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Abstract: Pharmacogenomic screening can identify patients with gene variants that predis-
pose them to the development of severe toxicity from fluoropyrimidine (FP) chemotherapy. 
Deficiency of the critical metabolic enzyme dihydropyrimidine dehydrogenase (DPD) leads 
to excessive toxicity on exposure to fluoropyrimidine chemotherapy. This can result in 
hospitalisation, intensive care admissions and even death. Upfront screening of the gene 
that encodes for DPD (DPYD) has recently been implemented in regions throughout Europe 
and the United Kingdom. Current screening evaluates DPYD variants that are well described 
within Caucasian patient populations and provides genotyped-guided dose adjustment 
recommendations based upon the presence of these variants. This article reviews the 
differences in DPYD gene variants within non-Caucasian populations compared to 
Caucasian populations, with regard to the implications for clinical tolerance of fluoropyr-
imidine chemotherapies and genotype guided dose adjustment guidelines. 
Keywords: pharmacogenomics, non-Caucasian, DPYD gene, dihydropyrimidine 
dehydrogenase

Plain Language Summary
Fluoropyrimidine (FP; 5-FU, capecitabine) is a common chemotherapy used to treat many 
different cancers, including cancer of the colon and rectum, upper digestive tract, breast and 
head and neck. Cancer patients who receive FP chemotherapy are at risk of developing 
severe side effects from their treatment. A significant proportion of patients are deficient in 
the crucial enzyme (dihydropyrimidine, dehydrogenase DPD) that metabolises FP che-
motherapies, and this can be assessed through testing the DPYD gene, the gene responsible 
for making DPD. Patients who are deficient in the DPD enzyme can have their chemotherapy 
dose adjusted in order to reduce side effects. This article explores the differences in DPYD 
gene variants between ethnic populations and the effect this has on DPD enzyme production 
and FP side effects.

Introduction
Fluoropyrimidine (FP) chemotherapy is frequently prescribed for treatment of 
a variety of cancers, including colorectal, upper gastrointestinal, breast and head and 
neck cancers. We estimate that these drugs are used in approximately 2 million people 
globally. Unfortunately, FPs have a narrow therapeutic window, meaning that patients 
frequently develop toxicity even at standard dosing. Severe toxicity can lead to 
hospitalisation, intensive care unit (ICU) admission and even death.1 Development 
of toxicity is in part determined by dihydropyrimidine dehydrogenase (DPD) the 
critical enzyme responsible for catabolism of FP chemotherapy. Deficiency in DPD 
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is a risk factor for the development of severe toxicity. 
Genotyping of DPYD (which encodes DPD) can identify 
patients with DPYD variants who are DPD deficient and 
allow for prophylactic FP dose adjustments with initial 
treatment, thereby reducing the risks of FP therapy without 
compromising anticancer effect.2 While the variants that 
contribute to DPD deficiency are well described in 
Caucasian populations, there are less data about DPYD 
genetic variants within non-Caucasian populations. This 
article reviews studies that describe differences in DPD 
phenotyping and DPYD expression within non-Caucasian 
populations.

Fluoropyrimidine Metabolism and 
the Role of DPD
Fluoropyrimidine (FP) chemotherapies are synthetic antime-
tabolite agents that are prescribed to millions of patients 
globally each year. FP is the therapeutic backbone of color-
ectal cancer treatment and is also frequently a major compo-
nent of therapies for curative, adjuvant and palliative 
management in upper gastrointestinal, head and neck and 
breast cancers. FP is delivered either as intravenous 5-fluor-
ouracil (5-FU), or oral prodrugs, including capecitabine and 

tegafur. It is prescribed as both monotherapy and in combi-
nation with other chemotherapies, immunotherapies and bio-
logical agents for use in curative and palliative regimens, as 
well as chemoradiation protocols.

Dihydropyrimidine dehydrogenase (DPD) catalyzes the 
critical and rate limiting step in FP metabolism (Figure 1). 
Only 1–5% of 5-FU is converted to cytotoxic metabolites 
fluorodeoxyuridine (FUDR) and fluorouridine monophosphate 
(FUMP). These metabolites are further metabolized to fluor-
odeoxyuridine diphosphate (FdUDP), which damages DNA 
and RNA via incorporation of active metabolites fluorodeox-
yuridine triphosphate (FdUTP) and flurouridine triphosphate 
(FUTP), respectively. FdUDP is also metabolised to fluoro-
deoxyuridine monophosphate (FdUMP), which inhibits DNA 
synthesis and repair via inhibition of thymidine synthase 
(TS).3,4 Approximately 80% of 5-FU is catabolised by DPD 
to dihydrofluorouracil (DHFU or FUH2) which in turn is 
converted to fluoro-beta-ureidopropionate (FUPA) and fluoro- 
beta-alanine (FBAL). These metabolites are excreted in the 
urine, along with the remaining 5–20% of unchanged 5-FU.5 

Changes in DPD activity therefore have significant effect on 
the metabolic fate of available 5-FU (Figure 2). Profound 
inherited DPD deficiency can manifest as microcephaly, men-
tal retardation and epilepsy.6

Figure 1 Metabolic pathway of fluoropyrimidines. 
Notes: *Fluoropyrimidine chemotherapeutic agents, ^Genes. Genes: DPYD encodes DPD; TYMS encodes TS. 
Abbreviations: CES, carboxyl esterase; CDA, cytidine deaminase; TP, thymidine phosphorylase; TS, thymidylate synthase; DPD, dihydropyrimidine dehydrogenase; DHP, 
dihydropyrimidinase; B-UP, beta-ureidopropionase; 5ʹdFCR, 5ʹ-deoxyfluorocytidine riboside; 5ʹdFUR, 5ʹ-deoxyfluorouridine; FUH2, dihydrofluorouracil; FUPA, fluoro-beta- 
ureidopropionate; FBAL, fluoro-beta-alanine; FUMP, fluorouridine monophosphate; FUDP, fluorouridine diphosphate; FUTP, fluorouridine triphosphate; FUDR, fluorodeox-
yuridine; FdUMP, fluorodeoxyuridine monophosphate; FdUDP, fluorodeoxyuridine diphosphate; FdUTP, fluorodeoxyuridine triphosphate; dUMP, deoxyuridine monopho-
sphate; dTMP, deoxythymidine monophosphate.
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FP has a narrow therapeutic index, with a risk that 
a substantial proportion of patients may experience significant 
toxicity (Figure 2). Even at standard doses, approximately 30% 
of the patients develop grade 3 or higher toxicities, including 
myelosuppression, gastrointestinal effects (predominantly oral 
mucositis and diarrhoea), and palmar-plantar erythrodysesthe-
sia (hand-foot syndrome, HFS).7–9 Up to 1% of the patients die 
from FP-related toxicity.4 It is estimated that DPD enzyme 
deficiency accounts for 39–61% of severe FP toxicity, which 
typically develops within the first 1–2 cycles of treatment.1,9 

Between 3% and 5% of the people are partially DPD deficient 
within the Caucasian populations, and 0.02% are totally 
deficient.10,11

The DPD enzyme is encoded by DPYD, comprising 23 
exons found on chromosome 1. While there are hundreds 
of variants that have been identified, a small group of well- 
described DPYD variants result in pathogenic DPD defi-
ciency and severe toxicity on exposure to FP chemother-
apy. Commonly described pathological DPYD variants in 
Caucasian populations include c.1905+1G>A (DPYD *2A, 
IVS14+1G>A, rs3918290), c.2846A>T (p.D949V, 
rs67376798), c.1236G>A/HapB3, (rs56038477/ 
rs75017182), and c.1679T>G (DPYD*13, p.I560S, 
rs55886062) existing either in trans or in cis configuration 
(Table 1). These variants are well described in various 
studies, mainly derived from patients of Caucasian 
ancestry.12–14 The combined incidence of these variants 
in Caucasian populations is as high as 12%.15–17

Clinical Implications of DPYD 
Variants
The clinical utility of identifying patients with pathogenic 
DPYD variants is based upon dose adjustment of FP 

chemotherapy agents according to DPYD variant status to 
minimize the risk of toxicity. Prospective dose adjustment 
improves tolerance and safety of FP prescribing in patients 
who are expected to develop severe toxicity in the context of 
DPYD variant carrier status.12,15 Recommendations for geno-
type-guided dose adjustment are provided by two expert 
groups in pharmacogenetics; the Clinical Pharmacogenetics 
Implementation Consortium (CPIC) and the Dutch 
Pharmacogenetics Working Group (DPWG). Both consortia 
recommend stratification of variant carriers into their metabo-
liser capability categories (poor metaboliser, intermediate/par-
tial metaboliser and normal metaboliser) and agree that dose 
reductions of 25–50% should be initiated for patients who 
carry single variants of the above four predominant 
Caucasian variants (specific recommendations depend on 
both the individual variant and the gene activity score). 
Extreme caution (dose reductions 50–75% or more) and 
even FP omission are advised for compound heterozygotes 
or homozygotes.4,11 Clinical tolerance of dose-adjusted FP 
therapy should be closely evaluated and further adjustments 
made according to tolerability, including dose escalation for 
those who tolerate treatment well. Importantly, there are var-
ious examples of “normal metaboliser” variants as assigned by 
these guidelines that illustrate decreased DPD function and/or 
clinical toxicity in non-Caucasian groups. This review high-
lights some areas of published discrepancy between DPD 
activity, DPYD variant frequency and function.

DPYD Variants in Non-Caucasian 
Populations
Recently, several studies have explored the diversity of 
DPYD genotype variants outside of predominantly 
Caucasian populations, with attention focussed DPYD 

Figure 2 Effect of DPD deficiency on 5-FU metabolites. 
Notes: (left) 5-FU metabolism with normal DPD; (right) 5-FU metabolism with DPD deficiency.
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Table 1 Functional DPYD Variants in Caucasian and Non-Caucasian Populations

DPYD Variant 
HGVS 
Other Names

Ref. SNP Prevalence (Ethnicity) Impact

c.1905+1G>A 

DPYD*2A 
IVS14+1G>A

rs3918290 1.46% (European-Caucasian)27 

2.7% (American-Caucasian)40 

5.5% (Iranian)38 

0.05% (South Asian)45 

Absent (Japanese)31–33

CPIC: Poor metaboliser11 

OR 5.42 increased toxicity in Caucasian carriers27 

No increase in toxicity compared to wild type in Iranian carriers38

c.2846A>T 

p.D949V

rs67376798 1.47% (European-Caucasian)27 

1.8% (American-Caucasian)62 

0.07% (South Asian)45 

Absent (Japanese)32,33

CPIC: Intermediate metaboliser11 

OR 8.18 increased toxicity in Caucasian carriers27

c.1236G>A 

p.E412=

rs56038477 4–6% (European-Caucasian)13,63 

1.4% (South Asian)45 

Absent (Japanese)32,33

CPIC: Intermediate metaboliser11 

Adj RR 1.59 in Caucasian carriers13

c.1679T>G 
DPYD*13 

p.I560S

rs55886062 0.2% (European Caucasian)13 

Absent (Japanese)31–33

CPIC: Poor metaboliser11 

Adj RR 4.4 in Caucasian carriers13

c.1601G>A 

DPYD*4 

p.S534N

rs1801158 0.3% (Caucasian)43,44 

1.2% (American-Caucasian)36 

2% (African-American)36 

0.9% (South Asian)45 

Absent (Japanese)31

CPIC: Normal metaboliser11 

Adj RR 1.52 in Caucasian carriers13 

Reduced DPD activity in Caucasian population44 

71% carriers developed grade 3–4 toxicity43 

Increased grade ≥2 FP toxicity in Indian carriers37 

136% DPD activity, ethnicity not specified64 

Deleterious effect on in silico analysis of South Asian population45

c.577A>G 
p.Y186C

rs115232898 6.4% (African-American)36 CPIC: Intermediate metaboliser11 

Profound FP related toxicity in case studies35,65 

46% lower DPD activity than wild type in carriers, ethnicity not 

specified64

c.85T>C 

DPYD*9B 
p.C29R

rs1801265 25.7% (Caucasian)40 

23% (African-American)40 

1.8% Caucasian and 7.1% African- 

American homozygotes40 

26% (Indian)41 

25% (South Asian)45

CPIC: No impact on DPD activity11 

No effect on DPD activity in Caucasian population44 

46% of carriers developed grade 3–4 toxicity, ethnicity not specified40 

Increased 5-FU concentration at 3hr post admin. Increased risk of HFS 

and thrombocytopaenia in South Indian carriers41 

127% DPD activity in African American homozygous carriers versus 

wild-type carriers36 

113% increased activity, ethnicity not specified64 

Increased grade ≥2 FP toxicity in Indian carriers37

c.496A>G 
p.M166V

rs2297595 9% (South Asian)45 CPIC: No mention11 

Increased DPD activity 120%42 

No effect on DPD activity in Caucasian population44 

Increased grade ≥ 2 FP toxicity (Indian)37 

Increased OR for grade 3 toxicities46 

Deleterious effect on in silico analysis of South Asian population45

c.1627G>A 

DPYD*5 

p.I543V

rs1801159 9% (South Asian)45 CPIC: Normal metaboliser11 

No effect on DPD activity in Caucasian population44 

Increased grade ≥2 FP toxicity in Indian carriers37

(Continued)
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variants in African and Asian ancestries (including Eastern 
and Western Asian regions). Studies included in this 
review were those found by a literature search using 
PubMed and extensive reading around DPYD and DPD 
activity testing. Pivotal papers were examined in detail, 
and references were investigated for further articles per-
taining to ethnic variability of DPYD and DPD investiga-
tions. The studies included in this review are not 
exhaustive; rather they offer an overview of novel DPYD 
variants within different ethnic groups, the phenotypic 
implications on both DPD activity and surrogate marker 
testing, and the impact of pre-treatment genotyping and 
phenotyping on clinical tolerance and toxicity in relation 
to FP exposure.

DPD Activity in Non-Caucasian 
Populations
Many studies over several decades have investigated DPD 
activity as an indicator of 5-FU toxicity.18–20 The preferred 
methodology employed across various studies for measuring 
phenotypic activity is high performance liquid chromatogra-
phy (HPLC) on peripheral blood mononuclear cells (PBMC) 
cytosol in vitro using 14C-5-FU as substrate to ascertain the 
range and median activity in nmol/min/mg. From this, 
reduced activity can be categorised as “partial” and “pro-
found” deficiency. “Profound” deficiency in this context does 
not refer to the neurological disability described by 
Braakehekke et al, but rather the capacity for 5-FU metabo-
lism following FP administration.6 An alternate technique 
evaluates the ratio of the natural substrate uracil to the 
product of enzyme activity, dihydrouracil, in plasma.21

The concept of measuring DPD as a means of predict-
ing FP toxicity was described by Lu et al in 1993.18 They 

evaluated 124 volunteers and 25 selected cancer patients 
who had experienced moderate-to-severe FP toxicities 
(62% Caucasian and 38% non-Caucasian), measuring 
DPD activity by HPLC on PBMCs. DPD activity was 
categorised as normal, partial or profound deficiency. 
Mean DPD activity across all patients was 0.425 ± 0.124 
(SD) nmol/min/mg. Six out of 25 cancer patients who had 
developed grade 2–3 toxicity were found to be partially 
deficient, with a DPD level ≤30% of that in healthy con-
trols. An additional 3 patients, who died from FP-related 
toxicity, were found to have profound DPD deficiency, 
<10% of normal. No significant difference in mean DPD 
activity was identified between Caucasian and non- 
Caucasian participants.

In contrast, a larger study of Caucasian versus non- 
Caucasian DPD activity found ethnic variation. Morsman 
et al explored in vitro DPD activity in a population of 296 
volunteers from a variety of ethnic ancestries; South-West 
Asian (including Sri Lankan, Pakistani and Indian), 
Kenyan, Ghanaian and British-Caucasian.22 PBMC sam-
ples were analysed by HPLC and mean DPD activities 
were calculated and compared between subgroups, and 
against reference cohorts of French-Caucasian and 
Korean populations.23,24 The median DPD activity was 
similar in South-West Asian, Kenyan and British 
Caucasian populations (0.192, 0.194 and 0.215 nmol/ 
min/mg, respectively). By comparison, Ghanaian partici-
pants had a significantly lower mean activity (0.119 nmol/ 
min/mg). With regard to the reference cohorts, the French- 
Caucasian population illustrated a mean of 0.227 nmol/ 
min/mg, and a significantly higher mean was found within 
the Korean population.23 Sohn et al, the original investi-
gators of this Korean population found a mean DPD 

Table 1 (Continued). 

DPYD Variant 
HGVS 
Other Names

Ref. SNP Prevalence (Ethnicity) Impact

c.2194G>A 
DPYD*6 

p.V732I

rs1801160 8.4% (South Asian)45 CPIC: No impact on DPD activity11 

No effect on DPD activity in Caucasian population44 

No correlation with toxicity in South Asian carriers46 

29% reduction in DPD activity in African-American variant versus wild- 
type carriers36 

Increased grade ≥2 FP toxicity in Indian carriers37 

Deleterious effect on in silico analysis of South Asian population45

Abbreviations: HGVS, Human Genome Variation Society; SNP, single nucleotide polymorphism; CPIC, resources include both 2018 guidelines and subsequent update; OR, 
odds ratio; Adj RR, adjusted relative risk.
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activity of 0.280 nmol/min/mg within their 114 healthy 
patient cohort.24 Unlike Lu, Morsman and Sohn studied 
healthy volunteers, and so could not correlate DPD activ-
ity with FP toxicity as these individuals were not exposed 
to FP chemotherapy agents.

Further DPD activity variation was described in people 
with African-American ancestry. Mattison et al evaluated 
DPD activity in PBMC samples of 258 healthy individuals 
of both African-American (n=149) and Caucasian (n=109) 
ancestry showing a DPD deficiency in 5.8% (15/258) across 
the entire cohort.25 Overall, 8% of African-American patients 
were deficient, compared to 2.8% of Caucasian individuals 
(P=0.07). All four individuals who were found to be pro-
foundly deficient were African-American. Median DPD activ-
ity level of African-American individuals was lower than that 
of Caucasian individuals (0.26 ± 0.006 and 0.29 ± 0.007 nmol/ 
min/mg, respectively; P=0.002). Although statistically signifi-
cant, it is unclear if a difference of 0.03 mmol/min/mg in 
median activity confers clinical difference. Interestingly, 
these median levels are higher than those reported by 
Morsman et al for both Caucasian and African ancestry 
(Kenyan and Ghanaian) groups, 0.215, 0.194 and 0.119 
nmol/min/mg, respectively.22 This may be a reflection of the 
variability of DPD activity measurement across centres or 
could reflect further variability within ethnic subgroups of 
similar ancestry.

Frequency of Typical and Novel 
DPYD Variants in Non-Caucasian 
Populations
The c.1905+1G>A variant was the first functionally sig-
nificant DPYD variant to be described by Meinsma et al in 
a Dutch family with an inherited inborn error of pyrimi-
dine metabolism.26 Several studies ensued, mainly retro-
spective, providing data to determine the significance of 
the other functional DPYD variants predominant in 
Caucasians, c.2846A>T, c.1236G>A and c.1679T>G.13,27 

While these variants can predict the development of FP 
toxicity in heterozygous or homozygous Caucasian car-
riers, there is significant variability in the expected effects 
of these variants in non-Caucasian carriers.

The four prominent variants are not specifically limited to 
Caucasian populations and show variability in population and 
allelic frequency across ethnic groups (Tables 1 and 2). 
Uzunkoy et al evaluated the frequency of c.1905+1G>A 
using Restriction Fragment Length Polymorphism (RFLP) 
PCR in 218 Turkish participants, including 56 colorectal 

cancer patients undergoing FP chemotherapy.28 They found 
two heterozygote carriers in healthy participants and calculated 
a Minor Allele Frequency (MAF) of 0.6%, compared to 0.9% 
in Caucasian data. Uzunkoy et al then reviewed the literature 
for MAF in other ethnic populations, identifying a similar 
MAF in a Portuguese population, and an absolute absence of 
detection of the c.1905+1G>A variant in various studies within 
Asian and African populations. Unfortunately, there was no 
synchronous DPD activity evaluation to correlate the c.1905 
+1G>A genotype with DPD phenotype to explore the func-
tional effects of ethnic diversity, nor was there an opportunity 
to correlate the variant with clinical toxicity, since the identified 
carriers were healthy participants. Uzunkoy suggested that the 
frequency alone supported inclusion of c.1905+1G>A in 
screening of Turkish cancer patients; however, there is cer-
tainly scope to investigate this further and correlate both DPD 
activity and clinical phenotypes in order to confirm that current 
dose adjustment guidelines are applicable to Turkish carriers. 
There is no data to further delineate the racial ancestry of this 
Turkish population.

Several studies of other non-Caucasian populations indi-
cate the absence of the Caucasian DPYD variants. Studies of 
patients from East Africa (Elraiyah, 2017), China (He, 2008) 
and Japan (Maekawa, 2007) all indicate an absence of the 
c.1905+1G>A, c.1679T>G, and c.1601G>A variants.29–31 

Variant c.1236G>A was also absent in the East African study 
of 588 individuals by Elraiyah et al, predominantly comprised 
of Somali and Kenyan subjects. Given the low frequency of 
these variants even within Caucasian populations, this could be 
explained by low prevalence coupled with small sample popu-
lations. Hishinuma et al further confirmed the differences in 
DPYD gene variants within the Japanese population, conduct-
ing a Sanger sequence analysis of 1070 healthy Japanese 
individuals, previously subjected to whole-genome sequencing 
(WGS).32 Twenty-one novel variants were identified and 12 of 
these exhibited decreased DPD enzymatic activity in vitro 
compared to wild-type controls. They confirmed the absence 
of the four common Caucasian DPYD variants. While this 
analysis shows a unique array of DPYD variants within the 
Japanese population that deliver reduced DPD expression 
in vitro, a clinical correlation in Japanese patients undertaking 
FP chemotherapies is needed to confirm significance.

Further example of ethnic heterogeneity within the 
Japanese population has been demonstrated by Yokoi 
et al, who investigated DPYD variants in 301 patients 
undergoing FP-based chemotherapy (among other explora-
tory gene variants).33 They found 15 DPYD variants, 7 of 
which were further evaluated in silico and were found to 
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have probable pathogenic effects. Clinically, heterozygous 
carriers of each of these 7 variants developed grade 3 
toxicities, including neutropaenia and/or diarrhoea and 
vomiting. Grade 3 toxicity incidence in the remaining 
wild-type cohort was 17%, 50/294.33 Yokoi identified 
that each pathogenic variant carrier was different and 
that this would pose an issue for pre-treatment screening 
panels in Japanese populations. Caucasian variants and 
others described within this review were also not detected 
in this Japanese cohort.

Linkage disequilibrium (LD) is the inheritance of 
alleles at closely situated loci occurring at a frequency 
that is higher than random chance, suggesting a non- 
random association.34 LD can be used to assist with gene 
mapping of ethnic groups. Maekawa et al investigated the 
linkage disequilibrium of DPYD variants and found strong 
LD between several novel variants (c.85T>C, c.496A>G 
and c.1627G>A) paired with lesser-known variants.31 

While the clinical implications of these pairs are unclear, 
Maekawa illustrates that LD is present and possibly 

Table 2 Allele Frequency of DPYD Variants in Ethnic Populations

DPYD 
Variant 
HGVS

Ref. SNP Variant Allele Frequency

European 
(Finnish)

European 
(Non- 
Finnish)

African/ 
African- 
American

South 
Asian

East 
Asian

Latino/ 
Admixed 
American

Ashkenazi 
Jewish

Other Total

c.1905 

+1G>A 

DPYD*2A 
IVS14 

+1G>A

rs3918290 0.024 0.006 0.001 0.004 0.000 0.001 0.005 0.005 0.006

c.2846A>T 

p.D949V

rs67376798 0.0001 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.003

c.1236G>A 

p.E412=

rs56038477 0.021 0.012 0.003 0.017 0.000 0.005 0.007 0.015 0.014

c.1679T>G 

DPYD*13 

p.I560S

rs55886062 0.000 0.0006 0.000 0.000 0.000 0.000 0.000 0.0006 0.0003

c.1601G>A 

DPYD*4 
p.S534N

rs1801158 0.013 0.020 0.004 0.009 0.0001 0.011 0.030 0.017 0.014

c.577A>G 
p.Y186C

rs115232898 0.000 0.000 0.022 0.000 0.000 0.001 0.000 0.002 0.002

c.85T>C 
DPYD*9B 

p.C29R

rs1801265 0.409 0.224 0.402 0.255 0.072 0.212 0.112 0.231 0.234

c.496A>G 

p.M166V

rs2297595 0.179 0.102 0.033 0.091 0.015 0.036 0.078 0.093 0.086

c.1627G>A 

DPYD*5 
p.I543V

rs1801159 0.166 0.195 0.157 0.094 0.253 0.296 0.204 0.192 0.195

c.2194G>A 
DPYD*6 

p.V732I

rs1801160 0.021 0.046 0.024 0.098 0.019 0.026 0.107 0.058 0.045

Notes: Ethnic divisions as per gnomADv2.1.1: https://gnomad.broadinstitute.org/.51 Frequencies rounded to 3 decimal places (4 where relevant). “Total” indicates overall 
allele frequency.
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common in larger genes such as DPYD, further complicat-
ing the expected phenotypic effects of individual variants.

Clinical Impact of Novel Variants in 
Non-Caucasian Populations
Variants that are either not present or not clinically sig-
nificant in Caucasian cohorts can have a profound impact 
in non-Caucasian populations. Saif et al first described the 
c.577A>G (aka. p.Y186C, rs115232898) variant in an 
African-American patient who developed profound toxi-
city on exposure to FP chemotherapy.17 Due to significant 
mononuclear cell depletion in the context of severe mye-
losuppression, DPD activity assayed by HPLC of PBMCs 
was not obtained. Similarly, Zaanan et al also described 
the development of severe toxicity following FP exposure 
in an African-Caribbean patient who was also identified as 
a heterozygote carrier of c.577A>G (in addition to 
c.85T>C and c.1627A>G).35 Offer et al studied DPD 
activity in PBMCs of 94 African-American and 81 
European-American healthy participants to measure the 
correlation of c.577A>G carriers with DPD activity.36 

Targeted DPYD exome sequencing identified 30 variants, 
6 of which were found only in African-American partici-
pants, and 3 found only in European-Americans. The 
DPYD variant c.1905+1G>A was not identified in any 
participants. DPYD variant c.577A>G was identified in 
6.4% of African-American participants and no European- 
American participants. The mean DPD activity for 
c.577A>G carriers was 46% lower than for wild-type 
carriers (0.279 versus 0.514 nmol 5-FU/min/mg, 
p=0.00029). Reduced DPD activity of 29% was also 
found among 6 African-American carriers of c.2194G>A 
(p.V732I), compared to wild-type carriers (0.361 versus 
0.508 nmol/min/mg respectively, p=0.049). There was no 
associated reduction in DPD activity in European- 
American participants carrying the same variant. Carriers 
of c.85T>C who were not carriers of c.577A>G were 
evaluated for DPD activity, which revealed that homozy-
gous c.85T>C carriers had 27% more DPD activity than 
wild-type participants (0.609 versus 0.480 nmol/min/mg, 
respectively p=0.013). It is worth clarifying that Offer et al 
uses a modified calculation technique that demonstrates 
the conversion of 5-FU per mg of protein, rather than 
FUH2 production per mg of protein as used by Morsman 
et al and Mattison et al.22,25,36 Offer et al explored the 
effect of linkage disequilibrium (LD) on DPD activity 
given that many participants with low DPD activity were 

carriers of more than one non-synonymous variant. They 
found weak LD between c.577A>G and c.2194G>A. 
Despite the stratified assessment of c.85T>C in carriers 
who were wild type for c.577A>G, no LD correlation was 
found. There is phenotypic discordance between the mea-
sured DPD activity reduction of 46% as measured by Offer 
et al and the assignment of “intermediate metaboliser” by 
the CPIC addendum (2020, https://cpicpgx.org/guidelines/ 
guideline-for-fluoropyrimidines-and-dpyd/). A reduction 
of almost 50% in DPD function suggests that a variant 
allele that is essentially non-functional may require 
aggressive reduction in FP chemotherapy dosing in 
African-American patient carriers. This data is limited by 
small cohort size and warrants evaluation of variant status, 
DPD activity and 5-FU toxicity together in larger popula-
tions to gain a clearer understanding of the true clinical 
impact in order to more accurately guide dosing decisions.

Further to the identification of their high allelic fre-
quency, Patil et al illustrated increased toxicity in a small 
cohort of 34 Indian patients carrying novel variants 
c.85T>C, c.1627A>G and c.2194G>A undertaking neoad-
juvant FP-containing regimens for head and neck cancer.37 

Patients who developed significant toxicity after cycle 1 of 
therapy were selected for targeted DPYD genotyping and 
were dose-reduced if a variant was detected. Of the 12 
(35%) patients who developed grade ≥2 toxicity, 7 carried 
c.2194G>A, 5 carried c.85T>C, 2 carried c.1627G>A, 2 
carried c.496A>G and 1 carried c.1601G>A. One patient 
did not carry any of these DPYD variants. Importantly, 5 
patients were compound heterozygote carriers of multiple 
variants. There were no carriers of c.1905+1G>A or 
c.2846A>T. Variant carriers underwent dose adjustment 
for subsequent cycles, although Patil et al acknowledges 
that the guidelines were inaccurate for these specific var-
iants, and 2/10 variant carriers (20%) went on to develop 
severe toxicity even after dose adjustment. Though this is 
a small study, it highlights several issues. First, the pre-
valence of DPYD variants is uniquely different to that of 
Caucasian populations, both in frequency and clinical 
effect. Second, there is a high incidence of compound 
heterozygotes in this selected population, which further 
complicates dosing decisions. While single variant carriers 
of c.2194G>A, c.85T>C, and c.1627G>A all experienced 
significant toxicity, no cases of isolated c.1601G>A or 
c.496A>G were documented, making phenotypic correla-
tion of genotype effect difficult to confirm. It is unclear if 
these variants are independently significant or if they exist 
in linkage with other variants without clinical implication. 
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Additionally, there may also have been more toxicity over-
all in this cohort given the use of triplet therapy, Overall 
toxicity in wild-type carriers was not included and there-
fore no conclusions can be drawn about relative toxicity of 
treatment in carriers of variants versus those who are wild 
type.

There are several important points to consider when 
interpreting DPYD genotype results and their impact on 
clinical tolerance of FP agents. Firstly, a wild-type result 
on a limited variant panel does not confer wild-type status 
for all known clinically significant variants that could be 
present within DPYD. Second, the absolute impact of 
compound heterozygote and homozygote carriers are 
more challenging to predict, and ideally DPD deficiency 
should be quantified using DPD activity measurement. 
Third, DPYD variants can have differing phenotypic 
expression between patients with different ethnic origins. 
The reason for this is probably multifactorial, but includes 
differences in linkage disequilibrium, genetic penetrance 
of variants across ethnic populations and differing genetic 
traits associated with 5-FP metabolism.

Genotype/Phenotype Correlation of 
DPYD Variants
The pursuit of genotype/phenotype correlation should 
extend across a diverse range of ethnic populations. The 
importance of this is illustrated by Negarandeh et al who 
conducted a prospective observational study of 73 Iranian 
colorectal cancer patients undergoing FP 
chemotherapies.38 They found 4/73 (5.5%) patients were 
heterozygous for c.1905+1G>A, tested via RFLP PCR. 
Both c.2846A>T and c.2194G>A were also investigated, 
and both were absent in the study population. FP dosing 
was not altered in light of DPYD variant carrier status. 
There were no differences in grade 3–4 toxicity between 
c.1905+1G>A carriers and wild-type comparators, with an 
overall incidence of 18.2%. Although this is a small study, 
it illustrates that c.1905+1G>A variant prevalence is high 
within this Iranian cohort compared with other Caucasian 
and non-Caucasian data. It also demonstrates a limited 
clinical impact of the c.1905+1G>A variant on FP toler-
ability and toxicity. This is in contrast to the significant 
metabolic impact that c.1905+1G>A imparts on Caucasian 
carriers. Quantification of DPD activity in this cohort 
would help to clarify the genotype/phenotypic correlation 
between variant and wild-type carriers.

Khushman et al conducted a genotype/phenotype cor-
relative evaluation in 67 patients, 76% Caucasian, 22% 
African-American and 2% Hispanic from the United 
States.39 This retrospective analysis collated retrospective 
DPYD genotyping including DPYD *2A (tested in 100% 
of patients), c.2846A>T (82%) c.1679T>G (82%) 
c.85T>C (42%) and c.1590T>C (42%). Variants were 
found in 17/67 (25%) of patients; 13/17 (76%) were car-
riers of c.85T>C. The remaining 4 patients carried c.1905 
+1G>A and c.2846A>T, and c.1679T>G. Eight of the 13 
c.85T>C carriers were treated with full dose FP che-
motherapy and developed grade 3–4 diarrhoea. Three 
developed skin toxicity. It is unclear what percentage of 
variant carriers within this small cohort were African- 
American or Hispanic. Maharjan et al set out to reproduce 
the genotype/phenotype correlation from Khushman et al 
on a larger scale using retrospective data from 113 patients 
who underwent DPYD genotyping for c.1905+1G>A, 
c.1679T>G, and c.2846A>T.40 31% were African- 
American, 66% were Caucasian and 3% were other unspe-
cified ethnicities. Of the total 113 patient cohort, DPYD 
c.85T>C was identified in 29 (25.7%) Caucasian, 26 
(23%) of African-American patients and 2 (1.8%) of 
unspecified ethnicity. Grade 3–4 toxicity occurred in 46% 
of c.85T>C carriers, including grade 3–4 diarrhoea in 19% 
of carriers and grade 3–4 skin toxicity in 11%. This is 
compared to grade 3–4 toxicity in 38% of wild-type car-
riers (p=0.44). Of those who received full dose FP che-
motherapy, 22/46 (48%) developed severe toxicity 
(p=0.83). This larger study, while still evaluating only 
a relatively small cohort size, showed similar prevalence 
of c.85T>C in Caucasian and African-American patients. 
The increase in toxicity incurred by carriers treated with 
full dose FP, while not statistically significant, could be 
argued to carry important clinical significance. This again 
highlights that different DPYD variants confer different 
phenotypic impact between ethnic populations and reaf-
firms the importance of considering genotyping for var-
iants outside of the four typical Caucasian variants in 
patients of non-Caucasian ethnicity.

There is further evidence in support of a phenotypic 
effect of c.85T>C outside Caucasian patient populations. 
Varma et al conducted a focussed evaluation of c.85T>C 
genotype/phenotype correlation in 145 South Indian color-
ectal cancer patients being treated with capecitabine 
1000mg/m2 twice daily for 14 days in 21-day cycles.41 

They conducted a pharmacokinetic evaluation of drug 
level at 2 and 3 hours after administration. c.85T>G was 
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found in 38/145 (26%), similar to that described by 
Khushman et al and Maharjan.39,40 Carriers had increased 
5-FU concentrations at 3 hrs after administration of cape-
citabine compared to wild-type patients, Clinically, 
c.85T>C carriers developed increased incidence of HFS 
and thrombocytopaenia. There was limited data about 
other clinical toxicities such as mucositis and neutropae-
nia/myelosuppression, which Varma et al accepts as 
a limitation of this study and a goal for future exploration.

Another controversial DPYD variant, c.1601G>A, 
shows conflicting functional impact across various studies. 
Offer et al conducted an in silico study that concluded that 
c.1601G>A (along with c.85T>C) was not linked to 
decreased DPD activity and actually increased FP meta-
bolic activity.42 Conversely, Loganayagam et al reported 
high incidence of grade 3–4 toxicity in 10/14 patients 
heterozygous for c.1601G>A in a study of 430 
patients.43 Additionally, 2/24 variant carriers were com-
pound heterozygotes with c.1601G>A and another signifi-
cant DPYD variant allele. Both patients were hospitalised 
with grade 4 toxicity. And, 15.3% of this cohort were of 
African or Asian ancestry, however the ethnicity of the 
variant carriers is not reported. Nor was a quantitative 
measure of DPD activity obtained in variant carriers. 
Seck et al also confirmed decreased DPD function in 
c.1601G>A carriers, but normal function in c.85T>C car-
riers in their correlative study of genotype with DPD 
mRNA expression and DPD enzyme activity in 157 
Caucasian patients.44 Both Naushad and Hariprakash iden-
tified increased toxicity in c.1601G>A carriers in their 
large-scale studies of South Asian (including South 
Indian) populations.45,46 Interestingly, Maekawa’s study 
in a Japanese cohort shows the absence of c.1601G>A, 
along with the Caucasian variants, again illustrating varia-
bility between various non-Caucasian populations.31 

Variant c.1601G>A is not included in the 2018 CPIC 
guidelines and is marked as “fully functional” in the 
DPWG guidelines, implying that more evidence is needed 
to confirm clinical effect outside of Caucasian 
populations.4,11 Nevertheless, c.1601G>A cannot be 
ignored outside of Caucasian populations, given that the 
data is suggestive of clinical effect in certain populations.

Whole-Genome Sequencing and 
Ethnic Variability
Whole-genome sequencing allows for comprehensive 
genomic screening, which can be applied across large 

population sizes. Both Hariprakash et al and Naushad 
et al conducted WGS studies of several thousand subjects, 
both looking at DPYD genetic variants within South 
Asian ethnic groups, including individuals of Indian, 
Singaporean, Malaysian, Sri Lankan, Pakistani and 
Bangladeshi ancestry.45,46 In a pooled analysis, 
Hariprakash et al combined data from 16 studies of 
South Asian participants, utilising targeted, whole 
exome and whole-genome sequencing techniques. They 
included 3140 participants in this in silico analysis. 
Additionally, 110 Indian cancer patients undertaking FP 
chemotherapy were recruited for prospective targeted 
sequencing of 15 DPYD variants. They compared the 
calculations from various predictive software tools and 
found that the total number of calculated deleterious var-
iants in the DPYD gene ranged from 38 (SIFT) and 39 
(Polyphen-2) to 65 (PROVEAN). There were 14 variants 
mutually agreed upon by all software tools. This in silico 
analysis identified a high prevalence of c.85T>C, 
c.1627A>G, c.2194G>A, c.496A>G and c.1906– 
14763G>A within the South Asian population, with par-
ticularly high frequency of c.2194A>G and c.1906– 
14763G>A compared to other ethnic populations. 
Naushad et al describe genetic clustering of genotypes 
within a population of 2000 healthy Indian subjects.45 

They used WGS combined with clinical guidelines and 
bioinformatics platforms to perform an in silico analysis 
of 11 variants. Classical variants 1236G>A and c.1905 
+1G>A were found at low MAFs, compared to more 
prevalent novel variants c.85T>C (MAF 25%), 
c.1627A>G (9%), c.496A>G (9%) and c.2194G>A 
(8.4%). Of the novel variants, c.496A>G, c.1601A>G 
and c.2194G>A were reported to display a deleterious 
effect based upon in silico analyses.

Both studies concluded that there is marked heteroge-
neity of variant distribution between global populations. 
In the Hariprakash et al patient cohort, 19/110 patients 
were carriers of c.496A>G. Carriers were at increased 
risk of serious FP toxicity, in particular mucositis (OR 
7.2 heterozygote/OR 151 homozygote, p= 0.04) and diar-
rhoea (OR 7.9 heterozygote/OR 71 homozygote p=0.01). 
Two c.1905+1G>A heterozygotes were identified, both 
suffering grade 3 toxicities. There were three variants 
identified (including c.2194G>A and two rarer novel var-
iants) that showed no toxicity correlation.46 This data is 
supported by the in silico results from Naushad et al but is 
in contrast to real-world data from Patil (2016), suggest-
ing significant toxicity in 7 c.2194G>A carriers also in an 
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Indian cohort of 34 head and neck cancer patients.37,45 It 
is possible that the differences in the FP containing regi-
mens (mono and doublet therapy in Hariprakash’s cohort, 
versus neoadjuvant triplet therapy in Patil’s cohort) could 
have confounded the toxicity data, leading to a clinical 
correlation of DPYD variants to toxicity in Patil’s 
patients. DPD activity correlation may have offered 
more conclusive evidence of effect but was not included 
in this study.

Discussion
Differences across ethnic groups regarding both the geno-
typic and phenotypic characteristics of FP metabolism 
have long been recognised but not well understood. It is 
clear that there are inter-ethnic differences in DPYD var-
iant frequency, DPYD variant expression, and the clinical 
impact of these variants, as well as differences in mea-
sured DPD activity. Mean DPD activity levels differ sig-
nificantly in non-Caucasian populations compared to 
Caucasian levels.22,24,25 More data is needed to discern 
whether and how this ethnic variation contributes to popu-
lation-based phenotypic differences in metabolism of FP 
and increased toxicity within non-Caucasian groups. 
Measurement of DPD activity is not standardized, making 
a universal threshold of normal activity difficult to define. 
Reasons for this, as described by Knickman et al could 
include failure to account for the circadian fluctuation of 
DPD and differences in testing equipment and protocols 
across laboratories.47 There is a role for DPD activity 
testing as a confirmatory test to determine the degree of 
deficiency in DPYD variant carriers (compared to local 
controls) once identified on genotyping, rather than its 
utilisation in mass-screening at this stage. Standardization 
of DPD activity testing, including an acceptable turn-
around time and median values of significance (normal, 
partial and profound deficiency) is yet to be achieved and 
remains a barrier to the incorporation of DPD activity 
testing into service laboratories.

DPYD variants that have little or no effect in Caucasian 
populations can have profound implications for DPD 
activity and FP tolerability and toxicity in non-Caucasian 
groups. It is clear that a number of “novel” variants as 
labelled within the guidelines, including c.557A>G, 
c.85T>C, c.2194G>A, c.496A>G and c.1601G>A have 
a limited effect in Caucasian carriers but illustrate 
a significant impact on both DPD function and FP toler-
ability and toxicity when evaluated in non-Caucasian 
populations. The opposite is also true; the prevalence of 

typical Caucasian variants c.1905+1G>A, c.2846A>T, 
c.1236G>A, and c.1679T>G is diverse and even non- 
existent in some non-Caucasian populations.29–31 The lim-
ited recognition of novel variants in the guidelines is likely 
reflective of the abundant data describing DPYD variants 
in Caucasian populations compared to the limited but 
important data from non-Caucasian populations. With 
low frequency of each variant, substantial data is needed 
to verify clinical significance. It is foreseeable that our 
understanding of novel variants will improve as more 
studies are undertaken that focus on non-Caucasian patient 
populations. Ideally, dose decision support for variants of 
significance in non-Caucasian populations will eventually 
be included in consortia guidelines, and consideration of 
ethnicity built into screening tools and interpretation of 
results.

The diversity of DPYD variants across different ethnic 
populations complicates the current concept of DPYD 
genotyping as a screening tool to identify those at risk of 
increased toxicity. In many centres, DPYD genotyping 
incorporates a targeted selection of variants, leaving gaps 
where patients of non-Caucasian ancestry may not be as 
extensively or appropriately genotyped for variants rele-
vant to their genetic lineage.48–50 This limitation suggests 
that a preferable strategy may be DPYD genotype screen-
ing using a DNA sequencing approach that would identify 
all DPYD-related variants and allow for cross-referencing 
against genomic databases which are ethnically diverse, 
such as gnomAD51 (Genome Aggregation Database 
https://gnomad.broadinstitute.org/). Currently, clinicians 
rely upon patients self-identifying their ethnic origins, 
which may not include historical ancestral lineage, as 
this may not be known. DNA sequencing may help to 
identify ethnic ancestry pertinent to DPD activity and 
DPYD gene variant expression that could impact clinical 
decision-making and guide safer FP dosing.

Ideally, in addition to genotyping, patients intending to 
receive FP chemotherapy should undergo synchronous phe-
notyping, either by measuring DPD activity or assessment 
of the UH2/U ratio. These techniques are varied in metho-
dological approach and interpretation and still have their 
limitations, and ideally should be standardised if they are to 
be included in a clinical screening model of care. 
Synchronous genotype/phenotype assessment would fulfil 
two purposes. Firstly, DPYD variant carriers should be 
phenotyped to quantify the DPD enzyme impact and 
thereby more confidently guide dosing decisions. 
Furthermore, it would help to determine cumulative DPD 
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deficiency in compound heterozygotes and homozygotes. 
Second, synchronous DPD testing will help to identify the 
proportion of patients who are DPD deficient without an 
identifiable DPYD variant, again allowing for safer dosing 
decisions. We know that a proportion of patients with DPD 
deficiency do not appear to carry a known DPYD variant, 
and suspect that the impairment of enzyme activity and or 
expression is related to other factors (including down- 
stream regulators and other genes implicit in DPD produc-
tion or elimination).52–54 DPD quantification and genotypic 
correlation can help to clarify the expected effect of both 
classical and novel variants, which we know differ in both 
frequency and effect across ethnic populations.

More extensive genomic and phenotype testing 
obviously incurs a higher cost per patient. This may, how-
ever, be financially feasible in regions where the efficacy 
of targeted screening is lower due to increased ethnic 
diversity within the target population. Increased efficacy 
of screening can decrease financial expenditure on variant 
carriers and thereby reduce the burden on health care 
systems (hospitalisations, intensive care admissions, med-
ication) in managing severe toxicity. This has proved cost- 
effective in retrospective and limited prospective analyses 
in Caucasian populations.55,56 Centres throughout Europe 
that include the UK are already incorporating pre- 
treatment screening for DPYD gene variants and DPD 
activity. This clinical implementation of testing is effective 
in reducing FP-related toxicity in patients by introducing 
genotype-guided fluoropyrimidine dosing but has not yet 
been extensively studied outside Caucasian populations.

There is a paucity of data describing the prevalence of 
DPD deficiency and DPYD variant carriers in Australia, as 
well as the incidence of severe toxicity related to FP 
administration. A single study has been conducted which 
illustrated a lower identification rate of DPYD variants 
c.1905+1G>A, c.1679T>G, c.2846A>T, c.1236G>A and 
c.557A>G; 7/176 (4%) compared to European data.57 The 
multicultural ethnic variability within Australia may par-
tially account for the lower incidence of Caucasian var-
iants, although this was not explored in the Lee study.

There are currently no data describing the ethnic dis-
tribution of patients receiving FP chemotherapy in 
Australia. Furthermore, there is no data to describe 
DPYD variants in Aboriginal Australians. This is in part 
due to both historical and cultural apprehension toward 
genetic testing, embedded in the historical mismanage-
ment of genetic material and poor attention to ethical 
conduct and consent.58,59 This has necessitated important 

improvements in the consensual collection and manage-
ment of biological material collected from patients within 
Australia, and identification of DPYD variants in 
Aboriginal Australians may be possible in the future.

The clinical implications of this DPYD genotyping and 
intervention currently focus upon safety of FP chemother-
apy, by minimization of toxicities which develop during 
treatment. This has probable follow-on implications for 
cancer-related outcomes, disease free survival, progres-
sion-free survival and overall survival of cancer patients 
who have impaired tolerance and compliance with FP 
regimens. As we understand through limited data, adjust-
ing chemotherapy dose based on the DPYD genotypic and 
DPD phenotypic characteristics of the individual does not 
have a detrimental impact of the anticancer effect of treat-
ment. Limited studies have concluded equal efficacy of 
FPs in genotype/phenotype-guided dose-reduced patients 
compared to wild-type patients who are not dose-reduced, 
but further research is needed to confirm these findings 
from small studies/impressions.2,60,61

Linkage disequilibrium of DPYD variants may help to 
clarify the diverse functional impact of certain variants, 
such as those described by Offer (2013) and 
Maekawa.31,36 Ethnic heterogeneity of individual variants 
may extend to linkage patterns and help to explain the 
variation of effect of specific variants between ethnically 
diverse people and warrants further investigation. 
Furthermore, the impact of other pharmacogenomic dri-
vers within the FP metabolic pathway (such as dihydro-
pyrimidinase) is somewhat elusive at present and is one of 
several directions of further enquiry to understand the 
aetiology of patients who do not carry known functionally 
significant DPYD variant(s).

Conclusion
Screening for deficiency of DPD and associated DPYD 
variants is not a “one-size-fits-all” exercise. 
Consideration must be given to ethnic ancestry and diver-
sity incurred in both DPD activity and causative DPYD 
variants within non-Caucasian populations. Single modal-
ity results should be interpreted with caution and efforts 
should be made to correlate DPYD variants with their 
phenotypic effect. Furthermore, current targeted screening 
may need to become more comprehensive to incorporate 
variants of significance in non-Caucasians in order to be 
truly predictive of FP toxicity risk in ethnically diverse 
societies.
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