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REVIEW

Considerations for the clinical implementation of DPYD and UGT1A1-guided 
chemotherapy

Mary-Pearl Ojukwua, Carlos Vegasa, Emily J. Cicalia, David L. DeRemera,b and Madeline L. Norrisa

aCenter for Pharmacogenomics and Precision Medicine and Department of Pharmacotherapy and Translational Research, College of Pharmacy, 
University of Florida, Gainesville, FL, USA; bExperimental Therapeutics Group, University of Florida Health Cancer Center, Gainesville, FL, USA

ABSTRACT

Existing literature demonstrates the benefits of DPYD and UGT1A1 pharmacogenetic (PGx) testing to 
reduce toxicity from fluoropyrimidines and irinotecan, respectively. The Food and Drug Administration 
(FDA) has provided UGT1A1-guided irinotecan dosing for 20 years, and in 2025, the FDA and National 
Comprehensive Cancer Network both updated their guidance to recommend DPYD testing prior to 
fluoropyrimidine therapy. As such, there is an increasing interest in testing and a need for guidance 
describing implementation strategies. This review summarizes conclusions from DPYD and/or UGT1A1 
implementation initiatives and describes key takeaways related to perspectives, workflow, cost, and 
supportive care from 32 included articles. Perspectives toward testing were generally positive, although 
barriers such as turnaround time and cost concerns were still identified. Workflow integration varied by 
institution, but a clear delineation of duties was consistently necessary. For both DPYD and UGT1A1, 
real-world studies and modeling data indicate testing is cost-effective. PGx testing was underutilized for 
supportive care medications despite its relevance, but there is an opportunity to leverage panel-based 
approaches to increase utilization without additional workflow burden. Description of these key con
siderations and takeaways reported by those implementing DPYD and/or UGT1A1 PGx testing would be 
beneficial to institutions in the early phases of implementation.
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1. Introduction

Genetic testing for somatic variations (e.g., BRAF, RAS, HER2, 

MSI/dMMR) has been established as a crucial part of persona

lized medicine to improve patient care in the oncology setting 

[1,2]. Somatic testing utilizes tumor DNA to identify actionable 

mutations that assess tumor characteristics, predict prognosis, 

and inform selection of targeted chemotherapy. While germ

line testing analyzes inherited genetic variants in healthy cells, 

germline testing in the oncology setting is typically used to 

help select targeted treatment or reveal risk of disease devel

opment (e.g., BRCA1 and BRCA2). Despite its utility, germline 

genetic testing is still underutilized in practice. When per

formed, it is most commonly done in patients with breast, 

ovarian, pancreatic, and prostate cancer. Germline DNA may 

also be used for testing pharmacogenes that predict risk of 

toxicity with certain chemotherapy or supportive care agents, 

referred to as pharmacogenetic (PGx) testing. PGx testing is 

performed at an even lower rate than other germline tests in 

the oncology setting, and awareness of its availability among 

patients is low [3]. Specifically, DPYD and UGT1A1 phenotypes 

predict risk of toxicity with fluoropyrimidines and irinotecan, 

respectively.

Dihydropyrimidine dehydrogenase (DPD) is an enzyme 

encoded by the DPYD gene that catalyzes the initial and rate- 

limiting step in fluoropyrimidine (i.e., 5-fluorouracil and its oral 

prodrug capecitabine) metabolism. Variants in DPYD can lead to 

partial or complete DPD enzyme deficiency, thus diminishing 

crucial drug metabolism and increasing serum concentrations 

[4]. DPD enzyme activity may be predicted by directly measuring 

uracil, an endogenous compound metabolized by DPD, or by 

screening for the presence of decreased- or no-function DPYD 

variants via genotyping. The latter is more widely available in the 

United States (US). Individuals who are hetero- or homozygous 

carriers of decreased-function variants are considered intermedi

ate metabolizers (IM) with an activity score (AS) of 1.5 or 1, 

respectively, and those heterozygous for a no-function and 

decreased-function variant or homozygous for no-function var

iants are considered poor metabolizers (PM) with an AS of 0.5 or 

0, respectively [5]. Individuals without decreased- or no-function 

variants are normal metabolizers (NM). Although variants in the 

DPYD gene exist in only about 5% of the population, DPD 

deficiency can lead to severe, sometimes fatal, toxicity including 

neutropenia, diarrhea, and mucositis with fluoropyrimidine ther

apy [4,6]. There is a substantial amount of evidence linking DPYD 

genotype to toxicity risk with fluoropyrimidines, and preemptive 

dose reductions reduce this risk [7]. Additionally, treatment out

comes have not been shown to be impacted by initial dose 

reductions when a subsequent upward titration based on toler

ability is performed [8]. International regulatory and professional 

organizations have long recognized the importance of DPYD 
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testing for fluoropyrimidines, and those in the US have done so 

more recently. Evidence-based, peer-reviewed guidelines from 

the Clinical Pharmacogenetics Implementation Consortium 

(CPIC) and the Dutch Pharmacogenetics Working Group 

(DPWG) for DPYD-guided use of fluoropyrimidines have existed 

since 2013 and 2011, respectively, and they continue to be 

updated as new evidence arises [9,10]. Additionally, in a 2020 

press release the European Medicines Agency (EMA) mandated 

testing for DPD deficiency via genotyping or by measuring 

endogenous uracil concentrations prior to fluoropyrimidine 

initiation [11]. The US Food and Drug Administration (FDA) did 

not mandate testing until 2025 when they added a Boxed 

Warning stating that DPYD testing should be performed unless 

immediate treatment is necessary [12]. Shortly following this 

label change, the National Comprehensive Cancer Network 

(NCCN) strengthened the language in their colon and rectal 

cancer guidelines to align with the FDA [13]. All organizations 

recommend avoiding the use of fluoropyrimidine medications in 

those with complete DPD deficiency, and some provide dosing 

guidance to minimize toxicity in those with partial deficiency (i.e., 

DPYD IMs). Both CPIC and DPWG currently recommend a dose 

reduction of 50% in all IMs.

The UDP glucuronosyltransferase 1A1 enzyme (UGT1A1) is 

encoded by the gene of the same name, UGT1A1, and is 

involved in irinotecan metabolism by converting its active 

metabolite (SN-38) into a water-soluble form for excretion. 

Toxicity with irinotecan is increased in the presence of genetic 

variants that reduce UGT1A1 enzyme activity, leading to 

a buildup of its active metabolite and harmful adverse effects 

(e.g., neutropenia and diarrhea) [14]. Similar to DPYD, an indi

vidual with one decreased-function allele is considered an IM 

and those with two decreased-function alleles are considered 

a PM. Although IMs have an increased risk of severe adverse 

effects with irinotecan when compared to NMs, variants in 

UGT1A1 are common and about half of the general population 

are IMs [15]. Unlike DPYD and fluoropyrimidines, the concern 

for an increased risk of severe toxicity with irinotecan is cen

tered around homozygous carriers, or PMs, which make up 

about 10–15% of the general population. The association 

between a UGT1A1 PM phenotype and adverse effects from 

irinotecan is strongly supported by the literature, particularly 

in those receiving higher doses (e.g., >150 mg/m2) [16–18]. 

Available clinical guidance to inform UGT1A1-guided irinote

can therapy is not as robust as DPYD-guided fluoropyrimidine 

use, but there is a growing body of medication recommenda

tions from professional organizations, nonetheless. DPWG 

most recently published evidence-based UGT1A1-irinotecan 

guidelines in 2022 and recommend an initial dose reduction 

in UGT1A1 PMs [19]. The DPWG guidelines also acknowledge 

that UGT1A1 NMs will likely tolerate doses increased beyond 

standard regimens, and this may have a positive impact on 

treatment outcomes. However, there is currently insufficient 

evidence to guide specific differences in irinotecan dose 

requirements in IMs and NMs. Hence, dosing guidance is 

typically only applied clinically to UGT1A1 PMs. The FDA 

drug label for irinotecan has suggested to considering 

a dose reduction of at least one level (~30%) when adminis

tering irinotecan to known PMs since 2005 [20]. Currently, the 

extent of language in the NCCN guidelines for colon cancer is 

limited to suggesting additional caution in UGT1A1 PMs [13].

Despite the availability of multiple evidence-based guide

lines, the long-standing recommendation from the FDA for 

UGT1A1-guided use of irinotecan, new boxed warning for 

preemptive DPYD testing with fluoropyrimidines and acknowl

edgment by NCCN, PGx-guided chemotherapy is not widely 

acknowledged as standard care. Interest in implementation is 

growing as the utility of using PGx to reduce toxicity from 

common chemotherapy regimens is increasingly being recog

nized by professional organizations. The implementation of 

PGx in any clinical setting varies greatly between institutions 

and has been reported on for over two decades, but historical 

descriptions of its implementation specifically in the oncology 

setting are more limited. There is a need for more literature 

describing implementation strategies in this setting. The nat

ure of oncology treatment provides a unique set of concerns 

for PGx testing, with one of the most important being that no 

negative impact on treatment outcomes is observed. 

Additionally, preemptive testing is crucial as subsequent che

motherapy dose adjustments to optimize dosing and achieve 

a balance of tolerable side effects and treatment effectiveness 

is already standard practice. Similar to medications in which 

therapeutic drug monitoring is used, additional dose adjust

ments following initial dosing are unlikely to be made based 

Article highlights

● DPYD and UGT1A1 pharmacogenetic (PGx) testing reduces risk of 
severe, potentially life-threatening toxicity with fluoropyrimidines 
and irinotecan, respectively. Clinical guidelines from the Clinical 
Pharmacogenomics Implementation Consortium and the Dutch 
Pharmacogenomics Working Group are available to inform PGx- 
guided use of these chemotherapeutics.

● The US Food and Drug Administration and the National 
Comprehensive Cancer Network have provided guidance for UGT1A1- 
guided irinotecan therapy for many years but just recently strength
ened their recommendations to test for DPYD prior to fluoropyrimi
dines administration. With the recent strengthening of 
recommendations, including the addition of a box warning to fluor
opyrimidine drug labels, implementation efforts are likely to expand.

● Implementation of PGx in the oncology setting has a unique set of 
considerations, and there is a need for additional literature describing 
the experiences of oncology clinics who have done so thus far.

● Perspectives and attitudes, workflow integration, cost and supportive 
care utilization were described in this literature review as key con
siderations for PGx implementation in oncology.

● Providers and patients both generally had positive attitudes toward 
testing, but providers saw more value in DPYD testing than in 
UGT1A1.

● Perceived barriers to implementation included long turnaround times 
delaying treatment, cost, and a lack of standardized recommenda
tions. Educational efforts, particularly on the literature supporting 
cost-effectiveness and the availability of clinical guidelines, can miti
gate many of these perceived barriers.

● Establishing a workflow that ensures patients are tested pretreatment 
is especially important in the oncology setting. The interprofessional 
nature of oncology clinics provides opportunity for nurses, pharma
cists, and other staff to help facilitate pretreatment testing.

● Automated clinical decision support tools are effective to help facil
itate test ordering and dose reductions when appropriate.

● The cost-effectiveness of genotyping for PGx-guided chemotherapy 
use is shown in the literature. This plays a key role in obtaining buy- 
in from an institutional and payer perspective.

● Panel-based PGx testing to inform supportive care medications is 
underutilized but is relevant to medications commonly prescribed to 
oncology patients such as antiemetics, PPIs, opioids, and NSAIDs.
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on PGx test results alone. This makes turnaround time and an 

efficient workflow particularly important. Cancer treatment is 

also associated with substantial costs to the patient at base

line, so unnecessary charges from the addition of a test not 

shown to be cost-effective are less likely to be adopted. 

Workflow integration, stakeholder perspectives, and cost all 

serve as potential barriers to navigate when implementing 

PGx in the oncology setting. Thus, a thorough description of 

these key considerations and takeaways reported by those 

implementing DPYD and/or UGT1A1 PGx testing would be 

beneficial to institutions in the early phases of implementa

tion. Herein we describe common DPYD and/or UGT1A1 imple

mentation considerations reported in the literature.

2. Literature search

A literature search in PubMed was performed in April 2025 

using keywords and Medical Subject Headings (MeSH) terms 

to capture descriptions of DPYD and UGT1A1 genotype-guided 

chemotherapy implementation efforts and perspectives in the 

real-world oncology clinic setting (Table S1). The search was 

limited to articles published between 1998 and April 2025, all 

of which were independently screened for inclusion. Articles 

describing DPYD and UGT1A1 implementation efforts were 

included if they addressed at least one of the four pre- 

determined domains: perspectives and attitudes around test

ing, cost, workflow integration, and supportive care utilization 

of PGx testing in addition to genotype-guided chemotherapy 

(Table 1).

Exclusion criteria eliminated review articles, non-human 

studies, publications not in English, those not related to oncol

ogy, and articles which did not address either gene of interest. 

Articles were screened and categorized by the authors (MPO, 

CV). Relevant articles known to the authors that did not result, 

or those published after the date the search was performed, 

were subsequently included for analysis. Considerations and 

observed trends among implementation efforts were summar

ized and are described below. Inclusion criteria were not 

mutually exclusive; therefore, different aspects of the same 

article may be described in multiple domains.

The initial search resulted in 518 articles (Figure 1). After 

author screening, only 23 resulting articles fit inclusion criteria 

with the most common exclusion reason being that no 

domain of interest was described. Many of these excluded 

Table 1. Categorization of included articles by domain.

Category Inclusion criteria

Perspectives and attitudes ● Reports opinions on DPYD and/or UGT1A1 implementation from any perspective – provider, patient, etc.
● Perceived barriers, benefits, or limitations
● Any qualitative aspect of implementation

Workflow integration ● Describes DPYD and/or UGT1A1 testing implementation logistics (e.g., testing method, ordering process or timeline, turnaround 
time, clinical decision support, medication recommendations)

Cost ● Reports overall cost or cost effectiveness of implementation
● Describes willingness to pay

Supportive Care utilization ● Describes testing for PGx genes relevant to supportive care (e.g., CYP2D6, CYP2C19, CYP2C9) in addition to DPYD or UGT1A1

● Describes any DPYD or UGT1A1-focused implementation effort with a supportive care element (e.g., pain, nausea, reflux, 
psychiatry)

Figure 1. Consort diagram of article identification, screening, and analysis.
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articles described the relationship between DPYD and/or 

UGT1A1 genotype and pharmacokinetics or chemotherapy 

toxicity but did not describe implementation specifics. An 

additional nine relevant articles known to the authors were 

added for analysis following the formal literature search. Most 

articles (n = 16) included aspects of the institution’s workflow 

integration, (n = 10) investigated overall cost or cost- 

effectiveness, and fewer described patient and/or provider 

perspectives (n = 4) and supportive care utilization (n = 2). 

Herein we describe the key take aways from these four 

domains.

3. Perspectives and attitudes

Several surveys have been performed assessing perspectives 

and attitudes around PGx testing in the oncology setting from 

both the patient and provider perspective [21–24]. Attitudes 

around UGT1A1 testing were less frequently described in the 

literature than that of DPYD, which exemplifies how the cur

rent conversation around PGx testing to guide chemotherapy 

agents is largely dominated by DPYD and fluoropyrimidines. In 

fact, one 2024 survey distributed to 156 clinicians reported 

that 22% of respondents routinely test for DPYD, while only 

1% routinely test for UGT1A1 [23]. More clinicians reported 

finding value in having DPYD results available prior to fluor

opyrimidine administration (77%) than UGT1A1 for irinotecan 

(53%). Additionally, a large disparity existed in the perceived 

value of DPYD and UGT1A1 genotyping for those who 

responded “Unsure”; 30% of respondents were unsure of 

UGT1A1’s value, while this was the case for only 15% when 

asked about DPYD’s value. Opinions on when performing PGx 

testing is appropriate were also dependent on treatment set

ting, with more clinicians being willing to dose reduce fluor

opyrimidines and irinotecan in the palliative care setting than 

curative.

In a study assessing healthcare providers’ perspectives on 

the clinical utility of PGx testing in general, hematology/ 

oncology physicians were among those most familiar with 

PGx testing (57.2%), only second to psychiatrists (80%) [25]. 

They also reported that pediatric hematology/oncology had 

the highest proportion of physicians perceiving benefits of 

PGx testing (63.8%), followed by anesthesiology/pain/surgery 

and psychiatry. These general perceptions of PGx testing by 

oncologists are consistent with the values summarized in 

included articles that specifically inquired about DPYD and 

UGT1A1 genotyping (77%–83% for DPYD and 53%–83% for 

UGT1A1) [22,23].

Overall, oncologists are receptive to PGx implementation 

efforts and perceive a benefit in doing so. In fact, one pharmacist- 

led PGx screening pilot program reported that 96% of oncolo

gists were willing to offer PGx testing to their patients beyond 

the trial period [22]. However, several perceived barriers were 

consistently reported in the literature. A lack of clear dosing 

guidance and potential liability were significant concerns 

expressed by clinicians, especially for those at institutions in 

the pre-implementation phase. Even when clinicians became 

aware of updated guidance from organizations such as the 

FDA, a desire for more definitive and clear language was 

expressed, particularly for a specific assay recommendation to 

use for testing. Factors such as cost/reimbursement, a lack of 

infrastructure, patient identification, and turnaround time 

became more prominent perceived barriers post- 

implementation. A wide range of acceptable turnaround times 

have been reported, ranging anywhere from 2 to 21 days [24]. 

This range also depended on the treatment setting, however, 

with one survey indicating that most clinicians believed up to 7 

business days were acceptable in palliative settings, while only 5 

business days were acceptable in the curative setting.

Patient perspectives are equally important considerations 

for implementing PGx testing. Two surveys explicitly described 

attitudes and perspectives on DPYD and UGT1A1 PGx testing 

reported by patients [21,22]. Similar to clinician perspectives, 

cost was noted as being among the most significant factors of 

consideration for patients being offered DPYD and/or UGT1A1 

genotyping for their care. One focus group found that many 

patients were unaware of the existence of PGx testing initially 

but noted that their understanding was improved by conver

sations with their care team [21]. Importantly, they consis

tently preferred to learn about their PGx test results from 

either an oncologist or pharmacist but felt that verbal con

versations about testing via phone, telehealth, or in person 

were all appropriate methods. One survey of patients who 

previously received DPYD and/or UGT1A1 testing found that 

nearly 90% of respondents felt that their PGx test was either 

‘extremely’ or ‘quite a bit’ relevant and valuable to their cancer 

treatment. Still, only 46% of these patients reported not wor

rying about the impact of test results on their dosing regimen. 

Patients that expressed concern described a fear that dose 

adjustments could reduce the efficacy of their treatment, 

a concern that has been echoed by clinicians.

4. Workflow integration

4.1. Gene ordering and sample collection

Across published PGx implementation efforts, the ordering 

and collection processes for DPYD and UGT1A1 testing varied 

depending on institutional resources, laboratory access, and 

clinical culture, yet several consistent themes have emerged.

As expected, nearly all programs attempted to perform 

preemptive genotyping to ensure actionable results were 

available prior to drug initiation. Most implementation initia

tives reported oncologists as the team member responsible for 

placing PGx orders; however, several institutions have success

fully incorporated pharmacists and, less frequently, nurses or 

research coordinators as being responsible for helping to 

initiate PGx test orders [26–28]. These models also utilized 

nurse coordinators or research staff to initiate consent and 

sample collection in parallel with treatment planning [27,29]. 

The need for standardized consent processes and patient 

education is stressed, as unfamiliarity with germline testing 

occasionally slowed ordering during initial rollout phases 

[27,30]. Across diverse health systems, from academic hospi

tals in Europe and Asia to community and rural centers in 

North America and Australia, the most effective workflows 

were those embedding PGx orders directly into chemotherapy 

planning and leveraging multidisciplinary collaboration to sus

tain timely preemptive testing [24,26–28,31–34].
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Blood and buccal samples were the only sample types 

noted in the summarized implementation efforts, although 

assays do exist for other sample types (e.g., saliva and skin 

biopsy) [35,36]. Blood and buccal sampling each provide 

unique pros and cons, and selection largely depended on 

lab capabilities and institutional workflow. Blood sampling 

via peripheral venipuncture was the most common collection 

method, accounting for over 70% of reported workflows [37– 

39]. This was favored by many institutions considering it could 

easily be incorporated into routine pre-treatment laboratory 

draws completed by infusion nurses, thus minimizing addi

tional clinic visits and time. Several programs, however, 

described using buccal swab samples. This method is less 

invasive and, in some settings, may be a logistically simpler 

alternative [30,32]. This was particularly the case in outpatient 

and rural settings where phlebotomy access is not immedi

ately available. Buccal collection was generally performed by 

nurses or pharmacists at the point of care, taking less than 5 

minutes, and was valued for enabling patient self-collection 

when blood draws were delayed. One multicenter initiative 

reported using telehealth services and providing patients with 

self-sampling cheek swab kits [31]. They showed that buccal 

swab genotyping achieved a 100% sample success rate with 

no recollections being warranted, despite blood samples gen

erally yielding higher quality DNA.

4.2. Turnaround time

Average and median turnaround times (TAT) varied per imple

mentation effort and ranged greatly from as quickly as 3 days 

to as long as 2 weeks. In some cases, TAT varied by location 

type in the same institution, with urban sites having faster 

result times compared to suburban sites (10 vs 13 days) [40].

Testing location was a significant workflow determinant 

affecting TAT for PGx results. In-house laboratories, typically 

institutional molecular diagnostics or clinical pharmacology 

units, offered the advantage of short turnaround times, often 

reporting results within 3–7 business days with a mean of 6 

days [32,33,41]. Additionally, in-house testing offered greater 

control over PGx interpretation reports and allelic coverage 

[27,33]. In contrast, institutions performing send-out testing to 

commercial laboratories came at the cost of longer turn

around times, averaging 8–10 days, and occasional treatment 

delays if tests were ordered too close to planned therapy 

initiation [27]. Although send out tests were consistently 

done through accredited laboratories, some programs noted 

that courier schedules and sample batching likely added 

further lag compared to in-house processing [24].

Despite a consistent emphasis on performing preemptive 

testing, there was a wide range (57–96%) in the percent of 

results that returned prior to chemotherapy. Some programs 

reported up to 96% of results returning prior to chemother

apy, while others observed only 57% of tests resulting pre

emptively [28,31,32,40]. Results from one large community- 

based health system in the US found that a total of 72.5% of 

tests resulted were interpreted and communicated to the 

provider prior to the scheduled start of the patient’s che

motherapy regimen [28]. This was likely a result of the variable 

turnaround times reported among institutions but also influ

enced by institution-specific processes and procedures.

4.3. Clinical decision support

Clinical decision support (CDS) tools have been designed in the 

electronic health record (EHR) to prompt the ordering of PGx 

tests, to warn the clinician team of patients with drug–gene 

interaction, to interpret PGx test results, and to provide recom

mended dose adjustments [27,29,32,40,42,43]. Epic’s Genomic 

Module, particularly the Genomic Indicators feature, was speci

fically noted in some cases to effectively help facilitate CDS 

development and implementation [29]. To support the test 

ordering workflow, either embedded pretest alerts or standar

dized order sets were used once a fluoropyrimidine or irinote

can-containing regimen was selected. Integrating pretest alerts 

early within the prescribing process allows pharmacists, nurses, 

or research coordinators to be involved in helping to facilitate 

test ordering by “pending” tests for an oncologist’s co-signature 

[27,29,40]. Sites that lacked automated test prompts reported 

lower preemptive testing rates and occasional chemotherapy 

delays [27,32]. A 2024 survey found that about 50% of sites 

surveyed currently implementing DPYD-guided fluoropyrimi

dines still relied on individual clinicians to remember to order 

testing without the assistance of any electronic reminders inte

grated into their workflow [27]. Posttest CDS tools were also 

integrated into the EHR and relied on discrete resulting of 

genotype. Hospitals with established local or in-house testing 

described coordinated electronic workflows in which results 

automatically populated structured fields in the EHR and thus 

were able to automatically trigger CDS alerts [29,32,40]. Both 

interruptive pop-up alerts and non-interruptive in-line warnings 

were reported being set up at time of order entry and/or 

verification showcasing the many possible approaches to CDS 

infrastructure, which depends on institution-specific workflows 

and preferences [29,32].

In many cases, dose recommendations were provided via 

CDS tools and largely supported by a pharmacy team. In 

multidisciplinary settings, one survey found that pharmacists 

provide PGx-guided chemotherapy dosing services and 

patient education at about 75% of sites implementing PGx in 

the oncology setting [27]. Some of these recommendations 

are documented as a consultation note to remain as 

a permanent part of the patient’s health record, while others 

reported that dose recommendations were emailed directly to 

the treating oncologist [32]. In all cases, the ultimate prescrib

ing decision was still left at the discretion of the treating 

oncologist.

DPYD genotype-guided fluoropyrimidine dose recommen

dations were nearly all in line with current CPIC and DPWG 

guidelines; to perform a 50% dose reduction in IMs and to 

avoid fluoropyrimidines in PMs. CPIC guidelines were updated 

in 2018 to strengthen the dose recommendation for IMs with 

an AS = 1.5 from 25–50% to 50% after additional evidence 

suggested that a 25% dose reduction was insufficient at redu

cing adverse effects in this patient population. The one insti

tution who reported recommending a 25% dose reduction in 

IMs with an AS = 1.5 adjusted this in 2019 to align with CPIC’s 

update [44]. As expected, no institution recommended use of 
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fluoropyrimidines in known DPYD PMs. However, consistent 

with CPIC guidelines, a strong dose reduction of at least 75% 

was provided as an alternative option for PMs with an AS = 0.5.

There are currently no existing CPIC guidelines for UGT1A1 

and irinotecan. Hence, most irinotecan dose reductions 

described were made according to DPWG clinical guidelines 

and/or the FDA drug label. In most cases, no dose recommen

dation was given for UGT1A1 NMs and IMs (e.g., *1/*28 or *1/ 

*6), and a 30% initial dose reduction was given for PMs (e.g., 

*28/*28 or *6/*6). One institution, however, also recom

mended a 25–30% dose reduction in IMs who received 

doses >180 mg/m2 [28]. Importantly, upward dose titrations 

based on patient tolerability following the initial PGx-guided 

dose reduction of fluoropyrimidines or irinotecan were con

sistently encouraged across implementation efforts.

5. Cost

Beyond clinical outcomes, financial viability is fundamental 

pillar of adoption in the health system. The upfront cost of 

testing, lack of standardized reimbursement, and unclear 

payer coverage are consistently cited as the primary barriers 

preventing the widespread clinical implementation of PGx 

testing. Coverage varies by insurer, reimbursement policy, 

and by accepted societal willingness to pay (WTP) thresholds, 

which in the U.S. have historically been evaluated between 

$50,000 and $100,000 per quality-adjusted life year (QALY) 

[45,46]. More recent US-based cost-effective analyses, how

ever, reference an acceptable WTP threshold range between 

$100,000 and $150,000. Cancer-related analyses in particular 

were significantly more likely to use the higher threshold of 

$150,000 than non-cancer-related analyses [47].

For both DPYD and UGT1A1-guided chemotherapy, real- 

world implementation data and modeling show fewer costly 

toxicities without loss of efficacy, though the economic value 

falls into two distinct categories; cost-saving or cost-effective. 

Several studies conclude that preemptive genotyping is 

strictly cost-saving, meaning the upfront assay costs are com

pletely recouped by the prevention of severe toxicities [48– 

50]. Conversely, other models classify testing as highly cost- 

effective, indicating that while it may marginally increase 

initial expenditures, the clinical benefit falls well below stan

dard societal willingness-to-pay thresholds [45,51]. It is impor

tant to distinguish between these two types of evidence: 

economic modeling (such as Markov models) simulates 

hypothetical patient cohorts over time to predict theoretical 

cost-effectiveness based on assumed perfect adherence 

[45,46]. Real-world implementation studies, however, capture 

actual clinical resource utilization and reflect how testing per

forms amidst human error and logistical challenges, confirm

ing that theoretical savings translate into actual reduced 

hospitalization costs [50,52]. Rather than simply reporting iso

lated cost-effectiveness ratios, these economic models reveal 

the critical clinical thresholds required for PGx testing to 

remain viable in practice. First, cost-effectiveness is highly 

dependent on the assumption that genotype-guided dose 

reductions maintain efficacy. For example, if reducing the 

irinotecan dose in UGT1A1 homozygotes compromises survival 

by even a small margin, preemptive testing may lose its 

economic advantage [46,49]. Furthermore, patient ancestry 

and the local prevalence of genetic variants directly dictate 

value. Because UGT1A1 variant frequencies differ globally, 

genotyping is highly cost-saving for populations of African 

and European descent but explicitly not cost-effective for 

populations of Asian descent, where the variant frequency 

falls below the ~9% threshold for economic viability [49]. 

Finally, institutional dosing schedules matter; while testing is 

highly valuable prior to high-dose, infrequent irinotecan regi

mens, institutions utilizing low-dose weekly regimens may not 

see the same economic justification.

The absolute cost of the PGx assay itself is one of the 

primary drivers of the extent of cost-effectiveness; models 

indicate that DPYD testing becomes a dominant, cost-saving 

strategy if the assay cost drops below $96 but exceeds accep

table cost-effectiveness thresholds if the price rises above 

$286 [45]. It is worth noting that the acceptable WTP per 

QALY threshold used in this study was $50,000, which is 

much lower than updated estimations in the United States. If 

evaluated at these higher thresholds, DPYD testing priced > 

$286 would still be considered cost-effective. Similarly, cost- 

effectiveness is highly sensitive to the background costs of 

treating severe toxicities within a specific healthcare system. 

Because the primary economic benefit of PGx testing in the 

oncology setting is hospitalization avoidance, institutions with 

higher standard fees for treating events like febrile neutrope

nia will see a magnified economic benefit from preemptive 

screening. For instance, DPYD testing becomes universally 

cost-saving if the local cost of a toxicity-related hospitalization 

exceeds $27,778 [45].

Overall, pharmacoeconomic literature of preemptive test

ing DPYD and UGT1A1 demonstrates significant value. As pre

emptive testing becomes more routine in oncology, the 

expanding use of multi-gene panels further strengthens this 

economic rationale. Specifically, single-gene testing costs 

reported in these models range from $174+ for DPYD to 

between $102 and $375 for UGT1A1. However, the cost of 

a multi-gene panel closely mirrors the cumulative cost of 

ordering these single-gene tests sequentially. By proactively 

integrating a wider array of actionable genetic data into the 

electronic health record, panel-based testing offsets the future 

financial and administrative burdens of ordering sequential 

single-gene tests, follow-up office visits for therapeutic ineffi

cacy, and costly emergency department admissions for 

adverse drug reactions [53]. Because these panels evaluate 

multiple genes simultaneously, which is particularly crucial in 

gastrointestinal cancers where patients frequently receive 

fluoropyrimidines, irinotecan, and supportive care medica

tions, they may offer superior economic value.

6. Supportive care utilization

Only two institutions explicitly reported their use of panel- 

based PGx testing to inform supporting care medications in 

the oncology setting, indicating that this practice is not yet 

widespread even among those who are actively performing 

PGx testing for chemotherapy agents. Relevant PGx-informed 

medications include nausea (ondansetron), pain (opioids and 
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NSAIDs), acid-reflux (proton-pump inhibitors), anxiety (SSRI/ 

SNRIs), infections (voriconazole), and anticoagulation (war

farin). Cicali et al. observed that the overall prevalence of 

individual supportive care medications informed by PGx test

ing was lower than the investigators anticipated when exclud

ing antiemetics (i.e., less than 50%), but only 4.9% of patients 

were not on any PGx-informed supportive care medication 

[54]. Nearly all (>90%) patients were on the antiemetic 

informed by CYP2D6 genotype, ondansetron, as was expected, 

and it is worth noting the rate of use for relevant opioids 

(31.2%), proton pump inhibitors (23.6%), and antidepressants 

(18.6%). The patient population described from this institution 

included two cohorts, an intervention arm who received sup

portive care medication recommendations based on PGx 

results and a control arm who did not. Of the 72 patients in 

the intervention arm, there was a low rate of provider action 

to adjust medications based on PGx results within 2 weeks of 

initiating chemotherapy. The authors noted that reoccurring 

provider education may be necessary to ensure that appro

priate adjustments are performed beyond chemotherapy regi

mens when actionable genetic results relevant to supportive 

care are available.

Kasi et al. demonstrated the feasibility of integrating PGx 

testing with a panel of pharmacogenes to reduce adverse 

effects from both supportive care and chemotherapy agents 

at their institution [42]. Buccal samples were collected at point 

of care, and the OneOme RightMed genotyping panel of 27 

genes was performed. Both chemotherapy (e.g., UGT1A1, 

DPYD) and supportive care genes (e.g., CYP2D6, CYP2C19, 

CYP2C9) were included in this single panel, so obtaining the 

necessary genetic information to inform supportive care 

medications did not add any additional steps to their pro

posed workflow. At this institution, pharmacists were the pri

mary personnel responsible for interpreting test results and 

developing specific medication recommendations for physi

cians involved in various aspects of a patient’s care. 

Ultimately, dose adjustments performed were still the discre

tion of the medical oncologist.

7. Future perspectives

Most, if not all, oncology institutions have an established work

flow for performing somatic genetic testing as a part of stan

dard care, but they lack the same for preemptive PGx testing. 

PGx testing is not yet widespread standard of care, particularly 

in the oncology setting. Despite the broad date range of eligi

ble publication dates in the initial search, 75% of included 

articles were published in 2021 or later, exemplifying the rapidly 

growing relevance of PGx implementation in oncology. As 

more institutions embark on the beginning phases of imple

mentation, learning from the challenges and achievements of 

others will be key for sustained success. The main takeaways 

and considerations for each domain analyzed in this review are 

summarized in Table 2. Many of the resulting implementation 

efforts were performed in the US. Considerations, particularly 

those related to cost, are therefore most applicable to health 

systems based in the US in which private insurance is the 

primary payer. Further analyses focused on public healthcare 

models would help inform DPYD and UGT1A1 implementation 

on a global scale.

Clinicians generally perceive value in performing PGx test

ing prior to chemotherapy, although more so for DPYD testing 

Table 2. Takeaways per relevant consideration for implementing PGx-guided chemotherapy.

Consideration Main takeaway(s)

Patient and Provider Perspective ● Perspectives and attitudes toward testing were generally positive across all stakeholders.
● Patients prefer to have initial discussions around PGx testing in person with their oncologist or pharmacist.
● Perceived barriers to address include treatment delay due to turnaround time, lack of standardized recom

mendations, and cost.
● Perceived value of testing is higher for DPYD than UGT1A1, but can be improved by educational efforts.

Workflow Integration: Gene Ordering and 
Sample Collection Processes

● Establishing a process for pre-emptive testing is more critical in oncology than other clinical areas where 
reactive testing may be acceptable.

● With large, interprofessional teams being common in the oncology setting, there is opportunity to involve 
various healthcare professionals in the gene ordering and sample collection processes. This may minimize the 
workload burden on a single individual, but a clear delineation of duties is necessary.

● Blood sample collection methods may easily integrate into standard lab draw already being performed, but 
buccal samples provide a less invasive technique without compromising result accuracy.

Workflow Integration: 
Turnaround Time

● Although fast turnaround times are ideal, tracking and understanding institution-specific result turnaround 
times help to proactively plan a workflow that allows adequate time for result return.

● Longer turnaround times are generally more acceptable in the palliative care setting than curative.

Workflow Integration: 
Clinical Decision Support

● Automated pre-test alerts effectively facilitate PGx test ordering.
● Dose recommendations were generally consistent among institutions and in-line with professional guidance 

(e.g., CPIC, DPWG).
● Pharmacists are a key team member for providing medication guidance based on DPYD and/or UGT1A1 

phenotype.

Cost ● Establishing cost-effectiveness is a key factor influencing stakeholder buy-in for implementation, particularly 
on the institutional and payer level.

● Growing recognition by professional organizations is likely to improve reimbursement rates.

Supportive Care Utilization ● Nearly all chemotherapy recipients receive at least one supportive care medication informed by PGx results, 
most commonly ondansetron.

● Panel-based testing provides comprehensive opportunities for improving patient care without adding steps to 
the ordering process nor a significant additional cost.

● Continued oncologist education is needed to improve acceptance rate of PGx-guided supportive care 
medication recommendations.
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than that of UGT1A1. There is a clear need for continued 

clinician education, as medical oncologists’ unfamiliarity with 

testing options, interpretation, and guideline-directed dose 

modifications is a primary barrier to widespread clinical adop

tion [27,40]. Patients are also generally unfamiliar with PGx 

testing, but they report seeing its value once educated. Verbal 

education provided by either an oncologist or pharmacist on 

pharmacogenetic testing was preferred by patients. 

Developing a collaborative environment between PGx specia

lists and the oncology care team will incorporate an educa

tional resource for both treating clinicians and patients. This 

helps provide oncologists with necessary background informa

tion on clinical utility, increases uptake in testing, ensures 

appropriate dose modifications are being made, and improves 

patient comfortability with their care. All of which contribute 

to improved patient care outcomes.

Institutional efforts consistently showed that the success of 

test implementation depended not only on assay result timing, 

but also on interpersonal coordination. The most effective work

flows were those embedding pharmacogenomic orders directly 

into chemotherapy plans and leveraging multidisciplinary colla

boration to sustain timely preemptive testing. Oncology clinic 

visits, particularly in the early phases of care when PGx is most 

likely to be ordered, involve a large, multidisciplinary team. The 

success of test implementation in oncology settings requires 

having a clear delineation of ordering responsibility and sample 

handling among the many personnel involved in a single 

patient’s care. In contrast, PGx implementation efforts done in 

typical clinical settings such as primary care may have minimal 

personnel (e.g., only a nurse and a physician) involved in 

a patient’s clinic visit. The responsibility for lab ordering will 

often clearly fall on a single individual in these settings. 

Institutions with clear protocols describing the responsibility for 

test ordering reported this as a contributing factor to successfully 

obtaining results prior to initiating chemotherapy. A wide range 

of acceptable turnaround times of PGx testing have been 

reported, but all clinicians agree that avoiding a delay in che

motherapy is ideal. Understanding nuances of institution-specific 

workflows will allow implementers to design a system in which 

testing is offered at the earliest possible timepoint in care when 

fluoropyrimidine and/or irinotecan therapy is deemed likely. By 

offering testing as soon as possible following patient identifica

tion, longer turnaround times based on individual laboratory 

capabilities may be worked around. Pre-treatment ordering led 

by oncologists, supported by pharmacists, nurses, and other 

personnel, and synchronized with baseline laboratory collection 

represents a highly effective model for implementing DPYD and 

UGT1A1 testing. CDS tools may also be leveraged to optimize 

nearly all aspects of the workflow to prompt the ordering of PGx 

tests, to provide test result interpretations, warn clinicians when 

gene–drug interactions are present, and to provide standard 

recommended dose adjustments. Feasibility outcomes suffered 

when relying on individuals to remember to order testing with

out CDS and therefore have shown to be another key factor for 

successful implementation.

Institutions performing testing in-house achieved markedly 

faster results, often reporting within 3–7 days, enabling same- 

week therapy initiation, while send-out models require more 

robust coordination. Aligning sample collection with routine 

laboratory draws was repeatedly underscored as a low-cost, 

high-yield efficiency measure due to its easy integration into 

already established processes. Blood sampling was the most 

common approach, but buccal swabs provide a practical alter

native that can facilitate at-home self-sampling and telehealth 

consultations where access to local clinics is limited. Sample 

preference should be chosen based on lab capabilities and 

individual preference, as both methods yield equally accurate 

results. Ultimately, those performing the sample collection (e.g., 

nurses) should be at the forefront of these discussions to ensure 

a smooth integration into their workflow.

Recognition and clinical guidelines from professional orga

nizations are a major factor when gaining stakeholder support 

for PGx implementation in the oncology setting. Although 

concern for a lack of dosing guidance among clinicians has 

been cited, both UGT1A1-guided irinotecan and DPYD-guided 

fluoropyrimidine therapy have multiple reliable, evidence- 

based sources to base adjustments on. DPYD is acknowledged 

by the FDA, NCCN, and CPIC, while there is less clinical guidance 

available for UGT1A1. This likely played a role in the lower 

perceived value of UGT1A1 genotyping compared to DPYD 

among clinicians. UGT1A1-guided irinotecan use is described 

in both the FDA’s drug label and in guidelines from a highly 

respected international PGx resource, DPWG, yet most clini

cians are likely minimally aware of its clinical utility. An empha

sis should be placed on providing strong educational 

background on the available evidence and guidance from pro

fessional organizations that are available in the early phases of 

implementation. Nearly all current implementation efforts are 

providing consistent medication recommendations established 

by CPIC, the FDA, and/or DPWG, and this widespread consis

tency among institutions may help facilitate gaining internal 

stakeholder support for those just getting started.

Not only does guidance from professional organizations 

improve stakeholder support, but it also influences testing 

cost and reimbursement rates. While CPIC guidelines (DPYD) 

and the FDA labeling guidance (DPYD and UGT1A1) have 

existed for years, payer coverage policies in the U.S. remain 

inconsistent [53]. In contrast, recommendations from the 

European Medicines Agency have driven more systematic 

reimbursement and integration across European healthcare 

systems [50,55]. The landscape of professional guidance in 

the US has still rapidly changed in the last year, and reim

bursement rates, particularly for DPYD genotyping, are 

expected to improve with the significant strengthening of 

language from the FDA and NCCN since October 2025. This 

would have a positive impact on one of the major per

ceived barriers to test implementation, cost, and reimburse

ment. Support from professional organizations is not the 

only factor influencing insurance coverage, however. Payers 

frequently cite the lack of robust cost-effectiveness data as 

a primary reason for refusing to reimburse testing [50]. They 

place an emphasis on determining whether upfront cover

age for testing will ultimately decrease downstream health

care expenditures. Showing that preemptive genotyping 

reduces costly treatment failures, severe adverse events, 

and hospitalizations provides the compelling economic 
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argument payers require [49,53]. As cost is among the most 

commonly cited barriers to clinical use of PGx-guided che

motherapy, familiarity with the current landscape is crucial 

for new implementation efforts. Individuals have little 

opportunity to change testing costs outside of participating 

in advocacy groups for improved reimbursement, but 

knowledge of general cost, demonstrations of cost- 

effectiveness, reimbursement rates, and trends in coverage 

will allow those working to achieve stakeholder buy-in to 

participate in engaging conversations.

Nearly all chemotherapy recipients will require some form of 

supportive care medication management to mitigate the sever

ity of or prevent adverse effects associated with chemotherapy. 

Despite the current lack of widespread use in the oncology 

setting, NCCN® guidelines do support the use of PGx in certain 

supportive care settings and recommend consulting a PGx spe

cialist to aid in the appropriate interpretation and use of results. 

The NCCN® guidelines for adult cancer pain reference pub

lished CPIC recommendations to provide specific medication 

guidance when prescribing opioids (CYP2D6), tricyclic antide

pressants (CYP2D6 and CYP2C19) and NSAIDs (CYP2C9) [56]. 

Additionally, the NCCN® guidelines for the prevention and 

treatment of cancer-related infections and cancer-associated 

venous thromboembolic disease acknowledge that genetic 

variability may impact dose requirements of voriconazole and 

warfarin, respectively. Typical cost for panel-based pharmaco

genetic testing ranges from $300 to $600, compared to 

approximately $200–$400 for single-gene tests [57]. This cost 

continues to decline as genotyping technology evolves. The 

increasing availability and improving financial feasibility of shift

ing from single-gene testing to inform only chemotherapy 

agents to panel-based testing for both chemotherapy and 

supportive care medications are likely to expand its use. It is 

reasonable to anticipate that panel-based testing will increase 

as general interest in PGx testing to inform chemotherapy 

agents continues to grow.
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