
Improving the Science of Metastasis: From Primary Carcinoma to Remote 
Destination
Oded Hilal*

Department of Surgery, Oslo University Hospital, Oslo, Norway

DESCRIPTION
Cancer, in all its forms, is a relentless adversary, and one of its 
most insidious characteristics is the ability to spread to other 
parts of the body. This process, known as metastasis, marks a 
critical turning point in the progression of cancer, often 
transitioning it from a localized disease that can be treated with 
surgery or radiation to a more aggressive and challenging 
condition to manage. Metastasis is a complex, multistep 
phenomenon that has been a focal point of cancer research for 
decades, and understanding it is key to improving the diagnosis, 
and treatment of this pervasive and devastating disease.

In this comprehensive exploration of metastasis, we will delve 
into the fundamental concepts, the mechanisms, and the impact 
of this phenomenon on cancer patients. From the initial steps of 
cancer cell detachment and invasion to the intricacies of distant 
organ colonization, we will embark on a journey through the 
intricate web of metastasis, unraveling the factors that drive this 
process and the innovative approaches being developed to 
combat it.

Metastasis

Metastasis, in the context of cancer, refers to the spread of 
malignant cancer cells from the primary tumor to other parts of 
the body, where they can form secondary tumors. This process is 
responsible for the majority of cancer-related deaths and presents 
a formidable challenge to both patients and healthcare 
providers. Understanding the fundamentals of metastasis is 
crucial to appreciating its complexity and devising strategies to 
counteract it.

Metastasis can be divided into several key stages

Invasion: The journey begins when cancer cells within the 
primary tumor start to invade neighboring tissues. This typically 
involves the degradation of the extracellular matrix, allowing the 
cancer cells to penetrate the surrounding environment. Enzymes 
called Matrix Metalloproteinases (MMPs) play a pivotal role in 
this process.

Intravasation: Once cancer cells have invaded the local tissue,
they can access the circulatory system. They may enter the
bloodstream or lymphatic vessels, effectively becoming
"circulating tumor cells."

Circulation: Cancer cells in the bloodstream or lymphatic
system are exposed to shear forces, immune system attacks, and
interactions with various cell types. Most circulating tumor cells
are destroyed during this phase, but a few may survive and
eventually extravasate into distant tissues.

Extravasation: Successful extravasation involves cancer cells
adhering to the endothelial cells lining the blood vessels in a
distant organ and then migrating into the surrounding tissue.
This process requires intricate cell-to-cell interactions and
signaling.

Colonization: Cancer cells that survive the arduous journey may
form micrometastases, small clusters of cells in the distant organ.
Over time, these micrometastases can grow into larger secondary
tumors, marking the completion of metastasis.

Each of these stages involves complex molecular and cellular
processes, and understanding them in detail is vital to develop
effective interventions to prevent or treat metastatic disease.

The molecular drivers of metastasis

Metastasis is not a random event but is driven by a series of
genetic and molecular changes in cancer cells. These changes
confer specific advantages to the cells, allowing them to carry out
each step of the metastatic process more effectively.

Genetic mutations: Many of the genetic mutations that drive
metastasis are the same mutations responsible for initiating
cancer in the first place. However, additional mutations can
accumulate over time, endowing cancer cells with a greater
capacity for invasion, survival in the bloodstream, and
colonization of distant organs.

Epithelial-mesenchymal transition: EMT is a critical process in
metastasis where cancer cells transition from an epithelial
phenotype to a mesenchymal phenotype. This change enhances
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The impact of metastasis

Metastasis has a profound impact on cancer patients, affecting
their prognosis, treatment options, and quality of life. Here are
some of the key aspects of its impact.

Prognosis: Metastasis is often associated with a poorer
prognosis. Patients with metastatic cancer generally have a lower
chance of survival compared to those with localized disease. The
extent and location of metastases are critical factors in
determining prognosis.

Treatment challenges: Metastatic cancer is more challenging to
treat than localized cancer. In many cases, it is considered
incurable, and the primary goal of treatment becomes palliative
care, aimed at relieving symptoms and improving quality of life.
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their migratory and invasive capabilities. EMT is regulated by a 
variety of transcription factors, such as snail, slug, and twist.

Angiogenesis: Tumors often stimulate the growth of new blood 
vessels, a process known as angiogenesis. This not only supplies 
the primary tumor with nutrients but can also support 
metastasis by providing a pathway for cancer cells to enter the 
bloodstream.

Immune evasion: Metastatic cells can evade immune system 
surveillance, allowing them to survive and colonize distant 
organs. They may express immune checkpoint proteins like PD-
L1, making them less susceptible to attack by T cells.

Dormancy: Some metastatic cells enter a state of dormancy in 
distant organs, remaining quiescent for an extended period 
before reawakening to form secondary tumors. Understanding 
the triggers and mechanisms behind this dormancy is a focus of 
ongoing research.
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