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Abstract: Metastatic cancers are a great challenge in cancer treatment. Due to their vast genetics and aggressive nature these malignancies
often develop resistance to standard therapies. Even for advanced tumors healthcare providers are forced to use chemotherapy and radiation
to relieve symptoms without being able to address the complex molecular characteristics of metastatic tumors. Precision medicine is an
approach that offers tailored cancer treatment to the phenotypic characteristics of each tumor. We conducted a literature review to assess the
impact of multidisciplinary collaboration of precision medicine and oncology. The articles extracted from Pubmed, Google Scholar, Scopus
and Cochrane supported the use of tumor boards for development of treatment plans. These specialized tumor boards also called Molecular
Tumor Boards (MITBs) use precision medicine tools. MITBs incorporate advanced technologies, such as genome sequencing and liquid biop-
sies, which have the ability to significantly enhance and identify actionable genetic changes. These precision tools enable the development of
targeted therapies, which are more effective and less toxic than standard chemotherapy/ radiation therapy treatments. With the integration of
multiple dataset models MITBs can help doctors to bridge connections between complex genomic profiles and identify opportunities for precise
treatment plans. There are some known drawbacks of MITBs, namely requirement of a well-oiled system.

Multidisciplinary teams meetings are time consuming and require a lot of planning. However, once incorporated in clinical practice they open
opportunities for educational training and clinical trials. MITBs are new to many physicians and their adaptation might take time, but strong
evidence supporting their impact in enhanced treatment precision and improved patient outcomes, highlights their credibility. Making MITBs
a meritorious addition to oncological practice.

Keywords: Molecular Tumor Boards (MITBs), Radiation therapy, Malignant cells, Metastatic cancers, Heterogeneous lesions, Randomized
controlled trials (RCTs).

INTRODUCTION viable solution. Precision medicine enables healthcare providers
to create customized treatment plans. Precision medicine uses
molecular data to study tumors in detail, including its genetic and
phenotypic characteristics. The treatment plans produced by the
help of molecular data are based on the unique nature of each
patient's cancer [5]. The personalized approach cuts down on
trial-and-error treatments by pinpointing tumor-specific vulner-
abilities. Treatment plans tailored to target these susceptibilities,

lead to better patient outcomes [6].

Metastatic cancers are characterized by presence of multiple
secondary tumors. Malignant cells spread from the primary
tumor site to other parts of the body creating multiple sites of
metastasis with variable tumor characteristics. The variability in
characteristics reduces the effectiveness of standard treatment
[1]. Conventional chemo and radiotherapies affect each tumor
site very differently [2]. In advanced stages where there is pres-
ence of multiple heterogeneous lesions, the disease usually has

a poor prognosis directing treatments focus towards palliative
care. The aggressive nature of metastatic cancer cells promotes
drug resistance leading to failure of standard treatment protocols
to take effect [3]. This resistance calls for development of more
targeted therapies that can effectively address the complexities
of metastatic disease [4].

Precision oncology targets the limitations faced by traditional
cancer regimes while treating complex malignancies, making it a
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Application of precision medicine encounters various systemic
and practical challenges. Currently the main issues are; (1) inter-
pretation of complex genomic data, (2) high costs associated
with use of advanced diagnostic technology, and (3) timely
collaboration across multiple specialties to translate molecular
insights into effective clinical solutions [7].

Establishment of Multidisciplinary Tumor Boards (MTBs) is one
of the most effective ways to address these challenges. MTBs are
teams comprising of a wide range of specialists, including oncol-
ogists, surgical oncologists, radiologists, pathologists, molecular
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biologists, and genetic counselors, that develop individualized
treatment plans for patients with cancer. Through segregated
meetings the doctors consider both clinical presentations and
molecular profiling data to guide diagnosis and suggest inter-
ventions. These suggestions are based on the latest advances in
precision oncology. This collaboration enables a comprehensive
review of every cancer case presented [8].

MTBs also serve as core areas of information dissemination
for ongoing professional development, as these meeting foster
knowledge sharing across disciplines [9]. The Next-Generation
Sequencing (NGS) breakthrough has transformed oncology. By
enabling the creation of genomic profiles a number of critical
changes have been unveiled, such as driver mutations and resis-
tance markers [10].

This paper aims to explore, how Multidisciplinary Teams
(MDTs) support the successful implementation of personal-
ized therapies within the framework of genomic-guided, tar-
geted cancer treatment. By critically reviewing peer-reviewed
research, this paper examines how MDTs facilitate the transla-
tion of complex molecular data-particularly from NGS - into
practical clinical guidance. The goal is to emphasize the vital
role of multidisciplinary approach in developing individualized
treatment plans, which will ultimately enhance clinical out-
comes in patients with metastatic cancer.

METHODOLOGY

A thorough literature search was done using PubMed, Scopus,
Cochrane and MEDLINE databases to select to research studies
focusing on the role of MTBs in metastatic cancer treatment and
personalized therapy. Search string included terms like 'multi-
disciplinary tumor board,' 'metastatic cancer,' 'tailored therapy,'
'precision oncology,' and 'personalized cancer treatment. The
data was collected from inception to August 2024 from the data-
bases as described. The inclusion criteria for this article included
(1) randomized controlled trials (RCTs) (ii) cross-sectional, (iii)
cohort, (iv) case-control studies that assessed Articles discuss-
ing multidisciplinary tumor boards (MDTs) in treatment deci-
sion-making. Eligible studies involved (v) tailored therapy, (vi)
personalized treatment, and (vii) precision oncology approaches
in metastatic cancer settings. The exclusion criteria for this arti-
cle focused on ensuring quality and relevance. (i) Studies focus-
ing solely on non-metastatic or early-stage cancers. (ii) Articles
that do not address tailored therapy, MDTs, or precision oncol-
ogy as a central theme. and (iii) Conference abstracts without
full-text availability. Lastly, (iv) studies with incomplete data or
protocols were not considered, while non-English studies were
excluded only if reliable translations were unavailable.

A preliminary literature search using terms such as "multidis-
ciplinary tumor board," "metastatic cancer," "tailored therapy,"
"precision oncology," and "personalized cancer treatment"
revealed a growing body of research, particularly within the last
5-10 years. This reflects an increasing clinical and academic
interest in integrating molecular diagnostics with collaborative
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decision-making frameworks. While numerous studies high-
light the benefits of precision oncology in metastatic settings,
relatively few focus specifically on the operational and clinical
impact of multidisciplinary tumor boards in guiding such indi-
vidualized approaches. This gap underscores the need to exam-
ine how MDTs function as a bridge between genomic data and
patient-centered treatment decisions.

ROLE OF PRECISION MEDICINE IN ONCOLOGY

Precision medicine in oncology signals a new approach for
handling cancer, pointing to hope for patients and profession-
als, breaking away from the one-size-fits-all kind of practices.
Instead, precision medicine emphasizes on tailoring therapies
based on the uniqueness of neoplastic tumors and patients. This
leads to discovery of vast possibilities for more efficient and
personalized cancer care in the understanding of genetic, envi-
ronmental, and lifestyle factors that influence the response of
a patient to treatment [11]. Genomics and personalized oncol-
ogy genomic profiling, a cornerstone of precision oncology, has
made significant contributions to cancer treatment. Examining
the genetic composition of tumors using advance technologies
such as Whole Genome Sequencing (WGS) and NGS, enables
researchers to pinpoint mutations, Copy Number Variations
(CNVs), and gene fusions unique to metastatic neoplasms. In
one study, among the sequencing of 2,520 metastatic tumor
samples, at least one actionable genetic event was identified in
62% of the samples, this may offer the opportunity for targeted
therapies [12].

Emerging non-invasive technologies such as liquids biopsies,
assess either circulating tumor cells, or circulating tumor DNA.
These non-invasive approaches enable the real-time monitoring
of tumor evolution and treatment response, overcoming the lim-
itative nature of traditional biopsies that may not fully capture
the heterogeneity of tumors [13]. Targeted therapies are a very
potent weapon against cancer. They consist of drugs designed
to disrupt specific molecules crucial for the growth and survival
of the cancer cell.

Identification of mutations has paved the way for drug-targeting
pathways, such as the targeting of pathways such as EGFR gene
in non-small cell lung cancer and BRAF gene in melanoma.
Such targeted therapies are not mere treatments but game chang-
ers to fight the war against cancer. Molecular testing guidelines
have become necessary for selecting patients to receive such
therapies, particularly those with specific genetic alterations in
their tumors.

The fact that targeted therapies can successfully combat cancer
indicates the emphasis on the efficacy of targeted therapies in
fighting cancer [12, 13]. Basket and Umbrella Trials are novel
clinical trial designs. They are a ray of hope for cancer studies
as they enable testing of whether the drugs applied work on
identical genetic mutations within different types of cancers.
Such an approach does promise hope, especially in identifying
which patients are likely to benefit from the therapy, particularly
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in targeting rare but actionable genetic changes. The potential for
targeted treatments offers a favorable perspective for the future
of cancer research [14].

Immunotherapy, particularly immune checkpoint inhibitors
(ICIs), are considered revolutionary for cancer treatment, how-
ever, there is a considerable variability in response to these
therapies. Biomarkers such as PD-L1 expressions and tumor
mutational burden are being increasingly used to determine
which patients are likely to respond to ICIs. High tumor mutation
burden (TMB), for example, correlates with a better outcome
in patients who have received immunotherapy, as it indicates
a higher number of neoantigens that can be targeted by the
immune system [15].

Biomarkers help predict responses. However, universal quan-
titative cutoff values cannot be assigned to TMB. Additionally,
resistance to ICIs has also been linked to mutations in anti-
gen-presenting genes, such as B2M and HLA, as well as pathway
alterations, including IFN signaling. Therefore, a combination of
therapies may be necessary to overcome these hurdles [11, 15].
Epigenetic changes, including DNA methylation and histone
modifications are also an area of interest in precision oncology.
These changes can inhibit tumor suppressor genes or activate
oncogenes, thus promoting cancer. Studies on these changes
can not only provide the biology behind cancer but also open
up a new landscape of treatment [11, 16]. Metabolic changes
in cancer cells are another dimension of personalization. These
variations in nucleotide, amino acid, lipid, and carbohydrate
metabolites reflect the unique metabolic reprogramming asso-
ciated with tumors. This can be used in monitoring change, help-
ing in the diagnosis and understanding the pathophysiology of
many cancers [ 16]. Genomic, transcriptomic, and metabolomics
data are also applied to shift the practice of oncology. Precision
medicine is the approach which provides more effective and
less toxic treatments by understanding complex biological net-
works driving every cancer. As such, the future of care of cancer
will most probably be even more dependent on personalized
approaches in which every patient's outcomes are maximized
based on the particular characteristic of the disease [17].

ROLE OF MTBs IN PRECISION MEDICINE

Precision oncology is conceptualized by a key forum called
Molecular Tumor Boards (MITBs). In fact, MITBs represent
a special kind of MTBs, with genetic and molecular profiling
being included in clinical decision-making to formulate tailored
therapeutic strategies that can target particular mutations or
genomic alterations [18]. Precision medicine is a highly complex
field based on several factors, including test sensitivity, speci-
ficity, and interpretations of results. Besides this, the landscape
of precision medicine is constantly changing with the updates
in clinical guidelines, newly approved targeted therapies, and
emerging clinical trials [19].

In such a dynamic spectrum, the best way to maximize benefits
of precision oncology is by the unification of specialists and
experts such as medical oncologists, pathologists, molecular
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biologists, geneticists, and other relevant physicians to discuss
and interpret the clinical history, imaging, pathology, and molec-
ular profiling results to apply appropriately tailored treatment
strategies to metastatic cancer patients [20]. Tumor boards,
especially MITBs, are crucial for personalizing advanced cancer
treatment plans by using genomics and molecular information
to aid therapeutic decisions.

Unlike traditional tumor boards where the focus is limited to
histology and pathological findings of tumor coupled with
radiological data. MITBs include molecular data of metastatic
tumors. With the help of this data experts are able to consider
mutational and other alterations as possible therapeutic targets
[19]. Genomic complexities and intra-tumor heterogeneity
present significant challenges when treating tumors, with high
probability of metastasis. These tumors often harbor multiple
mutations, some of which are clinically actionable MTBs bring
together oncologists, geneticists, and other specialists to collec-
tively interpret findings including results of NGS, and identify
targetable mutations like EGFR, BRCA1/2, ALK, or BCR-ABL
[21]. Multidisciplinary discussions ensure that each mutation is
accurately assessed in the context of tumor biology, and comor-
bidities. MTBs facilitate the selection and implementation of
personalized therapies, including targeted agents and immuno-
therapies, thereby optimizing treatment strategies for individual
patients [22].

MITBs are engineered to track a patient's tumor biology at all
times through the interfacing of real-time molecular diagnostic
tools, like NGS [18] and liquid biopsies [23]. It is, therefore, in
the context of metastatic cancer, especially important, as tumors
may eventually become selective over time as an evolutionary
response to new mutations and resistance. MITBs can offer such
therapeutic counseling by including changing disease profile
in the decision-making process by incorporating molecular
updates. If a patient initially responds to a targeted therapy but
then progresses and becomes resistant, MITBs can advise eval-
uation of the basic genetic structure of the tumor [22]. Based on
updated information, novel alternative targeted therapies can be
suggested, enabling in-time adjustment of therapeutic regimens,
aiding in the control of resistance, and thereby controlling the
disease. Incorporation of MITBs for planning treatment of an
advanced disease has also been associated with positive patient
outcomes, such as endpoints like progression-free survival, were
improved in patients harboring targetable mutations [24].

MITBs might open opportunities for clinical trials and new
therapies for advanced disease patients [25]. Since the field of
precision medicine is moving rapidly, there will always be new
targeted therapies and immunotherapies that need to be tested
in a clinical trial. MITBs acts as an intermediary between the
patients who would most likely benefit from those novel and
advanced treatments, especially in the case of rare mutations that
have not been approached by common therapies yet. For most
patients with metastatic cancer, participation in clinical trials
offers the greatest hope for a better prognosis-especially when
all conventional treatment options have been exhausted. Thus,
MITBs can assist in matching a patient with a clinical trial based
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on their genetic profile so that they can accesses targeted ther-
apies compatible with their tumor biology. Along the technical
and scientific aspects, MTBs are also emphasize the importance
of patient-centered care. MITBs enhance clinical decision-mak-
ing by incorporating molecular data into therapeutic discussions,
thereby enabling patient-informed treatment planning [26].

DISCUSSION

Multidisciplinary teams create individualized treatment plans
based on the specific genetic and molecular features of each
patient's tumor to improve clinical outcomes [21]. Results sug-
gest that a customized intervention developed based on genomic
changes can improve clinical outcomes, with precision medicine
playing a crucial role in improving patients' survival rates and
quality of life [22]. These boards leverage genomic and molec-
ular data to propose tailored therapies that offer hope, even for
advanced and resistant cancers.

Molecular tumor boards have huge potential for implementing
precision medicine in clinical practice. However, despite the
growing potential of precision oncology, several systemic and
operational challenges still hinder the widespread adoption and
effectiveness of molecular tumor boards [23]. A major obstacle
is the poor coordination between departments and institutions,
which can cause delays in data dissemination leading to incon-
sistent clinical decision-making, and limited access to genomic
resources [24]. It should be noted that there's still a significant
gap in standardized protocols for incorporating molecular data
into molecular tumor board workflows, which erodes the consis-
tency and reproducibility of treatment recommendations.

Alack of comprehensive genomic knowledge among clinicians,
particularly those outside molecular oncology, continues to limit
the smooth implementation of precision medicine in clinical
cancer care. Without ongoing, structured interdisciplinary train-
ing, many professionals struggle to interpret next-generation
sequencing results or follow rapidly changing treatment guide-
lines in real-time [23]. Additionally, the ever-changing field of
precision medicine requires continuous Quality Improvement
(QI) systems that can quickly update clinical protocols based
on new evidence and emerging biomarkers. Without real-time
knowledge updating platforms, even well-meaning molecular
MTBs risk using outdated information, which could negatively
affect patient outcomes.

Time constrictions and high patient volumes also put signifi-
cant stress on MTBs. The intense review process required for
precision oncology cases often overwhelms the resource capa-
bilities of institutions, particlarly those that do not have special
bioinformatics support or effective case management systems
[27, 28]. Limited institutional interaction, especially between
academic institutions and community hospitals, undermines the
equitable implementation of MTB in cases involving precision
medicine, especially for patients in low-resource settings [28].
Precision medicine aims to maximize treatment outcomes by
tailoring treatments to molecular profiles obtained from vari-
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ous omics data from the patient's specimen before, during, and
after treatment. However, obtaining this data is very costly [29]
and timely access to detailed and accurate patient information
is essential for making informed decisions. Moreover, much of
the healthcare infrastructure needed to support MTBs is lacking
[30]. Patient heterogeneity and treatment resistance complicate
the work of multidisciplinary tumor boards, requiring complex
decision-making for cancer care [31]. In low- and middle-in-
come countries (LMICs) like Pakistan, access to diagnostics
and affordable drugs is limited, especially immunological and
advanced oncology drugs due to high costs [32, 33]. Genome
databases can aid LMICs in improving the implementation of
precision oncology [34].

Precision medicine and metastatic cancer are shaped by
advances that are rapidly changing clinical and research land-
scapes, particularly the integration of artificial intelligence (AI)
and the development of personalized cancer vaccines. The rapid
advancements in Al have urged its adoption in most fields with
oncology being no exception, this has led to Al-powered plat-
forms gaining popularity as tools for analyzing high-throughput
genomic and clinical data. These tools enable tumor boards to
identify actionable mutations, predict treatment responses, and
optimize therapeutic strategies with greater speed. Decision-sup-
port tools such as IBM Watson for Oncology and Tempus have
been promising to improve clinical practices. The programs ana-
lyze complicated molecular data and recommend treatments,
thus ensuring that the recommendations are in line with the latest
clinical literature and international guidelines.

Personalized cancer vaccines represent a promising frontier
in immunotherapy. These vaccines are designed to provoke an
immune response against neoantigens-tumor-specific mutations
unique to each patient. Clinical trials such as the Moderna—
Merck mRNA-4157/V940 vaccine in combination with pem-
brolizumab [35, 36], have shown encouraging results, including
reduced recurrence risk. Other trials, like BioNTech’s individu-
alized neoantigen-specific immunotherapies (iNeST platform)
[37], are exploring similar approaches in multiple solid tumors.

Collectively these innovations enhance the capacity of multidis-
ciplinary tumor boards to deliver truly personalized care, paving
the way for improved treatment efficacy, reduced toxicity, and
better long-term outcomes in patients with advanced malig-
nancies [38]. This is different from conventional therapies in
that these cancer vaccines exploit the body's immune system to
recognize and eliminate cancerous cells with much specificity,
which can lead to effective long-term tumor control [39]. The
inclusion of these vaccines in discussions in tumor boards may
offer the possibility of introducing new treatments in patients
with metastatic cancers, which are usually unresponsive to stan-
dard therapies [40]. Since the research and clinical work in this
area is still at an early stage, there is much promise that further
development will increase the number of possible treatments
that can be opened through tumor boards.

For better access to immuno-oncology drugs and to address
cancer care disparities in LMICs, several strategies are neces-



Precision Oncology for Metastatic Cancers...

sary. A patient registry for people receiving lower doses of 10
drugs may provide real-world efficacy data, while analyses of
cost-effectiveness may show benefits at the population level,
even though individual survival may be decreased. Informed
consent for lower doses would have to be ensured, and such
randomized trials would be required to confirm the dose equiv-
alence, but funding and pharmaceutical challenges may arise
[39]. Improving coordination among stakeholders is also
important for enhancing early detection, cancer registries, and
control programs. Developing guidelines specific to the region,
ensuring affordable access to such targeted therapies, and reg-
ularly reviewing the access programs would optimize patient
outcomes. Cancer treatment is recognized as a priority public
health issue, which will further improve prevention and timely
treatment in respect to improved access and equity in cancer
care [40-42].

CONCLUSION

MTBs are the heart of metastatic cancer management and serve
as the foundation for precision oncology by bringing together
multiple forms of clinical expertise and complex genomic
information. Within the setting of tumor heterogeneity and the
quickly changing therapeutic landscape, MTBs facilitate per-
sonalized, evidence-based treatment planning through shared
decision-making. MTBs' role is most critical in actionable
mutation interpretation and coordination of targeted therapies
with patient-specific variables, ultimately enhancing metastatic
disease outcomes.

In the future, MTB efficiency can be optimized further by
encouraging standardized data-sharing policies between insti-
tutions to enable more synergy and access to complete datasets.
Coordination with research centers to optimize clinical trial
accrual and prioritizing patient preference and quality-of-life
issues at the forefront of care planning are also important. Lastly,
ongoing multidisciplinary integration in education and training
will solidifying MTB as a dynamic and essential part of cancer
treatment today:.
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