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As the new wave of innovations driven by powerful technologies 
heralds a shift in the scientific paradigm expected to reach 
its maturity in the 2040s, we are witnessing the fast-paced 
evolution of nature and the human society. In these times 
of rapid progress, it is becoming crucial to identify major 
healthcare trends and to assess their potential. It is important 
to understand how conventional medical approaches and the 
medicine of the future will co-exist and interact. In 2015, the 
authors of this article proposed a concept of 5P medicine 
[1, 2] based on the analysis of the evolution of medicine and 
biology in the preceding 10 years. The concept was inspired 
by the precision medicine initiative that was intended to cover 
a wide range of public health aspects and to integrate genomic 
breakthroughs with the achievements of the communication 
revolution, cellular medicine and omics technologies (such as 
diagnostic panels of biomarkers measured at different levels 
of biological organization). Precision medicine approaches are 
mindful of the shifts in philosophical beliefs, ethical norms and 
the economic situation in a society. The long-reigning medical 
paternalism is now giving way to participatory medicine that 
encourages active interaction between the doctor and the 
patient. The concept of 5P medicine emerged in the wake 
of failed expectations imposed on genome-wide association 
studies (one of their challenges being the missing heritability 
problem) and reflects the current state of the medical and 
biological sciences. At the moment, there is some confusion 
about the terms describing the components of 5PM, their 
relationships and the directions 5PM may take. Will the medicine 
of the future be 4P (predictive, preventive, participatory, and 
personalized) or 5P, introducing precision medicine as the 5th 
component? Failure to understand the fundamental principles 

and objectives of precision medicine may lead to it being 
perceived as merely a fancier term for personalized medicine 
[3]. Although each of the components constituting 5P medicine 
certainly has a value of its own, together they complement and 
reinforce each other (hence the term “predictive preventive 
medicine”). The adoption of the 5PM concept allows us to 
clearly delineate the goals and objectives of contemporary 
medicine. This is particularly important in educating and 
training medical staff. Previously, we showed that the evolution 
of laboratory medicine would take the direction determined 
by the goals of emerging healthcare areas. Depending on the 
objective, laboratory medicine can deal with different types and 
arrays (panels) of biomarkers at different levels of biological 
organization [4–6]. 

Predictive medicine

The problems of early diagnosis, prognostication and 
assessment of risks for developing a pathology constitute 
one of the most promising areas of contemporary molecular 
medicine that relies on laboratory diagnostics. Preventive 
medicine makes predictions about the probability of a certain 
disease based on a patient’s data, including the results of omics 
tests. The Nobel laureate Jean Dausset (1980) who proposed 
the term “predictive” commented that prevention is the main 
goal of the medical science. He realized it after discovering 
associations between the alleles of the HLA genetic locus 
and a few multifactorial diseases (diabetes mellitus, bronchial 
asthma, etc.). Predictive medicine seeks to notice change in 
patients’ general health before they develop clinical symptoms. 
It is a diagnostic branch of medicine that exploits laboratory 
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and functional tests, various imaging modalities, bioinformatics, 
etc. Disease prediction can be aided by genetic testing, which 
has been instrumental in discovering genetic predisposition 
to somatic and infectious diseases (TB, viral hepatitis, HIV, 
etc.). Preventive testing involves identification of the hallmarks 
of pathogenesis. For example, Michael Snyder carried out a 
laborious expensive experiment allowing him to catch the 
onset of diabetes signaled by abrupt changes in the levels of 
biomarkers that had never been linked to diabetes before [7]. 
Using omics technologies, Snyder was able to obtain a highly 
accurate integrative personal omics profile (iPOP) containing 
information about his genomic sequence, blood biochemistry, 
and the levels of mRNA, proteins and other biomolecules 
measured repeatedly (20 times) over the course of 14 months. 
The experiment yielded a database of 3 billion records in total. 
At present, exhaustive iPOP-profiling is not available for the 
majority of patients. However, smaller profiles built from dozens 
of the most informative parameters instead of hundreds of 
thousands can still be very useful. It’s unrealistic to believe 
that a healthy individual will be eager to give their blood for 
tests every hour or pay frequent visits to a doctor’s office for a 
checkup. Therefore, we need rapid and cost-effective methods 
for studying biological specimens. For example, instead of 
proteomic testing, which lasts for 30 to 200 minutes, one can 
analyze protein metabolites; the latter can be measured in as 
little as 30 seconds. A team of researchers has tested the ability 
of whole-genome sequencing to predict the risk of 24 relatively 
prevalent diseases. Based on the sequencing data, they were 
able to predict predisposition to at least one disease in the 
majority of patients [8]. Contemporary medicine has embraced 
the importance of early diagnosis, which improves treatment 
outcomes and reduces its costs. The use of highly sensitive 
and highly specific diagnostic tools is vital for early diagnosis. 
So are regular medical examinations and checkups.

Preventive medicine

Preventive care (from French préventif) is a branch of medicine 
that aims to delay the onset of a disease, mitigate its severity 
or treat its first manifestations, such as unhealthy weight gain, 
decline in physical activity, etc. The National Institutes of Health 
(USA) describe preventive care as one of 5 prioritized areas of 
medicine that needs to be actively supported and developed in 
order to provide customized care for patients aiming to improve 
their quality of life and extending the life span to its natural limits. 

Participatory (patient-oriented) medicine

As the name suggests, participatory medicine encourages 
a patient to be involved in the medical process and actively 
interact with their doctor. Participatory medicine is intimately 
related to predicative and preventive medicine and draws on 
philosophy, deontology and psychology. Cooperation and 
sympathy have always played a crucial role in the doctor-patient 
relationship. A physician and writer Abu’l Faraj who lived in the 
13th century appealed to his patient: “There are 3 of us here: 
you, the illness and myself. If you join the illness, the two of you 
will overpower me. If you join me instead, the illness will have no 
one to turn to, and together we will defeat it”. However, it was 
not until the 16th and 17th centuries that European physicians, 
such as John Gregory and Thomas Percival, started to admit 
that a patient has a right to voice their own opinion about the 
medical process. The legal term “informed consent” dates back 
to 1957. Even today, there are situations when full informed 
consent cannot be obtained, as is the case with unconscious 

patients. But under any circumstances, a doctor should treat 
their patients with respect and not look down on them. The 
patient has a right to ask questions and make their own choice. 
Unfortunately, treatment guidelines and standards of care 
formulated by expert organizations unintentionally become the 
source of medical paternalism, although it is stressed that they 
should not be followed blindly and individual characteristics of 
a patient should be taken into account. In the not so distant 
past, a patient had no access to their medical records made 
during a short physical examination, and the doctor-patient 
interaction was best described as silent [9]. In contrast, 
participatory medicine recognizes that a patient knows his/her 
body better than anyone else and is interested in maintaining 
good health; therefore, the patient should actively participate in 
generating the vast array of medical data related to their health. 
These data originate from a medical history, diagnostic images, 
instrumental readings, results of omics and other types of tests. 
Integrated medical records will soon be available to patients 
via cloud database services, a supercomputer or telemedically. 
The state-of-the-art technologies allows patients to obtain 
health-related information on internet forums or in expert 
internet communities, from mobile applications, including 
medication reminder apps, electronic diaries, and medical 
devices for self-testing. Thus, the accumulated information will 
be communicated between the doctor and the patient. 

Personalized medicine 

The term “personalized medicine” (PM) was first used in 1998 
[10]. Sometimes, PM is defined as pharmacogenomics (genomic 
medicine, genotype-based therapy, customized healthcare, 
information-based medicine, integrated healthcare, rational 
prescribing, etc. [2]). The Personalized Medicine Coalition 
(Washington, USA) stresses that PM uses “new methods of 
molecular analysis to better manage a patient’s disease or 
predisposition toward a disease. It aims to achieve optimal 
medical outcomes by helping physicians and patients choose 
the disease management approaches likely to work best in the 
context of a patient’s genetic and environmental profile” [11]. 
Hopes are high that personalized medicine will improve the 
quality of healthcare services and significantly reduce their costs. 
US Food and Drug Administration (FDA) sees PM as an arsenal 
of therapeutic techniques that “consider a patient’s genetic, 
anatomical, and physiological characteristics” providing “the 
right patient with the right drug at the right dose at the right time” 
[12]. PM can also be regarded as a novel healthcare model that 
exploits diagnostic, prevention, and therapeutic tools that are 
economically or ethically feasible for a given patient and best 
cater to their needs. PM objectives include elucidating molecular 
mechanisms underlying a pathology, identifying its most 
important biomarkers, and designing personalized therapeutic 
drugs (TD) that can effectively modify or eliminate the targets 
associated with pathology [13]. PM attempts to categorize 
pathogenetic mechanisms associated with the development of 
a disease into types and subtypes (here, cancer research is a 
good example); it looks for effective therapeutic targets and 
seeks to improve patient stratification. It should be born in mind 
that PM is a branch of healthcare that deals with diseases that 
have already set in and manifested themselves through clinical 
symptoms and signs [6]. The UNESCO International Bioethics 
Committee defines personalized medicine as “the tailoring of 
medical interventions to the specific characteristics of each 
patient, realized through pharmacogenomics and genotype-
based treatments”. The majority of experts agree that better 
patient stratification will produce better outcomes in terms of 



BULLETIN OF RSMU   1, 2019   VESTNIKRGMU.RU| |

REVIEW    LABORATORY DIAGNOSTICS

7

treatment efficacy and good tolerance. A team of researchers 
has published an analysis of 683 medical articles from PubMed 
containing definitions of “personalized medicine”. It turned 
out that this term was present in 2,457 articles (at the time 
of publication); 60.4% of the papers issued before 2009 and 
devoted to the problem of treatment customization contained 
a definition of this term. The authors concluded that PM seeks to
improve patient stratification and healthcare timing by using data 
on the molecular pathways of a disease and its biomarkers [14]. 

The balance between standardization and personalization 
is very important. In a man-made environment standardization 
has become the cornerstone of industrialization, allowing no 
space for differences that did not fit into the accepted model. 
This principle was later applied to healthcare to establish 
standards for drug-based therapies, surgical intervention, 
etc. The post-industrial society has taken a different course 
of development, defying standardization. The mass media are 
getting demassified and focus on smaller niche audiences. 
This process is linked to the spread of Internet. The principle 
of differentiation is replacing standardization. Concentration 
gives way to decentralization, maximization is taken over by 
the principle of adequate scales, etc. 

The first large-scale application of PM approaches occurred 
in the context of blood types discovery [15]. To date, intelligent 
systems for decision making have been developed to help 
physicians select the right medication for their patients. These 
systems warn the doctors of the adverse effects that may 
occur in patients with certain genotypes, suggest conducting 
a pharmacogenomic test and provide accurate clinical 
interpretations of its results. Preemptive pharmacogenomic 
testing is being actively promoted across the world. A few 
years back, the University of Chicago launched a project that 
demonstrated the feasibility of pharmacogenomic testing in the 
clinical setting. The physicians received alerts about patients’ 
genotypes, which ultimately improved efficacy and safety of the 
prescribed treatments [16].

Precision medicine

The birth of precision medicine (PrM) is associated with the 
development of medical, biological and information technologies 
and frustration that invaded the scientific community in 2010 
when it became clear that human genome sequencing and 
GWAS had not lived up to the expectations [2]. In 2012, it 
was proposed to give up the term “personalized medicine” 
that did not reflect the situation in the medical science. The 
term “precision medicine” first appeared in the book by 
C. Christensen and J. Grossman The innovator's prescription 
(2009) and then was adopted in the report Toward precision 
medicine prepared by the Institute of Medicine of the National 
Academy of Sciences (2011). In 2015 the National Precision 
Medicine Initiative was launched [17]. The initiative aimed to 
collect medical data from a cohort of 1,000,000 Americans and 
arrange them into a database [18]. Such studies are resource-
consuming [19] yet instrumental in elaborating effective 
treatment algorithms. Precision and personalized medicines 
have a lot in common. But although the term “personalized” 
has long been used to refer to precision medicine, the National 
Research Council (USA) advises against it. Among the short-
term objectives of PrM is its application in cancer research; it is 
hoped that in the long run precision medicine will find its way 
into all areas of healthcare. Biological specimens, genetic data, 
information about lifestyles, the environment and general health 
provided by the volunteers constituting the cohort can be used 
to study a wide range of diseases [15, 20]. 

Let’s take a look at the potential benefits of the PrM 
initiative. Note that the objectives faced by 5PM are given in 
brackets. Under this initiative, novel approaches will be applied 
to protect the privacy of study participants and ensure the 
confidentiality of their data (this pertains to the legal aspect 
of participatory medicine); novel tools will be designed to 
build, analyze and use the vast arrays of medical data; 
quality of clinical trials will improve, as well as control over 
drug manufacturing. New opportunities will appear facilitating 
cooperation between researchers with different expertise, 
patient communities, universities, pharmaceutical companies, 
etc. Millions of people will be able to make their personal 
contribution to scientific research (participatory medicine). 
Among the long-term goals of the project are extensive use 
of genetic and other information about biological molecules in 
clinical routine; accurate prediction of treatment outcomes in 
individual patients (predictive medicine); deeper understanding 
of the mechanisms underlying pathology (a challenge faced 
by medical and biological sciences); improving approaches 
to prevention, diagnostics and treatment of a wide range of 
diseases; deep integration of electronic medical records into 
clinical routine to simplify access to patients’ records for 
medical personnel.  

PM and PrM share a number of tasks: they both aim to 
promote the use of omics technologies and targeted TD 
and are supposed to account for the role of external factors 
in treatment. Precision medicine also faces new challenges, 
including promotion of electronic medical records, artificial 
intelligence and digital databases in healthcare facilities, as 
well as the use of mobile applications (24/7 health monitoring, 
telemedicine). The evolution of PrM will contribute to a more 
accurate classification of pathological conditions, help to 
effectively distinguish between patients’ subpopulations and 
improve clinical outcomes. Personomics is a word that is often 
used when it comes to discussing the objectives of PM and 
PrM [21]. Genomics, proteomics, metabolomics, epigenomics, 
pharmacogenomics, and other omics are tools exploited 
by both PrM and PM [2]. Personomics can be recruited by 
precision medicine to describe the 5P approaches. According 
to the principles of personomics, differences between people 
are not limited to biological variability, but also comprise 
personal traits, attitude to healthcare, activity in social media, 
wealth, and other unique characteristics that have a strong 
impact on how and when patients will react to treatment [21]. 
5P medicine is a milestone in the evolution of PM and PrM, 
and personomics is its missing link. In fact, transition from PM 
to PrM is the evolution from healthcare to health caring: “What 
do I need to know about you as a person to give you the best 
care possible?” [22]. 

5P medicine seeks to create diagnostic and therapeutic 
models in which the central focus is on the variability of 
symptoms determined by the individual characteristics of a 
patient [23]. Theranostics (therapy + diagnostics) could be 
a handy tool for 5P medicine. It is a diagnostic therapy that 
allows tailoring a treatment strategy to an individual patient 
in cases when standard therapeutic options cannot be used 
[24]. Obviously, precision medicine dictates the need for 
leaders with fundamental knowledge of genomic medicine and 
molecular diagnostic methods (NGS, interpretation of whole-
genome sequencing data) who will introduce PrM approaches 
into conventional healthcare [24]. It is expected that electronic 
records and genomic studies will contribute to the spread of 5P 
medicine. In 2007, the eMERGE network was launched. It is 
essentially a consortium for genomic research and discoveries 
that advocates the use of biorepositories connected to the 
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systems of electronic medical records [25]. Development of 
5PM is dependent on the efficient IT infrastructure capable of 
storing, maintaining and transmitting vast arrays of genomic 
data to facilitate their use in the treatment of individual patients 
and scientific research [26]. 

Application of PrM and 5PM in diagnostics and therapy

At present, PrM is enjoying a somewhat limited application in 
public healthcare. PrM approaches are popular in oncology 
where they are employed to treat metastatic melanoma, 
breast, brain and lung malignancies, and leukemia. The most 
ambitious PrM project was started in Germany in 2013 (the 
German National Cohort or GNC). It is a nation-wide long-term 
study planned to last 25-30 years. Another study revealed that 
tumor molecular panels and personal genomic profiling had 
limited benefits for patients with cancer in terms of prognosis 
or quality of life. In a randomized controlled SHIVA study [27] 
samples of solid tumors were collected and subjected to 
molecular profiling using a special algorithm; based on the 
obtained profiles, targeted medication therapy was selected, 
and then its efficacy was assessed. SHIVA demonstrated that 
the median progression-free survival was almost similarly low 
in both groups (2.3 and 2.0 months, respectively). This does 
not mean, though, that PrM practices should be discontinued, 
especially in oncology. The negative results could be explained 
by the heterogeneity of tumors and the ongoing evolution 
of their cells [28]. Tumor cells circulating in the peripheral 
blood hold promise for early cancer detection and liquid 
biopsy (monitoring of relapse in patients with colon and lung 
cancers); they can be used to analyze a tumor’s resistance to 
drugs and assist selection of adequate therapy. Tumor cells, 
exosomes and circulating free DNA are convenient diagnostic 
and prognostic markers that can be measured using minimally 
invasive techniques [2, 29]. 

Prevention, screening and diagnosis of prostate cancer 
still poses a medical dilemma [30]. Prostate cancer is the 
most prevalent malignancy in men. It is a heterogenous 
group of pathologies with unique genetic and proteomic 
profiles. Molecular genotyping has helped to identify at least 7 
molecular subtypes of prostate cancer that differ in their ability 
to metastasize [31]. According to some estimates, heritability 
of prostate cancer reaches 42% (95% CI). Genome-wide 
association studies have reported over 70 different SNPs that 
can predict the risk of this disease [32]. Genetic data, such 
as information about the BRCA genotype, can considerably 
facilitate selection of an adequate screening strategy and stop 
overtreatment of men at low risk for prostate cancer. Genotyping 
also serves to identify patients with a potentially good response 
to 5-alpha-reductase inhibitors, nonsteroidal anti-inflammatory 
drugs, selective estrogen receptor modulators, and statins [33]. 
PrM approaches could be beneficial for patients with benign 
prostatic hyperplasia [34], another heterogenous group of 
diseases with unique molecular profiles, varying in their growth 
rate and severity [35]. So far, GWAS have detected associations 
between certain SNPs and the risk for/severity of benign 
prostate hyperplasia. Knowledge of these associations opens 
new possibilities for stratifying patients based on the results of 
pharmacogenomic testing in groups at risk or those receiving 
treatment [36]. Better understanding of the mechanisms 
regulating the contractility of prostatic smooth muscles through 
α

1
-adrenergic receptors and androgen signaling expands the 

list of the available treatment options (in about 30% of men 
inhibition of 5AR2 methylation is associated with resistance to 
finasteride).

Precision diabetes mellitus (DM) is a disease manifested 
as a broken balance between the body’s need for insulin and 
the actual amount of insulin produced or the resistance to 
this hormone in the backdrop of normal secretion. Diabetes 
is triggered by many factors, including obesity. There is 
little doubt that in the future DM will be managed using the 
principles of precision medicine. The current classification 
of diabetes into types 1 and 2 relies on the detection of 
antibodies against pancreatic β-cell antigens; more than 
80% of diagnosed cases are type 2 diabetes. The latter can 
be broken down into a number of subtypes. For example, 
by 2018, a few new subtypes had been described, including 
latent autoimmune diabetes of adults (LADA) affecting patients 
over 18 years of age, maturity onset diabetes of the young 
(MODY) striking teenagers under 18, and some others. In 
2017, Swedish researchers showed that type 3c (diabetes of 
the exocrine pancreas) is often mistaken for type 2 DM. Studies 
of glutamic acid decarboxylase antibodies (GADA) and genetic 
polymorphisms demonstrate that DM is very diverse, and early 
diagnosis and therapy are crucial for minimizing its sequelae, 
preventing chronic complications and reducing mortality 
associated with this disease. Omics technologies have been 
very instrumental in discovering promising diabetes biomarkers, 
such as microRNA. This molecule is involved in insulin secretion, 
the growth and differentiation of pancreatic β-cells, and the 
regulation of glucose and lipid metabolism. It is also implicated 
in obesity and secondary complications of diabetes. The list of 
microRNA types that affect production and secretion of insulin 
by pancreatic β-cells includes microRNA-375, -9, -96, and 
-124а. MicroRNA-375 of pancreatic β-cells regulates insulin 
secretion in response to stimulation with glucose. Specifically, 
its overexpression inhibits insulin secretion [2, 37]. 

Researchers from Lund University (Sweden) have proposed 
a new classification of DM in adults: instead of types 1 and 2, 
5 subtypes should be distinguished. They are characterized by 
unique progression patterns and different risks of complications. 
The classification was proposed upon analyzing the data 
collected from 14,000 individuals. The data came from 5 different 
sources: the ANDIS project, which recruited more than 8, 000 
participants over the course of 8 years (2008–2016), the Scania 
Diabetes Registry, ANDIU, Вааса (DIREVA), and the Cancer 
Cardiovascular Arm of Malmö Diet. The researchers analyzed 
the results yielded by laboratory tests, patients’ age at the time 
of diagnosis and the first manifestations, BMI, levels of GADA, 
glycated haemoglobin HbA1c and C-peptide, HOMA-IR, and 
insulin resistance. The proposed classification has a potential 
to become a powerful tool for tailoring treatment strategies to 
individual patients and for the identification of people at risk 
for complications. Under this classification, patients are divided 
into 5 clusters [38]: severe autoimmune diabetes (6–15%) with 
early onset, corresponding to classic type 1 DM and LADA; 
severe diabetes with insulin deficiency (9–20%) characterized 
by elevated HbA1c levels, rapid progression of retinopathy 
and negative GADA; severe diabetes with insulin resistance 
(11–17%) diagnosed in overweight patients with BMI > 25 
(in this cluster nephropathy and retinopathy were the most 
prevalent); moderate diabetes associated with obesity (18–
27%) occurring in young patients with BMI > 30–34; moderate 
diabetes of adults (33–47%) with moderate metabolic changes. 
This type occurs much later in life in comparison with other 
diabetes types and its course is milder. Patients with severe 
forms of the disease need aggressive therapy. Patients from 
cluster 2 are diagnosed with type 2 DM, because the disease is 
not autoimmune; this type is presumably caused by defective 
pancreatic islets and not obesity. In this case therapy must be 
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based on the regimens typically prescribed to patients with 
type 1 DM; Such patients suffer from ocular pathology more 
often, while patients from group 3 tend to develop a kidney 
disease. This must not be overlooked when deciding on the 
adequate screening procedure. Perhaps, there are hundreds 
of diabetes subtypes in the world shaped by various genetic, 
ethnic or environmental factors. People of South Asian origin 
are at a higher risk for DM. Diabetes is diagnosed in one of 6 
Native Americans and Alaskan Inuit.

Although DM is not a monogenic hereditary disease, its 
risk increases in children born into the families where one or 
more relatives already have diabetes and carry predisposition 
genes (HLA-DR3 and HLA-DR4 haplotypes) [39]. Type 2 DM is 
characterized by carbohydrate metabolism disorders caused 
by insulin resistance or insulin deficiency. The risk of this disease 
is as high as 40% if one of the parents has it, and reaches 
70% if both parents are affected [40]. Type 2 DM displays a 
considerable variability in its progression patterns, response to 
treatment and the risk of complications. Type 2 is believed to be 
a polygenic condition with up to 20 genes involved, including 
those coding for the structure of insulin molecules, insulin 
receptors, glucokinase, glycogen synthase, and mitochondrial 
components. There are genes accountable for insulin 
resistance (PPARG, THADA, ADAMTS9, and others), β-cell 
dysfunction (KCNJ11, HNF1B, HNF4A, JAZF, etc.), obesity 
(FTO), and defective incretin hormone secretion (TCF7L2). 
Because insulin resistance is heterogeneous, traditional drugs, 
such as metmorfin or thiazolidinedione are often ineffective 
in patients with type 2 DM. At present, the arsenal of anti-
diabetes therapies includes 8 classes of glucose-lowering 
drugs that target different components pathogenic pathways 
implicated in type 2 DM. Another 5 novel drug classes 
are now undergoing preclinical studies. At the moment, we 
cannot accurately distinguish between diabetes subtypes 
based on their molecular etiology and have to rely on patients’ 
response to treatment. The initial differentiation should be 
carried out using the available clinical data (sex, BMI, age 
at diagnosis) or biomarkers that are easy to measure. So far, 
this approach has been successfully used to identify female 
patients with positive response to thiazolidinedione (obesity) or 
sulphonylurea [41]. 

It took the medical community some time to recognize the 
MODY subtype. Genetic testing for DM will soon be available 
in most countries. In 2016, 5, 000 studies were conducted in 
the UK and clear diagnostic guidelines were proposed [42]. 
No sophisticated probability computations are required to 
assess the risk for MODY; the diagnosis can be established 
using a statistical calculator and the available clinical data. The 
MODY probability calculator is free and can be accessed at 
www.diabetesgenes.org and in the “Diabetes” application for 
IOS and Android [43]. It works best for patients who do not 
receive insulin. This popular calculator (> 6,000 downloads) 
has become an important step toward precision diabetology. 
It is a good example of how a complex diagnostic task can be 
solved using a simple tool that analyzes the available clinical 
data. Next generation sequencing has made genetic testing 
easier. But there has to be pre-screening to select patients with 
possible monogenic diabetes for the test. Modern technologies 
allow rapid and effective analysis of classic genes implicated 
in diabetes using a genetic panel [44] and are capable of 
identifying 25% of patients with monogenic diabetes caused 
by less popular genes. 

Neurological diseases are a rewarding object for PrM 
application due to the rapid accumulation of genetic knowledge, 
extensive phenotypical classification, discovery of biomarkers, 

and development of potentially promising treatments [45]. 
A good example here is Parkinson’s disease [46]. Precision 
psychiatry (the term was coined by Vieta et al. [47]) is one of 
the most advanced PrM branches [48]. The pathophysiology 
of neurological disorders remains understudied: the symptoms 
of different conditions often overlap or vary significantly 
between patients affected by the same disease [49]. A new 
approach to the classification of psychiatric disorders has 
been proposed that relies on neurobiological research [50]. 
Today, we are bestowed with an unprecedented opportunity 
to build vast databases from large-scale biological data that 
can be submitted using electronic devices (smartphones). 
This facilitates the analysis and allows identifying specific 
characteristics of an individual patient [51]. Considering that 
none of known biomarkers is likely to signal a psychiatric 
disorder on its own [52], theoretical and practical approaches 
to data acquisition are needed to delineate complex profiles 
of biomarker combinations accounting for the heterogeneity 
of manifestations of psychiatric diseases. It is important 
to recruit panomics and employ computational modeling 
of biological systems that could shed light on the major 
biological pathways involved in the development of psychiatric 
pathologies. Neurobiological data can be incorporated into 
the corresponding behavioral profiles that can be acquired 
using mobile technologies [53]. We believe that in the years to 
come, the new precision paradigm will lead to the discovery of 
biomarkers that can simplify decision making about a treatment 
strategy and predict response to the most widely used 
medications, such as antidepressants and antipsychotic drugs. 
This is already happening: C-reactive protein is exploited as 
a differential predictor of a patient’s response to escitalopram 
and nortriptyline [54].

Immunotherapy is an optimal model for PrM as it describes 
the symptoms, functions, and molecular etiology of the 
disease; it can also be tailored to the needs of an individual 
patient [55]. Allergen immunotherapy remains one of the best 
candidates for the application of PM approaches. Today we 
understand what major immunologic and molecular events 
underlie the symptoms of allergies [56]. There are sensitive 
diagnostic tests for the detection of IgE-mediated reactions; 
molecules are known participating in allergic reactions; purified 
and standardized products are manufactured to ensure safe 
and effective treatment of allergies. 5PM remains a defining 
aspect in the treatment of “difficult and expensive” diseases, 
such as COPD [57] and asthma [58].

We need computational models to predict the risk 
of pathology for healthy people, prognosticate disease 
progression and design effective treatments with minimal 
adverse effects [59]. The “virtual patient” is one of such 
models based on the integration of molecular, physiological 
and anatomic data of humans collected under the ITFoM 
initiative. ITFoM is one of 6 technologies of the future 
funded by the European Commission. It has attracted over 
150 academic and industrial partners from 34 countries. 
The initiative will promote the development of functional 
genomics and computer technologies to create a model of 
a virtual patient suitable for the use in the clinical setting. 
Genome profiles will be integrated with proteome and 
metabolome data generated by powerful chromatography, 
mass spectrometry and nuclear magnetic resonance 
technologies. The model will be used to analyze the current 
situation and predict a patient’s response to therapy, 
including intolerance to therapeutic drugs. Successful 
clinical application of laboratory tests requires identification of 
healthy populations whose characteristics could be used as 
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a reference. Organized into biorepositories, such data will 
play a key role in determining reference ranges needed to 
improve treatment outcomes.

CONCLUSIONS

5P medicine is an evolving area of public healthcare. Many of 
the technologies required to accomplish its ambitious goals are 
still in the early stages of development or yet to be designed. 
Researchers have to find a way to standardize collection of 
clinical data, create databases for the convenient storage of 
vast data arrays and promote biorepositories. 5PM raises 
important ethical, social and legal questions. Patients’ 
privacy and confidentiality of their medical records must 
be protected. Patients should be informed of the risks and 

benefits associated with their participation in clinical studies 
and the use of modern 5PM technologies. This means 
that a procedure for obtaining informed consent has to be 
elaborated. The cost of the studies is another obstacle in the 
way of 5PM: DNA sequencing is fairly expensive, although 
recently its costs have been going down and tiny, flashcard-
sized sequencers have emerged. Perhaps, targeted therapy will 
still be slightly more expensive than conventional treatments, 
and this may pose a problem of reimbursing the expenses to 
state agencies and insurance companies. It is vital that 5PM 
approaches should become a part of routine medical care. 
Medical staff will learn more and more about 5P medicine and 
its prospects over time, and a need will arise to interpret the 
results of genetic and omics tests in the context of treatment 
and prophylaxis. 
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