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Abstract: An analysis of the use of nonhuman primates in biomedical research in the UK, the
Review of Research Using Non-Human Primates (the “Bateson Review”) was released in 2011.
The review was applauded, to varying degrees, by most of the stakeholders in the controversy
over using nonhuman primates in biomedical research. However, there has not been a scientific
analysis of the review. In this paper, the Bateson Review is examined for both methodology
and the science relevant to the use of nonhuman primates in biomedical research. The relevant
science includes complexity theory, evolutionary biology, genetics, empirical evidence regarding
the reliability of interspecies extrapolation, and the value of basic biomedical research in general
in making discoveries that lead to human treatments. The authors of this paper conclude that the
Bateson Review does not meet the criteria for a scientific assessment, in part, because it fails
to consider the current science that impacts on the practice of using animals, in general, and
nonhuman primates, specifically, in biomedical research. This lack of scientific consideration
has legal and ethical ramifications. Since the Bateson Review fails as a scientific evaluation, the
ethical and legal recommendations that are based on science are also suspect.
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Introduction

The use of nonhuman primates (NHPs) in medical research and testing is a contentious
issue from two perspectives. The first issue is ethical. Primarily because NHPs share
so many characteristics with humans, many people find it ethically objectionable to
use NHPs as subjects in research and testing. Worldwide, it is estimated that between
100,000 and 200,000 NHPs are used in research and testing each year, mostly in
Europe, Japan, and North America.' The most commonly used species are baboons
(Papio spp.), crab-eating macaques (Macaca fascicularis), thesus macaques (Macaca
mulatta), and vervet monkeys (Chlorocebus aethiops).*

The use of these animals raises several ethical issues, ranging from purely
welfare considerations to wildlife conservation. For example, transportation
may involve packing animals singly in crates before being shipped to countries halfway
around the globe. It is not uncommon for travel times to last up to 58 hours® and for
some of the animals to die before, during, or after transportation to their destination.
There are also conservation issues. The rhesus macaque was once the species most
commonly used for toxicity testing. In the 1960s and 1970s, researchers documented a
drastic decline in wild rhesus macaques, as they were being captured in large numbers
for export to Western laboratories.*> The Indian government subsequently banned
primate exports in 1978, a ban upheld to this day. The resulting decline in available
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rhesus macaques led to an increase in use of the crab-eating
macaque. This is now the species most regularly used in
toxicology testing® and forms the overwhelming majority
of primate imports to the UK” and USA.”° The crab-eating
macaque is currently the most heavily traded mammal listed
in the Convention on International Trade in Endangered

Species of Wild Fauna and Flora (CITES).>!?

The second issue is science based. Despite the presence
of obvious shared traits, some have pointed out that the
evolutionary distance between two differently complex
systems — humans and NHPs — is reason to question just how
much can be extrapolated from one group to the other.!12
NHPs are used in many fields of research but especially in
research on infectious diseases, neuroscience, and organ
transplants.>!* They are also used extensively in the testing
of pharmaceutical products. There are scientific issues to
be addressed with respect to the validity of using NHPs as
predictive models of human outcome.!!1%14-20

The use of NHPs in research is ethically contentious,
mainly in terms of invasive research on NHPs in laboratories.
Emotions are not raised to a fevered pitch over observational
studies in the wild or of NHPs already in zoos. Moreover,
studying macaques in order to learn more about macaques
is not scientifically controversial. The authors of this paper
believe the impetus for the Review of Research Using Non-
Human Primates (the “Bateson Review”)?! was the use of
NHPs in invasive research that is portrayed as highly impor-
tant for advancing human medical care. Therefore, this pres-
ent paper devotes considerable attention to the question of
the scientific legitimacy of the use of NHPs in such research
and focuses specifically on aspects of the science that were
left out of the Bateson Review.

This paper includes the following.

1. General criticism of the Bateson Review.

2. Anexamination of the history of basic research in general,
because:

a. most basic research in biomedical research involves

the use of animal models;'* and

b. much of the research in the Bateson Review addresses

the use of NHPs in basic research.

3. A discussion of interspecies extrapolation in light of
the best current science that is relevant to the issue.
Specifically, the ramifications of the fact that NHPs are
complex systems and that they have different evolutionary
trajectories from humans are reviewed. This was ignored
in the Bateson Review.

4. An examination of the empirical evidence in an effort
to determine the historical reliability of extrapolating

the results from research that uses NHPs. This evidence
is compared and contrasted with the fact that different
humans respond significantly differently to drugs and
disease and note that the same science explains both
situations. This was also ignored in the Bateson Review.

5. Abriefoutline of the ethical, legal, and financial implica-
tions of what current science reveals about interspecies
extrapolation.

The Bateson Review critique:

general

In 2006, the Weatherall report, The Use of Nonhuman
Primates in Research,? attempted to address some of the
concerns regarding the use of NHPs in research. The aim of
the Weatherall report was to “examine the scientific case for
the use of non-human primates for research into the preven-
tion or treatment of disease, or for fundamental research that
has the long-term potential of achieving the same end.” Of
particular relevance to this paper is one of the report’s major
recommendations, recommendation 4, which states: “As part
of their ongoing programmes to assess the outcomes of their
research, the major funding organisations should undertake a
systematic review of the outcome of all their research using
non-human primates supported over the last decade.”??

The Medical Research Council, a major sponsor of the
Weatherall report, responded to this recommendation in 2011
by producing a document entitled Review of Research Using
Non-Human Primates®' (see Figure 1), whose panel of experts
was chaired by Sir Patrick Bateson. (The media decided to
call it the “Bateson Review” and, as mentioned, this is how
it is referred to in this present paper.) The reference to a
systematic review is apparent in the opening paragraph of
the executive summary, which states, “In 2006 a Working
Group chaired by Sir David Weatherall recommended
(Recommendation 4) that the major funding organisations
should undertake a systematic review of the outcome of all
their research using non-human primates (NHPs) supported
over the last decade.”!

The raison d’étre of the Bateson Review appears, at first
glance, to fulfill the need for a Cochrane-style* systematic
review of studies involving NHPs. However, the Bateson
Review states: “the review could not be a ‘systematic’ review
in the formal sense normally used in medical research, as the
research in question does not lend itself to that approach.” The
explanation for this is attributed to the different methodolo-
gies used, small sample sizes, and variation in the quality of
the reporting on some of the studies.!® Systematic reviews are
currently in fashion, despite criticisms of them that can be
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Review of Research
Using Non-Human
Primates

Figure | The Bateson Review.

N
~

Note: Figure © Medical Research Council/Wellcome Trust. Reproduced with permission.

summed up as “garbage in, garbage out.” That is, systematic

reviews are only as good as the data they review; regardless,

systematic reviews currently do have a certain cachet.
Even if it is agreed that a systematic review could not be

achieved, there are review articles that summarize the cur-

rent state of knowledge on a subject. Such articles include

the following.

1. A broad presentation of the subject under consideration.

2. Analysis of specific aspects of relevant research.

3. References to all or most of the important publications.

4. A theoretical consideration of the issues being raised in
light of the current science from other fields —
consilience.

5. A brief analysis of the more important challenges and
how they can be met.

6. Language consistent with the science of the field.

The Bateson Review fails to fulfill essentially all of the
above standards; thus, according to the National Library of
Medicine’s description, it cannot qualify as a standard review
article either.?

The Bateson Review states that it sought to:

e Assess the quality, outputs and impacts of research in this
area on advancing knowledge in human and animal health;

o Identify the strengths and weaknesses of the funded sci-
ence in this field;

e Inform their future science and funding strategies; and

e Feed the outcomes of the review into any Government
strategy on NHP use.

The research studied was evaluated for:

1. The scientific quality and importance of the research;
2. The probability of medical and public benefit; and
3. The likelihood of animal suffering.
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To accomplish the above, the panel examined 67
questionnaires involving NHP studies conducted between
1997 and 2006 that were funded by the Biotechnology
and Biological Sciences Research Council (BBSRC), the
Medical Research Council, and the Wellcome Trust. The
questions focused on the scientific quality of the research,
welfare costs to the animal, and what benefits to medicine
the studies produced.?!

Of the 67 questionnaires considered in the Bateson
Review, nearly half (46.2%) related to grants in the area of
neurobiology. Most studies utilized macaques as experi-
mental animals. The justification for using NHPs was that
an understanding of development and normal functioning
are a prerequisite to devising medical solutions to human
psychiatric conditions, in addition to Parkinson’s disease,
Alzheimer’s disease, schizophrenia, bipolar disorder, obses-
sive compulsive disorders, and stroke. This assumes that one
can learn the normal functioning of the human brain from
studying a nonhuman brain. There are strong reasons from
evolutionary biology and complexity science to question this.
Regardless, in its overall assessment, the Bateson Review
states that “in most cases, however, little direct evidence was
available of actual medical benefit in the form of changes
in clinical practice or new treatments.” Nevertheless, the
panel qualified this observation by adding the caveat that
the time that elapsed between the research and the review
may have been too short for a move to practical applications
to be seen.”!

A key issue addressed by the Bateson Review was the
extent to which advances in fundamental or basic science
were effectively translated into applied research and practi-
cal application. As an example, a study (not cited) into two
specific neurotransmitter systems aimed at target validation
through receptor mapping led to publication but did not lead
to sustained drug development in the 2 years since the work
had been completed. Another study (not cited), character-
ized by the panel as “one of the best grants reviewed,” had
focused on mapping the spatial dissociation of different
cognitive processes in the frontal lobe and was published in
several journals, although the subsequent overall citation rate
was “disappointing.””?! The panel similarly assessed several
other areas of research covered in the questionnaires. These
included vision, immunology and infectious disease, repro-
ductive biology, and imaging technologies.

The panel studied progress reports from researchers
(these were not made available), papers published (these
were not listed), and evaluated the answers to a questionnaire
that was filled out by the researchers (also not available).

A bibliometric analysis was also commissioned. It should
be noted that the Bateson Review relies almost exclusively
on the opinion of the researchers themselves for information
regarding their research efforts and results. The researchers
filled out the questionnaires, the articles were written by the
researchers, and the researchers filled out the progress reports.
Granted, the panel reviewed all of this and evaluated a
bibliometric analysis, but no other input was requested. While
this situation does not ipso facto invalidate the conclusions,
it is cause for concern.

Moreover, bibliometric analyses have been criticized in
the past based on the fact that impact factors “suffer from
two problems: (i) citation behavior varies among fields of
science and therefore leads to systematic differences, and
(i1) there are no statistics to inform us whether differences
are significant.”® In this case, no citations/references were
provided for independent analysis, but a vast majority of the
studies had a normalized citation impact (NCI) =1. This is
largely meaningless, however, as the Bateson Review did
not define what the NCI was nor how it was calculated. The
reader was assured that the papers reviewed were above aver-
age, but no details were made available. An Internet search
revealed numerous ways of calculating impact factors, some
of which had the word “normalized” in them, but there did
not appear to be one standard.

This brings us to the composition of the panel. Sir Patrick
Bateson, DSc, FRS, was employed by the University of
Cambridge, first as a behavioral biologist and later as Provost
of King’s College, and has vast experience experimenting
on animals.??3242639 He clearly has a vested interest in
animal experimentation. Heidi Johansen-Berg, DPhil,
conducts neurological studies on animals and has coau-
thored numerous papers that involved invasive research on
monkeys.*** She clearly has a vested interest in animal-based
research. Derek K Jones, PhD, Dip IPSM, conducts research
mainly with humans but has published a paper based on
pig research.® The Bateson Review acknowledges that Eric
Barrington Keverne, DSc, FRS, FMedSci has extensive
research experience using animals. Paul M Matthews, OBE,
MD, DPhil, FRCP, while working primarily with humans, has
coauthored numerous papers involving animal experiments,
including experiments on monkeys.** He has also worked
at numerous institutions where animal experiments, includ-
ing experiments on monkeys, are performed. The Bateson
Review acknowledges that Arthur David Milner, PhD, FRSE,
FRS, has conducted neurological animal-based research.*-
Mark Prescott, PhD, has studied monkeys in the wild and
in captivity. He currently sits on ethics committees and is
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employed by the National Centre for the Replacement, Refine-
ment and Reduction of Animals in Research, which states in
its mission statement that: “Many areas of medical, veterinary
and biological research and testing currently depend on the
use of animals.” The National Centre for the Replacement,
Refinement and Reduction of Animals in Research also funds
research using NHPs. lan Ragan, PhD, has a long history in
the pharmaceutical industry, specifically in the neuroscience
research area. Robin Shattock, PhD, studies human immu-
nodeficiency virus (HIV) and is well known for his research
with macaques.’'® Jerome Strauss III, MD, PhD, has served
on advisory boards for NHPs centers in the USA and has
extensive experience using animals in research. The Bateson
Review points out that, on three occasions, during discussion
of specific researchers, one member of the panel withdrew
from the discussion, citing conflict of interest.

The panel, therefore, was composed primarily, if not
exclusively, of people with a vested interest in using animals
inresearch. The phrase “vested interest” was coined by Crano
in 19957 and refers to the explanatory power that can be attrib-
uted to the pleasure a position-holder derives from maintaining
that position. In most cases, including the above, the interest
is financial. The panel member either conducted research with
NHPs such as macaques or other animals or was employed by
an institution where such studies took place. The other aspect
of a vested interest is an attachment to a position because
of emotions like pride and ego. If a panel member devoted
a substantial amount of his or her career to experimenting
with animal models, then it is maintained by the authors of
this paper that such involvement does result in an emotional
attachment to the position that such research is scientifically
valid. In some cases, there was an additional conflict of interest
in that a member was involved in research with NHPs in one
of the areas singled out for study. Considering the issues the
panel sought to address, the composition of the panel invites
accusations of conflicts of interest and an inattention to choos-
ing panel members, if not outright manipulation. Considering
how many people on the panel formerly participated or cur-
rently participate in some form of animal experimentation and/
or represent or represented institutions that perform research
using animals, including NHPs, the authors of this present
paper do not think the Bateson Review panel to be unbiased.

Such a composition is not a death knell for the report.
At times, the only experts available are people with a vested
interest in the subject. At other times, even if there were
other experts available, the people with a vested interest can
be fair and produce unbiased results. The report must be
judged on its merit.

The overall conclusion of the Bateson Review was
that: “In many cases the use of non human primates was
justifiable even in the context of current understanding of
animal welfare and advances in knowledge that might now
render some work on living animals unnecessary.”?! In other
words, even when there were nonanimal methods available,
or that would be available soon, the panel concluded that
research with NHPs was justified. It is difficult to take seri-
ously a position that voices opposition to the nonessential
use of NHPs in research but which goes on to condone such
research. Not surprisingly, in light of the above, the Bateson
Review endorsed the status quo, speaking in platitudes,
signifying no changes needed. The only matters that needed
urgent consideration were the cost of research that uses NHPs
and the harassment, by animal activists, of researchers that
use NHPs. A typical statement follows:

In the area of neuroscience, the majority of research grants
were well-focused on important areas of either biological or
medical concern. The level of welfare challenge imposed
on the research animals could be justified by the quality of
the science or, in some cases, the actual or potential medical
benefits accrued. [Reproduced with kind permission of
MRC, BBSRC, and The Wellcome Trust.]

The following was also stated numerous times in various
ways: “In general, scientific research carried out in the UK
is highly regarded worldwide. The best of the work carried
out on NHPs in the UK is as good as the best of the work
carried out in other fields.” Statements like these make it
appear that the panel was more interested in defending
the reputation of British scientists who conduct research using
NHPs than in objectively analyzing the research itself.

Comments on the Bateson Review were mostly favorable.
The following is from the BBSRC website:

“Sir Patrick’s report rightly recognises the high quality of
biomedical research involving non-human primates in the
UK,” says Sir Mark Walport, Director of the Wellcome Trust.
“We agree that non-human primates should only be used
when no other potential animal models are viable and when
human subjects cannot be used as alternatives. The number
of experiments carried out in the UK is relatively small,
but such research is vital in helping us to better understand
human physiology and disease.”® [Reproduced with kind
permission of BBSRC.]

Senior scientist for the Royal Society for the Prevention
of Cruelty to Animals (RSPCA), Maggy Jennings, stated:
“We agree with Bateson that for too long people have been
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happy to overstate the importance of experiments using
non-human primates in the absence of the evidence to back up
their emphatic claims.”> Kailah Eglington, Chief Executive of
the Dr Hadwen Trust, stated: “The report recommends that exist-
ing alternative approaches be used. We’ve consistently funded
and promoted the use of alternatives with an ethical, scientific
and economic perspective for more than forty years.”® Some
in the media®! reported that the Bateson Review stated that the
panel was unable to find clear benefit for about 9% of the studies.
While the review certainly did state this, reading the statement
in context one is overwhelmed by the number of statements
confirming the necessity of using NHPs. Science journals that
publish research using NHPs reported on the Bateson Review
using positive terms.*

Notably absent from the comments, be they comments
from the scientific community or the animal protection
community, was any reference to the scientific quality of
the Bateson Review. Did the panel evaluate NHP research
by using the best science currently available that is rel-
evant to the issue? What areas of science are relevant to
this issue, and what contribution do they make in terms
of informing society about this issue? This analysis now
turns to that subject.

The Bateson Review critique:

basic research
The Bateson Review states:

The Weatherall group reported cases where fundamental
research had led to major advances in medicine and also
discussed cases where search for an understanding of
fundamental biological processes proceeded hand-in-hand
with clinical research. The group concluded therefore that “in
assessing the importance of biological science for our future
well-being, the question of whether a piece of research is fun-
damental or applied science has become outdated. The study
of normal function, as well as being central to our understand-
ing of why we are what we are, is often a vital step in the
elucidation of the mechanisms that underlie its breakdown in
disease. The central issue is whether a programme of research
is directed at an important biological or medical question and
is designed in a way that has a reasonable chance of answer-
ing that question; hence the importance of the case-by-case
assessment that forms the basis of UK legislation and prac-
tice around animal research.” The group also mentioned the
well-known paper by Comroe and Dripps who showed how
an advance in medicine depended on findings obtained many

years beforehand from research conducted without concern

for medical benefit.*' [Reproduced with kind permission of
MRC, BBSRC, and The Wellcome Trust.]

The above brings several issues to the fore.
“Basic research” can be variously defined. The Organisation
for Economic Cooperation and Development defines it as:
“Experimental or theoretical work undertaken primarily
to acquire new knowledge of phenomena and observable
facts without any particular application or use in view”
(emphasis added).® There is no doubt that research is a
continuum ranging from basic to applied, and it is not
always easy to categorize a specific research project. But,
based on definitions like the one above, basic research
(also called blue-sky, fundamental, and basic science
research) makes no claims of applicability. This argument
is well described by Greek and Greek 2010. The Bateson
Review appears to use the phrase to mean, “attempts to
discover the fundamental properties of living systems.”
Regardless of the exact definition, all agree that basic
research is not translating to treatments for humans.
Adler, the inventor of the CyberKnife states: “Basic
research is healthy in America. But patients aren’t
benefiting.’** An editorial in Nature states: “The uncomfort-
able truth is that scientists and clinicians have been unable
to convert basic biology advances into therapies or resolve
why these conversion attempts so often don’t succeed.”®
Rosenberg calls the assumption that “recent exponential
growth of scientific information about disease, as evidenced
by the substantial increase in the numbers of published
articles in biomedical journals, heralds a rapid move to
improve human health” an illusion.®® Pound et al state:
“Clinicians and the public often consider it axiomatic that
animal research has contributed to the treatment of human
disease, yet little evidence is available to support this view.”?’
loannidis writes: “There is considerable evidence that the
translation rate of major basic science promises to clinical
applications has been inefficient and disappointing.”*®
The notion that scientists must understand the mecha-
nisms of disease and drugs in order for breakthroughs
and advances has long been put forth by basic research-
ers. In fact, understanding mechanisms has resulted in
advances. However, scientists now acknowledge that
they have learned much about apparent mechanisms
by studying animals but that this has not translated into
treatments.®%~”7 Marincola summarizes the situation:

It is surprising how often a manuscript is dismissed
by reviewers as “just descriptive”, regardless of

the novelty of the reported observation. On the
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other hand, we have not once received a negative
comment on a “mechanistic” study, even if it lacks
proof of the validity of the experimental model and
its relevance to human disease. Such studies are
automatically given the benefit of the doubt based
on predictable rationalizations vaguely offered in
the introductory paragraphs. As a consequence,
innumerable conflicting results are published, each

one a reflection of its own experimental bias.”

Furthermore, many advances have not depended upon
knowledge of mechanisms. Arguably the greatest advance
in terms of decreasing suffering was the discovery of
general anesthesia. This was the result of serendipity and
the mechanisms for general anesthesia are still unknown.
Many other drugs have saved lives despite their mecha-
nisms being unknown. Unfortunately, the current focus in
research appears to be on mechanisms not treatments.

. Basic research using animals or NHPs is not the only
means of conducting basic research. Arguably, the
greatest advances in the past decades have come from
engineering combined with basic research in the physical
sciences of chemistry and physics.”8#!

. The difference between basic and “applied” research
is not “outdated,” although it would be to the benefit of
basic researchers if society thought such was the case.
Conflating basic research, which by definition holds out
no promise for cures, with applied research, which does,
allows basic researchers to have the best of both worlds.
The basic research community can obtain grants based on
the promise of cures, but when said cures are not forth-
coming, it can fall back on the fact that basic research is
not designed to find cures. There are very different stan-
dards for basic and applied research. An occasional idea
that results from basic research on animals is acceptable in
terms of the standards for basic research. Applied research,
like drug development, seeks 100% predictive ability to
questions like: “Will the drug be efficacious?”” and “Will
the drug be toxic?” The acceptable success rates for each
practice are very different, as they should be considering
the questions each is asking. Regardless, bait and switch
is not a viable defense of an industry or practice.

. The Bateson Review expresses concern that the low rate of
transfer between basic research and clinical application was
secondary to the fact that the studies they chose were not as
old as other studies that historically have shown a transfer
of knowledge. This is a red herring, as the panel picked
the studies knowing how long it takes for basic research

to find application in medical science. If the panel had
wanted to conduct a study like the ones by Grant et al®>-5
and Contopoulos-Ioannidis et al,” described below, they
could have done so. Having decided not to engage in such
a study, they cannot ignore the results of such studies.
Their statement that research in general should have “a rea-
sonable chance of answering that question” is, however,
relevant as is their reference to the Comroe and Dripps®
study. The importance of basic research in the overall scheme
of medical research dates back to their study in 1976.%¢
Comroe and Dripps, much like the Bateson Review, sent
surveys to scientists and essentially asked them to evaluate
the role of basic research in medical advances. Many of the
scientists were basic researchers and, unsurprisingly, Comroe
and Dripps concluded that basic research was essential to
medical progress. The study, with rare exceptions,®” went
unchallenged for decades. In the early 2000s, Grant et al*>-%
studied the methodology of Comroe and Dripps and came
to some startling conclusions. Grant et al concluded that
Comroe and Dripps was “not repeatable, reliable, or valid.”%
(For more on the relevance of Grant et al to using animals
in research see Greek and Greek.!)

The question of the translation rate of basic research
in general into clinically useful treatments has also been
addressed by other authors. Since a majority of basic bio-
medical research is animal based, the present authors con-
clude that the following studies are representative of basic
research that uses animals even though the studies examined
basic research in general.'* In 2003, Contopoulos-Ioannidis
et al”? quantified the translation rate of “highly promis-
ing” basic research into clinical applications. Their study
revealed that, of 101 basic research papers published in
the high-profile journals Nature, Cell, Science, Journal of
Biological Chemistry, Journal of Clinical Investigation, and
Journal of Experimental Medicine between 1979 and 1983,
27 led to randomized clinical trials, and five eventually
gave rise to licensed clinical application. They concluded
that “[e]ven the most promising findings of basic research
take a long time to translate into clinical experimentation,
and adoption in clinical practice is rare.”’

Contopoulos-Ioannidis et al’? actually searched all
the articles published in the abovementioned journals
between 1979 and 1983, a total of around 25,000. This
was commented upon by Crowley,”” who observed
that, “[o]f the 25,000 articles searched ... 100 (0.4%)
resulted in a clinical trial and only one (0.004%) led
to the development of a clinically useful class of drugs
(angiotensin-converting enzyme inhibitors) ...” In the
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case of angiotensin-converting enzyme inhibitors, the
discovery was not due to animal studies, but rather the
result of rational drug design.® The drugs were eventually
tested on animals but, as this paper shall discuss presently,
animal models cannot predict properties such as efficacy
or toxicity. The Crowley analysis would suggest that the
transfer rate of basic research into clinical use is very low
indeed. This in turn, raises questions about the efficacy
of basic research involving NHPs, which, although may
be considered by some as valuable for its own sake, even
when treatments are not forthcoming, must be weighed
against other research modalities that could be funded
with the same resources. These concerns are, of course,
in addition to other considerations, such as animal suf-
fering, conservation, and societal misgivings associated
with invasive NHP research.

Other studies have similarly revealed that basic bio-
medical research that uses animals is of limited value in
finding treatments. Lindl et al® studied applications for
animal-based research in Germany, from 1991 to 1993, that
lead to publications. They found that “only 4 publications
evidenced a direct correlation between the results from
animal experiments and observations in humans (0.3%).
However, even in these 4 cases the hypotheses that had
been verified successfully in the animal experiment failed
in every respect.”® This casts further doubt on the position
that basic research using animals is worth the cost.

Hackam and Redelmeier” conducted a “systematic
review to determine how often highly cited animal
studies translate into successful human research.” They
searched the seven highest-rated journals, judged by
citation factor, and chose the 2000 most cited articles,
published from 1980 to 2000. Of the relevant animal
studies, 37% were “replicated in human randomized
trials,” and eight of these led to therapeutic interven-
tions. However, 18% were “contradicted by randomized
trials,” while 45% had not been tested against human
data. Hackam and Redelmeier noted that the likelihood
for animal studies in general translating to human was
probably lower than they reported as they purposefully
chose the studies most likely to translate to humans. This
caution seems reasonable, as hundreds of drugs have been
neuroprotective in animals but none have been protective
in humans,’"*? cancer cures have been almost nonexistent
despite demonstrating efficacy in animal models,’*-1%
and scores of HIV vaccines have protected monkeys,
however none have been efficacious in humans.!0!:1%2
Hackam and Redelmeier concluded by stating: “First,

7.

patients and physicians should remain cautious about
extrapolating the findings of prominent animal research
to the care of human disease ... Finally, poor replication
of even high-quality animal studies should be expected
by those who conduct clinical research.”® The true failure
rate of basic research is unknown because most negative
findings are not published. The above estimates are prob-
ably several orders of magnitude off. Geerts states: “the
reporting of positive trials far outweighs the reporting of
negative or failed clinical trials, very probably because
of economic or investment reasons. In addition, trial data
are considered by US law to be proprietary property of
the sponsor.”!%

Another indication of the importance of basic
research in providing information relevant to human
disease is the number of new drugs approved each
year. Munos stated: “the number of new drugs that are
approved annually is no greater now than it was 50 years
ago.”'™ Along those same lines, while the above did not
address the use of NHPs specifically, drug toxicity testing
does use NHPs, and the results of that enterprise are well
known. Animals, including NHPs, fail to predict human
toxicities and efficacy.!®!%114 An editorial in Nature
Reviews Drug Discovery declares: “Unpredicted drug
toxicities remain a leading cause of attrition in clinical
trials and are a major complication of drug therapy.”'"®

The actual results from years of high-priority funding
to basic research are forcing some within the research
community to acknowledge the failure of basic research
to provide data that leads to treatments. Rothwell stated
in the Lancet in 2006: “Indeed, most major therapeutic
developments over the past few decades have been due
to simple clinical innovation coupled with advances in
physics and engineering rather than to laboratory-based
medical research.”” Steinman states: “Patients have been
too patient with basic research. Most of our best people
work in lab animals, not people. But this has not resulted
in cures or even significantly helped most patients.””°
These examples are easily multiplied.66747685.116-122
The position that the merit of NHP research must be
evaluated on a case-by-case basis is assessed in the next
section.

Because the Bateson Review ignored the above studies, it

lacks scientific rigor; hence, the authors of this present paper

reason that its conclusions regarding the use of NHPs in basic

research are unfounded, irrespective of the other flaws in the

Review. This present paper now turns to the second area of

science the Bateson Review ignored.
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Science the Bateson Review ignored:

evolved living complex systems

The modern foundation for animal use in research, be
that research basic or applied, was the nineteenth-century
creationist position that all animals were essentially the
same, provided scaling for size was taken into account.!?>!24
LaFollette and Shanks state:

Bernard’s particular understanding of hypothetico-
deductivism, coupled with his rejection of all statistical
laws, led him to assume that clinical medicine (including
epidemiological studies) could never be a genuine science.
Perhaps, though, he would have given more consideration
to clinical medicine had he not believed he had a rigorous
science ready to hand in the animal laboratory. However,
Bernard believed in the interchangeability of species; he
thus had reason to assume clinical hypotheses could be

tested by laboratory experiments on animals.!?

The medical historian Elliot comments on the fact that
the physiologist, and father of current animal-based research,
Claude Bernard was a creationist:

Leading French biologists, such as Bernard himself and
Charles Robin, were resistant to the Darwinian theory of evolu-
tion. ... [Bernard and others] resisted these ideas because they
saw them as the results of speculation unsupported by proper
experimental evidence. The emergence of experimental physi-
ology based on vivisection was therefore an integral part of a
general trend in French science away from anything that could
be interpreted as speculation towards a science based rigidly,

too rigidly perhaps, on laboratory work and experiment.'?

Bernard was not a creationist in the current sense of the
concept, the theory of evolution had not been fully devel-
oped during his time, but he was a creationist and this did
influence his position.!?* This position directly related to
Bernard’s stance as a strict causal determinist, meaning that
if X caused Y in a monkey, then it would also cause Y in a
human. Bernard states: “Physiologists ... deal with just one
thing, the properties of living matter and the mechanism of
life, in whatever form it shows itself. For them genus, species
and class no longer exist.”'?* Bernard’s position of causal
determinism was also based on the Cartesian position of
determinism, which led to the method of study in science
known as reductionism. Reductionism basically means
reducing the system being studied to its component parts,
discovering the role of each part, and using that information
in order to deduce the function or role of the whole system.
Reductionism worked well for the physical sciences and

the life sciences up to a point. Reductionism still plays a
valuable role in science that studies simple systems; how-
ever, reductionism is not the only way, or even a viable
way in some cases, to study complex systems. Times have
changed, but underlying assumptions, unfortunately, have
not changed sufficiently. Because of the close evolutionary
relationship between humans and NHPs, the assumption
is made that NHPs will provide a living intact system that
more closely resembles humans. Therefore, by extension
of this assumption, the study of gene function, drug and
disease response, and basic neurophysiology is more likely
to mimic that of humans.

Complexity science concerns the study of systems that
have specific characteristics that disqualify them from a
complete evaluation using only reductionism. Arguably, the
most important of these characteristics is that the whole is
greater than the sum of the parts. Even if a scientist can reduce
an entire complex system to its components, he will still not
understand the system as a whole. Other characteristics of
complex systems include: a hierarchy of levels of organiza-
tion; emergence — the presence of traits not predicted even in
light of complete knowledge of the underlying levels; adapta-
tion; modularity; self-organization; dependence upon initial
condition; robustness and redundancy; and nonlinearity
— perturbations to the system may result in large changes or
no changes at all. Complex systems cannot adequately be
described by the linear cause and effect relationships that
reductionism assumes. 26134

Van Regenmortel acknowledges that reductionism has
been important to science, although currently, reduction-
ism “has an increasingly detrimental influence on many
areas of biomedical research, including drug discovery and
vaccine development.”'? Jura et al comment that living
organisms cannot be assumed to have a linear relationship
among variables.'”” Grove states: “Humans are incredibly
complex biological systems, and working with them has
to be subject to safety, legal, and ethical concerns ... The
result is wide-scale experimentation with animal models
of dubious relevance, whose merit principally lies in their
short lifespan.”!3

Reductionism allows extrapolation between simple
systems and even between complex systems, provided the
level being examined can be isolated and treated as a simple
system. However, living complex systems are differently
complex because evolution has profoundly changed the initial
conditions. These changes include:

o Different background genes that influence the genes being
perturbed by drugs or disease.
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e The presence of different molecules that perform the same
function.

e Alternative splicing, which allows one gene to form or
be part of forming many different proteins.

e Different genes.

e Different gene—gene interactions.

e Different proteins and different protein—protein
interactions.

e Different gene—protein interactions.

e Old genes can evolve to perform new functions.

e Horizontal gene transfer.

e The presence of modifier genes.

e Differences in the regulation and/or expression of
genes.

e Gene fossilization.

e Convergent evolution.

e Epigenetics.

e Mutations such as single nucleotide polymorphisms, copy
number variants, and gene and/or chromosome duplica-
tions, inversions, deletions, and insertions.

A mutation in a single gene may affect seemingly unre-
lated pathways.'*%137 Moreover, the effects may vary between
species and even strains of species.!'*12%133-153 In part, this
can be due to differences in background genes or modifier
genes, 3714114159 Agarwal and Moorchung state:

It is now increasingly apparent that modifier genes have a
considerable role to play in phenotypic variations of single-
gene disorders. Intrafamilial variations, altered penetrance,
and altered severity are now common features of single gene
disorders because of the involvement of several genes in the
expression of the disease phenotype. Oligogenic disorders
occur because of a second gene modifying the action of a
dominant gene. It is now certain that cancer occurs due to
the action of the environment acting in combination with
several genes. Although modifier genes make it impos-
sible to predict phenotype from the genotype and cause
considerable difficulties in genetic counseling, they have

their uses.'®®

Genes also work in networks that can vary among
species and are differently regulated, thus leading to dif-
ferent expression patterns. Thus, conserved processes are
also subject to different environments and influences.!¢!:1¢2
The same genes can be used in such a way as to result in
dramatically different phenotypes.'** Ptashne and Gann'®
state that:

It is generally believed that mammals — humans and mice, for

example — contain to a large extent the same genes; it is the

differences in how these genes are expressed that account for

the distinctive features of the animals ... changes in patterns

of gene expression (rather than evolution of new genes)

have had an important, perhaps even determinative, role

in generating much of that diversity (that occurred during

the Cambrian explosion) ... a relatively small number of

genes and signals have generated an astounding panoply of

organisms. Thus, the regulatory machinery must be such
that it readily throws up variations — new patterns of gene
expression — for selection to work on. [Reproduced with
permission of the publisher and copyright holder, Cold

Spring Harbor Laboratory Press.]

Levine states: “The evolution of the genetic diversity of
animal forms is really due to differences in gene regulation.”'®
The notion that regulatory genes are responsible for major
changes during evolution is now more or less universally accept-

166-169 and in

ed.® Gene expression varies greatly in humans
animals.!”*1” There are other genetic changes that have implica-
tions for interspecies extrapolation. “Add-ons” (as discussed by
Ptashne and Gann'%), are genetic alterations over time, usually
in the form of additions to preexisting systems of genes.

The above has been empirically confirmed. Marvanova
et al used human microarrays to profile genes from brains
of human, macaque, and marmosets and combined this with
available data from chimpanzee and orangutan to create a
dataset that revealed similarities and differences in expres-
sion of genes underlying Alzheimer’s, Huntington’s, and
Parkinson’s diseases.!” They found that a large number of
genes are expressed in human prefrontal cortex and that a
significant percentage of these are also expressed in NHPs.
But they also found profound differences:

Approximately 20% of present human genes had a different
expression profile (>2-fold change) in chimpanzees and
>25% of genes in orangutan, macaque, and marmoset had
a different expression profile ... The percentage of genes
present in prefrontal cortex and displaying a different
expression level (>2-fold change) was chimpanzee, 18%;
orangutan, 37%; macaque, 26%; marmoset, 33% ... Genes
involved in common neurodegenerative diseases AD, PD,
and HD contained qualitative and quantitative differences
in NHP PFCs.'™

(For more examples, see Shanks and Greek.'") Considering
the fact that a very small difference between two complex
systems can lead to very divergent outcomes, these differ-
ences are not insignificant.

The lineage leading to modern chimpanzees diverged
from the lineage leading to modern humans about 7 million
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years ago (about the same amount of time separating deer
from giraffes). It is certainly true that from an evolutionary
standpoint, we expect there to be fewer differences between
humans and chimpanzees than between humans and mice
or humans and yeast. However, there are differences (see
Tables 1, 2,'7¢ and 3'7¢) and, considering the fact that
humans and chimpanzees are complex adaptive systems, it
should be expected that these genetic differences will result
in significant differences in response to perturbations such
as drugs and disease.

These changes in initial conditions of living complex
systems such as NHPs and humans, alone, are enough
to expect different outcomes from the same perturbation
such as a drug or disease. It can also explain why different
individual humans respond differently to drugs and disease.
Based on the characteristics of complex systems, one should
anticipate that interspecies extrapolation of outcomes that
occur at higher levels of organization will be the exception
rather than the rule. Current biomedical research is studying
disease and drug response at the level where the differences
between complex systems (be they two different species or
two different humans) manifest, hence using animals, even
NHPs, as predictive or causal analogical models'”” for human
disease and drug testing is scientifically invalid. In addition,
the human brain is considered the most complex entity in
the known universe. If there is one area where interspecies
extrapolation should not be expected, it is here.

The Bateson Review ignores the ramifications that com-
plexity theory have for interspecies extrapolation as well as
the fact that evolution has resulted in living complex systems
that vary tremendously in initial conditions, among other
areas. The notion that research using NHPs, or any species,
must be assessed on a case-by-case basis ignores some of
the most impressive advances in science in the last quarter
century. If individual humans react markedly differently to
drugs and disease (see below) it is unreasonable to think that
a different species will predict individual human responses.
Because the Bateson Review did not address the implications
of extrapolating between living complex systems with dif-
ferent evolutionary trajectories, it cannot be taken seriously
as a scientific examination of the issue of using NHPs in
research.

Science the Bateson Review ignored:
empirical evidence

The Bateson Review seeks to address whether research with
NHPs benefits society, advances knowledge in biology, and/
or advances knowledge relevant to medicine. The question

of what benefits society is too broad and ambiguous to be
addressed. What one person thinks benefits society, another
may think degrades society. This category does not add
anything to the analysis.

The question of whether research with NHPs advances
biology is tautological. Unless the experiment or research
is methodologically ineffectual, then studying living sys-
tems will, by definition, add knowledge to the world. Unless
the questions being asked are trivial, such research should
advance the science of biology. The advances may be large
or small, but most scientists would argue that any time more
knowledge has been added, biology has advanced. Therefore,
the answer to the question of whether the research evaluated
by the panel led to advances in biology was a forgone
compulsion.

The real question regarding the importance of using
NHPs in research revolves around the importance of the
research to medical science. The use of animals like NHPs in
research is accepted by society only when there is an assump-
tion that very strict criteria have been fulfilled. For example,
Giles, writing in Nature, states: “how useful are animal
experiments as a way to prepare for trials of medical treat-
ments in humans? The issue is crucial, as public opinion is
behind animal research only if it helps develop better drugs”
(emphasis added).'” Not all advances in science are important
or even relevant to the advancement of medical science and
medical care. Society is willing to allow the use of sentient
animals, especially NHPs, if and only if that research leads
to cures or treatments.'* The effectiveness of basic research
using animals in general has been examined. Therefore, the
only remaining question, via Giles, is whether animal models
are predictive for humans, vis-a-vis safety and efficacy. This
paper will now address that question. There already are rea-
sons to doubt NHPs will be predictive for humans based on
the theoretical considerations of the preceding section. This
assessment will therefore be completed by examining the
empirical evidence.

For a modality or practice to be considered predictive
in medical science, it must be tested and found to have a
high sensitivity (SN), specificity, positive predictive value
(PPV), and negative predictive value (see Figures 2 and 3).
Animal models that correlate with human response only
occasionally cannot be considered predictive. Moreover, the
category “animal models” cannot include all animal species.
Each species must be tested individually if one is going to
make the claim that this model can predict human response.
In addition, the species in question must have a history of
correctly identifying efficacy or toxicity or whatever outcome
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Table | Summary of main findings from human and chimpanzee genomes

Category

Results

Nucleotide divergence

Recombination pattern divergence

Divergence/Evolution of proteins

Evolution of the Y chromosome

Human lineage-specific gene inactivation

Divergence in cancer-related genes

Expression divergence

Evolution of transcriptional cis-regulation

Chromosomal differences

Insertions/Deletions

Number of fixed nucleotide substitutions between PTR and HSA: |%.

Regional variation in divergence; substitution rates in subtelomeric regions are elevated
in hominids as compared to murids.

Higher divergence in 5’and 3" UTRs than in protein coding regions of genes.
Substitution rate at silent sites in exons is lower than at intronic sites, suggesting weak
purifying selection operating on silent sites.

Chromosomal variation with highest sequence divergence found on theY chromosome
(1.74%) and lowest on the X chromosome (0.94%).

Recombination hotspots appear not be conserved between PTR and HSA.
Genomewide correlation between sequence divergence and recombination rates.
70%-80% of proteins are nonidentical between PTR and HSA, although they differ on
average by only two amino acid residues.

Average K, /K, ratio is 0.23; the proportion of advantageous mutations in the human
lineage is lower than previously estimated but twice that estimated from the mouse-rat
comparison (0.13).

5% of proteins evolved under positive selection specifically in the human lineage.
Proteins that have experienced adaptive evolution have been identified in many
functional categories. Those associated with brain function/development may have been
intimately involved in the evolution of human-specific traits.

The absence of any loss or decay of X degenerate genes in HSA as compared to

PTR does not favor the “impending demise hypothesis” for the human

Y chromosome.

Gene loss or inactivation has not been a rare event during human evolution after the
separation from PTR; 90 examples so far known.

Adaptive inactivation which has not yet been completely fixed in the human population
has been demonstrated in only one case (CASP/2 gene)

High degree of overall conservation but a total of 1,542 amino acid changes were
identified that could contribute to differential cancer susceptibility in PTR and HSA.
The highest degree of expression divergence has been observed in the testis, while the
lowest expression divergence has been observed in the brain.

The majority of genes with expression divergence in the brain exhibit a human specific
upregulation (increased expression). This human specific upregulation has not been
observed in the liver.

Parallel patterns of gene expression differences and protein divergence have been
detected, suggesting that both types of changes have evolved in concert.

Genes expressed in testis, and especially those located on the X chromosome, display
high expression and sequence divergence but reduced diversity in humans, indicating
that genes involved in reproduction evolved under positive selection.

Adaptive evolution of human upstream regulatory regions | has been proven for the
prodynorphin (PDYN) and the factor VII (F7) genes.

Nine cytogenetically detectable pericentric inversions and one fusion that gave rise to
human chromosome 2 serve to distinguish PTR an HSA; no genes were disrupted at the
breakpoints. Two inversions (chromosomes | and |18) were fixed in the human lineage.
Insertions of 10 to 15 kb have given rise to a total of ~32 Mb of human-specific DNA
sequence.

Insertions of >15 kb gave rise to ~8 Mb of human-specific sequences.

Genomewide comparisons have indicated that some 4045 Mb of lineage-specific sequence
results from insertions/deletions resulting in copy number 2 differences between HSA and PTR.
The number of Alu sequence insertions in HAS was ~3.4-fold higher than in PTR. A different
set of Alu sequences has been amplified in both species, while the rate of L1 element
retrotranspositional activity has been relatively similar in HSA and PTR.

Direct genome comparisons revealed ~1,000 SVA retrotransposons specific to the human
lineage and a comparable number of chimpanzee lineage-specific integrations.

The large number of lineage-specific transposon insertions in PTR and HAS could have had
functional consequences with respect to gene expression or inactivation.

45 chimpanzee-specific endogenous retroviral element insertions and 73 human-specific
insertions have been identified.

(Continued)
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Table | (Continued)

Category Results

Microsatellite/RY-tract/Triplet repeat evolution

Microsatellites, triplet-repeats, and RY-tracts tend to be longer in HSA than in PTR

suggesting that expansion-type mutations have occurred disproportionately in the

human lineage.

Submicroscopic structural divergence/segmental
duplications
genome.

33% of segmental duplications (26.5 Mb) are duplicated only in HSA; they map to at
least 500 distinct regions of average length ~55 kb and are distributed throughout the

There are many structural differences in subtelomeric regions of HSA compared to PTR.
Microinversions of >1 kb up to several Mb contribute significantly to genome

divergence and (intraspecies) diversity.

Human-specific genes/pseudogenes

At least 180 genes and partial gene sequences have become duplicated specifically in the

human genome.

Humans manifest a larger number of lineage-specific gene duplications than the great
apes; |34 gene families have been identified with human lineage-specific gains including a
number of genes with brain-related functions.

163 human-specific retrotransposed gene copies have been identified.

Note: Reproduced with permission of the publisher from Kehrer-Sawatzki and Cooper.'”

Abbreviations: HSA, Homo sapiens; PTR, Pan troglodytes.

it is being used for. All of this is factored in to the honest use
of the statistics described above.

Such analyses have been performed. For example, Suter'”
reported on the results of testing six drugs on animals and
humans. Animals and humans shared 22 side effects. Animals
incorrectly identified 48 side effects that did not in fact occur
in humans, and the animals incorrectly missed 20 side effects
that did occur in humans. This yields the following:

e SN=22/(22+20)=0.52
e PPV =22/(22+48)=0.31

A PPV of 0.31 does not qualify as predictive in medical
science. Medical interventions require numbers as close to
1.0 as possible, at least in the 0.8—1.0 range. However, some-
times the calculations are even easier. Zero vaccines have
been efficacious in humans against HI'V, while scores have
shown efficacy in NHPs.!°18-183 The PPV here is obviously
zero. The PPV is also zero for neuroprotectant drugs.

Two reviews examined drugs that proved to have
toxicities so severe that they were withdrawn from the market.

In the first review, only 4 out of 24 toxicities correlated with
animal data, and in the other review only 6 out of 114 clini-
cal toxicities had animal correlates.'3*!85 Duyk states: “The
villain in this story [of the attrition of drugs in development]
is the inherent lack of predictability of our available models
for complex biological processes and the inability of our
current life science paradigm to provide an effective road
map for improvement.””’

Monkeys were tested for the effects of the Alzheimer’s
vaccine AN-1792 and the CD28 agonist TGN1412. The
severe side effects seen in humans did not manifest in the
monkeys.'® NHPs have also failed to qualify as predictive
with regard to drugs that were teratogenic in humans.'8"1%
Genetic mutations that cause severe diseases in humans,
like phenylketonuria and Sanfilippo syndrome, do not cause
diseases in macaques.'®'*° Cancer research using NHPs has
been an unqualified failure.'!

The above must be considered in light of the fact that two
humans will not necessarily respond the same way to drugs

Table 2 Number of gene expression differences between brains of humans and chimpanzees

Region Humans Chimpanzees
B BR PFC PMC PVC ACC CN B PFC PVC ACC CN
BR 4
PFC | 5 0
PMC 23 3 38
PVC 21 77 37 23 130 |14
ACC 40 42 29 158 193 5 17 227
CN 473 598 493 560 485 594 601 557 710 548
CcB 1327 1423 1414 1332 1017 1453 1601 1181 1205 892 1224 1320

Note: Reproduced with permission of the publisher from Khaitovich et al, 2004.'7¢

Abbreviations: B, Broca’s area; BR, the homologous area to Broca’s area in the right hemisphere; PFC, prefrontal cortex; PMC, premotor cortex; PVC, primary visual

cortex; ACC, anterior cingulate cortex; CN, caudate nucleus; CB, cerebellum.
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Table 3 Gene expression differences in brains from humans and
chimpanzees

Region U95A array U95A-E arrays

Detected Changed % Detected Changed %
B 4726 143 3 13716 685 5
PFC 4943 175 35
PVC 4820 148 3.1
ACC 5001 157 3.1 1408l 636 4.5
CN 4828 157 3.3 13693 735 5.4
CB 4915 268 5.5 15233 1186 7.8
Combined 5839 528 9 18516 1945 10.5

Note: Reproduced with permission of the publisher from Khaitovich et al, 2004.'7
Abbreviations: B, Broca’s area; PFC, prefrontal cortex; PVC, primary visual cortex;
ACC, anterior cingulate cortex; CN, caudate nucleus; CB, cerebellum.

and disease. Physicians have known for decades that there
were differences in response to drugs and disease between
the sexes!>! and among ethnic groups.!?®2% Scientists
have long known that different strains of rodents responded
differently to perturbations.!'!4147:148.150204207 Thig realization,
of intra-species differences, has led to a new concept and
practice called “personalized medicine.”!93:195-197:199.201.202
Personalized medicine is the concept that each person,
even a monozygotic twin,!382%8210 i genetically unique, and
therefore medicines should be designed for the individual.
This field finally abandons the notion of one-size-fits-all or
one medicine for everyone and recognizes that diseases will
also affect each person differently. This is the way medicine
will be practiced in the future, and fortunately, personalized
medicine is affecting medical care even now.

The US Food and Drug Administration warned on March
12, 2010 that the blood thinner clopidogrel is not effective
in some people.?!! The reason being that some patients have
a genetic makeup that will not allow clopidogrel to function
as designed. Clopidogrel is converted by enzymes in the
liver, especially CYP2C19, to another chemical that actually

Gold standard
GS+ GS-
Test T+ TP FP
T- FN TN

T+ = Test positive
T- = Test negative

T =True

F = False

P = Positive
N = Negative

GS+ = Gold standard positive
GS- = Gold standard negative

Figure 2 Table for comparing test with gold standard.

Sensitivity = TP/TP + FN

Specificity = TN/FP + TN

Positive predictive value = TP/TP + FP

Negative predictive value = TN/FN + TN

Figure 3 Calculating sensitivity, specificity, positive predictive value, and negative
predictive value.

Abbreviations: FN, false negative; FP, false positive; TN, true negative; TP, true
positive.

does the work of preventing blood clots. If the patient has
two copies of a variant of the gene coding for CYP2C19,
then the drug will not be converted into the active chemi-
cal. As many as 14% of Chinese patients have this variant.
However, many other patients have one copy of the variant
thus exposing them to risks as well. A genetic test and a
routine blood test are both available to determine whether
the patient has the genetic makeup that predisposes to the
ineffectiveness and to determine whether clopidogrel is
having the desired effect.

Currently, gene-based tests exist to:

e Determine the dose of 6-mercaptopurine.

e Determine the dose for warfarin.

e Determine whether codeine can be used in a patient.

e Determine whether tamoxifen can be used in a patient.

e Design treatment for various cancers including breast and
colon.?!?

The differences in human response to perturbations
such as drugs and disease can also be explained by the
same science discussed above. The fact that two complex
systems exhibit small differences in initial conditions — be
that difference in genes or epigenetics — or other aspects
of'a complex system means that the same perturbation can
result in dramatically different outcomes. The empirical
evidence agrees with the theoretical concerns from com-
plexity science and evolutionary biology. The fact that the
Bateson Review ignored the empirical evidence regarding
the use of NHPs in research reinforces the present authors’
position that the review cannot be interpreted as serious
science.

Conclusion

The following conclusions can be drawn regarding the

Bateson Review.

1. It does not fulfill the criteria of a formal systematic
review, as defined by the Cochrane Collaboration.?
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2. It does not fulfill the criteria of a review article, based on
the National Library of Medicine definition.**

3. Itis not a peer-reviewed document.

4. Ttignores the current scientific understanding of evolved
complex systems. In order for the Review to be considered
scientific, it must consider the current science that relates
to the use of NHPs in research. The use of one complex
system to predict outcomes for another is scientifically
suspect, as explained above. Moreover, comprehension of
the fundamentals of evolutionary biology also profoundly
impacts on what society can and cannot expect from study-
ing NHPs in order to find treatments for humans. Since the
Bateson Review ignores these subjects, the review cannot
be considered a scientific examination of the issue. As it
is not a scientifically competent exam, neither can it be
considered competent in any other area, such as ethics.

5. It ignores the current empirical evidence and review
articles relevant to the use of animals in basic and applied
research. The knowledge from complexity science and
evolutionary biology can be viewed as the theory that
places the empirical evidence in context. However, having
ignored the theory, the Review then ignores the empirical
evidence as outlined here.

6. Itresembles an opinion piece written by a group of people
with a vested interest in what they are evaluating.

The scientific inadequacy of the Bateson Review not-
withstanding, there is a larger issue here. Using NHPs to
predict human response is not an example of applying a set
of well-established reductionism-based scientific principles
to a simple system, as occurs with Newtonian physics. The
Kingdom Animalia is composed of living complex adaptive
systems that have evolved with different trajectories. This has
major implications for interspecies extrapolation. While many
of the components present in members of Animalia may be
conserved, the differences in initial conditions, presence of
emergent properties, the fact that interactions occur on differ-
ent levels, in addition to the presence of add-ons, diminishes
the probability of interspecies extrapolation of medically
relevant knowledge to a number unacceptable in medical
science. There is no evolutionary basis to the expectation that
phylogenetic closeness will ensure similarities in the response
to drugs vis-a-vis efficacy, bioavailability, clearance, metabo-
lism, and toxicity, or in the pathophysiology of disease. Dif-
ferent genes and different mechanisms can cause, in animals,
what appears to be the human condition under study.

All of this must be considered in light of the fact that even
two closely related humans do not respond the same way to
drugs and disease. If humans are unreliable predictors for

other humans, the probability that an animal species, even
an NHP, will fulfill this role is essentially zero. A proper
understanding of complexity science and evolutionary
biology precludes the necessity of a case-by-case analysis of
research using NHPs.

Based on current scientific understanding of complex
systems and evolutionary biology, the premises underlying
the use of NHPs in biomedical research and testing are not
viable. The legal requirements for drug testing using NHPs and
the permission granted by society for scientists to use NHPs
in biomedical research are both based on the myth of direct
extrapolation between species, which in turn is based on the
myth of creationism. Even if research that uses NHPs claimed
to be basic research, the results from such research are so mea-
ger that, were society to be aware of this, they would likely not
allow the research. An honest discussion of the ethics and legal
requirements can only take place after the relevant science has
been used to inform society of the pertinent facts. This has not
been done. Were society to be aware of the limitations of using
NHPs in research, as outlined above, the authors doubt it would
allow such use, as society would find such use unethical.

There are profound ethical and legal implications to the
above. Government regulatory authorities, advocates for ani-
mals, society in general, and funding agencies in particular
do not need more monographs masquerading as science. As
discussed in this paper, the current science relevant to using
NHPs in biomedical research does not allow claims for likely
human benefit to be made. While comparative research will
almost always result in more knowledge, there is a vast dif-
ference between that type of knowledge and the kind that
benefits humans suffering from disease.
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