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Abstract

Precision medicine presents an opportunity to use novel, data-driven strategies
to improve patient care. The field of precision medicine has undergone many
advancements over the past few years. It has moved beyond incorporation of
individualized genetic risk into medical decision-making to include multiple
other factors such as unique social, demographic, behavioral, and clinical char-
acteristics. Geriatric medicine stands to benefit heavily from the integration of
precision medicine into its standard practices. Older adults, compared with
other populations, have high clinical and biological heterogeneity that can alter
the risks and benefits of different approaches to patient care. These factors have
not been routinely considered previously by geriatricians. Yet, geriatricians’ abil-
ity to address older adults’ baseline heterogeneity is increasingly recognized as a
cornerstone of delivering quality care in a geriatric medical practice. Given the
shared focus of individualized decision-making, precision medicine is a natural
fit for geriatric medicine. This manuscript provides, via cases and discussion,
examples that illustrate how precision medicine can improve the care of our
older patients today. We will share specific and existing tools and evidence, and
review the existing multilevel barriers to further incorporate and implement
these tools into clinical practice. We propose methods to address these barriers
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INTRODUCTION

The National Institute of Health (NIH) defines precision
medicine as a medical practice that, “...uses information
about a person's own genes or proteins to prevent, diag-
nose, or treat disease.”’ Instead of a one-size-fits-all
approach, the intent is for patients to receive a more tai-
lored plan of care for treating their medical comorbid-
ities. Initially, this field focused on genomics and
proteomics.>® More recently, the field has moved to
include an individual's unique social, demographic,
behavioral, and clinical characteristics when considering
treatment and prevention strategies.* The overarching
goal is to use novel, analytical, data-driven methods and
strategies to potentially lead to improvements in patient
care for specific subpopulations and to ensure the right
intervention is delivered to the right person.’

Geriatric medicine stands to benefit heavily from the
integration of precision medicine into its standard practices
as older adults are not simply “adults with higher chrono-
logical age.”® Older adults, compared with other popula-
tions, have greater clinical and biological heterogeneity that
can alter the risks and benefits of different approaches to
patient care.>® In fact, a comprehensive geriatric assess-
ment (CGA), routinely used by geriatricians, provides
patient-specific details about functional status, neuropsychi-
atric function and health, nutritional status, comorbidities,
and support network, and guide subsequent management.
Beyond this, however, older adults’ biological and social
heterogeneity have not been routinely and systematically
considered by geriatricians previously. However, geriatri-
cians' ability to address older adults' baseline heterogeneity
is increasingly recognized by the National Institutes of
Health as a cornerstone of delivering quality care in a geri-
atric medical practice.”® Consequently, some geriatric
healthcare professionals (GHPs) have already received
training in and practiced the basic tenets of precision medi-
cine.” Given the shared focus of individualized decision-
making, precision medicine is a natural fit for geriatric
medicine. GHPs are well accustomed to highly individual-
ized medicine. This creates an ideal environment to take
steps to bring precision medicine and genomic information
into the fold. This manuscript will provide several examples
that illustrate how precision medicine can improve the care

and to help realize the full potential of precision medicine for the care of older
adults. We conclude with a brief discussion of potential future directions of
research of precision medicine in the care of older adults.

older adults, pharmacogenetics, precision medicine

Key points

« Geriatric medicine can benefit immensely from
the integration of precision medicine into its
standard practices.

« Precision medicine can address the heterogene-
ity commonly encountered in older adults,
ensuring delivery of quality, individual-
ized care.

« The current barriers to the implementation of
precision medicine are addressable, and we
propose methods to address these barriers.

Why does this paper matter?

Older adults are not simply “adults with higher
chronological age.” Compared with other popula-
tions, older adults have greater clinical and bio-
logical heterogeneity, that can alter the risks and
benefits of different approaches to patient care.
This biological, psychological, and social hetero-
geneity has not been routinely considered previ-
ously. Precision medicine practices provide
readily available tools to address this heterogene-
ity. Given the shared focus of individualized
decision-making, precision medicine is a natural
fit for geriatric medicine. This manuscript will
provide several examples that illustrate how pre-
cision medicine can improve the care of our older
patients today

of our older adults today. We will share specific and exist-
ing tools and evidence, and review the existing multilevel
barriers to further incorporate and implement these into
clinical practice.

Why precision medicine in geriatric
medicine?

While precision medicine has taken root in other disease-
based specialties such as oncology, its widespread application
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in geriatric medicine is still in its nascency. It promises new
tools and techniques for clinicians to provide optimal, tai-
lored care to older adults. These include tailoring medication
choices based on individual risks of adverse effects and using
individual demographics and/or genetic profiles to aid in
complex medical decision-making.'’

Physiologic and genetic heterogeneity characterize
older populations.” As a person ages, their unique set of
genetic and environmental circumstances combined with
their individual lifestyle choices (e.g., diet and exercise)
generate significant inherent diversity. Thus, even within
a given age group of older adults, differences in life expe-
riences lead to a wide variation in physical and mental
health, functional status, and cognition. Given this het-
erogeneity, making individual patient decisions using
population averages can worsen the care of specific
patients."' For example, the decision to screen for colon
cancer in a 78-year-old, non-ambulatory smoker with
coronary artery disease and chronic obstructive lung dis-
ease requiring continuous home O, may be very different
than the decision to screen a 70-year-old robust, ambula-
tory, never-smoker with hypertension as their only medi-
cal problem.'? In both cases, accounting for the patients’
individual characteristics is imperative in delivering care
that is most likely to be beneficial to that specific patient.

With increasing heterogeneity, the management of
older adults requires tailoring and individualization to
each patient's complex biopsychosocial needs.® Patients
may have multiple chronic conditions that synergistically
produce harm, or where treatment of one condition may
antagonize others. Time-to-benefit from treatment
becomes a larger concern, as life expectancy may be more
limited. Additionally, as life expectancy decreases, com-
pressing the duration of time with disability becomes
even more important.’® Patient preferences may make
quality of life a more significant outcome than extension
of life. These multiple forms of complexity and competing
risks challenge clinicians’ conventional decision-making.

This complexity also challenges traditional research
design and analytic approaches as well as application of
traditional research results to the care of individual
patients. When GHPs use data from clinical trials in
patient care, they know to consider multimorbidity, indi-
vidual organ function (e.g., chronic kidney disease
[CKD], liver disease, dementia), and social determinants.
These factors may not have been considered in the origi-
nal study.® Precision medicine tools, including pharmaco-
genetic analyses or chemotherapy toxicity risk models,
are known to incorporate patient specific factors rigor-
ously tested in the research setting. They provide
methods to address clinical heterogeneity and complexity
at the patient level, clarifying the science to allow practi-
tioners to focus on the art of medicine. To better illustrate

on how precision medicine techniques and tools can be
incorporated into geriatric patient care, we present a
series of cases with discussion.

Cases

We present three hypothetical patient cases that highlight
the potential value of precision medicine in geriatrics.
We start with a case that presents a traditional precision
medicine, genetic-based approach and conclude with a
case that demonstrates the utility of a broader precision
medicine approach to geriatric care.

Case 1. A 69-year-old male with tobacco use
disorder, obesity, obstructive sleep apnea,
type 2 diabetes, hypertension, hyperlipidemia,
gastrointestinal reflux disease, and Barrett's
esophagus managed with omeprazole is hos-
pitalized with severe chest pain that has per-
sisted for 24 h. EKG shows ST elevation
myocardial infarction and he undergoes per-
cutaneous coronary intervention (PCI) with
stenting of the left anterior descending artery.
You consider clopidogrel or ticagrelor as an
antiplatelet agent post-PCI.

Clopidogrel is a prodrug that requires activation via
CYP2C19. Patients who are homozygous for the *2 or *3
alleles of the CYP2C19 gene, or heterozygous with one
copy of each, have loss of function mutations and are less
able to convert clopidogrel into its active form. These
patients are at higher risk of major adverse cardiovascu-
lar events after PCI while on clopidogrel and may benefit
from an alternative agent.'* However, ticagrelor has a
higher bleeding risk than clopidogrel and is taken twice
daily, increasing pill burden."

In addition to genotype, drug-gene interactions may
affect drug metabolism. Omeprazole, a proton-pump
inhibitor (PPI), which the patient takes for gastrointesti-
nal reflux disease and Barrett's esophagus, is an inhibitor
of CYP2C19, reducing the effectiveness of clopidogrel.*®
Newer PPIs (e.g., pantoprazole, lansoprazole), however,
do not have this inhibitory effect.

You genotype the patient for CYP2C19 alleles and dis-
cover that his genetics are suggestive of being a normal clo-
pidogrel metabolizer. You can safely prescribe clopidogrel
and change the patient’s omeprazole to pantoprazole.

Case 2. A 78-year-old woman with a past
medical history of hypertension, type 2 diabe-
tes, liver disease presents for consideration of
treatment options after detection of a breast
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mass on physical exam during a routine
yearly geriatric evaluation. This led to fur-
ther evaluation via mammography and ulti-
mately a core needle biopsy. Pathology
revealed infiltrating ductal carcinoma. The
tissue sample has been sent for molecular
marker assessment.

The use of molecular targeting for prognostication
and treatment decision of breast cancer is a classic exam-
ple of precision medicine-based oncology. The presence
or absence of hormonal receptors for estrogen, progester-
one, and HER2 have been used for more than two
decades to prognosticate and target breast cancer therapy.
More recently, advances in genomic analysis of the tumor
have helped with cancer risk assessment to guide the use
of adjuvant chemotherapy to reduce the risk of recur-
rence.'”'® Usage of hormonal receptor guided therapy
allows providers to deliver individually targeted treat-
ment that have the highest likelihood of improving out-
comes such as longevity and quality of life, while
minimizing the risk of toxicities incurred from less tar-
geted (i.e., broader) chemotherapy approaches.

Importantly, precision medicine is not limited to molec-
ular analyses. In this case, a more complete precision medi-
cine approach includes a CGA. CGA can identify common
geriatric issues, such as falls or cognitive impairment, that
are associated with worse oncologic outcomes and are fre-
quently overlooked as part of a routine oncologic assess-
ment.'”” These data can then be incorporated into risk
models such as the Cancer and Aging Research Group
(CARG) Chemotherapy Toxicity Calculator to predict risk
of adverse events.”® Specifically, a CARG-Breast Cancer tool
is available for early stage breast cancer with demonstrated
utility in predicting the risk of grade 3-5 (severe and/or life-
threatening) chemotherapy toxicity, hospitalizations, dose
reductions or delays, and reduced overall relative dose
intensity receipt.”’ Such information can facilitate shared
decision-making to ensure that treatment aligns with the
patient's goals and wishes.

Pathology results reveal the presence of HER2 and
estrogen receptors, but not progesterone receptors. The
patient is determined to have stage IIB disease and her
receptor pattern is associated with lower survival than
other receptor patterns. A CGA was performed which
reveals excellent baseline physical and cognitive functions.
The CARG-BC, which incorporates her baseline renal
dysfunction, reveals the patient is expected to have a an
approximately 45%-54% visk of severe and/or life-
threatening chemotherapy toxicity for the recommended
regimen. She discusses this with her family, decides to pro-
ceed with neoadjuvant chemotherapy and remain vigilant
for side effects.

Case 3. An 85-year-old woman is hospitalized
after experiencing a right femoral neck frac-
ture due to a fall from her bed. At baseline,
she does not have any cognitive deficits and is
independent with all activities of daily living
(ADLs) and instrumental ADLs (instrumental
IADLs). Her fracture was repaired operatively
without complication. That night, the patient
was noted be restless and agitated. She was
frequently calling out and screaming. The
inpatient geriatric consult service was con-
tacted to assist with management. The con-
sultant performs a delirium assessment via
the Confusion Assessment Method (CAM)
and notes that the patient is delirious.*?

Postoperative delirium is common, occurring in
between 20% and 25% of those hospitalized.”* This syn-
drome can manifest as agitation, somnolence, or periods
of alternation between hyper- and hypoactivity. There
are many underlying causes but they include electrolyte
abnormalities, adverse effects of medication, infection,
and pain.

This patient was noted to be frequently grasping her
right hip during periods of agitation. The consultant sus-
pects pain is driving her delirium and starts scheduled
three times daily oral acetaminophen along with as needed
low dose oral oxycodone for severe pain.

On the subsequent day, the patient is no longer deliri-
ous. She complains of severe fatigue but is otherwise back
to her baseline cognition. The patient requests that the geri-
atrics consultant meet with her and her son. They are both
concerned about her fall and inquire if she will walk nor-
mally again or if this fracture could be an end-of-life event.
The patient expresses, “I've lived a good life. If it's my
time, it's my time. I don't want to live in a wheelchair
and I don't want to live in a nursing home.”

Psychological resilience has a strong correlation with
improvement in walking capacity after hip fracture.**
High levels of self-reported psychological resilience after
hip fracture are strongly associated with greater recovery
of walking distance and speed 4 months after a hip
fracture.”

The GHP performs a Brief Resilience Scale assessment
and finds that the patient's resilience is high. Given the
patient's good functional status pre-fracture, good symptom
control with as needed oxycodone, great family support,
and her individual resilience, the GHP believes she has a
good chance of functional recovery. After the GHP shares
this information, the patient and her son decide to pursue
physical therapy in a rehabilitation facility for the next few
weeks with a goal of returning home. After 4 weeks in a
rehabilitation facility, the patient regains enough function
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to return home, no longer requires pain medications, and
will continue outpatient physical therapy.

This case demonstrates how precision medicine
approaches include inter-individual clinically relevant
multifactorial heterogeneity in terms of function, multi-
morbidities, frailty, socioeconomic and behavioral factors,
and care preferences. Historically, precision medicine has
focused on single risk factor such as inherited genetic dif-
ferences such as those discussed in Case 1. The multifacto-
rial dimensions demonstrated in this final case must be
added to the older precision medicine approaches, in order
to ensure the best individualized care for each older adult.

BARRIERS TO IMPLEMENTING
PRECISION MEDICINE IN
GERIATRIC CARE

As illustrated by our cases, many precision medicine
approaches are informally employed in geriatric care.
However, we argue that there are multiple barriers that
must be addressed prior to these approaches being more
universally adopted in the care of older adults. Broadly,
the barriers to introducing precision medicine into
geriatric medical practice can be placed at the patient,
health-care provider, health-care systems, and research
community levels (Figure 1).

Addressing patient-level barriers

Medical mistrust is an important barrier to accessing
medical care in general and specifically, to precision
medicine in older adults. Medical mistrust can be magni-
fied among historically marginalized groups, who have
often faced medical discrimination.”® Recording and ana-
lyzing an individual's genome raises concerns about pri-
vacy, access, and ownership.”” Patients rightly expect that
their data will be protected not only from theft, but from
access by unauthorized individuals or organizations such
as an employer or insurer. Similarly, patients may wish
to control whether their data are used in research or
which providers have access to their results. Research
based on genomic data that leads to the development of
intellectual property raises questions of who owns that
property. The ethical issues arising over usage of immor-
tal cancer cells from Henrietta Lacks (HeLa cells) for
research purposes provide an excellent example of this
potential pitfall.*® Finally, genomic data may have impli-
cations for the health of relatives—who may also be the
patient's caregivers—with whom the patient may or may
not wish to share results. We have previously surveyed a
small number of older adults and their caregivers and

found that this was not a significant concern for either
group.”’

Prior research has identified two actions to reduce
distrust in genetic testing.’® They are: (1) denying
insurers access to individual test results and (2) having
primary care providers offer genetic testing instead of
specialists. This research on genetic testing can be extrap-
olated to reduce distrust in precision medicine, in gen-
eral. Data collected for precision medicine must not be
utilized in a discriminatory manner; the Genetic Infor-
mation Nondiscrimination Act (GINA) specifically pro-
hibits the usage of genetic information for insurance
discrimination.*® Educating patients and providers on
GINA may alleviate some of the fear of discrimination. It
will be imperative to extend the protections on genetic
data to other precision medicine data such as social deter-
minants of health.

Lack of patient education regarding precision is
another potential patient-level barrier. Patient knowledge
of precision medicine and its potential is growing but
there is a need for greater public awareness and educa-
tion.? A public education initiative with information on
precision medicine and its potential benefits will be an
integral part of ensuring precision medicine practices
become routine care. These initiatives must be offered in
media that can reach patients of diverse socioeconomic,
racial, and ethnic backgrounds (e.g., television, radio,
print).

Addressing healthcare provider barriers

Healthcare provider level barriers include deficits in the evi-
dence base supporting precision medicine, deficits in train-
ing in how to contextualize and implement this evidence,
and deficits in knowledge of how to utilize the new sources
of patient data created by precision medicine.** Providing
and linking clinical outcome data to provider guidelines
could help GHPs adopt and communicate effectively with
older adults and their caregivers.*® Continued research, pro-
viding evidence-based precision medicine best practices,
will help in overcoming some of these barriers.

In addition to a lack of evidence, significant challenges
in precision medicine implementation stem from a lack of
education and awareness across healthcare providers,
payers, and patients.** To address this, precision medicine
approaches need to be incorporated early into training in
the various medicine disciplines, beginning with medical,
nursing, or pharmacy school. Given the natural fit between
precision medicine and geriatrics, it is imperative that train-
ing in precision medicine be included in geriatric fellowship
education. Building on the shared decision-making and
individualization skills obtained from training in the CGA
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Precision medicine considers the following:

Demographics Genes Social

—~ O S8 A%

Behaviors

Precision medicine assessments may include:

Comprehensive
geriatric assessment

Genetic analyses

Patient preferences

Clinical tests (e.g.,
molecular testing in cancer) ~ health

Social determinants of

Precision medicine barriers

e Medical mistrust
‘ ¢ Privacy, access, and ownership
- concern
¢ Implication for family members

Patient e Lack of patient education

. ¢ Deficits in precision medicine
evidence

M ¢ Lack of training

Healthcare e Lack of knowledge

provider
o Lack of integration and sharing of
data
o Lack of test reimbursement
System

Strategies

e Ensure data privacy
¢ Increase patient knowledge
e Grow public awareness/knowledge

¢ Generation of research evidence
e Incorporation in training

e Data integration and
interoperability in the electronic
medical records

e Reimbursement of testing and time
spent by providers

e Funding to test precision medicine
approaches

Research gaps and potential solutions

Y

Alternative or innovative study design
(e.g., incorporation of CGA, adaptive design)

FIGURE 1 Barriers to precision medicine in older adults.

provides a natural method to facilitate training in precision
medicine approaches.

Addressing systems barriers

Barriers to precision geriatric medicine at the systems
level can be broken down by the different components of
the healthcare system: healthcare delivery, payors, and
research funders. Within healthcare delivery, a major

Implementation research

challenge lies in the integration of appropriate data into
care processes, such as laboratory collection and patient
intake; documentation in the medical record; and the
ability to share data across institutions as appropriate for
patient care. However, other components of the health-
care system also need to align with the clinical imple-
mentation of precision medicine tools. Commonly used
electronic health record (EHR) programs provide a natu-
ral platform for integration of this diverse array of infor-
mation. Key data for geriatric precision medicine, such as
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function, frailty, and treatment preferences, are often
poorly documented in EHRs or are absent entirely; EHR
systems need to be updated to incorporate these data.*>*°
It will also be important to incorporate artificial intelli-
gence (AI) tools into the EHR to help guide precision
medicine decisions.*’

With respect to payors, private insurers as well as Medi-
care and Medicaid need to reimburse for tests, provider time,
and procedures related to precision medicine. For example,
if a medication has a differential effect based on pharmaco-
genetic profiles, then the genetic testing required to deter-
mine this effect should be reimbursed. This reimbursement
must be provided without disclosure of test results to the
payor. More broadly, payors must respect patient privacy
concerns, particularly with respect to genomic data and its
potential abuse in setting premiums, including following
GINA. Payors must also provide reimbursement for time
spent by providers discussing precision medicine tests.

Research funders—from public agencies to private
businesses—need to support work assessing the value of
precision medicine approaches to care, including cost-
effectiveness analysis oriented toward common geriatric
medicine use cases. For the cases where value is demon-
strated, healthcare payors, including private insurance as
well as Medicare and Medicaid, need to reimburse for tests
and procedures. These ideas suggest a clear way forward:
public and private agencies can build partnerships to fund
research assessing the value of precision medicine tools and
tests for older adults, healthcare systems can partner with
EHR manufacturers to improve how these tools are incor-
porated into workflows, and legislation at state and federal
levels can be promulgated to protect patient privacy.

Addressing gaps in research

Broadly, future geriatric research should focus on how to
incorporate precision medicine into research design and
implementation. As stated above, the vast physiologic
diversity among older adults is a significant challenge to
running and interpreting clinical trials in this population.
Clinical heterogeneity leads to heterogeneity of treatment
effects. Traditional trial designs are often meant to com-
pare the mean effect of an intervention to a control. This
trial design does not account for the fact that within both
groups some participants will improve and others
worsen. Delineating the factors that lead to a patient hav-
ing an extreme response or lack thereof to an interven-
tion could prove immensely useful. Incorporation of
CGA into clinical trial design can help better describe
population of interest, and more importantly allow differ-
ential effects of interventions to be analyzed, through
subgroup analyses or other methods.

Adaptive trial designs may make these questions tracta-
ble. One such design is the Sequential Multiple Assignment
Randomized Trial (SMART).*® Under this design, partici-
pants are initially assigned to an arm of the study. At a pre-
specified assessment, participants who did not respond can
be re-randomized. This design is applicable to many condi-
tions, but particularly to behavioral health where medica-
tions are often selected by trial and error. For example, to
test pharmacotherapies, participants can be randomized to
receive one of several antidepressants, be assessed for
response, and nonresponders then re-randomized to
another agent. Once ready for analysis not only are average
effects estimated, but truly individualized treatment path-
ways can be identified using reinforcement learning. These
research strategies potentially allow for more precise pre-
scribing and better individualization of care to each older
adult with their unique type of clinical heterogeneity. These
types of designs strongly align with clinical care—if the ini-
tial approach does not work, a clinician will change their
strategy. In this type of design, one can answer the ques-
tions on which is the most effective initial therapy and
which sequences work best for which individuals. Further-
more, novel machine learning analytics can be used to eval-
uate the findings of the trial and create an algorithm to
match baseline characteristics to the sequence of choice.

The second broad area of need is in health services and
implementation research. Evidence for the use of traditional,
genome-centered precision medicine tools with older adults is
sparse. This paucity of evidence can slow its adoption into
practice.® Whether these precision tools are living up to their
promise and generating value for patients is not clear, and
research on their cost-effectiveness is needed. Further, best
practices for implementation, including buy-in from patients,
providers, and systems need to be identified. Partnerships
between public and private payors may be one way to support
these important areas of research. Such an example is the Vet-
erans Affairs Pharmacogenomic Testing for Veterans
(PHASER) initiative within the Veterans' Affairs Health
System (VA).** The implementation of pharmacogenomics
testing with VA has led to harm reduction from statin pre-
scribing, among other drug-gene interactions.* Incorpora-
tion of patients and their families into study designs and
research question development is another method to poten-
tially assist with implementation and end-user acceptance.

Conclusions

The care of older adults presents an opportunity to meet
the full promise of precision medicine: using the varied
characteristics and hopes of our patients to find a plan of
care that meets them where they are. Geriatricians—
already used to highly individualized medicine—are
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well-placed to take the steps to bring precision medi-
cine and the use of genomic information into the fold.
Many of the barriers to incorporating precision medi-
cine can be overcome through our own professionalism,
education, and partnership with our patients. Others
require us to adjust the organizations we work with
and for in our practice. These efforts need to be
informed by additional evidence that is centered on the
concerns of our patients, is adapted to their diversity,
and is actionable. Precision medicine is coming for our
patients. We are the right professionals to ensure it
meets their needs.
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