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Abstract: In a clinical trial, people with the same disease can show different responses after 
treatment with the same drug and exactly under the same conditions. Some of them may 
improve, some may not show any response, and occasionally side effects may be observed. 
In other words, people with the same disease process under the same therapeutic conditions 
may have different responses. Today, some diseases are resistant to conventional (standard) 
treatment procedures. Why do people with the same disease show different responses to the 
treatment with the same drug? This is primarily due to differences in molecular pathways 
(especially genetic variations) associated with the disease. On the other hand, designing and 
delivery of a new drug is a time-consuming and costly process, so any mistake in any stage 
of this process can have irreparable consequences for pharmaceutical companies and con
sumer patients. Therefore, we can achieve more accurate and reliable treatments by acquiring 
precise insight into different aspects of precision medicine including genomics and tran
scriptomics. The aim of this paper is to address the role of genomics and transcriptomics in 
precision medicine. 
Keywords: precision medicine, personalized medicine, genomics, transcriptomics, 
pharmacology

Background
Currently, many diseases are not predictable in the early-stage, and there is no 
definitive treatment for some of them (eg, neurodegenerative diseases and most 
cancers).1,2 In addition, many available medical treatments are designed for a wide 
range of patients with the same condition that, after prescribing medication, the 
following states may be observed: 1) The prescribed drug may reduce the symptoms 
of the disease and improve the treatment process;3,4 2) The expected response may 
fail to occur,5,6 and 3) The prescribed medication can cause side effects in patients.4,7 

We must note that all of these conditions may be observed in people who suffered 
from the same disease and receive a similar medication. Different responses in the 
same treatment are often due to genetic, environmental, and lifestyle differences 
between patients.8 In other words, according to precision cancer medicine, each 
person is unique, and so is his or her cancer; this concept can be generalized to 
other conditions as well. For example, in cystic fibrosis and diabetes (or any similar 
condition) different forms of the disease can be caused by various mutations or 
factors (multifactorial etiologies).9,10 Then, each of these forms may require unique 
therapeutic procedures to achieve effective treatment and reduce the symptoms of the 
disease. In order to achieve strategies for overcoming these problems and finding 
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more precise treatments, scientists and researchers have 
always tried to provide the best treatments according to 
their knowledge of the nature of the disease and individual 
characteristics of patients. The history of these activities 
dates back to many years ago when our ancestors tried to 
the healing of some diseases by tailoring treatment regimens 
based on patient’s characteristics while they did not know 
much about the nature of these diseases. Alternatively, as an 
example of more precise treatment methods in recent years, 
improvements in the blood donation process can be noted; 
in which the donor selection is based on the existence of the 
same characteristics between the donor and recipient.11,12 

Recent developments in the field of genetics, particularly 
the identification of disease-related variations in the genome 
of patients through identifying single nucleotide poly
morphism (SNP) genotyping (via executing some studies 
such as the Human Genome Project and Genome Wide 
Association Studies) has led to a dramatic increase in our 
understanding of the causes of diseases.13 These improve
ments led to the advent of a new field in diagnosing and 
treating diseases as well as reducing healthcare costs.14–16 

This new field is called precision medicine (Figure 1). 
A simple definition for precision medicine is a treatment 
designed for diseases that, unlike the conventional proce
dures, do not prescribe a common treatment for all people 
with the same disease. Rather, it divides patients into sub
groups based on their common characteristics, and then 
prescribes a specific treatment for each subgroup; therefore, 
minimizing the cost and side effects as well as maximizing 
the therapeutic efficacy will be achieved. The distinctive 
features of patients can be genotypic profiles, clinical man
ifestations, and lifestyle. In general, it includes anything 
causing heterogeneity in the treatment of the same illness 
under the same therapeutic procedures.17–20 Taken together, 
precision medicine involves understanding the diseases and 
characteristics of patients at deeper levels, and then design
ing drugs and therapies according to these findings. A well- 
known example of the application of modern precision 
medicine is designing of the ivacaftor and lumacaftor for 
cystic fibrosis patients.21 These drugs are designed for two 
subgroups of CF patients who have a different mutation in 
CFTR gene.22–26 Another example is BiDil. BiDil was 
certified in 2005 for treating congestive heart failure, but 
only in African-Americans.27 

Precision Medicine
Precision medicine is also known as personalized medi
cine and individualized medicine. The precision medicine 

concept was perceived by our ancestors centuries ago 
when they prescribed special dietary supplements to the 
patients based on their experiences. Another clear example 
is related to Jews who had refused circumcision for the 
sons of all sisters of a mother who had sons with the 
“bleeding disease” (hemophilia) 2000 years ago.28 The 
term “personalized medicine” is older than precision med
icine, but nowadays precision medicine is preferred 
(Figure 2). One reason for this renaming is that the term 
“personalized medicine” may lead to misunderstanding. 
For instance, it may be thought that the purpose of perso
nalized medicine is the designing of a unique treatment for 
each patient, while this interpretation is not exactly right. 
The more correct and practical meaning of this term is 
tailoring treatment for a subgroup of patients who have 
similar characteristics that differentiate them from other 
subgroups in the same disease.21,29,30 In addition, the P4 
term (predictive, preventive, personalized, and participa
tory) medicine is also used in some cases to describe this 
particular form of medicine31 and these terms are still used 
interchangeably.32 However, we use the precision medi
cine term in the current article; and this article aimed to 
review the following: the requirements and prerequisites 
for precision medicine, the most important advances and 
achievements in precision medicine as well as and some of 
the diseases whose treatment has been influenced by pre
cision medicine were discussed.

Hypothesis
Nowadays the time of trial and error to achieve the desired 
outcomes has been passed; especially, if the target society 
consisting of human patients. Accordingly, before ensuring 
the results of a new trial, drug, procedure, etc. by testing on 
experimental models and passing the initial stages, it cannot 
be introduced into the human world. These steps may take 
years and are staggeringly costly.33,34 Therefore, it is very 
important to detect any trouble in the earliest phase in this 
process before too much time and funds have been spent. In 
this regard, determining genotype and predicting potential 
related side effects are very important and any negligence 
could cause irreparable consequences for patients and drug 
companies. For example, an anti-inflammatory drug, 
Rofecoxib, was withdrawn in 2004 from the market only 
five years after its public release, since it was proven that 
this drug can lead to increased risk of heart attack and stroke 
in some people who took high doses of it.35 Thus, identifica
tion of potential effects of a new drug before its presentation 
to the market is very important. However, an important issue 
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which should not be ignored is that a particular drug may 
result in different responses in people with the same disease 
(especially based on their genetic characteristics). For exam
ple, in the case of Rofecoxib, it can be said that this drug only 
causes side effects in people with a specific genotype, and it 
not leading to side effects in other people with other geno
types in the same condition. In this case, maybe there was no 
need to remove the drug from the market and suppliers could 
continue selling the drug via a genetic test, and the patients 
would benefit from the drug too. Altogether, precision med
icine can play an important role in the realization of this goal 
(ie, designing and prescription of more precise drugs). 
Investment in this field can help us to achieve better treat
ment procedure in some of the diseases, particularly in rela
tion to diseases in which there are no (at least by now) 
definitive cures. In this respect at least we will encounter 

two important problems: i) the cost of designing new drugs is 
so high that all people cannot use it; and ii) pharmaceutical 
companies tend to design drugs that are utilizable for a wide 
range of patients. Both of these defects are contradicting with 
the main goals of precision medicine. In the study, we will 
review some of the most important aspects of precision 
medicine as well as its pitfalls.

Requirements
The emergence and entry of omics studies has changed and 
improved our understanding of human pathophysiology and 
encouraged the progress of the precision medicine field.36 

There are 4 key elements required for a full understanding of 
precision medicine. 1) Genomics, to get a deeper understand
ing of disease by discovering specific genetic changes (in the 
genome of the patients) which have an association with the 

Figure 1 Comparison between different levels of medicine in dealing with patients with the same disease; (A) Conventional medicine: same drug or treatment is prescribed 
for people with a condition with similar clinical symptoms. (B) Precision medicine: patients with the same disease, based on their common characteristics (often genetic 
variations associated with the disease) are divided into separate subgroups. (C) Personalized (individualized) medicine and the precision medicine terms are sometimes used 
interchangeably. However, regarding personalized medicine it may be misinterpreted that the purpose of personalized medicine is designing a drug or treatment uniquely for 
all patients with the same disease. This is not true, and in practice designing a drug or treatment is performed for subgroups of the patients with common characteristics in 
relation to the disease, and not for all patients uniquely. 
Note: All characters in this figure are affected by the same disease (such as CF) but they have the different features which cannot be easily identified through their clinical 
manifestations. However, these differences can affect the treatment process.
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disease.37 2) Transcriptomics, a technique that obtains infor
mation on the abundance of multiple mRNA transcripts within 
a biological sample simultaneously. 3) Proteomics, completing 
and confirming the information obtained through genomics by 
studying of all of the proteins.38,39 4) Metabolomics, investi
gating the cellular metabolites from biological processes to 
obtain a physiological snapshot of the cell.40 In addition to 
the above, there are other elements that are important which 
should not be ignored, including a) providing the tools and 
databases to collect, integrate, and share the obtained informa
tion of the research in order to accelerate the improvements in 
precision medicine; b) translating information obtained from 
research data into clinical applications (Figure 3). 

Genomics
After the discovery of the DNA structure by Francis Harry 
Compton Crick and James Dewey Watson in 1953,41 

a huge revolution took place in all branches of biological 
sciences. Among these changes, the following milestones 
can be mentioned: a) the discovery of the first sequencing 

methods by Sanger and Coulson42,43 and Maxam and 
Gilbert;44 b) the discovery of the polymerase chain reac
tion in 1985 by Kary B. Mullis.45 A few years later, these 
achievements provided the basic elements for precision 
medicine. Most of the initial activities for understanding 
and developing precision medicine have focused on geno
mics as the source of potential differences related to dis
ease across populations.

What is the genome? The term “genome”, as a set of 
the haploid chromosomes, was first used in the “Spread 
and cause of pathogenesis in plant and animal kingdoms” 
book, written by German botanist Hans Winkler in 1920.46 

Today, the genome refers to any genetic material in any 
type of organism. The genome includes chromosomal and 
extrachromosomal DNA material, either coding (contains 
coding and non-coding genes which may or may not have 
a protein product) and non-coding region.47–50 Note that 
a distinction should be made between non-coding genes 
and the non-coding region of the genome. Although the 
former is non-coding, it is a region which contains genes 

Figure 2 Precision medicine vs personalized medicine: this graph shows a comparison between extent of the use of precision medicine and personalized medicine or 
individualized medicine terms in the titles or abstracts of the indexed citations in PubMed from 2010 to July 2019. The blue (A) curve refers to publications in which only 
precision medicine (not personalized medicine or personalised medicine or individualized medicine) term has been used in the title or abstract. The red (B) curve refers to 
publications in which only personalized medicine or personalised medicine or individualized medicine terms have been used in the title or abstract. According to the graph, it 
is quite obvious that the inclination to using precision medicine in comparison with personalized medicine or individualized medicine has increased in recent years, and this 
shift is clearly visible from 2014 onwards. In 2010, precision medicine keyword has been used only in title or abstract of 2 citations while this number increased to 1967 in 
2018.
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that are transcripted (to functional RNA) but not trans
lated, while the latter is a region without any gene and 
often includes repetitive sequences that are not tran
scripted. Genomics is an interdisciplinary field of science 
that studies the entire genome. Unlike genetics, which 
examines the individual characteristics of genes, genomics 
aims to: identify the interaction between the genes and the 
synergistic effects of them, the interaction of environment 
and genes, as well as the study of the non-coding regions 
of the genome.51,52 Genomic medicine is an interdisciplin
ary medical area including the use of genomic information 
that has promptly developed since the completion of the 
Human Genome Project (HGP) more than a decade ago 
and it includes concepts such as Biomarker, Codon, DAN, 
Exome, Exon, and so on.53

The completion of the Human Genome Project (HGR) in 
2003 has led to a dramatic increase in our understanding of 
the role of genome in molecular mechanisms of disease.54–56 

Also, the knowledge gained through further studies in the 

field of genomics has led to changes and contributed to the 
incorporation of genetics into clinical medicine.57 Two key 
elements in genome studies are sequencing and data analysis, 
each one requiring its own tools and expertise. With the 
possession of these skills and expertise, after discovering 
and analyzing the genetic differences associated with 
a condition in patients, it is possible to design a treatment 
for individuals based on their own genetic and environmental 
characteristics in order to reduce costs and side effects. It is 
not surprising if we consider the human genome project as 
one of the first milestones in the modern precision medicine. 
On the other hand, entry of the next-generation sequencing 
(NGS) methods into the genome-sequencing field has created 
a massive development in the precision medicine applica
tions. NGS can be considered another milestone as another 
milestone in the avenue of development of the precision 
medicine.

Why is human genome sequencing important? There are 
many reasons for the importance of sequencing the genome, 

Figure 3 Most important fields as well as some of their components and achievements affecting precision medicine. 
Abbreviations: HGR, Human genome project; SNP, single-nucleotide polymorphism; EST, expressed sequence tag; SAGE, serial analysis of gene expression; 2-D PAGE, 
two-dimensional polyacrylamide gel electrophoresis; MS, mass spectrometry; LCMS, liquid chromatography–mass spectrometry.
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but the most important of them are the following. a) DNA 
underlies approximately every feature of human health, in 
both normal and abnormal situations; therefore, by having 
DNA sequences in both normal and abnormal forms we can 
find effective differences between patients. b) It is crucial to 
study gene expression in a specific tissue, organ, or tumor.58 c) 
For studying human variation,36 it is necessary to understand 
how genome alterations are related to the development of 
cancer. d) It is highly useful in determining the rate of sensi
tivity to the drug in the same disease for patients, based on 
their DNA sequences (pharmacogenomics).36 Genome 
sequencing can help us to discover the precise molecular 
pathways associated with the disease; it is a vital element in 
precision medicine.

Transcriptomics
The transcriptome refers to all of the RNA transcripts in 
a cell or tissue.59 Transcriptome includes alternative splice 
variants.60,61 One of the main reasons for the study of the 
transcriptome is that most human genes undergo a process 
called alternative splicing. As it is known, a large number of 
eukaryotic genes are composed of exons and introns. On the 
other hand, only exons are translated into protein products, 
while introns are removed after transcription. The process 
via which introns removed from an mRNA and exons are 
reconnected again is called splicing (Figure 4).

Alternative splicing is a particular type of splicing in 
which two or more rearrangements (removal of introns and 
reconnection of exons) can occur in one mRNA in sepa
rate tissues or different stages of cell (tissue) growth. 
Therefore, several proteins can be produced from one 
mRNA without any changes in its related gene (Figure 
5). For example, through the alternative splicing, the 
nuclear pre-RNAs from fibronectin gene are converted to 
20 mRNAs, encoding 20 different proteins.62 Thus, from 
the fibronectin gene, 20 mRNAs and 20 proteins are pro
duced without any alteration in the fibronectin gene (with
out any alteration in genomics level). Alternative splicing 
affects most activities of human genes (95% of multi- 
exonic genes).63,64 The occurrence of errors at this level 
can lead to many diseases such as β+-thalassaemia (a 
disorder characterized by reduced β-globin protein levels 
and anaemia), Duchenne muscular dystrophy (mutations in 
splice site of dystrophin gene and loss of dystrophin pro
tein function) and other examples.64 Accordingly, any dis
turbance in this pathway can lead to disease. Note that 
these defects are not detectable at the genomics level.

Transcriptomics is the study of transcriptome and is 
involved in the function of cells, tissues, or organisms, 
across a wide range of biological conditions. The relation
ship between the transcriptome and the genome suggests 
that the information of an organism is stored in the DNA 
(the genome) and expressed by RNA (the transcriptome). 
The main focus of the transcriptomics is to discover how 
transcripts of a cell, tissue, or living organism are influ
enced by disease or environmental factors (such as drugs, 
hormones, etc.). Non-coding RNA is another very impor
tant aspect of transcriptomics. These functional elements 
play an important role in the occurrence of a variety of 
diseases and their response to treatment.65–67

The transcriptomics includes the post-transcriptional era; 
hence, the alterations that cannot be detected at the genomics 
level can be revealed in the transcriptomics level. Then, if 
these changes have pathogenic importance, they should be 
identified in order to design more reliable treatments. In 
other words, the transcriptomics is a continuum and comple
ments the genomics and fills the gap between genomics and 
proteomics in the precision medicine era. There are different 
methods for transcriptome analysis, depending on whether 
the examination is to be performed on a single gene (or 
a small number of genes) or all transcripts of a cell, tissue 
or organism. Some of the most important of these methods 
are listed in Table 1.

In recent years, genomics and transcriptomics have 
been widely used in clinical applications. Some of the 
most recent of these studies are presented in Table 2.

Well-Known Examples of 
Applications of Precision Medicine
Today, there are many examples regarding clinical appli
cations of precision medicine and its effects on diseases. 
Some of the examples of clinical applications of precision 
medicine are mentioned in different sections of this article. 
Herein, in order to gain a comprehensive insight into 
precision medicine applications, we are going to describe 
well-detailed examples.

Pharmacogenetics is perhaps the first precision medicine 
application68 and is defined as a study of genetic differences 
and its effect on drug metabolism pathways, which ulti
mately lead to different responses to the same drug in differ
ent individuals according to their genetic characteristics.69,70 

One of the first examples of the pharmacogenetics is the sum 
of the trials performed for genotyping VKORC1 and 
CYP2C9 to adjust warfarin dosing. Finally, these trials led 
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to some success such as methods for automated dose estima
tion in patients who received warfarin.68 Compared with 
pharmacogenetics, a term widely used for genes which are 
involved in drug metabolism directly, the pharmacogenomics 
term covers all genomic interactions involved in drug 
metabolism.71 Accordingly, if we want to summarize the 
main goal of pharmacogenetics or pharmacogenomics, it 
tries to determine the genotype of a patient and prescribe 
the most appropriate dosage of the best drug for her or him 
according to her or his genotype which has an association 
with the disease (ie, genotypes that influence the function of 
the drug). Therefore, pharmacogenetics or pharmacoge
nomics can be considered as one of the precision medicine 
achievements.

Cystic Fibrosis
One of the best-known examples of application of the 
precision medicine and its role in improving disease 

treatment is its role in improving cystic fibrosis (CF) 
patients. CF is an autosomal recessive disorder caused 
by mutations in the cystic fibrosis transmembrane con
ductance (CFTR) gene (located on 7q31.2). CF was first 
recognized as a distinct disease in 1936 and was known as 
‘mucoviscidosis’ because of the deposit of thick mucus 
secretions leading to obstruction of the airways and sec
ondary infection.28 In 1987, the location of the gene 
responsible for the CF disease was detected on q-arm of 
chromosome 7.72 Finally, in 1989 this gene was identi
fied, isolated, and cloned, on which further analysis was 
conducted.73–75 More than 2000 mutations have been 
identified in the CFTR gene which the most notable of 
them are: p.Phe508del or c.1521_1523delCTT, G542X, 
and G551D.76–78 Each one of these mutations (based on 
the defect that occurs in the CFTR protein) leads to 
different forms of molecular pathways in the CF disease. 
Note that this difference may not be easily visible in 

Figure 4 Splicing: the process by which the introns are removed and the exons are re-connected.

Dovepress                                                                                                                                                   Khodadadian et al

International Journal of General Medicine 2020:13                                                                      submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                         
633

http://www.dovepress.com
http://www.dovepress.com


clinical symptoms of patients. Therefore, in the same 
disease such as CF all patients with different mutations 
and, consequently, different types of the illness may have 
similar symptoms. In relation to the CF case, the G542X 
mutation leads to a relative reduction or a complete lack 
of protein synthesis in patients. On the other hand, in 
patients with p.Phe508del mutation (some sources have 
written this mutation as ΔF508del) although the protein is 
produced, it does not adequately reach the epithelial 
membrane surface. Finally, in patients with the G551D 
mutation, the protein is produced and placed in its proper 
position in the membrane, but it does not function 
normally.28,79,80 Therefore, each one of these mutations 
through different ways leads to the CF disease. 
Consequently, recognizing the correct and accurate type 
of mutation, and then categorizing the patients based on 
their specific mutations can lead to simple and better 
treatments of the disease. In 2003, a study was conducted 

by Wilschanski et al;79 they found that gentamicin can 
induce expression of CFTR gene and produce its protein; 
this interference led to symptomatic relief in patients 
carrying homozygous stop mutations (eg, G542X muta
tion). However, it has not been effective in patients who 
were homozygous for ΔF508 (p.Phe508del).79 Another 
example is the drug ivacaftor. This drug is designed to 
correct the function of the protein located in the cell 
membrane. Therefore, it is most effective in people who 
produced the CFTR protein and it reaches the cell surface 
(eg, patients with G551D mutation), but it is not effective 
or, in the best state, have a low effect in CF patients who 
generated CFTR protein but, it does not reach the cell 
surface (eg, those carrying p.Phe508del mutation).81,82 

Accordingly, we can see how the understandings of 
genetic changes in patients can lead to designing precise 
therapies and medications for diseases according to the 
type of mutations.

Figure 5 Alternative splicing is a particular type of splicing in which, after the removal of the introns, the exons are joined in different ways.
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Oncology
Cancer is a genetic disease which occurs due to changes in 
some genes involved in cell growth and division.83,84 

Epigenetic disorder mechanisms are one of the causes of 
cancer. The most important of these changes is the DNA 
methylation, which leads to the spread of Helicobacter 
pylori and inflammatory processes followed by induction 
of DNA methylation disorder. Mutations and epigenetic 
changes are the two main agents of neoplasia.

Genetic changes that can lead to cancer can be inher
ited through parents or caused by environmental factors 
such as prolonged exposure to radiation or hazardous 
chemical materials. In both cases (inheritance and envir
onment), irreversible alterations may occur in DNA, and 
these changes may lead to impairment in the function of 
some genes including proto-oncogenes, tumor suppressor 

genes, and DNA repair genes.85 As a response, the process 
of uncontrolled growth of the cell(s) can begin. As stated 
above, each person has a unique genetic content. This 
concept also applies to genetic variations. Indeed, each 
person has also a unique genetic variation. Herein, as we 
are focused on the changes that are related to cancer so, we 
can say that in cancer each individual has a unique genetic 
variation related to cancer. Hence, patients develop unique 
cancers with unique characteristics. Finally, we can con
clude that designing specific treatment procedures for 
patients is necessary based on the specificity of cancer- 
related genetic alterations. In order to show the importance 
of identifying variations and its role in the application of 
precision medicine in cancer, some examples are reported 
as follows.

In ovarian cancer, patients with a mutation in the P53 
gene (in particular, p53 overexpression as well as p53 
missense mutations) exhibit resistance to some che
motherapy procedures such as chemotherapy via 
platinum.86–88 In other studies, it was observed that over
expression of collagen VI, collagen type XI alpha 1, and 
SUSD2 gene could play a role in resistance to cisplatin 
treatment.89–91 In relation to breast cancer, there are 
several examples of different therapeutic responses in 
patients. Mutations in heat shock proteins (Hsps) genes, 
and especially Hsp 70, can play a significant role in drug 
resistance.92 Overexpression of the HER2 (erbB-2), 
BARD1, and BRCA1 as well as genetic polymorphisms 
in CYP2D6 and ABCC2 can lead to drug resistance 
against tamoxifen in breast cancer patients.93–95 Some 
of these alterations have been identified. Undoubtedly, 
there are a number of variations that have yet to be 
discovered and their discovery will increase our insights 

Table 1 Most Common Methods for Transcriptome Study

Methods for Transcriptome Analysis

One or Few Genes Whole Transcriptome
● Tissue in situ hybridization
● Cellular in situ hybridization
● Northern blot hybridization
● RNA dot-blot hybridization
● Ribonuclease protection assay
● Reverse transcription polymer

ase chain reaction (RT-PCR)
● 5ʹ and 3ʹ RACE
● Quantitative (Real-Time) 

reverse transcriptase-PCR 

(qRT-PCR)
● cDNA synthesis and Sanger 

sequencing

● Expressed sequence tag 

(EST) sequencing
● Serial analysis of gene 

expression (SAGE)
● Microarrays
● cDNA synthesis and RNA 

sequencing (NGS 

technology)

Table 2 Some of the Most Recent Clinical Applications of Precision Medicine

Genomics Transcriptomics Disorder References

* Pathogenic postzygotic mosaicism (112)

* Chronic central serous chorioretinopathy (113)
* Asthma (114)

* Cardiovascular Diseases (115)

* Hereditary spinocerebellar ataxia (116)
* Inflammatory bowel disease (117)

* Hepatocellular carcinoma (118)
* Embryo aneuploidy testing (119)

* Prostate cancer (120)

* Rare disease in children (121)
* Acute lymphoblastic leukemia (122)

Note: The asterisk symbol indicates the technique used.
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on cancer. Therefore, through the identification of these 
alterations more effective treatments can be developed 
especially, for the subtypes of each cancer that show no 
response to current treatment. In previous studies, efforts 
have been made in this field.96 Consequently, the general 
prescription of chemotherapy drugs (especially for 
patients who are resistant to these drugs) will be 
prevented.

Altogether, the cases mentioned above constitute only 
a small part of the link between genetic variation and its 
effect on the resistance or susceptibility of cancer to existing 
drugs. There are many more examples, but the important 
concern is that in relation to cancer the mechanisms of 
resistance or sensitivity of the drug(s) have not been com
pletely understood by now.97–100 Therefore, only based on 
similar clinical manifestations we cannot use a general treat
ment for people with the same situation such as cancer. 
Indeed, to achieve more satisfactory results, understanding 
the alterations and mechanisms affecting the treatment is 
essential, and would be promising for overcoming the obsta
cles existing in the cancer treatment process.

Conclusion
Today, some diseases are resistant to existing medications 
and treatments.101 Further, there has been no definitive treat
ment for some diseases by the time of writing this 
article.1,2,102–105 Therefore, it seems that we need to change 
the existing treatment procedures against some diseases, as 
sometimes insisting on attempts to treat a certain disease 
through existing methods not only cannot result in any 
improvement, but also may lead to side effects. For example, 
excessive use of certain chemotherapy drugs in people who 
are resistant to drugs not only does not result in effective 
treatment but it can also lead to serious side effects in 
patients. In order to design an accurate treatment and prevent 
the side effects of the drugs prescribed, the precision medi
cine is a field which can be very promising and as mentioned, 
it has been successful in some cases.

The study of the genome (genomics) and transcriptome 
(transcriptomics) is very important in discovering disease 
pathways and the design of precise and effective drugs. 
Increase insight into these areas can be helpful in treating 
diseases that are resistant to existing treatments. 
Development of nucleic acid sequencing methods and in 
particular the next-generation sequencing technologies is 
one of the most important tools for studying these levels. 
At the genome level, many studies have been conducted 
on the discovery of individual differences in a patient with 

the same condition. Most of the important studies are 
based on the human genome project, single nucleotide 
polymorphism detection,106 and genome wide association 
studies (GWAS).107 In relation to the transcriptome spli
cing, alternative splicing, and RNA sequencing are very 
important fields as many human genes are involved in the 
alternative splicing process and alterations in this stage are 
not easily detectable at the genome level.

In addition to the precision in drug prescription, another 
major difference between the precision medicine and con
ventional medicine is that conventional medicine often acts 
when a person is sick and does not have a preventive role 
while the precision medicine can also play a predictive and 
preventive role in the early stage of disease. For instance, 
before appearance of the symptoms of a disease in a person 
who seems to be predisposed, treatment can be initiated 
through finding related risk factors. In this case, healthy 
people who have cancer patients in their families can be 
informed about their health status through screening pro
grams such as DNA or RNA (cDNA) sequencing, performed 
by next-generation sequencing (NGS) or other sequencing 
technologies. Examples include the role of BRCA genes 
mutations in preventing breast cancer. It is clear that achieve 
these goals, there will be problems that have been studied in 
detail in previous studies.108,109

If we want to summarize the precision medicine term in 
a short and comprehensive model, we might find the best 
description in a phrase from Dr. Mark A. Frye: “right drug, 
right dose, right patient”.110 Nevertheless, the modern preci
sion medicine, as what we see in other sciences, is an inter
disciplinary science, and it cannot attain its goals and 
achievements except utilizing all the existing potentials, espe
cially through advances in genetic tools and techniques for 
identifying interrelationships between diseases and the genetic 
characteristics of patients as well as the ability to translating 
these data into clinical applications. Understanding the differ
ences associated with a disease is possible at different levels, 
including the genome, transcriptome, proteome, and metabo
lome. In some cases, these alterations can only be detected at 
one of the levels mentioned, and not at all of them. Therefore, 
in order to achieve the desired goals related to information 
about all of the pathways and levels which affect the disease 
must be obtained. In the next step, we will need powerful tools 
and equipment to store and share a large amount of data. One 
of the great advances in this field is the use of mobile phones 
and apps technology to collect and share big data.111 

Ultimately, we need the knowledge and expertise to translate 
the archived data into the clinical applications. However, we 
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should not allow that the demand for these tools and equip
ment lead to forgetting one of the main goals of the healthcare 
systems (including precision medicine), ie, cheapness and 
affordability for low-income patients. Finally, it is hoped that 
one day all human beings will equally taste the fruits of the 
science tree whether patients who are living with enduring 
extreme hardships in inaccessible small villages in Asia and 
Africa or famous politicians and prosperous people who are 
living in the vicinity of advanced hospitals and reference 
laboratories.
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