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manage its symptoms through medication usage.5 By assess-
ing the natural intensities of symptoms, doctors classify 
asthma as either mild, mild persistent, moderate, or severe.4 
Asthma may be further characterized depending upon the 
patient’s level of eosinophils, which are white blood cells that 
eliminate an infection or allergen by accumulating in tissue 
and causing inflammation.9 Some people may have an excess 
of eosinophils, known as eosinophilia.9 Increased eosinophil 
levels increase a patient’s inflammatory response, which is 
related to their asthmatic response.

Furthermore, asthma can be systematically categorized by 
three factors: genotypes, phenotypes, and endotypes. While 
the goal of genotyping is to sequence a patient’s genome and 
identify genes that can predict their response to drugs, phe-
notyping involves the examination of observable character-
istics of asthma.4 Endotyping analyzes the unique molecular 
mechanisms that result in asthma’s symptoms.12 According 
to the central dogma of biology, these three factors are inter-
related. However, the approach to each type of classification 
differs.

CURRENT TREATMENTS

The standard treatment for all asthma patients includes  
combining the use of a bronchodilator with inhaled cor-

ticosteroids (ICS).3 Bronchodilators relax the muscles sur-
rounding the airways, while ICS are artificial hormones that 
reduce inflammation.10,11 This conventional therapy is effec-
tive for about 68 percent percent of asthma patients, most 
of whom have mild to moderate symptoms.3 For patients 
whose symptoms are severe and cannot be controlled effec-
tively with these methods, treatments are modified accord-
ingly. For example, dosages may be increased or other con-
troller medications may be administered.3 However, even 
with this approach, five to ten percent of patients still cannot 
adequately manage symptoms, which is indicative of the low 
efficacy of severity-based treatment.3 Classifying asthma fur-
ther and personalizing treatment based on particular asthma 
types is therefore necessary.

PSYCHOLOGICAL AND ECONOMIC IMPACTS

Developing personalized medicine for asthma has become 
urgent, especially because of its psychological impact, 

which often is rooted in its burden on the American health-
care system. Currently, about eight percent of the U.S. popula-
tion has been diagnosed with asthma.6 Many of these patients 
have experienced the terrifying sensation of being unable to 
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THE TERM “PERSONALIZED MEDICINE” IS 
often associated with cancer. In examining the genet-
ics of patients’ tumors, scientists have realized how 

heterogeneous cancer is; malignant cells can reproduce 
uncontrollably through a diverse set of genes and molecular 
mechanisms.1 As more extensive research has surfaced, the 
importance of tailoring therapy to a patient’s genotype has 
become clear. Therefore, tremendous efforts have been put 
forth to encourage personalized medicine. In 2015, President 
Obama launched the Precision Medicine Initiative, which 
aimed to promote collaborative research and the provision 
of individualized care to patients.2 Underneath this initia-
tive, the National Institute of Health (NIH) strives to enhance 
precision medicine clinical trials, and the Food and Drug 
Administration (FDA) seeks to regulate and support the 
development of genetic sequencing technologies.2 As Presi-
dent Obama described his goals, he highlighted cancer as a 
target of personalized medicine.2 This focus on cancer may be 
due to the vast funding provided for cancer research in addi-
tion to the public’s familiarity with recent breakthroughs. But 
what about the benefits of developing personalized medicine 
for more common diseases, like asthma?

In the past few decades, doctors have noted that some 
asthma patients do not respond favorably to standard treat-
ments.3 This recognition has also led them to suspect that 
asthma may actually be a heterogeneous disease that requires 
personalized medicine for treatment.3 A substantial amount 
of research has been done recently on the genotypes and 
phenotypes of asthma, which may lead to designing new 
therapies that are specific to each type of asthma.3,4 Never-
theless, the quest for personalized medicine in asthma treat-
ment has been challenging, especially with small numbers 
of participants in clinical trials and the various types of the 
disease that are left to be defined.3,4 Although methods of 
genomic sequencing and statistical analysis have been prom-
ising, the classification process for asthma may take years to 
complete.3,4 Amidst research efforts, the medical community 
has been reminded that personalized medicine is more than 
just understanding and implementing scientific knowledge; 
it calls for better communication between clinicians and 
patients.5 The need for personalized medicine in asthma has 
great potential to beneficially impact treatment through use 
of genetic testing and specific therapies. 

CLASSIFYING ASTHMA

Asthma involves the inflammation and constriction of a 
person’s airways in their lungs, which leads to tightness 

in their chest and shortness of breath.8 There is currently no 
cure for asthma, leaving those who experience it having to 
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breathe.5 Experiences like this are det-
rimental to people’s quality of life for 
many reasons.5 There is a strong rela-
tionship between anxiety and asthma 
in patients, such that repeated distress 
often exacerbates asthmatic symptoms, 
leading to a continuous cycle of anxiety 
and asthma.5 Furthermore, as of 2015, 
the yearly cost of asthma was nearly $56 
billion, mostly due to drug costs as well 
as doctor and emergency room visits.7,4 
The added expense of affording drugs to 
treat asthma may even further impact 
psychological stressors that continue 
the cycle of anxiety and asthma. Per-
sonalized medicine may  offer itself as 
a more efficient and cost-effective way 
to alleviate the psychological and eco-
nomic burdens of asthma.

GENOTYPING ASTHMA

Genome-wide association studies (GWAS) and phar-
macogenomics are at the core of asthma genotyping 

research.4 In clinical trials, researchers administer drugs 
to participants, scan their genomes, and find associations 
between certain genes and 
participant reactions to 
each drug.4 These associa-
tions can then be used to 
develop genetic tests that 
identify critical genes that 
may inform health profes-
sionals of the best treatment 
for each patient.4 Notably, 
genes can determine 60 per-
cent of a patient’s likelihood 
of developing asthma.13 This 
method of pharmacogenom-
ics has been proven as effec-
tive in treatment of other diseases. For example, a genetic test 
can now predict whether a breast cancer patient will respond 
favorably to Herceptin, a treatment drug.14

While genetic testing has yet to be developed for asthma, 
the current focus has been on identifying genes that predict 
a patient’s response to bronchodilators and ICS.4 Candidate 
genes, which may show differences in types of asthma, have 
been identified, but replication of results across multiple 
GWAS has been minimal.4 Furthermore, drug trials have 
small numbers of participants, which weakens their analy-
ses.4 More data could be gathered using longitudinal stud-
ies that observe patients undergoing treatment. However, 
patients often receive a combination of a bronchodilator and 
ICS as the mainstream treatment, which makes it difficult for 
researchers to isolate the genotypes of a patient’s response 
to each medication on its own.4 Though it needs more data, 
genotyping asthma may be highly conducive to the develop-
ment of genetic testing for asthma, which can benefit efforts 
toward personalized medicine.

“Personalized medicine may 
offer itself as a more efficient 

and cost-effective way to 
alleviate the psychological 
and economic burdens of 

asthma.”

PHENOTYPING AND ENDOTYPING ASTHMA

Other methods of categorizing asthma include pheno-
typing and endotyping. Phenotypes and endotypes 

are  both observable, though an endotype often explains the 
mechanism of a phenotype.12 Since both are closely related, 

researchers frequently use phe-
notyping and endotyping in the 
same studies.12 

The main approach to phe-
notyping asthma is cluster anal-
ysis.3 In this statistical approach, 
asthma patients are grouped by 
their asthma categorizations 
and symptoms so members 
of each group are as similar as 
possible.3 Each analysis involves 
a unique set of traits, but the 
most common are the sever-
ity of the disease, response to 

drugs, eosinophilia level, and age of onset.3 For example, a 
group may be of patients who have early-onset asthma with 
low eosinophilia levels.3 As a result, each group represents a 
particular asthma phenotype. 

Over the past decade, researchers have successfully 
performed several cluster analyses of asthma phenotypes. 
According to a 2013 study, there is little difference in the 
phenotypes that have been identified 10 years apart, mean-
ing classification is stable over time.15 Furthermore, signifi-
cant correlations between phenotype and reactions to drugs 
have been discovered. One notable example is that ICS works 
particularly effectively for asthma patients with eosinophilia.3 
The endotype that explains this phenotype of asthma with 
eosinophilia has been identified as TH2-high.3 TH2-high 
refers to a large presence of TH2 cell cytokines, hormonal 
messengers that stimulate the production of antibodies and 
trigger eosinophils.16 With this discovery, therapeutic anti-
bodies have been designed to block TH2 cell cytokines 
and the cells’ production of its antibodies.3 This is a prime 
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example of personalized medicine, where asthma treatment 
was designed as specific to TH2-high asthma. However, the 
quest for personalized medicine for all phenotypes of asthma 
still requires the phenotypes and endotypes of non-eosino-
philia and other traits of asthma to be investigated further.3 

PERSONALIZED MEDICINE: MORE THAN THE SCIENCE

The goals of genotyping, phenotyping, and endotyping 
asthma seem to be reachable in the distant future. Mean-

while, researchers have reminded the medical community of 
other ways to improve healthcare delivery to asthma patients 
by emphasizing that personalized medicine is more than 
implementing scientific knowledge.5 They have highlighted 
the need to address patients’ noncompliance with treatment 
regimens; the estimated rate of noncompliance is anywhere 
from 30 and 70 percent.5 If patients were to follow their medi-
cation schedules, the number of emergency room visits and 
hospitalizations would be cut in half.4 Common reasons for 
widespread non-adherence may be patients’ forgetfulness and 
concern that ICS may lose effectiveness after repeated use.5 
Moreover, many patients may use the medications only when 
their symptoms intensify.5 Therefore, improving clinician-
patient communication is essential, particularly in terms of 
education on self-management and compliance on aiding 
health outcomes.5 Finally, improved communication with 
patients is another way of personalizing medicine to suit the 
needs of patients as individuals. 

CONCLUSION

Overall, personalized medicine for asthma has great 
potential as researchers delve into defining the geno-

types and phenotypes of asthma. Some candidate genes that 
can predict a patient’s response to drugs have been identified, 
and therapies that target specific phenotypes and endotypes 
have been developed. However, the search for personalized 
medicine has had some challenges. These include clinical tri-
als with small numbers of participants, difficulty replicating 
results across various GWAS, and the substantial number 
of possible asthma types. Since personalized medicine for 
asthma still needs significant development, researchers and 
clinicians must seek other ways to personalize medicine, such 
as through improved patient-clinician communication. This 
communication can reduce healthcare costs related to asthma 
and, more importantly, improve the quality of life for many 
patients.  

Despite various difficulties, physicians and scientists 
remain optimistic. After all, personalized medicine has revo-
lutionized the treatment of cancer, setting a precedent for dis-
eases like asthma.4 Once personalized medicine for asthma 
becomes a reality, it may impact the treatment of other ill-
nesses in a similar maner to ameliorate their substantial 
effects on people’s lives.
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TODAY, BRAIN TUMORS ARE MEASURED BY   
location, by whether they have metastasized, and 

by how they visually appear under a microscope. But 
what if they were evaluated by the mutations that ini-
tiated their development? Robert Jenkins, M.D., Ph.D., 
at Mayo Clinic and Margaret Wrensch, M.P.H., Ph.D., at 
the University of California, San Francisco, are explor-
ing the genetic components of glioma brain tumors 
to develop a test for brain cancer prognosis and 
treatment. 

Gliomas are the most common type of brain tumor 
and are broken in to three types: astrocytomas, oligo-
dendrogliomas, and oligoastrocytomas (a mixture of 
the first two). Basing a brain tumor solely on its name 
may fail to acknowledge many individual characteris-
tics of a tumor. To further individualize each glioma, 
Jenkins and Wrensch are analyzing the mutations in 
gliomas. 

All cancers begin with a mutation: some are 
recently developed while others have existed since 
utero. Jenkins and Wrensch are focusing on the gene 
mutations 1p/19q co-deletion, the IDH mutation, 
and the TERT mutation. Most gliomas either have all, 
none, or some combination of these three mutations. 
Gaining a better understanding of a glioma can help 
with treatment, specifically therapies that target the 
unique mutation. 

Jenkins and Wrensch are now beginning to apply 
their research in a clinical setting. They are using 
“gene chip” technology to locate mutations in a tumor 
that appear as duplicated or missing DNA segments. 
Patient outcomes from treatment with this addi-
tional information are superior than those without it 
because the mutation knowledge aids in understand-
ing how a specific glioma will respond to a treatment 
and which treatment is best. No two patients are alike 
and neither are two gliomas. Sometimes the treat-
ment is not worth the outcome, though many times it 
is, but allowing a patient to have a better understand-
ing of his or her prognosis is extremely valuable.

Going forward, Jenkins wants to expand his explo-
ration on cancer genetics and mutations. His labora-
tory is using CRISPR, a genome-editing tool, to cause 
the glioma mutations in cells in order to observe how 
the cancer develops. Jenkins states, “It is possible that 
these tumors have been around since the person was 
born…It may very well have started in utero, and it 
just takes 30 years for them to come to clinical atten-
tion.” By specializing the treatment and therapy for 
each individual cancer, Jenkins and Wrensch are ulti-
mately one step closer to identifying the cure for the 
disease. 


