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Background Previous studies have suggested the potential importance of three DPYD variants (DPYD*2A, D949V, and 1560S)
with increased 5-FU toxicity. Their individual associations, however, in 5-FU-based combination therapies, remain
controversial and require further systematic study in a large patient population receiving comparable treatment

regimens with uniform clinical data.

Methods We genotyped 2886 stage lll colon cancer patients treated adjuvantly in a randomized phase Il trial with FOLFOX
or FOLFIRI, alone or combined with cetuximab, and tested the individual associations between functionally del-
eterious DPYD variants and toxicity. Logistic regressions were used to assess univariate and multivariable asso-

ciations. All statistical tests were two-sided.

Results In 2594 patients with complete adverse event (AE) data, the incidence of grade 3 or greater 5SFU-AEs in DPYD*2A,
1560S, and D949V carriers were 22/25 (88.0%), 2/4 (50.0%), and 22/27 (81.5%), respectively. Statistically significant
associations were identified between grade 3 or greater 5FU-AEs and both DPYD*2A (odds ratio [OR] = 15.21,
95% confidence interval [Cl] = 4.54 to 50.96, P < .001) and D949V (OR = 9.10, 95% CI = 3.43 to 24.10, P < .001)
variants. Statistical significance remained after adjusting for multiple variables.The DPYD*2A variant statistically
significantly associated with the specific AEs nausea/vomiting (P = .007) and neutropenia (P < .001), whereas
D949V statistically significantly associated with dehydration (P = .02), diarrhea (P = .003), leukopenia (P = .002),
neutropenia (P<.001), and thrombocytopenia (P < .001). Although two patients with I1560S had grade>3 5FU-AEs;

a statistically significant association could not be demonstrated because of its low frequency (P = .48).

Conclusion In the largest study to date, statistically significant associations were found between DPYD variants (DPYD*2A
and D949V) and increased incidence of grade 3 or greater 5FU-AEs in patients treated with adjuvant 5-FU-based

combination chemotherapy.
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Since its introduction more than 50 years ago, the fluoropyrimidine
antimetabolite 5-fluorouracil (5-FU) has remained the mainstay of
colon cancer treatment regimens. Though standard treatment of
5-FU/leucovorin (LV) with oxaliplatin (FOLFOX) or irinotecan
(FOLFIRI) has improved survival and response rates in patients
with metastatic disease (1-4), 5-FU-based treatment remains chal-
lenging because of patient variability in efficacy and toxicity (5,6).
While variability may be linked to multiple clinical factors, the
concept that genetic differences contribute to drug response has
been confirmed in many research settings.

Pharmacogenetic studies related to 5-FU have traditionally
focused on the rate-limiting catabolic enzyme, dihydropyrimidine
dehydrogenase (DPD). DPD catabolizes approximately 85% of
administered 5-FU, and its impairment leads to toxic accumulation
of 5-FU anabolites in treated patients (5). To date, three DPYD gene
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variants are known to affect DPD activity: DPYD*2A4 (c.1905+1
G>A; 153918290), D949V (c.2846A>T; rs67376798), and 1560S
(c.1679 T>G, DPYD*13,rs55886062) (7-16). Previous studies have
identified links between increased incidence of 5-FU toxicity and
the three variants (17-19); however, discrepant results in other
studies have limited their utility for toxicity prediction (20-23).
All three variants have relatively low minor allele frequencies (24),
resulting in insufficient power to detect associations with toxicity
in previous studies with limited numbers of patients. Combining
disease populations and different treatment classes may also have
contributed to the conflicting results.

Because of previous discrepancies and the need for validation in
larger patient populations uniformly treated with current standard
combination therapies, we genotyped the DPYD*24, D949V, and
15608 variants in a large cohort of stage III colon cancer patients
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treated in a randomized trial of FOLFOX or FOLFIRI, alone or
combined with cetuximab, as adjuvant chemotherapy. Furthermore,
we genotyped an additional 22 DPYD germ-line variants recently
shown to result in decreased DPD activity (16) to test their indi-
vidual associations with grade 3 or greater (grade >3) toxicity.

Methods

Study Population

Biospecimens were prospectively collected from resected, stage
IIT colon cancer patients in a randomized phase III trial NCCTG
N0147, NCT00079274) (25). All patients received chemotherapy
within 10 weeks of surgery after enrollment in one of the following
treatment arms: FOLFOX only, FOLFOX+cetuximab, FOLFIRI
only, FOLFIRI+cetuximab, or six cycles of FOLFOX followed
by six cycles of FOLFIRI + cetuximab. The stratification factors
included: N stage (N1 vs N2), T stage (T, vs T vs T}), histologic
grade (high [poorly differentiated/undifferentiated] vs low [well/
moderately differentiated]), right (proximal) tumor side (cecum,
ascending and transverse colon), and left (distal) tumor side (splenic
flexure, descending and sigmoid colon). The study was approved
by the Mayo Clinic Institutional Review Board and the NCCTG
(Alliance for Clinical Trials in Oncology). Each participant signed
an IRB-approved informed consent in accordance with federal and
institutional guidelines.

DNA derived from whole blood was available on 2886 patients.
Patients were assessed biweekly for adverse events (AEs) according
to the National Cancer Institute (NCI), Common Toxicity Criteria
(v.3). Fatigue, anorexia, dehydration, diarrhea, stomatitis/mucosi-
tis, nausea/vomiting, leukopenia, neutropenia, febrile neutrope-
nia, thrombocytopenia, and pain are all AEs that were classified
as common to 5-FU treatment (SFU-AEs) which was performed
by the study chair who was blinded to SNP data. In August 2008,
treatment randomization was restricted to patients whose tumors
had wild-type (WT) copies of KRAS. Patients with KRAS mutant
MUT) tumors (n = 292) were treated per physician discretion
with very limited AE data. Therefore, a total of 2594 patients were
included in the AE association analyses. Data on BRAF and DNA
mismatch repair proteins (MMR) were also available (25,26).

Genotyping for Functionally Deleterious DPYD Variants

Genotyping for 25 DPYD variants functionally characterized to
result in decreased DPD enzyme activity was performed as a part of
a larger genetic biomarker screening project including a total of 180
variants across 22 genes involved in 5-FU, oxaliplatin, or irinotecan
response. Polymerase chain reaction (PCR) and extension prim-
ers were designed for all genotyped variants using the Sequenom
Assay Design Software version 4.0 (Sequenom, San Diego CA).
Functionally deleterious DPYD variants, frequencies, and primer
sequences are available in Supplementary Table 1 (available online).
PCR amplification was performed in a 5pl multiplex reaction using
20ng of patients’ DNA following manufacturer’s protocol. PCR
products were digested with Shrimp Alkaline Phosphatase prior to
single-base extension using the IPLEX Gold Kit following manu-
facturer’s protocol. Extension products were then desalted with
a cation exchange resin, transferred to a 384-element silica array
(SpectroCHIP v.II) using the MassARRAY nanodispenser, and
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analyzed on the basis of mass using matrix-assisted laser desorp-
tion ionization time-of-flight (MALDI-TOF) mass spectrometry
on the Sequenom MassARRAY system.

Statistical Analysis

The primary outcome was rate of AEs common in 5-FU treatment
(5FU-AE), defined as the proportion of patients with at least one
grade three or greater SFU-AE during the entire course of the
treatment. The secondary outcomes include any grade>3 AE (over-
all AE) rate and disease-free survival (DFS). DFS was defined as the
time from the date of random assignment to the first documented
recurrence of colon cancer or death from any cause, whichever
occurred first. Follow-up for all patients was censored five years
after randomization. The frequency for each variant was compared
with the published frequencies in dbSNP and tested for departure
from Hardy-Weinberg equilibrium. Chi-squared or Fisher’s exact
test, unequal variance two-sample 7 test, and Wilcoxon rank sum
test were used to compare the categorical variables, continuous var-
iables, and counts between patients’ DPYD variant status (27,28).
Logistic regression was used to assess the association between SNP
status and AE rates, adjusting for clinicopathological factors (28).
The Kaplan-Meier method was used to estimate the distributions
of DFS (29). Cox model was used to assess univariate and mul-
tivariable associations between variant status and DFS (30). The
proportional hazards assumption was verified by diagnostic test
based on scaled Schoenfeld residuals. Unless otherwise specified,
all multivariable models were adjusted for age, sex, performance
score, stratification factors (T/N stage and grade), primary tumor
site, KRAS, BRAF, MMR, treatment, total number of treatment
cycles, and dose modifications. Associations between SFU-AE rate
and variant status were further assessed in prespecified subgroups:
treatments, race, and sex. Sensitivity, specificity, and positive and
negative predictive values were calculated for variants with statisti-
cally significant associations with grade>3 SFU-AEs. All analyses
were performed in SAS v9 and a P value under .05 was considered
statistically significant. All statistical tests were two-sided. Data
collection and statistical analyses were conducted by the Alliance
Statistics and Data Center.

Results

Patient Characteristics and Incidence of Grade>3 AEs
Summary characteristics for 2886 colon cancer patients with avail-
able DNA are as followed: 53.2% male, median age of 58 years
[range = 19-86 years], 87.6% Caucasian, T3 73.0% T3, 12.6% BRAF
MUT, 36.2% KRAS MUT, 40.5% with 4 or more positive nodes
88.6% pMMR status, 76.6% Performance Score 0 (PS-0), 8.1%
of patients received irinotecan, 45.9% received cetuximab, 25.7%
received fewer than12 treatment cycles, and 74.3% had at least one
dose modification.

A total of 2594 of 2886 patients had complete AE and genotype
data available for analysis. Summary statistics for our study cohort
of 2594 patients with complete AE data are provided in Table 1.
One thousand six hundred and eight patients (62.0%) reported
any grade>3 AE (overall AE), with 859 patients (33.1%) reporting
any grade>3 SFU-AE. Most frequent SFU-AEs included: diarrhea
(12.0%), neutropenia (11.7%), nausea/vomiting (5.0%), fatigue
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428 (64.3)
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1373 (72.0)

1487 (62.4)
1178 (61.2)

986)

897 (37.6)

89 (42.4)
238 (35.7)
746 (38.8)
445 (67.6)
534 (28.0)

No (n
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Table 1. Continued
Characteristic
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(4.9%), and mucositis (4.2%). Older patients were more likely to
experience SFU-AEs than younger patients (P < .001). Females
reported higher SFU-AEs than males (38.5% vs 28.4%, P < .001).
Caucasian patients also showed a higher SFU-AE rate compared
to other races (P = .001). Other factors statistically significantly
associated with higher rates of 5SFU-AEs were high (vs low) histol-
ogy grade, right-sided (vs left-sided) tumors, BRAF MUT (vs WT)
tumors, and patients receiving cetuxumab (vs not). Patients who
discontinued treatment before completing 12 cycles were more
likely to have experienced 5FU-AEs, compared with those who
completed all 12 cycles (38.3% vs 31.4%, P = .001). Patients with
either grade>3 SFU-AEs or grade>3 overall AEs were also more
likely to have received a dose modification (13.7% vs 39.6%, P <
.001; 32.4% vs 72.0%, P < .001).

Incidence of DPYDVariants in the Study Population

In the 2886 patients genotyped, 27 (0.94%), four (0.14%), and 32
(1.1%) patients carried the DPYD*2A, 1560S, and D949V vari-
ants, respectively, in the heterozygous state. One patient was het-
erozygous for both DPYD*24 and D949V. Six patients had missing
genotype calls for DPYD*24 and D949V because of failure of PCR
amplification or extension. All patients were successfully genotyped
for the I560S variant. One patient (Caucasian female, 61 years
of age) was heterozygous for P92A (c.274 G>C; rs143986398).
Twenty-one of the functionally deleterious variants were not pre-
sent in the study population. Allele frequencies for DPYD*2A4,
I560S, and D949V were consistent with published data and were
in Hardy-Weinberg equilibrium (Supplementary Table 2, available
online).

Patients carrying DPYD*2A variants were less likely to com-
plete all 12 treatment cycles compared with wild-type patients
(56.0% vs 74.0%, P = .04). No statistically significant associations
were detected between DPYD variants and other patient character-
istics described in Supplementary Table 3 (available online).

Among 2594 patients with complete AE data, the incidence
of grade>3 SFU-AEs in DPYD*2A4, 1560S, and D949V carriers
were 22/25 (88.0%), 2/4 (50.0%), and 22/27 (81.5%), respectively,
whereas incidence of grade>3 overall AEs were 22/25 (88.0%), 3/4
(75.0%), and 24/27 (88.9%). A total of 16 DPYD*24 (64.0%), 1
I560S (25.0%), and 18 D949V (66.7%) patients had at least one
grade 4 AE. The compound heterozygous DPYD*2A/D949V
patient had a grade 5 event. No grade>3 AEs were detected in the
patient carrying P92A.

In the 25 DPYD*2A patients, 11 (44.0%) received less than 12
cycles (median = 8, range = 1-11), and 20 (80.0%) had at least one
dose modification. All 14 DPYD*2A4 patients who completed all
12 treatment cycles received at least one dose modification. In the
three patients carrying the DPYD*2A variant with no grade>3 AE,
three received at least one dose modification and two completed all
12 treatment cycles.

In the 27 D949V patients, eight (29.6%) received <12 cycles
(median = 3.5, range = 1-6), and 20 (74.1%) had at least one dose
modification. For the 19 D949V patients who completed all 12
cycles, 17 received at least one dose modification. In the three
patients carrying the D949V variant with no grade>3 AE, all com-
pleted 12 treatment cycles with one receiving at least one dose
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modification. The patient carrying both the DPYD*24 and D949V

variants was only able to receive one cycle of FOLFOX+cetuximab.
In the four I560S patients, one (25.0%) received less than 12

cycles, and three (75.0%) had at least one dose modification.

Association Analysis Vetween DPYD Variants and

Grade>3 AEs

Statistically significant associations were identified between
grade>3 SFU-AEs and both DPYD*2A (odds ratio [OR] = 15.21,
95% confidence interval [CI] = 4.54 to 50.96, P < .001) and D949V
(OR =9.10,95% CI = 3.43 to 24.10, P < .001) variants (Figure 1,
A and C). Associations were also detected between grade>3 over-
all AEs and both DPYD*2A4 (OR =4.56,95% CI = 1.36 to 15.25,
P=.01) and D949V (OR =4.95,95% CI = 1.49 to 16.46, P = .009)
variants (Figure 2, A and C). Both DPYD*24 and D949V associa-
tions with grade>3 SFU-AEs remain statistically significant after
adjusting for age, sex, grade, T/N stage, PS, tumor location, KRAS,
MSI, treatment, number of cycles received, and dose modifica-
tion (Figure 1, B, and D). D949V remained significantly associ-
ated with grade>3 overall AEs in the adjusted model (P = .009),
but not DPYD*2A (P = .05) (Figure 2, B and D). The DPYD*2A4
variant significantly associated with the specific AEs nausea/
vomiting (P = .007) and neutropenia (P < .001), whereas D949V
statistically significantly associated with dehydration (P = .02), diar-
rhea (P = .003), leukopenia (P = .002), neutropenia (P < .001), and
thrombocytopenia (P < .001) (Table 2).

When restricting the analysis to Caucasians, sex, or treatment,
statistically significant associations were maintained between both
DPYD*2A4 and D949V variants and grade>3 SFU-AEs (Figure 1).
Furthermore, DPYD*2A displayed a greater effect size on risk of
5FU-AEs in males compared with females (unadjusted OR = 20.96
vs 9.74); however, the interaction effect was not statistically sig-
nificant. This effect differentiation trend was not seen for D949V
(unadjusted OR = 10.38 males vs 8.13 females). DPYD*2A4 showed
statistically significant associations with overall grade>3 AEs within
both Caucasian (P = .02) and male (P = .02) subgroups, but not
within FOLFOX alone, FOLFOX+cetuximab, or female subgroups
(Figure 2). D949V also showed statistically significant associations
with overall grade=3 AEs in patients treated with FOLFOX alone
(P =.04), Caucasian (P = .01), and male (P = .04) subgroups, but not
within the female or FOLFOX+cetuximab subgroups (Figure 2).

Because of its low frequency, a statistically significant association
could not be demonstrated between I560S and either SFU-AEs
(OR = 2.02,95% CI = 0.28 to 14.38, P = .48; n = 2) or overall
(OR =1.84,95% CI = 0.19 to 17.70, P = .60; n = 3) grade>3 AEs.
No interaction effect was found between DPYD*24 and D949V on
grade>3 SFU-AEs (P = .98), nor on overall grade>3 AEs (P = .98).
None of the DPYD variants showed statistically significant associa-
tions with DFS (Figure 3).

Discussion

The pivotal role of DPD in 5-FU metabolism is clear and remains
the only US Food and Drug Administration<en>approved pharma-
cogenomic marker for predicting toxicities to 5-FU-related chem-
otherapy (31). To date, three DPYD variants, DPYD*2A4, D949V,
and 15608, have been suggested as having potential importance
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in 5-FU toxicity based on deleterious effects on DPD activity
(9-16,32-34). Because of conflicting evidence and their relatively
low frequencies, meta-analyses of multiple studies have attempted
to clarify the importance of the DPYD*24 and D949V variants
(35,36). Unfortunately, numerous differences among studies (eg,
genes and specific variants genotyped, types and stages of cancer,
assessment of toxicity and pertinent clinical data, and treatment
regimens used) greatly limit the power of this approach, highlight-
ing the need for assessment in larger patient populations receiving
comparable treatment regimens with uniform clinical data.

Utilizing NCCTG N0147 biospecimens, we were able to com-
pare grade>3 AE rates by genotype in a cohort of stage III colon
cancer patients with well-characterized clinicopathological factors,
standardized treatment, and uniformly assessed treatment-related
AEs and outcomes. Our analysis identified statistically significant
associations for both DPYD*2A and D949V variants with not
only grade>3 5FU-AEs but also overall grade>3 AEs in the largest
patient population published to date, confirming their importance
in predicting toxicity to FOLFOX or FOLFIRI, alone or com-
bined with cetuximab.

Our subgroup analysis also showed statistically significant
associations between both DPYD*2A and D949V variants and
grade>3 SFU-AEs in patients treated with FOLFOX alone and
FOLFOX+cetuximab, Caucasian patients, and both male and
female patient populations. Interestingly, we observed a greater
effect of DPYD*2A4 in males compared with females. It has been
suggested that sex-gene interactions may lead to different effects of
the same genetic variant in males and females, however our analysis
displayed no statistically significant interaction between DPYD*2A4
genotype and sex on grade>3 SFU-AE. Previously, Schwab et al.
showed that 5/6 DPYD*2A patients with severe toxicity were men,
but 6/7 DPYD*2A patients without severe toxicity were women
(19), indicating a potential sex dependent effect. In our study, only
three patients carrying DPYD*2A4 had no grade=3 AEs, only one
was female. It has been well established that women experience
more severe toxicity than men while receiving 5-FU (37,38), which
was also observed in our study. These findings suggest that the
impact of sex on 5-FU toxicity should be considered when calculat-
ing DPYD variants’ predictive values for toxicity, as the proportion
of toxic cases explained by DPYD variants may differ between men
and women. Because of the increased incidence of grade>3 toxicity
and lower frequency of DPYD*24 in females observed in our study
cohort, further studies in larger female populations with equal rep-
resentation of DPYD*2A4 will be needed to validate the observed
effect size difference between male and female DPYD*2A carriers.

The Clinical Pharmacogenetics Implementation Consortium
recently provided recommendations for adjusting 5-FU dose
in the presence of the three deleterious DPYD variants (39).
However, genetic testing prior to 5-FU<en>based treatment
remains to be fully utilized, in part, because of low sensitivity
prediction values. In our study, genetic testing for DPYD*2A4,
D949V, and I560S resulted in the following values for grade>3
SFU-AE prediction: sensitivity = 5.3%, specificity = 99.4%,
positive predictive value = 81.8%, and negative predictive
value = 68.0%. Low sensitivity and negative predictive values
observed in this study may be attributed to the combination
chemotherapy regimen, which may result in an additive effect on
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Figure 1. Forest plots for the associations between DPYD variants
and grade>3 5FU-AEs in the N0147 study population and in different
subgroups. A) DPYD*2A univariate (unadjusted). B) DPYD*2A multi-
variable (adjusted). C) D949V univariate (unadjusted). D) D949V mul-
tivariable (adjusted). Multivariable models were adjusted for age, sex,

AE rates. Nevertheless, high specificity and positive predictive
values emphasize the importance of the three DPYD variants as
predictive toxicity markers.
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performance score, stratification factors (T/N stage and grade), primary
tumor site, KRAS, BRAF, MMR, treatment, total number of treatment
cycles, and dose modifications.Two-sided P values were calcuated
using a logistic regression model. 5FU-AEs = grade>3 adverse events
common to 5-FU; Cl = confidence interval; OR = odds ratio.

Our study is not without limitations. Our cohort represents
a highly selected group of stage III colon cancer patients with
strict inclusion criteria, which may introduce unavoidable bias.
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Figure 1. Continued

Generalizability of our findings needs to be demonstrated in other
stages and cancer types. Furthermore, heterogeneity in the overall
proportion of toxicity explained by DPYD variants across different
studies may be attributed to differences in the extent of examina-
tion of the DPYD gene. Variant databases have identified approxi-
mately 120 DPYD variants that alter the amino acid sequence

jnci.oxfordjournals.org
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(24). In this study, we focused on the DPYD variants displaying
functionally deleterious effects on DPD activity from the current
literature (16). Out of the 25 deleterious DPYD variants screened
in our study cohort, only DPYD*24 and D949V were present in
frequencies suitable to assess for associations with grade>3 toxicity.
Though I560S has been shown to cause a statistically significant
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Figure 2. Forest plots for the associations between DPYD variants and
grade>3 overall adverse events in the N0147 study population and in
different subgroups. A) DPYD*2A univariate (unadjusted). B) DPYD*2A
multivariable (adjusted). C) D949V univariate (unadjusted). D) D949V
multivariable (adjusted). Multivariable models were adjusted for age,

decrease in DPD enzyme activity and has been identified in 5-FU
toxic patients, we were unable to assess its statistical significance
with grade>3 SFU-AEs in this population because of low frequency.
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sex, performance score, stratification factors (T/N stage and grade),
primary tumor site, KRAS, BRAF, MMR, treatment, and total number
of treatment cycles, and dose modifications. Two-sided P values were
calculated using a logistic regression model. AEs = any grade>3 adverse
event; Cl = confidence interval; OR = odds ratio.

Additionally, 21 other functionally deleterious DPYD variants were
absent from our study population, while P92A was identified in one
patient with no grade>3 toxicity.
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Figure 2. Continued
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Several of the more common DPYD variants have shown con-
flicting evidence regarding their effects. For example, previous
functional assessment of c.85 T>C (C29R; DPYD™9) indicated a
deleterious effect on enzyme activity (40), however recently pub-
lished studies have shown increased (hyperactive) activity (15-16).
Hyperactivity was also observed for ¢.1601 G>A (S534N; DPYD*4)
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(15), which was previously suggested to correlate with reduced DPD
activity (14). Other variants such as ¢.1627 A>G (I543V; DPYD™5)
and ¢.2194 G>A (V7321; DPYD*6) were also recently shown to result
in DPD activity similar to wild type (15,16). Because of the lack of
deleterious functional evidence, we elected to exclude the more
common DPYD variants from the current study. Though functional
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Table 2. Grade>3 5FU-Adverse events and incidence of DPYD*2A and D949V variants®®

DYPD*2A (rs3918290) D949V (rs67376798)
Carrier, no. (%) Wild-type, no. (%) Carrier, no. (%) Wild-type, no. (%)

Adverse events (grade>3) (n =25) (n = 2564) P* (n=27) (n =2562) P*
Overall AEs 22 (88.0%) 1581 (61.7%) .007 24 (88.9%) 15682 (61.8%) .004
bFU-AEs 22 (88.0%) 834 (32.5%) <.001 22 (81.5%) 835 (32.6%) <.001
Constitutional symptoms

Fatigue 2 (8.0%) 122 (4.8%) .34 2 (74%) 124 (4.8%) .38
Gastrointestinal

Anorexia 0 (0.0%) 9 (1.5%) 1.0 0(0.0%) 39 (1.5%) 1.0

Dehydration 2 (8.0%) 8(2.3%) Nl 3 (11.1%) 57 (2.2%) .02

Diarrhea 3(12.0%) 305 (11.9%) 1.0 9 (33.3%) 299 (11.7%) .003

Stomatitis/muscositis 3(12.0%) 107 (4.2%) .09 2 (74%) 106 (4.1%) .31

Nausea/vomiting 5(20.0%) 124 (4.8%) .007 2 (74%) 127 (5.0%) .39
Blood/bone marrow

Leukopenia 2 (8.0%) 47 (1.8%) .08 4 (14.8%) 6 (1.8%) .002

Neutropenia 16 (64.0%) 288 (11.2%) <.001 15 (55.6%) 289 (11.3%) <.001

Thrombocytopaenia 1(4.0%) 8(0.3%) .08 3 (11.1%) 6 (0.2%) <.001
Febrile neutropenia 2 (8.0%) 42 (1.6%) .07 2 (74%) 42 (1.6%) .08
Pain 0(0.0%) 20 (0.8%) 1.0 0(0.0%) 20 (0.8%) 1.0

* Two-sided P values were calculated using a chi-squared test. Overall AEs = any adverse event grade>3. 5FU-AEs = grade>3 adverse event common to
5-fluorouracil. Pvalues in bold indicate statistical significance.
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Figure 3. Comparisons of disease-free survival (DFS) between DPYD variants. A) DPYD*2A. B) D949V. Two-sided P values were calculated for
univariate and multivariable associations between variant status and DFS using a Cox model, and distributions of DFS were estimated using the
Kaplan-Meier method. Cl = confidence interval; HR = hazards ratio; KM Est = Kaplan-Meier estimate.

analysis indicates that these variants individually do not decrease
DPD enzyme activity, future studies are necessary to determine the
potential compounding effects of multiple DPYD variants on protein
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structure and function. Successfully detecting statistically significant
associations between functionally deleterious DPYD variants and
increased incidence of grade>3 SFU-AEs represents our first step to
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Figure 3. Continued
understanding their toxicity-related predictive value. Future analysis 8. Wei X, McLeod HL, McMurrough J, Gonzalez FJ, Fernandez-Salguero

in this population will investigate the potential associations between
combinations of common DPYD variants and grade>3 AEs, which
may provide a more comprehensive DPYD variant model for 5-FU
toxicity prediction.
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