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Lessons from Galapagos: 
Challenging Environment

1535-Bishop de 
Berlanga: “What 
earth there is….is 
like slag, 
worthless…”



Future Outlook for Proton Therapy PTCOG 54  

Lessons from Galapagos: 
Challenging Environment

1835-Charles Darwin:  
“A broken field of 
black basaltic lava, 
thrown into the most 
rugged waves, and 
crossed by great 
fissures, is 
everywhere covered 
by stunted, sunburnt 
brushwood, which 
shows little signs of 
life…”
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Lessons from Galapagos: 
Changing Environment

1825-Benjamin 
Morrell:
”while the stillness 
of death reigned 
everywhere” 
…Fernandina had 
“broken forth with 
accumulated 
vengeance”….”a 
crack of doom”
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Lessons from Galapagos: 
Changing Environment

1854-Herman 
Melville:  “There is 
dire mischief going 
on …there toil the 
demons of fire, 
who, at intervals, 
irradiate the nights 
with a strange 
spectral 
illumination for 
miles and miles 
around.”
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Lessons from Galapagos: 
Changing Environment

• “The natural 
history of 
those islands 
is eminently 
curious, and 
well deserves 
attention.”   

-Charles 
Darwin, 1845. 
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Lessons from Galapagos: 
Changing Environment

• The Galapagos 
have provided 
enormous insight 
into evolutionary, 
geologic and 
meteorologic
processes, as well 
as man’s impact 
on the earth.   
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Lessons from Galapagos: 
Changing Environment

• “No area on Earth 
of comparable 
size has inspired 
more 
fundamental 
changes in Man’s 
perspective of 
himself and his 
environment than 
the Galapagos 
Islands.” 

-Robert Bowman, 
1984.  
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Challenging and Changing Environment 
for Particle Therapy

• Dosimetric evidence no longer 
justifies changes in care……

• Increased focus on value (cost)
• Correlative outcomes trump clinical
• Healthcare decisions no longer in 

hands of patients and/or doctors



Challenges
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Lessons from Galapagos: 
Changing Environment

• Can we view the 
challenging and 
changing 
healthcare 
environment with 
curiosity?  

• Is it possible that 
the pressures 
exerted on us 
today will force 
changes that lead 
to better patient 
outcomes?  
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the Galapagos: 

Survival:  Proliferation or 
Extinction?
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Lessons from Galapagos: Survival 

• Uplift in 1954-
~5 m in Urbina
Bay, Fernandina, 

• Coral dies and 
with it marine 
life.  
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Lessons from Galapagos: Survival 

• Drought-1977
• Researchers 

documented 
death of 8/10 
medium 
ground 
finches on 
Daphe Island
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Lessons from Galapagos: Survival 

• El Nino in 1982
• ≥14 °C increase 

in ocean 
temperature…

• 2/3 marine 
iguanas died in 
1982
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Lessons from Galapagos: Survival 

Volcanic eruptions-≥20 °C increase in ocean temperature….
All nearby marine flora and fauna die—some species are lost.
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Is Survival really a question for Particle 
Therapy?  

Some who might say so……..
• Previous proponents of 

hyperthermia and  neutrons 
• Some proton technology developers 

and vendors 
• Some institutions who have 

invested in proton facilities
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Survival of particle therapy is not 
guaranteed……

Our challenging environment has 
shed light on two weaknesses that 
must be overcome for survival
• A paucity of quality clinical evidence 
• The excessive expense of  particle 

facilities
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the Galapagos: 

Successful Strategies
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Lessons from Galapagos: 
The Blue-footed Booby and Focus on Outcomes

Why does the 
blue-footed 
booby have 
blue feet?
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Lessons from Galapagos: 
Focus on Outcomes

Why does the male 
flaunt his blue feet in 
courtship dances? 
• Do they make him 

smarketable? 
• Are they more 

expensive? 
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Lessons from Galapagos: 
Focus on Outcomes

The female 
chooses the male 
with the bluest 
feet because his 
offspring are more 
likely to survive. 
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Lessons from Galapagos: 
Focus on Outcomes

A focus on 
outcomes 
that are 
most 
important 
is likely to 
be 
successful.
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Focus on Outcomes

The outcomes that matter most to patients:
• Disease control and survival
• Freedom from significant morbidity and dysfunction.
• Less important are temporary side effects and treatment 

convenience, duration, and cost.  

The outcomes that matter most to other decision 
makers may differ: 
• Value-based medicine (short term costs).  

Need to understand these but keep focus on the 
patient.
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Lessons from Galapagos: 
Focus on Outcomes

• Remember 
outcomes of 
importance may 
differ ……

• Integral dose.
• Critical organ 

avoidance.
• Dose escalation.
• Hypofractionation.
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Lessons from Galapagos: The Flightless 
Commorant and old paradigms

If you don’t need to 
fly, wings are just in 
the way, so let them 
go…
• Number of fields.
• Dose per fraction.
• 8 hour workdays.
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Lessons from Galapagos: The Woodpecker 
Finch and Creativity

Make the most 
of your tools….
• Treatment 

planning, range 
verification, 
delivery time, spot 
size, on-line 3D 
imaging….

• Understand “RBE” 
and leverage it……



Future Outlook for Proton Therapy PTCOG 54  

Lessons from Galapagos: Marine Iguanas 
and Adaptability

If you are a land 
iguana and there is 
no food on land, 
you must learn to 
swim…. 
• Use what is available 

creatively-patient mix 
and technology.
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Lessons from Galapagos: Marine Iguanas 
and Adaptability

• If El Nino comes 
and you are in hot 
water, shrink…...

• Adult iguanas have a 
flexible skeleton that 
shrinks when food is 
scarce

• After El Nino 1982, the 
1/3 marine iguanas who 
survived had the ability 
to shrink the most…
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Lessons from Galapagos: Daphne Finches 
and Adaptability

• In drought, change 
your beak size…. 

• The size & shape of the 
finch beak is under 
genetic control and 
governs what they eat…

• With the drought of 1977, 
8 of 10 ground finches 
died.

• The survivors had larger 
beaks suited to different 
food sources. 
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Lessons from Galapagos: 
Opuntia, Tortoises, and the Competition 

• Giant Tortoise and The 
Opuntia-1
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Lessons from Galapagos: 
Opuntia, Tortoises, and the Competition 

• The Opuntia-2
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Lessons from Galapagos: 
Opuntia, Tortoises, and the Competition 

• The Giant Tortoise-3
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Lessons from Galapagos: 
Understanding the Competition 

The Opuntia
and the 
Saddle-backed 
Tortoise-4



Future Outlook for Proton Therapy PTCOG 54  

Lessons from Galapagos: 
Understanding the Competition 

• New Competition (human introduced goats -5
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Lessons from Galapagos: 
Understanding the Competition 

• In the 1970’s a systematic effort began to eliminate 
the goats, but it is not complete and several 
islands (Pinta) lost almost all tortoises & opuntia. 
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Lessons from Galapagos: 
Understanding the Competition 

Lonesome 
George 
The last of 
the Pinta
tortoises 
died in 
2012.  
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the Galapagos: 

All is changing…..
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All is changing…..Hot Spots, Tectonic 
Plates, and The Galapagos

New islands 
form from 
volcanoes over 
“hot spot,” 
then migrate 
with their 
tectonic plate 
east, flattening 
with erosion 
over time.  
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All is changing…..The Carnegie Ridge

Former 
Galapagos 
islands now 
submerged 
below sea 
level in 
Carnegie 
Ridge.  



Genetic studies 
indicate the land 
iguanas evolved on 
islands that are 
now submerged, 
suggesting that 
more than 3 m yrs
ago, they “hopped” 
to new islands, 
when theirs sank 
below the sea.

Future Outlook for Proton Therapy PTCOG 54  

All is changing…..The Carnegie Ridge
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Focus on Outcomes

 Clear that environment has changed and is 
challenging our survival. 

 Strategies likely to be successful*
 A focus on what is important to patients…
 Creativity in all aspects of our work…
 Adaptability….
 An understanding of the environment and 

competitors

*Clinicians, researchers, physicists, biologists, 
engineers, vendors, administrators, financiers. 
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Strategies for Survival

 Reliance on sound first principles of 
radiation therapy…. 

We cannot control the environment or its 
changes and challenges, but may be able 
to survive, adapt and flourish.   
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Challenging and Changing Environment 
for Particle Therapy

Perhaps the 
pressure of our 
current 
environment will 
enhance our 
perspective, hone 
our survival 
strategies, make us 
more creative and 
effective in the 
future……
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