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Abstract: Chemotherapy is a central modality in cancer cate, yet severe adverse events frequently disrupt therapeutic regimens.
Substantial interpatient variability in toxicity often arises from inherited polymorphisms in genes encoding drug-metabolizing
enzymes. Pre-treatment screening for DPYD, UGT1A1, TPMT, and NUDT15 variants offer a validated mechanism to preempt
life-threatening complications through genotype-guided dosing adjustments. Despite robust clinical guidelines from bodies such
as the Clinical Pharmacogenetics Implementation Consortium, routine application is largely confined to academic centers, leaving
patients in community and rural hospitals without standardized access to precision dosing. Infrastructure limitations, prolonged
turnaround times for external laboratory results, and clinical knowledge gaps among providers constitute the primary
impediments to widespread adoption. A scalable solution exists through pharmacist-led implementation models that integrate
pharmacogenomic screening directly into established chemotherapy order verification workflows. Institutions can identify high-
risk candidates by utilizing the pharmacist as a central coordinator and facilitate specimen collection at the point of diagnosis,
and translate complex genetic data into actionable dosing modifications. Pre-emptive testing strategies, initiated at the time of
cancer diagnosis rather than at the decision to treat, ensure that genomic profiles are available to clinicians before therapy begins.
This approach reduces the risk of treatment delays and avoidable hospitalizations while enhancing health equity for underserved
populations. Implementation of such screening protocols optimizes patient safety and provides a cost-effective pathway to
normalize precision medicine in resource-limited oncology environments.
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1. Introduction

Chemotherapy is a foundational element of oncologic management, but its therapeutic window is narrow, and patient response is
characterized by significant heterogeneity. While a majority of patients tolerate standard protocols, a distinct subset experiences
carly-onset, life-threatening toxicities that require hospitalization or permanent treatment discontinuation. This variability is often
not stochastic; rather, it is frequently governed by inherited genetic variations that dictate the efficiency of drug metabolism and
clearance [1, 2]. Pharmacogenomics (PGx) identifies these germline variations, allowing for the anticipation of adverse outcomes
before the first dose is administered [3]. When metabolic pathways are impaired due to genetic deficiency, standard dosages lead to
supratherapeutic systemic exposure, escalating the risk of severe hematologic and gastrointestinal injury [4].

The clinical utility of PGx in oncology is supported by a wealth of evidence. The Clinical Pharmacogenetics Implementation
Consortium (CPIC) provides validated, peer-reviewed guidelines for several high-priority gene-drug pairs, including DPYD with
fluoropyrimidines, UGT1A1 with irinotecan, and the combination of TPMT and NUDT15 with thiopurines [5, 6]. These guidelines
are not merely advisory; prospective data indicates that genotype-guided dosing reduces the incidence of severe toxicity without
compromising the oncologic efficacy of the treatment [7, 8]. Regulatory bodies such as the U.S. Food and Drug Administration
(FDA) have integrated these genomic biomarkers into official drug labeling, solidifying their role in standard clinical practice [9].

Despite the strength of this evidence, a significant implementation gap persists between academic centers and community-based
practices. Academic institutions often benefit from centralized molecular laboratories and specialized clinical decision support,
whereas community and rural hospitals, where the majority of patients receive care, face severe resource constraints [10]. This
disparity leads to a lack of access to routine testing, resulting in avoidable safety risks for patients treated in non-academic settings.
Addressing this gap is a matter of clinical necessity and health equity. Patients in rural areas often face existing barriers to specialized
care, and the failure to provide PGx-guided dosing represents an additional, preventable layer of risk [11]. Establishing a practice-

* Corresponding author: Jacqueline Azodoh

Copyright © 2026 Author(s) retain the copyright of this article. This atticle is published under the terms of the Creative Commons Attribution Liscense 4.0.


http://creativecommons.org/licenses/by/4.0/deed.en_US

Journal of Pharma Insights and Research, 2026, 04(02), 207-217

based model that utilizes existing pharmacy workflows offers a pathway to bridge this divide and ensure that precision oncology is
accessible to all patients regardless of their geographic location.

2. Molecular Basis and Clinical Rationale for High-Impact Gene-Drug Pairs

The transition toward personalized dosing requires a detailed appreciation of the specific metabolic pathways involved in
chemotherapy disposition. Four genes namely DPYD, UGT1A1, TPMT, and NUDT15 account for a substantial portion of
predictable chemotherapy toxicity in common solid tumors and hematologic malignancies.

2.1. DPYD and Fluoropyrimidines

Fluoropyrimidines, specifically 5-fluorouracil (5-FU) and its oral prodrug capecitabine, serve as the backbone for treating various
gastrointestinal, breast, and head and neck cancers. The metabolic clearance of these agents is almost entirely dependent on the
enzyme dihydropyrimidine dehydrogenase (DPD), which is encoded by the DPYD gene. Approximately 80% of an administered
dose of 5-FU is inactivated by DPD in the liver [12, 13]. Genetic variations in DPYD that result in reduced or absent DPD activity
lead to a profound accumulation of the drug, resulting in severe toxicities such as grade 3 or 4 neutropenia, intractable diarrhea, and
extensive mucositis.

Table 1. High-Impact Oncology Gene—Drug Pairs and Associated Clinical Risks

Gene Relevant Chemotherapy Therapeutic Area Predominant Clinical Toxicity
DPYD 5-Fluorouracil, Capecitabine GI, Breast, Head & Neck Severe neutropenia, mucositis, diarrhea
UGT1A1 | Irinotecan, Sacituzumab govitecan | Colorectal, Pancreatic, Breast | Neutropenia, life-threatening diarrhea
TPMT 6-Mercaptopurine, Thioguanine Hematologic Malignancies Life-threatening myelosuppression
NUDT15 | 6-Mercaptopurine, Thioguanine Hematologic Malignancies Severe myelosuppression, alopecia

Prospective clinical trials have established that pre-treatment screening for common DPYD variants allows for safer initiation of
therapy. Patients identified as intermediate or poor metabolizers receive an upfront dose reduction, typically ranging from 25% to
50%, which significantly decreases the risk of hospitalization [8, 14]. The clinical impact of DPYD testing is immediate; by
preventing the "first-cycle” toxicity that often occurs in deficient patients, clinicians can maintain the continuity of care and avoid
the psychological and physical trauma associated with severe chemotherapy-induced illness.

2.2. UGT1A1 and Irinotecan Disposition

Irinotecan is a topoisomerase I inhibitor frequently utilized in regimens for colorectal and pancreatic cancers. Its activity is mediated
by the active metabolite SN-38, which is significantly more potent than the parent compound. Termination of SN-38 activity occurs
through glucuronidation by the enzyme UGT1A1 [15]. The most prevalent genetic variation affecting this pathway is a promoter
polymorphism known as UGT1A1#*28, which results in reduced enzyme expression [16].

Individuals who are homozygous for the UGT1A1*28 allele (the 7/7 genotype) possess a limited capacity to detoxify SN-38, leading
to prolonged systemic exposure and an elevated risk of severe neutropenia and life-threatening diarrhea [17]. While the risk is most
pronounced at higher doses of irinotecan, even standard-dose regimens can provoke severe reactions in poor metabolizers. CPIC
guidelines and FDA labeling suggest that identifying these patients before treatment allows for proactive dose modifications, thereby
optimizing the safety profile of irinotecan-containing regimens in routine practice.

2.3. Thiopurines and TPMT, NUDT15

Thiopurine medications, including 6-mercaptopurine and thioguanine, are essential in the management of acute lymphoblastic
leukemia and various inflammatory conditions. These agents are converted into cytotoxic thioguanine nucleotides (TGNs) that
incorporate into DNA. The regulation of TGN levels is primarily managed by two enzymes: thiopurine S-methyltransferase (TPMT)
and nudix hydrolase 15 (NUDT15) [18, 19].
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Combined TPMT/NUDT15 testing ensures clinical equity.

Figure 1. Ancestral variability in thiopurine metabolic pathways requiring dual-gene screening

The importance of testing both TPMT and NUDT15 is rooted in the distinct distribution of genetic variants across different
ancestral populations. TPMT deficiency is the primary driver of thiopurine toxicity in individuals of European and African descent.
In contrast, NUDT15 variants are the predominant cause of severe myelosuppression and alopecia in East Asian and Hispanic
populations [20, 21]. Because many clinical settings serve diverse populations, relying solely on TPMT testing is insufficient and
may miss high-risk patients of non-European descent. Guidelines now mandate a combined assessment of both genes to provide
an equitable safety assessment, ensuring that dose reductions ate applied approptiately based on the patient's comprehensive genetic

risk profile [22].

Table 2. Ancestral Distribution and Prevalence of Actionable Variants

Gene Variant Category Population Prevalence Ancestral Association
DPYD *2A, *¥13, c.2846A>T | 3% — 8% Primarily European
UGT1A1 | *28 (7 repeats) 10% — 15% (homozygous) | European, African
TPMT *2, ¥3A, *3C 5% — 10% European, African
NUDT15 | *2,%*3, *9 10% — 20% East Asian, Hispanic

3. Structural and Operational Impediments in Community Oncology

While the evidence supporting genotype-guided dosing is substantial, its translation into routine community oncology practice is
hindered by several interconnected barriers. These constraints are often more pronounced in rural and resource-limited settings
where specialized molecular support is absent [27].

3.1. Deficiencies in Diagnostic Infrastructure

A primary obstacle is the lack of on-site molecular pathology capabilities. Academic centers frequently maintain internal genotyping
platforms, allowing for rapid processing and integrated reporting. In contrast, community hospitals must rely on external reference
laboratories. This dependency introduces logistical complexities regarding specimen logistics and specimen integrity [28]. External
reports are often delivered as static documents that are not optimized for rapid clinical interpretation, placing an additional cognitive
burden on the prescribing clinician to determine how the reported genotype relates to specific dosing adjustments [29].

3.2. The Temporal Mismatch: Turnaround Time Constraints

The most critical operational bottleneck is the mismatch between laboratory turnaround times and the clinical urgency of
chemotherapy initiation. Conventional pharmacogenomic testing often requires several days to over a week for results to be
finalized. In many oncologic scenarios, particularly in aggressive solid tumors or hematologic malignancies, treatment initiation
cannot be delayed without risking disease progression [30]. This forces a difficult choice: delaying therapy to await results or
proceeding with standard dosing and risking severe toxicity. The lack of rapid, point-of-care testing solutions in most community
settings essentially renders reactive testing ordering a test only after a treatment decision is made operationally unfeasible for many
patients [31, 32].

3.3. Clinical Knowledge Gaps and Interpretive Challenges

A significant proportion of oncology providers report limited confidence in interpreting pharmacogenomic data [33]. While many
are aware of the DPYD and UGT1A1 associations, the translation of a specific diplotype into a precise dose reduction requires
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specialized knowledge. In the absence of integrated clinical decision support (CDS) within the electronic health record (EHR), the
identification of at-risk patients depends entirely on individual clinician vigilance [34]. Without standardized protocols or expert
consultation available on-site, pharmacogenomic results may be overlooked or misapplied, leading to either sub-therapeutic dosing
or continued exposure to toxicity risks [35, 30].

Table 3. Tactical Solutions for Overcoming Implementation Barriers in Community Settings

Implementation Strategic Practice-Based Solution Outcome

Barrier

Infrastructure Gap Utilization of CLIA-certified external reference | Eliminates need for on-site molecular
laboratories diagnostics

Turnaround Time Transition to pre-emptive testing at the point of | Results available before treatment planning
diagnosis

Provider Knowledge Pharmacist-led interpretation and actionable dosing | Reduces interpretive burden on oncologists
memos

IT/EHR Limitations Documentation of results in standardized discrete | Ensures  longitudinal — accessibility — of
fields genomic data

4. Proposed Pharmacist-Led Practice Framework

To overcome these structural barriers, we propose a practice-based framework that redefines the pharmacist’s role from a passive
recipient of genetic data to a central implementation driver. This model is designed to be scalable and does not require institutional
investment in specialized molecular infrastructure.

4.1. The Pharmacist as the Central PGx Coordinator

Pharmacists are uniquely positioned to manage the pharmacogenomic lifecycle because they already serve as the final safety
checkpoint in the chemotherapy order verification process. Health care institutions can ensure that every order for a high-risk agent
(fluoropyrimidines, irinotecan, thiopurines) triggers an automatic review of the patient's genomic profile by embedding PGx
screening into this existing workflow [37].

Chemo Order Entry Clinical Review Results Found?
EHR Triggered Pharmacist-led Yes
No
Result Translation Initiate Testing

Dosing Recommendation ]

Figure 2. Standardizing the pharmacogenomic lifecycle within pharmacy order verification

The framework begins with the establishment of a "trigger medication” list approved by the Pharmacy and Therapeutics (P&T)
committee. When an order for an agent on this list is entered into the system, the pharmacist verifies if actionable results are already
present in the patient's record. If no data exists, the pharmacist is empowered via institutional protocol to initiate testing or provide
an immediate recommendation to the oncologist to facilitate specimen collection [38, 39].
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4.2. Transitioning to a Preemptive Testing Model

The solution to the turnaround time dilemma lies in shifting from reactive to preemptive testing. This framework advocates for
initiating pharmacogenomic screening at the time of cancer diagnosis or during the initial oncology consultation, rather than waiting
for a specific treatment decision [40, 41].

Turnaround Time (TAT)
TEST ORDERED .

DELAY / TOXICITY

PREEMPTIVE (Pharmacist-Led)

Dose Optimized
RESULTS IN EHR .

SAFE OPTIMIZED START

{ TEST ORDERED J

DIAGNOSIS DECISION TO TREAT TREATMENT START

TREATMENT TIMELINE
Figure 3. Alignment of PGx data availability with clinical decision-making milestones

Most patients undergo a period of diagnostic workup and staging before chemotherapy begins. Pharmacists can coordinate specimen
collection (typically via non-invasive buccal swabs) eatly in the patient's journey by utilizing this diagnostic window. This ensures
that the genomic data is available and documented in the EHR before the clinician even begins treatment planning. Preemptive
testing reframes the pharmacogenomic profile as a permanent clinical asset that informs not just the first line of therapy, but all
subsequent treatment decisions throughout the patient's lifetime [42, 43].

4.3. Data Translation and Clinical Communication

Effective implementation requires that genetic data be delivered to the oncologist in a format that is immediately actionable. In this
model, the pharmacist assumes the responsibility for result interpretation. Upon receipt of the laboratory report, the pharmacist
assigns the metabolizer phenotype (e.g., DPD intermediate metabolizer) and calculates the specific dose adjustment based on CPIC
guidelines [44, 45].

Table 4. Pharmacist-Led Clinical Decision Support: Actionable Dosing Adjustments

Gene Metabolizer Phenotype CPIC/FDA Recommended Dosing Action
DPYD Intermediate Metabolizer Reduce starting dose by 25% — 50%

DPYD Poor Metabolizer Avoid fluoropyrimidines; use alternative therapy
UGT1A1 Poor Metabolizer (*28/*28) | Reduce starting dose of irinotecan by 25%
TPMT Intermediate Metabolizer Reduce starting dose by 30% — 70%

NUDT15 Intermediate Metabolizer Reduce starting dose by 30% — 80%
TPMT/NUDT15 | Poor Metabolizer Reduce dose by 90% or switch to alternative

Instead of providing a complex genetic report, the pharmacist communicates a cleat, concise recommendation: "Patient identified
as DPYD *2A carrier; recommend 50% reduction in starting dose of capecitabine to prevent severe toxicity." This approach reduces
the interpretive burden on oncologists and facilitates rapid, evidence-based decision-making. Documentation of these results in a
standardized section of the EHR ensures that the information is accessible to all members of the multidisciplinary care team [46,
47, 48].

5. Equitable Access and Scalability

This framework is particularly vital for rural and tribal communities where access to academic-level precision medicine is limited.
Community hospitals can provide the same level of safety and precision as large academic centers by utilizing external reference
laboratories and utilizing existing pharmacy staff [49, 50]. The model’s reliance on established pharmacy workflows makes it highly
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scalable and adaptable to various institutional sizes, offering a pragmatic pathway to eliminate the geographic disparities currently
seen in pharmacogenomic adoption [51].

5.1. Bridging the Geographic Gap in Precision Oncology

The equitable delivery of personalized medicine is frequently compromised by the centralization of molecular pathology resources
in major metropolitan academic hubs. Patients residing in rural or tribal communities face significant logistical and financial hurdles
that often preclude them from accessing advanced genomic screening. This creates a disparity where safety-enhancing dose
modifications are less likely to be applied in resource-constrained settings. Community hospitals can effectively bypass the need for
on-site molecular specialists or high-capital infrastructure by using a pharmacist-led framework that utilizes external reference
laboratories. This decentralization allows local facilities to provide a standard of treatment safety and precision that is functionally
equivalent to that of leading academic cancer centers [49, 50].

Table 5. Comparative Analysis of Reactive vs. Preemptive Testing

Feature Reactive (Post-Decision) Preemptive (At Diagnosis)
Timing of Order After chemotherapy selection During initial oncology workup
Result Availability | Often delayed (7—14 days) Immediate (Available in EHR)
Treatment Delay High risk of delay or empiric dosing | Negligible risk

Workload Impact Urgent, non-standard workflow Integrated, predictable workflow
Clinical Confidence | Clinician uncertainty at initiation Data-informed precision dosing

5.2. Operational Scalability across Diverse Resource Settings

The success of pharmacogenomic integration depends on a model's ability to adapt to varying institutional sizes and existing staffing
levels. The proposed framework relies on established medication-use processes, making it highly scalable and flexible. Because the
workflow is built into the standard chemotherapy verification routine, it does not require the creation of parallel systems or the
recruitment of dedicated genomic counselors. This efficiency ensures that the model can be scaled from small outpatient clinics to
larger regional health systems with minimal disruption. Such adaptability offers a realistic and pragmatic pathway for the broad
elimination of geographic disparities in pharmacogenomic utilization, ensuring that high-risk chemotherapy is optimized for safety
regardless of the patient's location or the institution's resource level [51].

6. Projected Clinical and Economic Impact

The adoption of a pharmacist-led pharmacogenomic (PGx) framework in community settings carries significant implications for
both patient outcomes and healthcare resoutce utilization. Institutions can transform the safety profile of high-risk chemotherapy
regimens by standardizing the application of genotype-guided dosing.

6.1. Clinical Outcomes and Patient Safety

The prevalence of actionable genetic variants for DPYD, UGT1A1, TPMT, and NUDT15 is substantial across diverse populations.
Collectively, it is estimated that approximately 15% to 25% of patients initiating fluoropyrimidine, irinotecan, or thiopurine therapies
carry at least one high-risk allele [52, 53]. In the absence of pre-treatment screening, these individuals are at a significantly higher
risk for grade 3 or 4 toxicities, which often lead to emergency department visits, prolonged hospitalizations, and permanent dose
reductions that may compromise oncologic control [54].

Implementation of the proposed framework allows for the preemptive identification of these "at-risk" patients. Prospective data
from early adopters suggests that genotype-guided dosing can reduce the incidence of severe treatment-related toxicity by up to
30% [55]. In community and rural settings, where patients may have limited access to intensive supportive care, the prevention of
severe neutropenia or intractable diarrhea is particularly critical for maintaining treatment continuity and improving the overall
quality of life during therapy [56].

6.2. Economic Evaluation and Cost Avoidance

While the upfront cost of multi-gene pharmacogenomic testing typically ranging from $250 to $500 is a common point of discussion,
it must be weighed against the substantial costs associated with managing preventable adverse events [57]. The financial burden of
a single hospitalization for chemotherapy-induced febrile neutropenia or severe gastrointestinal toxicity can exceed $15,000 to
$20,000 [58].

NS
~
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Avoided Costs

PROACTIVE Hospitalization (~$18k)
PREVENTION ICU Care (~$30k+)

Toxicity Support (~$6k)

One-Time PGx Cost

$250 - $500

High Return on
Investment (ROI)

Figure 4. Economic rationale for preemptive testing based on the prevention of high-cost adverse clinical events

Economic modeling indicates that for high-risk gene-drug pairs like DPYD and fluoropyrimidines, pre-treatment screening is not
only clinically beneficial but also cost-neutral or cost-saving at the population level [59]. The cost of testing a large cohort of patients
is offset by the reduction in emergency care and inpatient services by avoiding even a small percentage of severe toxicities. The use
of a pharmacist-led model minimizes institutional overhead by utilizing existing personnel and standardizing the workflow within
current operational budgets [60].

Table 6. Projected Economic Impact and Hospital Resource Avoidance

Clinical Event Severity Estimated Cost per Event (USD) | PGx Prevention Potential

PGx Multi-Gene Panel | Diagnostic $250 — $500 N/A (Upfront Investment)

Febrile Neutropenia Hospitalization | $15,000 — $22,000 25% — 30% risk reduction

Severe Mucositis Support Care $5,000 — $8,000 Significant reduction in DPYD carriers
ICU Admission Critical Care $30,000+ Avoidance of extreme toxicity cases
Treatment Interruption | Logistical Indirect productivity loss Enhanced therapy adherence

7. Policy and Practice Implications

The transition of pharmacogenomics from an academic luxury to a community standard of care requires alignment across
institutional policy, provider education, and reimbursement structures.

7.1. Advancing Health Equity in Precision Medicine

A central tenet of this framework is the reduction of geographic disparities in cancer care. Historically, precision medicine initiatives
have been concentrated in well-funded urban centers, inadvertently widening the gap in outcomes for rural and underserved
populations [61]. This framework ensures that patients in rural communities receive the same genomic-informed safety checks as
those in major metropolitan areas by providing a scalable model that relies on external reference laboratories and local pharmacy
expertise [62]. This is particularly relevant for variants such as NUDT15, where the failure to test in diverse populations represents
a significant oversight in equitable care delivery [63].

7.2. Educational and Institutional Requirements

Successful adoption requires a shift in institutional culture. Pharmacy and Therapeutics (P&T) committees must move toward
formalizing PGx-guided dosing as a standard safety protocol rather than an optional adjunct. Continuous professional development
for oncology pharmacists is essential to ensure they remain proficient in the evolving landscape of genomic biomarkers and clinical
guidelines [64]. Advocating for consistent insurance coverage for germline PGx testing remains a priotity for policy leaders to ensure
that financial barriers do not impede the delivery of safe, evidence-based care [65].
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8. Conclusion

The evidence supporting pharmacogenomic-guided dosing for DPYD, UGT1A1, TPMT, and NUDT15 is mature and clinically
robust. The persistence of severe, preventable chemotherapy toxicity in the face of this evidence represents a critical implementation
gap in modern oncology. The pharmacist-led, preemptive implementation discussed here offers a pragmatic and scalable solution
for community and rural hospitals to bridge this divide. Health institutions can overcome the traditional bartiers of turnaround time
and clinical knowledge gaps by utilizing the pharmacist’s unique position in the medication-use process and shifting testing upstream
to the point of diagnosis. Normalizing pharmacogenomic screening in routine oncology practice is a vital step toward a safer, more
equitable, and more efficient healthcare system where treatment is precisely tailored to the individual’s unique genetic blueprint.
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