ulcers, lesions, fistulas, abscesses, and other IBD-
related manifestations. Moreover, endoscopy facilitates the detection of early dysplastic
changes that may precede malignant transformation. Importantly, it also provides the
opportunity to obtain biopsy specimens, which can be further analyzed through advanced
proteomic techniques to better understand disease mechanisms and discover new putative
biomarkers [1].

1.2. Epidemiology

A systematic review published in 2012 gathered data from many articles concerning
the epidemiology of IBD [2]. In this review, the authors explained how the incidence of
this condition is higher in developed countries, compared to Low- and Middle-Income
Countries (LMIC): this can be referred to as an “East–West gradient”. Specifically, Canada
and Northern Europe were the most affected areas, followed by Australia, as shown in
Table 3. Moreover, they demonstrated that IBD affects both sexes with the same incnce.

Table 3. Incidence of IBD across the world. Data from Molodecky et al. [2].

UC: Highest Annual Incidence
(per 100,000 Person-Years)

CD: Highest Annual Incidence
(per 100,000 Person-Years) Study Period

Europe 24.3 12.7 1930–2008
Asia/Middle East 6.3 5.0 1950–2008

North America 19.2 20.2 1920–2004
Australia 11.2 17.4 1967–2008

In addition, the same systematic review reported an increasing incidence of IBD
worldwide by examining numerous studies and extracting relevant data. In 75% of the
studies, the incidence of Crohn’s disease was found to be rising, and a similar trend was
observed for ulcerative colitis in 60% of them. Moreover, the increasing incidence of IBD
has also been reported in other scientific works [3,4].

Data reported in Table 3 is the latest update of an official global organization. Never-
theless, the epidemiological landscape of inflammatory bowel disease (IBD) has shifted
considerably in recent decades. According to the World Gastroenterology Organization
Global Guidelines (2015) [1], IBD was historically more prevalent in North America and
Europe. Updated data from the Global Burden of Disease 2019, reported by Park et al.
(2023) [5], demonstrate a 47% increase in global crude prevalence between 1990 and 2019,
accompanied by a 19% decline in the age-standardized prevalence rate, reflecting the influ-
ence of demographic dynamics. While the overall burden remains greatest in high-income
regions, the most rapid increases are now observed in East Asia and the Asia-Pacific, regions
previously considered low prevalence. Moreover, marked geographical variation persists,
with higher prevalence consistently documented at northern latitudes across Asia, Europe,
and North America. These findings indicate a transition of IBD from a predominantly West-
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ern disorder to a condition of global relevance, underscoring the necessity of integrating
historical and contemporary data to inform healthcare policy and resource allocation.

1.3. Pathogenesis of IBD

As already mentioned, the etiology of IBD is not yet fully understood. However, there
are four main factors that seem to play a key role in the occurrence of this autoimmune
condition: genetics, environment, microbial factors and immune response [6].

Regarding the genetic implications of IBD, some SNPs related to IBD were identified
through some genome-wide association studies (GWAS). In addition, several genes were
found to be associated with CD, UC or both. These genes are implicated in circulating
levels of T-cells or of specific subsets of these cells. For instance, the Signal Transducer and
Activator of Transcription 3 (STAT3) genetic locus has attracted attention, since it is essential
for the differentiation of T helper 17 cells which are, among other elements, responsible for
the pathological immune response in IBD [7].

Kaplan and colleagues used the UK THIN database to examine the link between
environmental factors and IBD. For Crohn’s disease (CD), current and former smokers
and individuals with prior appendectomy had increased risk, while air pollution was
generally not associated, with the exception that patients under 23 in high–nitrogen dioxide
regions were more frequently diagnosed. For ulcerative colitis (UC), ex-smokers showed
higher risk, whereas appendectomy and air pollution were not significant factors; however,
patients under 25 with UC were more often from areas with elevated levels of sulfur
dioxide [8].

The role of the gut microbiome in the induction of chronic inflammation has drawn
significant attention over the last few decades. Since the beginning of the 21st century, the
involvement of Adherent-Invasive Escherichia coli (AIEC) strains has been demonstrated.
Indeed, a 2004 study revealed the presence of invasive E. coli in the ileal mucosa of CD
patients. However, it was understood that this could not be the only inflammation-inducing
factor, since some intrusive bacteria were also associated with the mucosa of patients in
state of remission (but much less in healthy controls). Moreover, this study did not find
AIEC in the gut mucosa of UC patients [9]. More recently, a better understanding of
the important role of the microbiome and the advancement in molecular techniques has
led researchers to profile not only the intestinal flora, but its variation in pathological
conditions as well. Putignani and colleagues found an overall less rich fecal microbiota in
IBD patients compared to controls: an increment in terms of Actinobacteria, Fusobacteria
and Proteobacteria (like AIEC) was found [10].

As to the immunological factors leading to IBD, a subset of T helper cells, Th17, has
been studied due to its significant involvement in autoimmunity in mice models. It is now
known that these cells promote inflammation by producing the proinflammatory cytokine
IL-17. Essentially, naïve CD4+ T differentiation to Th17 is a cytokine-induced event that
requires three cytokines: IL-6, IL-21, IL-23. IL-6 induces the expression of IL-21 in naïve
CD4+ T cells, which has an autocrine effect, leading to IL-23 expression. IL-6 and IL-21
promote the transcription of proinflammatory IL-17 through a transcription factor, STAT3.
In addition, IL-21 and IL-23 activate another protein, RORγt (an orphan nuclear receptor),
whose activity promotes IL-17 expression as well [11]. Precisely, IL-17 is not a single
cytokine, it is a group of cytokines classified with letters from A to F (e.g.,: IL-17A, IL-17B,
etc.). IL-17A is the cytokine whose correlation with gut inflammation is the clearest: this
protein induces some inflammation related pathways, such as NFκB, MAPKs and C/EBPs,
which lead to the synthesis of anti-microbial peptides and other inflammation-activating
molecules like cytokines and chemokines [12].
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1.4. Treatment of IBD

Because the pathogenesis of IBD is not fully understood, drugs for this class of diseases
aim more to induce remission and relieve symptoms (rectal bleeding, bloody diarrhea,
abdominal cramps, pain) rather than to repair the damaged mucosa or restore normal
intestinal microbiota. However, in the last few years, new drugs have been developed:
these pharmaceutical products work as regulators of the immune response, so they might
also be useful for long term remission, in addition to symptom relief [13].

As illustrated in Figure 1, the choice of treatment depends on the intensity of symptoms
(referred as mild-to-moderate IBD or moderate-to-severe IBD).

Figure 1. Therapeutic escalation strategy for inflammatory bowel disease, ranging from mild to
severe cases.

According to the European Crohn’s and Colitis Organization (ECCO) guidelines issued
in 2017 and 2022, almost all of the pharmaceutical products available for UC patients can
be used both for induction and for maintenance of remission, the only exceptions are
budesonide and systemic corticosteroids, which are not used for maintenance of remission,
and thiopurines, which are not recommended for inducing it. For mild-to-moderate UC,
the recommended drugs are 5-ASA, budesonide and thiopurines, whereas for moderate-to-
severe UC systemic corticosteroids, infliximab (monotherapy), adalimumab (monotherapy),
ustekinumab, vedolizumab are recommended.

In the 2017 guidelines, infliximab and adalimumab were recommended both in
monotherapy and in combination with thiopurines. However, from 2022 onwards, these
anti-TNFα antagonists were recommended only in monotherapy mode [14,15].

The situation is slightly different for Crohn’s disease. ECCO guidelines from 2020
and 2024 were consulted. For patients with mild-to-moderate CD, budesonide is recom-
mended as the first-line treatment for the induction of remission. In contrast, a broader
range of pharmacological options is available for moderate-to-severe CD. Systemic corticos-
teroids are employed for induction of remission, whereas thiopurines are primarily used for
maintenance. Additional agents with efficacy in both induction and maintenance include
methotrexate, infliximab (as monotherapy or in combination with thiopurines), adali-
mumab (as monotherapy or in combination with thiopurines), certolizumab, ustekinumab,
risankizumab, vedolizumab, and upadacitinib [16,17].

Table 4 provides a comprehensive overview of all the pharmaceutical agents discussed
above. It is important to recognize the adverse effects of the pharmaceutical products used
on IBD patients. Many of these drugs can cause serious complications, some even increasing
the risk of cancer, so the choice of treatment must be weighed carefully. However, not all
the drugs listed in this table are fully understood: in some cases, both their mechanisms
of action and side effects remain unclear. For instance, 5-ASA, a first line drug used in
many IBD patients, works in a way that is still not completely clear. Moreover, most of the
biologics are relatively new, and, for this reason, some of their adverse effects may not yet
be fully identified. Nonetheless, even in cases where an elevated risk of developing cancer
is associated with a drug, the actual incidence is considered rare or very rare.
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Table 4. Drugs used for the treatment of IBD. Information extracted from DrugBank (accessed
25 July 2025) [18] and the summary of product characteristics of the listed drugs, available on the
FDA web site [19].

Drug Class Drug Compound Mechanism of Action Adverse Effects Increased Cancer Risk

Amino salicylate 5-Aminosalicylic
acid (5-ASA)

Not fully understood. Possible
inhibition of COX enzyme.

Nausea, vomiting, abdomi-
nal pain, tachypnea, hyperp-
nea, neurologic symptoms

No

Local
corticosteroids Budesonide

Binding to glucocorticoid
receptor inhibits gene

expression (i.e., NF-kB, IL-10)

Hypercorticism and adrenal axis sup-
pression No

Systemic corticosteroids Prednisolone
Binding to glucocorticoid

receptor inhibits gene
expression (i.e., NF-kB, IL-10)

Gastrointestinal disturbances, in-
somnia, and restlessness Not certain

Immuno-
modulators

6-mercaptopurine
Interferes with nucleic acid

synthesis by inhibiting purine
metabolism

Nausea, vomiting, and diarrhea;
myelosuppression, liver

dysfunction, gastroenteritis

Risk of developing skin cancer
and leukemia under

investigation

Azathioprine (prodrug
of 6-mercaptopurine)

Immunosuppressive:
modulation of rac1 induces

T cell apoptosis

Bone marrow hypoplasia, bleed-
ing, and infec-

tion, which may progress to death

Risk of developing skin cancer
and lymphoma under

investigation

Methotrexate Inhibition of cell division by
inhibiting nucleotide synthesis

Nausea, vomiting, bone marrow
suppression, gastrointestinal

ulceration & bleeding
Not certain

TNFα antagonists

Infliximab

Binding to TNFα: disruption
of the proinflammatory
cascade signaling. Can

activate ADCC

Recurrent infections, hepatotoxic-
ity, infusion reactions, allergic re-

actions

Risk of developing lymphoma
and other tumors under

investigation

Adalimumab

Binding to TNFα: disruption
of the proinflammatory
cascade signaling. Can

activate ADCC

Skin rash, swelling, diffi-
culty breathing or swallow-

ing, dyspnea, allergic reactions

Risk of developing leukemia
and other tumors under

investigation

Certolizumab

Binding to TNFα: disruption
of the proinflammatory

cascade signaling. Cannot
activate ADCC

Recurrent infec-
tions, skin rash, fatigue, hepato-

toxicity, allergic reactions

Risk of developing lymphoma
and skin cancer under

investigation

IL-12 & IL-23
antagonists

Ustekinumab
Binding to IL-12 and IL-23

prevents receptor-mediated
responses

Recurrent infections, allergic re-
actions, itching, diarrhea, nau-

sea, fatigue, bleeding
No

Risankizumab
Binding to IL-23 inhibits the
differentiation of Th17 cells,
preventing inflammation

Recurrent infec-
tions, headache, itching, fatigue No

Integrin blockers Vedolizumab

Binding to the α4β7 integrin
prevents homing of

T-lymphocytes
to gut lymph tissue

Recurrent infections, rash,
gastrointestinal symptoms
(stypsis, anal abscess, etc.)

No

Janus kinase
inhibitors Upadacitinib Inhibition of proinflammatory

tyrosine-protein kinase JAK1

Infections of upper airways, neu-
tropenia, nausea, cough, hyperc-

holesterolemia

Risk of developing
non-melanoma skin cancer

under investigation

Although not included in the ECCO guidelines for therapeutic strategies for IBD, an
additional class of drugs used in the treatment of ulcerative colitis and Crohn’s disease
is represented by sphingosine-1-phosphate (S1P) receptor modulators. S1P is a lipid
chemoattractant involved in the egress of lymphocytes from lymph nodes, and its receptor is
expressed on lymphocytes. Thus, the modulation of S1PR prevents lymphocyte trafficking
to sites of inflammation. There are currently two drugs of this class used in inflammatory
bowel disease: ozanimod and etrasimod [20].

2. IBD-Related Cancer: Discovery of Biomarkers and Technological
Approaches
2.1. The Medical Problem
2.1.1. IBD and Cancer: A Long-Known Correlation

The correlation between cancer and inflammatory bowel disease has been known for
almost a century. The first article on this topic dates back to the 1920s: J. Arnold Bargen
published a paper titled “Chronic ulcerative colitis associated with malignant disease” [21]
in 1928. Of course, this correlation was seen other times during the 20th century, but
the studies investigating the connection between IBD and cancer incidence sometimes
lacked statistical credibility. This correlation is, in fact, very hard to study, or, at least,
to study without any bias: CD and UC patients had much more frequent contact with
the healthcare system, so there was a higher probability of being diagnosed with cancer,
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or of being diagnosed earlier in life (this is known as surveillance bias). In addition,
due to the complexity of cancer and to the differences between various types of cancer,
forming correct comparison groups was difficult. Nonetheless, the correlation between IBD
and malignancies was observed many times in the last century: patients with IBD were
considered at increased risk for colorectal cancer in addition to breast, lung, small intestine,
bile duct, and hematopoietic malignancies (such as leukemia and lymphoma) [22].

In the last few decades, a better understanding of cancer and IBD-related cancer has
allowed researchers to carry out more reliable observational studies. IBD-related malig-
nancies can be inflammatory-related or immunosuppression-related. The former refers
to malignancies that arise due to damage caused by chronic inflammation: this kind of
IBD-related malignancy consists mainly of gastrointestinal (GI) tract cancers. The latter
case includes all cancers that develop due to treatment with immunomodulators, partic-
ularly immunosuppressive pharmaceuticals. For instance, a suppression of the immune
system could prevent T cells from recognizing tumor cells, promoting carcinogenesis.
Inflammation-related cancers can be overcome (by controlling inflammation itself), but this
is not the case for treatment-related cancers, since other drugs should be used to protect
IBD patients from risk, which is not always possible. However, not all immunosuppressive
agents are linked to carcinogenesis: 5-ASA, for instance, has not been considered as a cancer
risk increasing drug [23].

2.1.2. Recent Observational Studies

Many observational studies have been performed to better understand not only the
correlation (in terms of incidence and mortality in the IBD population compared to the
general population), but also to understand risk factors.

An observational study published in 2019, the SIBDCS (Swiss IBD Cohort Study),
analyzed 3119 IBD patients from Switzerland to assess whether they developed cancer and
understand the possible risk factors. Malignancies were found in 3.9% (122) of patients.
The detected malignancies were: 25.4% GI carcinoma, 22.1% GI dysplasia, 9.0% skin, 7,4%
breast, 6.6% intestinal lymphoma, 3.3% extraintestinal lymphoma, 3% biliary cancer (the
remaining were other cancers like leukemia, lung cancer, urogenital tract cancer, etc., . . .).
Of the 122 patients with malignancy, cancer was observed in 81 patients over 5 years of
follow-up (2.6% of the total cohort) [23].

The largest identified risk factors were age and recent use of immunomodulators (aza-
thioprine). Moreover, malignancies were more frequently observed in males, in individuals
diagnosed at an older age, and in patients with a longer duration of IBD. Treatment with
antibiotics or steroids was also considered a risk factor, as were intestinal surgery and the
presence of fistulas or abscesses, regarding intestinal malignancies. Along with risk factors,
some protective elements were also found in 5-ASA use, biologics and stenosis.

The SIBDCS did not demonstrate an increased risk for overall cancer, but it reported a
higher risk for lymphoma and biliary cancer (SIRs: 2.79 for Non-Hodgkin lymphoma, 2.98
for lymphoma overall, and 6.3 for biliary tract cancer), while no increased risk for colorectal
cancer (CRC) or small bowel cancer (SBC) was observed. This absence of association with
CRC may reflect the declining incidence attributed to improved screening guidelines and
novel diagnostic tools. Specifically, Standardized Incidence Ratios (SIRs), a statistical and
epidemiological measure comparing the number of cases of a disease in a study population
with that expected in the general population (or another population of reference), were
obtained [23]:

SIR=
Observed cases
Expected cases

(1)
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In 2020, another study was conducted to analyze possible risk factors in IBD patients.
In a cohort of 1209 IBD patients, 403 individuals were diagnosed with cancer in a 6-year
follow up. As in the former study, the most frequent cancers were the ones concerning the
digestive tract (32%). Other malignancies involved skin (14.9%), urinary tract (9.7%), lung
(6.9%), genital tract (6.5%), breast (5.5%), thyroid (1.9%), lymphoma (2.7%), small bowel
adenocarcinoma (SBA) (3.9%).

Overall, compared with the SIBDCS, this study also identified digestive tract malignan-
cies as the most frequent but confirmed that CRC risk was not increased, while reporting
SBA and lymphoma cases among the most relevant associations.

The study highlighted the following risk factors: localization of IBD (since UC fre-
quently led to CRC and CD led to SBA), phenotype of IBD (extensive UC and perforating
CD are more associated with malignancies), abdominal surgery, and disease duration.
Interestingly, thiopurines and TNFα antagonists were not considered risk factors in this
study [24].

Regarding these two pharmaceutical products, thiopurines were first used in the treat-
ment of acute lymphocytic leukemia (ALL), but they are currently used for autoimmune
diseases as well. They are immunosuppressors that are converted in the organism in active
metabolites, particularly 6-thioguanine nucleotides (6-TGN), which are incorporated in
DNA and RNA, causing the death of B and T cells (which explains why they are also effec-
tive in ALL treatment). Carcinogenesis is one of the known adverse effects of thiopurines:
they are correlated with lymphoma and skin cancer. In fact, 6-TGN in the DNA leads to the
activation of cellular mismatch repair (MMR) mechanisms that can cause mutations in the
genome. In addition, 6-TGN is highly reactive to UV-A light, and this can cause production
of reactive oxygen species leading to oxidative stress: this is specifically why skin cancer is
more common in people treated with thiopurines [25].

Anti-TNFα agents are biologic pharmaceutical products (often monoclonal antibodies)
that bind with elevated specificity to the proinflammatory cytokine Tumor Necrosis Factor
α. These drugs are used in many autoimmune diseases such as psoriasis, rheumatoid
arthritis, ankylosing spondylitis, and inflammatory bowel diseases. TNFα antagonists
are widely used because of their high efficacy in decreasing inflammation. Nevertheless,
they could also be correlated to carcinogenesis, although data are still inconsistent. In fact,
blocked TNFα (and therefore the impairment of its biological action) could prevent the cells
of the immune system from detecting cancer cells. However, the scientific community has
not yet reached consensus on this matter, and further studies are certainly necessary [26].

Another research group used data from the UK Biobank to investigate the association
between inflammatory bowel diseases (IBD) and cancer. This prospective cohort study
demonstrated that individuals with IBD have an increased overall cancer risk, with a higher
incidence observed particularly for specific malignancies such as gastrointestinal cancers,
non-melanoma skin cancers, and cancers of the genital tract [27].

2.1.3. Statistical Correlation Between IBD and Cancer Development

Although many cancer types have been diagnosed in patients with IBD, not all of them
are considered related to the disease. To determine whether a cancer type is associated with
IBD, it is important to examine the Standardized Incidence Ratios (SIRs), or fold change in
cancer development risk, which indicate the incidence of a specific cancer in IBD patients
compared to the general population. A high number of IBD patients diagnosed with a
common cancer does not necessarily imply an increased risk, while it may simply reflect
the cancer’s high prevalence in the general population. This explains why, the number
of breast and lung cancer cases were higher than other tumors in some studies, but no
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significant correlation with IBD was found. Information on the incidence of different cancer
types can be found in Table 5.

Table 5. Incidence, death rate and 5-year relative survival of different cancer types in the USA, data
from the National Cancer Institute of the NIH.

Cancer
Incidence (New Cases of

Cancer per 100,000 Men and
Women per Year)

Death Rate (Deaths per
100,000 Men and Women

per Year)
5-Year Relative Survival (%)

Colorectal cancer 37.1 12.9 65.4
Small bowel cancer 2.6 0.4 71.1

Cholangiocarcinoma 9.4 6.6 22
Melanoma skin cancer 21.9 2.0 94.7

Non-Hodgkin
lymphoma 5.6 1.7 64.8

Glioblastoma 6.1 4.4 33
Breast cancer 130.8 19.2 91.7
Lung cancer 47.8 31.5 28.1

2.2. Proteomics Relevance in Personalized Medicine

Recently, the omics disciplines have gained significant relevance in the scientific
context. Among these, proteomic aims to study proteomes, made up of all the proteins of
a cell, a tissue, or an organism. Analyzing the proteome not only entails understanding
the composition in terms of proteins, but also different protein isoforms, post-translational
modifications, structures, multimeric complexes, protein–protein interaction dynamics [28].

Furthermore, proteomics provides information on the expression levels and alterations
of individual proteins, precisely defining their roles within a biological matrix in both spatial
and temporal dimensions. Nowadays, precision medicine (or personalized medicine)
is becoming the new goal in therapy and proteomics is a key tool for this process. It
is generally agreed that one-size-fits-all science will not to solve unmet medical needs
completely. The aim of precision medicine is in fact to provide patients with customized
treatments by taking into consideration genetics and epigenetics, physiology, environmental
factors, disease progression, disease subtypes (more precise diagnosis), and medical history.

Genomic analysis has already started to be implemented in clinics (diagnosis, prog-
nosis, pharmacogenomics), and many other fields (such as agriculture, industry, ecology,
etc.). Personalized proteomics could exert a key role in precision diagnostic, but also in
determining patient prognosis.

Currently, the greatest focus concerning clinical proteomics is on protein biomarkers
discovery, i.e., biomolecules with an altered expression or presence that correlate their
state with the presence of a disease and can be used to diagnose a pathology in patients.
They can be either diagnostic or prognostic biomarkers. These have attracted significant
attention especially in oncology, where reaching precise and early diagnosis is of the utmost
importance. In fact, protein biomarkers can not only correctly identify a tumor but they
can also be used to screen for the presence of a tumor at its initial stage, thereby enhancing
the efficacy of therapy. Moreover, proteomics prognostic biomarkers are useful to assess
disease severity and progression [29].

Biomarkers can be detected through different proteomic methods. The gold stan-
dard was initially 2D gel electrophoresis, but nowadays the most explored approaches
are ELISA [30] and mass spectrometry (MS) [31], which are much more sensitive than
the previous techniques and allow more precise quantitative studies of biomarker screen-
ing [32]. ELISA assays, while sensitive, are limited by antibody availability, high costs, and
potential cross-reactivity, which can compromise specificity and simultaneous detection.
These drawbacks can be overcome by mass spectrometry, which offers higher throughput,
broader analyte coverage, and improved specificity without reliance on antibodies. MS-
based proteomics use mass spectrometers to measure mass-to-charge values of peptides to
analyze multiple proteins.
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For instance, mass spectrometry-based proteomics has emerged as a powerful tool for
developing diagnostic peptide panels by enabling high-resolution identification of disease-
associated molecular signatures. In an initial study by Frantzi et al., capillary electrophoresis
coupled to mass spectrometry (ESI-TOF MS) was applied to urinary samples, resulting
in an 86-peptide classifier trained on 108 subjects (40 renal cell carcinoma patients and
68 controls) and validated on an independent cohort of 76 samples; robust specificity
was further demonstrated through external cross-validation on over 1000 samples from
patients with various renal and urological conditions (80% sensitivity, 87% specificity in
validation) [33]. Subsequently, the same group conducted a large, multicenter validation
study involving a total of 1357 participants: 721 with primary urothelial bladder cancer
and 636 with recurrent disease. Two peptide panels (116 and 106 peptides) were developed
using nested cross-sectional designs (n = 451 primary; n = 425 recurrence), and then
tested in independent validation sets (270 primary, 211 recurrent), achieving AUCs of
0.87 and 0.75, respectively. At optimal thresholds, the primary cancer panel reached 91%
sensitivity and 68% specificity, whereas the recurrence panel achieved 87% sensitivity and
51% specificity [34].

Another example of mass spectrometry-based proteomics was provided by Njoku
et al. in 2023 [35]. This group used SWATH-MS to develop multi-marker diagnostic panels
in cancer detection. In a prospective case–control study, urine samples were collected from
104 symptomatic post-menopausal women (50 with histologically confirmed endometrial
cancer and 54 control cases) and analyzed using SWATH-MS coupled with machine learning
to identify discriminatory protein signatures. Features with individual predictive value
(AUC > 0.70) were combined via logistic regression into a 10 markers panel which achieved
an impressive AUC of 0.92 (95% CI: 0.86–0.97), with sensitivity of 83.7% and specificity of
83.9%. Notably, this signature also demonstrated excellent discrimination for early-stage
disease (AUC 0.92 [0.86–0.90]).

In an effort to investigate the molecular alterations associated with cervical cancer, Xu
et al. conducted a proteomic study on exfoliated cervical cells from cancer patients and
healthy controls, so as to define disease-specific protein signatures with both mechanistic
and diagnostic relevance. Distinct from previous examples based on label-free quantifi-
cation, this work employed a tandem mass tag (TMT)-based labeling strategy, which
allows multiplexing of samples through isobaric tagging and simultaneous analysis by
LC-MS/MS. Through this approach, the authors identified 351 differentially expressed pro-
teins, including 247 upregulated and 104 downregulated in cervical cancer samples, which
were functionally enriched in pathways such as PI3K–Akt signaling, extracellular matrix–
receptor interactions, and complement and coagulation cascades. Functional annotation
indicated a strong association with exosome-derived proteins and regulators of apoptosis,
highlighting peroxiredoxin-2 as a candidate with potential carcinogenic activity. This study
exemplifies how label-based mass spectrometry provides the sensitivity, reproducibility,
and breadth required to capture cancer-associated proteomic alterations [36].

A further interesting approach was that of Whiteaker et al., which introduced a
comprehensive pipeline for the verification of plasma biomarkers using targeted proteomics.
Specifically, they employed Multiple Reaction Monitoring (MRM) mass spectrometry. This
approach addresses the challenge of validating numerous candidate biomarkers identified
through high-throughput technologies. In their study, the researchers began with more
than 1000 candidate biomarkers identified from a mouse model of breast cancer. Through
a data-dependent triage process, they prioritized a subset of these candidates for further
validation. Subsequently, they developed 88 novel quantitative assays based on MRM
MS. These assays were performed simultaneously and evaluated in plasma samples from
80 animals. The results confirmed that 36 proteins were elevated in the plasma of tumor-
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bearing animals, validating their potential as biomarkers for breast cancer. This study
demonstrates the efficacy of MRM-based targeted proteomics in the verification of plasma
biomarkers, providing a scalable and efficient method for biomarker validation in clinical
research, especially since this technique allows multiple samples to be analyzed at once [37].

Although the four cases discussed do not concern IBD-related cancer, they provide
important information regarding the potential role of MS in future personalized medicine
in all cancers.

2.3. Most-Used Proteomics Techniques in Clinical Studies

Mass spectrometry is not the only proteomic technique. An essential tool in the
analysis of proteins is represented by immunoassays, which are assays based on the
recognition of target proteins by antibodies. One of the most used immunoassays is
ELISA (Enzyme-Linked ImmunoSorbent Assay, Figure 2a). Target proteins can be detected
by a primary antibody, which is recognized by a secondary antibody, engineered with
an enzymatic function that allows protein detection (such as horse-radish peroxidase
domain that generates fluorescence) [30]. Novel immunoassay techniques have also been
developed for the identification of cancer biomarkers: this is the case of the Leucine-rich α2
glycoprotein (LRG) detection kit based on a latex turbidimetric immunoassay, in which
specific antibodies attached to a latex bead can detect a serum cancer biomarker [38].

(a) (b) (c)

Figure 2. Overview of multi-protein analysis techniques: (a) ELISA; (b) TOF-MS; (c) Orbitrap-MS.

Antibody-based proteomics is still relevant nowadays particularly in hospital diagnos-
tic routines, but its greatest limitation is the need for specific antibodies against selected
biomarkers. These techniques cannot be used to discover novel biomarkers.

By contrast, mass spectrometry offers higher sensitivity and specificity and is therefore
the most convenient proteomic approach. The most common analyzers include time-of-
flight (TOF, Figure 2b) and Orbitrap instruments (Figure 2c). TOF determines peptide
mass based on ion travel time, while the orbitrap detects frequency of ion motion, both
generating high-resolution mass spectra.

Ionization methods typically include electrospray ionization (ESI), matrix-assisted
laser desorption/ionization (MALDI), and surface-enhanced laser desorption/ionization
(SELDI). While MALDI and SELDI both rely on laser-induced ionization, SELDI adds
molecular selectivity through functionalized surfaces, which is useful for comparative
studies [31,39].

MS-based proteomic analysis of a biological sample can follow two approaches: tar-
geted MS and untargeted MS. Targeted MS is used to recognize specific proteins, whereas
the untargeted approach is used to identify all the proteins inside a specimen, potentially
allowing novel biomarkers identification [31].
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A common workflow for MS-based proteomics is the bottom-up approach, in which
proteins are extracted, digested (e.g., with trypsin), and analyzed by LC-MS/MS (Liquid
Chromatography-Tandem Mass Spectrometry). Peptides are separated by liquid chro-
matography, ionized, and introduced into the spectrometer to obtain mass-to-charge (m/z)
values (MS1). Fragmentation followed by a second stage of MS (MS2) then allows peptide
sequencing and protein identification [31].

Furthermore, MS analysis can exploit a data-dependent (DDA) or data-independent
(DIA) acquisition. On the one hand, in DDA MS, precursor ions that likely correspond
to peptides are selected based on MS1 data and subjected to MS2 fragmentation. This
means that MS2 analysis depends on the information collected in MS1. In contrast, in
DIA all ions within a predefined m/z range are systematically selected for fragmentation,
regardless of their intensity and identity. An example of DIA approach is the SWATH-MS
analysis, where the entire ion population is fragmented in sequential windows to ensure
comprehensive coverage [31].

2.4. Proteomic Approaches in IBD

Proteomic application in the field of inflammatory bowel disease is clinically relevant
from different points of view. Firstly, proteomics has been shown to be effective in diagnos-
ing different IBD subtypes. Secondly, proteomics can be used to find predictive hallmarks
of IBD-related cancer.

In other words, proteomic techniques are currently being used to better understand all
aspects of IBD. For instance, in a Swedish study by Salomon and collaborators, proteomics
was used to characterize protein profiles of different IBD subtypes: they were able to
distinguish UC and CD protein expression profiles from healthy controls. Immunochem-
istry assays were performed to discriminate between CD and UC inflammation-related
protein expression patterns. However, there were many proteins altered in both UC and
CD, creating a sort of spectrum of IBD. This changes the way IBD was seen up until the last
few years [40].

Another study published in 2020 used proteomics techniques to compare IBD protein
content in the gut with control groups (exploratory cohort: 34 controls, 72 CD, 56 UC,
5 unclassified; validation cohort: 28 controls, 27 CD, 15 UC). The authors used MALDI-
TOF/MS to analyze peptides and Orbitrap MS to analyze proteins, analysis was conducted
in blind mode. Spectra obtained were used to distinguish an exploratory control group
and the IBD cohort (through an algorithm), and the two groups were discriminated with
81% sensitivity and 97% specificity. The findings were later confirmed in a validation
cohort (even though in this case sensitivity was lower, 55%). This research group not
only found that MS analysis outperformed fecal calprotectin in diagnosing IBD, they also
found which proteins were overexpressed in the pathology: immunoglobulins, neutrophil
proteins. Furthermore, downregulated proteins were found to be linked to nucleic acid
assembly and cancer risk. Thus, this study highlights the potential of stool peptidomics
and proteomics in improving IBD diagnosis and understanding disease mechanisms. What
is more, downregulated proteins correlated to cancer could also be used for cancer risk
evaluation in IBD patients [41].

Apart from learning more about the disease, proteomics can also facilitate preventing
carcinogenesis, one of the gravest IBD complications. Mass spectrometry has been used
to identify novel cancer biomarkers which, when detected, enable patients to start early
oncologic treatment. As a result, they have a greater chance of overcoming cancer. Therefore,
proteomics has already started to gain a significant role in precision medicine for IBD,
especially MS-based proteomics like MALDI-TOF and SELDI-TOF. These methods are
useful to quantify proteins from biological specimens, and to compare expression patterns
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between ill patients and healthy controls as well [42]. Thus, this study highlights the
potential of stool peptidome and proteome analysis to improve IBD diagnosis and clarify
disease mechanisms.

Since IBD manifests in the digestive tract, the search for biomarkers is often directed
to stool specimens. The prevalent fecal biomarkers that indicate intestinal inflammation are
lactoferrin and calprotectin [43]. However, since severe diarrhea can sometimes prevent
patients from obtaining representative stool samples, biomarkers from biological fluids
started being investigated, in order to enhance compliance. These can derive from fluids
such as serum, plasma, urine, cerebrospinal fluid, and they allow easy and noninvasive
analysis. The best example of a serum biomarker in IBD is the C-reactive protein, but novel
and more specific biomarkers are currently being researched [44].

As already affirmed, prior to the widespread implementation of mass spectrometry
and the advent of next-generation proteomics, a substantial proportion of proteomics
relied on the ELISA approach. Nevertheless, these methods presented intrinsic limitations,
particularly due to their dependence on prior knowledge of the target protein and the
availability of specific antibodies, thereby restricting their applicability in large-scale or
unbiased biomarker discovery. To emphasize these aspects, the following two examples
will be mentioned.

In 2006, Tatsumi et al. [45] investigated protein expression in UC-associated colorectal
neoplasms, focusing on two cytoskeletal proteins, cytokeratin 7 and 20 (CK7 and CK20).
To assess their expression, the authors employed monoclonal antibodies specific for these
proteins. This approach was feasible since previous studies had already established that
CK7 is expressed in the colonic epithelium under neoplastic conditions, but not in physi-
ological states. The reliance on monoclonal antibodies, in fact, represents a limitation in
biomarker discovery: as in proteomics techniques such as ELISA, their use is restricted to
known targets.

A similar study was conducted by Hashimoto et al. in 2013 [46], who quantitatively
evaluated the expression levels of the chemokine CCL20 in the rectal mucosa of ulcerative
colitis patients compared with healthy controls. Using immunohistochemical assays with
monoclonal antibodies, they demonstrated significantly higher levels of CCL20 in UC
patients. Again, this approach was possible because altered expression of CCL20 in UC
mucosa had already been described in prior studies.

While these examples cannot be classified as true proteomics studies, since they
only targeted a limited number of proteins, they illustrate a key limitation shared by
immunohistochemistry and ELISA-based proteomics: both require prior knowledge of the
target and the availability of specific antibodies. This restriction poses a significant challenge
in comprehensive proteomics analyses, where hundreds or thousands of proteins are
examined simultaneously. In such contexts, the high cost and impracticality of generating
monoclonal antibodies for each protein severely constrain large-scale biomarker discovery.

In contrast, proteomics approaches based on mass spectrometry have revolutionized
the field by allowing high-throughput analysis of complex proteomes without the prerequi-
site of specific antibodies. For instance, Yeo and collaborators in 2006 compared protein
expression profiles in the colonic mucosa of two groups: mice with dextran sodium sulfate
(DSS) induced colitis, which had developed colorectal cancer, and healthy controls. With a
2D electrophoresis they discovered 38 differentially expressed proteins, 27 of these were
then identified with MALDI-TOF mass spectrometry. The results demonstrated that one
protein, transgelin, was down-regulated in mice with induced colorectal cancer. Moreover,
the MALDI-TOF analysis showed that two different isoforms of transgelin were present in
the colorectal cancer group. In fact, MS facilitates the characterization of post-translational
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modifications and protein isoforms: this would most certainly be more challenging to
assess with antibody-based methods [47].

Another group of research in 2011 used an MS-based proteomic approach in order to
better understand the progression from ulcerative colitis to colorectal cancer. In this case, a
group of UC progressors (who tend to develop cancer) was compared to a group of UC
non-progressors. Colonic biopsies were gathered to carry out analysis of proteomes with
Orbitrap MS, enabling quantitative profiling of more than 1700 protein groups. The analysis
revealed distinct proteomic signatures in both dysplastic and non-dysplastic tissues of UC
progressors, with major alterations in mitochondrial proteins, cytoskeletal elements, RAS
signaling, apoptosis-related proteins, and metabolic pathways [48].

In order to better outline features of different proteomic approaches, we propose
Table 6, which contains advantages and disadvantages concerning immunoassays and
mass spectrometry methods.

Table 6. Comparison of main proteomic techniques based on cost, sensitivity, throughput level,
diagnostic use, and biomarker discovery potential.

Proteomic Technique Advantages Disadvantages Ref.

ELISA

High specificity; widely
used in diagnostics;

cost-effective; easy to
automate

Limited to known targets;
not suitable for

biomarker discovery
[30]

LATEX TURBIDIMETRIC
ASSAY

Rapid and inexpensive;
good for routine

diagnostics

Low sensitivity and
specificity; limited to

known proteins
[38]

Orbitrap MS
High resolution and mass

accuracy; excellent for
biomarker discovery

High cost; requires expert
handling; lower

throughput than some
other MS types

[31]

MALDI-TOF MS
High-throughput; low
cost per sample; rapid

analysis

Requires pure samples;
less effective for complex

mixtures
[31]

ESI-TOF MS
High sensitivity; good for

complex mixtures and
quantitative analysis

More expensive than
MALDI; lower

throughput
[31]

SELDI-TOF MS Suitable for biomarker
profiling in diagnostics

Lower resolution and
reproducibility; limited to
surface-bound proteins

[39]

SWATH-MS

High reproducibility;
quantitative; ideal for
biomarker discovery;

high-throughput

Requires spectral
libraries; complex data

analysis; high cost
[31]

3. Proteomics Application in IBD-Related Cancer Studies
3.1. Inflammation-Related Cancer

Inflammation-related malignancies arise from inflammatory processes and metabolites
produced as a result of inflammation. Many of these metabolites, such as reactive oxygen
species (ROS), are highly reactive and can damage various cellular components, including
DNA. These types of cancers are considered direct consequences of inflammation and
therefore tend to develop in chronically inflamed tissues. In the context of inflammatory
bowel diseases (IBD), this means that inflammation-related cancers predominantly affect
the gastrointestinal tract [49].

3.1.1. Colorectal Cancer

IBD-associated colorectal cancer is characterized by molecular, histologic and endo-
scopic features that differentiate it from sporadic CRC [50].
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Among all cancer types, the correlation between colorectal cancer (CRC) and IBD
is one of the most extensively and longest-studied associations. In 2001, a meta-analysis
described the incidence of CRC in IBD patients, highlighting how the risk of CRC increased
in UC patients in connection to disease duration. This meant that the risk of developing
CRC was cumulative: in particular, the increment of the risk was 2% at 10 years of disease
duration, 8% at 20 years, 18% at 30 years [51].

However, a population-based study (1976–2008) observed CRC incidence in the gen-
eral population comparing it to that in the IBD population. Out of 19,413 CRC cases,
38 (0.2%) patients had a prior IBD diagnosis, with a mean age of diagnosis inferior in IBD
than in the general population (56.9 vs. 70.9 years; p < 0.001) [52]. Additionally, a following
population-based study (1996–2011) from the Utah Cancer Registry found that among
12,578 cases of CRC, 101 (0.8%) had a prior IBD diagnosis. The mean age of non-IBD
patients was greater at time of CRC diagnosis than in those with IBD (67.1 vs. 52.8 years;
p < 0.001) [50]. In both population-based studies UC patients were more at risk for CRC
than CD patients.

Another group of researchers in Australia took data from the cohort of an IBD study
(1977–1992) and collected new follow-up data for 14 years. This confirmed that the actual
incidence of CRC is lower than that reported in 2001. The cumulative incidence reported
for UC patients was 1% at 10 years of disease duration, 3% at 20 years, 7% at 30 years and
for CD it was even lower (1% at 10 years, 1% at 20 years, 2% at 30 years) [53]. This confirms
what has already been said about the decreasing risk for CRC in IBD patients. In fact, for
patients with UC there is an actual 6.3-fold increased risk after 30 years of disease duration,
and for CD patients it is lower (1.8-fold increased risk).

Even though colorectal cancer is the third most common cancer worldwide, according
to the National Cancer Institute, there are still no protein biomarkers available to screen
patients in clinics. At present, screenings and check-ups consist of endoscopies, fecal blood
tests, and DNA stool tests. While the last two options might not be invasive, collecting
stool samples can be challenging for IBD patients, as already outlined.

Furthermore, patients diagnosed through fecal hemoglobin testing and colonoscopy
are often diagnosed too late, precluding the possibility of early surgical colon resection,
despite its proven curative potential. The search for serum biomarkers started for this
reason. A study by Ahn et al., in 2019 [54], used plasma samples to characterize the
protein expression pattern in different stages of CRC. They used SWATH-MS and detected
37 differentially expressed proteins. Out of these, 7 candidates were corroborated using
Western blot and ELISA (CST3, GPX3, CFD, MRC1, COMP, PON1 and ADAMDEC1).

Within these, the protein Paraoxonase 1 (PON1), an extracellular enzyme for detoxi-
fication, immunomodulation and antioxidation in the intestine, had already been found
to be downregulated in IBD patients (both CD and UC) in 2009. Consequently, its down-
regulation was already known to be linked with intestinal inflammatory activity [55].
Nevertheless, it should be noted that this correlation has been tested only in a limited
number of studies, and further validation is required before PON1 may be considered
a reliable clinical biomarker. As previously mentioned, although numerous biomarker
studies exist for colorectal cancer, no protein biomarkers are currently used in routine
clinical practice.

PON1 is a member of the paraoxonase family (PON1-3), a group of proteins known
for their anti-oxidant properties. PON1 is secreted by cells and can interact with high-
density lipoproteins giving them anti-oxidant and anti-inflammatory properties. However,
PON gene loci have been associated both with inflammatory diseases (e.g., atherosclerosis,
Alzheimer’s) and cancer. Lower expression of PON1 could in fact determine a less effective
response to inflammation [56].
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At any rate, the correlation between PON1 and IBD inflammatory activity was later
confirmed by a meta-analysis in 2024. Its aim was to analyze oxidative stress-related
markers: plasma concentration of PON1 was lower in IBD patients [57].

Therefore, PON1 could be used as a marker for disease activity and, consequently, a
marker for colorectal cancer risk as well, provided that subsequent studies demonstrate its
ability to detect CRC with high sensitivity and specificity.

Another study used MALDI-TOF MS and Orbitrap MS to analyze salivary samples of
peptides and proteins, respectively, in CD, UC, CRC and controls. In IBD and CRC groups,
73 proteins were found that were absent in controls. These proteins were mainly involved
in adaptive and innate immunity. This group also analyzed stool samples with the same
proteomics approaches and found 30 human proteins, 4 present only in CD. Out of these 4,
2 proteins, Basic Salivary Proline-Rich Protein 1 (PRB1) and Salivary Acidic Proline-rich
Phosphoprotein, are of salivary origin.

Peptide fragments of PRB1 (GQ-17 and GG-17) were also tested in vitro on CRC HT-29
cell line and it was observed that GG-17 had a role in cellular proliferation, suggesting its
potential role as a CRC biomarker [58].

In physiological conditions, basic salivary proline-rich proteins need to be cleaved in
order to go from the precursor to the activated state. In fact, they usually play a role in the
precipitation of dietary tannins (polyphenolic compounds deriving from plants). Yet, some
fragments of PRB1 could be involved in carcinogenesis (e.g., the GG-17 fragment may act
as an inducer of cellular proliferation) [59].

3.1.2. Small Bowel Cancer

Small bowel cancer (SBC) is a rare condition that often affects the ileum, but it can also
develop in the duodenum and the jejunum. Since CD is often located in the small intestine,
the correlation between chronic inflammation and malignancy in that area was assessed.

A population-based study published in 2017 analyzed the entire population of Den-
mark (with an age ≥ 16 years) from 1978 to 2010: during this study 20,917 patients with CD
and 42,872 patients with UC were followed, and 40 patients with IBD-SBC were identified.
Out of 40, 23 cases were CD patients with Small Bowel Adenocarcinoma (SBA). The other
cases concerned other small bowel cancer types. With this analysis, a 14-fold increased
risk of developing SBA (the most common type of SBC) was demonstrated in CD patients,
whereas UC patients did not seem to be at higher risk [60].

Early detection of small bowel cancer is challenging, and there is no standardized
procedure to screen small bowel lesions (predictive of cancer). That is also because they
cannot always be detected through ileocolonoscopy. In this context, a biomarker would be
of crucial importance, since it would allow a less invasive and more efficient screening.

The gold standards in recent decades were C-reactive protein (CRP) and faecal calpro-
tectin (FC), but their specificity for small bowel cancer was low. Consequently, the need
for a novel, more specific biomarker led to the discovery of Leucine-rich α2 glycoprotein
(LRG) profile expression, which assesses disease activity of IBD. A study conducted by
Asonuma et al. compared the usefulness of LRG, CRP and FC as serum (in the first two
cases) and stool (in the last case) biomarkers. LRG levels of expression were quantified
through latex turbidimetric immunoassay. Their conclusion was that LRG was the best out
of the three proteins in determining small bowel inflammation [38]. This protein is involved
in many processes, such as angiogenesis, apoptosis inhibition, and the cellular epithelial–
mesenchymal transition (a common biological step that can lead to metastasis) [61].

The utility of LRG as a biomarker was recognized in 2020, since this protein was
approved in Japan as a biomarker for assessing activity in UC and CD. Its presence, even
though it is not strictly related to the small bowel, can show whether the mucosa of the



Biomolecules 2025, 15, 1328 17 of 28

intestine is healing or not: if the damage to the bowel wall persists, the risk of cancer is
increased. Thus, LRG could be investigated as an indirect predictive small bowel cancer
biomarker, pending validation in future studies to confirm its sensitivity and specificity [62].

3.1.3. Cholangiocarcinoma

Although cholangiocarcinoma (CCA) is a rare cancer, its mortality is one of the highest:
only 22% of patients diagnosed with CCA in the US survive after 5 years. It does not affect
the digestive tract directly since it develops in the bile ducts. The problem with this cancer
is that it does not present very intense or specific symptoms, so when it is diagnosed it is
often too late for the patient. In this case knowing risk factors would be helpful, especially
in the field of prevention.

One risk factor for CCA is IBD itself: compared to the general population, IBD-
patients are more at risk of developing cholangiocarcinoma. A meta-analysis of multiple
population-based studies found that patients affected by IBD (both UC and CD) have a
2.61-fold increased risk in intrahepatic cholangiocarcinoma, and a 1.47-fold increased risk
of extrahepatic cholangiocarcinoma [63].

Another factor influencing the development of this rare cancer is the presence of
concomitant Primary Sclerosing Cholangitis (PSC). This is a condition with an unclear
etiology that leads to the formation of fibrotic biliary strictures and can also progress to
liver cirrhosis. PSC is strongly related to IBD: about 60–80% of individuals diagnosed with
PSC have a prior diagnosis of IBD (and 2–5% of IBD patients develop PSC). In a population-
based cohort study conducted on hospital databases in Norway and the National Patient
Register in Sweden, 141,960 IBD patients were observed (3.2% of them had concomitant
PSC). In a median follow-up of 10 years, relative risk for CCA was assessed, and it was
found that PSC-IBD patients have a 140-fold increased risk of developing biliary tract
cancers, with the highest risk for intrahepatic cholangiocarcinoma (220-fold risk) [64].

As previously stated, cholangiocarcinoma (CCA) is a very aggressive cancer, but as
often happens with liver-related pathologies, symptoms are not present until late disease
state. Specific and non-invasive tests are therefore necessary.

There are two biomarkers used for CCA diagnosis: Carcinoembryonic Antigen (CEA)
and Carbohydrate Antigen 19-9 (CA19-9). CEA is a protein normally found in embryonic
tissues; low levels persist in adults, but elevated concentrations may indicate carcinogenesis.
However, it is not a specific biomarker. The second marker is CA19-9: this is not a protein,
but an increase in its levels indicated a correlation to primary sclerosing cholangitis and
CCA. Specifically, CA19-9 level of >75 U/mL had 99% specificity and 69.5% sensitivity
(serum CA19-9 levels were measured in 192 UC patients) in the diagnosis of PSC (PSC
diagnosis was validated by magnetic resonance cholangiopancreatography) in IBD patients
without CCA, so it is currently used as an early biomarker [65,66].

CA19-9 is a glycosylating agent with many substrates. Therefore, its activity can lead
to hyperactivation of some pathways (e.g., the EGFR intracellular pathway), thus leading to
carcinogenesis. Moreover, it can promote metastasis (since tumor cells that express CA19-9
on the plasmatic membrane can interact with E-selectins of blood vessels) [67].

Nevertheless, biomarkers of protein nature have also been explored: this could be
used in combination with CA19-9 to obtain a more specific action. In 2013, a study aimed
to identify novel biomarkers by using proteomic techniques such as 2-D gel electrophoresis
and MALDI-TOF MS, by comparing protein expression patterns in CCA tissues and healthy
tissues. Particularly, chaperonin-containing TCP1 subunit γ (CCTγ) and S100 calcium-
binding protein A9 (S100A9) were overexpressed in tumors compared to controls in MS
analysis. Moreover, these results were validated with immunochemistry methods [68]. This
shows that these two proteins could be used as biomarkers for CCA, along with CA19-9.
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On the one hand, CCTγ is a component of a 16-subunit chaperonin complex that plays a
crucial role in the proper synthesis and folding of actin and tubulin. Similarly to heat shock
proteins, overexpression of this chaperonin may indicate that the cell is under stress or in
an unhealthy state [69]. On the other hand, S100A9 is a calcium-binding protein that, under
inflammatory conditions, acts as a modulator of the inflammatory response by promoting
white blood cell recruitment and inducing cytokine production and release. Therefore, in
addition to being used as a biomarker, it also represents a potential therapeutic target, since
inhibiting its activity leads to a reduction in the intensity of inflammation [70].

3.2. Immunosuppression-Related Cancer

The correlation between drugs used for chronic inflammation of the digestive tract
and malignancy has been analyzed several times. The increased risk for cancer seems to
relate to the assumption of thiopurines and tumor necrosis factor-α antagonists. Data about
carcinogenesis caused by IBD therapies will be discussed in this section.

3.2.1. Skin Cancer

Skin cancer can manifest itself in two main forms: melanoma and non-melanoma skin
cancer (NMSC). The most common NMSC is basal cell carcinoma, while squamous cell
carcinoma occurs with less frequency.

Skin cancer malignancy detection in IBD patients was investigated in a cohort of
108,597 patients with inflammatory bowel diseases, allowing a better understanding
of risk factors. The results of this population-based study showed an incidence of
melanoma of 57.1/100,000 in IBD, compared to 44.1/100,000 in the general population
(60.8/100,000 in CD patients). With this data the standardized incidence ratio can be ex-
tracted: SIR found was 1.29 for IBD and 1.38 for CD. In the same study, the incidence of
NMSC found was 912/100,000 in IBD, 623/100,000 in Non-IBD (SIR = 1.46). Therefore,
the risk for NMSC is higher than that of melanoma. Moreover, the correlation between
the incidence of skin cancer and the use of immunomodulators (thiopurines and anti-TNF
biologics) was assessed. Since the 1990s, both the use of these medications and the number
of melanoma and non-melanoma skin cancer diagnoses have increased. However, even
though this temporal association suggests a possible link, it does not establish a causal
relationship [71].

Another meta-analysis by Huang and colleagues investigated the incidence of skin
cancers in IBD patients treated with thiopurines and without thiopurines. Although
the efficacy of 6-mercaptopurine and azathioprine are good for IBD management (in
particular when patients are resistant to corticosteroids), the results of this analysis showed
an increased risk for skin cancer in thiopurine use, especially for NMSC. However, Huang
and collaborators also found that there might be a correlation with geographic distribution
as well, since they compared results obtained in North America and Africa. In fact, the
most crucial risk factor for skin cancer is known to be sun exposure, so a synergistic effect
between sunlight and thiopurines has therefore been inferred. In addition, no correlation
between thiopurine use and melanoma skin cancer was found in this meta-analysis [72].

Treatment with biologics was also examined through a pooled analysis by Osterman
et al. that investigated the correlation between the use of adalimumab (a TNF antago-
nist biological drug) and the increased risk of carcinogenesis in IBD patients. Moreover,
they compared adalimumab monotherapy with adalimumab combination therapy with
thiopurines. They gathered data from 1594 CD patients from the clinical trials of adali-
mumab. For these patients, malignancy was found in 34 people: 10 patients treated with
adalimumab monotherapy, 24 patients treated with adalimumab combination therapy. The
results led the authors to conclude that there is no increased risk of NMSC in patients
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receiving adalimumab monotherapy, whereas combination therapy is associated with a
5-fold increased risk [73].

According to the National Cancer Institute (NCI), visual exams conducted by doctors
remain the standard procedure for skin cancer screening and diagnosis. If unusual moles or
birthmarks or an abnormal pigmentation of the skin are present, further analysis consists
in biopsy and histological analysis by a pathologist. There are no biomarkers available in
clinic, but some studies have been carried out, especially regarding basal cell carcinoma
(BCC), the most common type of skin cancer.

Berl and colleagues analyzed the protein expression pattern of BCC patients with mass
spectrometry, finding which proteins were overexpressed. Results were later confirmed
by mRNA quantitative analysis. This study found that protein profiles were symmetric
to BCC subtypes division: each BCC subtype differentiated itself from other subtypes.
This means that this kind of tumor is very complex and more studies will be needed to
understand the heterogeneity of skin cancer subtypes and to discover novel diagnostic
and prognostic biomarkers. Still, this study found two proteins that were overexpressed
uniquely in nodular BCC subtype: cytochrome P450 (CYP2W1) and Neurotrophic Receptor
Tyrosine Kinase 3 (NTRK3) [74].

Cytochrome CYP2W1 is normally expressed during fetal development, where it plays
a role in intestinal maturation due to its tissue-specific expression. In cancer, however, it
is also expressed in adults. It functions in metabolism, acting on both endogenous and
exogenous substrates. Its oxidative activity can sometimes be harmful, as it may lead to the
production of reactive oxygen species (ROS) [75].

Neurotrophic tyrosine receptor kinase 3 (NTRK3) belongs to the neurotrophic tyrosine
receptor kinase (NTRK) family and recognizes neurotrophin-3 (NT-3) as its primary ligand.
Oncogenic mutations in NTRK3 can result in constitutive activation of the receptor, leading
to aberrant signal transduction pathways that drive carcinogenesis. Such alterations have
been implicated in several malignancies, including pancreatic cancer [76].

Being able to associate a patient to a cancer subtype is essential for prognosis, but also
to understand which therapy option will be most efficient (and, conversely, which will
not work).

3.2.2. Lymphoma

Treatment with thiopurines has also been investigated to understand its correlation
with lymphoma, due to more-frequent-than-expected reports of lymphoproliferative disor-
ders in IBD patients treated with 6-mercaptopurine and the correspondent prodrug.

In a prospective observational cohort study in France 19,486 IBD patients were
observed from 2004 to 2007. 23 cases of lymphoproliferative disorders were detected:
1 Hodgkin’s lymphoma, 22 Non-Hodgkin’s lymphomas. The authors observed that the
incidence of non-Hodgkin’s lymphoma was 0.90 per 1000 patient-years for those receiving
thiopurines, 0.20 per 1000 for those who discontinued therapy, 0.26 per 1000 for those
who never received thiopurines. Based on these results, the authors verified which of the
patients used thiopurines, and determined that the risk for lymphoproliferative disorders
(especially Non-Hodgkin’s lymphoma) was 5 times higher (5-fold increased risk) [77].

Some years later, a retrospective cohort study was published by Kahn and colleagues.
They analyzed a cohort of 36,891 total patients with UC, 4734 of them (13%) were treated
with thiopurines for a median time of 1 year. Out of the last-mentioned group the following
incidences of lymphoma were found: 0.60 per 1000 patient-years for patients who never
received thiopurines, 0.28 for patients who had discontinued treatment, 2.31 for patients
who were receiving thiopurines. This data supported the statement that UC patients treated
with thiopurines have a 4-fold increased risk of developing lymphoma, and that risk is
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decreased in patients who discontinued therapy [78]. These results are very similar to those
in the previously mentioned study.

However, lymphoma might not solely be related to immunosuppression, it could also
be induced by chronic inflammation itself. Many studies have investigated the role of an
oncogenic virus, EBV (Epstein–Barr Virus), that can reside in B lymphocytes in physiological
conditions. In cases of chronic inflammation, immunosuppression, and other impairments
of the immune system, this virus can enter the lytic cycle, leading to B cell proliferation
and potentially resulting in lymphoma, often diffuse large B-cell lymphoma (DLBL). For
instance, a Dutch nationwide study investigated this correlation. In a cohort of 17,834 IBD
patients, 44 had lymphoma. The expected number of lymphomas was 34.63, so the SIR was
1.27, which is not particularly elevated. More significant was the increased risk observed
in age categories: 35–39 (SIR 9.32, 95% Confidence Interval: 3.89–17.07) and 45–49 (SIR
3.99, 95% Confidence Interval: 1.22–8.36). At any rate, of the 44 patients with lymphoma,
19 were exposed to thiopurines. Out of these 19, 15 were tested for EBV and 11 were EBV+.
This suggested a correlation between EBV-related lymphoma and thiopurine therapy. Of
23 patients with lymphoma who were not exposed to thiopurines, 16 were tested for EBV
and none was positive. For this reason, it is difficult to assess whether lymphoma is caused
by chronic inflammation or immunosuppression and further investigation is necessary [79].

There is no standard procedure regarding lymphoma screening. For instance, the NCI
states that for Non-Hodgkin’s Lymphoma the methods of cancer diagnosis are blood tests
followed by CT (Computed Tomography) and PET (Positron Emission Tomography) scans,
or potentially bone marrow aspiration and biopsies.

At any rate, studies to find protein biomarkers have also been conducted: in 2009, a
study confirmed the relationship between diffuse large B cell lymphoma (the most common
aggressive type) and the chemokine CXCL13 expression. The authors induced intestine
inflammation in transgenic mice, finding that overexpressed CXCL13 induced an increase
in B cell number and, additionally, promoted their mobilization in the intestinal lamina
propria. Overexpression was validated with ELISA [80].

A longitudinal prospective study published in 2017 confirmed what had been previ-
ously discovered. Blood samples were taken 15 to 25 years before diagnosis of lymphoma,
and concentration of proteins was measured. The authors found a strong association
between the blood levels of CXCL13, sCD23, sCD27, sCD30 and the risk of developing
lymphoma. The plasma concentration of CXCL13 and other lymphoma-related proteins
was assessed with immunochemistry technologies. The only protein that was found to be
associated with diffuse large B-cell lymphoma was CXCL13: its plasma levels increase over
time, and, thus, it can be used as a biomarker [81].

CXCL13 is a chemokine primarily responsible for the recruitment of B lymphocytes.
When CXCL13 interacts with its receptor CXCR5 (the CXCL13-CXCR5 axis), CXCR5 acti-
vates intracellular signaling by promoting the exchange of GDP for GTP on G proteins. This
activation triggers downstream G protein-coupled receptor pathways, leading to aberrant
signal transduction and the acquisition of hallmark tumor cell behaviors [82].

Concerning B-cells EBV-related lymphomas, a study was conducted on IBD patients
exposed to anti-TNFα agents, assessing the presence of EBV by quantifying EBV genomes
in peripheral blood. EBV genomes were higher in quantity in patients treated with TNFα
antagonists compared with controls. This was in reality a genomics study, but it provided
evidence for the necessity of further analysis of EBV proteome traces in the blood of at-risk
patients. For instance, the concentration of two protein factors indicating transcription
activation, ZEBRA and RTA, could be measured in future studies in order to assess their
potential as lymphoma biomarkers [83].
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3.2.3. Glioblastoma

The gut–brain axis has become one of the most relevant topics of biomedical research in
the last few decades. The brain and intestines are connected through hormones, the immune
system and the nervous system, and this might be used to study possible correlations
between gut and brain pathologies [84].

Since the connection between glioblastoma (GBM), the most aggressive and incurable
malignancy of the brain, and IBD has not been investigated directly, the gut microbiome
profiling may be used to make indirect assumptions.

In fact, glioblastoma has been shown to be characterized by microbiome dysbiosis.
Ishaq and collaborators used fecal samples to profile the intestinal bacteria of GBM pa-
tients, comparing it to healthy controls. Results showed that GBM patients had higher
microbial diversity. Specifically people with glioblastoma had an increase in Proteobacteria
(Enterobacteriaceae, Bacteroidaceae, Lachnospiraceae) and a decrease in Firmicutes (Veil-
lonellaceae, Rikenellaceae, Prevotellaceae). Moreover, opportunistic bacteria were more
present in GBM, such as Escherichia coli, Bacteroides vulgates, Enterobacter aerogenes,
Clostridium botulinum and Klebsiella oxytoca [85].

On the other hand, it is typical for IBD patients to showcase a less rich microbiome,
with an increment of Actinobacteria, Fusobacteria and Proteobacteria (like adherent inva-
sive E. coli strains) and a decrease in Bacteroidetes, Tenericutes and Verrucomicrobia [10].

This comparison suggested that there is no direct correlation between these two dis-
eases. Nevertheless, the IBD-GBM correlation can assume significance when considering
TNFα antagonists. In fact, a study in 2016 quantified the risk of glioblastoma in anti-TNF
patients in terms of ROR (Reporting Odds Ratio), a statistical measure used in pharma-
covigilance. This study used the FDA’s Adverse Event Reporting System (FAERS) and the
World Health Organization (WHO) drug monitoring database. Infliximab was found as the
most associated with GBM (WHO: ROR = 7.41 (5.19–10.57), FAERS: ROR = 2.80 [1.89–4.15]),
and adalimumab showed significant correlation (WHO: ROR = 3.54 [2.58–4.89], FAERS:
ROR = 1.99 [1.41–2.80]), too. As with the other immunosuppression-related tumors, anti-
TNF may in fact reduce the activity of the immune system in inhibiting cancer cells in the
brain [86]. It should be noted, however, that RORs derived from pharmacovigilance databases
are conceptually different from the fold-increased risk estimates used for other cancer types in
IBD patients and cannot be directly compared within a unified risk framework.

Regarding GBM diagnosis, according to the National Cancer Institute, brain tumors
are normally diagnosed through brain imaging followed by histopathological evaluation of
biopsies. Yet, because of the histological similarity between cancer subtypes, pathologists
cannot always diagnose the correct cancer, which leads to higher probability of negative
outcomes. Diagnosis through biomarkers would be much less invasive and compliance
would most certainly be higher. Prediction or early diagnosis of glioblastoma multiforme
(GBM), the most common brain glioma, would increase the life expectancy of patients and,
thus, it is of the utmost importance.

For this reason, Tichy and colleagues in 2015 correlated levels of the glial fibril-
lary acidic protein (GFAP) with histopathological findings (33 patients with GBM and
132 healthy controls). Protein concentration levels in the plasma were assessed by electro-
chemiluminometric immunoassay for the in vitro quantitative determination of GFAP in
human serum and plasma (Elecsys® GFAP prototype test), and they were higher in GBM
patients compared to controls. Specifically, a serum titre ≥ 0.01 µg/L was associated with a
sensitivity of 85% and a specificity of 70% in detection of GBM from other entities [87].

Mass spectrometry techniques have also been implemented to find serum biomarkers
for this specific tumor. Popescu et al. used LC/MS-MS combination to identify biomarkers,
and ELISA and Western blot analysis validated their results. Specifically, this research
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group used SELDI-TOF MS to understand the serum protein expression profile in GBM.
This analysis highlighted three putative biomarkers: S100A8, S100A9 and CXCL4 [39].

Both GFAP and S100 calcium-binding proteins (S100A/B) are markers of astrocytic
damage. This could mean that they play a role either in the pathogenesis or in the response
of glioblastoma, which is in actuality an astrocytoma [88]. However, the understanding of
this tumor is still poor and further research is needed.

4. Discussion
Inflammatory bowel diseases (IBD) remain only partially understood. In fact, current

therapeutic approaches solely focus on inducing and maintaining remission, and they do
not address the root cause of the condition, which remains unclear. The increased risk of can-
cer development is the most serious complication of ulcerative colitis and Crohn’s disease.
Therefore, early cancer prevention and careful surveillance of IBD patients are essential.

To achieve this, diagnostic strategies must evolve. The current gold-standard methods,
such as endoscopy and imaging techniques can be effective, but they are often invasive,
expensive, and not suitable for frequent screening. Moreover, they may fail to detect
neoplastic changes at very early stages. There is an urgent need for minimally invasive,
highly specific, and sensitive techniques that can identify or predict cancer at its earliest
onset, allowing timely and more effective interventions.

One promising approach is the use of protein biomarkers. In this context, proteomics
emerges as a crucial tool: not only in enhancing our understanding of IBD pathogenesis
but also in identifying and detecting biomarkers for cancer screening in these patients. A
notable example is the case of small bowel cancer, where the protein Leucine-rich alpha-
2-glycoprotein (LRG) was approved as a cancer biomarker in Japan in 2020 [62]. This
success highlights the potential of proteomics as possible future clinical tools. Proteomic
techniques used in clinics are also improving: in fact, although ELISA remains the gold
standard, mass spectrometry has also started to be implemented in the clinical context,
especially, the SELDI-TOF MS analysis. Another interesting approach for implementing
proteomics in clinical settings is MRM (Multiple Reaction Monitoring) mass spectrometry.
Once candidate biomarkers are discovered (with higher resolution MS techniques, such
as Orbitrap), MRM detects specific peptides derived from target proteins. This means
that routine patient samples, such as blood, are sufficient for quantifying biomarkers
using MRM. The technique allows precise measurement of selected proteins in complex
biological matrices. The technique allows precise measurement of selected proteins in
complex biological matrices, eliminating the requirement for antibodies. This is particularly
advantageous since antibodies are often costly, time-consuming to generate, and not always
available for the proteins of interest. Moreover, MRM assays can be multiplexed, enabling
the simultaneous analysis of multiple biomarkers in a single run, which increases efficiency
and reduces sample requirements. This proteomic approach combines the quantitative
accuracy of mass spectrometry with the clinical routines, representing a promising tool for
clinical screening of IBD-related cancer markers [89].

Challenges still remain in many fields, one example being the case of glioblastoma:
despite the severity of the disease, very few reliable biomarkers are available, and further
proteomic research is clearly needed.

Applying proteomic technologies to IBD-related cancer screening could mark a signifi-
cant turning point. The integration of reliable biomarkers into clinical practice would not
only improve patients’ earlier diagnosis but could also serve as a more personalized and
effective therapeutic strategy. All the examples of potential biomarkers discussed in the
review are summarized in Table 7.
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Table 7. Summary of potential biomarkers for different cancer types, their corresponding biological
matrices, detection techniques, and current status in clinical diagnostics.

Cancer Potential Biomarker Biological Matrix Technique of
Detection

Already Used in
Diagnostics Ref.

Colorectal Cancer
PON1 Blood serum SWATH-MS No [54]

PRB1 (fragment GG-17) Feces Orbitrap MS No [58]

Small Bowel Cancer LRG Blood serum Latex turbidimetric
immunoassay Yes [38]

Cholangiocarcinoma CA19-9 Blood serum ELISA Yes [65,66]
CCTγ and S100A9 Liver biopsy MALDI-TOF No [68]

Skin Cancer (nodular
BCC subtype) CYP2W1 and NTRK3 Skin biopsy Mass Spectrometry No [74]

Lymphoma CXCL13 Blood ELISA No [80]
EBV-related
lymphoma ZEBRA and RTA Blood PCR No [83]

Glioblastoma
GFAP Blood serum ELISA No [87]

S100A8/A9 Blood serum SELDI-TOF No [39]

5. Conclusions
Proteomic approaches have significantly advanced our understanding of the molecu-

lar landscape underlying inflammatory bowel disease (IBD)-associated cancers, enabling
the identification of potential biomarkers with diagnostic, prognostic, and predictive value.
High-throughput techniques, including mass spectrometry-based proteomics and targeted
assays, have revealed protein signatures that differentiate malignant transformation from
chronic inflammation, highlighting pathways involved in tumor initiation and progres-
sion. Despite these promising findings, the utilization of proteomic discoveries in clinical
practice remains limited by several challenges. A primary example of this is variability
in sample preparation. In fact, the harmonization of sample processing and analysis is
essential to minimize variability and allow reproducibility of experiments proposed by
researchers. Moreover, studies with large cohorts are essential for robust validation of
potential biomarkers discovered by researchers in smaller exploratory studies. For instance,
some of the molecules reported in the review (e.g., PON1) were evaluated in small groups
of patients, but they have still not been tested for their ability to detect cancer in vast cohorts.
Without rigorous validation, their potential to reliably discriminate between cancer and
chronic inflammation in IBD remains uncertain.

Clarifying how biomarker levels change in patients with IBD before the development
of cancer is crucial, as this high-risk population requires tailored strategies for surveillance
and early detection. Identifying markers that can reliably discriminate between chronic
inflammation and tumor initiation would greatly enhance their clinical value, because
it would enable timely therapeutic strategies to counter carcinogenesis and thereby im-
prove patient prognosis. Furthermore, the development of clinically adaptable assays,
particularly multiplexed and minimally invasive formats such as blood- or stool-based
proteomic panels, could transform patient monitoring by enabling longitudinal assessment
and earlier intervention. Achieving these goals will require sustained collaboration be-
tween proteomics researchers, clinicians, and bioinformaticians to establish robust tools for
screening, risk stratification, and therapeutic decision-making.

In conclusion, proteomic research is opening new perspectives for understanding and
detecting IBD-associated cancers at stages where clinical intervention can still alter disease
trajectory, yet translating these advances into routine practice will require rigorous vali-
dation, methodological consistency, and integration with established clinical frameworks.
Future investigations should prioritize prospective trials and real-world applications to
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consolidate proteomic biomarkers as reliable tools for early detection, prognosis, and cancer
prevention.
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