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ABSTRACT

Introduction: cancer is the rapid multiplication of abnormal cells that spread beyond their usual
limits and can invade adjacent parts of the body or spread to other organs, in a process called
metastasis. The spread of metastases is the main cause of death from the disease. There are
different methods of cancer diagnosis, but in this research we will focus on molecular and
imaging methods.

Objective: to analyze advances in molecular and imaging diagnosis of cancer.

Methods: analysis of original articles and bibliographic reviews previously carried out that
provided information on the advances in molecular and imaging diagnosis of cancer, in addition,
the search for information in different databases such as Scielo, Elsevier, PubMed, Chrocane,
Epistemonikos, and different journals including Seimic, Medigraphic Artemisa, Recimundo,
SCIENCE, MEDICRIT was prioritized.

Development: the importance of an integral diagnostic approach is emphasized, considering
the high lethality rate of this disease. Diagnosis will focus on the various imaging techniques and
biomolecular studies adopted to prevent and diagnose this disease, and the use of artificial
intelligence for early diagnosis of these entities is also addressed.

Conclusions: advances in molecular and imaging diagnosis of cancer are marking a significant
milestone in the quest for more efficient and earlier detection of this disease.
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RESUMEN

Introduccion: el cancer es la multiplicaciéon rapida de células anormales que se extienden mas
allda de sus limites habituales y pueden invadir partes adyacentes del cuerpo o propagarse a
otros érganos, en un proceso que se denomina metastasis. La extension de las metastasis es la
principal causa de muerte por la enfermedad. Existen distintos métodos de diagndstico del
cancer, pero en esta investigacidon nos centraremos en los métodos moleculares y de imagen.
Objetivo: analizar los avances en el diagndstico molecular y de imagen del cancer.

Métodos: analisis de articulos originales y revisiones bibliograficas previamente realizadas que
aportaron una informacion sobre los avances de en el diagndstico molecular y de imagen del
cancer, ademas se priorizé la bisqueda de informacién en diferentes bases de datos como Scielo,
Elsevier, PubMed, Chrocane, Epistemonikos, y diferentes revistas entre ellas Seimic, Medigraphic
Artemisa, Recimundo, SCIENCE, MEDICRIT.

Desarrollo: se destaca la importancia de un enfoque de diagndstico integral, considerando la
alta tasa de letalidad de esta enfermedad. El diagnostico se enfocara en las diversas técnicas de
imagen y de estudios biomoleculares que se adoptan para prevenir y diagnosticar dicha
enfermedad, ademas se aborda el empleo de la inteligencia artificial para el diagndstico
temprano de dichas entidades.

Conclusiones: Los avances en el diagnéstico molecular y de imagen del cancer estan marcando
un hito significativo en la busqueda de una detecciéon mas eficiente y precoz de esta enfermedad.

Palabras clave: Cancer; Imagen Médica; Avances Tecnoldgicos.

INTRODUCTION

Cancer is the rapid multiplication of abnormal cells that spread beyond their normal boundaries
and can invade adjacent parts of the body or spread to other organs, a process called metastasis.
The spread of metastasis is the leading cause of death from the disease. There are various
methods for diagnosing cancer, but in this study, we will focus on molecular and imaging
methods.

Molecular testing results provide doctors with the information they need to identify genes that
have changed (mutated). By identifying these mutations, doctors can determine the best
treatment options for specific patients.(!) Diagnosing cancer often requires imaging tests, many
of which use small amounts of radiation. Procedures such as X-rays, computed tomography (CT),
magnetic resonance imaging (MRI), positron emission tomography (PET), and single-photon
emission computed tomography (SPECT) are important for making clinical decisions, such as
regarding treatment and follow-up.(®

Recent advances in the field of artificial intelligence have generated great excitement in the
healthcare sector, especially regarding breast cancer detection. Al has emerged as a promising
tool for improving diagnostic accuracy and, consequently, improving patients' lives. Al has
become a key tool in breast cancer detection. It can automate image analysis, personalize
diagnoses, and, most importantly, predict prognosis.(®
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Cancer remains one of the leading causes of death. Molecular and imaging methods have
emerged as fundamental tools in its early detection and treatment. Circulating biomarkers and
magnetic nanoparticles are revolutionizing diagnosis by offering less invasive alternatives and
improving detection sensitivity. Furthermore, new technologies such as artificial intelligence are
showing promise in improving diagnostic accuracy, especially in difficult cancers such as
pancreatic and gallbladder cancers. This study employed a rigorous approach based on a
systematic review of observational studies and controlled clinical trials.

Molecular testing may not be appropriate, and may not be available, for all patients or all types
of cancer. Patients should speak with their treating physicians to determine if molecular testing
is an appropriate option for them.

Based on what has been expressed up to here, the objective of the research is:analyze advances
in molecular diagnosis and cancer imaging

METHODS

A bibliographic review was carried out in which the analysis of original articles and previously
carried out bibliographic reviews was executed that provided information on the advances in the
molecular diagnosis and imaging of cancer, in addition, the search for information was prioritized
in different databases such as Scielo, Elsevier, PubMed, Chrocane, Epistemonikos, and different
journals including Seimic, Medigraphic Artemisa, Recimundo, SCIENCE, MEDICRIT, articles
published from 2020 to March 2024 using the following keywords: Cancer; Early detection;
Molecular methods; Medical imaging; Technological advances.

The keywords were searched individually, and then the search was repeated in association with
each keyword. Papers unsuitable for the review were excluded. Articles were selected
independently by two co-authors, and their subsequent selection was unanimous and
collaborative.

DEVELOPMENT

Cortés Morera et al.,® raise the usefulness of screening, as well as the main imaging studies
available by the authors, stating that Ovarian cancer has been identified as the gynecological
neoplasia with a particularly challenging prognosis. This difficulty derives, to a large extent, from
the asymptomatic nature that often characterizes this disease, which leads to diagnoses in
advanced stages. The evidence gathered suggests that advances in therapies have not
significantly improved the survival of patients with ovarian cancer. This scenario drives the
constant search for methods that facilitate screening and early detection of the pathology.
Despite this effort, the lack of a cost-effective method for screening has limited its application in
the general population, reserving it mainly for specific cases, such as women with a family history
of the disease or hereditary syndromes.
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This review also addresses the various imaging techniques used in the study and characterization
of adnexal masses, as well as in the staging and prognosis of ovarian cancer. Among the
techniques evaluated, ultrasound (US) stands out as the preferred option for the initial
evaluation of adnexal masses. However, regarding staging, computed tomography (CT) and
magnetic resonance imaging (MRI) are observed to be superior to ultrasound.

For Sanchez GA.,®) in his research he proposes to explore aspects related to the epidemiology
of lung cancer, also addressing genetic and molecular factors that influence its origin,
development, prognosis and survival. It was carried out using a bibliographic documentary
methodology and in review mode, focusing on highlighting innovations in diagnosis, emphasizing
those that improve primary detection. Outstanding therapeutic alternatives and the innovations
achieved to date are addressed.

In the field of diagnostic imaging, techniques such as bronchoscopic sonography,
transesophageal sonography, and positron emission tomography fused with computed
tomography stand out. Traditional methods for confirming early diagnosis include percutaneous
aspiration biopsy and bronchoscopy. Primary diagnosis, crucial for surgical interventions in early
stages, favors excellent survival in patients considered eligible after a thorough evaluation of
surgical risk and other factors. Multidisciplinary treatment includes surgery, chemotherapy, and
radiotherapy in moderately advanced stages, while in more advanced stages, chemotherapy and
radiotherapy play a palliative role, impacting quality of life and eventual survival.(®

A study by Cardenas-Sanchez,® highlights the crucial importance of an accurate and early
diagnosis, as well as the prompt initiation of appropriate treatment. Research has conclusively
demonstrated that any delay in starting treatment negatively impacts survival rates. This
emphasis underscores the urgency of rapid intervention to optimize outcomes and highlights the
vital relationship between time to diagnosis and treatment effectiveness in the fight against
breast cancer.

For Necula L, proposes a synthesis of the newly identified circulating molecules, including
microRNAs, long non-coding RNAs and circular RNAs. These discoveries have the potential to
revolutionize the early diagnosis of gastric cancer (GC). Despite this, currently available
circulating biomarkers for the diagnosis and prognosis of GC show limited sensitivity and
specificity. The diagnostic process for GC largely depends on invasive procedures such as upper
gastrointestinal endoscopy. There is an urgent demand for less or non-invasive tests and the
identification of highly specific biomarkers for the detection of GC.

Body fluids, such as peripheral blood, urine, saliva, and gastric lavage/gastric juice, are emerging
as potential sources of specific biomarkers. These fluids could provide crucial information for the
screening and diagnosis of GC, offering a less invasive alternative to current methods. Exploring
circulating molecules and developing accurate biomarkers hold significant promise for advancing
early diagnostic strategies in gastric cancer.(”

It is important to emphasize that diagnosis, in most cases, is not immediate, which leads to the
frequent identification of situations in which treatment may become less effective. In this
context, regular visits to the doctor and additional examinations could play a crucial role in
disease prevention. Early detection and the adoption of preventive measures based on constant
monitoring can be key to improving the prognosis and the effectiveness of available
treatments.(®
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Artificial intelligence and machine learning techniques are disrupting biomedical research and
healthcare, with potentially revolutionary applications in cancer and oncology research. Potential
applications in this field are broad and include cancer detection and diagnosis, subtyping,
optimization of cancer treatments, and identification of new therapeutic targets in drug
discovery.®

This opinion piece presents the perspectives of four experts on how we can begin to implement
artificial intelligence, while ensuring high standards are maintained. The goal is to transform
cancer diagnosis, as well as the prognosis and treatment of cancer patients, and to enhance
biological discoveries. The convergence of artificial intelligence and oncology presents a
promising outlook, but it is essential to carefully address the challenges to ensure the effective
and ethical implementation of these innovative technologies in cancer research and care.®)

Recent advances in nanotechnology have led to the development of next-generation magnetic
nanoparticles (MNPs), suitable for various biomedical applications. This review explores the
methods used in MNP fabrication and design. Furthermore, a critical assessment is made of
recent advances in the use of MNPs for hyperthermia therapy, drug release monitoring, magnetic
resonance imaging (MRI), and biosensing. Finally, the challenges in this field are addressed, and
potential opportunities for improving MNP properties are discussed.

In the article by Loveday et al.,(19 the focus is on the 95 % of pancreatic cancer cases that
present as pancreatic ductal adenocarcinoma, with the aim of summarizing current
recommendations for diagnosis and treatment. Weight loss combined with abdominal symptoms
or back pain in individuals aged 60 years or older requires urgent abdominal CT scanning.
Similarly, individuals aged 40 years or older with jaundice require direct referral to specialists.
Pancreatic cancer is classified as resectable, borderline resectable, locally advanced, or
metastatic. Resectable disease is treated with surgical resection and adjuvant chemotherapy.
Metastatic and unresectable disease is treated with chemotherapy or optimal supportive care.
Most patients require nutritional support.

Regarding diagnosis, various imaging techniques such as ultrasound (US), computed
tomography (CT) and magnetic resonance imaging (MRI) are used, all of which are very useful
for obtaining detailed information. Tumor markers have been incorporated as an integral part of
the diagnostic process, providing support both in monitoring and in predicting the prognosis in
certain cases. It is concluded that, in the initial stages, the preferred therapeutic option is
surgery. It is relevant to note that, in many cases, the detection of this disease occurs
incidentally during routine cholecystectomies performed for cholelithiasis.(*V)

There is an increasing number of studies focusing on the identification of novel serum biomarkers
and exploring their combination with CA19-9 for the detection of pancreatic cancer. Furthermore,
the application of liquid biopsy, which involves circulating tumor cells (CTCs), circulating tumor
DNA (ctDNA), microRNAs (miRNAs), and exosomes in blood, as well as biomarkers in urine and
saliva, is attracting increasing attention in the diagnosis of pancreatic cancer.(!!)

Additionally, many innovative technologies, such as artificial intelligence, computer-aided
diagnostic systems, metabolomic technology, technologies associated with ion mobility
spectrometry (IMS) and new nanomaterials, have been tested for the early diagnosis of
pancreatic cancer, showing promising prospects.(1?

kt ?C_' ,WE,E‘,_ www.revempinar.sld.cu CC-BY-NC- 4.0

REVIEW ARTICLE

Pagina 5


http://www.revcmpinar.sld.cu/
http://www.revcmpinar.sld.cu/

ISSN: 1561-3194 RNPS: 1877

Carrillo-Ruiz RA, et al o A
Rev Ciencias Médicas. 2025; 29(2025): e6745

Based on a compilation of relevant studies, it is possible to demonstrate the significant progress
made in the early detection of different types of cancer. In the field of early diagnosis of gastric
cancer, advances in molecular and imaging methods have sparked considerable interest in the
scientific community. Early detection of this disease is essential to improve prognoses and the
efficacy of available treatments. A review of recent advances highlights the potential of
circulating molecules, such as microRNAs, long non-coding RNAs, and circular RNAs, as
promising biomarkers for the early diagnosis of GC. However, it is recognized that current
circulating biomarkers show limitations in sensitivity and specificity, underscoring the need to
identify more accurate markers.(”)

The examination of bodily fluids, such as peripheral blood, urine, and gastric lavage, is emerging
as a promising avenue for the search for specific biomarkers, offering less invasive alternatives
to current diagnostic methods, which are primarily based on endoscopic procedures. The search
for accurate, noninvasive biomarkers represents a crucial step toward more effective early
detection strategies, which could significantly improve clinical outcomes.(

On the other hand, the case of gastric cancer highlights the importance of public education on
healthy lifestyle habits and regular medical visits for early diagnosis. Lack of immediate diagnosis
leads to delayed identification of the disease, which can compromise the effectiveness of
treatment. Prevention and early detection through regular screening are essential for improving
prognosis and reducing the burden of the disease.®

Regarding the application of artificial intelligence in cancer diagnosis, transformative potential is
emerging. Al offers powerful tools for tumor detection and classification, as well as for treatment
optimization and the identification of new therapeutic targets. However, its implementation must
be approached with caution to ensure accuracy and ethical use. The convergence of Al and
oncology promises to significantly improve medical care and outcomes for cancer patients, but
addressing the challenges associated with its integration into clinical practice is crucial.(®)

Another review of this nature highlights the variety of Al approaches used to predict cancer,
from conventional machine learning to deep learning. Despite promising results, limitations are
identified in the existing literature, highlighting the need for additional research to address the
challenges in this field.(3

The use of magnetic nanoparticles has emerged as a promising tool in the early diagnosis and
initial treatment of cancer. Nanotechnology has enabled significant advances in the design and
fabrication of MNPs with versatile biomedical applications. A recent review explored the methods
for fabricating and designing MNPs, as well as advances in their application to hyperthermia
therapy, drug release control, magnetic resonance imaging, and biosensing. Hyperthermia
therapy, which involves the controlled heating of cancerous tissues by MNPs under the influence
of a magnetic field, shows promise for selectively destroying tumor cells. Furthermore, MNPs
can be used as targeted drug delivery systems, enabling the specific delivery of therapeutic
agents to tumor sites.(*4

However, despite these advances, there are significant challenges in the clinical implementation
of MNPs. Optimizing their physical and chemical properties is critical to ensuring their efficacy
and safety in biomedical applications. Furthermore, properly characterizing the biological
response to MNPs is essential to understanding their in vivo behavior and minimizing potential
adverse effects.
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For pancreatic cancer, which has one of the worst prognoses of all cancers, updating diagnostic
methods is crucial to improving survival rates. The review highlights the importance of abdominal
CT in patients over 60 years of age with weight loss and abdominal symptoms or back pain.
Furthermore, it emphasizes the need for immediate referral to specialists in cases of jaundice in
people over 40 years of age.(13)

Early diagnosis of gallbladder and pancreatic cancer remains a major challenge in clinical
practice, but advances in detection methods are offering new hope in the fight against these
diseases. In the Chilean context, imaging techniques such as ultrasound (US), computed
tomography (CT), and magnetic resonance imaging (MRI) are used to obtain detailed information
about the disease. Furthermore, tumor markers have been incorporated to support the
diagnostic process and follow-up of specific cases. The incidental detection of gallbladder cancer
during routine cholecystectomies performed for cholelithiasis highlights the importance of
surveillance and early diagnosis of this disease. In many cases, surgery remains the preferred
therapeutic option in the early stages.(*?

On the other hand, pancreatic cancer presents an even greater challenge due to its late and
often aggressive diagnosis. However, recent advances in detection methods, including imaging
techniques, pathological examinations, and liquid biopsy, are beginning to change the landscape.
There is an increase in research focused on the identification of novel serum biomarkers and the
application of liquid biopsy, which includes circulating tumor cells (CTCs), circulating tumor DNA
(ctDNA), microRNAs (miRNAs), and exosomes in blood, urine, and saliva.(*?)

The classification and treatment of pancreatic cancer varies depending on the stage of the
disease. While resectable disease is treated with surgical resection and adjuvant chemotherapy,
metastatic and unresectable disease is managed with chemotherapy or optimal supportive care.
However, the need for additional research to improve therapeutic strategies and address the
challenges associated with this aggressive cancer is recognized.

The application of innovative technologies such as artificial intelligence, computer-assisted
diagnostic systems, and metabolomics, among others, offers new perspectives for the early
diagnosis of pancreatic cancer. These tools can improve diagnostic accuracy and efficiency, which
is crucial for improving clinical outcomes and patient survival.

However, despite these promising advances, significant challenges remain in the early diagnosis
of both types of cancer. Continued research and cross-disciplinary collaboration are critical to
developing more effective screening and diagnostic strategies. Furthermore, public awareness
of the symptoms and risk factors associated with these cancers can play a crucial role in early
detection and timely treatment.

CONCLUSIONS

Advances in molecular diagnostics and cancer imaging are marking a significant milestone in the
quest for more efficient and early detection of this disease
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