Addissouky et al, ] Cancer Biol.
2024;5(2):38-43.

Journal of Cancer Biology

Review Article

Precision medicine and immunotherapy
advances transforming colorectal cancer

treatment

Tamer A. Addissouky'?*", Ibrahim El Tantawy El Sayed?, Majeed M. A. Ali', Mahmood Hasen Shuhata Alubiady', Yuliang Wang*

'Al-Hadi University College, Baghdad,
Iraq

2Department of Biochemistry, Science
Faculty, Menoufia University, Menoufia,

Egypt

3MLS ministry of health, Alexandria,
Egypt. - MLS ASCP, USA

“Joint International Research
Laboratory of Metabolic and
Developmental Sciences, Key
Laboratory of Urban Agriculture
(South) Ministry of Agriculture, Plant
Biotechnology Research Center, Fudan-
SJTU-Nottingham Plant Biotechnology
R&D Center, School of Agriculture and
Biology, Shanghai Jiao Tong University,
Shanghai, China

*Author for correspondence: Email:
tedesoky@gmail.com;
tedesoky@science.menofia.edu.eg

Received date: February 22, 2024
Accepted date: March 26, 2024

Copyright: © 2024 Addissouky TA,

etal. This is an open-access article
distributed under the terms of the
Creative Commons Attribution License,
which permits unrestricted use,
distribution, and reproduction in any
medium, provided the original author
and source are credited.

Citation: Addissouky TA, El Tantawy
El Sayed |, Ali MMA, Alubiady

MHS, Wang Y. Precision medicine
and immunotherapy advances
transforming colorectal cancer
treatment. J Cancer Biol. 2024;5(2):38-
43.

Abstract

Background: Colorectal cancer (CRC) is a leading cause of cancer deaths worldwide. Key risk factors
include lifestyle, diet, inflammation, and family history. Understanding molecular pathways underlying
CRC initiation and progression is critical to guide prevention and treatment.

Purpose: This review summarizes recent advances in CRC screening, therapy, and future directions.

Main body: New stool DNA panels and blood-based assays offer non-invasive options for early CRC
detection, though require further validation. Immuno- and targeted therapies matched to tumor molecular
profiles have transformed metastatic CRC treatment. Pembrolizumab elicits durable responses in mismatch
repair-deficient tumors, and anti-EGFR antibodies cetuximab/panitumumab improve outcomes for left-
sided RAS/RAF wild-type CRC. Larotrectinib and entrectinib are highly active in NTRK fusion-positive CRC.
Research focusing on new immunotherapies, leveraging the microbiome, and combining multi-omics data
to enable precision medicine holds promise. Disparities across groups remain a challenge.

Conclusions: Recent therapeutic advances have significantly improved survival for metastatic CRC patients.
Advances in non-invasive diagnostics, next-generation sequencing, and computational approaches will
enable more sophisticated molecular profiling and tailored therapy selection. Realizing the potential of
emerging immunotherapies and integrating knowledge of the microbiome remain important frontiers.
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Background

Colorectal cancer (CRC) remains one of the most prevalent cancers and leading causes of cancer
mortality worldwide. Global disease burden has risen in tandem with adoption of certain dietary
and lifestyle changes in economically transitioning countries. Understanding key risk factors and
pathogenic mechanisms is imperative to guide prevention and treatment strategies [1-3]. Established
environmental and lifestyle risk factors for CRC beyond screening non-adherence include smoking,
heavy alcohol intake, obesity, consumption of processed or red meat, and low dietary fiber/vegetable
intake. Chronic intestinal inflammation is also an important risk factor, as seen in inflammatory
bowel disease. Family history of CRC confers increased risk, and several inherited cancer syndromes
like Lynch syndrome dramatically predispose to early-onset CRC. Recently, the gut microbiome
has emerged as a potentially important modifiable factor, though mechanisms require further
characterization [4-8]. Understanding how these exposures drive CRC initiation and progression at the
molecular level remains an area of active investigation. Key pathogenic pathways include chromosomal
instability, microsatellite instability, and CpG island methylator phenotype pathways which dictate
patterns of genetic mutations arising in tumors. Recent research has also focused on altered metabolic,
inflammatory, and immune pathways within the tumor microenvironment which enable growth and
metastasis [9]. This review aims to provide a comprehensive update on recent advances in colorectal
cancer screening, treatment, and prevention strategies. By synthesizing the latest research across diverse
fields including genomics, immunotherapy, nanotechnology, and artificial intelligence, it highlights
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innovative approaches that could transform clinical management
of this malignancy. The multidisciplinary perspective distinguishes
this review, underscoring the importance of integrating emerging
technologies to enable ecarlier detection, more precise therapy
selection, and new preventive interventions tailored to individual
patients. Ultimately, the goal is to guide future research priorities to
further improve outcomes for colorectal cancer patients worldwide.

Early Diagnosis and Screening

Detecting colorectal cancer (CRC) at an early stage is critical, as
5-year survival drops precipitously from 90% for localized disease
to 14% for metastatic cancer. While screening has improved early
diagnosis, novel modalities beyond colonoscopy and stool testing are
emerging as depicted in Table 1. In 2014, Cologuard, a multitarget
stool DNA test, was FDA-approved for CRC screening based on
superior sensitivity to standard fecal immunochemical testing.
However, concerns remain regarding specificity. Plasma-based tests
like Epi proColon (methylated SEPT9 DNA) and OncoBEAM
(mutant KRAS/NRAS DNA) are now commercially available as
screening tools, though evidence is still limited [10,11]. An area of
active research is the development of blood-based biomarkers for
early detection. Circulating tumor cells (CTCs), cell-free tumor
DNA, exosomes, miRNAs, proteins, and metabolites are all under
study as non-invasive diagnostic markers. Recent advances have
identified methylated gene panels, glycosylated protein markers, and
metabolite signatures that can discriminate CRC from controls with
high accuracy [12-24]. Machine learning and artificial intelligence
tools applied to medical imaging and liquid biomarkers show
enormous potential to transform early diagnosis. Deep learning
algorithms can synthesize diverse data sources into predictive models.
However, extensive further validation is required before clinical
implementation [25-33]. While colonoscopy remains the gold
standard, the advent of stool DNA panels, blood-based assays, and
Al-enhanced imaging offer new options for non-invasive screening
that could significantly improve early detection and save lives. But
rigorous assessment of clinical utility and cost-effectiveness remains
needed as these tools continue to evolve [34-35].

Advances in Treatment and Innovative Therapeutics

The treatment landscape for colorectal cancer (CRC) has
been transformed over the past decade by the arrival of new
chemotherapeutic regimens, immunotherapies, targeted agents, and
a growing emphasis on precision medicine. Significant gains have
been made in systemic therapies for metastatic CRC, extending
and improving quality of survival. Several new chemotherapy
backbones and combinations have been established through positive
randomized phase III trials and endorsed in clinical guidelines. The

FOLFOXIRI regimen (folinic acid, 5-fluorouracil, oxaliplatin, and
irinotecan) plus bevacizumab has become a standard first-line option
for eligible metastatic CRC patients based on significant extensions
in median progression-free and overall survival compared to doublet
chemotherapy plus bevacizumab. For patients progressing after first-
line treatment, addition of the novel vascular endothelial growth
factor (VEGF) inhibitors ramucirumab or regorafenib to continuous
5-fluorouracil-based chemotherapy was shown to provide a survival
advantage. The multikinase inhibitor regorafenib also showed
activity as monotherapy in phase III trials [36].

Beyond chemotherapy, arguably the most exciting advances
have come in the form of immunotherapy and targeted therapies
directed against specific molecular aberrations. After demonstrating
remarkable activity in microsatellite instability-high (MSI-H)
solid tumors, pembrolizumab and nivolumab have emerged as
mainstream options for metastatic CRC patients whose tumors
exhibit mismatch repair deficiency (AMMR) or high microsatellite
instability (MSI-H) [37-39]. The pivotal phase II CheckMate-142
trial established pembrolizumab as an effective therapy for
previously-treated MSI-H/dMMR  metastatic CRC,
an immune-related objective response rate of 31%. Building on
this, KEYNOTE-177 established pembrolizumab monotherapy
as superior to standard chemotherapy in the first-line setting for

eliciting

this population. Ongoing studies are assessing pembrolizumab in
combination with chemotherapy backbone, epidermal growth factor
receptor (EGFR) inhibitors, or MEK inhibitors as initial therapy for
metastatic MSI-H/dMMR CRC. Beyond MSI-H/dMMR disease,
research is ongoing into other potential immunotherapy biomarkers
and rational combination strategies to extend benefit to broader

groups of CRC patients [40-43].

In parallel, monoclonal antibodies and small molecule inhibitors
targeting key oncogenic drivers matched to specific biomarkers
have moved into standard practice. Cetuximab and panitumumab,
monoclonal antibodies directed against EGFR, are now firmly
established components of therapy for left-sided RAS/RAF wild-
type metastatic CRC. Multiple trials have proven superior outcomes
with the addition of these biologics to chemotherapy backbones
for this molecularly defined population. Though less common,
actionable NTRK and BRAF mutations also now have clinical grade
targeted therapies. Larotrectinib and entrectinib, highly selective
tropomyosin receptor kinase (TRK) inhibitors, elicit rapid and often
durable responses in the small subset of CRC tumors harboring
NTRK fusion genes. Encorafenib (BRAF inhibitor) combined with
anti-EGFR antibody cetuximab shows excellent efficacy in BRAF-
mutant CRC based on the BEACON trial. While these targets affect
a smaller proportion of patients, the activity of matched targeted

Table 1. Emerging non-invasive screening tests for colorectal cancer.

Test Description Performance vs Colonoscopy

Cologuard Multitarget stogl DNA test (KRAS. mutations, aberrant NDRG4/ | - St.ensitivity: 92% vs 73% for FIT- .Ser?sitivity for precancerous
BMP3 methylation, hemoglobin immunoassay) lesions: 42% vs 23% for FIT- Specificity: 87% vs 95% for FIT

Epi proColon Plasma septin 9 (SEPT9) methylation assay - Sensitivity: 48% for CRC- Specificity: 91%

OncoBEAM Plasma RAS mutation assay - Sensitivity: 55% for CRC - Specificity: 94%

ExoDx Exosomal protein biomarker stool test - Sensitivity: 92% for CRC and 69% for advanced adenomas-

Specificity: 87%
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agents is dramatic and provides proof of concept for ongoing

biomarker-driven drug development [44-46].
Traditional Medicine

Some traditional herbal medicines and practices derived from
ancient healing systems have shown potential anti-cancer benefits
against colorectal cancer in preliminary cell line, animal, and early
human studies. Most mechanisms relate to anti-inflammatory,
properties.
polyphenol derived from turmeric, can inhibit growth and

antioxidant, and anti-proliferative Curcumin, a
metastasis of colorectal cancer cells through regulating multiple
signaling pathways. A small clinical trial in colorectal cancer patients
found curcumin combined with chemotherapy reduced tumor cell
proliferation compared to chemotherapy alone. Other polyphenols
like EGCG from green tea, resveratrol from grapes, and silibinin
from milk thistle also demonstrate anti-cancer effects. The traditional

Chinese PHY906,

baicalensis (Huang Qin), has been shown in mouse models to

medicine formula containing  Scutellaria
normalize intestinal microbiota and reduce chemotherapy-induced
toxicity. A phase I/II trial in patients with advanced colorectal cancer
suggested PHY906 plus capecitabine improves progression-free
survival compared to capecitabine alone. Larger randomized trials of

PHY906 are underway [47-50].
Nanomedicine

Nanomedicine utilizes specially engineered nanoparticles (NPs)
sized 1-100 nm for cancer imaging, drug delivery, and theranostics.
Over the past decade, NP platforms have made significant progress
towards clinical implementation for colorectal cancer. Dozens of
NP constructs have been studied for colorectal cancer drug delivery,
including liposomes, dendrimers, carbon nanotubes, and inorganic
nanoparticles. Liposomal irinotecan received FDA approval in 2015
based on improved progression-free survival compared to standard
irinotecan in metastatic colorectal cancer. Iron oxide, gold, and
silica NPs have demonstrated potential as highly sensitive contrast
agents for enhanced colorectal cancer imaging. Tumor-targeted gold
NPs also enable photothermal ablation of tumors when exposed
to near infrared light. An exciting development is the emergence
of theranostics - NPs that integrate therapy and diagnostics into a
single platform. For example, new approaches use fluorescent silica
NPs to improve tumor visualization during surgery, while loaded
with chemotherapeutics for sustained postoperative treatment [51-

53].
Future Directions

While recent years have seen impressive advances in colorectal
cancer across multiple fronts, significant opportunities and
challenges remain to further progress. Exciting new innovations
in treatment, diagnostics, and prevention on the horizon warrant
expanded research. Novel immunotherapies offer new paradigms
in activating anti-tumor immunity. Beyond immune checkpoint
inhibitors like pembrolizumab, ongoing research is exploring
cancer vaccines, CAR T cells, oncolytic viruses, and combination
immunotherapies. These approaches aim to generate more durable
responses than current options [54-58]. Leveraging the microbiome
therapeutically also holds promise. Fecal microbial transplantation
to restore intestinal homeostasis and probiotics/prebiotics to prevent
colitis show potential to reduce colorectal cancer risk. Additional
research is needed to identify mechanisms and optimal approaches

[59-61]. Expanding our understanding of colorectal cancer genetics
and immunology will enable more sophisticated molecular profiling,
guiding personalized precision medicine. Multi-omics integration
and systems biology modeling will provide a more comprehensive
view of CRC carcinogenesis [62]. Detecting pre-malignant polypsand
carly-stage tumors remains challenging. Development and validation
of blood or stool biomarkers, through proteomics, metabolomics,
and epigenetics, is a key priority. Al-enhanced imaging and
endoscopy could also improve screening [63-64]. Disparities persist
in CRC incidence and outcomes across socioeconomic, geographic,
and racial/ethnic groups. Resolving these inequities requires
coordinated efforts targeting risk factor reduction, screening access,
diagnosis delays, and treatment availability [65]. Multidisciplinary
collaboration harnessing new technologies will accelerate progress
against colorectal cancer. Advances in genomics, immunotherapy,
nanomedicine, applied Al, and precision diagnostics bring hope for
improved outcomes and will shape the future of CRC research.

Conclusions

Recent years have witnessed remarkable progress in the treatment
of metastatic colorectal cancer, with median overall survival
improving from around 12 months with older chemotherapy
regimens to over 30 months with modern combination strategies
incorporating targeted agents and immunotherapies matched to
specific biomarkers. Looking forward, leveraging rapid advances
across fields including genomics, immunotherapy, nanotechnology,
and artificial intelligence offers immense opportunities to further
advance screening, diagnosis, prevention, and therapeutic decision-
making for colorectal cancer. Key priorities include developing
and validating non-invasive biomarker approaches to enable earlier
detection, expanding insights into colorectal cancer genetics and
immunology to extend precision medicine approaches to larger
groups of patients, further characterizing the role of the microbiome
in colorectal carcinogenesis and response to therapy, designing
innovative clinical trial methodologies to efficiently assess emerging
immunotherapies and targeted agents matched to lower frequency
biomarkers, and applying cutting-edge computational tools to
synthesize diverse multi-omics data sources into predictive models
guiding personalized therapy selection while accounting for inter-
and intra-tumor heterogeneity.

Recommendations

Several recommendations can be made to accelerate progress
against colorectal cancer:

*  Expand research and clinical validation of emerging non-
invasive screening technologies like stool/blood biomarker
panels and Al-enhanced medical imaging to improve early
detection.

*  Develop and implement standardized molecular profiling
of colorectal tumors at diagnosis using next-generation
sequencing and immunohistochemistry to match patients to
targeted therapies and immunotherapies.

*  Design and support innovative clinical trials focusing on novel
immunotherapies, integrating multi-omics data, and utilizing
master protocols that assign therapy by genomic profile rather
than cancer type.

*  Investigate the therapeutic potential of the gut microbiome
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through basic mechanistic studies and clinical trials of

interventions like fecal transplant, pre/probiotics, and

synbiotics.

. Promote data sharing, collaboration between academia and
industry, and leverage big data and Al to enable precision
oncology and understand mechanisms of treatment resistance.

d Prioritize reducing disparities in prevention, screening,
diagnosis, and treatment across all populations through
coordinated policy and community outreach efforts.

e  Fund research into novel nanotechnology platforms for
colorectal cancer drug delivery, theranostics, and enhanced
imaging.

*  Train more clinician-scientists qualified to advance molecular

pathology, computational biology, immunotherapy, and

clinical trials focused on targeted therapies.
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