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variability in genes, environment and lifestyle for each person. However, precision drugs to

enable precision medicine are not yet available. This article addresses this issue.
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Introduction
Let us start with a definition: Precision medicine is an approach to prevent and treat diseases
that takes into account people’s variations in genes, environment and lifestyle. The US

Government-defined parallel activity, the “Precision Medicine Initiative, is to generate the

scientific evidence needed to move the concept of precision medicine into clinical practice” [1].
Copyright: © 2023 by the authors. s . . . T .

) , One approach has been “discovering genetic causes of disease and finding new drugs that will
Submitted for possible open access d . 7 1. In the fi . . . . dici id
publication under the terms and target dangerous r.nutatlc.)ns [ .]. n the first approximation, precision medicine may provide
a more accurate diagnosis of diseases such as cancer but may not have the means to offer an

conditions of the Creative Commons
Attribution (CCBY) license improved therapy. Precision drugs that target diseases are needed but are yet to be developed.
(https://creativecommons.org/li
censes/by/4.0/). There is a parallel between targeted and precision drugs-targeting is to generate
pharmacologically effective drug concentration at the site of disease while keeping a very
low/minimal drug concentration in the rest of the body, away from the site of disease. Targeted
drugs are thus “precision drugs” needed to bring precision medicine into the clinical practice.

None of the drugs listed as approved by the FDA in 2022 has been described as a “precision

drug” [3]. However, the term “targeting patients” has been used.

Drug Development

Drug Target

By definition, precision drugs need to act directly on the targets of diseases. A part of the precision medicine mission is
identifying such targets, particularly genes. Hence, targeted drugs should be able to meet the requirements of precision drugs.
However, drugs currently labeled or even approved as “targeted” are insufficiently selective, efficacious and safe [4].

The term “targeting / targeted drug” is used to describe different situations.

A: Drug action is directed to a molecular structure associated with the mechanism of disease but also present on a non-
diseased/normal tissue (i.e., Tumor-Associated Antigens (TAAs)

B: Drug action is directed to a molecular structure uniquely associated with the disease site but not with the disease mechanism
(i.e., Tumor-Specific Antigens (TSAs)

Employing the above approaches does not generate effective precision drugs. Using approaches that have not worked well
enough for decades need to be replaced by a new paradigm [5]. Drug research should pursue the development of highly specific
drugs capable of interacting with unique structures associated with newly identified biological mechanisms of disease initiation
and progression. The current representative of such drugs are therapeutic antibodies that are not ideal, with their disadvantages
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stemming from their large size (and hence difficulty accessing disease sites) [6]. A part of the new paradigm is not to rely on the
current, conventional drug testing process (i.e., high-enough solubility, broad distribution throughout the body). Drugs having
low solubility but exhibiting high selectivity in-vitro (e.g., as determined by binding to specific disease-relevant molecular
structures) should not be rejected; instead, it should be recognized that such drugs are ideally suited to be “targeted,” i.e.,
delivered to and released in their active form at sites of disease. For such new drugs, the appropriate delivery system should be
selected from the existing “arsenal” of delivery systems. None of the existing systems may prove to be adequate; hence, new,
appropriately “tailored” combinations of drug and delivery systems may need to be invented. Whether the existing “natural”
delivery systems (such as extracellular vesicles) could be used effectively remains to be a matter of conjecture [7,8].

Drug Delivery

Developing precision drugs and drug-delivery systems must consider many features associated with the nature of the putative
delivery target, the genes. Understanding the involvement of genes and their variations in the human population is essential to
understanding disease processes as it forms the foundation for curative therapies, beneficial treatments and preventative
measures.

The rare, single-gene disorders, such as cystic fibrosis, phenylketonuria, or hemophilia, represent only the tip of the iceberg of
diseases. However, the incidence of rare disorders is approximately 1 in 17 individuals [9]. The ultimate target of precision drugs
is our DNA, present within the nucleus as chromosomes, with also a small amount of the mitochondria (the mtDNA or
mitochondrial genome). Precision drugs will need to be designed to reach these locations and act on DNA. Apart from identical
twins, no two individuals look exactly alike; this is reflected in our DNA. The genomes of two unrelated individuals differ about
0.5% of their DNA (approximately 15 million bp) [10]. Each individual has several hundred known or predicted variants
damaging gene functions. Variations between populations must also be considered, such as populations of African ancestry [11].
Gene variations between individuals can make it very difficult to determine which variants are benign and which might be
associated with a disease [12]. Many conditions and diseases depend on the genotype at a single locus (or gene), with the outcome
following Mendel’s laws of inheritance [13,14]. Over 6,000 phenotypes have been identified for which the molecular basis is
known; these phenotypes and the associated genes are collected in the database OMIM [15]. For example, cystic fibrosis is
characterized by an autosomal recessive inheritance pattern with over 2,000 different known variants in the CFTR gene/region,
with an estimated frequency of 1/2500 to 1/3500 in Caucasians, less common in other ethnic groups. There is still a long way to
go in understanding genetic contributions in complex diseases and using such rationally in precision medicine. Further, the
environmental context needs to be considered. For example, high-calorie intake and a sedentary lifestyle increase the effect of
the genetic risk variants in T2D [16].

Gene therapy has aimed at mitigating recessive and dominant disorders. While numerous gene therapy trials have been
conducted, only four therapies have reached approval agencies for clinical use. Again, many hurdles remain to be overcome
before significant therapeutic potential using gene therapy and gene correction strategies are realized in clinical use, particularly
with regard to safety and efficacy [17]. There are many diseases for which the disease gene targets are already known. The task
of precision drug development is clear: focus on 1. generating unique specific structures that would act on these targets and 2.
finding ways by which these structures would reach the target in its location [18]. However, no existing drugs, targeted or not,
are likely be effective in this context. For example, Herceptin, a breast cancer drug, is designed to treat women whose tumors
have a protein called HER2 (Human Epidermal Growth Factor Receptor 2 (HER2)), a transmembrane protein that is a receptor
for members of the epidermal growth factor family (EGF family) of extracellular protein ligands [19]. Herceptin binds to HER2
protein, blocking cancer cells from receiving chemical signals to grow. Herceptin used in combination with other treatment
interventions, such as chemotherapy, has been reported to result in a longer survival, lower 1-year death rate, longer disease-
free progression, high response rate to treatment and a longer response to treatment [20,21]. However, Herceptin is not a good
example of what precision drugs need to do. It targets receptors on the surface of breast tumor cells that are only indirectly
associated with the disease. Further, it has serious side effects. A significant goal of precision medicine is to implement this
strategy broadly in medical care focusing on the right drug at the right dose at the right time for the right patient [22]. The recent
development of the pan-genome, the sum of a clade’s genomes in a broader perspective, should advance the development of
better diagnostics and treatment of genetic diseases. However, it has been argued that “We’re missing quite a bit of information
that can contribute to our knowledge of health disparities and health inequities” [23].
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So, How Do We Get the Precision Drugs?

According to the FDA, “Precision care will only be as good as the tests that guide diagnosis and treatment. Next Generation
Sequencing (NGS) tests are capable of rapidly identifying or ‘sequencing’ large sections of a person’s genome and are important
advances in the clinical applications of precision medicine. Patients, physicians and researchers can use these tests to find genetic
variants that help them diagnose, treat and understand more about human disease.” This vague declaration has not advanced
precision medicine much. However, the FDA is working to ensure the accuracy of NGS tests so that patients and clinicians can
receive accurate and clinically meaningful test results [24]. The vast amount of information generated through NGS poses novel
regulatory issues for the FDA. The agency has developed a regulatory approach involving consensus standards, crowd-sourced
data and state-of-the-art open-source computing technology to support NGS test development. This approach aims to enable
innovation in testing and research and speed access to reliable genetic tests [25]. However, the fact remains that the current FDA
drug-product approval process has a 97% failure rate of clinical oncology trials, mainly due to drug efficacy or toxicity goals not
being met. The key failure is the lack of understanding of the disease mechanisms and, hence, the lack of identification of disease-
relevant molecular targets [26,27].

Conclusion

A new paradigm for the generation of precision drugs needs to be adopted. The first step might be to develop approaches to
identify unique molecular structures present in a narrowly defined population of cells to evaluate whether finding such features
associated with disease might be realistic. Provided this first step is successful, setting up a fully effective algorithm for
identifying such unique structures relevant to diseases will need a major input into Artificial Intelligence from human “brain
power.” The input will need to provide guidance on how to get and curate relevant data (published and perhaps even
unpublished; regardless, all should be validated), how to test to show that the algorithm is performing as needed and how to
improve the approach to answer the initial question that is being asked. All this will require solid guidance from human-level
intelligence. It will require the Al to assimilate all the existing data on the topic, all the current assumptions and theories about
how disease originates and progresses and how it could be cured. It will need to go beyond extracting information and draw
novel conclusions and recommendations on what steps need to be taken to reach the ultimate goal understanding the disease
and defining unique molecular structures. It will need to foresee ways of making use of this information. To this end, it must be
fully competent in intelligence of the given topic. In other words, it will need to acquire full capabilities in all aspects of human
intelligence, such as being able to perceive the real world beyond the information given to it by its programmers. It will need to
determine the significance of various parts of the overall task and decide which to focus on. It will need to acquire the manner
of processing information in human-thinking terms such as perception, abstraction and memories, apply critical analysis and
then remember and recall outcomes as and when needed to synthesize a new, more complex whole. Ultimately, it will need to
have the capacity to generate new knowledge and know-how. Will Al be able to speculate and imagine? It will need to. Will it
be able to reason? It will have to. Will it be logical where humans often cannot be? Will it handle the “what if” questions, predict
and make decisions? All that and more. It would better be. But very likely, intelligent input from humans will be needed all
along the way to solve the challenging task at hand.
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