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Abstract
Justifiably there has been a great deal of enthusiasm, hope, and excitement about the idea of identifying genetic mutations and defects that cause
diseases and the ability to manufacture medications to treat these medical problems. But, in addition to the progress made in this field, the cost of
these medications is so astronomical that, in many cases the costs impoverish families striving to keep their loved ones alive. Our society cannot
leave these families behind, but we also have to prioritize our resources and address other social issues such as increasing agricultural productivity
in adverse, arid environments, converting dirty water to clean water with purification technology, providing clean energy to relieve poverty, and
building sustainable cities and communities. Furthermore, we want responsible consumption and production of food. If the above considerations
are not properly addressed, then we shall continue to experience even more human migration to better areas of the world.
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Introduction
Personalized Medicine or Precision Medicine has captured the
attention of the medical world and the hopes of millions of patients
worldwide. I have previously written and published several articles
on this subject. (1-8) Personalized Medicine is now being promoted and
employed in medical centers all over the world and is bringing hope
to millions of patients particularly those who have been diagnosed
with various forms of cancer, infectious diseases, cardiac problems,
hematological maladies, and congenital malformations. As a result
of the advances in these fields, we can now identify whether or not
a patient has a genetic predisposition to get a particular disease and
can recommend effective interventions with better medications. But
unfortunately there is a high price for many of the medications.
The cost of health care all over the world has increased dramatically.

The high cost of medications is a major factor of this healthcare
cost and this is a popular political topic as evidenced by the 2016
presidential election in the United States.(9) An example and often
mentioned medication is imatinib or Gleevec. This drug is used for the
treatment of chronic myeloid leukemia and its cost increased after
the US Federal Drug Administration (FDA) allowed a new indication
for its use. Novartis raised the price of this drug from $31,930 in 2005
to $118,000 per year in 2015, even though more doctors and patients
were using the medication.(10) In the US sofosbuvir (Sovaldi) lists for
a price of $84,000 for a 12- week treatment, or $1000 a pill. (11)Some
health plans refuse to cover this drug for hepatitis C virus infection.
(12)
US patients with cystic fibrosis have been denied reimbursement
for ivacaftor (Kalydeco) which costs $311,000. (13) The cost of
pyrimethamine (Daraprim) went from $13.50 to $750 per pill after
Turing Pharmaceuticals bought the distribution license.(14) . Price
hikes in Mylan’s EpiPen from $94 to $609 for a pack of two pens
precipitated US Congressional hearings.(15) These high prices are
beyond the ability of most individuals, health insurance companies, or
even the government to pay for these medications.(16) The cost of the
medications is partly determined by price and volume. Government
regulation can try to lower the price of these expensive medications
or it can try to reduce the usage of medications. Life expectancy has
continued to benefit from better health care and the population is
now aging. But there are some additional options for taking care of
the growing number of patients. New solutions will have to be found
to keep the cost of health care from getting completely out of control.
(17)
Some believe that basic human rights like healthcare and access to
essential medications should be equitable and should not be limited
by property rights.(18) Still other opinions argue that pharmaceutical
companies are for-profit entities. Without patents these companies
would not have an incentive to develop the drugs.
Pharmaceutical companies must register new drugs, which require
clinical studies and safety tests. Usually it takes a company ten years
to register a new drug. (19,20) Estimations of the cost of new drug
development range from $60 million to $2.6 billion depending on the
drug and the trial data.
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At the present time, the US government does not control reimbursement
but relies on the free market to determine the cost of the medications.
In the US, drug prices are the highest in the world and a cancer
diagnosis can be a major cause of bankruptcy.(21) The US government
does give an incentive to pharmaceutical companies to develop
orphan drugs and tropical disease drugs. After a pharmaceutical
company releases the patent on one of these drugs, the company is
awarded a voucher which permits the expedited review of a new drug
which then accelerates the regulatory process by several months and
can increase the income for that company up to $300 million.(22) Some
moralists feel that the medical society should pursue new therapies
for everyone; whereas, others feel that money spent for diseases
that affect very few people should be used for research that affects
a larger population.(23) Regulations for orphan drugs can be effective,
but should include price-ceilings so that tax payers do not pay for the
R&D costs and then pay again for the reimbursement of the drugs.
There are several ways to effect price reduction for pharmaceuticals
and they are all based on one of the following options: (1) Shifting
from expensive to cheap drugs, (2) Shifting costs to the patients and
insurers, (3) Reducing the drug prices, and (4) Reducing total drug
uses.(24) The FDA does have regulations for accepting biosimilars if
the manufacturer has shown that the biosimilar drug has the same
effect and safety as the originator. But some doctors and patients
are skeptical of using biosimilars when they can use originator drugs.
Although there are several price control mechanisms, a popular one
is value-based pricing which includes the health and socio-economic
benefits of a drug. Using this method, the price of the drug would be
proportionate to the quality of life or the number of years saved by
the drug or the shrinkage of the tumor.(25) Drug prices are negotiated
between governments and companies based on a reference price
which includes cost-effectiveness or budget impact, but in the US,
Medicare is not allowed to negotiate for drug prices. (26) The present
situation threatens to disrupt the compromise between affordable
access to healthcare for everyone and the protection of inventions to
incentivize innovation.(27)
On May 5, 2018, in Boston, Massachusetts, Professor Tony Ryan OBE,
Director of Grantham Centre for Sustainable Futures outlined his
efforts in conjunction with the University of Sheffield to save planet
earth.(28) He stressed that our population is growing at a rapid rate and
our consumption of planetary resources is accelerating. He described
how their philosophy has three goals: we must be environmentally,
economically, and socially sustainable. Presently the Grantham Centre
is doing research on renewable energy systems, crop protection,
water purification and the recycling of waste. Their overall goal is to
demonstrate how sustainable options impact industries, processes,
the environment and society.
One of the goals has to be the worldwide attainment of zero hunger.
Already in Oman, Professor Ryan and his group are developing a
modular “microcosm farm” solution with Sohar University. They
hope to develop an innovative approach to increasing agricultural
productivity in adverse, arid environments. Since they do not have
much rain there, they are developing solar-desalinating water and
they are using polyurethane foam to make their own soil with the help
of a greenhouse to cool things down. All of the above will produce
high value horticulture crops.
Water shortage is a world- wide problem and the Grantham Center
is working to convert dirty water to clean water with effective
purification technology.One of their other projects is to develop
a low cost, portable and solar-powered pump to improve income,
food and energy security in developing countries. Clean energy is a
step toward relieving poverty and a way to burn less of the fuel that
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is detrimental to good health. Clean electricity can be provided in
the form of a microgrid which scholars at the Grantham Center are
researching. These scholars are also trying to harness the power of
photosynthesis to power the world. They are also studying the energycapturing mechanisms in plants and algae. They seek to create efficient
photovoltaic devices which can convert energy into an electrical
current. And they are examining the impact of mining on migration
in Peru.
An interesting issue which they are exploring is what factors keep cities
and communities sustainable? For example, cities are responsible for
80% of the global energy consumption and are necessary for business
and economic growth. “Urban Metabolism” needs to be considered
when planning a foundation for urban planning and environmental
policy making. Increasing temperatures due to greenhouse gas
emissions have an adverse impact on food production. Rice is
extremely sensitive to heat stress and the rice crop would be damaged
with increased temperatures.
Others are also concerned about the growing population predictions
and wonder if there will be enough food for the projected 10 billion
people on earth. What will everyone eat? Presently more than half of
the calories we eat come from plants such as rice, wheat, and corn. The
growth and production of these items have already reached maximum
growth in one third of the world. We need a way to feed everyone
without degrading the environment and this is a great social problem.
In an effort to increase the supply of food, farmers have increased
their use of chemical fertilizers, insecticides, fungicides, and herbicides
and improved their irrigation practices and technologies. They have
purchased machines to cultivate and harvest their crops. But as time
passed some of the world economies improved and for example, the
demand for pork and soybeans grew. Forested lands were converted
to farms all of which increased Brazil’s greenhouse-gas emissions. And
much of the chemicals and insecticides have polluted the fresh water
resources and some of the fertilizers have contaminated the oceans.
(29)
Researchers have identified beneficial microbes that help plants
grow and have edited plant genomes to improve them. A relatively
new company named Indigo Ag was founded by David Perry who is the
CEO. Their scientists have identified microbes that confer resistance
to drought. They are developing techniques which will reduce the
need for fertilizers and pesticides. They are coating seeds with these
microbes which should reduce the need for irrigation and enhance the
ability to extract nutrients from the soil. Jonathan Shaw cites research
from “Arnoldia”, the journal from the Arnold Arboretum which
describes fungal networks, not roots, which are the principal ways in
which plants extract nutrients from the soil. Indigo Ag was started to
take advantage of the mutualisms among plants and their endophytic
inplant microbial partners.(30)
Dr. Jeremy Grantham, CBE, in his address to the Sheffield in America
reunion in Boston May 5, 2018, talked about how the planet is
experiencing the first human induced mass extinction, which will
affect our economies and our way of life. He described studies which
show that pollinating insects in parts of Europe have disappeared
and that other studies show that the sperm counts in men in certain
areas have diminished. Recently the news in the US is that the birth
rate has dropped significantly, which means there may not be enough
people to support our entitlement programs such as Social Security
in years from now(31). Studies have not yet been publicized examining
whether the drop in the birth rate is in any way due to the diminished
sperm count in American men due to the environment. But history has
demonstrated that humans will hopefully leave an area for a better
area in which to live if the environment prohibits the growth of food
and does not provide clean air and clean water.
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In his book “Who We are and How We Got Here”, Dr. David Reich
at Harvard University goes to great lengths to explain the migratory
history of mankind and how this affects one’s genetic make -up and
composition. (32) He demonstrates in genetic detail just how the early
humans moved from Africa to Asia and Europe in large part looking
for food. The hunter-gatherers and later the farmers moved to Europe
and to England because of farming techniques and their quest for a
better life. According to Reich farming began twelve thousand years
ago in southeastern Turkey and Syria where they began domesticating
most of the plants and animals West Eurasians depend on today. This
included wheat, barley, rye, peas, cows, pigs, and sheep. Around nine
thousand years ago ,farming spread west to Greece and spread east
to Pakistan. In Europe, farming spread to Spain and to Germany until it
reached Scandinavia and the British Isles. Farmers from the area that
is now Israel and Jordan spread to what is now Ethiopia and farmers
migrated from what is now Iran and spread to India. History shows us
just how important environmental issues are and how they influence
the geographical and political scene even today. Partly because of
politics and due to the inability of humans to earn a living and support
their families in safety, we are witnessing massive human migration
today. It is true that the politics and war in Syria is responsible for much
of the migration to Europe. But the migration from Africa to Italy and
Spain is mostly due to famine and the environmental issues. The soil
in parts of Africa does not permit the growth of vegetables and fruits.
Similarly, we are witnessing the migration of humans from Central and
South America to the United States. Some of this migration is due to
safety issues resulting from drug cartels and the failure of socialism
in Venezuela, but some is due to the fact that people are seeking a
better life in which they will have clean air, clean water, and a safe
environment in which to live and bring up a family.
The responsibility falls upon those of us who realize that there are
significant problems to be solved. We need to prioritize the issues
discussed and deal with them. It may be that since a great deal of the
research is done in universities today, that we should divert some of
the resources scheduled for research for pharmagenomics to research
for the environmental issues. There is probably not enough funding
in the whole world to satisfy the environmental issues for so many
people resulting from the explosion in the population particularly in
Africa. But we see that some issues influence other issues and we see
human beings risking their lives to get to Europe and the United States
for food, water, safety, and a better life.
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