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Introduction

Precision medicine has emerged as a forefront approach in cancer research and treatment,
focusing on evaluating biomarkers within patients to tailor therapies for improved outcomes. In
oncology, the precision medicine approach to cancer therapy begins by evaluating relevant
biomarkers within the patient, such as proteins, RNA and DNA transcripts, or mutations. The
results of these tests are then compared against other patients and are used to predict whether a
patient will respond to the therapy of interest. This allows the clinician and patient to select
therapies that are more likely to succeed, reducing the need for trial and error of different
treatment options and providing timelier treatment to the patient. Ultimately, this approach
improves overall survival rates and quality of life (Ashley, 2016). As the precision medicine
framework is introduced to new immunotherapy and chemotherapy drugs being brought to
market, it is imperative that they are made available to patients as quickly as possible to
maximize the number of patients who may benefit from precision medicine in the future.
Currently, among the eligible cancer patients who can receive genetic testing to inform their
chemotherapy treatment, only a limited set of patients goes all the way through the process and
receives treatment based on the results of appropriate biomarker testing. For example, in non-
small cell lung cancer (NSCLC) patients alone, on average 49.7% of the 500,000 patients
eligible for genetically informed testing did not receive the correct treatment due to delayed and
uneven implementation of new practices in the United States (Sadik et al., 2022). This decreases
the number of patients who receive the treatment plan recommended by national boards and
reduces their survival rates and quality of life. This phenomenon precludes a wide range of
eligible patients from treatment across numerous malignancies that have received precision
medicine treatment. To improve this process, we must first understand the current
implementation process. To that end, I examined in depth the past integrations of precision

medicine into the clinic.

The use of genetic testing to select patients to receive specific types of chemotherapy is
the premier form of precision medicine that has been developed and integrated into the clinic
within the last two decades. Its implementation differs significantly from the introduction of new
drugs due to its complexity. Genetic testing to inform chemotherapy treatment requires (1) initial

clinical evaluation and biopsy referral, (2) biopsy collection, (3) biomarker analysis, and (4) test



result reporting and a clinical treatment decision (Sadik et al., 2022). Implementation challenges
arise from various factors at both the organizational and practitioner levels at each stage of this
process. Consequently, integrating genetic testing into clinical practice presents distinct

challenges that require a unique uptake process compared to other clinical advancements.

It is commonly thought that once successful therapies and advancements are discovered, they
are immediately celebrated and used in the clinic because of their proven life-saving benefits.
However, the process of adopting new advancements, especially in medicine, requires a lengthy
implementation process so complex that a discipline, implementation science, has been created
to investigate it. Implementation science is dedicated to investigating how evidence-based
practices and new research progress from discovery to benefiting patients and society. The
science examines factors related to the adoption of new practices, particularly barriers to
beneficial practices. In medicine and cancer research, this process includes (1) basic research
discoveries, (2) technology development, (3) testing and clinical trials, (4) commercialization,
(5) regulatory approval, and (6) voluntary adoption by authorized technology users and
healthcare providers (Bauer & Kirchner, 2020). Despite their vast benefits, the adoption of new
technologies into practice occurs over an extended period, and in biomedical innovation,

physicians tend to adopt these solutions months to years after their commercialization.

I intend to investigate the factors contributing to this delay, aiming to address them in
future implementations of precision medicine. My goal is to identify key areas for focus for
groups developing and commercializing new precision medicine techniques, with the aim of

increasing the number of patients receiving state-of-the-art treatment.

The implementation of precision medicine techniques in oncological practices follows the
pattern of adoption defined by the theory of diffusion of innovations. This theory describes how
new advancements spread through society over time and categorizes individuals by their speed
of uptake (Rogers et al., 2008). The factors contributing to this pattern fall into the categories
outlined in Pacey's triangle, which characterizes them as cultural, institutional, or technological
(Pacey, 1985). These factors together determine the pace of implementation in precision
medicine in chemotherapy practices. Understanding these elements will lead to improvements in

the effective and efficient introduction of new medicine.



Physician Level Factors

The process of integrating new innovations into clinical practice requires not only
technological advancements and commercialization but also a conducive environment for
acceptance. Pacey’s Triangle postulates that advancements succeed when their organizational,
technical, and cultural elements align (Pacey, 1985). Precision medicine exemplifies this theory,
as these three elements not only affect its implementation but also dictate the pace of adoption by
clinicians. The cultural aspects surrounding precision medicine are influenced by the
environment and relationships that oncologists work in, which is evident in their attitudes toward

its rise.

Physicians bear significant responsibility for adopting new practices and clinical
recommendations to improve patient care. However, almost all advancements in medicine carry
costs in addition to benefits, necessitating careful consideration by physicians before
implementing new practices to protect patients. Physicians must understand the empirical
evidence surrounding the advancement, the nuance of recommendations made by their governing
bodies, and other considerations that are specific to individual patient’s needs. This complexity

increases the difficulty of adopting new practices and slows the pace of implementation.

Physician attitudes toward precision medicine reveal several factors that impede the
adoption of new practices. These attitudes correlate with openness to using new precision
medicine practices; those with more positive attitudes express fewer concerns (Vetsch et al.,
2019). However, some physicians remain hesitant to include precision medicine in their practice
due to a lack of robust studies and considerations of financial and time costs (Gingras et al.,
2016). Physicians also cite a lack of confidence in their own knowledge and understanding of
genetic testing and precision medicine practices, preferring to rely on genetic counselors for
guidance (Vetsch et al., 2019). This complexity reduces the proportion of patients who benefit
from precision medicine (Sadik et al., 2022). "Oncologists’ even express hesitation in complying
with recommendations from federal governing bodies such as the National Comprehensive
Cancer Network (NCCN) and National Cancer Institute (NCI). This hesitation is due to the
complexity of evidence from clinical trials, including biomarkers and other evidence (Erdmann
et al., 2021).To address physicians' hesitancy toward adopting precision medicine practices, such

as lack of confidence, financial concerns, and complexity of evidence, comprehensive continuing



education programs as well as robust, well distributed research are imperative for introducing

advancements effectively.

Several interviews in similar studies have highlighted physicians' concerns that precision
medicine could harm the physician-patient relationship by causing physicians to rely heavily on
data rather than treating the patient as a "whole person" (Erdmann, 2021). Physicians must
balance health-focused concerns, ethical considerations, and patient well-being in making their
decisions. For example, disclosing disappointing results of precision medicine biomarker tests to
patients can cause psychological harm. Physicians demonstrate a desire to address these issues
before adopting new practices (Vetsch et al., 2019). Additionally, patients' attitudes toward
treatment and precision medicine also significantly influence whether they receive treatment.
Many oncologists believe that ordering genetic tests should be a shared decision between
providers and patients and do not order genetic tests if their patients are reluctant (Bombard et
al., 2014). The quality of individual physician-patient relationships has an impact on a
physicians’ proclivity to introduce new or experimental practices to these patients. Therefore,
improving communication and the quality of individual physician-patient relationships is crucial
for introducing new or experimental practices to patients. Overall implementation of new
practices would therefore benefit from more comprehensive physician training in communication

and increased time spent providing direct patient education.

Precision medicine has gained popularity in the media and among the public, with over
700 appearances in North American media between its implementation in 2005 and 2018
(Marcon et al., 2018). This has positively facilitated its implementation in the clinic. Physician
interviews revealed that patients are not only more inclined to follow through with suggested
regimens but also frequently bring up genetic testing and precision medicine techniques in
conversations with their providers, improving the overall implementation of precision medicine
into care. Conversely, the attitudes of some patients have revealed that they are hesitant to
receive genetic testing because they fear that having genetic information as a part of their
medical record may open themselves up to racial discrimination and harm them down the line in
legal issues and concerning health and life insurance, regardless of the current validity of this
belief (Erdmann et al., 2021). Race is an influential factor in this feeling, with Black and other

minority groups experiencing a much higher likelihood of reporting fear of genetic testing as it



may put them at risk for discrimination (Chakravarthy et al., 2020). Ultimately, a patient-
centered approach prioritizing public education, addressing concerns, and promoting equity is
crucial for overcoming barriers to the widespread adoption of precision medicine and ensuring

its benefits are accessible to all patients.

The environment and relationships in which oncologists work may affect the speed of
adopting new practices. Social relationships among doctors have been shown to increase the
speed at which new therapies are adopted by physicians and their practices. For example, in a
study which comprehensively evaluated 44,000 patient treatment regimens and conducted robust
interviews with surveys, researchers found that a chemotherapy drug, Bevacizumab, was more
often used by a physician if a colleague they were acquainted with also used it (Keating et al.,
2020). Active membership in broader organizations and attendance at research conferences are
also associated with greater adoption speed (Bombard et al., 2014). Increasing access to these
events and relationships are important, especially for physicians in rural and community

practices, to benefit their patients.

Cultural factors and attitudes affecting the adoption of new practices also create
inequalities in the speed of adoption among healthcare providers and patients. Physicians'
attitudes, as identified in interviews and implementation science studies, point toward several
possible focuses for future studies to create more efficient and equitable implementation of
clinical practice. While technical and organizational components may be easier to address from a
design perspective, it is necessary to consider cultural factors to address inequalities in the
implementation of new medical practices, as technological factors cannot easily circumvent this

1SSue.

Organizational and Technological Level Factors

The second pillar postulated by Pacey’s Triangle, organizational factors, is crucial in
implementing advancements like precision medicine (Pacey, 1985). Inefficiencies at this level
have been attributed as significant barriers to the implementation of precision medicine and are

key targets for improvement.

Many patients who receive a positive cancer diagnosis and are eligible for biomarker

testing that informs their chemotherapy treatment do not receive this opportunity. A study on a



cohort of NSCLC patients reviewed the process of receiving precision medicine practices and
observed which eligible patients were missed due to organizational and physician-related factors.
This robust study, using data from over 500,000 patients and validated by international
investigative studies, also pinpointed at which step in the process patients were lost (Sadik et al.,
2022). The precision medicine treatment process being examined required a biopsy of the
patient’s tumor, appropriate biomarker testing for the biopsy, and a treatment decision informed
by the results of testing. The study revealed that about 23% of patients either were not referred
for the initial biopsy or did not have biomarker testing performed on the biopsy (Sadik et al.,
2022). Physicians surveyed in a companion study attributed this failure in part to the high cost of
the process, testing accessibility, and a lack of awareness of testing (Smeltzer et al., 2020).
Patients also were lost along the process due to organizational inefficiencies and barriers to
access. As the practice of genetic testing was commercialized, clinical laboratories slowly gained
the capability to perform the proper testing. Before it became a widespread and widely
recommended practice, the lack of available laboratory testing prevented many practices from
implementing precision medicine. Even as biomarker testing has become the best-recommended
practice by NCCN and NCI (Biomarkers Compendium, 2024), some laboratories still lack the
infrastructure for this type of testing, and practices must send samples far distances for sampling,
delaying the testing process and subsequent treatment (Smeltzer et al., 2020). This especially
affects practices and patients in developing countries and even within rural communities within
developed countries. Additionally, failures in the testing process prevented patients from
receiving useful test results. In the non-small cell lung cancer cohort, 14% of biopsies performed
did not provide sufficient tissue, and biomarker testing could not be performed (Sadik et al.,
2022). Often, biomarker testing was not repeated or significantly extended the time to treatment
decision, and treatment decisions were made before gaining proper information. The delay of
biomarker testing not only prevents timely treatment but often causes physicians to choose
treatments without biomarker results, negating the benefits of biomarker testing. While a
widespread improvement in access to new treatments would be helpful in bringing the benefits of
precision medicine, a more manageable and effective improvement would come in improving
education in the referral and biopsy process for physicians and reclassifying such biopsies as
emergent cases. Additionally, aiming to reduce costs for labs looking to uptake this new practice

and simplifying instructions and practices and instructions for lab technicians may be an option



for companies commercializing the practice. In future implementations of precision medicine, it
is even more imperative to clearly define the standards and timeline within this process before
adding additional layers of complexity to biopsy analysis to guide future forms of cancer

treatment in the future.

The cost of a procedure is another significant factor in the initial adoption of new
practices by a physician, and the high cost of biomarker testing has caused hesitation in
physicians deciding whether to prescribe it. In adopting new practices there is significant
overhead cost in the onboarding of the product and in the individual cost of testing for each
patient, which is especially high for new, complex processes like novel biomarker testing. The
amount of the initial monetary investment required from the practice often causes a difference in
the speed of uptake, especially for small community practices. Providers who are part of large
academic institutions, which may use research funding to perform clinical trials, can often
onboard and use new techniques more quickly, while those in community practices must wait
until the product has been commercialized and they are willing and able to make the financial
investment (Hess et al., 2023). This contributes to stark inequity among patients receiving

treatment in different regions and practices.

Once treatments become accessible to practices, the high cost of biomarker testing for
individual patients remains a significant barrier to the accessibility of the treatment. Interviews
reveal that cost is the most important factor in a provider’s mind when they decide on testing and
treatments for patients. Fifty-five percent of oncologists who were interviewed had refrained
from prescribing genetic testing because it is too expensive or because it is difficult to receive
coverage from insurance payers (Ciardiello et al., 2016). The high cost of biomarker testing
makes the out-of-pocket cost unaffordable for most individuals, so insurance coverage dictates
the accessibility of testing and the implementation of precision medicine. Coverage for
biomarker testing requires approval by insurance payers, and initial approval is required before
any tests are paid for. In order testing to become approved, payers require that the advancement
is backed by strong evidence and is medically necessary (Trosman et al., 2017). Insurance payers
that were interviewed about covering genetic testing cited a need for genes being tested to be
confirmed by substantial clinical trials for them to be covered as non-experimental and proven

relevant to patients. Insurance payers require proven clinical utility and medical necessity for



treatments (Dhanda et al., 2020). The requirements for coverage vary widely among insurance
payers and create ambiguity for healthcare providers, making implementation more difficult.
After insurance payers approve new technology for coverage, there is variability in individual
coverage for patients within the same practice. The uncertainty of being able to get patient
reimbursement for treatment affects a clinician’s decision to prescribe the test to their patients.
All physicians interviewed by the Ciardiello group noted that they would be more inclined to
encourage test for their patients when the cost decreases and when coverage improves (Ciardiello
et al., 2016). The requirements for coverage vary widely among insurance payers and create
ambiguity for healthcare providers, making implementation more difficult. While cost is
challenging to address, particularly for complex and novel technologies, investing in successful
and comprehensive negotiations with insurers from the developer’s perspective could
significantly improve the uptake of precision medicine for patients who would benefit from it.
This could include investing in robust clinical trials to demonstrate the substantial benefits of the
procedure, clarifying documentation to meet the standards of insurance companies, and focusing
on negotiating approval with insurance payer. Given its importance from the physician's
perspective, it is likely that this effort would be worth the research and investment. Another
option is to seek legislative support to compel insurance payers to more comprehensively cover
biomarker testing costs across a broad range of cases (Kentucky Health News, 2023).
Additionally, incorporating these efforts into future advancements in precision medicine would

ease the burden on physicians and patients, allowing for more rapid benefits to patients
Conclusion

In summary, the adoption of precision medicine has been influenced by a combination of
cultural, organizational, and technological factors. Physicians' relationships with other providers
and their patients, as well as their education on advancements, are crucial. Organizational and
technological factors such as drug cost, technological infrastructure, and accessibility affect
patients' ability to receive timely, state-of-the-art care. These factors collectively shape the
landscape of implementation science and precision medicine in the medical field. Upon specific
analysis, | recommend areas of focus for researchers and proponents of such technologies to
improve the implementation of precision medicine practices efficiently and effectively. I suggest

investing in improved physician education on new practices, expediting laboratory infrastructure,



and efforts toward insurance coverage inclusion. These areas of focus will most easily improve
the speed of implementation given the complex processes involved in precision medicine and

bring the great advancements of cancer research to many patients.
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