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...How Cancer spreads:  Metastasis

Chitty JL, Filipe EC, Lucas MC et al. Recent advances in understanding the complexities 
of metastasis [version 1]. F1000Research 2018, 7:1169 (doi: 
10.12688/f1000research.15064.1)



P53 Guardian Angel of the cell/genome





Primary and Secondary Cancer
q The main reason cancer can 

be difficult to cure is that it can 
spread to another part of the 
body from where it started. 

q The cancer that is growing 
where it started in the body is 
called the 'primary cancer'.

q The place a cancer spreads to 
and starts growing is called the 
'secondary cancer' or 
'metastasis'. 

q In order to spread, some cells 
from the primary cancer must 
break away, travel to another 
part of the body and start 
growing there. 



Cancer Spread and Mortality
q90% of Cancer Deaths 

Occur Because of Where 
Cancer Ends Up, Not 
Where It Begins

qResearch shows that most 
metastatic cancers induce 
pre-metastatic niches or 
landing pads, allowing 
cancerous cells to colonize a 
secondary organ

qWhen cancer cells travel to a 
vital organ, they often 
overwhelm the cells and 
cause it to shut down

qBy the time a tumor is 
found, cancer cells may 
have been present for 
some years, but the 
immune system has 
controlled their 
proliferation. 



How Hematologic Cancers Cause Death
q“Non-solid” tumors
qHematologic (blood) cancers kill 

because the components of the 
blood are no longer fulfilling 
their duties

qThe immune system is no 
longer working effectively

qThe platelet count drops 
causing hemorrhage

qRed cells are significantly 
reduced, causing reduced 
oxygen and the patient has a 
heart attack

qIncreased white 
blood cells lead to 
really viscous 
blood, effectively 
clogging the 
arteries



How Solid Tumors Cause Death
qSolid tumors kill in very mechanical ways 
qOvarian cancer kills you by obstructing your 

bowel, as does colon cancer and most other 
cancers of the GI tract

qLung cancers usually kill by eroding into an artery 
or obstructing the airway

qBreast cancers typically kill by metastases in the 
brain causing increased intracranial pressure

qMore than 40 percent of cancer patients die from 
malnutrition, not the cancer itself

qTumors induce a hypermetabolic state and secrete 
a substance called Tumor Necrosis Factor alpha 
(TNFa) that results in weakness and weight loss 





Metastasis: Cancers Deadly Weapon

Normal PET scan PET scan showing abnormal lymph nodes



Blood and Lymph Flow Patterns

From L. J. Kleinsmith, Principles of Cancer Biology. 
Copyright (c) 2006 Pearson Benjamin Cummings.



There are three main ways a cancer spreads

qLocal spread
qThrough the blood 

circulation
qThrough the lymphatic 

system
Local spread Blood Lymphatics



How Cancer Spreads: Melanoma



Vasculogenesis and Angiogenesis

From L. J. Kleinsmith, Principles of Cancer Biology. Copyright (c) 2006 Pearson Benjamin Cummings.

qVasculogenesis 
is the term used for 
the formation of 
new blood vessels 
when there are no 
pre-existing ones. 

qThe term 
angiogenesis 
denotes the 
formation of new 
blood vessels from 
pre-existing ones. 



Dr Judah Folkman – Pioneer in Tumor Angiogenesis

(February 24, 1933 –
14 January 2008

qWhile working for the Navy in 1960’s on blood substitutes, he 
began experimenting with tumors and found that all grew to the 
same size and stopped.
qHypothesized that the tumors could not grow beyond a certain 
size without a blood supply and that tumors must have some 
mechanism to induce the formation of blood vessels.



Experiments Showing That Tumor Growth 
Depends on Angiogenesis
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Cancer Cells Produce Angiogenesis stimulating Molecules

From
 L. J. K

leinsm
ith, Principles of C

ancer Biology. C
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ings. Pages 48 &
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Avastin Inhibits Angiogenesis

Avastin ~ Lucentis
- proteins
- Humanized antibodies



Stages of Angiogenesis



Steps Involved in The Metastatic Process
q The ability to invade differs 

among cancer cells and 
tumors

q Blood flow patterns often 
dictate where cancers will 
spread to

q Relatively few cancer cells 
survive the voyage through 
the blood stream

q Cancer cells are able to 
invade because:

1. Decreased adhesiveness
2. Activated motility
3. Protease production



Treating Cancer by Inhibition of Angiogenesis



Treating Cancer by Inhibition of Angiogenesis

Endostatin IS part of collagen, enzyme cleavage product
Collagen (cartilage, tendons, jello) is part of the extra cellular matrix/space
Tumors use Extra Cellular Matrix proteases to metastasize
To date Endostatin has not proven to be successful antiangiogenic treatment in
Humans



Modern Medicine … Modern problems

• Biomedicine/Immunologics
• avastin(bevacizumab) mab

monoclonal antibody
• 5 billion USD/yr world wide
• Chemo ~250K 
• Chemo plus avastin ~500K
• Difference in time without 

progression - months



More Money Medicine

• Macular degeneration
• Lucentis is a purified form of 

Avastin
• $2000/dose VS $20 dose
• Off-label use
• Infections with Avastin due to 

sloppy procedure?



Personalized/Percision
Genome-based Medicine

• Biomarker – gene mutation(s) shown to be associated with  
“good” response to a given treatment

• “Good” = 5 months without increase in tumor size
• Avastin was once used to treat breast cancer
• Colon and lung cancer biomarkers are still being evaluated



AVASTIN = Bevacizumab: monoclonal antibody = biologic / immunologic treatment

Biosimilar:  generic version of a biologic treatment


