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Foreword

In the last decade, we have seen remarkable improvements in human health across 
the globe. These gains have been largely due to our successful efforts in combatting 
infectious diseases. With declines in deaths due to HIV, tuberculosis, malaria, and 
childhood diarrhea and pneumonia in every region of the world, we are seeing shifts 
in the global disease burden and leading causes of mortality. However, as infectious 
diseases retreat, the noncommunicable diseases (NCDs) are rising to take their 
place—including most forms of cancer. Grouping all types together, cancer is the 
second leading cause of death worldwide—and about half of these are considered 
“premature deaths” (avoidable had screening or treatment been available). This 
translates into about nine million deaths each year, equaling nearly one-quarter of 
all deaths. The majority, more than 70%, occurred in low- and middle-income coun-
tries (LMICs). And concerning trends in these countries indicate that NCDs are 
rising faster, affecting younger age groups, and resulting in worse outcomes.

Many factors are contributing to this alarming shift in global disease burden. 
First, populations in every region of the world are living longer. Currently, in low- 
and middle-income countries, average life expectancy is into the 60s, with an over-
all global average of 70 years for males and 74 years for females. A predictable 
consequence of this desirable trend is that, as populations age, the disease burden 
and distribution necessarily shift toward NCDs. Simultaneously, important changes 
seen in diet and lifestyle have occurred in recent years due to rapid urbanization and 
subsequent changes in livelihoods and social structures. As diets become more 
“Westernized” with more processed, high-fat foods and fewer fruits and vegetables, 
lifestyles become more sedentary, and the use of both tobacco and alcohol increases, 
it is no surprise that rates of diabetes and obesity are climbing and, along with these 
conditions, rates of cardiovascular disease and cancer. Lastly, infections such as 
hepatitis and human papilloma virus also contribute to the rise of their associated 
cancers, being responsible for approximately one-quarter of cancers in LMICs. 
Taken together, these dangerous trends are threatening our ability to reach several of 
the Sustainable Development Goals.

Cancer carries the additional challenge of being a heavily loaded term. It was not 
that long ago that people were afraid to say it out loud—even a speculative cancer 
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diagnosis was discussed in hushed voices, behind closed doors, and often only with 
immediate family members, never with the person experiencing the disease. Even 
today, the word cancer instills fear and dread in the minds of most people, even 
those in wealthy communities who have access to comprehensive and cutting-edge 
treatment. In poorer communities where cancer care access is not guaranteed—
either in the USA or elsewhere—the odds rarely seem to be in one’s favor. 
Recognizing that in LMICs, 9 out of 10 patients with a cancer diagnosis will die, it 
is no wonder that patients wait to seek care, afraid of facing the outcome they 
believe is inevitable any earlier than they have to, completely unaware that earlier 
detection and treatment may lead to a greater chance of survival, thus reinforcing 
the “cancer = death sentence” paradigm.

Today our world is more connected than ever before through business, travel, and 
numerous social media platforms. Among other things, these connections have led 
to a greater recognition of the health inequities that exist across the globe. A better 
understanding of how cancer risk and care occurs on our currently uneven global 
playing field is critical for understanding the underlying issues to the growing can-
cer burden and why we cannot continue business as usual if we want to change the 
current trajectory—in this country and across the globe. In all settings, rising cancer 
rates will be driven by the unequal economic development that targets the poor and 
other historically vulnerable communities across the globe. The important influence 
that the social determinants of health—factors such as socioeconomic status, educa-
tion level, social integration, and support systems, as well as one’s physical environ-
ment and neighborhood—have on ability of individuals and populations to reach 
their optimal health has been well described. Those with the fewest resources and 
least clout will suffer the greatest negative consequences. Therefore, applying a 
social justice frame is necessary to best understand the factors that contribute to the 
uneven distribution of cancer morbidity and mortality and to inform strategies that 
address these multifactorial, complex health, and public health challenges.

Delving into the health equity issues associated with the current cancer burden 
and delivery of care and prevention services, it is tempting to focus on issues of 
access to cancer treatment. Clearly, this is a critical issue given that many of today’s 
cancer medications are prohibitively expensive and therefore out of reach for most of 
the world’s cancer patients. In fact, less than one-third of LMICs report having can-
cer treatment services available. Yet issues of equity extend well beyond drug prices. 
Access to healthcare generally and cancer screening in particular becomes relevant. 
And beyond health and healthcare services, the impact of broader social and environ-
mental factors that affect cancer risk must be closely explored. These include increas-
ing urbanization and air pollution, global changes in climate that disrupt agricultural 
systems and yield less nutritious food crops, and greater exposure to carcinogenic 
environmental toxins such as pesticides, lead, and volatile organic compounds that 
are the by-products of natural resource extraction—and how those living in poorer 
communities and nations are going to bear the brunt of these increased risks. In addi-
tion to environmental changes, consider the targeting advertising of tobacco and 
alcohol toward LMIC markets where the requirements for health warnings are non-
existent and you have the perfect storm for the growing cancer pandemic.

Foreword
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Cancer care and prevention is a complex global health challenge and will require 
a multisectoral approach if we are going to reverse current trends or reach World 
Health Organization targets such as a 25% reduction in the rate of premature cancer 
deaths globally by 2025, along with other NCDs. Improvements in data collection 
and surveillance, typically in the form of comprehensive cancer registries will be 
necessary to help quantify the magnitude of the problem and inform national health 
policymakers in allocating limited resources. Replicable and scalable models of 
cancer care and prevention need to be shared widely with plans for broader imple-
mentation. The current situation in care and prevention is a clarion call for those of 
us engaged in global health to take action through advocacy, capacity building, and 
equity-driven research. There is no alternative if our vision is a world with health 
equity for all.

Lisa V. Adams
Associate Professor of Medicine  

Associate Dean for Global Health  
Dartmouth Geisel School of Medicine  

Hanover, NH, USA
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Preface

Current developments in therapeutics for cancer therapy have led to increasing opti-
mism regarding treatment success. Developments in immunotherapy as well as 
rapid advances in DNA sequencing and genomics have led to an unprecedented 
expansion of therapeutic targets. Many patients with metastatic cancer are now 
going into remission and living longer than at any time in the past. While many 
patients do not respond to these new innovative therapy and others who do eventu-
ally develop acquired resistance, the success achieved thus far have encouraged 
cancer researchers that significant clinical advances will continue to accrue.

Despite these impressive scientific achievements, many public health issues that 
intersect directly or indirectly with cancer as a field remain problematic. Tobacco 
use, while much lower in the west than 40 years ago, continues to be a public health 
scourge in the developing world; it is estimated that tobacco will cause a billion 
deaths in this century. Pollution is being recognized as a growing health hazard that 
especially affects the health of low-income communities, especially in the global 
south. Access to care remains problematic in both the USA and in low- to mid- 
income countries. Drug expense remains an impediment to maximizing patient 
access, and financial toxicity remains a burden that cancer patients and their fami-
lies have to shoulder, often for years following therapy. These issues both contribute 
to suffering of current cancer patients and often unfortunately lay the groundwork 
for the next generation of people who will be facing advanced malignancies.

Many oncologists and cancer researchers are more than busy focusing on their 
patients and narrow field of scientific investigation. However, if we take a broader 
view, this same group is uniquely positioned to make significant contributions to the 
discussion of how to best address broader issues where the field of cancer medicine 
overlaps with other problems facing society. Whether it is reassuring the public that 
the same scientific methods that have brought these significant clinical advances 
also are used to confirm anthropogenic climate change or continuing to lead advo-
cacy efforts to limit tobacco use, these pressing societal problems need to be 
addressed by physicians on the frontline of patient care.

With aging populations, increasing documentation burden, and a well-publicized 
physician burnout crisis, why should healthcare professionals involve themselves in 
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larger public health issues? Who has the time to lend their expertise and their voices 
to significant social issues facing society? I would argue that there are three major 
reasons.

Firstly, being involved in efforts to improve the public good can definitely serve 
as a bulwark against burnout and cynicism and infuse significant meaning that can 
complement the work that providers do in the lab or in the clinic.

Secondly, cancer scientists often are well regarded by the public, and they need 
to leverage their scientific bully pulpit, so to speak, to help inform and guide the 
public on the weight of evidence-based science that can inform social and political 
action. Whether that is discussing climate change or environmental pollution or gun 
control, we can bring a measured discussion of data and how to interpret it that is 
becoming more important and yet more elusive to our civic discourse.

Lastly, we all have a responsibility to work toward human flourishing and make 
sure that the future generations of life on this planet—and not just human life—can 
partake in the joys of living in the world. Cancer physicians and researchers under-
stand all too well how biological systems can go awry and damage life; working to 
minimize tobacco or pollution or climate change is a way of limiting the damage to 
the biosphere and should help increase the odds of a healthy future for humanity.

This topic can be vast; we have selected only a number of pressing issues to 
address looking at the intersection public health and cancer as well as framing cer-
tain questions by looking at cancer patients as a vulnerable group. It is our hope that 
these essays will inspire oncologists and cancer researchers to occasionally look 
beyond the walls of the clinic and get involved—by bringing their knowledge and 
passion—in addressing societal issues so that we will have fewer cancer patients in 
future generations, not more.

Houston, TX, USA  Eric H. Bernicker 

Preface
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Chapter 1
Tobacco and Social Justice

Eric H. Bernicker

 Introduction

Does the world really need yet another chapter on the horrors of tobacco? It seems 
a little like writing a screed against slavery after the American civil war … although 
the effects of chattel slavery did not disappear after the guns fell silent at Appomattox 
and tobacco use did not cease after the American surgeon general’s report of 1963. 
Yet given the ongoing toll that tobacco continues to take on global health (predicted 
to lead to over a billion deaths in the next century [1]) and the potential threats 
raised by the business model of big tobacco morphing to aggressively promote 
e-cigarettes, healthcare providers will continue to need to battle the threat to public 
health posed by these products.

Tobacco-related illness and suffering continue to be a major medical and economic 
issue in the West. However, given current trends, it is a burden that is being mostly 
shouldered by economically disadvantaged groups as well as vulnerable populations, 
such as minorities, patients with mental illness, or prisoners [2]. Current healthcare 
trends in America that are exacerbating healthcare disparities do not offer much hope 
or encouragement that tobacco control will be better funded in the future. In addition, 
the increasing rates of smoking in China and much of the developing world are such 
that a tsunami of tobacco-related deaths—not just from cancer but also strokes and 
pulmonary and coronary disease—is just over the horizon.
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The mechanisms of tobacco that cause carcinogenesis are well known and scien-
tifically elucidated. Still, many smokers remain ignorant of the health risks from 
tobacco and often are confused about the role that nicotine plays in addiction: a 
confusion promoted and exploited by tobacco companies [3]. Furthermore, many 
physicians remain pessimistic about their ability to encourage individual patients to 
quit, let alone effect policy changes on a macro level. The question is whether look-
ing at the societal problems caused by smoking through a social justice lens pro-
vides healthcare providers and activists any different vantage points for developing 
approaches to tackle these issues.

This chapter will briefly outline the current state of tobacco-related illness and 
then look at how it effects various vulnerable groups. The rise of e-cigarettes and 
other mechanisms of delivering nicotine will be addressed against the backdrop of 
an industry with a long history of deceit and obfuscation looking for new ways to 
profit. Lastly, we will see how looking at the global tobacco pandemic while keep-
ing the ideas of social justice and human flourishing in mind can lead to different 
avenues to effect change.

While in common public discourse the term “social justice” seems vague enough 
to either not offend or vacuous enough to not hold actual content, in reality there are 
emerging and robust definitions that will serve us fruitfully here. These frameworks 
look not just as health functioning of individuals but at outside societal factors that 
impinge upon their capability to achieve flourishing [4]. From that standpoint, jus-
tice can be considered as a facilitator of human well-being [5]. “Justice,” so consid-
ered, must be kept in mind by physicians, politicians, and activists as they confront 
products and an industry in many ways that is the iconic anti-platonic ideal of the 
enemy of human flourishing and the public good.

Author Rob Nixon has written eloquently of what he terms slow violence, where, 
because it accumulates slowly over a long period of time without the drama and 
visceral impact of sudden violence, can easily be missed [6]. While Nixon was writ-
ing chiefly about climate change and the dreadful implications for the poor of the 
world, the analogy is equally applicable to the tobacco pandemic. Indeed, the many 
noted correlations between Big Tobacco and Big Oil—the toxic effects of their 
products on human health, the denialism and attacks on science, and the power of 
lobbyists to prevent coordinated action for the public good—will allow us to gain 
important perspectives on what it will take for human flourishing to be available to 
a much larger percentage of the human race.

 The State of Worldwide Tobacco Use and the Extent 
of the Problem

Tobacco has been causatively linked to multiple malignancies, such as cancer of the 
lung, head and neck, bladder, esophagus, liver, and colon. Beyond triggering the 
development of cancers, its use also has been associated with emphysema and 
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COPD, coronary artery disease, peripheral vascular disease, and cerebrovascular 
accidents. There is no safe level of tobacco use, unlike with alcohol, and the fact that 
it remains a legal product given the societal harm it causes raises many questions 
about autonomy versus communal costs.

While smoking rates have declined in many affluent Western nations, the drop 
seems to be levelling off [1]. Two major concerns persist regarding the different 
trajectories of tobacco use in the Western world and in developing countries: in 
the former, the major groups that continue to smoke are groups with the least 
access to the healthcare system, and in the latter, the use across the general popu-
lation continues to rise. Approximately six million people die every year from 
tobacco use, and the World Health Organization estimates that there will possi-
bly  be  a billion deaths in the upcoming century. Unlike other causes, such as 
outbreaks of infectious disease epidemics such as Ebola or influenza, these deaths 
are very much preventable should there be a concerted effort and will behind 
achieving a smoke-free world.

Tobacco deaths by the numbers are so mind-boggling and have been so often 
discussed that we have become numb to them.  In 2015, smoking caused more 
than one in ten deaths worldwide, killing more than 6 million people with a global 
loss of nearly 150 million disability-adjusted life years [1]. Yet despite irrefutable 
proof that cigarettes kill smokers (as well as exposed non-smokers) and cause 
significant burden on public health, suggestions that these products be banned are 
considered wishful flights of whimsy or as an inevitable gift to criminals and 
smugglers destined to profit from the inevitable illegal trade. The persistent and 
clawing stigma that these “weak” people brought their misfortune upon them-
selves remains powerful and often exploited by companies who continue to insist 
that they are now good responsible corporate citizens who are concerned with the 
health of children. Yet now with ongoing massive sales expansion in lower-income 
nations, especially those with weak public health infrastructure, as well as the 
explosion in interest in e-cigarettes or heat-not-burn products, the financial future 
of Big Tobacco looks quite sound. Indeed, the tremendous growth of e-cigarettes 
might not be just a life raft for Big Tobacco but might be more akin to the new 
version of the iPhone, fueling new clients and product growth wrapped up in 
shiny technological innovation. Tobacco companies are flush with cash and seem-
ingly well positioned to continue to market products that will turn short-term 
profits for them and their shareholders into death and disease with the tab being 
picked up by taxpayers. Many people were—and continue to be—upset that, 
while many banks collapsed in 2008 because of their bundling of subprime mort-
gage loans and needed the government to bail them out (Occupy Wall Street), 
similarly Big Tobacco makes the profits and sows the seeds of ongoing suffering 
and death, the costs of which will be borne by governments and many who never 
smoked and never profited. Yet because of the slow violence of tobacco (which is 
not just slow but now mostly over the horizon and out of view of those in high-
income nations), the needed outrage of the public is not mobilized. (Why is there 
not an Occupy North Carolina?)

1 Tobacco and Social Justice
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 The Legal Realm

In an ironic twist, companies that manufacture medical devices or drugs—with 
profit in mind but with actual clinical utility at heart—often seem much more liable 
to damages from legal action than the tobacco companies, who clearly have no 
medical intent in mind with the production of their products and who have managed 
to shield themselves fairly successfully from ruinous penalties. There are many rea-
sons for this, and to detail them would be beyond the scope of this article; however, 
years of scientific obfuscation, aggressive lobbying of legislators, and brilliant use 
of marketing have continued to place much of the blame for tobacco-related disease 
on the users rather than the manufacturers [7].

In 1998, 46 state attorneys general signed a settlement agreement with the 
tobacco industry called the Master Settlement Agreement (MSA). At first it seemed 
like a major fatal blow, taking money from the tobacco companies to offset the sig-
nificant medical costs for citizens suffering from tobacco-related illness in the 
United States. Yet in hindsight, public health experts have not viewed the outcome 
favorably: the companies found ways around the advertising limitations, and much 
of the money that went to the states never was used for smoking education [8]. In an 
even more perverse twist, states now had an incentive to protect the tobacco compa-
nies as they had sold bonds based on future income from the settlement. Money that 
was supposed to be set aside for tobacco education was used for other purposes and 
state legislators not held to account [9].

 Targeting Vulnerable Communities

As opposed to luxury items, marketed obviously to the rich, or food, needed by 
everyone, tobacco companies have pioneered marketing to the vulnerable. Future 
use of their products depends on either people beginning to smoke when they are 
children or people in disadvantaged communities who might have less access to 
knowledge about the truly harmful effects of tobacco. Clearly from a social justice 
standpoint, taking advantage of the disadvantaged should leave a fairly odious smell 
wafting around the industry that even menthol flavoring should be unable to hide. In 
the aftermath of the economic meltdown of 2008, fueled by investments in sub-
prime mortgages, there was a plethora of ethicists questioning the ethics of preda-
tory lending to economically disadvantaged groups. In much the same way, Big 
Tobacco’s marketing outreach to vulnerable minority communities—especially 
children—has received and should continue to receive scrutiny.

It has been well documented that American children in low-income community 
are significantly more likely to be exposed to cigarette advertising than children in 
upper-scale neighborhoods [10] and for retailers to sell tobacco to them [11]. The 
tobacco companies learned a long time ago how advertising profoundly opened 
their availability to the future smokers’ market—everyone remembers Joe Camel— 
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and while the MSA limited certain types of advertising, the omnipresent presence 
of convenience store tobacco signage as well as the ongoing visible ads at sporting 
events makes sure that the products remain visible to the next generation of smok-
ers. Again, this is not quite akin to marketing sugary cereals to teens or hawking 
happy meals—products that are nutritionally suspect and harmful in large amounts 
but ultimately not addictive: this is marketing an addictive and often lethal product 
to a group, children, that society feels needs to be until they are older and have intel-
lectually matured.

Smoking rates also remain exceptionally high among those with mental illness 
and prisoners (the Venn diagram of both groups would of course overlap signifi-
cantly) [12, 13]. Patients with schizophrenia and depression tend to have much 
higher rates of smoking and to be much less able to quit. Rates of smoking in incar-
cerated prisoners remain high as well [13]. The irony is of course that often the 
continued use of tobacco in these groups is often defended on the argument that 
their lives are “difficult,” and taking away an addictive and potentially lethal product 
would be cruel if it in some way decreased the quality of life of these groups. Yet 
common sense—as much of compassion and ethics—would suggest that prisoners 
and those with mental illness require greater—not less—protection from tobacco. 
Studies that have looked at the health benefits of making prisons tobacco-free have 
shown lowered mortality among prisoners with mental illness [14].

 Environmental Consequences of Growing Tobacco

The societal damage wrought by tobacco is not limited to its consumption and sub-
sequent damaging of human health, although that obviously has been the most stud-
ied and most visible. However, multiple broader issues are triggered by the growth 
and transport of tobacco, both in terms of the health of those who harvest the leaf 
and the ecological impact of tobacco farming.

Growing tobacco requires a large amount of wood for curing and building struc-
tures to store the leaf. In addition, much land needs to be cleared of trees to allow 
the planting of the seeds, thus tobacco farming is adding considerably to deforesta-
tion [15]. Most tobacco is now grown in developing countries, often in the high-
lands which are more favorable for the growth of the plant but where the ecosystem 
is more fragile.

Deforestation is a significant issue facing the world as anthropogenic climate 
change continues to grow in importance as a worldwide health issue. Besides add-
ing to the ongoing decrease in biodiversity, deforestation affects the amount of car-
bon that can be sequestered from the atmosphere [16]. Thus, part of the framing of 
tobacco as a social justice issue needs to look at the deleterious effects that the 
demand for this addictive product poses for the millions of people and animals who 
do not smoke.

Clearly tobacco farming is not the sole driver of deforestation, but it certainly 
remains one of the significant drivers. Tobacco companies have downplayed the 
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adverse effects of tobacco farming on the land and have made it difficult for farmers 
to diversify to crops that are more sustainable and use less land [17]. They have used 
green supply chains to mask the extent of their deforestation as well as hide the fact 
that they routinely employ child labor in low-income countries [18]. It is vital for 
politicians as well as advocates to continue to understand and point out that the 
toxic effects of cigarettes are not solely confined to people who smoke or their loved 
ones who are exposed to second hand smoke. The global disease burden and the 
costs associated with that—health expenditures for caring for those who fall ill as 
well as lost life-expectancy and work—also needs to include environmental damage 
and adding to the chances of irreversible climate change.

There are a number of other issues relatively unique to the farming of tobacco 
leaf that have significant health consequences. Most tobacco farms solely grow 
tobacco; it is well known that monoculture leads more rapidly to soil depletion and 
requires a much heavier use of pesticides. In addition, tobacco plants absorb nitro-
gen and other minerals from the soil at a much greater amount than plants harvested 
for food and thus require far more fertilizer. Tobacco farmers are thus exposed to 
two significant health risks in the course of farming: green tobacco disease and 
exposure to chemicals (fertilizers and pesticides).

The actual physical harvesting of the leaf itself brings significant health risks 
to workers. Green tobacco disease occurs when farmers absorb tobacco across 
their skin, especially if the leaf is wet. Symptoms include nausea, vomiting, 
tachycardia, and agitation. In many parts of the world where child labor is used in 
the tobacco fields, more vulnerable workers will be much more susceptible to the 
illness. As far as the pesticides, with the movement of the majority of worldwide 
tobacco farming to low- and middle-income countries (LMICs), many govern-
ments have much more lax laws regarding worker exposure. This exposure is 
actual, and the risks are not theoretical: it has been documented that tobacco farm-
ers have evidence of DNA damage, presumably from occupational exposures to 
organophosphates [19].

In addition, tobacco farming in much of the world is associated with food and 
financial insecurity owing to the use of land for solely tobacco growing and con-
tracts very unfavorable for workers, often strapping them with debt that leads them 
to hope to get out from the next season rather than switching to different crops [20].

Lastly, cigarette butts represent a major source of pollution; they are often the 
most common component of worldwide litter. They decompose very slowly. They 
add to water pollution and can make fish sick [21]. And yet very few smokers think 
twice about tossing a cigarette butt onto the beach or pavement through the window 
of their car. With the growing awareness of thirdhand smoke and the very real health 
issues of tobacco residue exposure, new scrutiny of the environmental effects of 
tobacco waste needs to be examined [22].

Often when the global societal costs of tobacco are estimated, direct health costs 
as well as years of life lost are examined. However, the balance sheet now must 
include deforestation, soil depletion, and diffusion of carcinogens and cigarette 
waste throughout the biosphere. Governments must hold companies responsible by 
making sure that companies are not passing all of these costs to society while pock-
eting solely the profits.

E. H. Bernicker
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 E-Cigarettes

The current explosion in the use of electronic cigarettes has led to an ongoing debate 
on whether these products could be a way to lead people away from tobacco or if they 
would be a “gateway drug” for children, capturing future clients for the industry.

Ironically, it became apparent from documents obtained from the major tobacco 
companies during the wave of litigation in the 1990s that industry  scientists were 
aware of the carcinogenic effects of tobacco and some had speculated about develop-
ing a delivery system for nicotine that removed tobacco [20]. Of course at that time, 
these alternative products were not pursued for development as there was a concern 
that would amount to a recognition that cigarettes were indeed harmful and company 
lawyers were always thinking ahead to possible litigation. Now, these electronic ciga-
rettes are rapidly expanding in the market. These products use solvents and heat to 
deliver vaporized nicotine. While in the short term, known carcinogens from tobacco 
are found in e-cigarette used at much lower levels compared to cigarettes, the long-
term effects of inhalation over many years are unknown, and there are concerns raised 
in animal models that they cause DNA damage [23, 24]. What is known is that these 
products are effective at administering nicotine which of course is an addictive drug.

Some authorities have argued that getting smokers to switch to vaping, as using 
e-cigs is known, would be a positive health outcome and could lead to many people 
being able to quit. They point to the relatively poor success that pharmacologic ther-
apy offers to smokers who want to stop using cigarettes and positively encourage 
smokers to adopt vaping. Critics point out that studies thus far have indicated that 
many smokers who vape also continue to use combustible cigarettes and that, more 
ominously, e-cigs are becoming very popular among teens—at an age where nicotine 
can have significant impact on their brain. In fact, some studies have shown that e-cig-
arettes are a gateway to later tobacco use [25]. Lastly, despite tobacco companies 
frequent claim that these products are certainly not for children, they continue to make 
flavors such as bubblegum and watermelon, no doubt to appeal to and capture the teen 
market and ensure a continued future client base. Vaping has become so popular in 
middle school that many teachers are reporting children fidgeting in class as they 
withdraw from nicotine and teachers’ drawers are filled with confiscated e-cigs [26].

There is another issue regarding e-cigs; from a business standpoint, they provide 
tobacco companies with another profitable revenue stream. An argument can be made 
that anything that strengthens their financial position of tobacco companies is some-
thing that needs to be vigorously attacked by public health advocates. Aggressive 
education needs to be provided to teens that the long-term safety of these products 
remains unknown and that e-cigarettes are as addictive as cigarettes.

 Tobacco and Ethics

Many writers, ethicists, and philosophers have worried about whether humankind’s 
mastery of science and technology carry, alongside the amazing improvement in 
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medicines and human comfort, the seeds of human destruction. This concern is not 
necessarily limited to nuclear weapons and their proliferation, as much as that sub-
ject should induce anxiety, but now includes human contribution to global warm-
ing. The  burning of fossil fuels, deforestation, pollution, all stem from  viewing 
nature as a commodity to be utilized and not protected; all are examples of a scien-
tific materialism run amok. Many years ago, the philosopher Hans Jonas spoke of 
the concern he had of the unfettered advancement of human technology divorced 
from a sense of human responsibility toward preserving life [27]. Jonas was not a 
crank Luddite. But he saw clearly that human flourishing would require squaring 
technological advancement with an ethics of responsibility toward preserving life 
and nature.

The massive rise of the use of cigarettes at the turn of the last century was also 
fueled by technological advances. While not as impressive in some regards as the 
development of nuclear weapons or factory production of guns, the results have killed 
many more people and currently threaten even more. The production of tobacco and 
cigarettes that allowed easy portability and the ability to smoke anywhere facilitated 
the penetration of all areas of life. Manipulation of the tobacco leaf increased the nico-
tine content and rendered the product much more addictive. The rise of modern adver-
tising in magazines, papers, and TV allowed the meme of glamorous smoking to 
penetrate the consciousness of an ever-expanding market. And with the rise of trust in 
science in the 1950s and 1960s, Big Tobacco used research funding and the Tobacco 
Institute to obfuscate and delay for as long as possible the recognition that cigarettes 
kill and harm. While Jonas was not thinking of cigarettes, in many ways Big Tobacco’s 
use of technology to spread their product is the paradigm of science leading to human 
suffering and pollution of the environment.

So an ethics of responsibility to human flourishing would mean that healthcare 
workers as well as governments continue to take an uncompromising and antagonis-
tic position against the tobacco companies. That would entail refusing to accept any 
funding that comes from tobacco companies. That would mean to continue to con-
duct rigorous research into the short- and long-term health consequences of 
e- cigarettes and to advocate for restrictions on sales and advertising to minors.

Lastly, healthcare workers need to become more passionately able to advocate 
for public health. Millennials have recently mobilized for stricter gun control laws 
in the wake of multiple school shootings; they also, at a number of colleges, have 
protested for divesting from fossil fuel companies that contribute to global warm-
ing. However, generations of activists have become numb to Rob Nixon’s slow vio-
lence of tobacco; the long latency period between exposure and onset of illness 
coupled with the continued prominence of tobacco in movies and music has pre-
vented the development of energetic  activists and protected these multinational 
tobacco companies from moral scrutiny. Efforts need to continue from the medical 
establishment to point out that tobacco is one of the world’s most lethal killers that 
is completely preventable and that curbing or ridding the world of tobacco would 
help protect not just human health but help mitigate global warming, decrease 
deforestation, and decrease exploitation of minorities.

Like so many medical issues that confront society, defeating tobacco and eras-
ing the devastating health consequences is not merely one of science. Yes, we need 
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better medications for people wanting to stop and which are more easily affordable 
for the poor (the cost of Chantix, a weakly effective pharmacologic approach to 
quitting cigarettes, is considerable and often is not well covered by insurance 
plans). But we also need legislative help with educating teens and limiting the reach 
of advertising. There are currently some signs that the FDA will attempt to decrease 
the amount of nicotine in cigarettes. But they also need to take a much more aggres-
sive stance toward e-cigarette legislation and make teenagers’ ability to get their 
hands on these products difficult. The military needs to continue to educate service 
men and women about the hazards of smoking and stop selling cheap cigarettes on 
or near military bases. Jails and psychiatric hospitals need to be strictly smoke-free 
and funds made available to help transition smokers off of tobacco.

The World Health Organization’s Framework Convention on Tobacco 
Control  needs ongoing support so that the shift to LMIC markets is met with 
improved public education in those countries. And plans must be made to help farm 
labor transition off of tobacco to more sustainable farming without crippling eco-
nomic dislocation.

Tobacco as a cultivated and marketed product is incompatible with human health 
and flourishing in ways that almost all other products are not. Its continued sale is 
not compatible with virtually all definitions of social justice. While it is of course 
nonsensical to expect the complete abrogation of tobacco, there are many steps that 
can be taken that would make a difference. Organized medicine must take an aggres-
sive stance against e-cigarettes for children and young adults and press for the 
devices to be regulated sand sold as medical devices to help smokers get off 
tobacco—the only defensible use of these products. Activists—for global warming, 
for sustainable agriculture, for preserving the environmental—need to band together 
and to see that the continued use of tobacco threatens all of their projects. Human 
rights groups that look out for vulnerable and marginalized populations need to take 
tobacco companies and advertisers to task.

Tobacco use is not just a medical issue—it truly is an issue that affects society at 
large and needs to be confronted as such. Keeping social justice concepts in mind as 
arguments are articulated and allies sought can hopefully help society wean off 
these damaging products and help envision and realize a healthier future for future 
generations.
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Chapter 2
Climate Change and Cancer

Nathaniel T. Matthews-Trigg, Jennifer Vanos, and Kristie L. Ebi

 Introduction

Cancer does not come to mind when one considers the health risks of a changing 
climate. How might the incidence of cancer be affected by changes in temperature, 
precipitation, sea level rise, and increases in the frequency and intensity of extreme 
weather and climate events (e.g., floods, storm surges, drought, heat waves)? These 
changes will likely directly increase or decrease concentrations to some carcinogens 
and will indirectly change human behaviors that could result in increased exposure. 
This chapter highlights three possible pathways where climate change could alter 
cancer risks: exposures to particulates and carcinogenic chemicals, exposures to 
ultraviolet (UV) radiation, and the quantity and quality of key staples, resulting in 
micronutrient deficiencies.

The Intergovernmental Panel on Climate Change (IPCC) concluded that 
warming of the climate system is unequivocal, with many of the observed 
changes since the 1950s unprecedented over decades to millennia [32]. The 
Earth’s atmosphere and ocean have warmed, the amounts of snow and ice have 
decreased, and sea levels have risen. In the Northern Hemisphere, 1983–2012 
was likely the warmest 30-year period in the last 1400 years. Nine of the ten 
warmest years on record occurred since 2007 (the tenth was 1998 during an El 
Niño Southern Oscillation event) [91]. It is highly likely that human influence 
was the dominant cause of observed warming since the mid-twentieth century. 
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The largest contribution to these and other changes in the climate system is the 
increase in atmospheric concentrations of carbon dioxide (CO2) since 1750 
from burning of fossil fuels and deforestation [32]. Continued emissions of 
greenhouse gases (GHG) will cause further warming and changes in all compo-
nents of the climate system.

 Climate Change, Pollution, and Lung Cancer

Lung cancer is the leading cause of cancer mortality worldwide, causing an esti-
mated 1.6 million deaths in 2012 [79]. The World Health Organization (WHO) 
estimates that 252,000 of lung cancer deaths in 2016 were attributable to air pol-
lution. The majority of deaths were in Southeast Asia [3, 38]. The connection 
between exposure to fine particulate matter and lung cancer has been extensively 
researched, with the WHO International Agency for Research on Cancer estimat-
ing that 15% of lung cancer deaths are attributable to particulate air pollution [9, 
43, 53, 57, 66, 70]. An analysis of the Global Burden of Disease found a 20% 
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increase in particulate air pollution deaths from 1990 to 2015 [15]. Climate change 
is projected to further worsen human exposure to particulate matter via complex, 
indirect pathways, such as increasing the risk of wildfires [1, 35, 60] and anticy-
clonic conditions that increase the regional concentration of anthropogenic air 
pollution and wildfire smoke [10, 28, 77].

Common sources of anthropogenic air pollution include vehicle exhaust, 
woodburning cooking stoves, emissions from power plants, manufacturing by-
products, and wildfires [59]. The most significant danger is high quantities of 
fine particulate matter (PM2.5: particles <2.5 microns in diameter) that can 
become embedded deep inside the lungs [34]. These small particles can contain 
carcinogens, such as polycyclic aromatic hydrocarbons (PAHs), acrolein, ben-
zene, and formaldehyde, that can cause acute and/or chronic inflammation, thus 
worsening existing cardiovascular and respiratory conditions and increasing the 
risk of lung cancer [2, 13, 37, 68]. Anthropogenic air pollution is expected to 
decrease overtime as energy production and consumption practices change. The 
magnitude that this transition could increase UV radiation exposure and radia-
tive forcing should be further studied. Until this transition happens, the anticy-
clonic conditions that exacerbate human exposure to harmful PM and ozone air 
pollution are projected to increase, as are the conditions that increase human 
exposure to wildfire smoke [22, 31] (Fig. 2.2).

Major contributing sources of greenhouse gas emissions—the drivers of climate 
change, such as the extraction and burning processes of fossil fuels—are greater 
sources of carcinogenic PAHs than forest fires and volcanic eruptions [82]. This 
source contribution reflects the need for local air quality regulations and global cli-
mate change mitigation efforts to reduce the health impacts of worsening wildfire 
smoke and industrial air pollution.
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95% confidence intervals) and fine particulate (PM2.5) concentration [41]
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Women in low- to middle-income countries who use solid fuels for cooking, 
firefighters, and low-paid workers involved in industrial manufacturing, such as 
aluminum, are often at greatest risk of exposure to carcinogenic air pollution 
[14, 30, 65].

 Wildfire Smoke

Wildfires produce large quantities of carbon dioxide; PM2.5; carcinogenic volatile 
organic compounds, such as benzene, formaldehyde, acrolein, and PAHs; and thou-
sands of additional compounds [58, 71]. The connections between human exposure 
to volatile organic compounds and cancer risk are well-established [13, 62, 65].

Wildfire characteristics are dictated by human, meteorological, and environ-
mental factors. Weather and human activities account for the majority of wild-
fire ignitions. The Intergovernmental Panel on Climate Change (IPCC), the 
leading global body that assesses the risks of climate change, concluded that 
there will likely be an increase in wildfire ignition as a result of increased light-
ning ([56, 60, 75, 86, 87]). Environmental factors, such as drought, available 
fuel (vegetation), temperature, and wind, are the largest determinants of area 
burned after ignition [8].

Climate change is also projected to significantly alter environmental factors that 
can exacerbate wildfires, such as shifting precipitation patterns, increasing tempera-
tures, strengthening winds, and straining ecosystems ([23, 35, 47, 76, 88–90]. 
Although these effects are not geographically uniform, in aggregate wildfires are 
projected to increase in intensity, frequency, and duration, which increases the like-
lihood of catastrophic fire events, especially in regions with endemic wildfire and 
drought risk [64, 89, 90] (Fig. 2.3).
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Fig. 2.3 Number of wildfire events and mortality 1963–1990 and 1991–2018. Discrepancies between 
1960–1990 and 1991–2018 could be influenced by a variety of factors in addition to climate change, 
such as an increase in event reporting, greater human development in wildland-urban interface areas, 
changes in forest management practices, and others. (Reprinted with permission from Ref. [85])
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Wildfires mostly impact air quality locally; however, under the right meteoro-
logical conditions, high concentrations of fine particulate matter and ozone precur-
sor pollutants can travel large distances, increasing ground-level air pollution at 
regional and continental scales [49]. Recent research from Harvard projects that an 
additional 25 million people in the Western United States could be exposed to wild-
fire smoke that lasts for more than 2 consecutive days by mid-century [40]. These 
“smoke waves” could pose a significant risk to short-term and long-term human 
health, but further research is needed to understand the current and future magni-
tude of these impacts [39].

Climate Change and North American Western Conifer Forests
Higher temperatures and changes to precipitation patterns in the United States 
have contributed to the growth of endemic bark beetle populations that have 
killed tens of millions of trees. Various species of North American bark bee-
tles feed on weakened or dead conifer trees, with drought-stressed or fire- 
weakened trees being particularly susceptible to infestation [52]. The beetles 
reproduce in the spring when the temperatures are warming and die off in the 
fall and winter when the temperatures drop. However, warmer winter tem-
peratures from climate change cause the beetles to reproduce earlier in the 
year, allowing for larger populations that can cover greater distances and 
experience less significant die-offs in fall and winter months [48]. Although 
uncertainty remains about whether bark beetle-infested forests are more prone 
to wildfires, [76] the combined influence of climate change on wildfires and 
bark beetle populations has already had, and will continue to have, a dramatic 
impact on Western US forests and the people whose lives are connected to 
these forests [24] (Fig. 2.4).

Fig. 2.4 Beetle-killed 
trees in Colorado’s Never 
Summer Mountains near 
Gould. (Source: [26])
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 Inversions and Anthropogenic Air Pollution

Climate change is projected to increase the prevalence of anticyclonic meteorologi-
cal conditions called inversions, which trap local air pollution in high-pressure 
domes of stagnant air [20]. These systems can move slowly or linger in place for 
days to weeks. Inversions dramatically increase the concentration of particulate 
matter and, paired with particularly toxic pollution, can cause a significant increase 
in morbidity and mortality if occurring over densely populated areas [5]. The mag-
nitude of alteration to these anticyclonic high-pressure systems due to climate 
change remains uncertain due to the complexities of attribution and regional meteo-
rological and geological characteristics and warrants further study [81, 90].

The danger posed by anticyclonic events, which can occur throughout the year, 
are largely dictated by regional anthropogenic air pollution sources and/or accom-
panying high temperatures and clear skies (providing solar radiation for photo-
chemical processes). If the air quality is poor, these events can pose significant 
dangers to people living with acute or chronic respiratory diseases, such as asthma 
[73]. The long-term attributable consequences of exposure to high levels of air pol-
lution during a single event are difficult to ascertain; however, recent studies of the 
1952 winter inversion smog event in London, UK, have demonstrated long-term 
health consequences [6].

 Climate Change, Ultraviolet Radiation Exposure, and Skin 
Cancer

The projected increases in damaging UV radiation due to stratospheric ozone- 
depleting substances have been largely prevented due to the Montreal Protocol. 
However, complexities arise at the intersection of UV radiation, climate change, and 
stratospheric ozone that can result in benefits and risks to humans. The net effect of 
changes in ozone concentrations and temperature in the upper and lowest strato-
sphere is complex, and additional factors such as changes in GHG emissions and 
cloud cover will play a vital role in model projections of future UV levels reaching 
Earths’ surface [78]. Models project that by 2100, clear sky UV radiation and thus 
erythemal UV (UVery) will have increased slightly in the tropics, decreased slightly 
in the midlatitudes, and decreased considerably at the poles [4, 46]. However, the 
magnitude of projected changes in UVery differs by region and will be largely influ-
enced by changes in cloud cover and aerosols in the second half of the century 
(whereas the first half is controlled by ozone layer recovery) [4, 46].

The reduction of anthropogenic aerosols to improve air quality is potentially the 
most significant factor (yet most uncertain) in increasing UV radiation reaching 
Earth’s surface [4, 78], particularly in heavy populated areas that currently have 
high amounts of particulate pollution. For example, expected reductions of aerosols 
over the most populated areas of the Northern Hemisphere may result in 10–20% 
increases in UVery (even larger increases are projected over China) [4].
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The major health benefit of exposure to UVery is the production of vitamin D for 
providing crucial support for bone metabolism, with new evidence of protection 
against other internal cancers (e.g., colorectal cancer, breast cancer), yet these pro-
tective effects remain largely inconclusive [51]. However, it is difficult to provide 
messaging regarding “safe” and “unsafe” exposures to sunlight due to interpersonal 
variability and location, thus pointing toward more personalized monitoring 
approaches to determine personal dose and response.

Although projections of UV radiation reaching Earth’s surface are sparse and com-
plex, human time-activity patterns and behavior related to sun protection are perhaps 
the most difficult parameters to predict, yet variations in these parameters are also the 
most critical to understand for the prevention of skin cancers [25, 33, 36]. Demographic 
and behavioral risk factors for sunburns include being a younger adult (e.g., 
18–29 years of age) and engaging in more versus less physical activity [29]. Changes 
in weather patterns due to climate change could alter time-activity patterns and thus 
the prevalence of sun exposures and skin cancers. People living in areas expected to 
experience warmer, drier conditions have an increased tendency to spend more time 
outdoors [7], yet when temperatures reach uncomfortable levels, time outside may 
start to decline. Hence, increasing temperatures and heat waves may cause sun avoid-
ance and act as a protective factor in southern regions for some individuals.

Alternatively, in cooler regions experiencing earlier and warmer springs, fair 
weather invites people to spend more time outdoors, thereby increasing exposure to 
UV if sunscreen use and other preventive actions (e.g., time spent in full sun vs. in 
shade) are not taken. However, the increased sun exposure may also reduce vitamin 
D deficiency in high latitudes. This behavior would be expected to markedly increase 
personal UV exposure in northern latitudes [78], with potentially greater impacts in 
low-income populations with less ability to implement sun protection [16]. 
Increasing temperatures and heat waves could increase sun avoidance based on risk 
factor guidance and thermal comfort [27]. Finally, a direct effect of climate change 
on skin temperature risk has been shown through increased skin carcinogenesis 
with temperature and humidity [21]. Values correspond to an increase of the effec-
tive UV dose by 2% for every °C rise in ambient temperature, yet the exact nature 
of the correlation with temperature requires further studies [72].

An improved awareness by health providers and public health agencies con-
cerning how climate change could alter the risks of skin cancers by region is 
needed to ensure that preventive measures are timely and effective. Current cli-
mate-skin cancer models assume that the personal dose of UV radiation is a con-
stant fraction of ambient UV radiation in all years and across all regions [19, 78], 
which is well- known to differ across individuals and regions. Increased ground 
level and personal monitoring via devices and apps (e.g., [36, 45, 63, 74]) are also 
needed to understand time-activity patterns as they relate to region and weather. 
The ability to accurately quantify personal UV exposures can inform effective 
behavior interventions, particularly for those at most risk (fair-skinned, children) 
to prevent an increase in skin cancers. Although uncertainty exists in future behav-
ior and exposure, it is likely that behavior associated with climate change mitiga-
tion, rather than ozone depletion, may be a larger determinant in UV exposures 
and consequently skin cancer [18].

2 Climate Change and Cancer
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 Cancer and Changes in the Quality  
and Quantity of Important Stable Crops

Climate change is affecting food security [54]. Increasing temperatures, changes 
in the hydrologic cycle, and increases in the frequency and intensity of extreme 
weather and climate events (e.g., floods, droughts, and heat waves) are altering the 
yields of cereal crops that remain the world’s most important sources of food, 
including wheat, rice, and maize, with further changes projected as the climate 
continues to change (Fig.  2.5) [11]. In tropical and temperate regions, without 
additional efforts to reduce impacts, climate change will negatively affect produc-
tion for local temperature increases of 2 °C, although individual locations may 
benefit [54].

In addition, climate change will affect the nutritional quality of wheat, rice, and 
other staples [42]. The elemental chemical composition of a plant (e.g., ionome) 
reflects a balance between carbon, obtained through atmospheric CO2, and the 
remaining nutrients, obtained from the soil. Higher concentrations of CO2 stimulate 
plant photosynthesis and growth. However, over a hundred individual studies and 
several meta-analyses concluded that projected increases in atmospheric CO2 can 
result in an ionomic imbalance for most plant species, with carbon increasing dis-
proportionally to soil-based nutrients [42, 50, 67]. Major cereal crops, particularly 
rice and wheat, and tubers, such as potatoes, respond to higher CO2 by increasing 
synthesis of carbohydrates (e.g., starches and sugars) to the detriment of protein and 
by reducing the quantity of minerals, such as iron and zinc [42] (Fig. 2.6).

The nitrogen decline with higher CO2 concentrations also results in a decline in 
B vitamins [84]. A recent experiment conducted in China and Japan of 18 of the 
most common strains of rice grown under atmospheric CO2 concentrations expected 
by the end of the twenty-first century resulted in a 10.3% reduction in protein and 
significant reductions in iron (8% less) and zinc (5.1% less) when compared with 
rice grown under current CO2 concentrations. In addition, vitamin B1 (thiamine) 
levels decreased by 17.1%, vitamin B2 (riboflavin) by 16.6%, vitamin B5 (panto-
thenic acid) by 12.7%, and vitamin B9 (folate) by 30.3%. The resulting nutritional 
deficits are likely to hit hardest in countries where rice makes up a major portion of 
daily diets. The only vitamin to increase was vitamin E (tocopherol).

Therefore, climate change will result in tropical and some temperate regions 
producing lower yields staple crops, with those crops of lower nutritional quality. 
Together, these could affect susceptibility to and the incidence of various cancers. 
The B vitamins are involved in multiple cellular mechanisms that could influence 
the risks of some cancers. For example, riboflavin deficiency may increase the risk 
of some cancers such as breast cancer [61, 80]. Higher folate intake is associated 
with lower incidence of colorectal, esophageal, and pancreatic cancers [44, 69, 83]. 
Further, maternal consumption of specific food groups comprising “healthy” items 
of the Mediterranean diet, preconception use of folic acid, and intake of vitamins 
during pregnancy were associated with decreased risk of acute lymphocytic leuke-
mia in their children [17].
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More than 300 enzymes and more than 1000 transcription factors require zinc for 
their activities [55]. Lower serum concentrations of zinc also are implicated in the 
incidence of several cancers, including breast, gallbladder, lung, colon, health neck, 
and bronchus [12].

 Conclusions

As illustrated in the three examples, changing weather patterns and behaviors associated 
with a changing climate will likely increase exposure to a range of carcinogens and/or 
decrease protective factors. The literature in this area is nascent, with significant 

Edible tissues eCO2 = 674 ppm

N (m = 40, power = 0.84)

P (m = 49, power = 0.94)

K (m = 47, power = 0.94)

Mn (m = 43, power = 0.54)

Potato tuber (m = 81, power = 0.72)

Ca (m = 55, power = 0.80)

S (m = 33, power = 0.87)

Mg (m = 48, power = 0.99)

Fe (m = 65, power = 0.51)

Zn (m = 65, power = 0.92)

Cu (m = 52, power = 0.43)

Barley grain (m = 68, power = 0.71)

Rice grain (m = 87, power = 0.62)

Wheat grain (m = 212, power = 0.999)

All edible tissues (m = 534, power = 1.00)

-16 -12

Change in mean concentration (%)

-8 -4 0

Fig. 2.6 Change (%) in the mean concentration of chemical elements in edible tissues of crops 
grown at CO2 concentrations expected later in the century, relative to ambient concentrations. 
(Source: [42])
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knowledge gaps that, when filled, will provide a more comprehensive picture of how the 
incidence of cancer could change with climate change and of effective adaptation and 
mitigation options to reduce the additional risks to the extent possible.
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Chapter 3
Pollution, Cancer Risk, and Vulnerable 
Populations

Megan E. Romano, Olivia J. Diorio, and Mary D. Chamberlin

 Introduction

Cancer is no longer a problem just for wealthier countries. Statistics from 
GLOBOCAN 2012 suggest that more than half of cancer patients reside in develop-
ing countries and a far greater proportion of these patients die compared to those in 
developed countries due to limited health-care infrastructure for early detection and 
treatment of cancer [1–3]. The burden of cancer in low-income countries is most 
likely far worse than these numbers indicate as data collection is limited and tumor 
registries are largely absent. Many patients go undiagnosed and uncounted resulting 
in an unclear representation of the issue at hand.

There are also emerging differences in biologic behavior in certain cancer diag-
noses. Cancers appear at younger ages than in developed countries and have more 
aggressive behavior. This often leads to earlier metastases and death, the reasons for 
which are not yet clear. Environmental pressures such as chronic infections and pol-
lution are possible etiologies for these differences. In this chapter we will highlight 
the impact of pollution on the economically vulnerable as a potentially preventable 
cause of cancer and present two focus studies on populations in Ecuador and 
Rwanda.
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 Vulnerable Populations and Cancer Prevention

In the context of public health, a group of people within a larger community who 
experience a disproportionately high risk of adverse health outcomes, including pre-
mature mortality, comprise a vulnerable population [4]. Poverty, neighborhood 
quality, nutritional status, race/ethnicity, and access to healthcare influence a wide 
range of health outcomes. Vulnerability is a consequence of limited access to or 
availability of resources relative to health status [4]. In the United States, individu-
als with low socioeconomic status, from minority racial and ethnic groups, or with-
out insurance experience greater rates of cancer incidence and mortality and less 
frequently participate in recommended cancer screenings [5]. Cancer diagnosis and 
treatment present special challenges in these populations due to barriers to screen-
ing and reduced access to healthcare. Further, socioeconomic disadvantages may 
correspond to adverse conditions of daily life, such as food insecurity, increased 
hardship, or psychosocial stress, which significantly impact health and well-being 
[6]. Racial and ethnic minorities and economically disadvantaged individuals fre-
quently present with a later stage of cancer diagnosis and tend to have poorer sur-
vival [7]. Within the global community, people living in low-resource countries can 
be broadly considered as vulnerable populations due to limited access to healthcare 
and higher mortality rates from conditions highly treatable in other settings.

Prioritization of and political commitment to cancer prevention and control 
may be lacking in low-resource settings, particularly in locations where indige-
nous infectious diseases pose a large risk to public health and safety. Low- and 
middle- income countries are estimated to contribute 80% of new cases of cervical 
cancer annually due in part to low vaccination rates for human papillomavirus and 
to challenges to screening in low-resource settings [8]. Incidence and mortality of 
cancers caused by infectious agents (e.g., cancer of the cervix or liver) remain 
high in less- developed countries while the incidence of cancers more commonly 
caused by environment risk factors rise [9]. Successful screening strategies require 
resources and infrastructure that are not easily implemented in low-resource set-
tings. These barriers to diagnosis and care lead to an increased global burden of 
cancer among economically vulnerable populations, though innovative cancer 
screening strategies, like the one pairing community-based education with multi-
modal breast and cervical screening in rural Honduras [10], show promise and 
may prove useful for improving cancer screening practices in other low- and mid-
dle-income countries.

 Environmental Justice in a Changing Chemical Landscape

Increasing levels of industrialization change the chemical backdrop of a country. 
When environmental protections and regulations do not keep pace, vulnerable pop-
ulations are often at the greatest risk of adverse health consequences. Thus, vulner-
able populations pose a special concern in the context of cancer and environmental 
justice. In tandem with an increased risk of cancer and cancer mortality among 
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economically vulnerable populations, many environmental toxicants also dispro-
portionately affect these groups (e.g., air pollution, lead, pesticides) [11–15]. 
Pesticides encompass a wide array of chemicals used to kill insects, vermin, weeds, 
or fungus [16]. Exposure to organochlorine pesticides [e.g., dichlorodiphenyltri-
chloroethane (DDT), hexachlorobenzene, hexachlorocyclohexane] tends to be 
greater among developing versus developed countries [17]. High- and middle- 
income countries produce pesticides for continued sale and marketing to low- 
income countries, though some of these chemicals have been banned for use within 
the producing country [18]. Protection of economically vulnerable populations 
across the world from pesticides will require cooperative efforts across governments 
and international borders to implement truly global bans of the most hazardous 
pesticides, improve protection of workers, and promote safer pest control [19].

 Pesticide Safety in Low-Resource Settings

A lack of knowledge about the dangers of pesticides contributes to adverse health 
consequences of pesticide exposure, as does an inability to access proper supplies 
and disposal streams. A substantial knowledge base exists related to safe use of 
pesticides, including the use of proper personal protective equipment (PPE), tech-
niques for safely mixing pesticides, procedures for storage and disposal, clean-up 
and hygiene practices to reduce exposure to workers and their families, and restricted 
entry intervals designed to prevent pesticide exposure to workers returning to the 
fields following application [20]. Many industrialized countries require training, 
licensing, and access to proper equipment for pesticide workers, but developing 
countries often lack these worker protections [19]. Communities surrounding agri-
cultural operations are exposed to pesticides through spray drift, polluted water, and 
soil contamination related to inappropriate disposal of pesticides [19]. Researchers 
in Ghana have reported unsafe handling practices, such as using hands to mix pes-
ticides, determining if the pesticide mix is correct by tasting it, or using inappropri-
ate spraying tools [21–23]. In Ethiopia, pesticide safety education is uncommon 
among workers [24, 25], and many farmers report having never used PPE [26, 27]. 
Storage of pesticides within the domicile or reuse of containers for food or water 
storage, homes in close proximity to spraying activities, and lack of access to wash-
ing facilities also increase pesticide exposure for families of agricultural workers 
[19]. A survey of coffee and cotton farms in Tanzania revealed pesticide containers 
with missing labels or no mixing instructions and hazardous storage of pesticides in 
close proximity to food or fires [28]. Old or improper equipment, complex labels 
coupled with poor literacy, shortage of safe disposal options, inappropriate combi-
nation of products or use of products on the wrong crop type (e.g., cotton pesticides 
on produce), and lack of sufficient national regulations are common themes leading 
to increased pesticide exposure across low-resource countries [19]. These observa-
tions collectively underscore the critical need for pesticide safety education and 
regulation to protect economically vulnerable communities from both cancer and 
non-cancer health consequences of agricultural pesticides.
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 Pesticide Exposure and Cancer Risk Among Farmers, 
Families, and Children

Particularly among agricultural workers, the epidemiologic literature broadly sup-
ports associations between pesticide exposure and several types of cancer, including 
non-Hodgkin lymphoma, multiple myeloma, leukemia, brain, prostate, pancreas, 
breast, colon/rectum, kidney, and lung [29, 30]. Though workers tend to be at the 
greatest risk given their higher cumulative exposures to pesticides, research also 
suggests that living in an area of high pesticide use increases risk of several cancer 
types even for individuals not directly involved in agricultural activities [31]. Certain 
groups, including the developing fetus, infants, children, and older adults, are espe-
cially vulnerable to the effects of toxicants in the environment [32]. It is estimated 
that women in developing countries produce 60–80% of food and comprise more 
than 40% of the global agricultural workforce [19, 33]; thus pesticide exposure dur-
ing the reproductive years is likely. A study based in Spain observed suggestive 
trends of increasing concentrations of placental organochlorine pesticides, such as 
DDT, with lower occupational social class [14], illustrating that even during preg-
nancy, economically vulnerable women may have increased risk of pesticide expo-
sure. Hematopoietic and central nervous system cancers in childhood have been 
linked to early-life pesticide exposure [34]. A study based in Brazil suggested that 
the children of women exposed to pesticides during pregnancy were twice as likely 
to develop acute lymphoid leukemia and five times as likely to develop acute 
myeloid leukemia before reaching 1 year of age compared to children of unexposed 
mothers. Even stronger associations were observed among children of mothers 
exposed specifically to organophosphate pesticides or with mothers engaged in 
agricultural work during pregnancy [35]. A meta-analysis of 16 case-control studies 
further suggests that exposure to indoor insecticides corresponds to a 47% increased 
risk of leukemia and a 43% increased risk of lymphoma during childhood [36]. 
Preliminary research has indicated that in addition to prenatal pesticide exposure, 
preconception exposure to pesticides by either parent may lead to increases in child-
hood brain tumors [37], underscoring the need to protect agricultural workers and 
economically vulnerable populations from pesticide exposure.

 Focus on Ecuador: Working Through Sociopolitical Barriers 
to Treat Cancer Amidst a Battle Over Oil and Biodiversity 
in Ecuador’s Amazon

Since the discovery of oil in Yasuni National Park, Ecuador, in 1964, there has been 
relatively little attention paid to the effects of oil pollution on the plants, ecosystem, 
and indigenous communities of the Amazon. The oil contamination brought on by 
deliberately cheap and out-of-date technology used for extraction has been taking 
place for four decades, and it has wreaked havoc on the ecosystem. There has been a 
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loss of biodiversity in the flora and fauna, as well as a poisoning of the communities 
that reside in the area. The lack of responsibility taken by both the government and 
the oil company Chevron (formerly Texaco) has led to many lawsuits, protests, and 
other forms of organized opposition [38]. Affected communities may benefit from an 
accessible and sustainable solution to health problems, such as cancer, that have 
resulted from this unopposed pollution. In this section, we will examine the effects of 
corrupt oil-government policies on indigenous communities, present the need for 
collaborative action regarding medical treatment, and explore areas of future research.

As background for the state of contamination in the Ecuadorean Amazon basin, 
there are a few independent studies that have supplied helpful data. According to an 
article written by Claudia Garcia [38], the “residents of the Ecuadorean Amazon 
sued Texaco -acquired by Chevron in 2001- accusing the company of dumping 
around 80,000 tons of oil and toxic residues on their land between 1964 and 1990 
during operations in the Lago Agrio region of northeastern Ecuador. The dumping 
led to significantly increased rates of cancer, miscarriages and other health problems 
among the population close to the area” [38]. According to lawyer and activist Pablo 
Fajardo, even petro-carbon chemical tests completed and unlawfully manipulated by 
Chevron could not hide the excessively high levels of contamination in the soil and 
water. Despite these findings, there was little to no action to eradicate this contamina-
tion from the area. The potential for economic gain overshadowed the health of cur-
rent and future populations in the area. This preference of money over human health 
is completely unsustainable and continues to be supported by industries such as oil.

The process of oil extraction involves many toxic by-products that result in nega-
tive effects on human health and the environment. The by-products and residues are 
put forth into the surrounding air, soil, and water and affect every living thing that 
makes contact with them. Crude itself also contains many toxic chemicals as crude 
oil is a complex mixture of many compounds, mostly hydrocarbons. The petroleum 
hydrocarbons of most toxicological interest are volatile organic compounds (ben-
zene, xylene, and toluene). Benzene is a well-known cause of leukemia and perhaps 
other hematological neoplasms and disorders [39]. When crude stays in the ground 
as a true fossil fuel, these harsh compounds are subdued under the earth’s crust. 
When extracted however, they are highly damaging to the environment and living 
things exposed to it. Yet, we keep drilling for this “liquid gold.” This exemplifies the 
blatant disregard of many operations for medical research that proves negative 
effects, all for the pursuit of profit.

In a study titled Exposures and cancer incidence near oil fields in the Amazon 
basin of Ecuador by Sebastián et al. [39], the town of San Carlos in northeastern 
Ecuador is used as a case study for the effects of exposure to these chemicals. In San 
Carlos, there is almost constant exposure to crude or oil by-products. The oil com-
panies have dumped leftover oil onto the roads, claiming it helps with rising dust (in 
an area with an average yearly rainfall of 40 in.). Oily roads combined with the 30 
oil wells that surround the town and water supplies lead to inevitable daily exposure 
to crude chemicals. In addition to this, the oil wells surrounding the town have not 
practiced safe disposal of excess chemicals and instead dumped them into tributary 
rivers leading to the Napo River. The Huamayalu, Basura, Iniap, and Parker rivers 
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also all run through the village of San Carlos. The town uses the water from the riv-
ers for cooking, washing, bathing, etc. According to the map used in the case study, 
there are 25 oil wells, 11 within the town boarders, and an oil pumping station 
directly outside the town’s perimeter. The residents of the town not only suffer con-
stant exposure to toxic chemicals; they also spread that exposure to downstream 
communities through each of the rivers that run through it [38].

The people of San Carlos have endured this exposure for more than 20 years and 
have suffered many consequences from it [38]. Samples from the water used by the 
town showed grossly elevated levels of total petroleum hydrocarbons (TPHs) to 
range from 0.097 to 2.883 parts per million (ppm). For reference, the permitted limit 
for TPHs in drinking water according to European laws is 0.01  ppm. An article 
published through Amazon Watch titled Chevron’s Chernobyl in the Amazon states 
that “unlike BP’s Gulf spill (which received immediate legal action and clean-up 
efforts) that was a result of a single cataclysmic event, Texaco’s oil extraction sys-
tem in Ecuador was designed, built and operated on the cheap using substandard 
equipment from the outset [38]. This led to systematic pollution from multiple 
sources on a daily basis for almost three decades” [39], and yet, Chevron has still 
succeeded in avoiding responsibility for the damage.

Statistics collected by the San Carlos study showed increased incidences of can-
cers including stomach, liver, melanoma, leukemia, and more [38]. However, it 
seems that no one would commit to attributing these elevated rates of cancer to oil 
contamination. Despite the excess of cancer found in San Carlos and the high expo-
sure to oil pollutants, the attribution of causality to this association has not been 
forthcoming [39]. Due to the profitability of the oil reserves, these cancer rates 
among many other ill-health effects seem to have been dismissed. This points to a 
serious need for action for the health of the people and the environment.

In looking at the Summary of Independent Health Evaluations of Area of 
Ecuador’s Rainforest Where Chevron Operated from 1964 to 1990 [39], there were 
three different studies that offered data for significantly increased cancer rates and 
risks in areas affected by oil pollution. As previously referenced, the piece titled 
Chevron’s Chernobyl in the Amazon states that “the court-appointed independent 
expert in the ongoing trial estimated that Chevron is responsible for at least 1400 
excess cancer deaths” [40]. However, these results were denied by Chevron, and the 
method of diagnosis and data collection was said to have little validity. Chevron also 
attempted to hide its alarmingly high petrochemical levels of by stating that they 
were below the US limit. As it turns out, they were just below the US limit for indus-
trial waste water, not drinking water.

According to a study done by Harlee Strauss [41], “no cancer registry was avail-
able for the Amazon region and the closest place for diagnosis and treatment was 
Quito, a 12 h bus ride away” [41]. This made it difficult to place blame on a particu-
lar party. Due to the refusal of Chevron to take responsibility and the inaccessible 
treatment options, it seems that the next step is to offer accessible treatment to the 
people affected by the contamination. Screening programs to detect health-related 
problems earlier with appropriate referrals, similar to opportunistic screening clin-
ics organized in other low-resource settings, have the potential to greatly improve 
health in the area [10] .
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 Focus on Africa: The Challenge of Defining the Problem 
in Rwanda: Is Indoor Air Pollution a Health Hazard?

Rwanda is a landlocked republic in Equatorial Africa. The capital Kigali is a 
typical African city with rapidly increasing development, urbanization, and 
motorization yet still high rates of open fireplaces and cooking indoors with 
wood, leaves, dung, and kerosene even in the capital city. Burning wood and 
other substances for domestic energy is a large source of indoor and outdoor pol-
lution in Rwanda [42]. Suspended particulate matter has been measured and 
ranges daily from 175 ug/m3 to as high as 2400 ug/m3 [43]. For reference, the 
World Health Organization (WHO) recommended the value for short-term par-
ticulate matter exposure is 50 ug/m3 or less [44]. The meteorological conditions 
in Kigali further contribute to this health risk by creating increased stability of 
the urban atmosphere due to the presence of urban heat islands. This results in a 
lower transportation and dispersion of the polluted air, hence causing accumula-
tion of the airborne pollutants within the small valleys and the residential areas, 
respectively [43].

To understand how this increase in urbanization and air pollution may be affect-
ing health in general and cancer incidence in particular, we generally turn to cancer 
registries; however there is no national tumor registry in Rwanda. A literature review 
of the burden of COPD in Africa revealed that of 22 articles relating to COPD in 
Africa, only 6 had spirometric data [45]. Only a small number of respondents 
answered the investigator’s surveys despite evidence that they had been received 
further complicating the difficulty of data collection in a vast continent with com-
munication challenges and limited resources. Indeed, the Global Burden of Cancer 
[46] used cancer registries, verbal autopsy studies, and other sources to report their 
findings. Tracheal, bronchus, and lung cancer was the leading cause of death in men 
and women. At the global level, incidence for women has risen slowly, whereas 
rates have fallen for men since the mid-1990s suggesting a domestic source of 
 pollution rather than tobacco as the culprit. Lung cancer was the most common 
cause of death in absolute cases globally as well as in developing and developed 
regions, yet in Rwanda lung cancer incidence is reportedly <1% [46]. This low rate 
is highly suspect given that bronchoscopy and pathology services are very limited, 
there is 1 CT scanner for a country of 12 million, cardiothoracic surgery is unavail-
able in Rwanda, and chemotherapy is only offered to curable cancers [47]. Lung 
cancer is not curable without surgery; therefore most cases go undiagnosed, and 
true incidence is essentially unknown.

 Indoor Smoke/Secondhand Smoke Exposure

If cancer rates from indoor air pollution cannot be determined, the next step would 
be to try to define the incidence of pulmonary diseases. Disease attributable to the 
environment can be expressed in deaths and in disability-adjusted life years 
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(DALYs). The latter measure combines the burden due to death and disability in a 
single index. Using such an index permits the comparison of the burden due to vari-
ous environmental risk factors with other risk factors or diseases. The realization of 
how much disease and ill health can be attributed to modifiable environmental risks 
can contribute to identifying opportunities for prevention and should add impetus to 
global efforts to encourage sound preventive measures through available policies, 
strategies, interventions, technologies, and knowledge.

The national burden of disease due to indoor air pollution from solid fuel use 
was first assessed by the WHO in 2002 [48]. In addition to total deaths and 
disability- adjusted life years (DALYs) due to indoor air pollution, country-by-
country estimates are also available for deaths due to acute lower respiratory 
infections (ALRI) among children as well as chronic obstructive pulmonary dis-
ease (COPD) and lung cancer among adults. Rwanda is among the 20 worst-
affected countries [49]. More than 95% of households are exposed to indoor air 
pollution with 46 DALYs/1000 cap/yr. Total environmental burden of disease per 
year is 183 DALYs/1000 cap (world range lowest 13, highest 183) with 31% of 
deaths attributed to environmental risk factors and therefore preventable through 
healthier environments. Lung cancer rates in 2004 were reportedly low, but tumor 
registries still are very limited, and in 2004 there were little to no diagnostic 
capabilities.

Tracheal, bronchus, and lung cancers for men in regions with low smoking prev-
alence like sub-Saharan Africa are 5–10 times lower than in countries with histori-
cally high smoking prevalence like high-income North America, Europe, and East 
Asia [46]. Despite low smoking rates in Rwanda, lung disease is still highly preva-
lent, and lung cancer, as outlined above, is likely underdiagnosed. Genetic suscepti-
bility may play a role, but preventable risk factors like household air pollution have 
also been identified as significant risk factors for lung cancer. According to the latest 
WHO data published in 2017, lung disease deaths in Rwanda reached 1157 or 
1.87% of total deaths. The age-adjusted death rate is 25.79 per 100,000 of popula-
tions ranking Rwanda #68 in the world [50].

Awareness is rising, and Rwanda recently joined the International Climate and 
Clean Air Coalition announcing next steps to reduce pollutants [51]. Although 
Rwanda does not have many industries, old vehicles, diesel-powered generations, 
and biomass burning are major sources of pollution in the urban centers. To help 
reduce pollutants, the government recently increased taxes on old vehicles and 
introduced mandatory emission testing while urging Rwandans to use cooking gas 
in the home instead of biomass burning [51].

 Conclusion

As the global burden of cancer rises and the cost of treatment approaches unafford-
able for many regions of the world, the attention must start turning to prevention. 
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Vulnerable populations around the world are more susceptible to the harmful effects 
of pollution, and policies to improve the cleanliness of our air, water, and soil would 
be a well-spent investment.

The BreatheLife campaign (www.breathelife2030.org), a joint campaign led by 
the World Health Organization (WHO) and United Nations Environment and the 
Climate and Clean Air Coalition (CCAC), was launched in October 2016 to mobi-
lize cities and individuals to protect our health and planet from the effects of air 
pollution and to bring together key messages in a flagship effort to put air quality on 
the top of health and development agendas. The campaign is not the only mode of 
communicating about air pollution – however it is a means of sharpening messages 
around technical data and finding new “entry points” for the conversation about air 
pollution in the virtual world of Internet and social media as well as in the main-
stream press [52].

The key components of the campaign model include:

 1. Global campaign platform – including an interactive website, social media out-
reach, and videos.

 2. Local campaign “accelerators” – more intensive campaigns in particular cities, 
which generate grassroots actions at athletic events and Ted-talk style lectures 
that can both be promoted by, and inspire, the global effort. This has a multiplier 
effect insofar as there is evidence that local and national policymakers are often 
inspired by successful examples of similar actions in their country or region.

 3. Health and environment sector leadership – it is critical to sensitizing policy-
makers and the public to both the health and climate impacts of air pollution and 
giving the campaign its unique focus on a people-centered agenda. Using this 
linkage, environmental policymakers also learn more about the negative health 
impacts of air pollution, and health policymakers learn more about the sustain-
ability benefits of mitigation [52].

Currently about 14 countries and 26 city-based regions, 2 of which are in Africa, 
have joined the network, with outreach continuing every day.

Initial response to the campaign was overwhelming, and so one of the key chal-
lenges was to respond to success with further institutionalization of campaign tools 
and tactics. These included:

• Foundational work on the BreatheLife cities network – so as to provide a unique 
and valuable service to the cities that join

• Continued improvements in the website experience, reflecting new technical 
advances in data collection, assessment, and visualization, as developed by the 
WHO and its partners the Global Platform

• Maintaining a constant social media presence, tied strategically to key events
• Developing effective local partners and strategies for local campaigns in cities 

where the WHO and its partners are engaged in the Urban Health Initiative
• Future fundraising and engagement in new partnerships, including effective 

engagement with civil society [52]

3 Pollution, Cancer Risk, and Vulnerable Populations

http://www.breathelife2030.org


36

References

 1. Ferlay J, et al. GLOBOCAN 2012 v 1.0. Cancer incidence and mortality worldwide: IARC 
Cancer No. 11. International Agency for Research on Cancer (online). http://globocan.iarc.fr; 
2013.

 2. Sloan FA, Gelgank H.  Cancer control opportunities in low and middle-income countries. 
Washington, DC: National Academies Press; 2007.

 3. Kanavos P. The rising burden of cancer in the developing world. Ann Oncol. 2006;17(Suppl 
8):viii15–23.

 4. Flaskerud JH, Winslow BJ. Conceptualizing vulnerable populations health-related research. 
Nurs Res. 1998;47(2):69–78. PubMed PMID: 9536190.

 5. Smith RA, Andrews KS, Brooks D, Fedewa SA, Manassaram-Baptiste D, Saslow D, 
Brawley OW, Wender RC. Cancer screening in the United States, 2017: a review of current 
American Cancer Society guidelines and current issues in cancer screening. CA Cancer J Clin. 
2017;67(2):100–21. https://doi.org/10.3322/caac.21392. PubMed PMID: 28170086.

 6. Waisel DB. Vulnerable populations in healthcare. Curr Opin Anaesthesiol 2013;26(2):186–
192. Epub 2013/02/07. https://doi.org/10.1097/ACO.0b013e32835e8c17. PubMed PMID: 
23385323.

 7. Meneses K, Landier W, Dionne-Odom JN. Vulnerable population challenges in the trans-
formation of cancer care. Semin Oncol Nurs 2016;32(2):144–153. Epub 2016/05/04. 
https://doi.org/10.1016/j.soncn.2016.02.008. PubMed PMID: 27137471.

 8. Atkinson A, Studwell C, Bejarano S, Castellon AMZ, Espinal JAP, Deharvengt S, LaRochelle 
EPM, Kennedy LS, Tsongalis GJ. Rural distribution of human papilloma virus in low- and 
middle-income countries. Exp Mol Pathol 2018;104(2):146–150. Epub 2018/03/20. 
https://doi.org/10.1016/j.yexmp.2018.03.001. PubMed PMID: 29551573.

 9. Shastri A, Shastri SS.  Cancer screening and prevention in low-resource settings. Nat Rev 
Cancer 2014;14(12):822–829. Epub 2014/10/31. https://doi.org/10.1038/nrc3859. PubMed 
PMID: 25355377.

 10. Kennedy LS, Bejarano SA, Onega TL, Stenquist DS, Chamberlin MD. Opportunistic breast 
cancer education and screening in rural Honduras. J Glob Oncol. 2016;2(4):174–180. Epub 
2016/03/09. https://doi.org/10.1200/JGO.2015.001107. PubMed PMID: 28717699; PMCID: 
PMC5497619.

 11. Fecht D, Fischer P, Fortunato L, Hoek G, de Hoogh K, Marra M, Kruize H, Vienneau D, 
Beelen R, Hansell A.  Associations between air pollution and socioeconomic characteris-
tics, ethnicity and age profile of neighbourhoods in England and the Netherlands. Environ 
Pollut 2015;198:201–210. https://doi.org/10.1016/j.envpol.2014.12.014. PubMed PMID: 
25622242.

 12. Gordon SB, Bruce NG, Grigg J, Hibberd PL, Kurmi OP, Lam KB, Mortimer K, Asante KP, 
Balakrishnan K, Balmes J, Bar-Zeev N, Bates MN, Breysse PN, Buist S, Chen Z, Havens D, 
Jack D, Jindal S, Kan H, Mehta S, Moschovis P, Naeher L, Patel A, Perez-Padilla R, Pope D, 
Rylance J, Semple S, Martin WJ. Respiratory risks from household air pollution in low and 
middle income countries. Lancet Respir Med. 2014;2(10):823–60. https://doi.org/10.1016/
s2213-2600(14)70168-7. PubMed PMID: 25193349; PMCID: PMC5068561.

 13. Aelion CM, Davis HT, Lawson AB, Cai B, McDermott S. Associations between soil lead con-
centrations and populations by race/ethnicity and income-to-poverty ratio in urban and rural 
areas. Environ Geochem Health. 2013;35(1):1–12.https://doi.org/10.1007/s10653-012-9472-
0. PubMed PMID: 22752852; PMCID: PMC4655433.

 14. Freire C, Amaya E, Fernández MF, González-Galarzo MC, Ramos R, Molina-Molina 
JM, Arrebola JP, Olea N.  Relationship between occupational social class and expo-
sure to organochlorine pesticides during pregnancy. Chemosphere. 2011;83(6):831–8.  
https://doi.org/10.1016/j.chemosphere.2011.02.076. PubMed PMID: 21435678.

 15. Luzardo OP, Boada LD, Carranza C, Ruiz-Suárez N, Henríquez-Hernández LA, Valerón PF, 
Zumbado M, Camacho M, Arellano JLP.  Socioeconomic development as a determinant of 
the levels of organochlorine pesticides and PCBs in the inhabitants of Western and Central 

M. E. Romano et al.

http://globocan.iarc.fr
https://doi.org/10.3322/caac.21392
https://doi.org/10.1097/ACO.0b013e32835e8c17
https://doi.org/10.1016/j.soncn.2016.02.008
https://doi.org/10.1016/j.yexmp.2018.03.001
https://doi.org/10.1038/nrc3859
https://doi.org/10.1200/JGO.2015.001107
https://doi.org/10.1016/j.envpol.2014.12.014
https://doi.org/10.1016/s2213-2600(14)70168-7
https://doi.org/10.1016/s2213-2600(14)70168-7
https://doi.org/10.1007/s10653-012-9472-0
https://doi.org/10.1007/s10653-012-9472-0
https://doi.org/10.1016/j.chemosphere.2011.02.076


37

African countries. Sci Total Environ. 2014;497–498:97–105. https://doi.org/10.1016/j.scito-
tenv.2014.07.124. PubMed PMID: 25127444.

 16. Maxwell NI. Understanding environmental health : how we live in the world. Sudbury: Jones 
and Bartlett; 2009. ix, p. 378.

 17. Shakeel MK, George PS, Jose J, Jose J, Mathew A. Pesticides and breast cancer risk: a compar-
ison between developed and developing countries. Asian Pac J Cancer Prev. 2010;11(1):173–
80. Epub 2010/07/03. PubMed PMID: 20593953.

 18. Jørs E, Neupane D, London L.  Pesticide poisonings in low- and middle-income coun-
tries. Environ Health Insights. 2018;12:1178630217750876. https://doi.org/10.1177/ 
1178630217750876. PubMed PMID: PMC5757432.

 19. Dinham B, Malik S. Pesticides and human rights. Int J Occup Environ Health 2003;9(1):40–52. 
Epub 2003/05/17. https://doi.org/10.1179/107735203800328867 PubMed PMID: 12749630.

 20. United States. Environmental Protection Agency. Protect Yourself from Pesticides – Guide for 
Pesticide Handlers (EPA 735-B-93-003). In: Occupational Safety Branch, editor. Washington, 
D.C.: Office of Prevention, Pesticides, and Toxic Substances (7506C); 1993.

 21. Ntow WJ, Gijzen HJ, Kelderman P, Drechsel P. Farmer perceptions and pesticide use prac-
tices in vegetable production in Ghana. Pest Manag Sci. 2006;62(4):356–65. https://doi.
org/10.1002/ps.1178. PubMed PMID: 16532443.

 22. Danquah AO, Ekor AK, Stella AB.  Insecticide use pattern on tomatoes produced at Yonso 
community in the Sekyere West district of Ashanti region, Ghana. Ghana J Agric Sci. 
2009;42(1–2):55–63.

 23. Quansah R, Bend JR, Abdul-Rahaman A, Armah FA, Luginaah I, Essumang DK, Iddi S, 
Chevrier J, Cobbina SJ, Nketiah-Amponsah E, Adu-Kumi S, Darko G, Afful S. Associations 
between pesticide use and respiratory symptoms: a cross-sectional study in Southern 
Ghana. Environ Res 2016;150:245–254. Epub 2016/06/20. https://doi.org/10.1016/j.
envres.2016.06.013. PubMed PMID: 27318967.

 24. Ejigu D, Mekonnen Y. Pesticide use on agricultural fields and health problems in various activ-
ities. East Afr Med J. 2005;82(8):427–32. PubMed PMID: 16261921.

 25. Negatu B, Kromhout H, Mekonnen Y, Vermeulen R.  Use of Chemical Pesticides in 
Ethiopia: a cross-sectional comparative study on Knowledge, Attitude and Practice of 
farmers and farm workers in three farming systems. Ann Occup Hyg. 2016;60(5):551–66. 
https://doi.org/10.1093/annhyg/mew004. PubMed PMID: 26847604.

 26. Gesesew HA, Woldemichael K, Massa D, Mwanri L.  Farmers knowledge, attitudes, prac-
tices and health problems associated with pesticide use in rural irrigation villages, Southwest 
Ethiopia. PloS one. 2016;11(9):e0162527. https://doi.org/10.1371/journal.pone.0162527. 
PubMed PMID: 27622668; PMCID: PMC5021266.

 27. Mekonnen Y, Agonafir T. Pesticide sprayers' knowledge, attitude and practice of pesticide use 
on agricultural farms of Ethiopia. Occup Med (Oxford, England). 2002;52(6):311–5. Epub 
2002/10/04. PubMed PMID: 12361992.

 28. Ngowi AV, Maeda DN, Wesseling C, Partanen TJ, Sanga MP, Mbise G. Pesticide- handling 
practices in agriculture in Tanzania: observational data from 27 coffee and cotton farms. 
Int J Occup Environ Health 2001;7(4):326–332. Epub 2002/01/11. https://doi.org/10.1179/ 
107735201800339218. PubMed PMID: 11783862.

 29. Bassil KL, Vakil C, Sanborn M, Cole DC, Kaur JS, Kerr KJ. Cancer health effects of pes-
ticides: systematic review. Can Fam Physician. 2007;53(10):1704–11. Epub 2007/10/16. 
PubMed PMID: 17934034; PMCID: PMC2231435.

 30. Clapp RW, Jacobs MM, Loechler EL.  Environmental and occupational causes of cancer: 
new evidence 2005–2007. Rev Environ Health. 2008;23(1):1–37. Epub 2008/06/19. PubMed 
PMID: 18557596; PMCID: PMC2791455.

 31. Parron T, Requena M, Hernandez AF, Alarcon R.  Environmental exposure to pesticides 
and cancer risk in multiple human organ systems. Toxicol Lett 2014;230(2):157–165. Epub 
2013/11/26. https://doi.org/10.1016/j.toxlet.2013.11.009. PubMed PMID: 24269242.

 32. Leffers J, Smith CM, Huffling K, McDermott-Levy R, Sattler B, Alliance of Nurses for 
Healthy Environments. Environmental health in nursing. Available from: Alliance of Nurses 
for Healthy Environments https://envirn.org/e-textbook/.

3 Pollution, Cancer Risk, and Vulnerable Populations

https://doi.org/10.1016/j.scitotenv.2014.07.124
https://doi.org/10.1016/j.scitotenv.2014.07.124
https://doi.org/10.1177/1178630217750876
https://doi.org/10.1177/1178630217750876
https://doi.org/10.1179/107735203800328867
https://doi.org/10.1002/ps.1178
https://doi.org/10.1002/ps.1178
https://doi.org/10.1016/j.envres.2016.06.013
https://doi.org/10.1016/j.envres.2016.06.013
https://doi.org/10.1093/annhyg/mew004
https://doi.org/10.1371/journal.pone.0162527
https://doi.org/10.1179/107735201800339218
https://doi.org/10.1179/107735201800339218
https://doi.org/10.1016/j.toxlet.2013.11.009
https://envirn.org/e-textbook/


38

 33. World Health Organization & United Nations Environment Programme. Public health impact 
of pesticides used in agriculture. Geneva: World Health Organization; 1990.

 34. Matysiak M, Kruszewski M, Jodlowska-Jedrych B, Kapka-Skrzypczak L. Effect of prenatal 
exposure to pesticides on Children’s health. J Environ Pathol Toxicol Oncol. 2016;35(4):375–
86. https://doi.org/10.1615/JEnvironPatholToxicolOncol.2016016379. PubMed PMID: 
27992317.

 35. Ferreira JD, Couto AC, Pombo-de-Oliveira MS, Koifman S, Brazilian Collaborative Study 
Group of Infant Acute L. In utero pesticide exposure and leukemia in Brazilian children < 2 
years of age. Environ Health Perspect. 2013;121(2):269–275. Epub 2012/10/25. https://doi.
org/10.1289/ehp.1103942. PubMed PMID: 23092909; PMCID: PMC3569673.

 36. Chen M, Chang C-H, Tao L, Lu C. Residential exposure to pesticide during childhood and 
childhood cancers: a meta-analysis. Pediatrics. 2015;136(4):719–29. https://doi.org/10.1542/
peds.2015-0006. PubMed PMID: 26371195.

 37. Greenop KR, Peters S, Bailey HD, Fritschi L, Attia J, Scott RJ, Glass DC, de Klerk NH, Alvaro 
F, Armstrong BK, Milne E. Exposure to pesticides and the risk of childhood brain tumors. 
Cancer Causes Control. 2013;24(7):1269–78. https://doi.org/10.1007/s10552-013-0205-1. 
PubMed PMID: 23558445.

 38. Garcia C. A slippery decision: Chevron oil pollution in Ecuador published September 8, 2016 
by Deutsche Welle (dw.com) Permalink: https://p.dw.com/p/1GS5b.

 39. San Sebastián M, Armstrong B, Córdoba JA, Stephens C. Exposures and cancer incidence near 
oil fields in the Amazon basin of Ecuador. Occup Env iron Med. 2001;58(8):517–22.

 40. Chevron’s Chernobyl in the Amazon amazonwatch.org ©2000–2018.
 41. Expert opinion of Harlee S.  Strauss, Phd regarding Human health-related aspects of the 

environmental contamination from Texpet’s E&P activities in the former Napo concession 
area Oriente region, Ecuador. In the Matter of an Arbitration under the Rules of the United 
Nations Commission on International Trade Law. Chevron Corporation and Texaco Petroleum 
Company vs. the Republic of Ecuador, PCA Case No. 2009–23 www.cancilleria.gob.ec 
February 18, 2013 Prepared for Winston & Strawn, LLP 1700 K Street N.W. Washington DC 
20006–3817 and The Louis Berger Group, Inc. 412 Mount Kemble Avenue Morristown, NJ 
07962–1946 Prepared by H. Strauss Associates, Inc. 30 Union Avenue Boston, MA02130.

 42. Han X, Naeher LP. A review of traffic-related air pollution exposure assessment studies in the 
developing world. Environ Int. 2006;32(1):106–20.

 43. Henninger S. Urban Climate and Air Pollution in Kigali, Rwanda. The seventh international 
Conference on Urbanization, July 2009, Yokohama, Japan.

 44. WHO (2006). Air quality guidelines for particulate matter, ozone, nitrogen dioxide and sulfur 
dioxide – Global update 2005 – Summary of risk assessment, Geneva, 22 p.

 45. Mehrotra A, Oluwole A, Gordon SB. The burden of COPD in Africa: a literature review and 
prospective survey of the availability of spirometry for COPD diagnosis in Africa. Trop Med 
Int Health. 2009;14(8):840–8.

 46. The Global Burden of Cancer 2013, Global Burden of Disease Cancer Collaboration, JAMA 
Oncol, 2015;1(4):505–27.

 47. Farmer P, Kim JY, Kleinman A, Basilico M. Reimagining global health: an introduction. 2013. 
University of California Press. Global Health Priorities for the Early Twenty-First Century, 
chapter 11, p. 323–329.

 48. WHO Public Health and the Environment Geneva 2009.
 49. www.who.int/quanitifying_ehimpacts/national/countryprofile/rwanda.pdf.
 50. worldlifeexpectancy.com.
 51. The New Times, Dec 2016.
 52. Fletcher E. WHO Communications and Web interface of the Global Platform on Air Pollution 

and Health. 3rd Meeting of the Global Platform on Air Quality and Health, Madrid, 7–9 March 
2017-Meeting Report. p. 51–5.

M. E. Romano et al.

https://doi.org/10.1615/JEnvironPatholToxicolOncol.2016016379
https://doi.org/10.1289/ehp.1103942
https://doi.org/10.1289/ehp.1103942
https://doi.org/10.1542/peds.2015-0006
https://doi.org/10.1542/peds.2015-0006
https://doi.org/10.1007/s10552-013-0205-1
http://dw.com
https://p.dw.com/p/1GS5b
http://amazonwatch.org
http://www.cancilleria.gob.ec
http://www.who.int/quanitifying_ehimpacts/national/countryprofile/rwanda.pdf
http://worldlifeexpectancy.com


39© Springer Nature Switzerland AG 2019 
E. H. Bernicker (ed.), Cancer and Society, 
https://doi.org/10.1007/978-3-030-05855-5_4

Chapter 4
Causes, Consequences, and Control 
of High Cancer Drug Prices

Bishal Gyawali

Cancer is a disease that brings medicine, law, social science, and political science 
together. When cancer affects a person, it not only affects an isolated individual but 
also affects the family and social setting in which they operate. Cancer outcomes are 
obviously related to the diagnosis and available therapy, but they are also associated 
with the socioeconomic status as well as the politico-legal framework that dictates 
availability and accessibility to cancer treatment. For example, it is no use having 
treatments that arise from decades of scientific progress against cancer when the 
social system is designed in a way that some patients cannot access or afford those 
treatments. It is meaningless to boast of big separation in survival curves when in 
reality patients’ prognoses are determined by where they live or how good their 
insurance is [1–5]. Increased risk of death due to inability to afford cancer drugs is 
a real threat to patients with cancer in the modern era [6]. The cost of cancer care 
has skyrocketed with the increase in cancer drug costs being an important contribu-
tor [7, 8]. In this chapter, I will discuss the rationale behind the high price of cancer 
drugs, the value offered by these drugs, the sustainability of such pricing, and poli-
cies that seek to better link cancer drug value and prices.

 Cancer Drug Prices

Cancer care costs include not only the cancer drugs but also the costs of various 
services, such as the inpatient hospital stays, surgery and radiotherapy services, 
emergency room visits, and outpatient or provider visits, among others. Currently, 
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cancer drug costs account for approximately 20% of the total cancer care costs [7]. 
So while cancer drug prices are an important part of any discussion of rising cancer 
care costs, they are not the whole story. Although controlling drug costs doesn’t 
mean other aspects of cancer care costs shouldn’t be scrutinized, cancer drug prices 
are growing at a rate far exceeding the rate of inflation, and cancer drug costs are out 
of proportion with the value they provide. Finally, it is important to remember that 
allocating resources for expensive but low-value cancer drugs could mean stripping 
resources to other high-value interventions [9].

Prescription drugs appropriately draw attention in any discussion of curbing can-
cer care costs because their prices are increasing at an alarming rate. Growth in 
cancer drug prices is expected to exceed the growth in total cancer spending [10]. 
Globally, annual spending on cancer drug costs is expected to increase from $107 
billion in 2015 to $150 billion in 2020 [11, 12]. Mean monthly cancer drug costs in 
the USA increased by more than 500% from less than $1900 in 2000 to more than 
$11,300 in 2014, after adjusting for inflation [13]. These trends are not restricted to 
the newer agents—even the costs of some older drugs have continued to rise faster 
than other health-care costs [14].

The price of a good depends in large part on the purchasing capacity of the con-
sumer. In the past years, cancer drugs were considered expensive and unaffordable 
only for low- and middle-income countries (LMICs), but more recently, cancer drug 
prices are too expensive even for high-income countries (HICs). This doesn’t mean 
however that the prices are uniform globally; in fact, they differ widely and cost less 
in LMICs versus HICs, and there is a big variation in drug prices even within HICs 
[15]. However, when adjusted for the wealth or the purchasing capacity of the 
nations, cancer drugs are the least affordable in LMICs.

In 2015, cancer drug spending represented 9.2% of total US drug spending—the 
highest of any specialty [16]. In 2012, of the 13 newly approved cancer drugs, 12 
were priced above $100,000. In 2018, brand-name cancer drug prices have increased, 
and the newer agents routinely cost more than $12,000 a month. Furthermore, a lot 
of these drugs are now used in combination, further increasing costs. The combina-
tion of nivolumab and ipilimumab exceeded the median cost of a house in the USA 
in 2016 ($252,000 v $240,000) [17]. In 2017, the first chimeric antigen receptor 
(CAR)-T-cell therapy approved by the US Food and Drug Administration (FDA) 
came with a onetime cost of $475, 000 per patient [18].

Drug prices continue to grow higher than inflation after launch despite these high 
initial prices. Bennette et al. conducted an analysis of pricing patterns after the mar-
ket launch of oral medications approved by FDA between 2000 and 2012 and found 
that a 30-day cost for these drugs increased 5.2% on average per year during 2007–
2013 (95% confidence interval, CI 3.8–6.5) after adjustment for inflation [19]. 
These rises in cancer drug prices at and after launch do not correlate with rise in 
other products or average consumer income. As shown in Fig. 4.1, while the median 
household incomes have stagnated in the USA, cancer drug prices have soared over 
the years [10].

Cancer drug prices are not set based on a scientific framework and are not aligned 
with their clinical value or their innovativeness. One study using the DrugAbacus 
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tool developed at the Memorial Sloan Kettering Cancer Center showed that almost 
80% of cancer drugs in the USA cost more than their value-based price [20]. Such 
a disproportion has been deemed unsustainable even in high-income countries [21].

High cost of cancer treatment is increasingly being borne by patients. In 2014, 
out-of-pocket cancer care costs reached $4 billion in the USA [8]. When cancer 
drug costs impact the real lives of patients, they are no longer just political, legal, or 
economic issues for academic discussion. Notably, oncologists have been vocal 
about increasing cancer drug prices. Leukemia experts [22] and other sub- specialists 
[23] have tried to tackle the cost of new cancer drugs with public appeals to bring 
the costs down.

 Explanations for High Cancer Drug Prices

A frequent argument put forth in the support of high drug costs is the cost of 
cancer drug development. However, this argument doesn’t hold true in econom-
ics because what we pay depends more on the value we expect from the product 
than the cost required in making the product. For example, the cost of a car or 
an airplane ticket or a hamburger is based primarily on consumers’ willingness 
to pay for the benefit they receive, which is strongly influenced by market com-
petition for alternatives.

Median monthly cost of new
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Fig. 4.1 Median monthly cost of anticancer drugs has now exceeded the median monthly house-
hold income in the USA and is continuing to rise
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Of course, the cost of drug R&D is high. But how high is a matter of debate. 
A group of economists supported by the pharmaceutical industry used confiden-
tial data to estimate the cost of developing a cancer drug at $2.7 billion (adjusted 
for 2017 US dollars), although that number includes a high cost of capital [24]. 
Prasad and Mailankody recently conducted an analysis which revealed that the 
median cost of developing a single cancer drug could be as low as $648.0 mil-
lion (range 157.3 million–1950.8 million) [24]. The same analysis showed that 
the median revenue post-approval was $1658.4 million (range $204.1 mil-
lion–$22275.0 million) [24, 25]. In a median 4.0 (range 0.8–8.8 years) years 
after approval, 90% drugs had total revenues higher than the R&D spending, 
and 40% drugs had revenues more than tenfold higher than R&D spending. 
R&D spending may be much lower for new cancer drugs that are not innovative 
or novel drugs but are rather next-in-class or me-too drugs. These me-too drugs 
have lower risk of failure than for the first-in- class drugs; however they often 
cost as much or even higher than the first novel drug in the class after they are 
approved. The same authors looked at all cancer drugs approved by the FDA 
between January 2009 and December 2013 and found that drug prices had no 
correlation with novelty or efficacy [26].

Another argument put forth in support of high drug prices is the relative rarity of 
certain cancers and hence a narrow patient pool from which to recoup the R&D 
costs. However, this argument doesn’t explain continued increase in drug prices 
even when the patient pool for drug use increases. For instance, the price of imatinib 
(Gleevec) continued to climb despite expansion of target population to include gas-
trointestinal stromal tumors beyond its initial approval for chronic myeloid leuke-
mia and availability of other competing agents [27]. PD-1 inhibitors were initially 
approved for melanoma and cost more than $100,000 for a 1 year of treatment. 
Later the indications expanded to include lung, urothelial, lymphoma, and MSI- 
high solid tumors, but the price hasn’t decreased. Receipt of a supplemental indica-
tion or a recommendation in one of the national compendia in the USA related to a 
non-FDA-approved (“off-label”) use increases the target population. However, in a 
study of oral cancer drugs, receipt of a supplemental FDA approval increased drug 
prices by 9.9% and a compendia recommendation by 3.2%, although the latter 
change was not statistically significant. Drug prices increased by 18.8% (95% con-
fidence interval [CI]: 9.0–29.6) for each additional 1000 eligible patients [19].

An important reason why cancer drug prices are high globally is because cancer 
drug prices are high in the USA. The USA pays the highest cancer drug prices glob-
ally because, unlike other governments, US government payers generally don’t have 
the legal authority to negotiate drug prices with the industry. The FDA does not take 
cost into account when approving drugs, and the Medicare—the largest purchaser 
of cancer drugs—is prevented by law from negotiating drug prices. Thus, there is no 
pressure on the industry to lower prices. In fact, brand-name pharmaceutical manu-
facturers often employ strategies to stop the prices from decreasing, as will be dis-
cussed further below.
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 The Clinical Benefits and Economic Value of Cancer Drugs

Cancer treatment can generally be either lifesaving or life-prolonging. Curative 
treatments—such as surgery or radiotherapy—can be lifesaving. Adjuvant drug 
treatment, which is the administration of cancer drugs after definitive treatment, can 
be lifesaving in some instances if it reduces the risk of recurrence of fatal cancers. 
However, most cancer drugs are used when the cancer is no longer curable. In such 
cases, cancer drugs are used with an intention to prolong, not save, lives. 
Unfortunately, surveys show that many cancer patients in advanced disease stages 
are unaware of this difference and spend fortunes in the hopes of cure [28]. As a 
result, many patients continue to undergo active treatment until the end of life, and 
new cancer drugs that don’t help the patients live even for 6 months (versus 4 months 
even without the drug) keep getting approved, with a price of around 10,000 US 
dollars a month [29].

Prolonging lives for patients with cancer is obviously a worthy goal. However, 
most cancer drugs don’t prolong lives or do so only modestly. The median prolonga-
tion in overall survival provided by the 71 cancer drugs approved between 2002 and 
2014 was 2.1 months [30]. Of the 48 cancer drugs approved for 68 indications by 
the European Medicines Agency between 2009 and 2013, 24 (35%) indications had 
an evidence of prolongation of survival at the time of approval, and 3 more went on 
to show improved survival post-approval [31]. In the USA, the FDA approved 67% 
of cancer drugs between 2008 and 2012 without evidence of improved survival, and 
of these drugs, only 14% were later shown to actually improve survival [32]. In 
another example, among patients with non-small cell lung cancer, the median sur-
vival between 2000 and 2011 increased by only 1.5 months despite increase in out-
patient spending by 23% [33].

Drugs that do not prolong life may also not improve quality of life. Of the EMA- 
approved cancer drugs between 2009 and 2013, only 10% (7/68) had an evidence of 
improvement in quality of life at the time of approval [31]. Assessing quality of life 
is not mandatory in cancer drug trials, and most drugs don’t have data on whether 
they improve, maintain, or degrade quality of lives [34].

One natural question that can arise is how these drugs could be approved despite 
not showing any benefit in survival or quality of lives. The answer is that they were 
approved based on benefits seen in surrogate measures such as response rates or 
progression-free survival (PFS) that may not be correlated with overall survival [40] 
or quality of life [34].

Thus, many cancer drugs lack evidence to claim that they make the lives of can-
cer patients longer or better. However, many will still bear high price tags. Because 
the cancer drugs differ widely in their benefits and toxicities, it is natural to question 
if the prices of these drugs correlate with their benefits. Value is defined as benefit 
per unit cost. So, if a drug is lifesaving, it will likely have value even with a high 
cost. Patients and payers should expect to pay high prices for top-value drugs, such 
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as cancer cures or those that provide a substantial extension in life. However, in 
most cases, cancer drug prices are not related to value.

Measuring the value of cancer drugs can be controversial because it requires 
assigning a financial value to human life. Despite this challenge, a number of pro-
fessional organizations and expert institutions have developed models to assess 
value of cancer drugs. For example, the American Society of Clinical Oncology 
launched a value framework in 2015 (ASCO-VF). The framework provides points 
based on a drug’s efficacy, toxicity, and quality of life profiles to calculate the net 
health benefit, which is then assessed against the cost to make comparisons with 
other alternative drugs available in the same setting [35]. The European Society for 
Medical Oncology (ESMO) has also developed a magnitude of clinical benefit scale 
(MCBS), which takes the efficacy, toxicity, and quality of life into account, but 
doesn’t consider cost [36]. Del Paggio and colleagues looked at the correlation 
between cost of cancer drugs and their value as assessed by these frameworks and 
concluded that the magnitude of clinical benefit and drug cost was inversely corre-
lated [37]: the worse the clinical benefit from the drug, the higher the drug cost. 
Another study reached a conclusion that “costs of novel oncology drugs have 
increased, while clinical benefits of these medications have not experienced a pro-
portional positive change” [38].

As another example, the National Comprehensive Cancer Network (NCCN) has 
developed evidence blocks in which it categorizes the cancer drugs on the basis of 
efficacy, safety, quality of evidence, consistency of evidence, and affordability. A 
study I helped lead has found that the affordability scores had no relationship with 
efficacy, safety, or evidence level blocks [39]. Others have found that the average 
price of drugs was not related to improvements in PFS or overall survival (OS) [26].

 The Role of the FDA

The role of drug regulators in most countries is to determine whether a drug’s ben-
efits exceed its risks. However, that can be challenging for cancer drugs. Because of 
the emotional power of cancer, regulators may try to be as flexible as possible in 
approving cancer drugs that have some potential benefit. As a result, the regulatory 
authorities end up approving cancer drugs even with dubious benefits. There are 
many ways that drugs with limited benefits can be approved: approval based on sur-
rogate measures, trials in large numbers of patients showing statistically significant 
results with limited clinical benefit, using non-inferiority hypothesis trials, testing 
drugs in combination, and using subgroup analyses.

Often, benefits are dubious because they are based on effects in surrogate mea-
sures rather than clinical endpoints. Gains in survival or quality of life are clinical 
endpoints. However, measuring survival takes time, and there is limited consensus 
on valid measures of assessing quality of life, particularly as the basis for regulatory 
approval. As a proxy for survival, various surrogates are used such as PFS (defined 
as the time from therapy initiation until disease progression or death) or response 
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rate (percentage of patients whose tumor has shrunk under therapy). However, defi-
nitions of response and progression can be arbitrary; for example, in many trials, 
growth in tumor diameter beyond 20% is termed progression, and shrinkage below 
30% is response, and anything in between is termed stable disease. The use of these 
surrogate measures is a reasonable basis for approving a drug if (a) the measures 
correlate well with OS or (b) benefit in OS is confirmed later. But systematic reviews 
have showed that surrogate measures often don’t correlate well with overall survival 
in most tumor types [40, 41]. Thus, new cancer drugs provide little value to 
patients because, to be approved, they need not necessarily make patients live lon-
ger or live better. They can simply show that the tumor size decreases or it takes 
longer time for tumor size to increase.

Poor value drugs can also get regulatory approval by chasing statistical signifi-
cance with overpowered trials. Erlotinib, which costs over $5000 for a month of 
treatment, was approved for use in combination with gemcitabine in advanced pan-
creatic cancer despite showing that it improves survival by only 10 days compared 
with gemcitabine alone in an RCT [42]. By overpowering a trial, i.e., using large 
number of patients, it is possible to show marginal gains of a few days or weeks as 
statistically significant. However, such small gains are clinically meaningless or 
even harmful (considering the toxicities and cost) to the patients. Necitumumab in 
lung cancer is another such example. In a trial involving 1093 patients, adding neci-
tumumab to chemotherapy showed a gain in median survival of 1.6 months, leading 
to FDA approval of the drug (which was later priced at over $11,000 per month) 
[43]. Thus, any demonstration of statistical significance can lead to billion dollar 
profits from the cancer drugs [44]. This also explains why some drugs move on to 
phase 3 trials despite showing negative signals in phase 2 [45].

Another way that low-value drugs might be approved is if they are tested in com-
bination without prior testing them in sequence. For example, nivolumab was shown 
to improve OS versus everolimus in the second-line treatment of renal cell cancer 
[46]. Naturally, the next logical step was to test and see if nivolumab improved OS 
when used as first-line therapy. However, the trial instead tested a combination of 
nivolumab plus another drug ipilimumab in the first line [47]. This trial showed 
improved survival, but we don’t know whether nivolumab monotherapy—which 
would be cheaper and less toxic than the nivolumab-ipilimumab combination—
would also improve OS in the first line.

A final strategy is using subgroup analyses to prove the superiority of a drug in a 
particular subset of patients. For example, pertuzumab in addition to trastuzumab 
and chemotherapy as adjuvant therapy for HER2-positive breast cancer was tested 
in a phase 3 APHINITY trial, which revealed small gains with adding pertuzumab 
compared with placebo (3-year disease-free survival rates of 94.1% v 93.2%) [48]. 
However, somewhat better gains in high-risk subgroup of patients were emphasized 
(3-year disease-free survival rates of 92.0% v 90.2%) for which the drug received 
FDA approval. The use of pemetrexed for non-squamous subgroup of non-small 
cell lung cancer is another case of unadjusted multiple subgroup comparisons being 
made to demonstrate superior efficacy among non-squamous but not squamous cell 
lung cancer [49].
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 Effect of High Cancer Drug Prices on Patients

Increasingly, patients are sharing the brunt of high cancer care costs, even when 
patients have insurance, due to increases in co-payments and high-deductible health 
plans. The out-of-pocket (OOP) costs borne by patients with cancer in the USA was 
$4 billion in 2014 [8]. In an analysis between 2011 and 2014, the average per patient 
OOP costs in the first year after diagnosis were between $3600 and $5500 depend-
ing on the cancer type. The OOP costs were the highest on the month of diagnosis 
and declined subsequently but never reached the pre-diagnosis level [7]. This usu-
ally means that the patient and family have to cut down on other daily living 
expenses or draw from savings to compensate for the extra health-care expendi-
tures. Sometimes, it can even mean treatment nonadherence, bankruptcy, or per-
sonal or familial stress. Such adverse outcomes due to economic impact of cancer 
treatment on patient and family are now collectively referred to as “financial toxic-
ity” of cancer treatment. Financial toxicity refers to all the downstream detrimental 
effects on the survival, quality, and daily life activities of patients and their families 
as a result of excess financial strain caused by the diagnosis of cancer. Cancer drugs 
are a leading cause of financial toxicity in patients [6].

de Souza and colleagues have developed and validated a tool called the compre-
hensive score for financial toxicity (COST) to measure objectively the financial 
toxicity in US cancer patients [50, 51]. COST is an 11-item questionnaire including 
one financial item, two resource items, and eight affect items. Scores range from 0 
to 4 for each item, so total COST score can range from 0 to 44, with lower value 
indicating greater financial toxicity. A limitation of this tool, however, is that this 
was developed and validated among US patients covered by insurance. Honda and 
colleagues are working to evaluate if the same COST tool can be used to assess 
financial toxicity in Japanese cancer patients where public health insurance system 
is in place, including a cap on out-of-pocket spending [52]. Some forms of financial 
toxicities are described below:

Reduced Access to Useful Cancer Drugs This is true specially for patients in 
LMICs where cancer drugs are most unaffordable, public health insurance system 
is not in place, and all cost must be borne by the patients out of pocket.

Poor Quality of Life Using data from the 2010 National Health Interview 
Survey, Fenn et  al. examined the relationship between financial toxicity and 
patient-reported quality of life. Their work shows financial toxicity as the stron-
gest independent predictor of poor quality of life among cancer survivors [53]. 
In another study, 40% and 33% of lung and colorectal cancer patients, respec-
tively, reported limited financial savings, in absence of any future income, 
enough to sustain the current standard of living for a maximum of 2 months. 
Compared with patients who had financial reserves of over 12  months, those 
with limited financial reserves reported significantly increased pain, greater 
symptom burden, and poorer quality of life. There was a clear dose-response 
relationship across all measures of well-being [54].
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Poor Adherence Using administrative claims data in the USA, Streeter et al. stud-
ied the factors affecting abandonment of newly prescribed cancer drugs. They 
showed that the odds of abandonment were more than four times higher for patients 
enrolled in plans with cost sharing of $500 or more compared with plans with cost 
sharing of up to $100 [55].

Imatinib can be a definitive cancer cure, but adherence is the key [56]. 
Unfortunately, the average monthly co-payment for imatinib  between 2002 and 
2011 was $108. Dusetzina et al. showed that the risk of discontinuing imatinib for 
patients with higher co-payments was 1.7 times the patients with lower co- payments. 
The risk of nonadherence was 1.4 times higher [59].

Change in Prescription Drug Use Zheng et  al. have shown that patients with a 
diagnosis of cancer are at an increased risk of changing prescription drugs use, such 
as skipping dose, taking less medicine than prescribed, delay in refilling, etc., com-
pared with patients without a diagnosis of cancer [57]. In another study, cancer 
patients who had financial problems delayed or even abandoned medical care more 
often than patients without financial problems [58].

Bankruptcy In a seminal study by Ramsey and colleagues using data from Washington 
State in US Bankruptcy Court for the period 1995–2009, cancer patients were found 
2.65 times more likely to go bankrupt compared with people without cancer [60].

Mortality Financial toxicity could also lead to increased risk of mortality either 
directly or via inducing bankruptcy. In an important study by Ramsey et al., US 
patients who suffer bankruptcy after cancer diagnosis were found to have shorter 
survival versus those who didn’t file for bankruptcy (adjusted hazard ratio for mor-
tality of 1.79, 95% confidence interval 1.64–1.96) [61]. Surprisingly, association of 
financial toxicity and mortality has been found even in countries with public health 
insurance system such as Italy where patients don’t need to pay for cancer treat-
ments out of pocket. In an analysis by Perrone et al., Italian cancer patients who 
developed financial toxicity were found to be at increased risk of death (hazard ratio 
1.20, 95% confidence interval 1.05–1.37) [62].

 Controlling the Cost of Cancer Drugs

Some argue that no cost control measures should be exercised for cancer drugs 
because that would stifle innovation [63]. However, as already discussed, cancer drug 
prices are not associated with R&D expenses or the novelty of drugs. Perhaps more 
importantly, because non-innovative drugs that offer little clinical advantages can be 
approved and priced at whatever the market will bear (even higher than the novel 
compound at times), the incentive to invest in drugs that have a more substantial clini-
cal impact is reduced. In 2016, there were 803 registered clinical trials testing 20 
drugs of the same class (PD-1 inhibitors), in various stages of completion, enrolling 
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166,736 patients [64]. This enormous redundancy, however, may succeed in getting 
drugs approved, but does not lead to competition in cost. In fact, PD-1 inhibitors rep-
resent one of the highest-priced drugs in cancer. Therefore, an oncology market in 
which marginal gains in survival lead to drug approval has already stifled innovation.

Another unlikely scenario for cancer drug prices is that the free market economic 
principles will control prices on its own, because the rules of the free market don’t 
hold for cancer drugs. In a free market, competition drives lower prices. However, 
cancer drug market defies these rules because cancer drugs aren’t commodities of 
luxury—but of life and death—and because laws and rules at the federal and state 
level often require insurance coverage of cancer drugs. A patient diagnosed with 
cancer will not seek out the best value drug but will likely defer to the recommenda-
tions of the oncologist, who often has no knowledge of the cost of drugs. Many 
patients with cancer will try and exhaust all available options rather than chose one 
with the best value. Because cancer drugs aren’t like any other commodities, the 
current pricing of cancer drugs is unscientific, irrational, and arguably unethical.

Options for controlling cancer drug costs include:

 Negotiating Drug Prices

Paradoxically, unlike many other developed countries, US government—the biggest 
buyer of cancer drugs—is not allowed to negotiate drug prices either through its 
Part B (inpatient) or Part D (outpatient) drug benefits. The FDA is also only autho-
rized to make approval decisions based on the evidence and cannot consider the 
issue of cost. No wonder then that the USA pays the highest of most cancer drugs 
in the world. However, the US government, being the biggest buyer of cancer drugs, 
has the biggest power to bring down the cost of cancer drugs globally if it 
engaged more actively in negotiating prices with the industry [65].

One model to negotiate drug prices is value-based pricing or using cost- effectiveness 
analysis to determine an appropriate ceiling of cost to pay for the given margin of 
benefit expected with the drug. A value-based pricing strategy would help contain 
costs by allocating expense to the drugs that benefit the most. As noted in a perspec-
tive: “With value-based pricing, all anticancer agents that show a statistically signifi-
cant difference in a recognized outcome (such as survival) could be approved, but the 
market price of these drugs would be required to fall within an upper limit in relation 
to their cost per life-year or quality adjusted life-year” [66]. One problem with cost-
effectiveness analysis is that a drug can look cost-effective if the comparator is already 
priced very high [67], or, in other words, a BMW can look like a bargain when the 
only other car on the lot is a Ferrari [68]. Cost- effectiveness analyses are also some-
what subjective, and reviews have shown that analyses done by industry-funded 
authors are more likely to show a drug as being cost-effective [69].

Another model proposed is indication-specific payment, in which the same drug 
will be priced differently for different indications [70]. Alternatively, episode-based 
payment or bundled payment models combine the collective costs of care for a patient 
with a specified condition, over a defined period of time, into a single payment [71].
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A good example of price negotiation in action comes from Japan. Having real-
ized that the cost of nivolumab was unsustainable to the country’s economy, Japan’s 
health ministry successfully negotiated a whopping 50% cut in the price of the drug 
and set the price of incoming new PD-1 inhibitor pembrolizumab in the similar 
range [72]. Japan’s government can even negotiate further price cuts on these drugs 
because the indications have expanded, increasing the eligible patient pool [73]. 
This also demonstrates that the drugs are originally priced so high that negotiations 
of up to 50% price cuts are possible.

Another important step that facilitates negotiating by ensuring that poor-quality 
drugs do not enter the market is using a minimum threshold of benefit benchmark 
for FDA approval [74]. FDA approval in particular is taken as a benchmark for 
global efficacy standards. However, when the FDA grants full approval to drugs 
based on surrogate measures that haven’t been validated [75], it diminishes the 
incentives to produce better quality drugs that improve outcomes and therefore offer 
value. Furthermore, sometimes the regulatory authorities can be manipulated by the 
interested parties leading to approval of ineffective drugs [76].

 Biosimilars and Generics

Introduction of biosimilars and generic versions of drugs for which the patent has 
expired can substantially lower drug prices. According to the FDA, the price 
of generic drugs can reach 80–85% less than the price of brand-name drugs [77]. 
However, pharmaceutical manufacturers use various strategies to delay the entry of 
generics [78, 79]. For example, imatinib (Gleevec) was priced at $26,000/year in 
2001 which rose to $146,000  in 2016 despite competition in the marketplace. 
Gleevec patent expired in July 2015, but in a confidential agreement, Novartis paid 
the generic manufacturer Sun Pharmaceuticals to delay the entry of generic imatinib 
for 6 months until February 2016. Finally, when generic imatinib was launched, it 
was priced at about $140,000/year—similar to the price of brand-name Gleevec 
[80]. On the contrary, LMICs have sometimes exercised compulsory licensing to 
develop a generic of a drug while it was still on-patent [81].

The price lowering with biosimilars is not as big. The biosimilar filgrastim costs 
only 15% lower in the USA compared to filgrastim (versus 30% lower in Europe) 
[82]. Another problem with biosimilars is the low rate of adoption. So, appropriate 
policy change should be made to encourage a wider adoption of biosimilars and 
generics whenever available [83].

 Reducing Other Wasteful Practices

Other common practices can artificially sustain high cancer drug prices. For exam-
ple, cancer drugs are commonly sold in large vials, so that a considerable amount of 
the drug in the last vial is wasted after making weight- or surface area-based dose 
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calculations. Using an online calculator provided by Bach and colleagues, one can 
estimate the total cost of leftover or wasted drug for top 20 cancer drugs [84]. 
Reducing such waste could potentially save billions of dollars every year. Bach 
et al. propose various alternative vial sizes for the drugs and argue that “If all of our 
suggestions were adopted, it would lower revenue from leftover drug from $1.8bn 
to $400m and, including the reductions to doctor and hospital mark-ups on leftover 
drug, would save around $2bn in total. An alternative would be to leave manufactur-
ers free to select their vial sizes but also require them to refund the cost of leftover 
drug. This could be achieved through certified disposal and a virtual return.”

An ineffective way to address this issue, but the one that is now in practice, is to 
use a fixed dose that uses all quantity of drug in the vial rather than weight-based 
dose of cancer drugs. Goldstein et al. have shown that just by shifting from weight- 
based dosing to fixed dose of pembrolizumab in first-line non-small cell lung can-
cer, an additional $825 million cost would be incurred to the US health-care system 
in a single year for the additional pembrolizumab that provides no additional clini-
cal value to the patient [85].

 Academia or Public Involvement in Clinical Trials

Most of the basic and translational science research that have led to the development 
of transformative new drugs have come from academia. Federally funded research 
has a direct role in the innovation of approximately 10–40% of new drugs and a 
higher fraction of the most important new drugs [86–88]. It seems then illogical to 
hand over the clinical development phase to industry and allow charging of exorbi-
tant prices for the same drugs that were originally developed using public tax money. 
Thus, some experts have proposed academic drug discovery, in partnership with the 
industry, as a potential solution [17]. Although there are a lot of challenges to this 
approach, some degree of public-industry partnership in clinical trial process itself 
is feasible. These approaches would challenge the current model in which the risks 
of failure in early stage of development are entirely born by the public but the profits 
from later stages of development going entirely to the private sector [89].

 Repurposing of Older/Cheaper Drugs

The literature suggests that older, cheaper drugs might be repurposed for cancer 
treatment [90, 91]. Arsenic for AML, temsirolimus for renal cell cancer, and pro-
pranolol for angiosarcoma are some examples of successful repurposing. The ReDO 
project has a list of evidence for some drugs that could be repurposed in cancer [91]. 
However, a big obstacle remains the conduct of robust clinical trials to support the 
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use of these drugs, because these drugs, which may have expired patents, will not be 
attractive to industry. The Anticancer Fund, a not-for-profit organization based in 
Brussels, works specifically to support the conduct of clinical trials of such repur-
posed drugs (disclosure: I have previously served as a consultant for this institu-
tion). Even when such trials do happen, patients and physicians may be biased 
against repurposed versus newer drugs [92].

 Academia-Led Non-inferiority Studies

Non-inferiority studies have an important role in cancer to discover if lower course, 
lower dose, or less frequent administration of anticancer agents produce outcomes 
that are within the range of acceptable risks. For example, the IDEA collaboration 
showed that a 3-month course of CAPEOX was non-inferior to using a 6-month 
course of the same as adjuvant chemotherapy for stage III colon cancers, particu-
larly in the low-risk subgroup [93]. Although oxaliplatin is not a particularly expen-
sive by current standards, this shows that collaborative big studies can be done 
across countries without industry support. Other important examples, particularly 
related to cost savings include the finding that 3 monthly use of zoledronic acid is 
non-inferior to monthly administration for preventing skeletal-related events in 
patients with bone metastasis [94]. Another study showed that a lower dose of abi-
raterone may produce non-inferior outcomes when taken with food, exploiting 
food-drug administration [95]. Importantly, whether a shorter course of adjuvant 
trastuzumab produces non-inferior outcomes to 1 year of the same for early breast 
cancer has been tested in multiple non-inferiority trials [96]. Many other questions 
of similar importance such as whether a fixed duration of immunotherapy drugs 
produces non-inferior outcomes to continuous administration until progression in 
metastatic setting can be studied using non-inferiority trial design.

 Responsible Prescribing

Since spending is driven by prescribing, substantial change can occur at the level of 
the prescribing physician. Even if individual oncologists don’t have the power to 
bring the cost of cancer drugs down, they can avoid the use of low-value cancer 
treatments. I have previously summarized a list of certain low-value practices in 
oncology that can be safely avoided to minimize cost without necessarily compro-
mising efficacy (Table 4.1) [97]. This list is only a guide and should be updated as 
new low-value practices are recognized. The Choosing Wisely initiative is another 
example of this sort of encouragement, although it covers only general low-value 
practices rather than specific details.
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 A Note on LMICs

It is not unusual for LMICs to fall into the trap of copy-pasting HICs when it 
comes to cancer treatment. However, LMICs should set their own priorities and 
spend only on interventions and drugs that are of high value to them. Although it 
may be necessary in the short run, it is somewhat paradoxical for LMICs to invest 
heavily in purchasing bevacizumab for cervical cancer when HPV vaccination 
and Pap smear tests aren’t implemented properly [98]. I refer to this prioritization 
and implementation of known high-value interventions as the cancer groundshot 
approach [99]. An important part of cancer groundshot would be to prioritize 
high-value drugs for the particular LMIC and ensure easy access and affordability 
to these high-value drugs rather than spend the limited resources on drugs with 
marginal returns [100]. The economics of cancer drugs in LMICs may vary sub-
stantially from high-income countries [89].

 Conclusions

Current cancer drug costs are high, not related to R&D costs, and based on what the 
market will bear in the USA. Such high cost is not only unsustainable in the USA 
but also leads to real harms to patients by decreasing adherence and increasing 
bankruptcy as well as mortality. Some reform measures are essential and wouldn’t 
necessarily stifle innovation. However, not doing anything would further stifle inno-
vation by promoting the development of expensive marginal drugs. Several actions 
are possible to cut down the costs, but there are challenges. But not acting will lead 
to problematic financial and health consequences in not too distant future.

On May 11, 2018, the US President announced a blueprint to lower drug prices 
and reduce out-of-pocket costs in a report titled American Patients First. This report 

Table 4.1 Examples of low-value practices in oncology contributing to financial toxicity

1. Using ramucirumab in the second-line treatment of metastatic colorectal cancer
2. Using anti-EGFR antibodies in the first-line treatment of right-sided metastatic colorectal cancer
3. Using cetuximab for concurrent use with radiotherapy in locally advanced head and neck 
squamous cell carcinoma
4. Using single-agent ramucirumab for second-line gastric cancer
5. Using G-CSF for the treatment of febrile neutropenia in non-high-risk patients
6. Using chemotherapy toward the end of life
7. Testing CA-125 tests and CT scans for surveillance in ovarian cancer
8. Using sunitinib for the adjuvant treatment of renal cell carcinoma
9. Ignoring cheaper drugs in supportive care
10. Using necitumumab for squamous non-small cell lung cancer
11. Using ramucirumab for non-small cell lung cancer

Adapted from Gyawali [97]

B. Gyawali



53

identifies four key areas of intervention: increased competition, better negotiation, 
incentives for lower list prices, and lowering out-of-pocket costs. It remains to be 
seen how these reforms pan out and what impacts they have on cancer drug costs in 
the USA and globally [101].
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Chapter 5
Clinical Trials: Not for the  
Poor and the Old

Mary K. Clancy

 Introduction

The oncology clinical trial enterprise relies on the voluntary participation of cancer 
patients. The percentage of adults with cancer enrolled in clinical trials is extremely 
small and primarily consists of White, insured patients who are less than 65 years of 
age. Low accrual causes delays and termination of many trials. Skewed study popu-
lations result in data that is not generalizable to poor and elderly patients. Inequitable 
access to oncology clinical trials harms current and future cancer patients. Correcting 
this inequity is a matter of patient safety and justice. This chapter will review par-
ticipation rates, factors related to accrual, and potential areas for improvement.

 Clinical Trial Participation

Significant disparities have been reported by race and age for NCI Cooperative 
Group protocols studying breast, prostate, colorectum, and lung cancers [41]. 
Participants in these trials are primarily White (85.6%) and younger than 65 years 
of age (68%). Calculations of enrollment fractions (enrollment rates divided by esti-
mated cancer incidence) demonstrate the discrepancies by age and race. Contrast 
the enrollment fractions for patients aged 65–74 (1.3%) and >75 (0.5%) with that of 
younger patients (3%) [41]. Elderly patients represent two-thirds of cancer patients, 
yet they make up only 25–30% of the 2–3% of cancer patients who participate in 
clinical trials [11, 26, 41].
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A study of minorities and elderly in multiple myeloma trials [15] provides more 
evidence that the current clinical trial enrollment system is skewed against the 
elderly and minority patients. Multiple myeloma is two to three times more preva-
lent in non-Hispanic Blacks than non-Hispanic Whites, and the average age of diag-
nosis is 69 years. However, in this study, non-Hispanic Whites were more likely to 
be enrolled than Blacks (enrollment fraction 0.18% v 0.06%), and elderly patients 
comprised only one-third of clinical trial participants over a 16-year period, and 
industry-sponsored studies were less likely to enroll non-Hispanic Blacks than NCI 
or academic studies (5% v 10%) [15].

Across the United States, poverty is closely related to cancer incidence. 
Improvements over time seen in other demographic groups for incidence and sur-
vival continue to lag for Blacks, due in part to delayed diagnosis, insurance cover-
age, and less than optimal cancer treatment. The disparity for Blacks is noted across 
all socioeconomic levels but most notably in underserved communities [46]. 
Information about socioeconomic status and cancer incidence and mortality enables 
identification of populations that are “at the greatest risk of cancer diagnosis and 
mortality and who may therefore benefit from targeted social and medical interven-
tions” [47]. Men and women in the lower socioeconomic groups have 54% and 16% 
higher mortality rates due to lung cancer and a 30% higher rate of colorectal mortal-
ity than those in affluent groups [47].

Federal Guidelines [4] set the threshold for poverty at $25,100 annually for a 
family of 4 and $12,140 for a person living alone. In 2016, there were an esti-
mated 9.2 million Blacks (22%), 11.1 million Hispanics (21.4%), 1.9 million 
Asian (10.1%), and 17.3 million Whites (8.8%), with incomes at or below the 
poverty line. This report included 4.6 million elderly (aged 65 and older) (9.3%) 
[31]. This does not take into account those individuals and families with signifi-
cant financial distress due to cancer treatment. Though not officially impover-
ished, they may be living week to week, on fixed incomes from social security or 
retirement accounts, and/or employed but underinsured, insured with high out-
of-pocket costs, or elderly with no supplemental insurance. In 2016, 4% of 
adults, aged 18–64, were uninsured. Twenty percent had some form of public 
insurance [9]. Of privately insured adults, 39.3% with employment-based insur-
ance had high-deductible plans associated with an increased financial burden and 
delayed care and diagnosis [9]. Many people remain in a “Medicaid gap,” “too 
poor to qualify for subsidies in the new marketplaces, but unable to get into a 
government program” [7].

Inadequate insurance coverage and patient income are associated with disparities 
in access to healthcare and, in turn, are associated with lower clinical trial participa-
tion rates. It is estimated that patients with annual incomes less than $50,000 are 
27% less likely to participate in a clinical trial and that payment concerns in this 
group are of more importance than randomization when making a decision about 
participation [50].
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 Significance

 Costs

There are human and financial costs related to inadequate accrual. When trials fail 
due to lack of enrollment, lagging enrollment, and early participant termination, 
there are real costs to research sponsors, investigators, and institutions. Estimates of 
the cost of bringing a new drug from the laboratory through FDA approval vary but 
may exceed $2 billion and take 10–15 years. This estimate does not include the cost 
of initiating a study at institutions, the required research infrastructure and staffing 
at each site [21].

A clinical trial initiated without the reasonable prospect of enrolling sufficient 
subjects is unethical as it cannot meet the criteria for balanced risk and benefit and 
its results cannot be relied on beyond the studied population. The patients who do 
participate may or may not benefit, and their effort is wasted when a trial is closed 
before completion. Often, the data obtained is not made available to future patients 
or future investigators. These costs are not calculable.

 Generalizability

The inclusion of representative samples in clinical trials is a long-standing problem 
[11] that affects the reliability of research results and patient safety. FDA guidance 
recognizes that no research sample will exactly match actual patients and advises 
physicians to address this problem when interpreting results [21]. In practice, lack 
of generalizability means that clinicians lack the data needed to interpret results for 
their patients. The difference between a typical clinical trial population and the 
“real-world” elderly population seen in a geriatrician’s practice is illustrated in 
Table 5.1 [11]. When the populations vary so widely, it will be difficult to make 
inferences about the effect of a newly marketed drug.

Table 5.1 Comparison of 
elderly patients and clinical 
trial participants

Clinical trial participants Geriatrician practice

Younger than 75 years of age 80 years of age and older
Minimal comorbidity Multiple illnesses
Few medications Multiple medications
Independent daily living activities Functional decline
Cognitively intact Cognitive impairment
Able to drive or take public 
transportation

Limited social support

Created from data in [11]
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“The most significant risk factor for the development of cancer is aging” [37]. An 
estimated 47.8 million (14.9%) US residents are now considered “elderly” (65 years 
of age or older), and this number is projected to reach 98 million or 25% of the US 
population by 2060 [10]. Currently, 47% of breast cancer deaths occur in elderly 
women [25], and it is estimated that deaths in patients 70 years of age and older will 
soon exceed 50% of all cancer deaths [49].

The rapid aging of the US population and changing racial and minority demo-
graphics [15] mean that reliance on data from younger, insured, White patients 
increasingly fails to provide crucial safety and efficacy data for a majority of the US 
population. FDA efforts to reduce the timeline to approval for new agents may exac-
erbate this problem. Drugs approved via the FDA expedited approval program may 
come to market and are quickly adopted as the standard of care with only “single, 
nonrandomized, or uncontrolled pivotal trials without patient-relevant outcomes or 
adequate participation of the elderly and racial or ethnic minorities” [51]. For exam-
ple, the accelerated approval of immune checkpoint inhibitors (ICI) included lim-
ited numbers of elderly in study populations [5].While post-market clinical trials are 
meant to address these gaps, ongoing ICI therapy is hampered by a dearth of infor-
mation about dosing, short- and long-term risk, and effectiveness in target popula-
tions [51]. In 2016, there were 800 immunotherapy clinical trials requiring an 
estimated 155,000 enrolled patients [5]. Given the number of clinical trials that fail 
to enroll sufficient numbers, oncologists may have insufficient prescribing informa-
tion in the foreseeable future.

Given the potential benefit in clinical trials, and the unknown risks involved in 
the clinical use of drugs lacking adequate safety and efficacy information, is research 
any more or actually less risky than clinical care? Is it “really ethical to offer care 
disengaged from research?” Where does the danger lie when clinicians prescribe 
treatments whose risks are unknown, without the protections afforded clinical trial 
participants? [43].

 Rights

If access to adequate and equitable healthcare is a civil right, then how should we 
consider disparities in access to clinical trials and investigational drugs? Patients 
have a right to information about the risks and benefits of their treatment, and this 
right is harmed when patients are exposed to risks that are unknown due to inade-
quate representation in clinical trials. And if clinical trials have the potential of 
direct benefit, and can be considered as a therapeutic alternative, the rights of 
patients are protected by appropriately offering the choice of participation; and all 
efforts need to be made to facilitate access. Oncology practice guidelines reinforce 
this by stating that patients “should have the choice of participation in a clinical trial 
at each stage of their treatment…” [52].

The patient advocacy-led Right to Try movement promotes the idea that 
access to investigational agents is beneficial and, further, is a right; this access 
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“gives life- saving hope back to those who’ve lost it” [45]. Federal “Right to Try” 
legislation allows patients to bypass clinical trials after successful completion of 
Phase I trials and apply directly to a pharmaceutical company for access with no 
review by the FDA or IRBs despite “almost equally universal criticism from the 
bioethics, clinical and research communities” [8]. Patients who take this route 
will receive treatment without true informed consent and the subject protection 
present in the clinical trial enterprise. This push for greater access to investiga-
tional drugs for life-threatening drugs outside of the clinical trial system is a 
symptom of the problem of low accrual and inequitable access. Too few have 
access, so a different route has been established.

Equitable access to clinical trials is in keeping with the foundational principles 
of respect, beneficence, and justice as described by the National Commission for the 
Protection of Human Subjects of Biomedical and Behavioral Research in the 
Belmont Report [14]. The interpretation and application of these principles have a 
direct impact on research participation of the elderly and the poor.

 Benefit

Physician attitudes about clinical trial benefit are important as they can act as poten-
tial barriers or facilitators to enrollment. In 2002, at a time when enrollment to 
pediatric trials was at 70%, a study found that 64.1% of pediatric oncologists versus 
42.8% of medical oncologists believed that the purpose of a clinical trial was to 
provide state-of-the-art treatment. This finding contrasted with those who believed 
that the purpose of a clinical trial was to improve the treatment of future cancer 
patients [34]. There is concern that the belief that participation offers “state-of-the- 
art treatment” causes problems for true informed consent since these investigators 
would be operating under a therapeutic misconception about the purpose of the 
research [34]. When overestimated, an expectation of benefit for clinical trials con-
tradicts the “raison d’etre of trials, which is to determine whether a drug has value 
relative to the standard of care”[38]. With the possible exception of first-in-human 
drugs, there is potential for benefit in most trials.

Modernization of clinical trial design has been accompanied by direct patient 
benefit that is similar to some FDA-approved drugs. With the use of new immuno-
therapies, molecularly targeted agents, enrollment of enriched populations more 
likely to benefit, and designs that look for signals of activity, participation in Phase 
I trials can result in direct benefit. Patients who participate in Phase I trials “may 
experience improved quality of life, psychological benefit, and direct medical ben-
efit” [52]. Despite the increased likelihood of direct benefit, ASCO acknowledges 
the potential for misconception about the purpose of Phase I trials and recommends 
education for investigators involved in the informed consent process as well as edu-
cational videos and material for patients to assure a balanced presentation [52].

There is some evidence of improved outcomes for participants on clinical trials 
independently of the outcome of the trial or whether they received the investiga-
tional or control treatment. This benefit may result in part from the additional 
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oversight and engagement of different members of the research team, follow-up by 
research coordinators, adherence to protocols, and scheduled clinic visits. A 
 meta- analysis focusing on randomized clinical trials in women’s health population 
found that there was a benefit, better health outcomes for those who participated 
than for those who received standard care [43].

Institutional Review Boards (IRBs) are required to assess the risks and benefits 
of a clinical trial prior to approval. By approving a clinical trial, the IRB makes 
determination that the risks of the research are balanced by the potential benefit, 
accrued directly by the participant or, indirectly, to future patients (FDA) [19, 20].

 Respect and Justice

Respect is shown by acknowledging an individual’s autonomy to make decisions in 
his or her best interest and providing information that is necessary to make that deci-
sion in a manner free of coercion and undue influence. Justice requires a fair distri-
bution of risks and benefits and participant selection based not on convenience but 
justified for scientific reasons. However, respect and justice also require the protec-
tion of patients who may lack the capacity for autonomous decisions and those who 
are vulnerable to coercion or undue influence [14]. The mandates for assurance of 
autonomy and the protection of the vulnerable often conflict, and if protection 
becomes paternalism, respect for the individual is lost. Injustice would occur when 
potentially eligible patients are not asked to participate because of decisions based, 
unfairly, on group characteristics.

Dorothy Height, a member of the National Commission for the Protection of 
Human Subjects of Biomedical and Behavioral Research, remembers learning, in 
contrast to what was expected, that Black prisoners felt unfairly excluded from 
research because the White prisoners who did participate received additional bene-
fits, including early release. Ironically, Black prisoners were excluded out of con-
cern that they were vulnerable and had been subject to injustice [30]. Decades after 
the publication of the Belmont Report, Dr. Height would call for renewed attention 
to the mandate for justice, stating “even if there were no excellent scientific reasons 
to eliminate the disparities in clinical trials–which there are-the need for justice in 
human participation research alone justifies the effort.”

 Contributing Factors

There are many, often cited, factors related to clinical trial participation that apply 
across all types of trials, cancer diagnoses, and demographic groups. However, we 
should keep in mind the primary reason that patients don’t enroll in a clinical trial.

They are not asked [29, 30, 41].

Cancer patients are not asked to participate in a clinical trial for a multitude of 
reasons, driven by study design, beliefs and attitudes, regulations, or economics.
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 Clinicians

What prevents primary care physicians, nonacademic oncologists, and even 
oncologists and investigators, at premier cancer centers, from taking the basic 
step of informing a patient of all possible alternatives to care? Since the treating 
provider makes the decision about offering trial participation to his or her 
patient [15], understanding and addressing these factors are critical. Factors that 
may affect physicians’ decisions include belief that standard of care is better, or 
that the treatment in clinical trials is no better, concern about unknown risks, 
reluctance to rely on randomization for treatment decisions, competing trials, 
concern about patient compliance and the time and documentation required by 
the clinician and staff, and concern that their patients will be lost to another 
practice [15, 23, 29, 39].

Clinicians may simply be out of time. For many oncologists, 49% of clinical time 
is consumed by electronic health record requirements [3]. To participate as an inves-
tigator, oncologists must obtain training in human subject research ethics, FDA 
Good Clinical Practice, other regulations, and protocol-specific training. As a prin-
cipal investigator, they will be responsible for study oversight, delegation of duties 
to a research team, assessment and documentation of eligibility, procedures, adverse 
events, site initiation meetings, and meetings with monitors and internal auditors as 
well as financial responsibilites.

Negative attitudes toward research may be a result of the same negative press 
available to patients and their families. Required training about research ethics, 
responsible conduct, and regulations related to human subject research begin with 
historic and current accounts of research scandals and misconduct. Meant as cau-
tionary tales, the scandal of research may be the unintended take-home message. In 
some cases, that is the intent. Consider a report entitled “The Anatomy of Research 
Scandals” [16] in which the author discusses a seminar on medical research that he 
designed to “crush the idealism of future physicians by illuminating the dark pat-
terns that research scandals typically follow.”

 Eligibility Criteria

Clinical trial eligibility criteria are designed to reduce heterogeneity and risks, 
known and theoretical, and to increase the likelihood that noted effects are due to 
the study drug [33] and are driven, as well, by an FDA approval process relying on 
efficacy and internal reliability, not effectiveness and safety [11]. So, these demands 
result in eligibility criteria that have increased in number and specificity over time 
resulting in a cascade of effects that include delayed enrollment, decreased general-
izability, and increased complexity and costs [26].

Despite the 1989 FDA Guidance that stated “there is no good basis for the exclu-
sion of patients on the basis of advanced age alone, or because of the presence of any 
concomitant illness or medication…” [11], age continues to be a limiting factor for 
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clinical trial participation. In 2005, it was reported that “Age is no longer a valid 
eligibility criterion” and that most studies did not have a specific upper age limit. 
However, a significant reduction in recruitment of elderly patients with cancer 
occurred when exclusion criteria included “hypertension, cardiac disease, hemato-
logic, or pulmonary function abnormalities,” and mild to moderate reduction in func-
tional status [49]. Concerns about compliance, family influence, transportation, and 
comprehension can mean that an elderly patient is not asked. The most common 
reasons cited by physicians who decided against a clinical trial were that the treat-
ment was considered too toxic (33%), the best treatment was not included in the 
available clinical trials (27%), and the physician was unaware that a trial was avail-
able (21%). Medical care of the elderly is complicated by comorbid conditions, mul-
tiple medications, isolation, access, and need for support services (FDA), all of which 
may make a person ineligible or act as a barrier for an otherwise eligible patient. 
Elderly may also be excluded because they “have a greater likelihood of getting sick 
or dying during the trial” a not insignificant concern for a study sponsor [11].

The effects of healthcare disparities in the poor that result in higher cancer inci-
dence and mortality [46] are likely to result in decreased access to clinical trials or 
exclusion. Like the elderly, the poor may be excluded from clinical trials due to 
comorbidities and past medical history. They are also negatively impacted by 
delayed access to care and advanced disease at the time of diagnosis. Patients living 
in areas with inadequate numbers of oncologists per patient are less likely to have 
access to clinical trials, and those that must travel, due to rural residence or distance 
from a cancer center, may not be able to participate for studies that require frequent 
visits. This is not specific to the poor and elderly, but any additional burden will 
have greater negative effects in these populations.

 Cost

Clinical trials do not specifically exclude patients based on socioeconomic status 
(SES), but SES and insurance status certainly play a de facto role. As genetic mark-
ers and other new and expensive testing are used for diagnosis and eligibility, the 
poor, and poorly insured, will be less likely to be enrolled [15]. And, because most 
cancer costs occur in the elderly, rising costs will negatively impact their enrollment 
as well. Elderly cancer patients relying on Medicare alone can have out-of-pocket 
(OOP) costs as high as 60% of their annual income [42].

According to verywellhealth.com, a patient sites “clinical trials are not free. 
Someone does have to pay, but for the vast majority of the time, it is not the patient 
who is paying. A majority of clinical trials are federally or privately funded, so there 
is no cost to the participant” [18]. While it is true that “clinical trials are not free,” 
patients do pay for participation in clinical trials. Insurance coverage reimburses for 
routine costs of care associated with clinical trials. However, the determination of 
which treatments and procedures constitute “routine” or “standard” care differs by 
institutions, states, and insurers. A favorable outcome for a patient often relies on 
the best efforts of their oncologist [48].
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 Research Infrastructure

Successful clinical trial sites require an infrastructure that, in addition to having 
qualified investigators and research teams, has adequate clinical and administra-
tive personnel and space, specialized equipment, and clinical time and expertise. 
This includes teams that are capable of conducting accurate feasibility assess-
ments, clinical trial budgets, research billing and regulatory submissions. 
Inadequate planning and unrealistic feasibility assessments do not adequately 
address the time and effort required to enroll the agreed-upon number of research 
patients. Gaps in staffing may result in delayed study start, recruitment, and enroll-
ment. Ongoing recruitment and enrollment are often sacrificed when a research 
team finds itself short-staffed since the management of current research patients 
has to be a priority. Failure to address these issues result in studies that close due 
to lack of enrollment or studies that simply linger on costing the sponsor and site 
both time and money.

Institutions that provide care for underserved, vulnerable populations may 
decline site initiation due to the cost of study start-up and lack of clinical research 
resources and staff ready to perform complex study procedures [27]. Clinical trial 
finance, including coverage analysis, and financial assistance to potential partici-
pants are cited as an area that requires study in order to expand access to “safety 
net” hospitals.

Coverage analysis is conducted for all clinical trials to determine which costs are 
assigned to study sponsors (i.e., research components) and which to the patient and/or 
third-party payers (i.e., standard-of-care components) [27]. The time and effort spent 
on coverage analysis for each clinical trial is costly and time-consuming and can result 
in conflict because there is no “standard” for standard of care [48]. A research patient 
may understand from the consent process that the cost of a procedure is covered by the 
“research” when the finance team has made a different decision. The cost for this 
analysis consumes resources that could otherwise be used for patient accrual.

In practice, the difference between cancer research and clinical care is narrow. 
The FDA exempts oncology trials from IND requirements when the design, popula-
tion, dosage, or route does not significantly increase the risk of a marketed drug 
[22]. Oncology is granted this exemption because oncologists, backed by clinical 
evidence and experience, routinely utilize drugs off-label and try different combina-
tions and regimens for drugs with significant risk of toxicity. Because oncology 
practice can vary widely, based on physician experience and patient need, it seems 
that the procedures deemed “research” only in the coverage analysis process would 
be relatively few.

 Patients

When asked to participate in a clinical trial, an eligible cancer patient is presented 
with a consequential choice requiring complex decision-making at a time of great 
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personal stress. They must process information about the purpose of the research, 
differences between research and standard approaches, control over treatment, risks 
and benefit, time and effort, inconvenience, insurance coverage, and other costs 
[53]. These factors are weighed against the patient’s belief system, culture, family, 
education, experience, and trust. After an initial discussion, the patient may leave 
with a 30-page informed consent document summarizing the research. It will 
include pages of risks and a brief sentence or two about the benefits. For example, 
“Benefit is not guaranteed.” “This study is not designed to benefit you.” “Future 
patients will benefit.” This multifactorial process is stacked against the risk of 
participation.

Potential participants are affected by societal attitudes and information from 
patient-directed marketing and media. Patients arrive having been subjected to con-
flicting, subliminal, messages concerning the beneficence or maleficence of bio-
medical research. If a patient reads US News & World Report, they understand that 
the “best” hospitals conduct clinical trials [13]. Academic medical centers promote 
the idea that clinical trial participation is beneficial by linking access to clinical tri-
als with access to innovative treatments and procedures [38]. Headlines in main-
stream and professional news sources use terms like “miracle,” “cure,” 
“groundbreaking,” “home run,” “revolutionary,” and “marvel” [1], and the FDA 
applies designations such as “breakthrough therapy” to reduce time to approval and 
make these drugs available as soon as possible [51]. These terms confuse the poten-
tial benefit of investigational drugs and the benefit of clinical trials. At the same 
time, the media promotes a negative perception of clinical research and healthcare 
generally. Headlines about research misconduct, noncompliance, conflict of inter-
est, and profiteering tend to reduce trust in the system and may influence a patient’s 
decision to participate in a clinical trial.

A survey of primarily White, well-educated, employed patients identified 
four main attitudes or concerns about participation in a clinical trial. These were 
fear about side effects, insurance coverage, lack of efficacy, and receipt of a 
“sugar” pill. College-educated patients and those with metastatic disease or 
prior clinical trial experience had fewer negative attitudes [39]. There continues 
to be evidence that past transgressions have not been forgotten by minority 
groups, specifically in the Black population, [41] but education and income also 
affect trial participation. Results of a survey of patients in rural North Carolina 
and patients at the Duke Cancer Clinic found that fewer Black patients than 
Whites were willing to participate in a clinical trial. However, the greatest dif-
ference between the groups was not race but education and income. Lower edu-
cation, income, and the belief that God would determine outcome were correlated 
with less willingness to participate [2].

Some patients may arrive at clinic asking to participate in clinical trials due to 
results of their online searches. These patients may be more likely to enroll on a trial 
but may also have assumptions that need correction because information is not read-
ily accessible and may not be understandable. Clinicaltrials.gov, with 200 million 
page views per month [36], is written by sponsors to meet regulatory requirements, 
not for patients searching for trials, and the reading level is far above the average 
patient’s literacy level.
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 (Re)Solutions

Clinical trial disparities have been noted for decades, and despite repeated calls for 
action and initiatives, the problem is essentially unchanged. At the Federal level, the 
Cures Act and the Moonshot have stimulated collaboration among federal agencies, 
industry, and academia that is focused on patient engagement, a coordinated work-
force, and equitable access [3]. There is an enthusiasm for change. However, the 
consensus needed for true change, followed by legislation, guidance, and imple-
mentation, will likely take years to accomplish. While federal initiatives progress, 
there is still much that can be done, starting with each investigator, study coordina-
tor, research nurse, social worker, institution, IRB member, sponsor, and funding 
agency (Fig. 5.1).

 Resolution

Minds and hearts are not easily moved from long-held beliefs and attitudes, but this 
is necessary if there is to be general acceptance of an individual’s right to participate 
in an applicable clinical trial. For this to happen, investigators and members of the 
research team responsible have to be able to verbalize why access is critical as a 
matter of justice and beneficence. Otherwise, they will continue to be reluctant to 
give all eligible patients the opportunity to participate.

A shift in perspective for IRBs is also needed, one that moves from, primarily, a 
protective stance to a more balanced review process that assures the individual’s 
right to make a voluntary autonomous decision. IRB review must fully incorporate 
the principle of justice.

 Immediate Action

Simply asking eligible patients to participate would significantly increase the rate of 
enrollment. This should involve an active process that begins before a patient arrives 

Fig. 5.1 Action plan
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at a cancer center. Patients are often sent links with information and health question-
naires that must be completed before their first appointment. An introduction to the 
center should include information about clinical trials and links to cancer resources 
and active trials at the site. Basic brochures about the purpose of clinical trials should 
be available in the waiting rooms. This would provide some awareness of clinical 
trials before a patient is asked to participate. All members of the research team 
should be aware of, or have access to, information about applicable clinical trials. A 
navigator or recruitment coordinator would be responsible for reviewing all patients 
scheduled for visits and providing relevant information to the clinical and research 
teams to assure that applicable patients are at least considered for participation.

Protocol feasibility assessments that include accrual factors, not just the number 
of patients at a given site, would increase the likelihood that a study will enroll not 
just the required number of participants but also includes a representative sample. A 
tool that incorporates known barriers [6] would identify trials at high risk for low 
accrual and could be used to develop realistic accrual plans and timelines. Sponsors 
and sites can then determine if a trial is worthwhile, even if there is a need for an 
extended enrollment period or significant resource allocation. These resources may 
include staff to identify and recruit the elderly and an assessment and provision of 
patient transportation and home support [49]. Each site would use this plan to assure 
that enrollment stays on track. Clinical trials accrual plans that specifically address 
inclusion of the poor and the elderly and include measures that would enable par-
ticipation should be required and reviewed by funding and regulatory agencies. An 
immediate impact would be made if this was fully adopted for NCI Cooperative 
Group trials [25].

IRBs must review eligibility criteria to assure that the exclusion criteria are fair 
and are justified by the science (FDA), but review of accrual plans may be viewed 
as “IRB scope creep.” Assuming that enrollment study wide will be equitable, a 
local IRB, reviewing a multicenter clinical trial, may not take up the issue even 
though the population at the local site is limited. Increased reliance on central or 
single IRBs may present an opportunity for change. Central IRBs have the respon-
sibility for review of an entire trial. As a matter of justice, CIRBs must review for 
equitable inclusion and, as a matter of risk, must assess the feasibility of a trial. 
They can require submission of an accrual plan. Nationally, CIRBs have the means 
to assure justice for the poor and elderly who have not been included to date.

 Ongoing Action

Industry sponsors can address the barrier posed by the cost of cancer care and the 
incremental cost of trial participation by establishing methods to reimburse for 
travel expenses. Reimbursement for expenses is a measurable response that reduces 
barriers to participation while avoiding the concern of undue influence. However, 
these modest measures may not be sufficient for patients whose financial status 
represents a barrier to adequate healthcare. Improving access to cancer trials by 

M. K. Clancy



71

“erasing the stigma of undue inducement” is the objective of the Lazarex Cancer 
Foundation, a philanthropic organization that supports access by providing reim-
bursement to research patients who could not afford the out-of-pocket costs of par-
ticipation [35]. Lazarex is working to reduce the health access disparity created by 
current misconception and lack of guidance surrounding reimbursement for the 
ancillary (incremental) costs of participation and have launched an initiative with 
the 10-year goal of eliminating this barrier to clinical trial participation. In partner-
ship with the Lazarex, an innovative “cancer care equity program (CCEP)” was 
established to address the direct costs of participation that act as barriers to partici-
pation in clinical trials. Financial assistance was provided for travel, lodging, and 
other trial-related expenses to patients who passed a financial screen. The program 
has resulted in increased enrollment for enrollees whose financial status would have 
prevented clinical trial participation [44]. This is a model that should be adopted by 
other cancer center foundations and philanthropic organizations.

Institutions could effectively reduce barriers to clinical trial participation by 
treating all patients the same. Academic medical centers that have a system to pro-
vide “charity care” have the opportunity to assist research patients who meet basic 
financial criteria. Potentially eligible research patients referred from community 
clinics staffed by AMC residency programs could automatically be referred to 
appropriate care navigators and the oncology recruitment coordinator.

As a group, very poor cancer patients are considered vulnerable to undue influ-
ence (FDA), and it is the IRBs’ responsibility to assure that payment or compensa-
tion does not take precedence over other important factors such as purpose, 
procedures, or risks of the study in a patient’s decision to participate. IRBs routinely 
approve some level of compensation. However, payment to research subjects is sub-
ject to greater scrutiny despite evidence that payment “obscures the risk perception 
of potential research participants” [28]. IRBs are cautioned against the mistake of 
equating poverty with lack of capacity and further restricting an individual’s options 
[28]. Greater compensation for participation may lower the barriers to enrollment 
for the poor without harm.

Patient burdens related to travel, across town, or from rural areas, could also be 
reduced through the use of telemedicine [3]. ASCO provides several examples of 
successful telemedicine programs for small, rural, and large-scale systems that 
result in increased patient satisfaction, fewer emergency room visits, and minimal 
increase in physician workload. These programs could be implemented to reduce 
the number of trips to a cancer center.

 Reduce, Refine, and Replace

The principles of reduction, refinement, and replacement have been adopted in are-
nas where unnecessary and/or inefficient use of subjects or materials results in 
harm. They are a useful way to think about the current inequity in oncology clinical 
trials and some potential changes (Fig. 5.2).
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 Reduce

Too many clinical trials are competing for the same patient populations. For exam-
ple, the annual number of new cases of breast cancer in the United States is esti-
mated at 252,710. In the same time period, 275,342 participants were required for 
533 breast cancer trials listed in a clinicaltrials.gov search [12]. Many of these stud-
ies will be closed due to low accrual and would never have been opened if an accu-
rate feasibility assessment and accrual planning had been done. The dollars, time, 
and effort involved in opening and maintaining a low-functioning trial are better 
used elsewhere. Funding agencies, Data Safety Monitoring Boards, and Investigator 
sites should track and close trials that fail to meet accrual timelines.

Regulatory burden negatively impacts accrual in several ways. Assuring compli-
ance with research regulations takes time that clinical investigators could better use 
to review patient histories, have meaningful consent conversations with potential 
participants, and write or provide feedback about trial designs and eligibility criteria 
that would facilitate participation by elderly and poor cancer patients.

The current clinical trial consent document includes pages of required language 
that distract from the core elements. FDA guidance on minimum, or maximum, 
requirements for the description of risks, for example, would be helpful. Is informa-
tion about the pain of blood draws really needed? The discomfort of ECG sticky 
pads? What type of information could be placed in an addendum, or just excluded? 
Informed consents should have less, better, information. Sites should be encouraged 
to implement alternative formats such as the electronic consent forms.

Modified regulatory requirements for clinicians who may only be engaged tan-
gentially would allow them to support their patients who are in clinical trials with-

Fig. 5.2 Resolutions
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out being added to the research team. This could foster collaboration with oncologists 
who are reluctant to refer a patient for a clinical trial because they may lose them to 
their practice. It would enable them to conduct standard clinic visits, perhaps man-
age their patients in a private office distant from the cancer center but support the 
research in some way.

There is a chasm between medical practice and clinical research that prevents 
clinicians and patients from participation. The 1979 Belmont Report made a dis-
tinction between medical practice, which is designed “for the well-being of an 
individual patient,” and research, which is designed to “test a hypothesis” and 
“develop or contribute to generalizable knowledge” [14]. The purpose of each is 
different but complementary. In the decades following the Report, regulations, 
guidance, oversight, review processes, and education and training requirements 
have emphasized the differences between clinical practice and research. Oncology 
practice routinely involves treatment combinations that are off-label [22]. No addi-
tional consent or oversight is needed for this. But when these same combinations 
are included in a trial designed to obtain objective data, the same clinician faces an 
entirely different set of rules. Yes, research is “for future patients,” but the care that 
is provided in a clinical trial is about the research patient. Trials include data and 
safety monitoring that protect current patients, and clinical investigators can stop 
participation at any time based on the research patient’s best interest. Quality 
improvement initiatives and data collected for reporting purposes are considered to 
be part of clinical practice or hospital operations. It is possible to reduce the num-
ber of clinical trials by utilizing the vast array of clinical data available via elec-
tronic health records, registries, and quality reporting and by moving to a learning 
healthcare system [3, 17].

 Refine

Study designs should account for slow accrual, early withdrawals or loss to follow-
 up, participant burden, and cost. Rigorous randomized clinical trials fail when these 
elements are not included. Designs that adhere more closely to the standard of care, 
e.g., pragmatic design or others, might be better positioned to meet accrual goals 
and study objectives [24]. Designs that provide crossover to treatment arms and 
continued access may add potential benefit to research patients initially assigned to 
placebo or who are enrolled in early phase trials.

The informed consent processes for practice and research need to fully inform 
patients about the known and unknown risks and benefits of treatment options. 
Greater transparency about the knowledge deficits in drugs prescribed in usual prac-
tice would allow patients to make more informed choices when asked to participate 
in research. Consistent with the anticipated changes to the Common Rule, informed 
consent documents for all clinical trials should start with a concise summary that in 
very few words explains that participation is voluntary, the purpose of the research 
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and its risks and benefits [40]. This concise summary could also be used as the stan-
dard summary provided for patients in clinical trial websites.

Refinement, guidance, and simplification are needed in the coverage analysis 
process that determines what procedures will be charged to the research study and 
which are the responsibilities of the insurer and research patient. Sponsors should 
accept responsibility for initiating a coverage template for each trial or, at least, 
identifying those procedures considered “research only.” A system where sponsors 
provide sites with protocol-specific coverage analyses, followed by confirmation at 
a site, would reduce time to study start-up and also more fairly and uniformly assign 
benefits study wide. Cost savings could be used to hire social work staff and finan-
cial navigators to work with patients to reduce financial barriers to care and to clini-
cal trials.

 Replace

Continuous evaluation of safety and efficacy for approved drugs, especially 
those that are approved with reduced requirements, is needed. However, post-
market trials compete with trials of new treatments and combinations that include 
the same patient populations. Phase IV trials could be replaced via existing 
reporting mechanisms and rely on real-world reporting instead of enrolling 
patients in clinical trials. Pragmatic trials, closely aligned to clinical practice 
[24], observational studies, registries, and use of existing data and electronic 
health records and administrative and claims databases are all potential sources 
of long-term safety data [11].

The clinical trial enterprise needs to better “control the message” about the 
importance and potential benefit of clinical trials. Press releases about advances in 
science need to include balanced expectations for timelines and potential benefits. 
Institutions can develop population-specific material about cancer clinical trials for 
patients at the cancer center and surrounding community outreach clinics [2]. More 
patient-centric sites are needed to enable searches that meet a patient’s specific 
needs. For example, is there a trial for a patient like me [32, 36]?

Most importantly, the expectation that an eligible research patient will appear 
when needed and will consent to participation must be abandoned. To assure ade-
quate and equitable enrollment, current passive accrual processes must be replaced 
with proactive protocols and site-specific plans and action, followed by review and 
reporting, enabling continuous quality improvement in this area. Patients that reflect 
the anticipated patient population, the elderly, and the poor must be included in the 
conversation. Not as research subjects but as true partners.

Clinical trials rely on the voluntary participation of patients with cancer. Future 
patients rely on data provided by patients like them. Current patients have the right 
to know all therapeutic options and have access to applicable clinical trials. This all 
starts with just asking. Ask.

M. K. Clancy



75

References

 1. Abola MV, Prasad V. The use of superlatives in cancer research. JAMA Oncol. 2016;2:139–41. 
https://doi.org/10.1001/jamaoncol.2015.3931.

 2. Advani AS, et al. Barriers to the participation of African-American patients with cancer in 
clinical trials: a pilot study. Cancer. 2003;97:1499–506.

 3. ASCO. The state of cancer care in America, 2017: a report by the American Society of Clinical 
Oncology. J Oncol Pract. 2017;13:e353–94. https://doi.org/10.1200/jop.2016.020743.

 4. ASPE. U.S. Federal Poverty guidelines used to determine financial eligibility for certain fed-
eral programs. 2018. https://aspe.hhs.gov/poverty-guidelines.

 5. Baik CS, et al. Immuno-oncology clinical trial design: limitations, challenges, and opportuni-
ties. Clin Cancer Res. 2017;23:4992–5002. https://doi.org/10.1158/1078-0432.ccr-16-3066.

 6. Bennette CS, Ramsey SD, McDermott CL, Carlson JJ, Basu A, Veenstra DL. Predicting low 
accrual in the National Cancer Institute’s Cooperative Group Clinical Trials JNCI.  J Natl 
Cancer Inst. 2016;108:djv324. https://doi.org/10.1093/jnci/djv324.

 7. Bui Q, Sanger-Katz M. We mapped the uninsured. You’ll notice a pattern. 2015. https://www.
nytimes.com/interactive/2015/10/31/upshot/who-still-doesnt-have-health-insurance-obam-
acare.html.

 8. Carrieri D, Peccatori FA, Boniolo G. The ethical plausibility of the ‘Right To Try’ laws. Crit 
Rev Oncol Hematol. 2018;122:64–71.

 9. Center for Disease Control. National Center for Health Statistics FastStats: Centers for Disease 
Control and Prevention; 2017. https://www.cdc.gov/nchs/fastats/cancer.htm.

 10. Census.gov. FFF: Older Americans month: May 2017 – Census.gov. 2017. https://www.cen-
sus.gov/content/dam/Census/newsroom/facts-for-features/2017/cb17-ff08.pdf.

 11. Cherubini A, Signore SD, Ouslander J, Semla T, Michel JP.  Fighting against age 
discrimination in clinical trials. J Am Geriatr Soc. 2010;58:1791–6. https://doi.
org/10.1111/j.1532-5415.2010.03032.x.

 12. Clinicaltrials.gov. https://clinicaltrials.gov/ct2/results/map/click?recrs=a&type=Intr&cond=
Breast+Cancer&cntry=US&age=12&phase=01234&mapw=1726&map.x=352&map.y=359. 
Accessed 4 June 2018.

 13. Comarow A. FAQ: how and why we rank and rate hospitals. U.S. News & World Report. 2017. 
https://health.usnews.com/health-care/best-hospitals/articles/faq-how-and-why-we-rank-and-
rate-hospitals. Accessed 14 June 2018.

 14. DHEW. The Belmont report: ethical principles and guidelines for the protection of human 
subjects of research. 1979. https://www.hhs.gov/ohrp/sites/default/files/the-belmont-report-
508c_FINAL.pdf.

 15. Duma N, et al. Representation of minorities and women in oncology clinical trials: review of 
the past 14 years. J Oncol Pract. 2018;14:e1–e10. https://doi.org/10.1200/jop.2017.025288.

 16. Elliott C.  The anatomy of research scandals the Hastings Center Report 47:inside. 2017. 
https://doi.org/10.1002/hast.704.

 17. Faden R, Kass N, Goodman S, Pronovost P, Tunis S, Beauchamp T. An ethics framework for 
a learning health care system: a departure from traditional research ethics and clinical ethics. 
Hastings Cent Rep. 2013;43:S16–27. https://doi.org/10.1002/hast.134.

 18. Fayed L. Review of cost coverage for participating in a clinical trial. https://www.verywell-
health.com/are-clinical-trials-free-513637. Accessed 14 June 2018.

 19. FDA 21 CFR 21 Part 56 Institutional Review Boards.
 20. FDA 21 CFR 56.111 Criteria for IRB approval of research.
 21. FDA. Guidance for industry: E9 statistical principles for clinical trials. 1998. https://www.fda.

gov/downloads/drugs/guidancecomplianceregulatoryinformation/guidances/ucm073137.pdf.
 22. FDA. 2004. IND exemptions for studies of lawfully marketed drug or biological products 

for the treatment of cancer. https://www.fda.gov/downloads/Drugs/GuidanceCompliance 
RegulatoryInformation/Guidances/UCM071717.pdf.

5 Clinical Trials: Not for the Poor and the Old

https://doi.org/10.1001/jamaoncol.2015.3931
https://doi.org/10.1200/jop.2016.020743
https://aspe.hhs.gov/poverty-guidelines
https://doi.org/10.1158/1078-0432.ccr-16-3066
https://doi.org/10.1093/jnci/djv324
https://www.nytimes.com/interactive/2015/10/31/upshot/who-still-doesnt-have-health-insurance-obamacare.html
https://www.nytimes.com/interactive/2015/10/31/upshot/who-still-doesnt-have-health-insurance-obamacare.html
https://www.nytimes.com/interactive/2015/10/31/upshot/who-still-doesnt-have-health-insurance-obamacare.html
https://www.cdc.gov/nchs/fastats/cancer.htm
https://www.census.gov/content/dam/Census/newsroom/facts-for-features/2017/cb17-ff08.pdf
https://www.census.gov/content/dam/Census/newsroom/facts-for-features/2017/cb17-ff08.pdf
https://doi.org/10.1111/j.1532-5415.2010.03032.x
https://doi.org/10.1111/j.1532-5415.2010.03032.x
https://clinicaltrials.gov/ct2/results/map/click?recrs=a&type=Intr&cond=Breast+Cancer&cntry=US&age=12&phase=01234&mapw=1726&map.x=352&map.y=359
https://clinicaltrials.gov/ct2/results/map/click?recrs=a&type=Intr&cond=Breast+Cancer&cntry=US&age=12&phase=01234&mapw=1726&map.x=352&map.y=359
https://health.usnews.com/health-care/best-hospitals/articles/faq-how-and-why-we-rank-and-rate-hospitals
https://health.usnews.com/health-care/best-hospitals/articles/faq-how-and-why-we-rank-and-rate-hospitals
https://www.hhs.gov/ohrp/sites/default/files/the-belmont-report-508c_FINAL.pdf
https://www.hhs.gov/ohrp/sites/default/files/the-belmont-report-508c_FINAL.pdf
https://doi.org/10.1200/jop.2017.025288
https://doi.org/10.1002/hast.704
https://doi.org/10.1002/hast.134
https://www.verywellhealth.com/are-clinical-trials-free-513637
https://www.verywellhealth.com/are-clinical-trials-free-513637
https://www.fda.gov/downloads/drugs/guidancecomplianceregulatoryinformation/guidances/ucm073137.pdf
https://www.fda.gov/downloads/drugs/guidancecomplianceregulatoryinformation/guidances/ucm073137.pdf
https://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM071717.pdf
https://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM071717.pdf


76

 23. FDA. 2014. FDA action plan to enhance the collection and availability of demographic sub-
group data. https://www.fda.gov/downloads/RegulatoryInformation/Legislation/FederalFood 
DrugandCosmeticActFDCAct/SignificantAmendmentstotheFDCAct/FDASIA/
UCM410474.pdf.

 24. Ford I, Norrie J. Pragmatic trials. N Engl J Med. 2016;375:454–63. https://doi.org/10.1056/
NEJMra1510059.

 25. Freedman RA, et al. Promoting accrual of older patients with cancer to clinical trials: an alli-
ance for clinical trials in oncology member survey (A171602). Oncologist. 2018;23:1016. 
https://doi.org/10.1634/theoncologist.2018-0033.

 26. Garcia S, et  al. Thoracic oncology clinical trial eligibility criteria and requirements con-
tinue to increase in number and complexity. J Thorac Oncol. 2017;12:1489–95. https://doi.
org/10.1016/j.jtho.2017.07.020.

 27. Gerber DE, Lakoduk AM, Priddy LL, Yan J, Xie X-J. Temporal trends and predictors for can-
cer clinical trial availability for medically underserved populations. Oncologist. 2015;20:674–
82. https://doi.org/10.1634/theoncologist.2015-0083.

 28. Grady C. Payment of clinical research subjects. J Clin Invest. 2005;115:1681–7. https://doi.
org/10.1172/JCI25694.

 29. Gross CP, Krumholz HM, Van Wye G, Emanuel EJ, Wendler D.  Does random treatment 
assignment cause harm to research participants? PLoS Med. 2006;3:e188.

 30. Height DI.  The need for justice in human participants research: life after the Belmont 
Commission. J Cancer Educ. 2009;24:S19. https://doi.org/10.1080/08858190903400401.

 31. J. L. Semega, KR Fontenot, M.A. Kollar. Income and poverty in the United States: 2016 cur-
rent population reports. 2017.

 32. Jadhav S. Are clinical trial matching services truly patient-centric?. 2017. http://www.applied-
clinicaltrialsonline.com/print/327315?page=full. Accessed 18 June 2018.

 33. Jin S, Pazdur R, Sridhara R.  Re-evaluating eligibility criteria for oncology clinical trials: 
analysis of investigational new drug applications in 2015. J Clin Oncol. 2017;35:3745–52. 
https://doi.org/10.1200/jco.2017.73.4186.

 34. Joffe S, Weeks JC. Views of American oncologists about the purposes of clinical trials. J Natl 
Cancer Inst. 2002;94:1847–53. https://doi.org/10.1093/jnci/94.24.1847.

 35. Johnson RG, Dornsife DL. Equitable access to cancer clinical trials: erasing the stigma of 
undue inducement. Oct 23, 2017. ASCO Connection. https://connection.asco.org/magazine/
features/equitable-accesscancer-clinical-trials-erasing-stigma-undue-inducement.

 36. Krohn T.  Patient centricity in clinical trials: when searching is a struggle antidote. 2018. 
https://www.acrpnet.org/2018/01/17/patient-centricity-clinical-trials-searching-struggle/. 
Accessed 18 June 2018.

 37. Lichtman SM, Hurria A, Jacobsen PB.  Geriatric oncology: an overview. J Clin Oncol. 
2014;32:2521–2. https://doi.org/10.1200/jco.2014.57.4822.

 38. London A, Kimmelman J.  Clinical trials in medical center advertising. JAMA Oncol. 
2018;4:769. https://doi.org/10.1001/jamaoncol.2018.0181.

 39. Manne S, et  al. Attitudinal barriers to participation in oncology clinical trials: factor anal-
ysis and correlates of barriers. Eur J Cancer Care. 2015;24:28–38. https://doi.org/10.1111/
ecc.12180.

 40. Menikoff J, Kaneshiro J, Pritchard I. The common rule, updated. N Engl J Med. 2017;376:613–
5. https://doi.org/10.1056/NEJMp1700736.

 41. Murthy VH, Krumholz HM, Gross CP. Participation in cancer clinical trials: race-, sex-, and 
age-based disparities. JAMA. 2004;291:2720–6. https://doi.org/10.1001/jama.291.22.2720.

 42. Narang AK, Nicholas L.  Out-of-pocket spending and financial burden among medi-
care beneficiaries with cancer. JAMA Oncol. 2017;3:757–65. https://doi.org/10.1001/
jamaoncol.2016.4865.

 43. Nijjar S, D’Amico M, Wimalaweera N, Cooper N, Zamora J, Khan K. Participation in clini-
cal trials improves outcomes in women’s health: a systematic review and meta-analysis. 
BJOG. 2018;124:863–71. https://doi.org/10.1111/1471-0528.14528.. @10.1002/(ISSN)1471- 
0528(CAT)EditorsPick(VI)EditorsPick.

M. K. Clancy

https://www.fda.gov/downloads/RegulatoryInformation/Legislation/FederalFoodDrugandCosmeticActFDCAct/SignificantAmendmentstotheFDCAct/FDASIA/UCM410474.pdf
https://www.fda.gov/downloads/RegulatoryInformation/Legislation/FederalFoodDrugandCosmeticActFDCAct/SignificantAmendmentstotheFDCAct/FDASIA/UCM410474.pdf
https://www.fda.gov/downloads/RegulatoryInformation/Legislation/FederalFoodDrugandCosmeticActFDCAct/SignificantAmendmentstotheFDCAct/FDASIA/UCM410474.pdf
https://doi.org/10.1056/NEJMra1510059
https://doi.org/10.1056/NEJMra1510059
https://doi.org/10.1634/theoncologist.2018-0033
https://doi.org/10.1016/j.jtho.2017.07.020
https://doi.org/10.1016/j.jtho.2017.07.020
https://doi.org/10.1634/theoncologist.2015-0083
https://doi.org/10.1172/JCI25694
https://doi.org/10.1172/JCI25694
https://doi.org/10.1080/08858190903400401
http://www.appliedclinicaltrialsonline.com/print/327315?page=full
http://www.appliedclinicaltrialsonline.com/print/327315?page=full
https://doi.org/10.1200/jco.2017.73.4186
https://doi.org/10.1093/jnci/94.24.1847
https://connection.asco.org/magazine/features/equitable-accesscancer-clinical-trials-erasing-stigma-undue-inducement
https://connection.asco.org/magazine/features/equitable-accesscancer-clinical-trials-erasing-stigma-undue-inducement
https://www.acrpnet.org/2018/01/17/patient-centricity-clinical-trials-searching-struggle/
https://doi.org/10.1200/jco.2014.57.4822
https://doi.org/10.1001/jamaoncol.2018.0181
https://doi.org/10.1111/ecc.12180
https://doi.org/10.1111/ecc.12180
https://doi.org/10.1056/NEJMp1700736
https://doi.org/10.1001/jama.291.22.2720
https://doi.org/10.1001/jamaoncol.2016.4865
https://doi.org/10.1001/jamaoncol.2016.4865
https://doi.org/10.1111/1471-0528.14528


77

 44. Nipp RD, et  al. Financial burden of cancer clinical trial participation and the impact 
of a cancer care equity program. Oncologist. 2016;21:467–74. https://doi.org/10.1634/
theoncologist.2015-0481.

 45. Right to Try Movement. 2018. http://righttotry.org/. Accessed 13 June 2018.
 46. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2017. CA Cancer J Clin. 2017;67:7–30. 

https://doi.org/10.3322/caac.21387.
 47. Singh GK, Jemal A.  Socioeconomic and racial/ethnic disparities in cancer mortality, inci-

dence, and survival in the United States, 1950-2014: over six decades of changing pat-
terns and widening inequalities. J Environ Public Health. 2017;2017:2819372. https://doi.
org/10.1155/2017/2819372.

 48. Strauss DC, Thomas JM. What does the medical profession mean by “Standard of Care?”. J 
Clin Oncol. 2009;27:e192–3. https://doi.org/10.1200/jco.2009.24.6678.

 49. Townsley CA, Selby R, Siu LL.  Systematic review of barriers to the recruitment of older 
patients with cancer onto clinical trials. J Clin Oncol. 2005;23:3112–24. https://doi.
org/10.1200/jco.2005.00.141.

 50. Unger JM, Gralow JR, Albain KS, Ramsey SD, Hershman DL. Patient income level and cancer 
clinical trial participation: a prospective survey study. JAMA Oncol. 2016;2:137–9. https://doi.
org/10.1001/jamaoncol.2015.3924.

 51. Wallach JD, Ross JS, Naci H. The US Food and Drug Administration’s expedited approval 
programs: evidentiary standards, regulatory trade-offs, and potential improvements. Clin 
Trials. 2018;15:219–29. https://doi.org/10.1177/1740774518770648.

 52. Weber JS, et al. American Society of Clinical Oncology policy statement update: the critical 
role of phase I trials in cancer research and treatment. J Clin Oncol. 2015;33:278–84. https://
doi.org/10.1200/jco.2014.58.2635.

 53. Wong Y-N, et al. Financial concerns about participation in clinical trials among patients with 
cancer. J Clin Oncol. 2016;34:479–87. https://doi.org/10.1200/jco.2015.63.2463.

5 Clinical Trials: Not for the Poor and the Old

https://doi.org/10.1634/theoncologist.2015-0481
https://doi.org/10.1634/theoncologist.2015-0481
http://righttotry.org/
https://doi.org/10.3322/caac.21387
https://doi.org/10.1155/2017/2819372
https://doi.org/10.1155/2017/2819372
https://doi.org/10.1200/jco.2009.24.6678
https://doi.org/10.1200/jco.2005.00.141
https://doi.org/10.1200/jco.2005.00.141
https://doi.org/10.1001/jamaoncol.2015.3924
https://doi.org/10.1001/jamaoncol.2015.3924
https://doi.org/10.1177/1740774518770648
https://doi.org/10.1200/jco.2014.58.2635
https://doi.org/10.1200/jco.2014.58.2635
https://doi.org/10.1200/jco.2015.63.2463


79© Springer Nature Switzerland AG 2019 
E. H. Bernicker (ed.), Cancer and Society, 
https://doi.org/10.1007/978-3-030-05855-5_6

Chapter 6
Global Disparities: Can the World  
Afford Cancer?
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Yanin Chavarri-Guerra, and Gilberto Lopes

 Introduction

The last few decades have brought significant breakthroughs in the treatment of 
cancer, which have led to an improvement in the outcomes of patients worldwide. 
However, access to these treatments is limited for patients living in low-and-middle- 
income countries (LMICs) or in resource-limited settings in high-income countries 
(HICs). According to data from GLOBOCAN, in 2012 there were 14.1 million new 
cases of cancer and 8.2 million cancer deaths across the world. Strikingly, 57% of 
those new cancer cases and 65% of cancer-related deaths occurred in LMICs, where 
healthcare systems are less prepared to treat noncommunicable diseases such as 
cancer. This is easily demonstrable by analyzing the mortality-to-incidence ratio 
(MIR) across different regions of the world. The aggregate MIR for all types of 
cancer in more developed regions of the world, for example, is 0.475 (which means 
that 47.5% of patients diagnosed with cancer will eventually die from the disease), 
whereas in less developed regions, the MIR is of 0.664, representing an almost 20% 
higher chance of dying after a diagnosis of cancer [21]. Wide differences in cancer- 
specific outcomes, such as 5-year overall survival (OS), are also found between 
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LMICs and HICs. Five-year age-standardized net survival rates for breast cancer 
(all stages) in the period comprised between 2010 and 2014, for example, were of 
90.2% in the United States and 86.7% in France, compared with 75.2% in Brazil, 
68.7% in Thailand, and only 40.1% in South Africa [2].

The incidence of cancer is estimated to continue rising during the following 
decades, with a global increase of around 70% by the year 2035, and this rise is 
expected to be higher in LMICs [21]). There are many reasons for this increase 
in cancer incidence in LMIC, but one of its main drivers is that these countries 
are still completing their demographic transition, which will lead to an increase 
in the number of older adults, which are at higher risk of developing cancer – in 
fact, the largest increase in incidence is predicted in people older than 65 years 
of age, with an increase of over 100% in new cancer cases. Another potential 
reason for the increased cancer incidence in LMICs is an increasing exposure to 
risk factors, such as tobacco use and obesity, which are greatly prevalent in 
many LMICs [37].

 Healthcare Expenditure and Cancer Care

Despite this growing global burden of cancer, many healthcare systems are not well 
prepared to manage this epidemiological transition. This is an even greater issue in 
LMICs, since it has been estimated that only 5% of the global resources for cancer 
control are spent in these countries [20].

 Government Investment in Healthcare

While all regions of the world will see an increase in cancer, there are large dif-
ferences among countries regarding expenditure on health, which depends both 
on gross domestic product per capita (GDP) and on the percentage of GDP allo-
cated to healthcare. These differences can be seen between HICs and LMICs but 
also within different LMICs. In 2014, for example, Kenya (a lower-middle-
income country according to the World Bank) spent 169 USD per capita on 
healthcare, corresponding to 5.7% of the country’s GDP.  In that same year, 
Mexico, an upper-middle- income country, spent 1122–1318 USD (6.3–8.3% of 
GDP), while a HIC like Canada spent $4641 per capita (10.4% of GDP) [55]. 
The annual economic burden of cancer per patient, including direct medical 
expenses (procedures, hospitalizations, outpatient visits, and prescription drugs), 
nonmedical expenses (transportation and caregiving), and productivity losses, 
has been calculated in a range from 0.54 to 7.92 USD in developing regions such 
as South America, China, and India. In comparison, HICs such as the United 
Kingdom  (UK), Japan, and the United States  (US) spend 183–460 USD per 
patient. Translating this to per capita gross national income (GNI), expenditure 
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on cancer care is equivalent to 0.05–0.12% of GNI in developing regions such as 
South America, China, and India. In contrast, these expenses correspond to 0.51–
1.02% of GNI in HIC [30].

There are also great variations in financing of cancer care across countries, with 
different proportions of government contributions and household out-of-pocket 
expenses. Although this happens in every region, a larger proportion of the popula-
tion of LMICs is exposed to potentially catastrophic out-of-pocket expenditure. 
This is partially due to the existence of fragmented healthcare systems with limited 
coverage for expensive conditions such as cancer. In Mexico, for example, there are 
at least six different public healthcare systems, with each having different availabil-
ity of treatments and procedures [44].

 Access to Cancer Medications, and Affordability of Cancer Care

A fundamental issue that must be taken into account when analyzing the global 
affordability of cancer care is the cost of medications. Global spending on cancer 
therapies and supportive care drugs now exceeds 133 billion USD, and this expen-
diture will continue increasing, with a projected 180–200 billion USD spent in can-
cer drugs globally during the next 5 years [27]. Spending on cancer medications has 
increased steadily for the last 10 years, in parallel with a rise in list prices of newer 
drugs. These increases have been particularly steep since the introduction of newer 
classes of drugs, such as checkpoint inhibitors and targeted agents. The median 
annual cost of a new cancer drug launched in 2014 exceeded 135,000 USD, repre-
senting approximately 6 times the cost of cancer drugs approved in the early 2000s, 
after adjusting for inflation [16]. More recently, personalized cell-based therapies, 
such as chimeric antigen receptor (CAR) T-cell immunotherapy, are listed at an 
even higher price of around 375–475,000 USD per patient [15].

These high costs represent a major barrier to access for patients in LMICs. The 
very definition of LMIC implies a GNI per capita of $12,235, many times less than 
the cost of some of the newer medications as single agents  [54]. For many 
patients,  this can mean  incurring in catastrophic out-of-pocket expenses and, for 
many others, simply not having access to medications. Moreover, when LMIC try 
to provide newer therapies as part of public healthcare coverage, their cost can take 
over a large proportion of the total cancer-related expenditure. A good example of 
this is Lebanon, where in 2016 pembrolizumab and nivolumab represented 19% of 
the total yearly budget for cancer medications, despite only being used for 3% of all 
patients with cancer in the country [18]. Therefore, national healthcare policy mak-
ers need to prioritize which interventions and medications have the largest potential 
benefit at the lowest possible cost. However, with the large number of cancer drugs 
launched every year, and national differences in availability and access, this can be 
very difficult to outline.

The World Health Organization (WHO) has previously published the Model List 
of Essential Medicines, which includes a section on essential cancer medications. 
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This list was recently updated in 2015 in conjunction with the Union for International 
Cancer Control (UICC). Cancer care specialists from all continents participated in 
this value-oriented review, identifying cancer types with potential for maximal 
treatment impact. The value of individual systemic agents was assessed based on 
incidence, treatment outcomes (including all therapeutic options such as surgery, 
radiotherapy, and systemic agents), and absolute and relative benefit of available 
systemic therapies. This update resulted in 16 medications added to the list, com-
pared to the last update in 1999. It is important to highlight that only three of the 
drugs in the current list can be considered as high-cost medications: imatinib, trastu-
zumab, and rituximab. Also, none of the drugs included in the list were launched or 
approved after 2010 [43] (Table 6.1).

It must be noted as well that this list remains only a guide and does not compel 
individual countries to provide any of the included medications. In fact, an analysis 
of 135 national essential or reimbursable medicine lists performed in 2015 showed 
that only 48% of WHO recommended medications were included on average [40]. 
This varied among income groups, with lists from low-income countries including 
an average of only 10 of the essential cancer medications, compared to an average 
of 30 for HICs [46].

One of the newly added drugs, trastuzumab, is included in the list only in the 
context of early-stage breast cancer. This is justified by breast cancer being highly 
prevalent and potentially curable at these stages and by the fact that trastuzumab 
administered for 1  year increases survival from 75.2% to 84.0% when added to 
standard chemotherapy [36]. Importantly, trastuzumab’s entry in the WHO list also 
includes as a requirement the performance of hormone receptor analysis by immu-
nohistochemistry (IHC) and HER2 evaluation by IHC or fluorescence in situ hybrid-
ization, in order to clearly identify candidates for HER2-targeted therapy. 
Trastuzumab has been shown to be cost-effective in HICs such as Europe and 
Singapore [11, 50], although there is a lack of information regarding its cost- 
effectiveness in LMICs.

Adding more systemic agents can lead to increasing cure rates but, as expected, 
it may also result in higher treatment costs. As an example, while addition of ritux-
imab to standard CHOP chemotherapy (cyclophosphamide, doxorubicin, vincris-
tine, and prednisone) for diffuse large B-cell lymphoma increases the cure rate from 
55% to more than 70%, this also increases the cost of treatment from approximately 
200 to 6000 USD for 6 cycles of therapy (without including additional costs from 
administration of therapy). However, a large magnitude of benefit is obtained by the 
addition of rituximab alone, and this was the basis for its inclusion in the updated 
WHO Essential Medicines List [43].

It is also worth noting that the high cost of newer drugs does not always translate 
into clinically meaningful and/or cost-effective improvements in outcomes. As a 
matter of fact, between 2008 and 2012 the US Food and Drugs Administration 
(FDA) approved 36 uses for cancer drugs without evidence of benefit in OS or qual-
ity of life (QoL), representing 67% of the approvals during that time period [38]. In 
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Table 6.1 World Health 
Organization Essential 
Medicines List for cancer 
medications

Essential drugs
Antineoplastic and adjuvant Hormones and antihormones

All-trans-retinoic acidb Anastrozoleb

Allopurinol Bicalutamideb

Asparaginase Dexamethasone
Bendamustinea,b Leuprorelina,b

Bleomycin Hydrocortisone
Calcium folinate Methylprednisolone
Capecitabineb Prednisolone
Carboplatin Tamoxifen
Chlorambucil
Cisplatinb

Cyclophosphamide
Cytarabine
Dacarbazine
Dactinomycin
Daunorubicin
Docetaxel
Doxorubicin
Etoposide
Fludarabineb

Fluorouracil
Filgrastimb

Gemcitabineb

Hydroxycarbamide
Ifosfamide
Imatiniba,b

Irinotecanb

Mercaptopurine
Mesna
Methotrexate
Oxaliplatinb

Procarbazine
Rituximaba,b

Tioguanine
Trastuzumaba,b

Vinblastine
Vincristine
Vinorelbine

aOn patent in the United States and/or the European Union
bAdded in 2015
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non-small cell lung cancer (NSCLC), for example, the use of newer drugs has made 
the average cost per patient rise about fourfold since 2000, but five-year OS is still 
less than 10% [52]. In fact, two drugs used to treat NSCLC harboring epidermal 
growth factor receptor (EGFR) mutations, erlotinib and gefitinib, were not accepted 
for the update of 2015 WHO Essential Medicines List. The main justification for 
their exclusion was that the impact of therapy was relatively modest (prolongation 
of progression-free survival [PFS] by 3–4  months). However, there were also 
 infrastructural and financial concerns surrounding the availability of reliable molec-
ular testing for EGFR mutations, which could have hampered their correct use in 
limited- resource settings [46]. Regardless of their exclusion from the list, analyses 
performed in Spain, France, and Italy have shown that erlotinib may be cost-effec-
tive when compared to chemotherapy for first-line treatment of EGFR-mutated 
NSCLC [51]. These results have also been reproduced in Asian patients in China, 
and it is likely that future editions of the list may include EGFR-targeting agents 
once the tools to perform mutation testing are more widely available [53].

So, what makes newer drugs considerably more expensive? One of the most 
prevalent arguments to justify this is the great investment made in the phases of drug 
development. An analysis from the Tufts Center for the Study of Drug Development 
estimated that it costs 2.7 billion USD (adjusted for inflation in 2017) to bring a 
single drug into the US market [14]. These figures, however, have been contested by 
other analyses. Public Citizen, a nonprofit advocacy group, estimated that $320 mil-
lion were needed to develop a new cancer drug [57]. Another analysis, using the US 
Securities and Exchange Commission filings for 10 cancer drugs approved between 
2006 and 2015, reported that the median cost of developing a single cancer drug was 
$648.0 million, with a range from $157.3 million to $1950.8 million. This analysis 
took into account expenses for research and development of other failed drugs by 
the same pharmaceutical companies. At a median time since approval of 4 years, the 
median revenue for each of these 10 drugs was $1658.4 million, ranging between 
$204.1 million and $22275.0 million. Mean length of market exclusivity for cancer 
drugs is 14.3 years, so it is expected that the reported revenues will continue to 
increase over time [39].

 Access to Radiation Therapy

Between 50% and 60% of patients with cancer will require radiation therapy at 
some point of their disease trajectory [13]. Ensuring access to radiation therapy 
can lead to improvements in treatment outcomes and QoL, since this treatment 
modality is used throughout all stages of the natural history of cancer. 
Unfortunately, there are wide disparities in access and affordability of radiother-
apy around the world, and only about half of patients are estimated to have access 
to radiation therapy globally. The current cost of a radiation therapy course is 
around 1226–6581 USD, which translates to a cost per treatment fraction ranging 
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from 60 to 363 USD, with the lowest costs in Africa and the highest in Europe and 
North America. These costs depend mostly on equipment utilization rate and 
maintenance costs [59].

There is an enormous need to improve global access to radiotherapy, both for 
curative-intent treatments and for palliation of symptoms such as pain or bleed-
ing. In Africa, for example, equipment is unevenly distributed: data from 2013 
reported that over 60% of radiotherapy machines were located in Egypt and South 
Africa, whereas 29 of 54 African countries lacked any radiotherapy machine [25]. 
In order to provide adequate coverage to African patients, there is a need to 
approximately double the current number of cancer centers, radiotherapy units, 
and trained staff [59]. However, an increase in the number of radiotherapy units 
needs to be coupled with an appropriate distribution of treatment centers across 
national territories. Currently, even in countries with adequate or almost-adequate 
resources, most radiotherapy-capable hospitals are located in large cities, and 
patients living in rural regions have to travel long distances to receive treatment 
[4]. Additionally, the quality of available radiotherapy services is questionable, 
and many centers in developing countries utilize outdated machines, placing 
patients at risk of worse toxicities and poor outcomes. In Latin America, for 
example, a considerable proportion of radiotherapy centers lack simulation or 
treatment-planning systems [58].

 Availability of Preventive Strategies

A significant proportion of cancer in LMICs is infection-related and thus potentially 
preventable through immunization or eradication of microorganisms. Both cervical 
cancer and hepatocellular carcinoma are mostly caused by viruses, which are poten-
tially preventable through vaccination. Currently, WHO guidelines recommend vac-
cination against hepatitis B virus (HBV) at birth and against human papillomavirus 
(HPV) for girls aged 9–14 [56].

Unfortunately, coverage of vaccination for these potentially preventable diseases 
is limited. The worldwide coverage of HPV vaccination among 10–20-year-old 
women, for example, is of only about 6%. Coverage is lower among women living 
in LMIC in Africa and Asia, with only 1% of eligible women vaccinated as of 2014 
[7]. Barriers to the uptake of HPV vaccination include inadequate financing and 
health infrastructure, provider reluctance to recommend the vaccine, and rumors 
about vaccination-related adverse events [22].

Increasing the coverage of HPV vaccination could have profound effects on can-
cer control. With a global coverage of 90%, for instance, between 443,000 to 
690,000 cervical cancer cases and 229,000 to 420,000 cervical cancer-related deaths 
could be averted [49]. Importantly, this benefit would be larger in LMICs, where 
most of the cases are concentrated. Additionally, bivalent HPV vaccination has been 
shown to be cost-effective in most countries [28].
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 Improving Global Access to Cancer Care

International organizations, such as the United Nations (UN), have highlighted 
global cancer control as one of their highest priorities. The UN 2030 Agenda for 
Sustainable Development includes two cancer-related targets: first, the reduction in 
premature mortality from NCDs, including cancer, by one-third by 2030, and, sec-
ond, the achievement of universal health coverage, including financial risk protec-
tion, access to quality essential healthcare service, and access to effective, quality, 
and affordable essential medicines and vaccines for all [47].

 Role of National Governments

People living in LMICs face substantial financial vulnerabilities when diagnosed 
with cancer. In India, for example, the cost of a single hospital admission due to 
cancer-related morbidity at a public hospital is the equivalent of 40–50% of the per 
capita GDP [32]. These catastrophic expenses often force patients and their families 
to incur in borrowing or selling their assets to finance treatments. Out-of-pocket 
spending is one of the two primary sources of financing of cancer care in LMICs 
(mostly at point of care, rarely via private insurance), the other being public spend-
ing for health or social protection in the fashion of public insurance. According to 
data from the World Bank, out-of-pocket expenditure constituted 36.6% of all 
healthcare costs in LMICs in 2015, compared to 13.5% in HICs [54].

In order to protect people from financial hardship and out-of-pocket catastrophic 
expenses that would preclude them from obtaining needed healthcare services, 
some LMICs are slowly transitioning to providing universal health coverage. 
However, in some cases universal health coverage may not be of optimal quality. In 
Mexico, for example, the Seguro Popular public insurance system was created in 
2003 to provide healthcare coverage to a sector of the population who was previ-
ously uninsured, mostly due to a lack of formal employment. While Seguro Popular 
has progressively expanded its portfolio of covered drugs and interventions, only 
eight types of cancer are currently covered for adults and, even for those tumor 
types, not all available interventions and treatments are covered (including newer 
drugs, treatment of adverse events leading to hospitalization, and palliative care) 
[44, 10].

A fundamental step for selecting the most appropriate and cost-effective treatments 
and interventions to cover is to understand local epidemiology. In order to achieve this 
very important goal, all countries should have a cancer registry to serve as guidance 
for healthcare planning. Despite progress in recent years, most LMICs still do not 
have proper population-based cancer registries. Only nine low-to- medium Human 
Development Index countries (China, Egypt, India, Malawi, Philippines, South Africa, 
Thailand, Uganda, and Zimbabwe) have high-quality population-based cancer regis-
tries, all of which have only regional coverage. Without proper information about the 
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national cancer burden, countries are unable to allocate scarce resources adequately 
and efficiently [3]. Additionally, the development of cancer registries goes hand in 
hand with the establishment of national cancer control plans (NCCP) including inter-
ventions throughout all the stages of cancer care (research and development, primary 
prevention, diagnosis, treatment, and palliative care). Some regions of the world have 
made progress toward establishing NCCP, even in the absence of cancer registries. In 
Latin America, for  example, there was an 8% increase in the number of countries with 
a NCCP between 2011 and 2014 and, as of 2014, 60% of the countries in the region 
possessed a NCCP [12, 44].

 Role of International Organizations and Trade Regulations

International organizations and governing bodies have an essential role in the achieve-
ment of affordable and universal cancer care. At the same time, some international regu-
lations also represent barriers in access to therapies in developing countries. World 
Trade Organization (WTO)-affiliated countries, for example, are required by the Trade-
Related Aspects of Intellectual Property Rights (TRIPS) agreement to provide patent 
protection for medications for at least 20 years, in order to protect intellectual property 
of pharmaceutical and other products. In order to make it possible for developing coun-
tries to gain access to novel, potentially lifesaving therapies, WTO issued the 2001 Doha 
Declaration, which provided countries the capacity to issue compulsory licenses for 
drugs considered essential for public health. Compulsory licensing allows healthcare 
systems in resource-limited countries to circumvent patent laws and to allow production 
of generic versions of patent- protected drugs. The Doha Declaration also allows LMICs 
to import medications produced in countries under compulsory licensing. This mecha-
nism has been widely used to gain access to medications targeting infectious diseases, 
such as HIV, hepatitis C, tuberculosis, and malaria. Compulsory licenses  for cancer 
medications, however, have not been as widely used in LMICs. Only India (sorafenib), 
Thailand (docetaxel, letrozole, and erlotinib), and Ecuador (sorafenib) have used com-
pulsory licensing in order to ensure access to cancer drugs. Even when compulsory 
licenses are denied, the sole pursuing of this legal resource has pressured some compa-
nies such as Roche, who abandoned its patent claims for trastuzumab after India pur-
sued a compulsory license for this drug [31]. In some other cases, the threat of 
compulsory licensing may make pharmaceutical companies offer more affordable 
prices when acquiring medications in bulk [5]. Critics of compulsory licensing argue 
that it decreases incentives for innovation, although evidence for this is scarce, since the 
largest portion of revenue for cancer drugs comes from HICs. In some cases, the phar-
maceutical industry has pressured countries to discourage them from compulsory 
licensing, for example, by threatening to retire local investments [1]. However, even in 
the absence of international pressure, many countries are unable to issue compulsory 
licenses due to a lack of adequate legislation to pursue it.

International organizations can also improve access to cancer care through the 
development of partnerships with local governments and stakeholders, leading to 
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capacity building and provision of equipment. An example of this is the Program of 
Action for Cancer Therapy (PACT) developed by the International Atomic Energy 
Agency (IAEA). Through PACT, a comprehensive assessment of local needs is 
undertaken, a full team of local healthcare providers receives training, and  equipment 
is procured via cost-sharing agreements between IAEA and local governments [41].

 Generic and Biosimilar Medications

When patents expire, companies can start developing generic versions of medica-
tions, which may lead to price drops of around 80% or more [9]. However, there is 
a lack of information regarding the economic impact of generic drugs in oncology, 
be it in high- or low-resource settings. In India, for example, generic paclitaxel, 
docetaxel, gemcitabine, oxaliplatin, and irinotecan have been estimated to provide 
potential cost savings of almost 843 million USD [29]. However, there are still some 
concerns regarding the efficacy and safety of many generic drugs, which may ham-
per their utilization by oncologists. Quality manufacturing and supervision by regu-
latory agencies is therefore an essential part of the development of generic drugs in 
order to confirm their bioequivalence to their branded versions [29].

As previously stated, biologics are among the most expensive cancer drugs, in 
part due to complex manufacturing processes. In the last few years, biosimilars, 
which are almost identical products to the originator biologic drug, have emerged 
as an option to biologics. Several antineoplastic biosimilars have started or com-
pleted their development, as several biologics will lose their patents in the coming 
years. The largest manufacturers of biosimilars reside in the United States, 
Europe, and Israel but also in LMICs such as India, China, and Brazil [9]. The 
approval of biosimilars requires demonstration of similarity in pharmacokinetics, 
efficacy, safety, and immunogenicity. The first biosimilar approved by the EMA 
was somatropin in 2006, while the FDA approved biosimilar filgrastim-sndz in 
2015. Other FDA- approved biosimilars include bevacizumab-awwb, trastuzumab-
dkst, and pegfilgrastim- jmdb. Additionally, India has approved biosimilar ritux-
imab [48, 19].

Biosimilars are currently sold at about 30–70% less than the cost of the origina-
tor drug, which could bring important cost savings in biologic-related expenses. 
Still, some challenges remain for the widespread adoption of biosimilars. Selecting 
adequate endpoints for similarity studies is still a point of debate, although surro-
gate endpoints such as objective response rate are acceptable according to EMA 
guidelines. Another subject of discussion is if extrapolation to all approved indica-
tions of a biologic drug is possible with a biosimilar study conducted only on one 
indication. Safety concerns related to immunogenicity or difference in adverse 
events due to minor changes are also a concern, which would require strict quality 
control during the manufacturing process. Lastly, but equally important, knowledge 
regarding biosimilars remains relatively low among both healthcare providers and 
patients [9].
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 Alternative Strategies to Improve Access to Novel Therapies

An alternative to compulsory licensing is price discrimination, also called tiered 
pricing. Price discrimination means selling identical goods or services at different 
prices in different markets, depending on the ability and willingness to pay of the 
customer. Some pharmaceutical companies have recently introduced price discrimi-
nation for cancer drugs in different global markets [5]. However, price discrimina-
tion could potentially lead to parallel imports to HIC from LMICs with lower drug 
prices and create a political backlash [29].

In some cases, pharmaceutical companies have established expanded access pro-
grams. An example of this is Novartis’ Glivec International Patient Assistance 
Program (GIPAP), which has provided around 2.3 million monthly doses of ima-
tinib to more than 49,000 patients with Philadelphia-chromosome positive chronic 
myeloid leukemia or with c-Kit positive unresectable and/or metastatic gastrointes-
tinal stromal tumors (GIST) in 81 developing countries [23]. A similar program has 
been developed by Gavi, the Vaccine Alliance, a public-private partnership aimed at 
increasing access to new and underused vaccines for children living in developing 
countries. Gavi’s actions have led to an increased uptake of HPV vaccination in 
various LMICs through temporary demonstration projects or deep discounts. 
However, not all pilot programs have led to the development of national vaccination 
strategies [6].

 Creating the Evidence Base for Reducing Drug Pricing

The oncologic scientific community, in conjunction with pharmaceutical compa-
nies, has an essential role in lowering the cost of cancer care. One way in which 
basic and clinical investigators can harness research to reduce the cost of cancer 
care is by developing more effective biomarkers. Biomarkers can improve patient 
selection for both clinical trials and real-world clinical practice and lead to a better 
characterization of subgroups which might benefit the most from newer therapies. 
A good example of the appropriate use of biomarkers for drug development is 
NSCLC, where the use of biomarkers such as EGFR or programmed death ligand 1 
(PD-L1) has improved the selection of patients who might benefit from costly treat-
ments such as immunotherapy. For example, in patients with metastatic NSCLC and 
a tumor proportion score for PD-L1 of ≥1%, the cost/life-year gain of pembroli-
zumab is 659,059 USD, while in those with a PD-L1 score of ≥50%, it is only 
186,897 USD. In this case, the use of a biomarker may lead to an improved and 
more cost-effective selection of patients who might benefit the most from a costly 
therapy [26].

Cancer care providers, such as physicians and non-physician clinical staff, have 
a central role in promoting access to medications. Physicians must be able to ana-
lyze current evidence, present it to the patient, and select the best treatment options 
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in the context of shared decision-making. In order to help clinicians choose wisely 
among the myriad of new cancer therapies, several international organizations have 
developed frameworks to assess the value of treatments. The European Society of 
Medical Oncology’s (ESMO) Magnitude of Clinical Benefit Scale is a validated 
tool that can be applied to stratify the benefits of solid cancer treatments, both in 
curative and palliative settings [8]. The American Society of Clinical Oncology’s 
(ASCO) Value Framework also focuses on clinical benefit, toxicity, and symptom 
palliation, combining them to obtain a score termed “net health benefit” [42]. 
Additionally, the Drug Pricing Lab at Memorial Sloan Kettering Cancer Center has 
created DrugAbacus, a tool that provides estimates of value-based prices. By its 
calculations, almost 80% of cancer drugs in the United States cost more than their 
value-based price [33]. These tools provide a more objective way to compare the 
benefits and cost-effectiveness of currently available therapies.

A valuable tool for clinicians practicing in resource-limited setting is the use of 
resource-stratified guidelines. Resource-stratified guidelines were first proposed 
by the Breast Health Global Initiative, and both ASCO and the National 
Comprehensive Cancer Network (NCCN) followed their lead in order to provide 
frameworks for identifying essential therapies and procedures for each level of 
available resources (basic, limited, enhanced, and maximal). These frameworks 
have been created in conjunction with clinicians who regularly practice in 
resource-limited settings, as well as policy makers [35]. Using this information, 
oncologists can adapt their practice according to the local resource environment, 
whether they have basic, limited, or enhanced tools at their disposal, and offer 
treatments with the greatest value to their patients.

Clinical researchers can also improve access to expensive therapies by design-
ing innovative clinical trials aimed at increasing the value of treatments. One 
potential strategy to achieve this is the use of shorter treatment durations of expen-
sive medications. An example of this strategy is the recently presented 
PERSEPHONE randomized controlled trial (RCT), which demonstrated that 
6 months of adjuvant trastuzumab was noninferior to the standard 12 months of 
therapy in terms of disease- free survival, albeit at a lesser cost and with less car-
diotoxicity [17]. Modifications in dosing could potentially also lead to cost sav-
ings, particularly for high-priced drugs like immunotherapy. A recently published 
pharmacoeconomic analysis showed that using a personalized (2 mg/kg) dosing 
of pembrolizumab instead of the currently approved fixed dose (200  mg) for 
patients with NSCLC could potentially save 0.825 billion USD in the United 
States alone [24]. A third potential strategy is modifying drug pharmacokinetics 
using simple interventions, such as administering drugs with food rather than on 
an empty stomach. This premise was tested in a small phase II study in patients 
with prostate cancer receiving abiraterone. In that study, a 250 mg dose of abi-
raterone taken with a low-fat meal was shown to be noninferior to the standard 
1000 mg dose, with the primary outcome being a logarithmic change in prostate-
specific antigen (PSA). At a cost of approximately $10,000 per month, per-patient 
cost savings would range from $100,000 for metastatic castration-resistant pros-
tate cancer to more than $300,000 for metastatic castration-sensitive prostate can-
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cer [45]. Unfortunately, a barrier to this type of studies is the lack of funding, 
since pharmaceutical companies may not be interested in financing them. 
Therefore, governmental organizations should make it a priority to provide fund-
ing to studies aiming at increasing the value of drugs. An encouraging example of 
this is the fact that the aforementioned PERSEPHONE RCT study was funded by 
the Health Technology Assessment arm of the National Institute for Health 
Research in the UK.

Lastly, cooperation between public and private organizations is essential. Patient 
advocacy groups historically have been able to influence policy makers, such as in 
the case of AIDS activism. In Brazil, for example, Instituto Oncoguia (a nonprofit 
organization representing people living with cancer) campaigned on mass media to 
pressure the government into including oral anticancer medicines in public health 
insurance coverage, ultimately succeeding [34].

 Conclusion

Improving global access to cancer care requires a coordinated effort at all levels: 
regional and local institutions and governments, international organizations, phar-
maceutical companies, healthcare providers, researchers, and patient organizations. 
In order for the world to afford cancer care, healthcare systems, policy makers, and 
physicians must be proficient in the assessment of the value and cost-effectiveness 
of current treatments, including chemotherapy, targeted therapies, radiation therapy, 
surgery, and preventive measures such as vaccination. Ultimately, our goal must be 
to ensure access to essential lifesaving, life-prolonging medications and to help 
patients make decisions that will provide the best possible outcomes, regardless of 
their setting.
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Chapter 7
Cancer Quackery and Fake News: 
Targeting the Most Vulnerable

David H. Gorski

 Introduction

The following scenario is not hypothetical, but rather an amalgamation based on 
many cases that I have reviewed and discussed during the last 14 years that I have 
written about alternative cancer cures. It serves as a starting point to introduce and 
consider the forces that attract cancer patients and their families to cancer quackery 
and how in the right situation even seemingly obviously ridiculous forms of quack-
ery can be sound attractive even to highly intelligent people.

Imagine that you are the parent of a young daughter. Imagine further that, after 
having developed normally and even hitting her developmental milestones earlier 
than average, your daughter starts to stumble and slur her speech. Naturally, as a 
parent, you become very concerned; so you take her to her pediatrician, who exam-
ines her, finds focal neurological signs, and orders an MRI of the brain. Terror seeps 
into your very being as you await the day of the test and, later, its results. Your fear 
goes nuclear as doctors tell you that your child has a diffuse intrinsic pontine glioma 
(DIPG), a highly aggressive cancer of the pons. It is inoperable, and oncologists tell 
you that, at best, palliative radiation therapy will delay the inevitable somewhat, 
meaning that your precious girl has a probable life expectancy of considerably less 
than a year. What do you do? If you are like most people, you would do what many, 
if not most, parents faced with this situation: Head straight to Google to find out if 
there are any promising treatments of which your child’s oncologist might be 
unaware.
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Unfortunately, all too frequently, for many this search for information—and, 
above all, hope—leads cancer patients and families down a veritable rabbit hole of 
misinformation in the form of an ecosystem of websites, Twitter feeds, Facebook 
pages, weblogs, and YouTube channels promoting unproven and pseudoscientific 
treatments for cancer. These sites and channels are chock-full of glowing testimoni-
als of patients who, if you believe their stories, were told to “go home and die” by 
their doctors but are now alive and well, often with no ill effects at all, thanks to the 
treatment(s), the site is promoting. These testimonials are often coupled with fake 
news and conspiracy theories about “big pharma,” medicine, cancer, and even vac-
cines designed to sell “natural cures.” Indeed, most of the social media sites promot-
ing such “miracle cures,” at least the ones that allow comments and/or contain 
discussion forums, form self-reinforcing echo chambers in which even mild and 
empathetic skepticism is attacked, leaving only true believers and potential con-
verts, con artists, and their marks.

Most people instinctively understand the oft-repeated adage that if it sounds too 
good to be true, it almost certainly is. Sadly, all too often, staring into the approach-
ing abyss of death or facing the realization that your child will soon no longer be 
with you can short-circuit even the staunchest skeptic’s critical thinking skills. Let 
us now make this amalgamated scenario frighteningly concrete, to illustrate how 
purveyors of unproven treatments attract the desperate through a combination of 
distorted and even outright fake news and the multiple harms that use of these treat-
ments can cause.

 The Tragic Case of Amelia Saunders

In 2012, the parents of Amelia Saunders, a 3-year-old girl from Reading, England, 
faced the dilemma described above. In late 2011, Amelia’s parents began noticing 
troubling symptoms, including difficulty with balance and a trembling left hand. 
Steady worsening of Amelia’s symptoms, particularly her more frequent falls, led 
them to take her to her pediatrician, and on January 30, 2012, she was diagnosed 
with a large brain stem tumor [1]. Neurosurgeons attempted to remove the tumor 
but, because of its location and involvement of the brain stem, were unable to 
remove very much of the tumor mass. Unfortunately, the tissue that was recovered 
revealed grade 2 diffuse astrocytoma. As a result, the surgeons and oncologists were 
very honest and realistic with the family, telling them that Amelia probably only had 
a few months to live. They further explained that the survival benefit from radiation 
would most likely be measurable in weeks rather than months or years and that the 
side effects could be considerable.

Amelia’s parents searched the Internet for alternatives, and their searches led 
them to websites promoting a Polish physician and expat in Houston named 
Stanislaw Burzynski. I have discussed Dr. Burzynski’s history in great detail before 
[2], but for purposes of this chapter, a brief summary will suffice. First, Dr. Burzynski 
has never undertaken a fellowship in oncology. Second, in the mid-1970s while 
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working as a junior researcher at the Baylor College of Medicine, he reported the 
discovery of endogenous peptides in human blood and urine that he believed to be 
part of the body’s natural cancer suppression system that could “reprogram” cancer 
cells back to normal and dubbed them “antineoplastons” (ANPs) [3]. Ultimately 
they were characterized as mixtures of phenylacetic acid and phenylacetylgluta-
mine, neither of which have shown much anticancer activity but which he learned to 
synthesize in his facility [4, 5].

Burzynski, however, became so convinced that he had made a major break-
through in cancer treatment that, when he was unable to obtain approval for a clini-
cal trial at Baylor, he left to start treating patients with his ANPs in his own private 
clinic, which later expanded to become the Burzynski Clinic. Over the course of the 
next four decades, he gained a reputation in alternative medicine circles as having a 
“cure” (or at least a treatment very much more effective than existing treatments) 
that was not only “natural” but had no side effects. That reputation was bolstered by 
media appearances, including on the Sally Jessy Raphael Show in the 1980s [6], as 
well as by a glowing chapter in a Suzanne Somers book [7], and promotion by web-
sites and social media. A filmmaker named Eric Merola also released two long-form 
advertisements thinly disguised as documentaries, Burzynski: Cancer Is A Serious 
Business (2010) and Burzynski: Cancer Is Serious Business, Part II (2013).

Despite all this promotion and Burzynski’s use of ANPs to treat patients for over 
40 years, he has never published any compelling evidence supporting their efficacy 
[8], although in the 1990s, he did manage to set up a large number of clinical trials 
intended primarily as a means for him to administer ANPs [9]. Indeed, the existing 
clinical trials published by Burzynski are incomplete and unconvincing [10, 11], 
and he has been investigated by the FDA and prosecuted by the Texas Medical 
Board on multiple occasions [12]. Moreover, ANPs are toxic, the most common 
toxicity being hypernatremia, which has caused at least one child’s death [13].

The Saunders family traveled to Houston to see Dr. Burzynski and began docu-
menting her story on a website (ameliasmiracle.com) and a Facebook page of the 
same name. On February 28, 2012, the parents posted a video appeal, with the fol-
lowing message:

Our daughter, Amelia, was diagnosed at the beginning of February with a very rare type of 
inoperable brain tumour. She has only a few months to live. We have a ray of hope – treat-
ment for her is available at the Burzynski clinic in Houston, Texas. This treatment in total 
will cost around £200,000. We need to raise this money to allow Amelia to have the chance 
to live a normal life.

And raise money they did—prodigiously. Amelia’s story first appeared in the press 
on March 8, 2012, and Eric Merola, the producer and director of the two Burzynski 
movies, interviewed the family, his plan being to feature her in the second film. By 
March 14 the family had raised £45,000, and by March 23 the family was on its 
way to Houston, having raised £75,000, where Amelia soon had a Hickman line 
inserted to receive ANPs. (Ultimately, the family would raise £245,000  in 
12 weeks.) Amelia’s case drew international attention, making her a minor celeb-
rity. Sadly and not unexpectedly, though, by November 2012, Amelia was clearly 
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getting worse, despite Burzynski’s assurances that his ANPs were working [14]. 
Ultimately, the Saunders family decided to stop the ANPs, and Amelia died in 
hospice on January 6, 2013.

 A Common Pattern

The case of Amelia Saunders was presented in such detail because it demonstrates 
a common pattern in the era of the web and social media by which the vulnerable 
are enticed into the hands of cancer quacks. Any of a number of others could have 
been chosen. While it is true that Stanislaw Burzynski is an unusual case, he is 
unusual mainly in that he has more of a veneer of science covering his pseudosci-
ence than the average cancer quack. He has open clinical trials, a manufacturing 
facility to make his ANPs, and his own pharmacy. However, his business model is 
very similar to that of many cancer quacks in that he relies on a network of support-
ive websites and social media influencers to drive business to his clinic through a 
combination of glowing recommendations, claims of persecution by “big pharma” 
and the medical establishment, and even outright conspiracy mongering. The result 
is a combination of propaganda ranging from real news that are either very biased 
or in which claims made for Burzynski are not properly fact checked to outright 
fake news. Unsurprisingly, families who decide to pursue Burzynski’s treatment 
also rely on these same networks. In Amelia Saunders’ case, for instance, the British 
tabloid press aided and abetted Burzynski by facilitating fundraising for ANP treat-
ment with poignant human interest stories, a pattern not unique to the UK.

It was not just the Saunders family, either. A large list of these patients can be 
found at The Other Burzynski Patient Group (theotherburzynskipatientgroup.word-
press.com), a weblog maintained by Robert Blaskiewicz dedicated to chronicling 
what is known about various patients who have been victimized by Burzynski. 
Sadly, even in 2018, Burzynski is still successfully recruiting patients using the 
same technique (Fig. 7.1).

Although Burzynski has been the focus as a prototypical example of how cancer 
quacks can leverage social media and traditional media, he is far from alone. For 
instance, the Hallwang Clinic in Germany, which promotes a mixture of conven-
tional and alternative medicine plus experimental therapeutics administered outside 
the auspices of a clinical trial, has attracted patients from the UK, with much the 
same sorts of headlines and narratives about being a patient’s “last chance”—along 
with, not surprisingly, similarly eye-popping price tags as Burzynski. For example, 
a UK woman named Pauline Gahan suffering from metastatic stomach cancer 
described to Emma Barnett on 5 Live Daily in 2016 how she and her family had 
raised £300,000 by selling her house and car and renting the house back so that she 
could still live there. This paid for additional surgery and treatment of complications 
of a deep venous thrombosis, but it also paid for useless vitamin B infusions and a 
“liver detox” regimen, along with an unapproved veterinary drug. She also received 
whole-body hyperthermia and some very expensive immune checkpoint inhibitors. 
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According to its website (https://www.hallwang-clinic.com/your-oncological-jour-
ney-cancer-treatment/advanced-treatment-concepts.html), Hallwang also offers 
many other unproven and pseudoscientific treatments, such as homeopathy, which 
has no scientific basis, naturopathy, dichloroacetate (an unproven experimental met-
abolic treatment), micronutrients and orthomolecular medicine, high-dose vitamin 
C, ozone therapy, hyperbaric oxygen, and “many more according to your needs.” It 
is unclear how many of these other modalities Gahan availed herself of. Sadly, 
Gahan died in April 2017 [15]. She was not alone, either, in having been attracted to 
Hallwang. British actress Leah Bracknell was diagnosed with stage IV lung cancer 
in 2016 and also raised funds to go to Hallwang, £50,000 within 3 days, to receive 
a combination of “cutting-edge immunotherapy” and alternative medicine. As of 
March 2018, she was still alive but acknowledged that her treatment was “no longer 
working” [16].

There are many more examples of clinics selling proven combinations of experi-
mental therapies and alternative medicine. For example, in Monterrey, Mexico, Dr. 
Alberto Siller and Alberto Garcia run Instituto de Oncologia Intervencionista, see 
pediatric DIPG patients at their Clínica 0-19, and treat them at a local hospital with 
a combination of “immunotherapy” and intra-arterial chemotherapy infusions into 
the brain stem. Not only have they never published their results, but they have 
refused to cooperate with the international oncological community to test their 
treatment. Indeed, their response to criticism about their refusal to publish details of 
their methods or their success rate for their invasive treatment is, quite literally, that 
they are “too busy treating…patients from around the world” to do so [17]. Yet they 
still charge patients from around the world, particularly the USA, the UK, and 
Australia, $11,000–30,000 per treatment, which can easily lead to charges of well 
in excess of $300,000. One family reported that the expense of treating their child 
had left the family “homeless, in debt and reliant on fundraising to keep up mainte-
nance treatments” [17]. In 2018, an Australian girl named Annabelle Nguyen and 
her family were stranded in Mexico because Annabelle’s tumor had recurred, put-
ting her into a coma and leading to $2500 a day in medical expenses. Her family 
was unable to return to Australia because medical transport cost $250,000 [18]. She 
was not alone, either. A similar fate befell the family of a girl named Parker 
Monhollon.

There are far too many clinics like the Burzynski Clinic, Hallwang Clinic, or 
Clínica 0-19 to do a comprehensive review in this chapter, and that is without even 
considering the hundreds of “stem cell clinics” selling unproven stem cell therapies 
for everything from cancer to strokes, to heart disease, and to every chronic illness 
under the sun. However, common themes emerge from how such clinics are pro-
moted around the world, to be discussed below. However, it needs to be pointed out 
that conventional media often aid and abet cancer quackery by emphasizing the 
human interest angle of stories of parents selling their homes, raising money using 
GoFundMe, and in general “overcoming all odds” to take their children with cancer 
to obtain “cutting-edge” or “experimental” treatments, rather than how such clinics 
are taking advantage of patients and parents. A recent example of this phenomenon 
is an incredibly poignant photo that went viral in June 2018. It portrayed a 6-year- 
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old boy named Jackson Sooter saying goodbye to his sister Addy Joy, who was 
dying of DIPG (Fig.  7.2). Notably missing, however, in news stories about the 
Sooters was any detail about her treatment or Clínica 0-19, where Addy Joy had 
been treated. In most news reports, the treatment was only described as an experi-
mental treatment in Mexico.

 The Messages of Cancer Quackery: Conspiracy, Anecdotes, 
and Fake News

Fake news has generally been defined as false or otherwise extremely exaggerated 
news stories used to generate money from ad revenue or to provoke a reaction, usu-
ally a negative one and often for political purposes. Unlike misinformation, bad 
reporting, or biased news, which is inaccurate because the reporter has confused, 
misreported, left out, or misinterpreted facts, fake news is created with the explicit 
intent to manipulate opinion and often reports incidents that never happened. By 
this definition, reporting by tabloids about cancer patients like Leah Bracknell or 
Amelia Saunders is not, strictly speaking, fake news, but rather biased news designed 
to attract readers and page clicks while, if one takes a charitable view of the report-
ers and editors publishing such stories, possibly accomplishing something good by 
helping the cancer patient. However, such stories, epitomized by reports in British 

Fig. 7.2 Addy Joy 
Sooter’s older brother 
Matthew comforts her 
hours before her death. 
This image went viral in 
June 2018, but none of 
the news stories that 
published this image 
described the treatment 
of Addy Joy’s DIPG as 
anything other than 
“experimental therapy” 
in Monterrey or Mexico
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tabloids like the Daily Mail, as well as appearing in tabloids, radio, and television 
reports around the world, do not help cancer patients. Quite the contrary, they are an 
integral part of the reason why quackery flourishes because they are basically toned- 
down versions of the messages found on cancer quackery websites and social media 
and thereby provide “respectable” mainstream versions of these messages.

But what are these messages, and how are they spread? In other words, how is 
cancer quackery sold? There are many strategies, but what follows are by far the 
most commonly used ones.

 False Hope

Let us consider the introduction to this chapter again. If you are the parents of a 
child like Amelia Saunders, what do you want more than anything else? Obviously, 
any parent would want hope that what the physicians have told them is in error and 
hope that there is a way—any way—to save their child. Similarly, if you are an adult 
cancer patient, what you want more than anything else is hope that you can live a 
natural lifespan.

Just Google “cure cancer naturally” or “natural cancer cures” or something 
similar, and you will find a plethora of websites promising to be able to cure 
advanced cancers using “natural”—and, of course, nontoxic—treatments. You will 
find movies like The Beautiful Truth: The World’s Simplest Cure for Cancer, which 
touts a treatment regimen concocted by Max Gerson, a German physician who 
immigrated to the USA in 1936 and claimed to have discovered a “dietary cure” for 
cancer. The Gerson protocol involves drinking freshly squeezed juices 10–13 times 
a day made from up to 20 lbs of fruit and vegetables, plus dozens of supplements a 
day, plus five coffee enemas a day [19]. Meat, milk, alcohol, canned or bottled 
foods, and tobacco were strictly prohibited. Although this protocol has never been 
shown to be effective against any cancer, it is quite popular in alternative cancer 
cure (ACC) circles, and Max Gerson’s daughter Charlotte continued Gerson’s 
quackery at a clinic in Tijuana—a haven for questionable cancer clinics for many 
years [20]—after his death. The clinic, now called the Northern Baja Gerson 
Center, is still in operation and charges $6250 a week (2 week minimum) for the 
protocol, plus “3 months’ worth of supplements, 3–6 months of Coley’s treatment, 
IV vitamin C, and pure, organic aloe vera, along with a myriad of other ‘immuno-
therapies’ including various oxygen therapies” [http://www.gersontreatment.com/
natural-cancer-treatment-2/].

Unfortunately, there is so much more. You will also find video series, such as Ty 
Bollinger’s The Truth About Cancer: A Global Quest, which consists of nine epi-
sodes, ranging from an episode that uses deceptive arguments and cherry-picked 
studies to claim that conventional cancer treatment doesn’t work to episodes touting 
cannabis, “advanced detoxing,” “clean electricity,” “superfoods,” and juicing as 
cures for cancer. The series, unsurprisingly, concludes with an episode entitled 
Cancer Conquerors & Their Powerful Stories of Victory, which purports to show 
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cancer patients “cured” by alternative treatments. (We will discuss such testimoni-
als further below.) You will also encounter a video series like Beyond Chemo: 
Outside the Box Cancer Therapies, which is a six-episode series by naturopath 
Mark Stengler that touts basically the same treatments and claims as Bollinger’s 
series and whose website (beyondchemo.org) greets visitors with the statement, 
“The $100 Billion Cancer Industry Will Do Anything to Keep these Safe, Natural 
Treatments from You!”

This brings us to the next method used to promote cancer quackery.

 Conspiracy Theories

Common narratives found on websites and social media promoting quackery 
involve conspiracy theories. Indeed, it is arguable that the single most important 
factor making many of these quack cancer treatments seem plausible to the aver-
age person relates to conspiracy theories about cancer and cancer treatment. 
Alternative medicine is rife with these, particularly the belief that there are “natu-
ral cures” for cancer out there that “they” don’t want you to know about (as in 
Beyond Chemo, above), the “they” being “big pharma,” government (particularly 
the Food and Drug Administration), the medical industry, the American Medical 
Association, or a combination of these and others. One particularly outlandish 
conspiracy theory has been promoted by blogger Erin Elizabeth, who founded 
Health Nut News (healthnutnews.com) and lives with alternative medicine entre-
preneur Dr. Joseph Mercola. The story, which began with the 2015 suicide of Dr. 
Jeff Bradstreet, an anti-vaccine icon who treated autism with an unproven remedy 
known as GcMAF, is that “holistic” doctors are being systematically murdered. 
As of June 2018, the death toll was said to have reached 86 [21], including Dr. 
Nicholas Gonzalez, who, prior to his death in 2015 from what appears to have 
been a heart attack, treated pancreatic cancer with a protocol very similar to the 
Gerson protocol that involved dietary interventions, supplements, oral pancreatic 
enzymes, and, of course, coffee enemas [22]. Unsurprisingly, part of the legend of 
Max Gerson includes the claims that he was “persecuted” for his “natural cure” 
and even that he was murdered.

Other conspiracy theories to be found on websites promoting cancer quackery 
often involve the claim either that “chemo doesn’t work” or “chemo kills” but 
that big pharma and oncologists push it on hapless cancer patients in the service 
of big pharma’s profits. Indeed, there is a claim that has been referred to as the 
“2% gambit,” which claims that chemotherapy is only 2% effective. This claim is 
based primarily on one study that was notable for confusing curative chemo-
therapy with adjuvant chemotherapy [23]. It is not hard to find cartoons and illus-
trations on websites like NaturalNews.com portraying chemotherapy as deadly 
poison, cancer centers as Nazi death camps, and mammograms as a scam to cre-
ate new cancer patients (www.naturalnews.com/CounterThink) or other conspir-
acies (Fig. 7.3).
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Conspiracy theories in medicine are, unfortunately, understudied, but it is pos-
sible to glean some information. For example, in 2014, J. Eric Oliver reported a 
survey of 1351 adults and found that 63% of respondents had heard the claim that 
the FDA knew of “natural cures” for cancer but were keeping them from the public 
and 37% agreed that this claim was likely true [24]. An additional finding was that 
the number of conspiracy theories believed correlated with supplement use and 
negatively correlated with being vaccinated against influenza. Overall, half of all 
Americans believed at least one medical conspiracy theory, which suggests that 
such conspiracy theories have currency far outside of the quack fringe, and another 
study suggests that belief in conspiracy theories correlates with belief in political 
conspiracy theories [25]. Given the rise of fake news during the 2016 election, 
science- based physicians should expect that medical conspiracy theories are likely 
to become more prevalent as well, which will make persuading patients not to 
undertake treatments like Gerson’s or Gonzalez’s more difficult.

Fig. 7.3 Conspiracy theories in alternative medicine. Clockwise from upper right: (1) An Internet 
meme based on the popular science fiction movie The Matrix, variants of which are very common, 
some of which refer to the “red pill” from the movie that lets one see reality as it really is; (2) a 
book about the quack cancer device the Rife Frequency Instrument; (3) a documentary portraying 
“forbidden cures” for cancer, such as the Hoxsey therapy, as being suppressed. In all these narra-
tives, there is a “conspiracy” by medical authorities, the government, and big pharma to “suppress 
natural cures”
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 Testimonials

Cancer scientists and physicians have well-established standards of evidence 
required before a new cancer treatment is considered sufficiently effective and safe 
to be utilized:

 1. Biological plausibility.
 2. Preclinical data in cell culture and animal models suggesting efficacy.
 3. Randomized clinical trials data showing efficacy against specific cancers either 

greater than placebo or efficacy noninferior to or greater than the existing stan-
dard of care in terms of overall survival. While it is true that science has become 
more accepting of surrogate endpoints (e.g., pathologic complete response, 
progression- free survival), the key point here is that there must be objective evi-
dence of efficacy at a low enough cost in terms of toxicity to produce a favorable 
benefit-risk ratio.

Of course, oncologists and cancer scientists have to learn to think in terms of 
science and clinical trial data when assessing the efficacy of treatments. Such 
thinking does not come naturally to humans. What does come naturally to 
humans are stories, which is why one of the most powerful tools cancer quacks 
have is the alternative cancer cure (ACC) testimonial. Such testimonials feature 
a cancer patient who, according to the story, was cured by the treatment being 
promoted (or at least is doing much than his oncologists predicted). Such patients 
are often sympathetic, intelligent, and compelling storytellers, because the alter-
native medicine ecosystem’s advertising system selects for such patients. 
Indeed, some of the most effective salespeople for ANPs were Burzynski 
patients featured in the movie and on a website The Burzynski Patient Group 
(burzynskipatientgroup.org).

It is very important when evaluating ACC testimonials to evaluate them for the 
following issues, beginning with the most common issue.

 Conventional Therapy, Not the Alternative Medicine, Cured the Cancer

One of the most common forms of ACC testimonial is one I have sometimes referred 
to as the “skipped chemo” testimonial. Its power rests on the not knowing the dif-
ference between primary and adjuvant therapies. The basic form of such a testimo-
nial is simple. A patient undergoes definitive surgery for a cancer treated primarily 
with surgery, decides not to undergo adjuvant therapy and instead chooses alterna-
tive medicine, and then attributes his or her survival to the alternative medicine, not 
the surgery. One example of this sort of testimonial is actress Suzanne Somers, who 
underwent breast-conserving surgery and sentinel lymph node biopsy for a hor-
mone receptor-positive breast cancer in 2001 but then declined chemotherapy and 
tamoxifen in favor of Iscador, a mistletoe extract. She did accept radiation therapy, 
however, a decision she later wrote that she regretted [26]. Her story as described by 
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her in her books and in the legend that has grown up around her is that she eschewed 
conventional chemotherapy in favor of alternative medicine and was cured of her 
cancer. A variant of this sort of ACC testimonial is a woman who claims to have had 
no surgery but in reality had undergone a surgical biopsy that had completely 
removed the tumor, i.e., the functional equivalent of a lumpectomy. Skin cancer 
diagnoses in which the lesion is removed by biopsy but further therapy is refused 
can also produce testimonials like this.

Another example of this sort of testimonial comes from a man named Chris 
Wark, who runs the Chris Beat Cancer website (chrisbeatcancer.com). In his tes-
timonial, Wark states that at age 26 he was diagnosed with stage III colon cancer. 
The treatment for such a cancer is complete surgical excision of the segment of 
the colon containing the cancer with its associated mesentery, followed by che-
motherapy. Wark, as is the case with all “skipped chemo” testimonials, admitted 
to undergoing definitive surgical resection of his cancer but refusing chemother-
apy in favor of “nutrition and natural therapies to heal myself.” I once ran an 
Adjuvant! Online (adjuvantonline.com) analysis of Wark’s tumor based on his 
public descriptions of his disease and estimated that by refusing chemotherapy 
he had decreased his odds of surviving 5 years by 12–25%, depending on his 
stage and the chemotherapy regimen, but that he had started out with a 30–60% 
chance of survival with surgery alone. Unfortunately, nothing can convince Wark 
of this, and he has stated bluntly that surgery “does not cure cancer, especially 
not stage 3” [27]. He is, of course, incorrect. Since surviving cancer in 2003, 
Wark has gone on to run an Internet business as a “health and cancer coach” sell-
ing alternative medicine.

A variant of this sort of testimonial is one where a patient with a hematologic 
malignancy undergoes chemotherapy, stops after one or two cycles to pursue alter-
native medicine, and yet survives. In this case, again, conventional therapy has 
cured the cancer. The patient was simply fortunate enough that two cycles were 
enough and that he didn’t require consolidation or maintenance chemotherapy. 
Unfortunately, such patients, like Alison Kelly, who developed locally advanced 
breast cancer and decided after surgery and part of her chemotherapy to stop all 
conventional therapy because of side effects, can end up in tabloids with headlines 
lauding her (Fig. 7.4).

Many of Burzynski’s brain cancer patients’ testimonials can be understood this 
way, because many of them undergo considerable conventional therapy with 
response before deciding to go the Burzynski clinic. In brain cancer, there is also a 
phenomenon known as pseudoprogression, in which edema from conventional che-
motherapy and/or radiation therapy produces a “flare” on gadolinium-enhanced 
MRI that makes the tumor appear to be growing before it actually starts to shrink, 
and tumor necrosis can actually mimic tumor recurrence. As many as a third of 
brain cancer patients demonstrate this phenomenon during treatment [28]. More 
confoundingly, there is evidence that patients whose tumors demonstrate pseudo-
progression during treatment might actually have better outcomes [29], thus select-
ing Burzynski’s patients for better prognosis.

D. H. Gorski

http://chrisbeatcancer.com
http://adjuvantonline.com


107

 Misread, Misunderstood, or Misrepresented Prognosis

One of the most common themes in alternative medicine cancer cure testimonials is 
that the “doctors sent me home to die.” Oncologists and surgeons are, of course, obli-
gated to be as honest as possible with their patients regarding the potential prognosis, 
but what patients frequently misunderstand (or doctors don’t adequately communi-
cate) is the inherent uncertainty in estimates of life expectancy after diagnosis. For 
many cancers, although the median survival might be relatively short, the “tale” on 
the survival curve can be fairly long, and outliers are more common than believed. 
For instance, from a historical study looking at data from decades ago [30], we know 
that the median survival of untreated breast cancer is approximately 2.7  years. 
However, at 7 years without treatment, 9% were still alive, and at 10 years, 3.6% were 
still alive. Alternative medicine cancer cure testimonials are particularly prone to sur-
vivorship bias, because it is only the survivors who live to produce testimonials.

 Misdiagnosis

Finally, misdiagnosis is a surprisingly common reason explaining ACC testimoni-
als. Again, Suzanne Somers provides an example in her book Knockout [26], in 

Fig. 7.4 Alison Kelly in 
the Irish newspaper The 
Independent on December 
12, 2007. Newspapers 
frequently portray 
decisions to stop cancer 
treatment in a positive 
light, as brave, as “beating 
cancer my own way,” in 
essence glorifying the 
choice of quackery over 
science-based medicine
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which she related an incident in which she was brought to the hospital for what 
sounded like an anaphylactic reaction. During her workup, she underwent CT scans, 
which showed what were presumed to be lung and liver masses. Of course, what a 
cancer patient who has undergone curative therapy most fears is recurrence of her 
cancer, and seeing such masses in a cancer patient always makes doctors think met-
astatic disease. The way that Somers told it, however, the hospital consulted an 
oncologist, who provided her with a grim prognosis, before it even had a tissue 
diagnosis, which actually turned out to be disseminated coccidioidomycosis. She 
was treated and recovered.

 What to Look for in ACCs

Over the years, I have learned what to look for in ACC testimonials. The first thing 
I look for is whether the patient ever actually had cancer and, if so, exactly what 
type, plus all the relevant markers and prognostic factors. Not infrequently, this 
information is difficult or even impossible to discern, having been left out or obfus-
cated. Sometimes, however, it is laughably obvious that the patient giving the testi-
monial probably never had cancer. For example, I recently read Heal Breast Cancer 
Naturally by a chiropractor named Véronique Desaulniers-Chomniak [31]. In it 
Desaulniers-Chomniak describes “healing herself” of breast cancer. However, a 
skeptical reading of her anecdote easily reveals that there was never a proper tissue 
diagnosis. She had felt a lump and gone to an alternative medicine practitioner, who 
diagnosed her with breast cancer using “bioenergetic testing.” The lump shrank. Of 
course, the most likely explanation is that she never had breast cancer in the first 
place. This particular form of misdiagnosis is particularly common among patients 
whose “diagnosis” is made by the alternative medicine practitioners using nonstan-
dard diagnostic tests.

 The Impact of Alternative Medicine on Cancer Patients

Thus far in this chapter, anecdotes have been presented to illustrate strikingly the 
deleterious effect of choosing alternative medicine rather than effective medicine on 
patients, but are there more objective data? Unfortunately, this is an area that is 
understudied. There are, however, studies that indicate that patients choosing alter-
native rather than science-based oncology to treat their cancers do themselves no 
favors.

The most recent of these studies was published in 2017 by Skyler Johnson and 
his colleagues at Yale University [32], in which the authors examined the correla-
tion between alternative medicine use and cancer survival. They used data from the 
National Cancer Database, a clinical oncology database sourced from hospital reg-
istry data collected by the more than 1500 facilities accredited by the American 
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College of Surgeons Commission on Cancer (CoC). Its data cover more than 70% 
of newly diagnosed cancer cases nationwide and are used to develop quality 
improvement initiatives and set quality standards for cancer care in many hospitals 
across the USA. Identifying patients who underwent alternative medical treatment 
of cancer by those coded as “other-unproven: cancer treatments administered by 
nonmedical personnel” and who also did not receive CCT, defined as chemother-
apy, radiotherapy, surgery, and/or hormone therapy, Skyler et al. examined correla-
tion between survival and alternative medicine use as the primary treatment. 
Patients with metastatic disease at diagnosis, stage IV disease based on the 
American Joint Committee on Cancer (AJCC) staging system, receipt of upfront 
treatment with palliative intent, and unknown treatment status or clinical or demo-
graphic characteristics were excluded, leaving 280 patients to compare to those 
receiving standard care.

The authors identified only 280 patients who fit their criteria and noted that 
patients in the alternative medicine group were likely to be younger, female, and 
have a lower Charlson-Deyo Comorbidity Score (CDCS). In multivariate analyses 
controlling for clinical and demographic factors, the authors found that patients 
undergoing alternative cancer treatments were more likely to have breast cancer and 
higher education, Intermountain West or Pacific regions of residence, stage 2 or 3 
disease, and a lower CDCS, consistent with the conclusion that patients who choose 
alternative cancer cures tend to be of higher socioeconomic status and education, as 
well as healthier than average. They were also more likely to have stage 2 or 3 dis-
ease. Survival statistics for four cancers (breast, prostate, lung, and colorectal) were 
analyzed. Unsurprisingly, the risk of death was higher for three out of the four can-
cers examined. Specifically, the hazard ratio (HR) for death was 2.5 (95% confi-
dence interval [CI] 1.88–3.27); 5.68 for breast cancer (CI 3.22–10.04); 2.17 for lung 
cancer (CI 1.42–3.32); and 4.57 for colorectal cancer (CI 1.66–12.61). The differ-
ence observed was not significant for prostate cancer, likely because the survival 
with conventional therapy was so high to begin with. Also, prostate cancer tends to 
have a long natural course, and in this study, the numbers were small.

There are other studies showing an adverse effect. In 2006, Chang et al. carried 
out a chart review [33] of patients in their community practice who refused or 
delayed recommended treatment of their breast cancer to pursue alternative thera-
pies, dividing them into groups as follows: patients who refused surgical treat-
ment altogether; patients who delayed appropriate surgical treatment to pursue 
alternative treatments; patients who refused adequate sampling of the lymph 
nodes; patients who refused procedures to ensure adequate local control (addi-
tional surgery and/or radiation therapy); and patients who refused chemotherapy. 
Survival was compared to that expected in patients with disease of the same type 
and stage. Of patients who refused surgery, none of the six patients identified were 
stage IV (metastatic disease) at initial diagnosis. However, five out of these six 
patients who returned to the surgeons doing the study had progressed to stage IV, 
with a median time of follow- up of 14 months, with one death within a year. There 
were also five patients identified who initially refused surgery in favor of alterna-
tive medicine, all of whom were stage II or III. The median time between diagno-
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sis and surgery was 37 months. All five demonstrated progression of their disease, 
with three progressing to stage IV disease and one of these dying of metastatic 
disease. Thus, 10/11 patients who refused surgery experienced significant disease 
progression, with 8/11 of these progressing to stage IV disease and 2/11 dying 
within the short time frame of the study.

A follow-up study from the same practice 5 years later [34] showed results as 
grim. In the group that refused surgery, 96.2% of patients experienced progres-
sion of their cancer, and 50% died of their disease. The mean stage at diagnosis 
in this group was II, but the mean stage when patients in this group re-presented 
after primary treatment with alternative medicine was IV. In the group refusing 
adjuvant therapy, progression occurred in 86.2% of those in the ASG, and 20% 
died of disease. Overall, in the surgery group, the expected mean 10-year sur-
vival calculated for those omitting surgery was 69.5%. In comparison the actual 
observed 10-year survival for these patients was 36.4% at a median follow-up of 
33 months. For the patients who delayed surgery to undertake alternative treat-
ments, the figures were 73.6% expected survival versus a 60% observed survival. 
The harm caused by declining conventional treatment in favor of alternative 
medicine is supported by another study [35] of 185 women in the Northern 
Alberta Health Region who declined recommended primary standard treatments, 
resulting in a median delay in instituting effective treatment of up to 101 months. 
The 5-year overall survival rates were 43.2% for those who refused standard 
treatments and 81.9% for those who received them, and disease-specific survival 
were 46.2% vs. 84.7%. Finally, even in patients who undergo conventional ther-
apy, the use of certain “complementary and alternative medicine” (CAM) modal-
ities is associated with delays in diagnosis and treatment [36] and delays in 
chemotherapy [37].

 Conclusions

The use of alternative medicine in place of known effective cancer therapy remains 
a major problem and threat to the treatment of cancer patients, and use of such treat-
ments has been linked conclusively to much poorer outcomes. Unproven, ineffec-
tive, and potentially harmful therapies are promoted primarily through an ecosystem 
of websites, YouTube videos, documentaries, and social media groups on Facebook 
and Twitter devoted to promoting “natural” treatments through a combination of 
fake news, false hope, conspiracy theories about oncology, and alternative cancer 
cure testimonials, whose messages sometimes unfortunately bleed over into con-
ventional media through human interest stories of cancer patients seeking treatment 
at alternative medicine clinics. Oncologists and others taking care of cancer patients 
need to be aware of the scope of the problem, the fallacies in the messages used to 
promote quackery, and how to treat patients nonjudgmentally if they are to mini-
mize the impact of these harmful messages.

D. H. Gorski
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Chapter 8
The Adoption of Artificial Intelligence 
in Cancer Pathology and Imaging

Stephen T. C. Wong

Staying ahead in the fast-tracking artificial intelligence (AI) race today requires 
good understanding of the technology and products by physicians and executives to 
make informed decisions about when, where, and how to employ AI in their clinical 
practice. But what is artificial intelligence? Generally speaking, it is referred to as 
the study of constructing and/or programming learning computers or machines 
imbued with human-like characteristics that can be utilized to make decisions in a 
specific case in the service of a specified goal. Well-known examples include prov-
ing a mathematical theorem, performing a medical diagnosis, interpreting legal 
advice, playing a complex game of Go or chess, or navigating and driving an auton-
omous vehicle. Often these tools outperform human beings at a given task. This 
type of artificial intelligence, also known as narrow or weak AI, which is focused on 
one specific task, is defined in contrast to strong AI that refers to a computer or a 
machine with commonsense, consciousness, sentience, and mind or with the ability 
to apply intelligence to any problem, rather than just one specific problem [1, 2]. 
Weak AI, in contrast to strong AI, does not attempt to perform the full range of 
human cognitive abilities. All currently existing systems considered artificial intel-
ligence of any sort are weak AI at most.

Around three-quarters of a century ago, Walter Pitts, Alan Turing, Stephen 
Kleene, and Warren McCulloch defined the two schools of thought on AI that form 
the theoretical foundation and philosophical division. In 1943, Warren McCulloch, 
a neuroscientist, and Walter Pitts, a logician, produced their groundbreaking work 
on finite-state machines as a model of computation and launched the field of artifi-
cial neural networks [3]. Meanwhile, in 1950, Alan Turing published a seminal 
paper focused on logic inferences [4]. Then, in December of 1951, Stephen Kleene 
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further clarified the work of McCulloch and Pitts in a project funded by RAND 
research with a memorandum that was formally published in 1956 [5]. In the same 
year, John McCarthy formally coined the term “artificial intelligence” during the 
1956 workshop of the Dartmouth Summer Research Project on AI [6, 7], at which 
he primarily referred to AI as logic inference or symbolic processing, as opposed to 
neural networks, which were defined by McCulloch and Pitts and refined by Kleene.

From that period through the 2000s, the AI field has experienced several buildup 
cycles and winters, based on a number of challenges, followed by disappointment 
and criticism, followed by research funding cuts, and followed by renewed interest 
years or decades later. An AI winter refers to a period of reduced funding and inter-
est in artificial intelligence research and was coined by analogy to the idea of a 
nuclear winter. The surge of interest in AI and its resounding success since the 
2010s are due to advances related to neural networks school of AI—in particular, 
machine learning and deep learning—not in the logic inference school of AI, though 
both are complementary. Suffice to say, the field of AI has evolved through cycles 
of obscurity, conceptualization, enthusiasm and optimism, and failure and disap-
pointment. Now, many AI applications are embedded in the infrastructure of various 
industries [8, 9].

The healthcare industry has noticed of the surge and potential of AI. However, as 
AI implementation strategies and applications are being developed, it is becoming 
increasingly clear that incorporating AI into healthcare will inevitably be over-
wrought with a variety of complications. AI is the road that leads to the way of the 
future, though it may not be as revolutionary as portrayed by the media: AI as 
androids that emulate complex human emotions—as demonstrated by the fictional 
android superhero, Vision, from Marvel’s The Avengers, or C-3P0 from the motion 
picture Star Wars, or harbingers of destruction as AI evolves beyond or maliciously 
complies with human programming directives, as seen in the HAL 9000 computer 
from the novel 2001: A Space Odyssey. Many qualms stem from the idea that 
advancements in AI will bring to that point in history when AI surpasses human intel-
ligence, leading to an unimaginable revolution in human affairs. Or, they wonder 
whether artificial intelligence will control us, turning us, in effect, into cyborgs 
instead. Though such ideas are interesting issues to contemplate and debate, they are 
not imperative. Interestingly, although it has been reported that AI systems have 
eclipsed clinicians in detecting and diagnosing specific diseases [10–12], AI is not a 
universal panacea poised to supersede the medical profession any time in the near 
future; rather, over time AI will transform the practice of medicine by enhancing the 
physician’s efficiency and accuracy, supplementing the value of care given to patients.

Recent growing interest in incorporating AI into a number of industries can be 
attributed to the rise of deep learning [13], a process through which AI recognizes 
patterns using various forms of neural networks based on the availability of big data 
repositories and inexpensive and easy access to computational processing power and 
sometimes by means of rapid data acquisition via digital camera, imaging scanners, 
electronic appliances, remote sensors, or the Internet of Things (IoT) [14]. When 
applied to medicine, deep learning applications can be trained with large amounts of 
annotated datasets, thereby freeing medical specialists to focus on more productive 
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tasks and projects. The potential of AI is limitless and can serve as a great boon in 
improving healthcare delivery in clinical practice [15]. In particular, deep learning, 
or broader machine learning, type of AI is making inroads in clinical research and 
practices, including oncology and notably, medical imaging specialties such as radi-
ology of relevance to precision oncology. Radiologists have experimented with AI 
automation to improve accuracy with regard to diagnostic imaging. Due to the direct 
acquisition of patient images in digital form for central archival and softcopy review, 
the radiology practice readily incorporates AI into the clinical environment. An 
established digital imaging infrastructure, such as picture archiving and communi-
cation systems (PACS), allows AI to be seamlessly embedded into radiology work-
flow, thus facilitating the translation and transmission of large quantities of data 
within minutes. For patient images generated by different imaging modalities (e.g., 
positron emission tomography (PET), magnetic resonance imaging (MRI), com-
puted tomography (CT), X-ray, mammograms, and ultrasound), deep learning AI 
can potentially be automated to pinpoint areas of interest and diagnosis or even 
check the quality of diagnostic or claim reports by payers or other care providers.

This is evidenced by the large number of scientific presentations, lectures, and 
vendor product offerings at recent radiology and healthcare information technology 
conferences on AI applications in medical imaging. During 2017 and the upcoming 
2018 HIMSS conferences, leading health tech companies, such as IBM, Philips, 
GE, Agfa, Microsoft, and Siemens, have already started integrating AI into their 
medical imaging software systems. GE demonstrated AI software to predict the 
operational impact on imaging departments when a person declares sickness or if 
patient volumes increase. Philips Healthcare’s Illumeo software incorporated adap-
tive intelligent algorithms to pull in related prior radiology exams automatically. 
The user can select an area of the anatomy in a specific image view, and the embed-
ded AI algorithm will find and open prior imaging studies to display and compare. 
In the case for cancer diagnostic imaging, just with a couple clicks to focus on the 
tumor in the image, the AI program will automatically quantitate the image and then 
perform the same measures on the priors, presenting a side-by-side comparison of 
the tumor assessment. Such AI tools would reduce the time involved with tumor 
tracking assessment and, therefore, accelerate clinical workflow. Microsoft launched 
Healthcare NExT, a new initiative that attempts to bring together artificial intelli-
gence, health research, and the expertise of industry partners aiming to improve 
quality of life of patients and manage diseases. In addition, the vast commercial 
potential of AI in disease management has attracted significant venture capital 
investments, and healthcare has consistently been the top industry for AI deals in 
recent years [16]. Several companies and startups have recently been formed in the 
field, showing prototype software that applies AI to sift through massive amounts of 
big image data or offer immediate clinical decision support for appropriate use cri-
teria, the optimal test or imaging procedures to make a diagnosis or offer differential 
diagnoses.

Agfa’s AI application exemplifies how the technology works. A digital radiogra-
phy (DR) chest X-ray exam is pulled out, and IBM’s Watson computer system 
reviewed the image and determined that the patient had small-cell lung cancer and 
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evidence of both lung and heart surgery [17]. Watson then searched the PACS, EMR 
(electronic medical record), and departmental reporting systems to bring in prior 
chest imaging studies; cardiology report information; medications the patient is tak-
ing; patient history relevant to them having chronic obstructive pulmonary disease 
(COPD) and a history of smoking that might relate to their current exam; recent lab 
reports; oncology patient encounters including chemotherapy; and radiation therapy 
treatments. When the radiologist opens the study, all this information is presented in 
a coherent format and greatly enhances the picture of this patient’s health and thus 
improves the radiologist’s understanding of the patient to improve the diagnosis, 
therapies, and resulting patient outcomes without adding more burden on the clini-
cians. This application exemplifies IBM’s Watson Imaging solutions that aim to 
analyze both structured and unstructured patient, population, and medical research 
data residing within disconnected silos in a health system. It strives to organize and 
present available information in a probability-driven manner in order to assist clini-
cians and caregivers in making objective decisions, whether at a reading worksta-
tion or at the point of care. However, it is worth noting that for such AI technology 
to function, a significant amount of systems integration work of underlying clinical 
databases of the healthcare provider institution, e.g., PACS, EMR, and departmental 
reporting information systems, must be performed to feed into IBM’s Watson, and 
often careful validation of the quality of integrated data is required. This adds con-
siderable costs and time effort in clinical implementation; a Watson Health project 
typically runs over a few to tens of millions and thus faces challenges in the readi-
ness of local institutions’ information infrastructure for integration and the justifica-
tion of return of investments to hospital administration. This may contribute to the 
slow adoption of Watson by healthcare providers.

The earlier is cancer detection, the easier it is to treat the disease. But too often, 
cancers are diagnosed at a late stage when they are much more difficult to treat. The 
use of AI such as machine and deep learning to interrogate medical and nonmedical 
datasets is a promising strategy for early detection of cancer. Access to vast quanti-
ties of patient data and images is needed to feed the AI software algorithms educa-
tional materials to learn from. Sorting through massive amounts of big data is a 
major component of how AI learns what is important for clinicians and what data 
elements are related to various disease states and gains clinical understanding. It is 
a similar process to medical students learning their field, but much more educational 
input than what is comprehensible by humans can be learned. The first step in 
machine learning software is for it to ingest medical textbooks and care guidelines 
and then review examples of clinical cases. Unlike human students, the number of 
cases AI has access to and can learn numbers in the millions.

For cases where the AI did not accurately determine the disease state or found 
incorrect or irrelevant data, software programmers go back and refine the AI algo-
rithm iteration after iteration until the AI software gets it right in the majority of 
cases. In cancer, there are plethora of variables that makes it difficult to always 
arrive at the correct diagnosis for people or machines. However, percentage wise, 
experts now say AI software reading medical imaging studies can often match or, in 
some cases, outperform human radiologists, especially in cases of rare diseases or 
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presentations, whereas a radiologist might only see a handful of such cases during 
their entire career. AI has the advantage of reviewing hundreds or even thousands of 
these rare studies from archives to become proficient at reading them and identify a 
proper diagnosis. Also, unlike the human mind, the data can be extracted exactly as 
the original, presenting itself as fresh evidence each iteration.

AI algorithms read medical images similar to radiologists, by identifying pat-
terns. AI systems are trained using vast numbers of exams to determine what normal 
anatomy looks like on scans from CT, MRI, or ultrasound. Then, abnormal cases are 
used to train the eye of the AI system to identify anomalies, similar to computer- 
aided detection (CAD) software. However, unlike CAD, which just highlights areas 
a radiologist may want to take a closer look at, AI software has a more analytical 
cognitive ability based on much more clinical data and reading experience than 
previous generations of CAD software. Experts who are helping develop AI for 
medical imaging often refer to the cognitive ability as “CAD that works.”

Surging interest and active investment of AI in radiology have inspired patholo-
gists to incorporate AI into their practices as well. However, with a few applications 
of surgical pathologic diagnosis of tumors, such as IBD (inflammatory bowel dis-
ease) diagnosis in gastrointestinal (GI) biopsies or the diagnosis of nephropathies, 
currently it is difficult to envision how AI can be integrated effectively into routine 
pathology practice, as a digital workflow platform for surgical pathology does not 
yet exist—a barrier that has to be dealt with and, in surgical pathology subspecial-
ties, image analysis from the tissue slide has to be combined with clinical data and 
observations in a large percentage of cases to arrive at diagnosis—pathologic image 
alone does not get one there in these “medical” forms of surgical pathology.

Pathology departments generate high-resolution microscopy images that, unlike 
their counterparts in radiology, do not correlate to equivalent standardized digital 
imaging formats and workflow. Furthermore, images in pathology require a manual 
process of tissue biopsy, specimen preparation, and staining before digitization. 
Even assuming high-speed AI algorithms can be developed to accurately detect and 
diagnose digitized pathologic images, the productivity gain of automation would be 
rather minimal [15]. Direct acquisition of pathologic images with digital modalities 
such as bright-field and whole slide fluorescence scanning is extremely rare in cur-
rent pathology practice. There are research projects on digitized pathologic images 
for telepathology. One system that assists in the digitization of pathologic images is 
whole slide imaging (WSI), which involves scanning the whole tissue on glass 
slides and digitizing the images. With WSI, many pathology slides can be analyzed 
efficiently within a relatively short period; nevertheless, the system suffers from 
complications associated with acceptance, speed, the inability to digitize all types of 
tissues, and data resolution, storage, and regulation [18]. In September of 2017, the 
Food and Drug Administration approved the first WSI system [19], which may 
encourage the pathology community to begin standardizing and digitizing on a 
larger scale, streamlining the exchange of information.

Furthermore, the multidimensional nature of radiologic images allows imaging 
specialists to view them on a 2D, 3D, or 4D plane, which delivers rich information 
for AI pattern recognition. Conversely, pathologic images are normally digitized for 
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2D presentation, which does not provide as much information on the sample as it 
would on a 3D or 4D plane. The fact that there is no established, standardized digital 
pathologic imaging workflow complicates the exchange and translation of informa-
tion to other information systems, physicians, and health systems [20]. The lack of 
accessibility to large centralized image archives of digitized pathologic images, 
compared to medical imaging archives such as picture archiving and communication 
systems (PACS), creates additional hurdles to successfully integrating AI into the 
pathology practice. The implementation of such an image data warehouse requires 
an immense capital investment for storage and administration that may not be fea-
sible or necessary for smaller clinics and hospitals. Pathologic imaging management 
in the cloud computing environment may be a viable solution if there are adequate 
security and privacy issue safeguards and the speed of image transfer over the 
Internet is sufficient. Should a standardized digital imaging infrastructure be estab-
lished in pathology, it will pave the way for AI to become a powerful asset for pathol-
ogists who seek to better bridge the gap between clinical research and patient care.

Complicating matters further is the fact that applying deep learning or other AI 
tools in medical diagnosis requires a multimodality approach in which data from 
patient images, as well as demographic information, medical history, and other lab-
oratory and clinical results, are extracted and compiled to integrate into decision- 
making or risk assessment models. Nonetheless, even with the recent widespread 
implementation of electronic health records in the United States, as it stands today, 
a significant amount of clinical data remains in unstructured free-text reports that 
are challenging to extract efficiently—even with NLP (natural language processing) 
tools, another AI technique. Often there is no unanimous or standard form of elec-
tronic documentation; therefore, investing in translational tools is essential. But 
with each additional AI tool and human resource invested in processing and mining 
those systems, net efficiency gains and the effectiveness of AI integrated into clini-
cal practice face diminishing returns.

There are several other barriers of entry for AI become more commonplace in 
medicine, including imaging specialties like radiology and pathology. One unre-
solved issue is where legal responsibility lies, e.g., who is accountable for an action 
resulting from an AI-based decision. Legal representation in the medical field is a 
significant barrier in the process of implementing new procedures, pharmaceuticals, 
and technologies. Who is culpable for a mistake made through the use of an AI pro-
gram? We are in the nascent stages of this field, and there are unique cases with no 
legal precedents [15]. Moreover, no matter how much more accurate AI tools can be 
compared to their human counterparts, there is the possibility of misinterpreting data 
through false positives and negatives. Other major issues in legal culpability—for 
example, the processing of sensitive personal information and data collection, con-
sent regarding processing, de-identification and pseudonymization, transparency, 
storage, and deletion—highlight the complex web that can obscure who or what is 
responsible. The human element is an important factor in incorporating AI in hospi-
tals and pathology. Even if the process is completely automated with a  routine digi-
tal imaging system and database management, human agreement will likely be 
essential at key points during any AI-patient-clinician encounter. Yet another hurdle 
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is the investment of time and manpower to validate model datasets; as deep learning 
AI identifies patterns, the data used to train the AI model must be annotated and vali-
dated by medical specialists, creating additional costs and requiring considerable 
time to perfect an AI model that can be deployed with confidence to assist in medical 
practice. AI in legal domain will more likely have an immediate impact in the auto-
mation of the search of legal cases and literature, saving the time- consuming and 
tedious effort of junior lawyers and legal assistants burning the midnight oil.

At present, the most promising AI solutions in cancer or healthcare are labori-
ously built and limited in solving one well-defined and narrow problem at a time. 
Competition revolves around research into increasingly sophisticated and general 
AI toolkits. AI is presenting the cancer community with an opportunity to rethink 
the future disease management and continual of care models to cancer patients both 
inside and outside the hospital walls. The aspiration is to create AI systems that 
partner with oncologists and physicians across multiple disciplines and turn what 
today’s just a powerful software toolkit into an infrastructure enabling value-based 
cancer care and cost-effective care delivery.

However, like many other new technologies coming into healthcare, AI faces tri-
als that include regulatory barriers, interoperability issues with legacy databases, 
the availability of quality training data, considerable annotation efforts to generate 
reliable training data, security and patient privacy, and limitations regarding access 
to the crucial medical data as well as nonmedical data required to build powerful 
cancer-focused algorithms in the first place. Regardless, these obstacles are not 
impeding innovation, and healthcare stakeholders are realizing that unlocking AI’s 
full potential necessitates strategic partnerships, quality data, and a sober under-
standing of statistics and return on investment. This involves the establishment of a 
quality and secured data infrastructure, clear policy, a thorough understanding of 
legal barriers and ramifications, and a strong commitment between care providers 
and technology vendors to mine data jointly, using AI to improve outcomes, reduce 
costs, and generate value. An AI revolution may be happening for those specialties 
already embracing digital operations such as radiology and healthcare information 
technology; however, it will take some time for others, such as pathology, to catch 
up due to the lack of digitized infrastructure and the previously discussed issues 
related to clinical procedures. Should these conundrums be addressed, AI could 
prove to be an incredibility powerful tool for improving the practice and productiv-
ity of oncologists and imaging specialists.
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Chapter 9
The Hippies Were Right:  
Diet and Cancer Risk

Renee E. Stubbins and Eric H. Bernicker

 Introduction

Dietary recommendations seem to change as often as the weather. Yet among the 
explosion of the general populations’ belt line and the frequent grumbling that 
“experts” can’t make up their mind regarding the best diet, there is an emerging 
consensus on what constitutes a healthy diet. And this healthy diet does not only 
decrease the risk of diabetes and heart disease but the most feared killer: cancer. 
And furthermore, this diet would also be better for the planet and future biodiversity 
of the planet.

The most recent report from the American Association for Cancer Research 
listed its top preventable causes of cancer, and among the top six causes are obesity/
overweight, physical inactivity, and poor dietary choices, all of which are part of 
adapting a healthier lifestyle [1]. Lifestyle is very impactful on overall health, spe-
cifically people who eat poorly and do not exercise are likely to gain weight and 
become obese. Not only does obesity increase your risk of developing cancer but 
several other comorbidities as well (diabetes, heart disease, hypertension, etc.). 
Overall, the incidence of cancer is rising, and its increase is multifactorial [2]: (1) 
We are getting better at detecting and screening for certain cancers (breast, cervical, 
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prostate, colon, etc.). (2) People are living longer. (3) Our diets and lifestyle have 
become harmful; this chapter will focus on the latter.

 The Link Between Dietary Intake and Cancer

The link between diet and cancer is complicated and is influenced by many factors. 
Human diets are complex and have many components: (1) Macronutrients are the 
major source of calories and primarily consist of carbohydrates, protein, and fat. (2) 
Micronutrients include vitamins and minerals in small amounts (hence the name 
micro). (3) Phytonutrients are nutrients found predominately in plants and are 
thought to serve as “protectors” against human disease and illness. The above nutri-
ents can be obtained by consuming both animal- and plant-based foods; however, 
the cost and benefits we receive in our food choices can impact our health, including 
our risk of developing cancer.

 The Cost of Consuming Animals

Animal-based foods can be further categorized into dairy and meat. Dairy products 
are a good source of protein, vitamin D, and calcium; they can be full-fat, low-fat, 
or nonfat. There remains quite a bit of controversy on whether there is a link between 
dairy and cancer, specifically high-fat dairy products have been linked to breast 
cancer [3] and ovarian cancer [4], but a recent review suggested that dairy products 
may reduce the risk to colon cancer [5]. Dairy consumption generally decreases as 
people age, partly due to the inability to make lactase, but conversely meat con-
sumption typically increases.

Meat consists of mostly protein and fat along with iron, zinc, vitamins B1, B6, 
niacin, and B12. Both the American Cancer Society and American Institute for 
Cancer Research agree that red meat should be consumed in moderation; red meat 
consists of beef, lamb, veal, venison, bison, and pork. Additionally, both organiza-
tions recommend to avoid processed meats, which include lunch meat, bacon, sau-
sage, salami, etc. [6, 7]. The International Agency for Research on Cancer (IARC) 
has classified processed meat as carcinogenic to humans and red meat as probably 
carcinogenic [8]. Several studies have shown that red meat consumption could be a 
leading cause of different types of cancer (pancreatic cancer, prostate cancer, and 
bladder cancer) [9–13], but their findings are not conclusive since there are conflict-
ing studies [14, 15]. However, the relationship between red and processed meat con-
sumption and CRC risk is well reviewed [16–19]. Analysis of 10 prospective studies 
showed a significant relationship between red and processed meat consumptions and 
risk to colorectal cancer (CRC); specifically it was estimated that daily consumption 
of 100 g of red meat daily increased the risk by 17% and daily consumption of 50 g 
or processed meats increased CRC risk by 18% [20]. There are numerous proposed 
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mechanisms for explaining the relationship between red meat consumption and 
CRC, but we will focus on the following predominant mechanisms: heme iron in red 
meat, heterocyclic amines (HCAs), polycyclic aromatic hydrocarbons (PAHs) 
formed when cooking meat, and N-nitroso compounds (NOCs).

Red meat derives its color from heme iron found in the myoglobin in the muscles 
of the animal. It has been documented in both epidemiological [21, 22] and experi-
mental studies [23] that heme iron can act as a carcinogen through various path-
ways: formation of N-nitroso compounds, lipid peroxidation, and cytotoxicity 
[24–26]. HCAs and PAHs are formed when cooking meats at very high tempera-
tures, barbecuing or smoking [27, 28]. HCAs are formed when the nutrients from 
red meat react at high temperatures. PAHs are formed when the juices from the fat 
from the grilled meat drip onto the surface or fire, causing flames and smoke; this 
smoke can contain PAHs that may adhere to the surface of the meat. Thus, PAHs are 
also formed during other food preparation processes, such as smoking of meats 
[27]. There are very few epidemiological studies reviewing the relationship between 
HCAs and PAHs, partly because of the multiple variables involved (i.e., type of 
meat used, length of cooking, and temperature). There are a few animal studies that 
have established a link between high intake of HCAs and PAHs and cancer risk, but 
their relevance to the general population is questionable due to the excessive high 
amounts used in the studies [29]. Thus, additional studies are needed to fully under-
stand the carcinogenicity of red/processed meats caused by HCAs and PAHs. Lastly, 
NOCs are obtained either through exogenous or endogenous routes: Exogenous 
NOCs typically source from tobacco products, diet (processed meats), and drugs 
[30, 31]. Endogenous NOCs are formed when nitrates react with products of 
degraded amino acids [32]. Certain NOCs are capable of interacting with alkylating 
agents and causing DNA damage potentially increasing the risk to CRC [33]. In 
summary, HCAs, PAHs, and NOCs are mutagens and animal carcinogens that have 
serious costs to our health if consumed in excess. To help overcome the potential 
“costs” of consuming meat and its possible carcinogens, experts have strongly sug-
gested including more plant-based foods in the diet.

 The Benefit of Consuming Plants

Plant-based foods consist of macro/micronutrients and phytonutrients. 
Epidemiological and experimental studies have consistently shown that a diet high 
in plant foods is correlated with a lower risk to various cancers [34]. Specifically, 
“the evidence for a protective effect of greater vegetable and fruit consumption is 
consistent for cancers of the stomach, esophagus, lung, oral cavity and pharynx, 
endometrium, pancreas, and colon” [34]. They further elaborated on the specific 
nutrients that could play a protective role against cancer (dithiolthiones, isothiocya-
nates, indole-32-carbinol, allium compounds, isoflavones, protease inhibitors, sapo-
nins, phytosterols, inositol hexaphosphate, vitamin C, D-limonene, lutein, folic 
acid, beta-carotene (and other carotenoids), lycopene, selenium, vitamin E, 
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flavonoids, and dietary fiber). Moreover, other experimental studies have confirmed 
that this protective effect against cancer is not due to one single nutrient but largely 
related to the high amount of phytonutrients found in plant-based foods; therefore 
variety is important [35]. There are over 25,000 phytonutrients found in plants, and 
many can protect us from carcinogenesis by preventing or inhibiting cancer initia-
tion and progression [36]. These phytonutrients (vitamins C and E and carotenoids) 
can act as antioxidants by scavenging for reactive oxygen species preventing DNA 
damage or lipid peroxidation [37]. Additionally, phytonutrients have been shown to 
affect pro-inflammatory cell signaling and gene expression [38]. Lastly, there is an 
overwhelming amount of evidence and research on the benefits of fiber (insoluble 
and soluble) in your diet and reducing cancer risk. The mechanisms by which fiber 
protects our cells from damage are numerous and beyond the scope of this chapter. 
However, a popular and well-documented theory is that high amounts of fiber in our 
diet cause us to defecate often and consistently, therefore decreasing the time car-
cinogens are exposed to our colon [39]. As plant-based foods are considered one of 
the richest and a sole source of our dietary fiber, including them in the diet is going 
to have a protective effect.

There is a strong consensus among the scientific community that eating more 
plant-based foods is associated with lower risk to multiple human diseases (obesity, 
diabetes, heart disease, and cancer). It is hard to find a negative or “cost” to eating 
too many fruits and vegetables. You can achieve a well-balanced diet by becoming 
a vegetarian or vegan versus omnivores who are forced to balance their meat intake 
to make sure their health cost-benefit ratio is in their favor.

 The Link Between Factory Farming and Pollution

Many people do not give much thought to how their food is raised and slaughtered. 
As the old saying goes, if slaughter houses were made of glass, most people would 
be vegetarians. Most of our animal products (eggs, milk, and meat) come from fac-
tory farms. There are several documentaries that have recently researched and care-
fully documented how “factory farming” is both inhumane for the animals (and for 
slaughterhouse workers) and the environmental consequences that arise as a result of 
massive concentration of animals and their waste. The formal definition for factory 
farming is “a system of rearing livestock using intensive methods, by which poultry, 
pigs, or cattle are confined indoors under strictly controlled conditions.” When ani-
mals are confined in this tight space and are fed in excess to make them grow faster 
(in order to shorten the time to get their body parts to the market), the waste output 
(i.e., manure) is going to be impressive. This excess waste is not only harmful to the 
animals and workers; it has been shown to cause water and air contamination [40–
43]. Furthermore, the living conditions for these animals are breeding grounds for 
“super bugs” or methicillin-resistant Staphylococcus aureus (MRSA) bacterium.

MRSA is becoming an overwhelming problem for healthcare facilities; a study 
in the Netherlands found that more than 20% of their MRSA cases were caused by 
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“livestock origin” MRSA [44]. The generation of this MRSA bacterium are 
 multifactorial, but the most influential factor is the use of antibiotics to treat the 
animals. Factory farm animals again are in confined spaces and are more likely to 
become sick because of their living conditions (too much manure) so antibiotics are 
used because it is the most cost-effective way to maintain or improve the animal’s 
health and feed efficiency [45, 46].

Factory farming not only takes a toll on health but the environment as well. The 
excessive waste products from factory farms can affect our soil, air, and water 
resources. Animal waste is not treated like human waste and is often used in excess 
to “fertilize” the soil of the farmlands; this overfertilization smothers the soil and 
reduces its fertility. Additionally, animal waste carries with it high amounts of meth-
ane and hydrogen sulfide, where both contribute to global warming and can poten-
tially harm the workers and others living nearby. Lastly, the chemical fertilizers, 
excess animal waste, and pesticides can contaminate the water runoff from the fac-
tory farm affecting local water resources, animals, and plants.

Before the industrialization of farming, farmers and the land had a balanced rela-
tionship. The farmers would use the “farmer’s almanac” and rotate their crops and 
graze their animals. The grazing animals would naturally fertilize the land, and the 
soil’s fertility and vitality would be maintained. Although health-conscious indi-
viduals are choosing to eat less animal products, the world as a whole is eating more 
meat; thus we are changing our climate as a result of our dietary choices [47].

 The Link Between Dietary Choices and Climate Change

Global warming is becoming a pressing concern, and greenhouse gases (GHG) are 
a major cause; specifically our current agriculture practices are significantly adding 
to the increase in atmospheric methane and nitrous oxide. Our food choices not only 
affect our health but our environment as well. Studies have shown that meals similar 
in nutritional value may vary by a factor of 2–9 in their GHGs [48, 49].

Specifically, this variation depends on the amount of processing of the animal or 
plant, amount of nitrogen fertilizer used, soil and manure usage, fermentation from 
the animals, transportation, and the storage of the food items.

As meat becomes more industrialized and less expensive to produce, the cost of 
meat becomes more affordable to lower-income families and to developing coun-
tries. Our current trends in food choices are leading to more costly environmental 
effects [50]. However, preliminary studies suggest that switching to a Mediterranean 
or diets that are mostly plant-based with small amount animal-based foods are more 
sustainable for the environment [51].

Thus, while eating meat clearly affects an individual’s health risk (and thus many 
people argue that it is a personal decision), the terrible environmental cost can be 
considered as a significant risk factor in much the same way as secondhand smoke 
is. In fact, advocates can learn much from the way in which the realization that sec-
ondhand cigarette smoke posed risks to non-smokers (innocent bystanders) made a 
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tremendous difference in the societal discussion of cigarette smoking in public. 
Likewise, the decision to eat meat in many ways produces the “secondhand smoke” 
of methane emissions from cattle. Raising animals for slaughter and consumption is 
a significant anthropogenic contributor to methane emissions [52, 53]. Agribusiness 
is one of the world’s worst polluters, as manure from incarcerated animals, pesti-
cides, and antibiotics often run off and pollute streams. And of course, shipping 
animals to slaughter houses and then meat packages to markets also raises the car-
bon footprint.

And it is not just the waste from these large concentrations of animals and the mas-
sive GHG’s they release that adds to the risk of further climate change. Huge amounts 
of forest have to be cut down in order to have land to graze or land to grow crops—
that will be later fed to animals. Worldwide, deforestation is a major contributor to 
both climate change as well as a major cause of loss of biodiversity [54]. While 
watching nature specials might lead children to assume that there are still many 
places in the world where exotic animals run free and frolic in the sun, the vast major-
ity of animals in the world are raised for slaughter and human consumption [55].

While dietary changes clearly are not fully protective against developing can-
cers, we think that major research bodies have not emphasized enough the harmful 
effects of meat consumption (and not just red meat: poultry and pork production and 
consumption carry as much potential harm to patients and the environment as beef). 
As more data is generated on the role of the microbiome in health and disease, it is 
becoming clear that the bacterial populations inhabiting the human gut differ 
between vegetarians and meat eaters and the latter have more bacterial populations 
associated with an inflammatory signature [56, 57]. This is not only important for 
the development of colorectal cancer but in fact might also influence how patients 
subsequently respond to immunotherapy drugs such as immune checkpoint inhibi-
tors should they develop cancer [58].

 Proposed Solutions

As we have reviewed the literature thus far in this chapter, it is obvious that our cur-
rent diet trends are costing us more than our personal health but also the health of 
our climate. An obvious solution is for us to adapt a more plant-based diet; however, 
as healthcare providers we know that simply recommending a diet to a patient is not 
enough to get them to change their lifestyle. Thus, we should focus on educating our 
patients and proposing realistic and feasible solutions. For example, explaining “the 
why” about our recommendations and offering them a detailed explanation of the 
benefits of a primarily plant-based diet. Additionally, if the patient insists on having 
animal-based foods in their diet, explaining the benefits of sustainable farming and 
the benefits of shopping at a local farmer’s market vs. major grocery stores. Lastly, 
it is important that we continue to educate ourselves and other healthcare profes-
sionals. As chronic diseases continue to rise, hindering their severity by educating 
individuals in healthcare is our first line of defense in preventing epidemics.
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We need to continue to press major medical groups to take a more forceful stand 
on plant-based nutrition, both as a way to benefit human health and to protect the 
environment. We need to support efforts to introduce more plant-based diets in 
schools so that children are exposed to healthier diets in their formative years. 
Healthcare workers need to help push to end beef subsidies and other legislation 
that makes it a crime to expose what actually happens in slaughterhouses (so called 
Ag-gag laws). Cancer survivors also need to be encouraged to adopt meat-free diets 
even if their cancer was not one that is classically associated with meat eating; 
recent data showed that breast cancer survivors who kept eating meat had worse 
outcomes [59].

The shelves of many grocery stores are filled with dietary supplements that 
patients frequently turn to in order to prevent or treat illness. But the reality is that 
the data on the benefits of supplements to prevent cancer is poor at best [60]. Patients 
should be encouraged to save their money on unproven supplements and instead eat 
a diet with greater amounts of fruits and vegetables.

Lastly, healthcare workers need to help patients focus on how the food on their 
plates affects the health of their communities and planet. Climate change and envi-
ronmental pollution are not only driven by fossil fuel companies and industrial pro-
duction: the way we produce animals has a great deal of impact on the quality of our 
environment and the future climate our descendants will inherit. By educating and 
encouraging our patients to adopt a plant-based diet, we will give them ways to 
increase their own health as well as the health of the biosphere.
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Chapter 10
Protons and Prejudice: Finding Sense 
and Sensibility in the Development 
of a Costly Medical Therapy

Andrew M. Farach

 History of Proton Therapy in the United States

Throughout history, war, for all its atrocities, has contributed vastly to the advance-
ment of medicine. Stemming from work on the Manhattan Project during WWII, 
physicists developed high-energy particle accelerators such as the cyclotron that 
could be utilized in the treatment of human disease. The first proposed use of high- 
energy protons for cancer therapy was described in 1946 by Dr. Robert R. Wilson in 
a seminal paper entitled “Radiological Use of Fast Protons.” In this paper, Dr. 
Wilson describes the properties of high-energy photons as making it possible to 
“irradiate intensely a strictly localized region within the body, with but little skin 
dose. Precision exposure of well-defined small volumes in the body will soon be 
feasible” [1].

Soon, as it turned out, would not come until 1954 when the first patient was 
treated at the Berkeley Radiation Laboratory in California. While experimental 
treatments continued for thousands of patients, proton beam therapy (PBT) would 
not become an FDA-approved medical device until 1988. Loma Linda University 
became the first hospital-based proton center in 1990 prompting a rapid adoption of 
this expensive technology at many centers across the United States. Despite no ran-
domized data to support a clinical benefit or cost-effectiveness, a proton center arms 
race began with promises of improved clinical outcomes over conventional radia-
tion therapy.
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 The Allure of Protons: Something to Brag About

To understand this rapid proliferation of proton facilities, one must first understand 
the basics of the technology. Radiation of all types works by creating DNA damage 
in both cancer cells and normal tissues. Delivering radiation therapy over a series of 
weeks, fractionation, helps to accumulate damage to cancer cells more than normal 
healthy cells. Over 60% of all cancer patients will receive radiation therapy at some 
point in their treatment course. Protons are heavy subatomic particles that carry a 
positive charge, while photons are high-energy X-rays with no mass and no charge. 
For this reason, they interact differently with tissues in the body.

PBT is an attractive alternative to traditional photon therapy because of the phys-
ical differences in how dose is absorbed in the body. The allure of PBT is based on 
two widely accepted presumptions: radiation damages normal tissue, and radiation 
damage is directly related to the volume and dose received by that normal tissue [2]. 
A critical component of radiation oncology training is learning the dose and volume 
tolerances of normal tissues to radiation. A comprehensive knowledge of dose toler-
ance and fractionation allows the radiation oncologist to maximize dosage to a 
given tumor while keeping the risk of damage to normal tissues low. This is typi-
cally referred to as the therapeutic ratio. Maximizing this ratio is always the goal, to 
destroy cancer tissue and cause minimal damage to nearby normal tissue.

The field of radiation oncology has embraced technology for decades in order to 
maximize the therapeutic ratio and allow for dose escalation in order to improve the 
chance of cure. A great example is the development of a technique called stereotactic 
body radiation therapy (SBRT). SBRT was developed by harnessing technological 
advancements in diagnostic imaging, immobilization, image guidance, dose calcula-
tion algorithms, and linear accelerator design. With this technique, large ablative doses 
of photons (and potentially protons) are delivered precisely to tumors in just 3–5 days. 
With this precision, only a few millimeters of normal tissue margin receive high doses 
of radiation. Since its adoption in the early 2000s, SBRT has dramatically improved 
survival rates for inoperable or elderly patients with early-stage lung cancer [3].

Technologies such as intensity-modulated radiation therapy (IMRT) and image- 
guided radiation therapy (IGRT) also have improved outcomes with photons in 
many tumor sites, resulting in lower rates of short-term and long-term side effects. 
The concept of IMRT is similar to that of shining multiple magnifying glasses on an 
ant. Multiple beams of high-energy photons converge on a single target and mini-
mize the effect of any one beam on healthy tissues. Given that side effects are most 
likely to occur in high-dose regions, IMRT uses computer algorithms to optimize or 
modulate the dose of radiation. This allows the physician to set limits of radiation 
dose on sensitive organs and reduce the probability of side effects. The benefit, 
however, comes at the cost of dramatically increased low- and intermediate-dose 
radiation spread in the normal tissues around the tumor, integral dose. As photons 
are X-rays and pass easily through the body, dose is delivered almost evenly along 
the beam path. This is referred to as entrance dose (in front of the target) and exit 
dose (behind the target). By utilizing multiple beam angles, high-dose regions can 
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be controlled; however more normal tissue is exposed to low or intermediate radia-
tion dose. The long-term impact of this intermediate radiation exposure has yet to 
be fully demonstrated.

As IMRT cost is significantly higher than 3D conformal radiation therapy (a 
technique that typically utilized fewer beam angles and does not incorporate com-
puter optimization), numerous comparative effectiveness (phase III) trials were per-
formed to demonstrate the clinical benefit of IMRT and to justify the expense. 
Owing to vast improvements in high-dose region control over 3D techniques, IMRT 
represented a leap forward for the field of radiation oncology. This benefit is clearly 
supported in the literature for certain cancer types such as head and neck cancer. In 
short, the theory that improved control over high-dose radiation would result in less 
side effects was easily proven to be true for IMRT.

With PBT, entrance dose is significantly less than that of photons. Protons are 
charged particles and at high energies do not interact significantly with tissue. This 
results in minimal absorbed entrance dose. As protons pass through tissue they 
slow; the energy lost is inversely proportional to the square of their velocity ulti-
mately resulting in a massive release of energy in a narrow range and at a specific 
depth in the body. This is termed the Bragg peak. With PBT there is essentially no 
exit dose beyond this peak representing a unique and favorable dose profile that can 
be exploited to reduce doses to normal tissue along the beam path. With PBT the 
integral dose seen with IMRT is significantly reduced. This improved dose control 
theoretically allows for dose escalation and improved chances of cure with equal or 
lesser side effects.

Given the interaction profile of protons in tissue, they are ideally suited for 
tumors near critical anatomic structures with limited motion such as in the brain or 
spine and for growing children where even low doses of radiation can have pro-
nounced long-term health impacts. Another potential benefit of PBT is in patients 
with genetic syndromes that predispose them to increased risk of radiation-induced 
malignancy. To the radiation oncology community, PBT represents an exciting 
emerging option and would provide another tool to improve outcomes for our 
patients. It is only rational to expect that data would support PBT over photon ther-
apy in certain disease sites where there is a clear dosing advantage, similarly to the 
documented benefit seen with IMRT. One key distinction, however, is that control 
over high-dose regions with photons is excellent and unlikely to be improved upon 
with PBT. The improvement with PBT would be in the intermediate- to low-dose 
regions with less intense biologic effect. Because of this, it may be harder to dem-
onstrate a dramatic clinical benefit.

 If You Build It, They Might Come

The finances of delivering PBT are extraordinary. Most proton centers cost in excess 
of $150 million dollars to construct. A typical photon therapy machine, on the other 
hand, costs approximately $3 million. To distribute this up-front cost, university-based 
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proton centers have often partnered with for-profit private investors seeking an oppor-
tunity to cash in on the proton bubble. For instance, the University of Texas 
M.D. Anderson Proton Center, Houston, is a majority investor- owned, for-profit entity 
and does not fall under the umbrella of the University of Texas System. This financial 
structure was designed to protect the university’s credit rating in the case of a financial 
shortfall. Since the mid-2000s, investors and top cancer centers have flocked to the 
PBT market resulting in a rapid proliferation of facilities across the United States 
(Fig. 10.1). Aiming to be first to market and with promises of annual revenue of more 
than $50 million, investors began pouring money into this potentially game-changing 
technology.

With smaller entrepreneurial ventures playing a large role in establishing proton 
facilities, the primary objective strayed away from conducting much-needed safety 
and efficacy research and shifted to return on investment. With operating expenses 
ranging from $15 to 25 million per year and reimbursement of around $40,000 per 
patient, high patient volumes and reliable insurance payments were required to 
avoid substantial losses. Proton centers began extending hours, often treating 
through the night and early in the morning to keep volume high. For some, that 
might mean receiving 8 weeks of daily PBT at 2 am! To minimize cost and maxi-
mize patient throughput, lower energy or fixed beam rooms were developed, posing 
a risk of suboptimal outcomes in certain cases given a lack of complexity in treat-
ment planning capability.

Unfortunately for many of the investors in PBT, profit models were guided by the 
“Field of Dreams” principle: “if you build it, they will come.” In many of the models, 
investors overestimated the number of patients that PBT would attract and failed to 
consider the importance of physician referrals. Dr. Peter Johnstone, former CEO of 
the failed Indiana University Proton Center, is quoted as saying “the biggest problem 
these guys have is extra capacity. They don’t have enough patients to fill the rooms.” 
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Fig. 10.1 Proton therapy centers are proliferating rapidly across the United States
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Speaking about his experience in Indiana, “we began to see that simply having a 
proton center didn’t mean people would come” [4]. As a result of ambitious and 
overly optimistic patient volume estimates, numerous facilities have faced financial 
ruin including bankruptcy, defaults on debt, and multimillion dollar losses [4].

Lately, hospitals are turning to the municipal bond market to finance new PBT 
centers as private loans have become more difficult because of the previous finan-
cial failures. Municipal bonds often are tax-exempt and carry favorable interest 
rates so centers have moved quickly to this market for financing. In 2017 alone, 
municipal bonds issued $418 million of debt for proton centers across the United 
States [5]. This is compared to $239 million in the prior 10 years combined. This 
trend concerns some health policy researchers as the potential exists for a massive 
default once payments are due.

The greatest potential for improved outcomes with PBT exists for pediatric 
patients and for patients with rare brain, spine, skull base, or eye tumors. However, 
bottom-line financial pressures prompted the development of an artificial proton 
niche to market the technology to patients with more common diseases such as 
prostate cancer, despite no clear scientific or clinical merit to claims of superiority. 
To put it in perspective, nearly a quarter million American men are diagnosed with 
prostate cancer each year, while only four thousand children are diagnosed with 
brain tumors. Proton centers clearly would not survive on pediatric patients alone. 
Dr. Paul Levy put it best when he said, “The easiest group to market to in the coun-
try is a group of men worrying about the functioning of their penis” [6]. Despite 
controversy regarding overdiagnosis, overtreatment, and the benefits of prostate 
cancer screening, the protons-for-prostate marketing campaign forged ahead. “It is 
an example of how our health-care system is set up to become more expensive with-
out getting necessarily better,” said Steven Pearson, president of the Institute for 
Clinical and Economic Review, at the Massachusetts General Hospital [6].

 Examining the Data Surrounding Protons for Prostate

Several trials were conducted to examine the benefit of radiation dose escalation in 
prostate cancer following a 2005 report of the combined experience from nine insti-
tutions [7]. This study demonstrated improvement in prostate cancer control at 
5 years with higher doses of radiation, albeit with increased bladder and rectal dys-
function. Several single institution studies utilized IMRT in dose-escalated patients 
to reduce bowel and bladder doses. As a result, they demonstrated decreased side 
effects; however no randomized data was available. The RTOG 0126 study was 
published on October 8, 2013 after examining outcomes in patients treated with 3D 
conformal radiation therapy or IMRT [8]. In this study, patients treated with IMRT 
had significantly lower volumes of bladder and rectum receiving high doses of radi-
ation, owing the improved control over high-dose areas with this technique. These 
reductions in normal tissue dose translated to a 26% reduction in significant bother-
some rectal irritation. Severe side effects were rarely observed. A similar study was 
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performed utilizing PBT as part of the treatment for dose escalation with a similar 
side-effect profile [9]. Of interest, there was no significant reduction in late- 
occurring bladder toxicity with IMRT as the bladder neck and prostatic urethra 
receive the full prescription dose in prostate radiation: by definition these cannot be 
spared. Based on this data, IMRT clearly warranted the increased cost of 
treatment.

In 2013, another important manuscript was published by Yale researchers com-
paring the use, cost, and early toxicity outcomes in Medicare patients receiving PBT 
or IMRT for prostate cancer in 2008/2009. In this study, among 27,647 men receiv-
ing radiation therapy for prostate cancer, 553 (2%) were treated with PBT. These 
patients tended to be white, younger, healthier, and more affluent than those receiv-
ing photons. The median reimbursement for PBT was $32,428 versus $18,575 for 
IMRT. Abstracting out from this data, if all men received PBT, the result would be 
an increased Medicare expenditure of $383 million to taxpayers solely for the treat-
ment of prostate cancer. While there was a slight improvement in urinary symptoms 
at 6 months (9.5% vs 5.9%) favoring PBT, these differences disappeared by a year 
[10]. Similar results were seen in a prospective study conducted at the University of 
Pennsylvania and published in 2015 [10].

Based on results such as these, private insurance companies began denying cov-
erage for PBT for prostate cancer. The Molina policy recommendation states that 
PBT is not medically necessary and may not be authorized due to lack of data to 
support improved outcomes over IMRT [11]. The American Society for Therapeutic 
Radiology and Oncology (ASTRO) states that the comparative efficacy research is 
ongoing and that PBT should only be offered in the context of a clinical trial or 
registry [12]. As a result, obtaining insurance coverage for PBT may be difficult for 
many patients or require a lengthy appeals process. These difficulties in coverage no 
doubt affect patient volumes at proton centers.

 Proton Therapy in the United Kingdom

As a government-sponsored universal health-care system, the National Health 
Service (NHS) in the United Kingdom has taken a more cautious approach to the 
development of PBT. The NHS began paying for patients to receive PBT abroad in 
2008 for select indications. The National Proton Beam Therapy Service Development 
Programme constructed a strategic outline for the development of a national PBT 
service with their initial publication in late 2012. In this publication, they examined 
the national demand for PBT and estimated that 1500 patients per year would ben-
efit from PBT [13]. The population of the United Kingdom in 2012 was 63.7 million 
with nearly 150,000 requiring radiation therapy services. Essentially 1% of UK 
cancer patients were considered to benefit from PBT, none of which have prostate 
cancer. Using quality-adjusted life years, the lifetime benefit of PBT was estimated 
to be £1 billion. The NHS proposed a model to develop two proton centers to meet 
the clinical demand of the country with geographical access considered. This model 
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would allow for full capacity treatment at each center and presumably result in a net 
financial gain, when compared to sending patients abroad for therapy. These proton 
centers are currently still in development with plans to open in Manchester in late 
2018 and London in 2020.

Interestingly, there was no mention in this report about the potential for private 
proton facilities entering the market and no modeling of the financial impact on 
NHS facilities. In fact, in April 2018, a private facility operated by Proton Partners 
International became the first to treat a patient in the United Kingdom with high- 
energy PBT for…wait for it…prostate cancer. Proton Partners International plans to 
build eight centers in the United Kingdom and can treat patients at nearly half the 
current cost to the NHS of sending a patient abroad for treatment excluding travel 
and housing costs. Given that the NHS facilities have yet to open, this private group 
has negotiated contracts with the NHS to provide services to UK patients and will 
ultimately impact US-based treatment facilities previously profiting from out-
sourced UK patients.

While the UK approach is clearly the more measured and financially sensible 
approach to implementing PBT, there are difficulties associated with such an 
approach, especially in our global capitalistic society. Medicine is far less paternal-
istic than in the past, and patients often utilize the Internet to guide their care, for 
better or worse. As the NHS slowly and methodically develops proton centers in the 
United Kingdom, it is impossible to discount the perceived sacrifice citizens may 
feel on an individual scale. Parents of children with brain tumors diagnosed prior to 
the development of PBT in the United Kingdom had to transfer their care to another 
country where cultural differences, lack of family support, and lost wages may have 
a dramatic negative personal impact. These families, in certain situations, may be 
left with the difficult decision to travel for medicine or stay home and receive what 
may be an inferior therapy. Imagine the psychological strain that this decision might 
have on a parent of a child who experienced a poor outcome, lost hearing, decreased 
IQ, or impotence. There are also practical considerations. Brain tumors in children 
typically present because the patient is symptomatic and may require immediate 
neurosurgical intervention, for instance, to decrease pressure on the brain. Delays in 
gaining access to PBT may diminish the potential benefit of such a therapy. A parent 
living in an industrialized country, such as England, may reasonably wonder why the 
United Kingdom is 64 years behind the United States in treating a patient with PBT.

The Ashya King case poignantly highlighted this issue. In July 2014 at 
Southampton General Hospital in England, 5-year-old Ashya King was diagnosed 
with pediatric medulloblastoma, the most common primary brain tumor in children. 
This disease is probably the least controversial disease site for the theoretical benefit 
of PBT as radiation to the entire brain and spinal cord is a critical component for 
cure. However, based on the scientific literature available at that time, there was no 
demonstrable benefit to PBT over photon therapy. There was, however, clear evi-
dence that treatment delay could result in shortened survival. Based on their knowl-
edge of the data and specifics of Ashya’s case, doctors at the hospital as well as the 
NHS Specialized Services Proton Clinical Reference Panel determined PBT would 
not benefit Ashya over conventional therapy. As a result, the family left the hospital 
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against medical advice and boarded a ferry for France to get Ashya PBT. This action 
prompted an international manhunt for the family who was ultimately captured and 
arrested in Spain. An emergency court hearing allowed Ashya to be transferred to 
Prague where he would eventually receive PBT 8 weeks after his initial surgery.

There was a clear risk that such a transfer would significantly reduce the boy’s 
chances of cure due to delays in the initiation of radiation therapy. Ashya’s doctors 
in Southampton knew the results of the PNET 4 trial published in 2012 that clearly 
demonstrated that a treatment delay of 7 weeks resulted in a 5-year event-free sur-
vival of 67% compared to 81% for those treated promptly [14]. The general rule of 
thumb is to begin radiation treatment within 4 weeks of surgery. It was not until 
2016 that a phase II trial reported potentially improved hearing preservation and 
equal survival for PBT over conventional photon therapy [15] in patients with pedi-
atric medulloblastoma. However, the King family, armed with Internet access, felt 
strongly that PBT was the best treatment option for their son and acted upon it. 
Marketing techniques employed by proton centers help attract patients despite a 
dearth of substantive comparative data. Given the worldwide scarcity of access to 
PBT, the potential benefits of seeking PBT need to be balanced against the potential 
for treatment delay. This represents a common balancing act for pediatric oncolo-
gists. Luckily, despite the treatment delay, as of 2018 Ashya has returned to 
Southampton and is without evidence of disease.

This case perfectly encompasses the many aspects that make the cautious imple-
mentation of PBT so difficult in modern society. Often, the clinical and quality of 
life benefits of radiation effects cannot be measured until many years after the deliv-
ery of therapy. Late effects are truly what drive radiation dose tolerance. In a society 
dominated by access to information and the immediacy of social media, patients 
and investors are not willing to wait 10–20 years to assess the clinical benefit of a 
proton versus a photon. National and private health insurance companies, however, 
are not willing to pay for potential or theoretical benefits of therapy as these per-
ceived benefits are often overly optimistic.

 The Challenge of Cost Containment and Evidence-Based 
Medicine

In an era of cost containment in medicine and value-based care, PBT faces obvious 
scrutiny. With increasing demands for evidence-based medicine from payers, com-
parative data often is required to support the use of a more expensive technology. 
This has been the case for IMRT over conventional radiation therapy for decades, as 
it is the more expensive modality. Proponents of PBT argue that randomized pro-
spective data is not necessary to prove the benefit of PBT as there is lack of equi-
poise given the clear improvement in dose distribution to normal tissues. Some have 
posited that were PBT cheaper than photon therapy, there would be no interest in 
performing clinical trials to substantiate their utility. A recent study showed that 
phase III comparative trials account for only 9% of proton clinical trials and that 
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there has been a downtrend in PBT trials over the past 5 years despite continued 
development of proton centers [16]. PBT trials are rarely industry or nationally 
sponsored and are predominantly run by universities and hospitals. There is no drug 
company to fund them! It also is difficult to enroll patients on a randomized trial 
comparing the two modalities, when equal access exists to both due to patient pref-
erence. Simply put, if a patient can choose to receive PBT without randomization, 
they will make that choice.

Recently, the first phase III trial comparing advanced PBT and photon therapy 
planning for locally advanced lung cancer was reported [17]. The trial demonstrated 
no significant benefit of PBT over photon therapy in terms of risk for radiation 
pneumonitis or severe inflammation of the lung. Pneumonitis rates were higher in 
PBT patients (10.5% vs 6.5%). Survival and local control of the tumor were similar 
among the groups. This trial demonstrates that the theoretical benefit is not always 
realized in a clinically meaningful way, as so often is seen in medicine. The research-
ers were able to demonstrate a learning curve with improved outcomes for both 
protons and photons over time. Often, technology advances at a pace far quicker 
than clinical trial results can be obtained. Given that radiation delivery continues to 
evolve, by the time a given trial’s results mature, they may no longer be clinically 
meaningful.

 Proton Therapy Market

Marketing and reputation are the key market drivers in this competitive space. 
Marketing plays a huge role in attracting patients to medical centers. One analysis 
estimated hospital specialties will receive a 5% increase in non-emergency Medicare 
patients based on a single ranking improvement in US News and World Report 
rankings [18]. Interestingly, the US News and World Report rankings include 
“advanced technologies” in the scoring system for cancer center scoring. These 
rankings also have an impact on attracting wealthy international patients to major 
centers. In marketing, the halo effect can have significant impact on market share 
and profits. As proton centers are in their relative infancy, PBT provides a rare 
opportunity for medical centers to distinguish themselves on a national and interna-
tional scale. While medical consumers may be attracted to a facility because of the 
existence of protons, even if a payer denies treatment or PBT is not indicated, the 
patient is more likely to receive treatment at that facility. At one large center, for 
example, approximately 25% of patients who contact the center about PBT go on to 
receive conventional treatment at the center. Simply having the proton technology 
available conveys a sense of excellence that drives the patient to travel to that center 
for their treatment. In these settings, it is more important to be perceived as better 
than to have real data to support that you are in fact better.

Market pressures have driven more sensibility into the PBT sector. Smaller facil-
ities with only 1–2 rooms are increasingly common as they are cheaper to build and 
maintain and have a higher likelihood of keeping the room filled with paying 
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patients to cover costs. With these units, cancer centers can offer PBT without rely-
ing on a patient draw larger than the local market. In New York, rather than several 
hospital systems competing individually for patients at great cost and financial risk, 
cancer treatment centers have entered a joint demonstration project, proposing a 
collaborative facility with substantial infrastructure to perform rigorous research on 
PBT efficacy. This collaborative approach will serve the New York Community in a 
more sensible manner by increasing the probability of a wide referral base and miti-
gating the risk of substantial losses.

Well-conducted research and reliable data about outcomes, coupled with a large 
patient experience, will help PBT find its correct place in the menu of cancer treat-
ment options available to cancer patients. Collaborative programs such as that being 
explored in New York will help to establish the proton niche where PBT can provide 
a real advantage over complex photon therapy for select patients. Securing the long- 
term future of this emerging technology will ensure that those patients who will 
benefit from PBT will receive it and those who can benefit from other less expensive 
photon-based therapies will not be lured into unneeded higher cost PBT. In short, 
restoring sense and sensibility to decision-making in beam-based cancer treatment 
will benefit both the patient population and the market.

References

 1. Wilson RR. Radiological use of fast protons. Radiology. 1946;47(5):487–91.
 2. Zietman AL.  Particle therapy at the “tipping point”: an introduction to the Red Journal’s 

Special Edition. Int J Radiat Oncol Biol Phys. 2016;95(1):1–3.
 3. Dalwadi SM, Szeja SS, Bernicker EH, Butler EB, Teh BS, Farach AM. Practice patterns and 

outcomes in elderly stage I non-small cell lung cancer: a 2004-2012 SEER analysis. Clin Lung 
Cancer. 2018;19(2):e269–76.

 4. Hancock J. As proton centers struggle, a sign of a health care bubble? Kaiser Health News, 
May 2, 2018. https://khn.org/news/as-proton-centers-struggle-a-sign-of-a-health-care-bubble/.

 5. Hansen Z. Proton beams zap cancer with muni-bonds as market strains. Bloomberg March 
13, 2018. https://www.bloomberg.com/news/articles/2018-03-13/proton-beams-zap-cancer- 
with-muni-bond-cash-as-market-strains.

 6. Langreth R.  Prostate cancer therapy too good to be true explodes health cost. 
Bloomberg March 25, 2012. https://www.bloomberg.com/news/articles/2012-03-26/
prostate-cancer-therapy-too-good-to-be-true-explodes-health-cost.

 7. Kupelian P, Kuban D, Thames H, Levy L, Horwitz E, Martinez A, Michalski J, Pisansky T, 
Sandler H, Shipley W, Zelefsky M, Zietman A. Improved biochemical relapse-free survival 
with increased external radiation doses in patients with localized prostate cancer: the com-
bined experience of nine institutions in patients treated in 1994 and 1995. Int J Radiat Oncol 
Biol Phys. 2005;61(2):415–9.

 8. Michalski JM, Yan Y, Watkins-Bruner D, Bosch W, Winter K, Galvin JM, Bahary J-P, Morton 
GC, Parliament MB, Sandler HM. Preliminary toxicity analysis of 3DCRT versus IMRT on 
the high dose arm of the RTOG 0126 prostate cancer trial. Int J Radiat Oncol Biol Phys. 
2013;87(5):932–8.

 9. Zietman AL, DeSilvio ML, Slater JD, Rossi CJ Jr, Miller DW, Adams JA, Shipley 
WU.  Comparison of conventional-dose vs high-dose conformal radiation therapy in clini-

A. M. Farach

https://khn.org/news/as-proton-centers-struggle-a-sign-of-a-health-care-bubble/
https://www.bloomberg.com/news/articles/2018-03-13/proton-beams-zap-cancer-with-muni-bond-cash-as-market-strains
https://www.bloomberg.com/news/articles/2018-03-13/proton-beams-zap-cancer-with-muni-bond-cash-as-market-strains
https://www.bloomberg.com/news/articles/2012-03-26/prostate-cancer-therapy-too-good-to-be-true-explodes-health-cost
https://www.bloomberg.com/news/articles/2012-03-26/prostate-cancer-therapy-too-good-to-be-true-explodes-health-cost


141

cally localized adenocarcinoma of the prostate: a randomized controlled trial. JAMA. 
2005;294(10):1233–9.

 10. Yu JB, Soulos PR, Herrin J, Cramer LD, Potosky AL, Roberts KB, Gross CP. Proton ver-
sus intensity-modulated radiotherapy for prostate cancer: patterns of care and early toxicity. J 
Nathl Cancer Inst. 2013;105(1):25–32.

 11. Proton Beam Therapy for Prostate Cancer. Molina Healthcare, 2016. http://www.molina-
healthcare.com/providers/wa/medicaid/resource/PDF/MCG-153-Proton-Beam-Therapy-for-
Prostate-Cancer.pdf.

 12. Proton Beam Therapy, ASTRO Model Policies, 2013 https://www.astro.org/uploaded-
Files/_MAIN_SITE/Daily_Practice/Reimbursement/Model_Policies/Content_Pieces/
ASTROPBTModelPolicy.pdf.

 13. National Proton Beam Therapy Service Development Programme: the strategic out-
line case and accompanying value for money addendum. United Kingdom Department 
of Health and Social Care Oct 12, 2012. https://www.gov.uk/government/publications/
national-proton-beam-therapy-service-development-programme.

 14. Lannering B, Rutkowski S, Doz F, Pizer B, Gustafsson G, Navajas A, Massimino M, Reddingius 
R, Benesch M, Carrie C, Taylor R, Gandola L, Björk-Eriksson T, Giralt J, Oldenburger F, 
Pietsch T, Figarella-Branger D, Robson K, Forni M, Clifford SC, Warmuth-Metz M, von Hoff 
K, Faldum A, Mosseri V, Kortmann R. Hyperfractionated versus conventional radiotherapy 
followed by chemotherapy in standard-risk medulloblastoma: results from the randomized 
multicenter HIT-SIOP PNET 4 trial. J Clin Oncol. 2012;30(26):3187–93.

 15. Yock TI, Yeap BY, Ebb DH, Weyman E, Eaton BR, Sherry NA, Jones RM, MacDonald SM, 
Pulsifer MB, Lavally B, Abrams AN, Huang MS, Marcus KJ, Tarbell NJ. Long-term toxic 
effects of proton radiotherapy for paediatric medulloblastoma: a phase 2 single-arm study. 
Lancet Oncol. 2016;17(3):287–98.

 16. Odei BCL, Boothe D, Keole SR, Vargas CE, Foote RL, Schild SE, Ashman JB. A 20-year 
analysis of clinical trials involving proton beam therapy. Int J Particle Ther Winter. 
2016;3(3):398–406.

 17. Liao Z, Lee JJ, Komaki R, Gomez DR, O’Reilly MS, Fossella FV, Blumenschein GR, Heymach 
JV, Vaporciyan AA, Swisher SG, Allen PK, Choi NC, DeLaney TF, Hahn SM, Cox JD, Lu 
CS, Mohan R. Bayesian adaptive randomization trial of passive scattering proton therapy and 
intensity-modulated photon radiotherapy for locally advanced non–small-cell lung cancer. J 
Clin Oncol. 2018;36(18):1813–22.

 18. Pope DG.  Reacting to rankings: evidence from “America’s Best Hospitals”. J Health 
Economics. 2009;28:1154–65.

10 Protons and Prejudice: Finding Sense and Sensibility in the Development…

http://www.molinahealthcare.com/providers/wa/medicaid/resource/PDF/MCG-153-Proton-Beam-Therapy-for-Prostate-Cancer.pdf
http://www.molinahealthcare.com/providers/wa/medicaid/resource/PDF/MCG-153-Proton-Beam-Therapy-for-Prostate-Cancer.pdf
http://www.molinahealthcare.com/providers/wa/medicaid/resource/PDF/MCG-153-Proton-Beam-Therapy-for-Prostate-Cancer.pdf
https://www.astro.org/uploadedFiles/_MAIN_SITE/Daily_Practice/Reimbursement/Model_Policies/Content_Pieces/ASTROPBTModelPolicy.pdf
https://www.astro.org/uploadedFiles/_MAIN_SITE/Daily_Practice/Reimbursement/Model_Policies/Content_Pieces/ASTROPBTModelPolicy.pdf
https://www.astro.org/uploadedFiles/_MAIN_SITE/Daily_Practice/Reimbursement/Model_Policies/Content_Pieces/ASTROPBTModelPolicy.pdf
https://www.gov.uk/government/publications/national-proton-beam-therapy-service-development-programme
https://www.gov.uk/government/publications/national-proton-beam-therapy-service-development-programme


143© Springer Nature Switzerland AG 2019 
E. H. Bernicker (ed.), Cancer and Society, 
https://doi.org/10.1007/978-3-030-05855-5_11

Chapter 11
The Ethics of Animal Use  
in Cancer Research

Bernard E. Rollin

 Introduction: Conceptual and Ethical Background

The relationship between science and society is not a warm one – at best it is like a 
bad marriage. If one asks the scientists they will, with some justification, cite soci-
etal ignorance of basic science as a good reason to dismiss social concern about 
science’s activities, including animal research. The general public in the United 
States is indeed extraordinarily ignorant, in a know-nothing, aggressive way, regard-
ing basic principles of science in all areas. Thus, for example, it has been pointed 
out by a prominent scholar of scientific literacy that the United States consistently 
ranks low compared to other developed countries on assessments of scientific liter-
acy and that “recent international comparisons have shown that approximately one 
in four American adults qualifies as scientifically literate” [7]. Miller also points out 
that “only 28 percent of American adults have sufficient understanding of basic 
scientific ideas to be able to read the Science section in the Tuesday New York 
Times” (Ibid.).

In a 2004 paper, neuroscientist and physician Dr. Keith Black affirmed that 
research shows that “One half of the American public does not know the earth goes 
around the sun once a year…. A 1996 National Assessment Educational Progress 
survey found that 43 percent of high school seniors did not meet the basic standard 
for scientific knowledge” [1]. A 2016 Pew Charitable Trusts report on scientific lit-
eracy indicates that 40% of the US public believe that humans coexisted with the 
dinosaurs (Pew 2016). And a 2015 survey showed that 80% of the public wanted 
mandatory labeling of food indicating the presence of DNA [17].
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A 2014 Gallup poll cited in a National Center for Science Education report stated 
that only a very small percentage (19%) of the US public has accepted the natural-
istic position that “man has developed over millions of years from less advanced 
forms of life. God had no part in this process” [9] (http://www.gallup.com/
poll/21814/Evolution-Creationism-Intelligent-Design.aspx). Correlatively, a 2017 
Gallup poll indicated that “the percentage of Americans who actively want creation 
not evolution to be taught in schools may seem relatively modest at 30%, but this 
number is significantly larger than the percentage who actively want evolution to be 
taught over creation” [5].

Beginning in the 1960s and continuing through the present, science has become 
something of a political football for both the political left and the political right. For 
the left, objectivity is allegedly a myth perpetuated by the ruling class, and the 
attack on objectivity has taken the form of radical relativism and subjectivism. The 
best articulation of this position can be found in philosopher of science Paul 
Feyerabend’s Science in a Free Society, specifically arguing that the hegemony of 
science is expressly anti-democratic [3]. For example, Feyerabend has affirmed that 
putting scientists rather than Navajo shamans on national policy committees repre-
sents a salient example. For the right, scientific thinking is a cudgel for attacking 
traditional values and traditional beliefs and threatens to erode parental authority.

Awareness of this unfortunate state is nothing new. In 1964, Richard Hofstadter’s 
monumental historical study, Anti-Intellectualism in American Life, won the Pulitzer 
Prize for chronicling the ubiquitous anti-intellectual posture that is a major and 
dominant strain in American thought [6]. Less than a decade earlier, British scholar 
C.  P. Snow bemoaned the huge academic chasm that separated scientists from 
scholars in the arts and humanities. And not only is the United States anti- intellectual, 
we are openly hostile to science. As Jeffrey Sachs wrote in The Economist, 
September 22, 2008: “By anti-intellectualism I mean an aggressively anti-scientific 
perspective, backed by disdain for those who adhere to science and evidence” [16].

By the same token, on the other side, science has done little to address societal 
ignorance. Furthermore, science has been captured by an ideological framework so 
ubiquitous that I have called it “the common sense of science,” for it is to scientists 
what ordinary common sense is to daily life [13].

This ideology encompasses two components directly relevant to the topic at 
hand. The first component is the ubiquitous denial of the relevance or even presence 
of ethics in science. This claim is readily evidenced in the failure of science text-
books, for example, biology texts, to articulate ethical issues occasioned by science. 
There are ubiquitous claims in what my colleague calls “the throat-clearing intro-
duction” to standard textbooks affirming that “science is value- free” in general and 
“ethics-free” in particular. The standard line was that science supplies good infor-
mation on the basis of which society can make ethical decisions but does not itself 
make ethical judgments. The claim was based in the simplistic view that science 
deals only with what is empirically observable or testable, and as Wittgenstein 
remarked, if one inventories all the facts in the universe, one does not find it a fact 
that killing is wrong [18].
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The most dramatic (and chilling) encapsulation of this ideology can be found in 
a statement made by the director of NIH, which position, it is important to remem-
ber, requires both excellent scientific abilities and political astuteness. In 1989, the 
then director of NIH and therefore arguably the chief representative of biomedicine 
in the United States was visiting his alma mater. He was talking to a group of stu-
dents informally, and was apparently unguarded in his remarks, not realizing that a 
student reporter for the school paper was present. The students asked him about the 
ethical issues associated with genetic engineering. His reply was astonishing: He 
opined that “though scientific advances like genetic engineering are always contro-
versial, science should never be hampered by ethical considerations” [8]. When I 
pose the question to my students of who made that statement in the twentieth cen-
tury, they invariably say “Hitler.”

The second ideological dogma I encountered was a ubiquitous belief that scien-
tists needed to be agnostic about animal thought and feeling, and even about animal 
pain, since one could not verify claims about animal mentation empirically. 
Interestingly enough, Darwin himself took for granted the fact that if physiological 
and metabolic traits were phylogenetically continuous, so too were mental traits, 
and he wrote extensively about them, for an example in his Expression of the 
Emotions in Man and Animals [2], and even did empirical research on the problem- 
solving abilities of earthworms! And although modern biology claims to be solidly 
Darwinian, by 1920 virtually no one in biology or psychology accepted the exis-
tence of thought and feelings in animals. (See [12] for detailed discussion.)

It was in good measure the moral imperative to introduce pain control into sci-
ence that led my colleagues and I to draft what became the 1985 Amendments to the 
Animal Welfare Act requiring control of any research modalities causing pain and 
distress in animals in the course of research. Though the research community pro-
tested that they used copious amounts of analgesia, a literature search I performed 
in 1982 through the Library of Congress was unable to find a single paper dealing 
with “analgesia for laboratory animals.” This was instrumental in convincing the 
Congress of the necessity for such legislation. Until the passage of the law, which 
went into effect in 1987, there was virtually no analgesia used by the research com-
munity, nor was it deployed or taught in veterinary schools or veterinary practices. 
In fact, with the exception of one cream applied to cattle hooves for cases of “foot 
rot,” a very painful bacterial infection, there are still no analgesics approved for any 
use in food animals!

The conditions just described – social ignorance about science coupled with sci-
entific agnosticism about ethics and feelings in animals – inexorably led to a perfect 
storm with both sides consistently talking past each other. The situation created 
what I have elsewhere called a “Gresham’s law for ethics.” It will be recalled that 
Gresham’s law affirms that bad money (e.g., the worthless paper money circulating 
in post-World War I Germany) drives good money out of circulation. In the same 
way, “bad ethics drives good ethics out of circulation.” When preparing to address 
the Congress on animal research, I performed a literature search for scientific papers 
addressing the ethics of animal research and found nothing. By the same token, 
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given public ignorance of science and lack of sophistication in ethics, issues were 
defined by alarmists, theologians, and others to whom ethics was essentially emo-
tion. A superb example of this is provided by a survey conducted by Time Warner 
after the announcement of a research group having created a cloned animal, Dolly 
the sheep. In response to queries about the ethics of cloning, fully three out of four 
Americans declared that the cloning of Dolly “violated God’s will.”

 Implications of the Tension Between Science and Society

This fairly detailed introduction is essential in order to understand the debate about 
the ethics of animal research. The major point to stress is that the general public 
clearly sees the invasive use of animals in research as a moral issue, and about 50% 
disapprove of such use [10]. Given the point made earlier that the same public is 
often unclear about what are legitimate ethical issues as opposed to spurious ones – 
witness the Dolly case just enumerated – it seems obvious that the burden is on the 
research community to, in a fair way, delineate the ethical issues occasioned by 
animal research and their rational response to these issues. This is because, as the 
president of a major European swine company indicated, the general public is in a 
position to determine the playing field upon which animal use, be it agriculture or 
research, is played out.

For example, during the early 1980s, I was party to an Australian parliamentary 
discussion, led by a prominent Senator, that was seriously considering creating a 
legislative ban on animal research in Australia! In the same vein, in the mid-1980s, 
there was a serious bill supported by animal activists in the United States that would 
have cut the federal animal research budget by up to 60% and devoted the money to 
alternatives to animal use.

For most of Western history, the societal consensus ethic for animals, i.e., what 
was codified in law, was extremely minimalistic. In antiquity, when most animal use 
was agricultural and based in husbandry, self-interest assured good animal treat-
ment. Inflicting unnecessary or sadistic suffering on animals was condemned in 
biblical teaching and explicitly attacked by St. Thomas Aquinas on the basis of the 
psychological insight that those who abuse animals will graduate to abusing people, 
an insight that has been solidly supported by twentieth century psychology and 
psychiatry. The prohibition against deliberate cruelty was encoded in the laws of all 
civilized societies beginning in the late eighteenth century in Britain.

By the second half of the twentieth century, society became well aware of the 
fact that most animal suffering was not the result of deliberate, sadistic cruelty of 
the sort condemned by the anti-cruelty ethic. In fact, the vast majority of animal 
suffering was understood to be the result of normal, decent motivations such as 
providing cheap and plentiful food, advancing scientific knowledge, and assuring 
the safety of consumer products. During the ensuing years, it has become ever- 
increasingly evident to society in general that the law is a powerful tool for raising 
the status of animals.
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Thus, for example, in 2004, there were 2100 pieces of legislation floated in fed-
eral, state, and local legislatures in the United States aimed at enhancing the welfare 
of animals. The societal thrust has continued to grow. In 2003, a Gallup poll indi-
cated that approximately 70% of the US public wished to see legislated constraints 
on how farm animals could be raised (Gallup 2003). When the survey was recently 
repeated in 2012, the number had risen to 94% (Gallup 2012). This point is further 
buttressed by referenda aimed at limiting the most egregious confinement of farm 
animals – veal crates, sow stalls, and battery cages for chickens. In each of 12 states 
that the referendum was floated, it passed by a 2 to 1 margin. A recent speech by the 
executive director of the Foundation for Biomedical Research, perhaps the major 
lobby group for biomedicine, rightly stressed that animal advocacy had shifted from 
radical action to attempting to change public policy.

Other signs of increased concern with animal welfare are manifest across the world. 
California banned killer whale shows. Ringling Brothers Circus has closed after more 
than 100 years of popularity. Zoos as essentially prisons for animals have disappeared. 
Spain has experienced major protests against bullfighting. The practice of cutting off 
fins from sharks and then throwing the animals back is being vehemently attacked.

What do we know about societal ethics regarding animal research? One obvious 
point is that society does not wish animals to suffer pain or distress. Connected with 
this, and particularly evident with regard to farm animals, is that social ethics wants 
to see animals’ basic needs as determined by their biological and psychological 
natures respected. This claim is supported by the worldwide rejection of extreme 
confinement systems for farm animals, as indicated earlier. In my own experience, I 
was able in 2008 to convince Smithfield Farms, the largest pork producer in America, 
to abandon gestation crates after I advised them to poll their customers, and they 
subsequently found that 78% of those customers despised such crates. Battery cages 
for laying hens are being abandoned, and egg companies trumpet that they produce 
cage-free eggs. Veal crates are gone, with veal calves being raised in groups.

On the other hand, it is also evident in the food animal area that members of the 
public do not worry about the fact that animals are killed to be eaten. What they do 
worry about is not that they are killed but how they are killed, i.e., without pain, 
distress, and fear. Hence the major emphasis is placed on stunning of food animals 
in the beef industry to assure that they are rendered unconscious instantaneously, 
statistically most often by the use of a “captive bolt pistol” that, if placed properly, 
eventuates in immediate loss of awareness. Unfortunately, stunning in the pork and 
chicken industries is far less effective, and one might argue is horrendously unac-
ceptable in what the animal experiences before being killed. But for our purposes, 
the key point is that the social ethic does not worry about the fact of animal death 
but rather about how it is accomplished. Significant portions of northern Europe 
have correlatively banned kosher and halal slaughter, accomplished by cutting the 
throat of a conscious animal.

The obvious question that arises is why this is the case? How do animals value 
death as compared with pain and suffering? This in turn leads to an ancillary ques-
tion – can an animal value life per se? To answer this question, we must consider 
some conceptual differences between animal and human cognition.
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Human cognition is such that we can value long-term future goals and endure 
short-run negative experiences for the sake of achieving them. Examples are 
 plentiful. Many of us undergo voluntary food restriction, and the unpleasant experi-
ence attendant in its wake, for the sake of lowering blood pressure or looking good 
in a bathing suit as summer approaches. We memorize volumes of boring material 
for the sake of gaining admission to veterinary or medical school. We endure the 
excruciating pain of cosmetic surgery to look better.

In the case of animals, however, there is no evidence, either empirical or concep-
tual, that they have the capability to weigh future benefits or possibilities against 
current misery. To entertain the belief that “my current pain and distress, resulting 
from the nausea of chemotherapy or some highly invasive surgery, will be offset by 
the possibility of an indefinite amount of future time” is taken to be axiomatic of 
human thinking. But reflection reveals that such thinking requires some complex 
cognitive machinery. For example, one needs temporal and abstract concepts, such 
as possible future times and the ability to compare them, and a concept of death, 
eloquently defined by Heidegger as “grasping the possibility of the impossibility of 
your being.” It is also equally evident that an animal cannot weigh being treated for 
cancer against the suffering treatment entails, cannot affirm a desire (or even con-
ceive of a desire) to endure current suffering for the sake of future life, and cannot 
understand that current suffering may be counterbalanced by future life.

A very important corollary emerges from our discussion. We have argued that 
animals have no concept of death (or life) and consequently cannot value it more 
than pain. We have also indicated that people sometimes value death over pain, as a 
way of ending pain. If this is true of humans, it would be a fortiori true of animals, 
who cannot value life at all. Thus, in a sense, pain may well be worse for animals 
than for humans, as they cannot rationalize its acceptance by appeal to future life 
without pain. As I have said in other writings, a traditional argument affirms that 
human pain is worse than animal pain because humans can anticipate and fear pain 
very imaginatively before it happens, as when we plan to visit the dentist. Aside 
from the fact that animals too can fear imminent pain (e.g., when they cringe before 
a threatening upraised hand), the same logic decrees that animals cannot look for-
ward to a time without the pain; their entire universe is the pain, and they can have 
no hope!

None of this is to suggest that society would be cavalier about taking animal life. 
Noteworthy in this regard is a survey performed by Glamour magazine in the 1970s. 
Amazingly enough, even though one can assume that the readership of Glamour 
was strongly biased toward new cosmetics, the majority of their readership indi-
cated that making animals suffer was not justified by new products! During the 
ensuing years, a large number of cosmetics companies have gone on to disavow 
animal testing, beginning with the Body Shoppe. In other words, even people with 
a vested interest in a certain sort of animal testing will distinguish between testing 
that is worthwhile in regard to taking an animal’s life and making the animal suffer 
and testing that is not warranted. As we have already mentioned, according to a 
2015 Pew report, a full 50% of Americans disapprove of the practice of testing on 
animals, regardless of the purpose to which the testing is put, up from 26% in 2001. 
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(In the interest of fairness, I must say that I take polls with a grain of salt, though 
they are doubtless good general indicators.)

All of this explains the spectacular success of the Center for Alternatives to 
Animal Testing developed at Johns Hopkins some 40 years ago, as well as the pro-
liferation of cellular and molecular alternatives to animal use. As I write this in 
February 2018, there is a bill before the Congress entitled HR 2790, the Humane 
Cosmetics Act, designed to end the use of animals for safety testing of cosmetics. 
Research on chimpanzees has been stopped by NIH.

Cosmetic testing is not the only use of animals in science perceived as unaccept-
able by large portions of society. Many people also feel that diseases arising from 
lifestyle choices such as smoking, which are viewed as “self-inflicted,” should not 
be studied in animals.

We can summarize the societal ethic regarding animal testing as follows: in the 
course of animal testing, the animals should not suffer pain or distress. Testing that 
is done should be done for valuable medical purposes, not frivolous ones. A signifi-
cant number of people see the use of animals in research as morally wrong. Animal 
research should promise specific and tangible human benefits. Animals used in 
research should be kept under conditions that accommodate their biological and 
psychological natures. (Not only is this an ethical imperative; it is also a scientific 
one. Failing to meet the animals’ nature deforms critical physiological and meta-
bolic variables, thereby placing the research validity in jeopardy.)

 Animals in Cancer Research

What then does this tell us about the use of animals in cancer research? As common 
sense and our own experience tell us, there are few diseases inspiring the naked ter-
ror in people that cancer does. It thus stands to reason that animal research on cancer 
is likely to be the most socially acceptable use of animals, indeed more so than any 
other animal research modality. Such acceptability would presumably require, ide-
ally, causing as little pain in the animals as possible and, ideally, no pain. Painless 
death, as we argued earlier, seems to be socially accepted. We must also recall that 
pain deforms relevant physiological and metabolic variables that researchers are 
attempting to study. Thus there is a methodological as well as a moral reason to 
avoid having animals used in cancer research suffer pain and distress.

In addition, veterinary epidemiology has begun to study historical and current 
hospital records of animals afflicted with cancer as a viable alternative to creating 
the disease in animals. Furthermore, veterinary animal cancer researchers are more 
and more using their treating of companion animals afflicted with cancer as a way 
of studying the disease, both in terms of etiology and treatment. Not only does this 
not generate public disapproval, it garners major contributions from wealthy pet 
owners. In 1982, The Wall Street Journal reported on such people spending over 100 
thousand dollars on their animal’s cancer treatment. Shortly thereafter, Colorado 
State University College of Veterinary Medicine built a cancer building with grateful 
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donor contributions from clients and with funding from NIH. In a news report aired 
in February 2018, it was reported that “Humans and dogs are 95% identical geneti-
cally—and the diseases that affect humans, including breast cancer, prostate cancer, 
and melanoma, are almost identical.” (This is not strictly true of melanomas.) In 
short, modalities for studying cancer in animals are emerging that create a win-win 
situation for humans and animals, most notably for the companion animals that over 
90% of the public view as “members of the family.”

What of animal use in cancer research where this happy coincidence does not 
obtain? In particular, what of “non-favored animals” such as rats and mice? There is 
absolutely no reason to believe that society is unconcerned about such animals, as 
we saw evidenced by the rejection of cosmetic testing. There is in fact survey data 
promulgated by the Humane Society of the United States showing an inverse cor-
relation between public support for animal research and the degree of pain and suf-
fering inflicted on animals. When one reaches a stage of creating uncontrolled 
suffering in research animals, public support for such research drops precipitously.

Thus it would very much behoove the cancer research community to abide by 
established principles for limiting animal pain and suffering. These principles 
include strict limits on the size of tumors that are allowed to develop in research 
animals. It was not that long ago that animals were allowed to develop tumors as big 
as they were! A related principle is to demand euthanasia of animals afflicted with 
cancer before symptoms that hurt the animals are allowed to develop. (In animal 
research, these are known as “endpoints” and are established at the beginning of the 
study.)

On the other hand, researchers are developing tumors in rodents that are ortho-
topic, i.e., develop at the actual point such tumors naturally arise, for example, in the 
pancreas, as opposed to being simply implanted subcutaneously. Such surgeries will 
require more analgesia not only during implantation, but as the tumors grow and 
impair normal function. More than ever, therefore, early endpoints will be required 
in addition to increased analgesia.

And I cannot stress enough that euthanasia should be what its name suggests – a 
good death for the animal, not necessarily the easiest, most convenient death as far 
as the researcher is concerned. In my view, for example, the standardly accepted 
death by CO2 inhalation is not a good death; it is after all asphyxiation or suffoca-
tion, far from a good death. Whenever possible, animals should be offered for adop-
tion at the end of a research protocol. These simple principles, coupled with the 
importance of cancer research, go a long way toward satisfying public moral 
concern.

In addition, there is voluminous scientific literature indicating that satisfying 
what Aristotle called an animal’s telos, i.e., its psychological and biological nature, 
is of great importance to animals used in research. In fact, there is research indicat-
ing that satisfaction of the animals’ natures is more important to them than pain 
control, as animals when caught in steel-jawed traps will chew their legs off in order 
to escape, evidencing the fact that freedom of movement is more important than 
pain [14, 15]. In addition, respecting animal natures removes the stress that ignoring 
it imposes upon research results from a physiological, pharmacological, and meta-
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bolic perspective. In fact, unfortunately, researchers are often quite cavalier about 
managing stress variables that can well deform their results. And it should never be 
forgotten that pain is a significant stressor.

As an excellent example, consider the following: In one research protocol with 
which I was personally familiar, beagles used to study mammary cancer were 
housed in large kennels where the barking was so loud that caretakers and research-
ers had to wear ear protectors, though the dogs did not. Ironically, an article had 
appeared in Science showing that beagles subjected to unmitigated stressors such as 
noise developed more mammary tumors than unstressed animals [11].

It is for this reason that when my colleagues and I drafted the 1985 Amendments 
to the Animal Welfare Act, we stipulated that animals should be housed and main-
tained in accord with their natures. Unfortunately, the Congress only approved some 
facsimile of this principle for dogs and nonhuman primates. For cancer researchers 
to adopt this principle would be a highly moral, prudential, and effective modality 
for solidifying public support and should assure better science.

 Conclusion

An end to tension between scientific ideology on the one hand and social ethics and 
social lack of understanding of science is essential. Making the public scientifically 
literate is extremely difficult to achieve, as it would require restructuring of our 
educational system. Repairing scientific ideology should be somewhat easier but is 
by no means simple. For over 40 years, I have been urging the scientific community 
to incorporate ethical education into the science curricula at all levels. The response 
from NIH and NSF has been to mandate the teaching of what a barbarous neologism 
calls “regulatory compliance.” For example, there is a new 500-page series of edicts 
pertaining to human research that is essentially just a list of rules. Far more effica-
cious would be the teaching of genuine ethics as an integral part of teaching science, 
particularly the life sciences and biomedical science.

A colleague and I taught a freshman 1 year of honors biology class for over 
20 years where ethics was part and parcel of the curriculum. The results far exceeded 
our expectations. I still occasionally receive letters of thanks from students who 
went through the course and realize how much more comprehension they have of 
the place of science in society and the role of ethics in science. I have also taught a 
graduate course in science and ethics for 15 years with similar results. As Plato 
pointed out long ago, having good people in society is far superior to having good 
laws. And as Plato also pointed out, the surest mechanism for creating good people 
is providing good education. This is particularly true regarding the socio-ethical 
playing field upon which science occurs.
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Chapter 12
The Ecology of Cancer

Beata Ujvari, Jay Fitzpatrick, Nynke Raven, Jens Osterkamp, 
and Frédéric Thomas

 Introduction

It is now widely established that multicellular organisms are not autonomous enti-
ties, but rather “holobionts” composed of the host plus all of its commensal and 
mutualistic microorganisms, as well as a diversity of pathogens/parasites (viruses, 
bacteria, fungi, protozoa and metazoans) [1]. Extensive research has unambigu-
ously shown the significant impact of pathogens/parasites on the host phenotype 
[2]. These studies have also demonstrated that the eco-evolutionary dynamics of 
animals (hosts) and symbionts (encompassing all types of symbioses) are inextrica-
bly linked [2]. In addition to microbiota and pathogens/parasites, multicellular 
organisms “host” a third category of symbiont: the community of altered “selfish” 
cells, malignant cells (oncobiota) [3]. Malignant cells originate from normal cells 
that abandon their cooperative behaviour, become neoplastic, proliferate at greater 
rates than somatic cells and disseminate throughout the body. Cancer is an ancient 
phenomenon that is linked to the appearance and evolution of multicellular organ-
isms (metazoans) [4, 5]. Transitioning from an unicellular life form to multicellular-
ity required the sophisticated, higher-level cooperation of cells with complementary 
behaviours (reviewed in [5, 6]). The emergence of genes facilitating cell 
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cooperation resulted in the evolution of stable multicellularity [4]. However, opti-
mal functioning of multicellular organisms requires strict regulation of overall cell 
proliferation levels and cell numbers [7] and a constant control of neoplastic cells 
[7]. When the balance is broken, neoplastic cells that acquire genetic and/or epigen-
etic mutations conferring higher fitness (growth advantage and/or proliferative 
potential) are selected and expanded, ensued by oncogenesis and neoplasm/tumour 
formation [8, 9]. Neoplasms are composed of an admixture of clones that not only 
compete for resources but also cooperate to avoid immune recognition and are thus 
able to disperse and colonize new organs. Intra-tumour genetic, epigenetic and phe-
notypic heterogeneity provides the evolutionary landscape for individual cancer 
cells to adapt to selection pressures imposed by the microenvironment (immune 
system and other tumour suppression mechanisms). Cancer cells are able to rapidly 
acquire novel phenotypes: immortalization, invasiveness and resistance [10, 11]. 
Except for transmissible cancers (see [12]), cancer development and progression are 
evolutionary processes within a single host where the host’s immune system selects 
for malignant cells that are resistance to immune attacks and can transmit to novel 
organs [10, 11, 13, 14]. However, the ultimate fate of malignant cells is to expire 
with the death of the host organism, as the breakdown of cellular cooperation leads 
to metastatic cancer and ultimately to the death of multicellular organisms [6].

Neoplasia, being the disease of multicellular organisms, is indeed not only a 
major cause of human death worldwide that touches nearly every family on the 
planet but has also been recorded in numerous invertebrate [15, 16] and vertebrate 
[17–19] species (reviewed in [20]). Similar to other diseases, cancer is a significant 
physiological burden on the host [21–23] and hence alters the behaviour of indi-
viduals and impacts interindividual interactions. It has been proposed that cancer 
may have a significant ecological impact on trophic cascades, niche allocation, host- 
parasite dynamics and disease epidemiology of the ecosystem occupied by the 
affected host species [12].

In this chapter we provide an overview of the ecology of cancer at the scale of 
micro- (host) and macro-ecosystems (species). We discuss the underlying mecha-
nisms driving malignant and metastatic formations in the tissue environment and 
then investigate the impact of neoplasia on individuals, species and populations. 
Finally, we provide suggestions on how understanding the ecology of cancer can 
contribute to both cancer prevention and development of new treatment strategies.

 The Ecology of Cancer at the Micro-Ecosystem Scale

A cancer cell’s fitness is governed by its own proliferation rate, thus cells that maxi-
mize proliferation in local tissues, followed by transmission to novel organs (once 
resources are depleted at the site of initiation) will have higher fitness compared to 
cells with lower proliferation rates. The complex, multistep biological process of 
metastasis [24, 25] involves the initiation and growth of cancer cells at primary 
tumour sites, angiogenesis to support the developing tumour and invasion of the 
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stromal tissue surrounding the malignant cells [26]. Once resources become limited 
at the site of initiation, malignant cells disassemble the extracellular matrix, enter 
the lymphatic or blood microvessels (intravasation) and disseminate throughout the 
body of the host. The vast majority of circulating tumour cells die in transit but a 
few survive by arresting in the capillary beds within distant organs and finally 
extravasate into the new host tissue [26, 27]. Invading cancer cells face an uncertain 
future, and some form microscopic metastases and progress no further, while a very 
small minority of metastatic cells form clinically apparent tumours [26].

Although the invasive metastatic cascade plays out during the lifetime of an indi-
vidual, a strong analogy can be drawn from the effects of invasive species on whole 
ecosystems [28]. We therefore investigate the ecological basis of cancers by draw-
ing on the analogy of invasive species colonizing novel habitats/ecosystems.

 The Characteristics of Successful Invaders

The seminal works by Ehrlich [28] and Lodge [29] proposed a list of attributes of 
invasive species in order to successfully colonize novel areas, including (1) plastic 
life history strategies, (2) polyphagous (i.e. wide feeding niche), (3) abundance in 
their original range, (4) high genetic variability, (5) asexual and/or single-parent 
reproduction, (6) phenotypic plasticity and (7) ability to function in a wide range of 
physical conditions (reviewed in [30, 31]). Some of these attributes are directly 
applicable to the transitioning of primary tumour cells to metastatic invasive cells.

 Plastic Life History Strategies

Similar to invasive species [32], plastic life history strategies are also relevant to the 
complex ecosystem of tumours, neoplastic cells showing phenotypes with fast and/
or slow life history characteristics [33] and more importantly the plasticity to shift 
along the spectrum of different life histories to suit the environment (reviewed in 
[13]). Selective pressure caused by unstable microenvironment at tumour initiation 
sites will allow some mutant subclones with fast life history hallmarks (enhanced 
cell proliferating capacity, sustained proliferating signals, growth suppression eva-
sion) to expand. However, to avoid recognition and destruction by the immune sys-
tem and to overcome novel challenging conditions (such as resource-limiting 
environments due to limits of oxygen diffusion from the existing capillary network) 
may necessitate a shift towards to a slower life history strategy and hence invest-
ment into increased survival (slow life history hallmark [13]). However, the forma-
tion of new blood vessels (angiogenesis) allows cells to overcome the constraint of 
limited resources and to rapidly shift to a fast life history strategy. Metastasis, neo-
plastic cells escaping final resource limitations by invading novel micro- (within the 
same host) and macro-environments (invading a novel host, i.e. contagious cancers 
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[12]), represents fast life history strategies analogous to those observed in invasive 
species. Hence, successful neoplastic cells, like successful invasive species, should 
have the capacity to switch between fast and slow life history strategies.

 Phenotypic Plasticity

Invasion is a dynamic process; in order to successfully colonize a novel environ-
ment, one or more specimens of a species or a cancer cell line must leave the origi-
nal colony, survive migration and establish an initial population at the novel site, 
followed by colonization of larger areas [34]. Since colonists must be able to cope 
with a range of environmental conditions, phenotypic plasticity (change in pheno-
typic expression in response to environmental variations) has been singled out as 
one of the key life history traits needed to successful colonization of novel areas 
[30]. Initially only a few individuals (see propagule pressure below) of an invasive 
species or cells arrive to a novel area (being a novel geographic area, organ or host) 
and hence the colonists generally display low genetic variability (clonal selection in 
cancer cells). Therefore increased phenotypic plasticity may enable colonizing spe-
cies/cells to cope with and become established under challenging novel environ-
mental conditions [35]. Furthermore, phenotypic adaptations arising from a stable 
genetic background may enable the colonizing organism/cells to take advantage of 
environmental fluctuations and to outcompete the native, non-invasive species/cells 
at the site of colonization [36]. Phenotypic plasticity, generated by epigenetic modi-
fications, has indeed been proposed to underlie efficient metastatic processes [24, 
37–39] and the success of invasive species [40]. Epigenetic variation regulating 
complex gene expression signatures superimposed over the primary tumour geno-
type allows the invasive cancer genomes to respond to developmental and environ-
mental cues [39, 41]. Epigenetic regulators, including DNA methylation, histone 
and chromatin modifications and miRNA regulation, orchestrate dynamic, adaptive 
and reversible phenotypic differences [42] ensuring easy transition between fast and 
slow life history strategies of colonizing cells. For example, cues of resource abun-
dance could initiate a proliferative phenotype by facilitating expression of onco-
genes via removing methyl groups from their promoter regions (hypomethylation) 
and blocking tumour suppressor genes by adding methyl groups (hypermethylation) 
to corresponding promoters. Once resources are scarce, by switching on the cell 
cycle inhibitor gene promoters and turning off pro-apoptotic genes via modulating 
their epigenetic state, a quiescent, dormant phenotype can be achieved [13].

Phenotypic plasticity and regulatory mechanisms are also essential to facilitate 
the observed bidirectional communication between cancer cells and their microen-
vironment [43]. Tumour cells are continuously adapting to circumvent the normal-
izing cues of the microenvironment, and in turn, the microenvironment evolves to 
accommodate the malignant cells [44]. The gene expression changes in both stro-
mal and tumour epithelial cells result in dynamic paracrine and autocrine signalling 
driving tumour-stromal cell interactions as tumours evolve [45–49], demonstrating 

B. Ujvari et al.



157

that the tumour microenvironment actively contributes to tumour initiation and sup-
ports carcinogenesis, progression and metastasis [44].

 Competitiveness and Dominating the Community

Invaders employ different mechanisms to outcompete and to dominate the colo-
nized community, for example, by releasing biochemical and secondary metabo-
lites, invasive plants can influence growth, survival and reproduction of native 
species and the ecophysiological attributes of the native biota (allelopathy) [50]. 
Ecological facilitation and allelopathy leads to reduced competition from native 
species and relaxed predation pressure [31]. Similarly cancer cells often alter their 
microenvironment to create novel niches less favourable to competitors and to 
reduce the risk of predation by the immune system [51]. For example, variations in 
the tumour vascular network and associated blood flow, substrate and metabolite 
availability (such as oxygen and acid, respectively) serve as selection forces in 
tumour ecosystems [51].

Furthermore, cancer cells use aerobic glycolysis, or fermentation of glucose to 
lactic acid in the presence of oxygen (“Warburg effect” [52]), to produce energy. 
The result of this abnormal glycolysis is high lactic acid production and the creation 
of a hostile hypoxic and acidic microenvironment. Why cancer cells use such an 
inefficient and hazardous way of energy production (aerobic glycolysis is 18-fold 
less effective than oxidative phosphorylation for generating ATP) is intriguing [53, 
54] and enticed various explanations [54–56]. According to the high-energy view, 
aerobic glycolysis enables rapidly dividing cancer cells to harness additional ATP 
while also generating essential biosynthetic building blocks (nucleic acid, amino 
acids, lipids, etc.) [54]. A population biology-based model proposes that aerobic 
glycolysis may confer a selective advantage in the competition for shared energy 
resources [57], while the tumour ecosystem approach suggests that it is a defence 
adaptation protecting cancer cells from the generated higher than usual oxidative 
and acid-induced toxic microenvironment [58]. Alternatively, aerobic glycolysis 
could be selected via bet-hedging as it permits malignant cells to cope with environ-
mental fluctuations such as variation in oxygen levels [59, 60]. Due to low perfusion 
and highly proliferating cancer cells producing excess lactic acid, protons start 
accumulating at the tumour site. To maintain intracellular pH, cancer cells extrude 
the accumulated acid via the increased activity of several proton transporters, result-
ing in a normal or slightly alkaline intracellular pH, and the acidification of the 
extracellular microenvironment [61]. The generated acidic environment reduces the 
viability and function of normal cells, including immune cells, concomitantly pro-
tecting the cancer cells from the immune system. Furthermore, hypoxia and/or the 
acidophilic environment also supports stromal remodelling, growth of blood vessels 
and the escape of immune surveillance by recruiting myeloid-derived suppressor 
cells [62, 63]. In addition, producing ATP at a higher rate but lower yield provides 
malignant cells with other selective advantages such as the inducement of  oncogenes 
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by lactate, the by-product of anaerobic glycolysis [54]. Clearly, the complex allo-
pathic interactions of tumour and microenvironment resulting in reversed intra- 
extracellular pH gradients and immune system evasion facilitate cancer cells to 
outcompete normal cells, avoid predation, proliferate and survive in a hostile envi-
ronment [64–66].

 Propagule Pressure

Introduction effort (propagule pressure) is one of the key factors exerting strong 
controlling influences on invasion processes [67]. Therefore the probability of a 
successful colonization depends on (i) the number of propagules/cells released, (ii) 
the number of introduction attempts and rate and (iii) temporal and spatial patterns 
of propagule arrival (including proximity to existing populations of invaders) 
(reviewed in [34, 67, 68]). Demographic and environmental stochasticity may 
reduce establishment success; however increasing the propagule size and the num-
ber of invasion events can diminish the negative impact of such demographic and 
environmental processes. Furthermore, ongoing propagule pressure may increase 
genetic variation and hence overcomes the potential negative effect of bottleneck 
initiated by the invasion of low numbers of individuals/cells [34].

 Micro-Ecosystem Attributes Facilitating Cell Invasion

Apart from the characteristics of invasive species and cancer cells facilitating pro-
gression and invasion, incursion success also depends on the invasibility of the colo-
nized area [69]. Disturbed environments have been shown to be subjected to 
significantly more invasive species compared to pristine habitats [51, 70]. Thus, 
while cancer site invasibility likely depends primarily on immune privileged status 
and on the host’s immune competence [71], inflamed, infected or injured tissues or 
hosts may be more permissive for cancer cell growth and establishment [70]. 
Chronic irritation, inflammation and infections are critical components of tumour 
emergence and progression. Inflammatory cells orchestrate the tumour microenvi-
ronment and foster neoplastic cell proliferation, survival and migration. Additionally 
malignant cells hitchhike the signalling molecules and their receptors of the innate 
immune system to support migration, metastasis and invasion [72]. In general, 
repair of tissue injury involves enhanced cell proliferation and the activation of a 
multifactorial network of chemical signals and an inflammatory response to heal the 
afflicted tissue. Altered, malignant cells proliferate and thrive in such a microenvi-
ronment rich in inflammatory cells and growth/survival factors that support their 
growth [72]. Furthermore, injured, inflamed areas are characterized by superfluous 
blood flow, chemical signalling for cell proliferation and access to an oversupply of 
biosynthetic building blocks, clearly providing a permissive resource-rich 
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environment for colonizing tumour cells. Since blood vessels, the suppliers of nutri-
ents and cleaners of metabolites are critically important for cancer cell develop-
ment, tumours remain limited in size and will not become clinically significant in 
the absence of angiogenesis [51].

 The Ecology of Cancer at the Organism’s Scale

Malignant cells, even in early developmental stages (e.g. dysplasia, cells with 
microscopic characteristics of cancer cells), are known to be extremely prevalent 
in host tissues, appearing across the lifespan in all multicellular organisms [73, 
74]. Unlike microbiota and pathogens/parasites, malignant cells are typically not 
transmitted between host individuals (but see [12, 22]), though similar to host-
pathogen interactions, host genetic and phenotypic traits can influence malignant 
cell dynamics. The tug of war between malignant cells and their host can lead to 
evolutionary escalations and “vicious cycles” similar to those observed in certain 
host-parasite interactions [21]. Thus, cancer cells inevitably have effects beyond 
the “infected” host organism, by influencing host populations and their ecosystem 
dynamics through organismal responses to environmental and anthropogenic chal-
lenges (e.g. predation, intra- and interspecific competition, parasite infections, 
pollution, etc.) [75].

The reciprocal ecological and evolutionary interactions between malignant cells 
and their hosts have previously been considered as oncogenic “noise” and were 
consequently ignored by evolutionary and ecological researchers. This is an unfor-
tunate oversight since, akin to parasites; malignant cells depend on their hosts for 
sustenance and proliferation and exploit the host for energy and resources, thereby 
impairing host health and fitness. Thus, individuals that are able to prevent/mini-
mize malignant cell development, growth and progression have a distinct selective 
advantage over those exposed to unregulated cancer cells. Consequently, both natu-
ral and sexual selection should favour adaptations that limit oncogenic progression 
and the concomitant reduction in host fitness [76].

Indeed, complex multicellular organisms have evolved numerous control mecha-
nisms at the level of tissue organization (e.g. cell-intrinsic checkpoints), as well as 
at the organism level such as shifts in behaviour (e.g. reduced activity to conserve 
energy [77]), shifts in resource allocations (e.g. increased allocation to immune 
function relative to somatic maintenance [78]), shifts in life history traits (e.g. early 
onset of reproduction in an attempt to overcome the fitness reducing effect of malig-
nant cells [76]) and shifts in mate choice and mating preferences (e.g. to protect the 
next generations from malignant cells) [75, 79].

While non-transmissible cancer cells are evolving in response to a novel host 
environment at each “infection”, the host responds to the malignant cells following 
“pre-arranged”, i.e. immunological responses. However, consistent, recurrent expo-
sure to malignant transformations (that appear independently in each generation, 
since non-transmissible cancer cells perish with the death of the host) will  ultimately 
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evoke transgenerational adaptive responses from the host organism [80]. 
Consequently, theory postulates that malignant cells have been influencing organis-
mal life history traits and strategies over evolutionary time [81].

There are numerous ways for organisms to decrease the impact of cancer, i.e. (i) 
behavioural adjustments to reduce exposure to carcinogens, or to alleviate the 
impact of malignant transformations, and (ii) life history trait adjustments to 
increase fitness even despite of having cancer (reviewed in [75]).

 Behavioural Adaptations and Cancer

It is expected that due to the selective pressure of pathogens, including malignant 
cells, the host should first avoid the source of pathology (prophylactic behaviour), 
then, if avoidance is unattainable, prevent pathogen progression (evolved tumour- 
suppressive strategies) and finally, if lethal development is not preventable, alleviate 
the fitness costs associated with the disease (post-cancer behaviour).

One of the simplest ways to lessen the fitness reducing impact of cancer is to 
decrease the individual’s exposure to the source that may contribute to cancer initia-
tion and development. Habitat selection, such as observed in birds in the Chernobyl 
area, could result in reduction of carcinogenic radiation encountered from both 
anthropogenic and natural sources [82]. Following the nuclear catastrophe in 
Chernobyl in 1986, birds have been observed to breed in sites with the lowest radio-
activity [83]. Some fish and aquatic invertebrate species are similarly able to detect 
heavily polluted areas and avoid sediments contaminated with cancer-causing poly-
cyclic aromatic hydrocarbons (PAH) [84–86].

Although rare, contagious cancers such as the Tasmanian devil facial tumour 
disease (DFTD) and the canine transmissible venereal tumour (CTVT) provide 
unique opportunities to study behavioural adaptations to cancer. Tasmanian devil 
facial tumour disease (DFTD) is transmitted among devils (Sarcophilus harrisii) via 
biting during social interactions, while CTVT is a sexually transmitted clonal cell 
line of dogs (reviewed in [12]). While DFTD directly impacts survival rate in 
Tasmanian devils, reducing life expectancy to 6 months following tumour appear-
ance, CTVT mostly impacts individual fitness by affecting the sexual intercourse of 
dogs (reviewed in [22]). Due to the significant reduction of devil and dog fitness, 
natural selection should favour individuals capable of discriminating between infec-
tious and noninfectious conspecifics and hence reduce the spread of the diseases. 
However, as both DFTD and CTVT are transmitted during sexual encounters [87, 
88], such an adaptive strategy would also significantly reduce mating opportunities 
with concomitant fitness reductions. Moreover, DFTD is also transmitted during 
fights over prey such as roadkill, which further increases the risk of disease trans-
mission [87, 89]. Therefore, conspecific avoidance strategies may result in a very 
complex evolutionary scenario where natural selection favours less aggressive indi-
viduals, while sexual selection favours more aggressive, dominant animals and 
higher contact rates. The study by Wells et al. [88] indeed has shown that due to 
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their dominant and more aggressive behaviour, infected devils have higher lifetime 
reproductive success compared to noninfected devils. However, depending on the 
trade-off between avoiding infected individuals and reduced reproductive success, a 
less aggressive behaviour in both sexual and feeding encounters could become fixed 
and form an evolutionary stable strategy (ESS sensu [90]) (reviewed in [91]).

Similar to clonally transmissible cancers, a prophylactic avoidance behaviour 
may provide fitness advantage in organisms affected by oncogenic pathogens [92]. 
For example, fibropapillomas (caused by a sexually transmitted herpes virus) invoke 
significant visible symptoms on green sea turtles (Chelonia mydas). The appearance 
of multiple external epithelial tumours is clear indicators of disease status, giving 
the opportunity to individuals to avoid affected conspecifics [93].

Apart from alteration of social interactions in response to cancer, changes of 
individual actions and behaviour may also contribute to strategies to reduce the fit-
ness cost of cancer. For example, consuming antioxidants that potentially counter-
act the accumulation of cancer-causing DNA mutations may also be a behavioural 
adaptation to control cancer development [23]. Antioxidants, like carotenoids, can 
encapsulate free radicals, hence mitigating damage to DNA sequences [94]. 
Furthermore, changes in diet [77] and self-medication against parasites (potentially 
including the oncobiont) [3], which is now well known in the animal kingdom as a 
defence against parasites [95], may have been selected to slow down tumour pro-
gression. For example, great apes are known to ingest different plants to decrease 
intestinal parasite loads [96], and these leaves may also have effective cancer treat-
ment properties (reviewed in [23]). Increasing sleep duration has also been associ-
ated with a stronger immune system [97], lower levels of parasitic infections [98] 
and the production of different hormones that are considered important antitumour 
agents [99]. Extended sleep time therefore may have a selective advantage that con-
tributes to cancer prevention (reviewed in [23, 75]). Finally, parental behaviour that 
reduces cancer risks for offspring (e.g. preference for breeding habitats with low 
mutagen exposure) will also most likely be under positive selection, indicating that 
adaptive behaviour to cancer avoidance could be a transgenerational process. 
Another potential scenario is when individuals avoid partners with genetic vulner-
abilities and cancer to provide their progeny with superior genetic background 
(“good genes” hypothesis [100]) or to avoid mating with partners that are unable to 
provide high-quality parental care (“efficient parent hypothesis” [101]).

 Life History (LH) Trait Adjustments to Cancer

Cancer can be thought of as a developing species that behaves in a manner akin to 
parasites [102]: malignant cells depend on their hosts for sustenance and prolifera-
tion, thereby impairing host health and fitness. Direct costs resulting from exploit-
ing the host for resources and energy can cause interindividual (or interpopulation) 
variation in LH traits such as fecundity and survival [103]. Hosts unable to resist 
infection by other means (e.g. immunological defences and resistance or 
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long-distance migration) may be able to compensate the parasite/cancer-induced 
effects by reproducing at an earlier age [104]. Infected individuals have been shown 
to increase their reproductive activities before dying or being castrated by parasites 
[105–108] or increase their fitness via kin selection [109, 110]. The most recent 
example of cancer adjusting reproductive strategies shows that cancerous female 
Drosophila reaches the peak of oviposition earlier in life than healthy females [76]. 
Transmissible cancers provide one of the best examples of altered life history strate-
gies in response to exposure to cancer. Following the appearance of DFTD, devils 
have responded to the cancer-induced mortality by rapidly transitioning from a late 
maturing iteroparous (multiple reproductive cycles) to an early maturing semelpa-
rous (single breeding) reproductive strategy [111]. The shift in reaching sexual 
maturity at an earlier age has most likely been facilitated by increased availability 
of quality maternal dens as well as increased prey availability brought on by DFTD 
decimating devil numbers [111]. The latter being supported by the fact that when 
devil numbers decline the growth rate of subadults increases [112].

 The Ecology of Cancer at the Macro-Ecosystem Scale

The impact of cancer on individual fitness will have concomitant implications for 
ecological interactions, for the structuring of animal communities and ultimately for 
global biodiversity. For example, similar to other pathogens, individuals with high 
cancer burden may be subjected to increased predation, a phenomenon that could be 
exacerbated if predators use cues to detect cancerous prey (e.g. odour differences in 
healthy and cancerous mice [113]). Competition for abiotic resources and for part-
ners and resisting infectious diseases also represent ecological pressure comparable 
to predators since they are major causes of mortality and morbidity and ultimately 
fitness in wildlife [114]. The pressure from infectious diseases could be exacerbated 
if individuals are immunosuppressed, increasing the probability of becoming 
infected. Tumours or host responses to the presence of a tumour can trigger immu-
nosuppression [115], and hence individuals affected by cancer generally suffer from 
a higher vulnerability to infections [93, 116, 117]. Hosts in poor condition are gen-
erally more susceptible to pathogen burden and infection intensity, further weaken-
ing host condition [118] as well as increasing cancer probability. In wildlife, where 
cancer is initiated by infections, e.g. otarine herpesvirus-1 infections underlie carci-
noma formation in California sea lions (Zalophus californianus; [119]), such recip-
rocal interactions can result in vicious cycles [20, 120, 121].

Unfortunately, documentation of the ecological impact of cancers in general 
(including transmissible ones) is rare. However, similar to infectious diseases, can-
cers may have a significant ecological impact on trophic cascades, niche allocation, 
host-parasite dynamics and disease epidemiology of the ecosystem occupied by the 
affected host species [21–23]. For example, Tasmanian devil, the world’s largest 
extant marsupial carnivore, is the apex predator on the island of Tasmania. Three 
additional predators, such as the native marsupial spotted-tailed quoll (Dasyurus 
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maculatus), the introduced feral cat (Felis catus) and the significantly smaller meso-
predator eastern quoll (Dasyurus viverrinus) [122, 123], occupy the Tasmanian car-
nivore guild. With DFTD decimating devil numbers, the number of feral cats has 
significantly increased. The number of the smaller predators such as the eastern 
quolls has declined in parallel with the decline in devil numbers indicating devils 
have provided indirect benefits to the eastern quolls [123]. The negative effects of 
the transmissible cancer on devil numbers thus appear to have significantly impacted 
the Tasmanian ecosystem [124, 125].

 Anthropogenic Impacts on Cancer Ecology

As discussed above, phenotypic alterations in hosts harbouring malignant cell popu-
lations are likely to influence key ecological variables – competitive abilities, feeding 
strategies, metabolism, immune competence, vulnerability to predators and ability to 
disperse – in just the same ways as we would expect pathogens to affect these pro-
cesses [3]. These indirect effects on ecosystems and their potential evolutionary feed-
backs (i.e. host biology is shaped by oncogenic processes) are presently poorly 
understood [3, 75]. The cumulative effect of anthropogenic perturbations on habitat 
and climate may, however, ultimately result in an upsurge in cancer prevalence in 
wildlife, further reducing the survival of already endangered species [20, 126].

Humans have recently been declared to be an oncogenic species, with an impact 
on the environment that causes cancer in other wild populations [127]. Human 
activities are not only generating environments that are heavily contaminated with 
anthropogenic chemicals but might also influence cancer rates in the wild through 
additional processes such as (i) light pollution, (ii) accidental (e.g. human waste) or 
intentional (e.g. bird feeders) wildlife feeding, (iii) reduction of genetic diversity 
and/or (iv) modifications of the population dynamics of oncogenic pathogens in 
human-impacted habitats (reviewed in [127]).

 Can Ecological and Evolutionary Sciences Inspire Cancer 
Therapies?

The true war against cancer did not start when the US president Richard Nixon 
declared it in 1971 but, more than half a billion years ago, when the first multicel-
lular organisms were confronted with the negative effects of selfish cancerous cells 
[128]. Natural selection has therefore favoured various adaptations that maximize 
organismal fitness when subjected to cancerous cell [129]. However, natural selec-
tion operates to maximize reproduction and not survival per se, resulting in an 
increased prevalence of malignant progression in older organisms [78, 130]. As 
described above, selection may therefore favour increased/earlier reproductive 
effort to attenuate the fitness cost of cancer [76, 131].
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In humans, natural defences against cancer have evolved when life expectancy 
was short and exposure to mutagenic substances was low. Human life expectancy is 
presently much longer, and exposure to mutagenic substances is much higher than 
in the past [132]. Since these changes occurred relatively recently, while evolution-
ary processes are slow, our natural defences are not in accordance with these novel 
conditions. These mismatches are basically the main evolutionary reasons for why 
cancers are becoming more prevalent and a leading cause of mortality worldwide. 
Consequently, we urgently need to develop innovative therapies against malignant 
cell proliferation.

Ecological and evolutionary sciences are able to explain the origin and the cur-
rent resurgence of cancer, but are they also applicable to developing novel thera-
pies? The answer is yes, the most promising example undoubtedly being adaptive 
therapy [133], whose logic relies on ecological and evolutionary principles. For 
example, it is well known that chemotherapy frequently produces cancer remission 
for only a limited period of time, due to intrinsic or acquired resistance to treatment, 
and hence relapse is often the terminal outcome [134]. The goal is thus to prevent or 
slow the proliferation of resistant malignant cell populations, since it is these cells 
that ultimately cause human fatalities [8]. Rather than using therapy aiming at kill-
ing the maximum number of malignant cells, the objective of adaptive therapy is to 
enforce a stable tumour burden by permitting a significant population of chemosen-
sitive cells to survive (Fig. 12.1). In so doing, chemosensitive cells can outcompete 

Strong
therapy

Soft
therapy

Susceptible

Resistant

Killed

Fig. 12.1 Adaptive therapy principle. Strong chemotherapies eradicate all sensitive cells and 
hence indirectly favour resistant ones. Conversely, soft chemotherapies kill only a proportion of 
sensitive cells, so that competition between sensitive and resistant cells is maintained and the 
tumour size remains constant
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chemoresistant subpopulations, hence limiting their expansion. Since acquisition of 
chemoresistance generally results in impaired cellular fitness as a trade-off (due to 
the “cost” of phenotypic resistance [13, 78]), therefore these cells are disadvantaged 
in cell competition. Not only computer simulations show that this strategy results in 
prolonged survival compared to classical therapies, but in vivo experiments with 
additional potential side benefits, like lower drug dosage required, are also emerg-
ing [133]. Even if significant work remains to be conducted before adaptive therapy 
becomes a routine cancer treatment option, this approach could potentially be the 
best compromise to maximize survival in cancer patients when the evolution of drug 
resistance is unavoidable [135, 136]. When “treatment to kill” is not possible for the 
metastatic disease, the goal should be to “treat to contain” in a manner that keeps the 
tumour burden below the level that threatens loss of life or even quality of life. 
Adaptive therapy illustrates that progression-free survival can be prolonged by inte-
grating evolutionary principles into clinical cancer treatment protocols.

It is well established that oncogenic processes are omnipresent in the body of 
multicellular organisms and that increasing age results in increasing number of 
malignant cells [73, 74]. Therefore, the true challenge is not to detect malignant 
cells per se but to predict which ones will potentially evolve into invasive cancers. 
Ecologists and evolutionary biologists, in close collaboration with oncologists, have 
defined an Eco-Evo Index allowing the prediction of tumour evolutionary dynamics 
[137]. The ecological index considers (i) parameters of the tumour habitat that can 
be positive (i.e. angiogenesis) or negative (immune cells) to malignant growth and 
(ii) tumour heterogeneity and the temporal dynamics of this heterogeneity, since 
these two factors constitute the substrate allowing oncogenic selection to shape 
tumour evolution. With these two indexes, Maley et al. defined 16 tumour types. 
The most dangerous being named “rainforest”, which corresponds to tumours with 
high genetic variability, rapid turnover, strong irrigation by blood vessels and high 
levels of immune predation (which rapidly favours invisible variants). Conversely, 
the less dangerous tumour type, named “desert”, corresponds to tumours with poor 
variability, low level of angiogenesis and slow turnover. The Eco-Evo Index should 
soon be routinely applied by oncologists, in addition to other tumour descriptors.

From an evolutionary perspective, cancer is problematic for human health mainly 
because it often evolves so fast that it is able to outrun our defence systems. In this 
context, therapies that would decrease the variability of malignant cells would also 
prevent tumours from reaching their evolutionary potential and would thus reduce 
their rate of evolution. By reducing cancer evolution rate by two- or threefold, most 
of our tumours would become harmless beacuse they would go so slow that they 
would appear beyond our present life expectancy. There are different ways to mod-
ify the evolutionary rate of cancer, including alterations in the parameters of tumour 
microenvironment. In contrast, another strategy is to enhance genetic instability of 
tumours as it is likely to produce damages to genomic regions that are crucial for 
their malignancy. Said differently, the level of genetic instability in malignant cells 
is adjusted by selection to be optimal but not maximal [138], else it would also be 
detrimental for malignant cell functioning. Enhancing genetic instability could 
therefore lead tumours to genetic collapse. Although different, the objective of both 
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strategies is to reduce the evolution rate of cancer to become so slow that the malig-
nancy will not have any detrimental impacts before we die from other factors related 
to senescence.

Numerous therapies against cancer suggest to target driver mutations, because it 
is indeed those mutations that are frequently responsible for tumour growth. As 
raised by Gatenby and colleagues [139], the problem with this approach is that 
sooner or later, malignant cells possessing these driver mutations will become resis-
tant and/or other driver mutations will be favoured. By instead targeting genes criti-
cal for malignant functioning to ensure that genes are unable to mutate, will most 
likely produce dramatic and irreversible damages to the malignant tumours.

We know that cancer dynamics and progression strongly rely on few specific 
mutations, for example, those occurring on the TP53 gene, and only 350 genes have 
been identified to contribute to cancer development, i.e. only 1.6% of 20,000 human 
protein-coding genes [140]. Finding ways to adjust these mutations, and reboot 
them, would theoretically permit the reactivation of natural defences like apoptosis 
[141, 142]. Similarly, according to DeGregori [143], cancer is mostly due to the fact 
that oncogenic mutations are favoured in disturbed microhabitats such as tissues 
altered by ageing processes/senescence. Restoring conditions that are unfavourable 
to oncogenic mutations would reduce their selective advantage and hence prevent 
malignant progression [143]. Importantly, by altering parameters, such oxygen sup-
ply has been shown to both inhibit metastasis via endothelial normalization and also 
to augment metastasis/chemotherapy resistance in ovarian cancer [144, 145].

As discussed above, cancer is a form of parasitic life that for its existence and 
growth relies on the cooperation of healthy cells in its microenvironment. In the 
same ways that numerous parasites are able to manipulate species [146], there is 
also multiple evidence that malignant cells are able to manipulate healthy cells, in a 
way that is favourable to the tumours [147]. Cancer is hard to cure mostly because 
of the huge variability of malignant cells that are present inside tumours. However 
collaborative healthy cells are unlikely to be so variable and should therefore be 
easier to destroy. By preventing cancer from benefitting of a network of healthy col-
laborative cells, malignant cells could be constrained to become self-sufficient, 
which should strongly limit their proliferative potential.

Understanding the metastatic process, from the causes of initiation to factors 
determining its evolution, is crucial because 90% of cancer-related deaths are due to 
metastasis. Consequently, it is crucial to elucidate the underpinnings why some can-
cer cells “decide” to leave their original habitat to become established elsewhere. If 
this “migration” is due to adverse local conditions, like hypoxia, acidity, lack of 
space and/or nutrients [148–151], therapies providing primary tumour cells with 
favourable conditions could theoretically halt the metastatic cascade, even if it is not 
of course in itself a complete and definitive treatment. From an ecological perspec-
tive, regular supplies of small resources could a priori favour a sedentary behaviour 
of malignant cells (i.e. just by making the cost of leaving higher than staying) 
 without leading to voluminous tumours. The only way to investigate the efficacy of 
such a treatment would be to conduct experimental analyses on laboratory 
animals.
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It is also crucial to determine the extent to which the level of relatedness between 
malignant cells is involved in their dispersal behaviour. For instance, in many ani-
mal species, dispersal occurs to avoid competition between related individuals [152, 
153]. Malignant cells surviving therapies often share similar attributes (e.g. resis-
tance) and are potentially closely related. Since therapies also create damages in the 
malignant cells’ microenvironment, the ultimate consequence of such treatment 
may be increased local competition between related cells, which ultimately may 
perpetuate a metastatic behaviour.

Presently therapies that target metastases are often based on decisions on the 
tumour of origin, and not by considering the novel habitat colonized [154]. For 
example, bone metastases that originated from prostate cancer and brain metastases 
originating from breast cancer are still currently treated like prostate and breast 
cancer. However, the very few migrating cells that succeed in establishing them-
selves in another tissue (less than 1%) consist of cells that display preadaptations to 
the novel habitat [155]. Moreover, metastases originating from different primary 
tumours share similar phenotypic traits (i.e. ecological and evolutionary convergen-
ces), but they are not representative of the majority of cells living in the primary 
tumours. It is therefore unlikely that such metastatic cells can be efficiently eradi-
cated by the same treatment as the one applied to primary tumours.

Tumour heterogeneity is not only caused by the genetic variation of its malignant 
cells but also by the large diversity of relationships among these cells, such as abil-
ity to cooperate and also in differences in competitive and parasitic abilities [156]. 
Significant tumour growth results from the net result of all such among cellular 
interactions. Improving our knowledge on the ecological contexts that favour the 
different types of interactions could in theory permit to exacerbate interactions that 
are detrimental to tumour growth.

Similarly, conservation biology studies of endangered species could be instruc-
tive to understand the ecological and evolutionary contexts that lead to extinction.

In a recent study, Walther et al. [157] suggested that factors involved in species 
extinction may provide knowledge to improve therapies aimed at reducing the det-
rimental effects of malignant cells. For example, factors that have been involved in 
species extinction such as low genetic diversity, low dispersal capacity, long genera-
tion time and small geographical distribution have direct parallels to some cancers, 
i.e. low tumour heterogeneity, reduced metastatic capacity, slow cellular turnover 
and narrow anatomical range which may provide additional approaches aimed at 
eradicating cancer cells. 

Because resources are often limited, evolutionary theory predicts that any invest-
ment in one function is often traded against other functions. Malignant cells are not 
an exception, and identifying the trade-offs that govern their biology appears as a 
promising research direction to determine which combinations of treatments may 
result in their demise [13]. Moreover, biological controls have demonstrated multi-
ple times that the use of combination of different kinds of approaches can be very 
efficient to control pest species [157]. Similarly, malignant cells resistant to 
 chemotherapies could potentially be treated by the use of oncolytic viruses and/or 
immunotherapies [13, 158]. Recently, however, a very original and novel therapeutic 
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direction is the use of “ersatzdroges”, non-chemotherapy drugs to treat resistant 
malignant cells [159]. Malignant cells that are chemotherapy and multidrug-resis-
tant have been shown to upregulate the ABCB1 pump (ABC proteins transport vari-
ous molecules across extra- and intracellular membranes). The nontoxic 
chemotherapy drug substitutes “ersatzdroges” act as pump substrate and block drug 
expulsion, resulting in significant reduction in malignant cell proliferation rates. 
This study strongly suggests that the “ersatzdroges” increased the energy expendi-
ture of the resistant cells and led to decreased fitness [159].

Finally, we must keep in mind the decisive advantage we have over malignant 
cells. That is, while these cells are governed by natural selection which has no long- 
term agenda, humans can develop therapies with long-term objectives. Using evolu-
tionary biology will provide us with novel tools to control and eventually cure and 
hence win the war on cancer.
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