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THE WAR ON CANCER 
Continues 2016

„For the loved ones we`ve all lost, for the families that
we can still save, let`s make America the country that

cures cancer once and for all“

President Barack Obama, State of the Union Address, Jan 12, 2016

Aiming High – Changing the Trajectory for Cancer
Lowy & Collins, NEJM April 2016



Cancer:																																															
The	Emperor	of	All	Maladies
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Oncogenesis

L.	Luzzatto,	P.P.	Pandolfi,	
NEJM	373,	84,	2015

Increasing	autonomy,	genetic	instability	and	....



L.	Luzzatto,	P.P.	Pandolfi,	NEJM	
373,	84,	2015

Oncogenesis

......Clonal	Evolution



Priciples of Evolution

1. Mutations by Chance, limited by possible options

2. Opportunity: Survival advantage under the given
conditions

3. Selection of the fittest

Cancer Cells

• Acquire Immortality

• Increasing loss of controls driven by entropy

Evolution and Cancer



• Cancer	is	an	aquired	genetic	disease

• Cancer	is	the	continued	evolution	of	cells	within	an	individuum

• Oncogenesis	and	the	clinical	disease	follow	the	Darwinian	principles	of	
evolution

• Genetic	and	epigenetic	factors	contribute	to	carcinogenesis	and	
evolution

• Mutated	genes/proteins	may	serve	as	molecular	targets
• for	small	molecules,	antibodies,	CART	cells
• as	(neo)antigens	for	immune	system	recognition/attack

Pathophysiological	hallmarks	identify	potential	therapeutic	pathways

Oncogenesis:	Conclusion



• Small	(designer)	molecules
• Some Leukemias can now be „cured“
• Good results also	in	some solid	tumors

• Monoclonal Antibodies
• Lymphoma,	Leukemia:	significantly improved survival
• Lung	cancer,	colon cancer,	others

• Transgenic	T	Cells	(CART	Cells)
• Highly active in	leukemias
• In	preclinical models also	in	solid	tumors

Targeted Therapies



1. non-specific defense mechanisms

2. Immunisation,	Prophylactic - Therapeutic:	e.g.	HPV

3. Liberating endogenous immunity:	Immune	Checkpoint	
Inhibition

Harnessing the Immune System



Clonal Evolution: The Hydra Challenge



Genetic	Evolution	- Clonal	Evolution

Clonal	evolution	in	cancer,	M.	Greaves,	C.C.	Maley,	Nature	481,	306–313,	2012



Clonal	Evolution

Nature.	2012	Jan	11;	481(7382):	506–510.	



Cancers	are	different

• from	Patient	to	Patient

• within	one	Patient	over	Time

Humans	differ

• in	their	genetic	program

• in	comorbidities

• in	their	values,	dreams	and	priorities

1
0

Variability	Necessitates	Individual	Therapeutic	Strategies

Individualized/Personalized	Evidence-
Based	Therapy



Precision	Medicine	– Bringing	it	to	the	Patient
What	is	„precise“	for	the	Individual?

The Old Model

1. Phase I, II, III Studies in large, higly selected cohorts of patients 
aiming for improved response rates

2. Standard of Care in Guidelines for unselected patients focussed on 
clinical/pathological cancer type and stage

The New Model

Studies in small cohorts aiming for  high response rates focussed on 
Molecular Signature of Cancer

The Innovation Pathway

Focussed  on the optimal therapeutic strategy for the Individual Patient
Based on all available evidence

And careful risk – benefit analysis



1. Reconnaisance
• Understanding cancer: Oncogenesis and Clonal Evolution

2. Identify Therapeutic Targets
• Cancer Pathways, molecular and metabolic
• Cancer Molecules

3. Strengthen the Defenses
• Activate the immune system

4. My Strategy for "Winning the War“

• Develop the innovation pathway – PEBM

• Identify novel therapeutic objectives; stable disease vs. Remission

• Evaluate guidelines and Tumor Boards as management standard

• In silico experiments, modeling, simulation: Artificial intelligence

• Search for missing „links“, Phenotype – genotype fallacy

The	1971	War	on	Cancer Revisited 2016



Task:	adjust input buttons to provide maximum number of cells
1. In	virtual Petri	dish
2.	In	output (Metastases)

Carcinogenesis:	Simulations and Machine Learning

The	virtual experiment:
Ø 10	variables
Ø With 5 concentrations
Ø At 10	timepoints
Ø 10e50		possibilities

Program
simulations

machine-
learning

1050	experiments,	175	combinations x	6	runs

manual



"Mitosis"	Computer	Game

"Real	Time	Evolution	Simulation	and	Imaging"



1. Do not smoke.
2. Do not smoke.
3.  Do not smoke.
4. Avoid carcinogens: Asbestos, UV-Light, Aflatoxine.

6.  3x daily fresh fruit and vegetable.
7. Exercise and watch your weight.

8. Vaccination (Hepatitis B, HPV) and Treatment of
chronic infections.

10. Good luck! !

5. Diet: moderate in calories, salt, fat, little Alcohol. .

2015:	10	Rules	to	Prevent	Cancer

Paul	Kleihues	2007

9. Good genes.



Thank you to the Speakers and Audience!

My Mentors

My Colleagues

My Mentees and Alumni

Our Patients

The „Symposium“ Team

• Bärbel Schätzle
• Evgenia Alechine
• Stephan Seiler

Oncology – Still	fighting Cancer



Clonal Evolution: The Hydra Challenge

Cassandra	Willyard

Cancer:	An	evolving threat

Nature	532,	166,	2016

„Tumours are subject to
the same	rules of natural
selection as any other
living thing.“

team has modelled1 how colorectal cancers 
respond to targeted therapies that are given 
in combinations, potentially revealing ways 
to prevent the tumour cells from becoming 
resistant. “We have very exciting data now 
on the possibility to track and treat evolu-
tion,” he says.

TREE OF LIFE 
Cancer cells harbour a staggering array of 
mutations. In 2012, when Swanton and his 
colleagues sequenced multiple biopsies from 
two people with kidney cancer, they found 
that even within a single person, no two sam-
ples were the same2. The team examined not 
only the primary tumour, but also the satel-
lite tumours — called metastases — that had 
spread throughout the patients’ bodies. In each 
person, the team found more than 100 muta-
tions in the various tumour samples analysed; 
only about one-third of them occurred in all 
samples. 

The relationships between the various 
cancerous cells from a single person can be 
plotted out in much the same way as evolu-
tionary biologists plot relationships between 
species: by drawing phylogenetic trees, branch-
ing diagrams that trace ‘descendants’ back to 
a common ancestor. Mutations that occur in 
the first malignant cells, those in the trunk of 
this evolutionary tree, will end up in all the 
tumour cells; mutations that arise later will be 
found only in the tree’s branches. To eliminate 
the tumour, Swanton says, one must attack the 
mutations in the trunk. 

Therapies that target some of these trunk 
mutations already exist, and they often pro-
duce dramatic responses at first. But then 
resistance develops, as Bardelli found. “We’re 
so fixated on ‘the smaller the tumour gets, 
the better’, but what one doesn’t think about 
is what one has left behind,” Swanton says. 
“You’re often leaving resistant clones that you 
can’t treat.” But he thinks that by targeting 
multiple trunk mutations at the same time, 
researchers might have a shot at wiping out the 
cancer. Chances are slim that a single cancer 
cell would be able to evade a two- or three-
pronged attack. 

One way to do this is to use combinations 
of targeted therapies. “In theory, they can 
work,” says Bert Vogelstein, a cancer geneti-
cist at the Sidney Kimmel Comprehensive 
Cancer Center at Johns Hopkins University 
in Baltimore, Maryland. In fact, when he 
and evolutionary biologist Martin Nowak at 
Harvard University in Cambridge, Massachu-
setts, modelled the strategy, they found that 
two targeted medicines for which no common 
resistance mechanism exists would be enough 
to control metastatic cancer3. For people with 
a large number of metastases, the model sug-
gested that three therapies would be needed. 

Researchers are already beginning to test 
combinations of targeted therapies in the 
clinic. However, Swanton points out that there 

are no targeted drugs for the vast majority of 
mutations. And combining existing drugs in 
a way that won’t harm the patient has proved 
tricky. So Swanton is focusing on immuno-
therapies — strategies that help the immune 
system to recognize and destroy cancer cells 
(see page 162). 

The immune system identifies threats, in 
part, by surveying the surfaces of cells, looking 
for molecules called antigens that can signal 

trouble within. The genetic defects in the DNA 
of a cancer cell can sometimes encode antigens 
that will trigger an immune response. But 
Swanton and his colleagues wondered whether 
it matters if the immune system responds to 
an antigen that arises from the cancer’s evo-
lutionary trunk or to one that springs from its 
branches. 

In a paper published in March4, he and his 
colleagues examined samples from the Cancer 
Genome Atlas, a collection of genetic and 
clinical data from thousands of people with 
cancer. They found that people with lung 
cancer who had lots of trunk antigens — and 
a high proportion of trunk antigens to branch 
antigens — survived longer than those who 
had either few trunk antigens or a higher 
proportion of branch antigens. What’s more, 
people with many trunk antigens seemed to 
respond better to immune therapies. That 
makes sense, Swanton says, because if the 
immune system targets trunk antigens, it’s 
hitting most of the cancer cells, rather than 
“nipping off little branches”. 

The research is still in its infancy, but Swan-
ton is leading a clinical study that could help 
to confirm his findings. The study, called 
TRACERx — Tracking Cancer Evolution 
through Treatment (Rx) — will follow 850 peo-
ple from lung-cancer diagnosis through treat-
ment and, in some cases, until death. It will 
document genetic changes in their tumours 
over time to examine how lung cancer evolves, 
and how treatment influences that process. 

Once he has the data, Swanton hopes to 
raise enough money to test treatment strate-
gies based on evolution. One approach would 
be to identify immune cells in a tumour, grow 
them in a lab, and then infuse them back into 
the patient — a technique called adoptive 
cell transfer. Similar strategies already in use 
select immune cells that recognize any can-
cer antigen, but Swanton’s group would select 
those that are primed to recognize the trunk 

antigens that occur on all cancer cells. 
This strategy would not be cheap, but 

neither is doling out a string of targeted 
therapies only to watch them all eventually 
fail. “Each course of therapy costs between 
US$10,000 and $100,000,” Swanton says. If 
researchers could develop a therapy that would 
cure meta static cancer, “the whole cost–benefit 
analysis and the health economic models 
change dramatically”. 

CELLULAR COMPETITORS
Applying evolutionary principles might help 
the immune system to vanquish tumours. 
Robert Gatenby, a molecular oncologist at 
Moffitt Cancer Center in Tampa, Florida, has 
a more modest goal: he hopes to help people to 
live with their disease. Gatenby began think-
ing about cancer as an evolutionary problem 
in the early 1990s, when he was working at 
Fox Chase Cancer Center in Philadelphia, 
Pennsylvania. He saw so many people relapse 
that cancer began to seem less like a biological 
problem and more like witchcraft. “It’s like an 
evil entity that just keeps recurring and over-
coming your best efforts.” But when he began 
thinking about cancer from an evolutionary 
perspective, the problem became tractable 
again, he says. 

Gatenby began trying to mathematically 
model the disease to work out how best 
to tackle it. His models suggest that many 
oncologists are taking the wrong approach. 
Typically, physicians will give the maximum 
dose of chemotherapy that a person can 
tolerate, to kill as many cancerous cells as 
possible. The hope is that they can wipe out 
the cancer before resistance evolves. 

But studies from recent years suggest that 
tumours harbour drug-resistant cells long 
before they encounter therapy5–7. The popu-
lation of resistant cells stays small because 
resistance comes with a fitness cost. When a 
patient receives a hefty dose of chemotherapy, 
however, the resistant cells become much fit-
ter than the susceptible cells. Gatenby likens 
drug resistance to an umbrella: “If it’s raining, 
the umbrella is very useful. But if it’s not rain-
ing, it’s a burden.” Gatenby thinks that he can 
capitalize on the natural competition between 
susceptible and resistant cells by managing 
drug dosage or timing more carefully. 

Recently, he tested the idea in mice with 
two kinds of breast cancer8. When he and his 
colleagues gave the mice the standard, maxi-
mum tolerated dose of the chemotherapy drug 
paclitaxel, the tumours roared back as soon as 
the treatment was stopped. The team also tried 
skipping doses whenever the tumour began 
to shrink, but that worked no better. A third 
group of mice received the standard high dose 
of chemotherapy at first, but once the animals’ 
tumours started to shrink, the researchers 
dialled back the dose. This strategy resulted in 
the best survival for the mice and allowed three 
out of the five mice tested to be weaned off the 

“CANCER IS CONTINUOUSLY 
ADAPTING, THEREFORE WE 
HAVE TO DO SO AS WELL.”
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Epigenetic Adaptation
assures	the	rapid	
adaptation	to	the	
environment

flexible	Phenotype,	e.g.	
MET	Transition

Cancer	Stem	Cell	a	
„Mirage“

Genetic	Evolution of	
DNA	assures	the	long-
term	survival	advantage	
of	cancer	cells	

Cancer:		Evolution	und	Adaptation

„Survival	of	the	fittest“	

"Cancer	is	a	moving	target"



Factors in Oncogenesis

1. Chance  30% ?
2. Other ?

Oncogenesis

Probability of Penetrance dependent on

1. Genetic Predisposition
2. Population Size
3. Proliferative Rate
4. Environmental Factors
5. .................................. 



• numerous positive	clinical trials demonstrating high	
efficacy and long-lastin remissions in	Melanoma,	
various ST,	HD;	others under investigation

• autoimmune	side-effects

Harnessing the Immune System
Immune	Checkpoint	Inhibition



Oncology – The	War	on	Cancer

Albert	Einstein

„Everything should be made as
simple	as possible,	
but	not	simpler.“


