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Abstract
Worldwide an increasing amount of money is expended to fight cancer. The treatment of advanced cancers corresponds to most expenses and worst results. Early
diagnosis is an absolute exception in developing countries. Usually, cancer diagnosis is based on the presence of symptoms. Prevention is the best-case scenario in
the fight against cancer because it is less expensive and more effective. Unfortunately, for a large group of lethal cancers, there are no useful prevention strategies.
Recent discoveries of many cancer biomarkers and circulating tumor DNAs opened new avenues of cancer screening strategies to improve public health. With these
exciting new techniques, cancer markers are being identified at early stages of disease and even prior to cancer onset, sometimes using minimally invasive and high
accessible approaches. These new cancer control methods require substantial increase in the budget allocated to research and development of robust and reproducible
assays with great power and precision to allow its global utilization. The development of treatment modalities to combat advanced cancers is an uncontested necessity.
However, it seems that a paradigm shift is required; society must invest a greater percent of the available cancer research budget to improve prevention and early
identification technologies. Waiting for symptoms to diagnose cancer is a death sentence for millions of patients worldwide. Waiting for the problem to become
giant before fighting it is similar to a suicide strategy. Therefore, it is imperative that scientific minds, technology and money are channeled to support discoveries in
cancer prevention and early diagnosis.

Cancer diagnosis and health policies
The fight against cancer remains a global challenge. Nevertheless,
an increasing amount of money is expended every year to fight cancer,
worldwide.
The costs of cancer treatments have grown exponentially. This rapid
growth has occurred mainly after introduction of molecular-targeted
therapies. Precision medicine, which represents the gold standard
of cancer care, aims to deliver the right medication at the right dose
to the right patient but requires almost unattainable costs. There are
many additional expenses besides the drug itself, including molecular
investigation to check the target, and the cost of obtaining other genetic
information connected to drug response and toxicity [1-3].
The cost of each patient treatment regimen is high because the
budget for cancer treatment research is limited, and it takes a long time
to develop new drugs and obtain approval for their clinical use [3,4].
Most potential drugs in development never reach clinical practice, thus
increasing the cost and time required by the pharmaceutic industry to
recover its investments [5].
On the other hand, the amount of money lost as a consequence of
missed days of work, either by patient or by their relatives due to disease
and to treatment related disabilities is very high. Moreover, the price of
a life is immeasurable. The number of years of life lost by a patient due
to cancer treatment and recovery allows an imprecise estimate of the
economic effect of cancer, in addition to the main loss of a human life.
The treatment of advanced cancers corresponds to the majority of
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expenses and worst results in the general oncology field. Additionally,
these are the most common cases in developing countries in which
early diagnosis is an absolute exception. This is especially prevalent in
poor nations where access to diagnosis and health care is restricted,
leading to ineffective cancer care [6].
Usually, cancer diagnosis is based on the presence of symptoms
that suggest the possibility of cancer. For a cancer to produce the
classical symptoms or signs of cancer such as weight loss, anemia,
palpable nodules or mass, digestive obstruction and many others, it will
always be a consequence of an advanced cancer, and mostly represent
incurable disease [7-9].
With the exceptions of colon, cervical, breast, penile, anal, and
hepatitis B related liver cancers, there are no effective public health
policies to prevent cancer occurrence or to allow early diagnosis,
leading to a real perspective of cure [10-14].
It is well-understood that some cancers are preventable if exposures
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to risk factors are avoided. However, public health interventions usually
fail to generate the behavioral modifications that could consequently
decrease cancer incidence. Education seems to contribute to the success
of public health interventions; nevertheless, even developed countries
fail to combat preventable cancers [15].
Prevention is the best-case scenario in the fight against cancer
because it is less expensive and more effective for cancer control than
current treatment modalities. Unfortunately, for a large group of lethal
cancers, there are no useful prevention strategies.
For these cancer types, the current preventative research agenda is
to discover molecular markers of risk that will allow surveillance and
could lead to future interventions [16-18].
In this field, creative strategies have been attempted, including
the following screening modalities: fecal DNA analyses for digestive
cancers, urinary and sputum studies and blood tests [19-24].
Recent discoveries of many cancer biomarkers and circulating
tumor DNAs open new avenues of cancer screening strategies to
improve public health. With these exciting new techniques, cancer
markers are being identified at early stages of disease and even prior to
cancer onset, sometimes using minimally invasive and high accessible
approaches. In the near future, interfering with epigenetic features of
cancer cells and editing DNA may provide effective methods to disrupt
the carcinogenic process and re-establish healthy cellular status.
These new cancer control methods require substantial increase
in the budget allocated to research and development of robust and
reproducible assays with great power and precision in order to allow
its global utilization.
The development of treatment modalities to combat advanced
cancers is an uncontested necessity. However, it seems that a paradigm
shift is required; society must invest a greater percent of the available
cancer research budget to improve prevention and early identification
technologies.
This paradigm shift is inevitable because the current model is
unsustainable. The number of cancer cases, as well as the duration
of treatment for each case, are increasing, and the prices of the
newly approved drugs are elevating. Thus, the long-term costs are
unsupportable.
Reductions in cancer incidence and incremental improvements
in early diagnosis as a consequence of shift paradigm will allow the
continuation of current researches. It should also promote additional
investments to develop new drugs against advanced cancers because
positive results will reach a financial equilibrium in cancer management
due to reduced incidence.
The majority of cancer discoveries that reach clinical practice are
related to new drugs that modestly increase survival for patients with
advanced cancer. This trend is the consequence of massive investments
in these products by the pharmaceutical industry and public agencies.
Unfortunately, these improvements in cancer care come with extremely
high costs that are insupportable by the majority of nations. The global
cancer outlook could be likened to a roaring fire caused by a gas leak.
The firefighters are treating it with liters of water, rather than fixing the
leak. It is necessary to douse the flames, but if the leak persists, there
will never be enough water.
In the era of molecular targeted therapies, it is inconceivable that
discovery and diagnosis of cancer is achieved by identifying symptoms.
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Technologies being used to discover molecular targets and develop
“smart therapies” should also be used to prevent cancer or, at least,
discover the disease earlier.
Additionally, it is well accepted that after the occurrence of the
earliest alteration (a driver mutation), it takes approximately 20 years
to generate a clinically identifiable tumor. In most patients, more years
of life are spent harboring an undetected cancer driver mutation than
those that elapse from the diagnosis to terminal outcome [25]. This
provides an opportunity for scientists to change the outcome for each
patient. It may be possible to discover cancer molecular signatures
many years before the clinical signs or symptoms appear.
Most of the initial driver mutations and their pathways are already
known [25]. Improving the capability to identify these driver mutations
in asymptomatic people, especially with minimally invasive approaches,
would allow the “at risk” individuals to utilize new strategies for early
diagnosis or molecular treatment. For example, molecular imaging
technology, which is making dramatic strides in resolution, could be
used to discover cells with the driver mutation at a growing tumor site.
Upon discovery, these mutant cells could be properly treated at a more
easily controllable stage.
A first initiative to change the current state of cancer research is in
the hands of the government. Public dollars can be used to motivate
scientists to investigate measures that allow earlier diagnosis and
identify people at risk based on molecular markers. Reaching these
goals depends on directing the research funding budgets to support
prevention. The pharmaceutical industry focus on cancer treatment
will not be modified a priori because cancer treatment drugs make
money and save lives. However, the focus of the government is not only
to save lives but also to save money. Both contributions are necessary
and mutually beneficial.
A change in cancer research trends is essential. Waiting for
symptoms to diagnose cancer is a death sentence for millions of patients
worldwide. Waiting for the problem to become giant before fighting it
is similar to a suicide strategy. Therefore, it is imperative that scientific
minds, technology and money are channeled to support discoveries in
cancer prevention and early diagnosis.
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