
•	 5-fluorouracil (5-FU) is a fluoropyrimidine drug and is the 
most frequently used chemotherapeutic drug in the treatment of 
colorectal cancer and other solid tumors. The drug is available 
in many formulations (e.g., Adrucil®, Efudex®), including an 
orally administered prodrug (e.g., capecitabine, Xeloda®).

•	 Grade III–IV toxicity attributed to 5-FU occurs in up to 15 
percent of patients treated and may include the following 
adverse effects: mucositis, neutropenia, nausea, diarrhea, and 
neurological symptoms. 

•	 Pharmacogenetic variation may contribute to risk of toxicity 
and/or altered therapeutic benefit.

•	 The dihydropryrimidine dehydrogenase (DPD) enzyme, 
encoded by the DPYD gene, is responsible for the degradation 
and inactivation of greater than 80 percent of 5-FU. 

•	 Reduced DPD activity can lead to the accumulation of active 
5-FU metabolite (FdUMP), which leads to 5-FU sensitivity. 
The consequences of increased sensitivity could be increased 
efficacy and/or severe dose-related toxicity.

•	 DPYD mutations are associated with decreased DPD activity, 
leading to production of proportionately higher than normal 
amounts of FdUMP and increased risk for dose-related 5-FU 
sensitivity.

•	 5-FU dose reduction and therapeutic drug monitoring may be 
appropriate.

•	 The primary target for 5-FU is thymidylate synthase (TS), 
encoded by the TYMS gene. TS catalyses the methylation of 
deoxyuridine monophosphate (dUMP) to deoxythymidine 
monophsophate (dTMP), which is essential for DNA 
replication. An active metabolite of 5-FU, fluorodeoxyuridine 
monophosphate (5-FdUMP) prevents DNA synthesis by 
forming stable complexes with TS with folate as a co-factor, 
thus preferentially blocking the production of dTMP in cancer 
cells. 
◦◦ TYMS gene mutations result in reduced expression of TS 
and may be associated with higher clinical responsiveness 
to 5-FU therapy and possibly an increased risk of toxicity.

◦◦ Monitor clinically. 
•	 Methylenetetrahydrofolate reductase (MTHFR) is involved 

in the metabolism of folate and forms the reduced folate co-
factor needed for TS inhibition. 
◦◦ Mutations in the MTHFR gene lead to reduced MTHFR 
enzyme activity, which increases intracellular folate 
metabolites and may increase the rate of activity of TS.

◦◦ Monitor clinically.
•	 This test does not detect all genetic variants affecting 

metabolism of, or response to, 5-FU.

Disease Overview
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Epidemiology
•	 Heterozygosity and homozygosity for DPYD alleles with 

impaired function occur in 3–5 percent and 0.1 percent of the 
general population, respectively.

•	 Heterozygosity for the 1494 del TTAAAG (6-bp deletion) 
in the 3’ untranslated region of the TYMS gene occurs in 
approximately 50 percent of Caucasians; 7 percent are 
homozygous. 

•	 United States allele frequencies for MTHFR c.677C>T and 
c.1298A>C are 39 percent and 17 percent, respectively.
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5-Fluorouracil Sensitivity (DPYD, 
TYMS, and MTHFR), 8 Mutations

Detects genetic variants influencing metabolism 
and action of 5-fluorouracil (5-FU) to identify 
individuals who may be at risk for drug toxicity

•	 5-FU metabolism:

Genetics
•	 At least 17 DPYD mutations have been identified in patients 

with severe 5-FU toxicity; this test detects the following 
five common mutations associated with reduced enzymatic 
function and grade III or IV toxicity:*2A (IVS+14G>A), the 
most common and clinically significant variant known, *9A 
(c.85T>C), c.1590T>C,*13 (c.1679T>G), and c.2846A>T.

•	 Polymorphisms in the TYMS gene encoding TS include the 
6-bp deletion in the 3’ untranslated region detected by this test, 
which contributes to decreased gene expression and reduced 
mRNA stability. This mutation is associated with increased 
sensitivity to 5-FU.

•	 The common c.677C>T and c.1298A>T mutations in the 
MTHFR gene are associated with decreased enzyme activity. 
These mutations are associated with an increased rate of TS 
reactivity, but the impact of this variant on 5-FU efficacy and 
toxicity is not clear.
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Interpretation
•	 Genotype should be interpreted with clinical information; 

consultation with a clinical pharmacist is recommended.
•	 Negative: no mutations were detected. 

◦◦ This genotype does not predict 5-FU sensitivity or an 
increased risk for 5-FU related toxicity. 

•	 Positive: 
◦◦ The detection of a DPYD or TYMS mutation predicts an 
increased sensitivity to 5-FU and may lead to increased 
risk for toxicity. Alternative chemotherapeutic agents, 
therapeutic drug monitoring, altered 5-FU doses, or 
increased surveillance for adverse drug reactions may be 
indicated. 

◦◦ The detection of an MTHFR mutation is associated with 
decreased MTHFR activity and increased rate of TS 
reactivity, but the impact of this variant on 5-FU efficacy 
and toxicity is not clear.

Limitations
•	 Only the targeted DPYD, MTHFR, and TYMS mutations will 

be detected. 
•	 Mutations in other genes and non-genetic factors that may 

affect drug metabolism are not identified.
•	 Rare diagnostic errors can occur due to primer-site mutations.

Indications for Ordering
•	 Pre-therapeutic identification of individuals who should avoid 

or may require unconventional doses of 5-FU.
•	 Screening of individuals with a personal or family history of 

adverse drug reactions, including therapeutic failure, when 
treated with 5-FU.

Methodology

•	 Multiplex PCR and detection primer extension to detect the 
following eight gene mutations associated with an increased 
risk for 5-FU toxicity and/or altered response:

Gene Variant Variant Common 
Name

Predicted 
Consequence

DPYD

IVS14+1G>A *2 Abolished DPD 
activity

c.85T>C *9A Reduced DPD 
activity

c.1679T>G *13 Reduced DPD 
activity

c.-1590T>C Reduced DPD 
activity

c.2846A>T Reduced DPD 
activity

TYMS rs16430 1494 del TTAAAG Reduced TS 
expression

MTHFR
c.677C>T C667T Reduced MTHFR 

activity

c.1298A>C A1298C Reduced MTHFR 
activity

2002420		  5-Fluorouracil Sensitivity (DPYD, TYMS and MTHFR) 8 Mutations 

For specific collection, transport, and testing information, refer to the ARUP Web site at www.aruplab.com.
For information on test selection, ordering, and interpretation, refer to ARUP Consult® at www.arupconsult.com.

Test Information

•	 Clinical sensitivity and specificity are unknown.
•	 Analytical sensitivity and specificity for the mutations detected 

are 99 percent.
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