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Abstract: Carbamazepine, a widely used anticonvulsant, exemplifies both the promise and challenges of pharmacogenomics in
personalized medicine. This paper critically examines the ethical implications of pharmacogenomic testing for carbamazepine,
focusing on the limitations of current FDA guidelines. Through a comprehensive literature review and ethical analysis, we argue that
these guidelines inadequately address key ethical concerns, including patient privacy, autonomy, equitable access, and potential
genetic discrimination. We propose an updated framework for ethical implementation of pharmacogenomic testing, emphasizing
four key areas: ensuring consistent and equitable access to testing, comprehensive patient education and informed consent, robust
patient privacy and data management practices, and culturally aware approaches to genetic counseling. Our recommendations call
for interdisciplinary collaboration to develop more comprehensive guidelines that balance clinical efficacy with ethical

considerations in the rapidly evolving field of pharmacogenomics.

Keywords: pharmacogenomics, carbamazepine, personalized medicine, bioethics, adverse drug reactions, patient autonomy,

cultural competence

Introduction

Carbamazepine, approved by the FDA in 1965, has been crucial
in treating neurological conditions like trigeminal neuralgia and
epilepsy.! It manages seizures by calming overactive neuronal
membranes and reducing synaptic pain signal transmission.?
However, carbamazepine is associated with severe adverse
drug reactions (ADRs), including Stevens-Johnson syndrome
(SJS), toxic epidermal necrolysis (TEN), and drug reaction with
eosinophilia and systemic symptoms (DRESS) syndrome.?
Recent developments in pharmacogenomics necessitate
reexamining the ethical implications of pharmacogenomic
(PGx) testing, particularly as new genetic markers linked to
ADRs are continually identified.# The discovery of the Human
Leukocyte Antigen (HLA)-B1502 allele in certain Asian
populations, for example, has highlighted pharmacogenomics’
potential in personalizing therapy.®> While the FDA’s 2021
guidelines for carbamazepine PGx testing recommend testing
for HLA-B1502 in patients with Asian ancestry, we argue that
these guidelines inadequately address the full spectrum of
ethical concerns and practical challenges raised by PGx testing.®
Specifically, these guidelines fail to fully account for financial
barriers to testing, the complexities of integrating genetic
information into patient care, and the nuances of informed
consent across diverse cultural contexts.”
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This commentary examines the ethical implications of
carbamazepine PGx testing, focusing on four key areas:
ensuring consistent and equitable access to testing,
comprehensive patient education and informed consent,
patient privacy and data management, and cultural awareness
and humility in genetic counseling. By analyzing these aspects,
we propose a more comprehensive framework for
implementing PGx testing that balances clinical efficacy with
ethical considerations.

Ensuring Consistent and Equitable Access to Testing

Whether because it was deliberately undefined at the federal
level to enable the development of specific local protocols or
because of limited evidence available at the time of drafting,
the FDA’s 2021 guidance on carbamazepine PGx testing falls
short in several key areas, including a lack of clear protocols for
determining patient ancestry in diverse populations,
insufficient address of ethical implications of ancestry-based
screening, and absence of strategies for ensuring equitable
access to genetic testing.® While federal agencies often provide
broad regulatory frameworks rather than prescriptive
protocols, particularly in rapidly evolving fields like
pharmacogenomics, the lack of clear guidelines for integrating
PGx testing into clinical decision-making has resulted in
inconsistencies in practice and barriers to access.

In contrast, the Clinical Pharmacogenetics Implementation
Consortium  (CPIC) provides explicit recommendations
regarding PGx testing for carbamazepine. In 2017, CPIC updated
its guidelines to recommend HLA-B15:02 and HLA-A31:01
genotyping before initiating carbamazepine therapy, especially
in populations where these alleles are prevalent, to reduce the
risk of severe cutaneous adverse reactions.® The contrast
between CPIC’s specific, evidence-based recommendations and
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the FDA’s broader guidance, published four years later,
underscores the need for more detailed federal protocols to
ensure consistent and equitable implementation of PGx testing.

Despite existing FDA guidelines and known risks associated with
specific genetic markers, PGx testing is not universally applied
before prescribing carbamazepine. This inconsistency may
result from lack of awareness and limited access to PGx testing
in addition to the absence of clear FDA guidelines and local
protocols for integrating genetic testing results into clinical
decisions.” To address this, we recommend strengthening
infrastructure  for routine PGx testing, establishing
comprehensive guidelines for integrating PGx information into
clinical practice, developing targeted educational programs for
healthcare providers, securing funding for widespread access to
genetic testing, and addressing health disparities and cost-
prohibitive access to PGx testing.®

PGx testing for carbamazepine presents a complex interplay of
economic, ethical, and clinical considerations. While the cost of
testing can range from $50 to $5,000, depending on the test’s
complexity,’® the expenses associated with managing severe
adverse reactions like SIS or TEN can exceed $120,000 per
case.!! Studies have demonstrated the potential cost-
effectiveness of PGx screening for carbamazepine-induced
hypersensitivity reactions, suggesting net cost savings and
improved quality-adjusted life years.!>!* However, the
accessibility of PGx testing remains a significant concern, with
inconsistent insurance coverage creating potential disparities in
care. A 2019 survey found that while 79% of health plans cover
PGx testing for specific medications, only 4% cover multi-gene
panel tests.4

Further complicating the implementation of PGx screening are
inconsistencies in HLA testing methodologies and the lack of
standardized reimbursement policies. Studies have shown that
different HLA typing methods, including serological and
molecular techniques, can yield discordant results, potentially
leading to misclassification of at-risk individuals.> Manual data
entry errors in HLA testing have also been documented, raising
concerns about patient safety and clinical decision-making.1®
Additionally, the high cost of HLA testing remains a barrier to
widespread adoption, with HLA antibody solid-phase testing
ranked among the most expensive laboratory tests reimbursed
by the Centers for Medicare and Medicaid Services (CMS).’
Despite evidence supporting its clinical utility, reimbursement
for HLA testing remains highly variable, with CMS policies often
considering these tests part of broader organ acquisition costs
rather than standalone pharmacogenomic interventions,
limiting accessibility for non-transplant applications.18 These
challenges highlight the urgent need for more consistent
federal and insurance policies to ensure equitable access to PGx
testing and prevent disparities in care.

This situation is further complicated by ethical considerations
surrounding ancestry-based risk assessment, as certain genetic
variants associated with adverse reactions, such as HLA-B15:02,
are more prevalent in specific ancestral groups.!® The HLA-
B15:02 allele is most commonly found in Southeast Asian
populations, with particularly high prevalence in Han Chinese,
Thai, and Filipino populations, where frequencies range from
5% to over 15%.20 Yet, the presence of the HLA-B*15:02 allele
varies widely even within ethnic groups, as seen in the
variability between Northern and Southern Han Chinese
populations, making it challenging to predict genetic risks based
on ancestry alone.?! In contrast, the allele is rare in individuals
of European or African descent, making universal testing a
complex issue in populations with diverse genetic
backgrounds.!! The limitations of existing guidelines are
particularly apparent when considering the genetic
heterogeneity in individuals of mixed ancestry, which
complicates testing protocols and the interpretation of genetic
testing alike. This variability underscores the need for precise,
individualized genetic screening rather than broad ancestry-
based testing recommendations. Relying solely on ancestry to
assess genetic risk can lead to oversimplifications that overlook
individual genetic diversity and reinforce outdated race-based
medical models, despite growing recognition of genetic
admixture and the limitations of such approaches.??

Clinicians must adopt comprehensive genetic screening
protocols that account for the full spectrum of genetic diversity.
Solely relying on ancestry-based screening risks misclassifying
patients, leading to missed diagnoses or inappropriate risk
assessments. While targeted screening for HLA-B*15:02 in high-
prevalence populations has been cost-effective, evidence
suggests that HLA-A*31:01, which is associated with broader
hypersensitivity reactions, also warrants consideration,
particularly in European and Japanese populations.!! Given the
limitations of ancestry-based approaches, integrating both
HLA-B15:02 and HLA-A31:01 screening into PGx guidelines
would enhance patient safety and improve risk stratification.?3

Healthcare institutions, policymakers, and regulatory bodies
should work toward developing more comprehensive PGx
testing guidelines that address these gaps. While universal PGx
screening for all patients prescribed carbamazepine may not be
cost-effective in every setting, a precision-medicine approach
that incorporates both genetic and clinical risk factors could
optimize cost-benefit balance.’>!* By aligning screening
recommendations with evolving evidence and clinical utility,
PGx testing can more effectively improve patient outcomes
while reducing the healthcare costs associated with severe
adverse drug reactions to carbamazepine. Furthermore,
disparities in insurance coverage must be addressed to ensure
equitable access, as limited reimbursement remains a
significant barrier to implementation.’* Moving forward, it is
essential to conduct thorough cost-benefit analyses, advocate
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for standardized insurance coverage, and refine PGx testing
strategies beyond simplistic ancestral categories.

Comprehensive Patient Education and Informed Consent
Ethical considerations about patient autonomy and informed
consent are crucial when prescribing carbamazepine and
recommending PGx testing. Healthcare professionals must
ensure that patients understand the benefits and limitations of
PGx testing, including the risk of adverse drug reactions like SIS
and TEN.>* A key aspect of informed consent should be
providing a clear explanation of the predictive power of genetic
testing, including the probability that a patient carrying a
specific allele, such as HLA-B*15:02, will actually develop
SJS/TEN if exposed to carbamazepine. For example, individuals
carrying HLA-B*15:02 had nearly 80 times the odds of
developing SIS/TEN compared to non-carriers.? Similarly, HLA-
A*31:01 is associated with a 25% risk of hypersensitivity
reactions but a much lower likelihood of SJIS/TEN compared to
HLA-B*15:02.11 Providing patients with these risk estimates
ensures that they can weigh the benefits and risks of
carbamazepine therapy more accurately when making
treatment decisions. Comprehensive patient education should
also cover the possibility of severe adverse effects, the need for
monitoring, and the availability of alternative treatments. This
approach empowers patients to make informed decisions
about their care, respecting their autonomy.2®

The complexities of informed consent in genetic testing are
multifaceted. Patients must understand not only the immediate
implications of the test but also potential future ramifications,
such as the discovery of incidental findings or the impact on
family members.?’ Best practices for ensuring that patients fully
comprehend the implications of carbamazepine PGx testing
include: providing clear, jargon-free explanations of the test’s
purpose, process, and potential outcomes; discussing both the
benefits and risks associated with testing and treatment;
allowing sufficient time for patients to ask questions and
consider their options; offering genetic counseling services to
help patients interpret results and discuss their implications;
and providing information in the patient’s preferred language
and in culturally appropriate ways.?®

Some argue that mandating PGx testing for carbamazepine
could delay critical treatment for patients with seizure
disorders, and contend that the risk of adverse reactions is
outweighed by the immediate need to control seizures. This
view, however, underestimates the severity of reactions like SJS
and TEN, which can be fatal. Moreover, alternative anti-
epileptic drugs can be used as a bridge during the brief period
required for PGx testing.?® Prioritizing informed consent and
patient safety need not compromise timely treatment.

Patient Privacy and Data Management
Integrating PGx testing into clinical practice requires meticulous
data management to ensure patient safety and confidentiality.

Managing sensitive genetic information involves safeguarding
patient privacy and preventing misuse that could lead to
discrimination or stigmatization.?’” The risks of genetic data
misuse are not hypothetical. In a 2019 case in the UK, an
insurance company denied coverage to a patient based on a
genetic predisposition revealed through PGx testing, despite
laws prohibiting such discrimination.3® These incidents
underscore the urgent need for robust data protection
measures and strict enforcement of non-discrimination laws.

Beyond legal protections, ensuring proper handling of genetic
data also requires adequate training for healthcare
professionals. As PGx testing becomes more integrated into
clinical decision-making, clinicians and healthcare staff must be
equipped to manage, interpret, and safeguard genetic
information appropriately. While some hospitals have begun
incorporating genetic and genomic education into provider
training, standardized programs for handling PGx data remain
limited.3! The need for improved education is evident, as a
national survey of U.S. physicians found that while 97.6%
acknowledged the impact of genetic variations on drug
response, only 10.3% felt adequately informed about
pharmacogenomic testing, and just 12.9% had ordered a test in
the previous six months.3? Expanding these training efforts
within  hospital systems could help prevent data
mismanagement, strengthen patient privacy protections, and
improve confidence in PGx-guided care. By prioritizing both
policy enforcement and comprehensive education, healthcare
institutions can ensure that PGx implementation is both
ethically sound and clinically effective.

Clear regulations, such as the Genetic Information
Nondiscrimination Act in the United States, are essential to
protect individuals from genetic discrimination.2® Similarly, the
General Data Protection Regulation in the European Union
provides a framework for protecting personal data, including
genetic information.3® Implementation and enforcement of
these regulations, however, remain challenging, particularly
given the rapid advancements in genetic technology.

To address these challenges, we propose several strategies for
safeguarding patient genetic information: implementing robust
encryption and anonymization techniques for genetic data
storage and transmission; 33 establishing clear protocols for data
access, limiting it to authorized personnel only; regularly
updating security measures to protect against evolving cyber
threats; providing comprehensive training to healthcare staff
on data protection and privacy laws; and developing
transparent policies on data sharing and use, ensuring patients
are fully informed about how their genetic information may be
utilized.?”

Cultural Awareness and Humility in Genetic Counseling
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To foster trust and engagement and to accommodate diverse
patient populations, educational materials should be available
in multiple languages.?® Providers must also be aware that
cultural attitudes toward genetic testing vary widely; some
communities are skeptical due to privacy concerns, while
others view it as a proactive health strategy.3* Health literacy,
influenced by education, language, and cultural norms, plays a
crucial role in how patients make informed decisions. In Japan,
for instance, where the concept of “ie” (family lineage) is
culturally significant, research has demonstrated that genetic
testing raises concerns about familial implications.3> Japanese
patients have been more likely to decline PGx testing due to
fears of stigmatizing their family line. Conversely, in Iceland,
where a homogeneous population and strong national biobank
facilitate genetic research, PGx testing is widely accepted and
even expected.3® These contrasts highlight the need for
culturally aware approaches to PGx testing worldwide.

An essential component of culturally aware genetic counseling
is the integration of pre-test counseling sessions, which allow
patients to make informed choices about PGx testing. These
sessions should assess a patient’s understanding of genetic
testing, clarify the predictive power of specific genetic markers,
and provide a realistic explanation of risk. Ensuring that
patients fully understand the implications of PGx testing is
particularly important given the strong associations between
certain genetic variants and severe drug reactions. As noted
above, for instance, prior research has demonstrated a
strikingly high correlation between HLA-B*15:02 and
carbamazepine-induced SIJS/TEN, with carriers facing
exponentially greater risk than non-carriers.?> This level of risk
stratification underscores the need for clear communication in
genetic counseling, ensuring that patients can make informed
decisions about alternative treatment options when
appropriate. Counseling should also address cultural or ethical
concerns, including the potential familial implications of genetic
results, privacy considerations, and the psychological impact of
testing. Given that trust in medical systems varies across
different cultural groups and may be shaped by historical
experiences of discrimination, pre-test counseling must be
conducted with sensitivity to the patient’s background and
values.

Community leaders, such as faith leaders or patient advocates,
can serve as trusted intermediaries to improve understanding
and acceptance of PGx testing, particularly in communities with
historical distrust of medical institutions.3* Additionally,
healthcare providers should receive training in cultural humility
and genetic counseling to ensure that discussions around PGx
testing are respectful, informative, and aligned with patients’
concerns and preferences.?® Cultural humility is a lifelong
process of self-reflection and self-critique, in which individuals
examine their own beliefs and biases rather than seeking to
achieve “competence” in understanding other cultures.3”
Applied to PGx testing protocols, this approach shifts away from

one-size-fits-all  guidelines and instead emphasizes
collaboration, open communication, and patient-centered
decision-making.

Recognizing the possibility of culturally diverse interpretations
of the risks and benefits of PGx testing and incorporating
cultural humility into healthcare practices is essential for ethical
patient care.3* By adopting a practice of cultural humility and
integrating pre-counseling sessions as a standard practice,
healthcare institutions can enhance patient trust, improve
comprehension of genetic risks, and promote ethically sound
and culturally sensitive PGx implementation.

Conclusion

The ethical implementation of PGx testing for carbamazepine
presents significant challenges in personalized medicine. Our
analysis reveals that current FDA guidelines, while valuable,
inadequately address the full spectrum of ethical concerns,
including equitable access, informed consent, data privacy, and
cultural sensitivity in genetic counseling. We propose a
comprehensive framework that emphasizes developing
infrastructure for consistent access to testing, implementing
thorough patient education programs, establishing robust data
protection measures, and adopting culturally sensitive
counseling approaches.

Addressing these imperatives requires unprecedented
collaboration among geneticists, ethicists, healthcare
providers, policymakers, and patients. As we advance in genetic
discovery, our ethical frameworks must evolve
correspondingly. The case of carbamazepine
pharmacogenomics exemplifies the broader challenges in
implementing personalized medicine. By prioritizing patient
autonomy, cultural humility, equitable access, and data
security, we can fulfill the promise of pharmacogenomics to
enhance patient care, minimize adverse reactions, and usher in
an era of precision medicine that benefits all patients equitably.
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