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ABSTRACT

PURPOSE DPYD-guided fluoropyrimidine dosing improves patient safety in carriers of
DPYD variant alleles. However, the impact on treatment outcome in these
patients is largely unknown. Therefore, progression-free survival (PFS) and
overall survival (OS) were compared between DPYD variant carriers treated with
a reduced dose and DPYD wild-type controls receiving a full fluoropyrimidine
dose in a retrospective matched-pair survival analysis.

METHODS Data from a prospective multicenter study (ClinicalTrials.gov identifier:
NCT02324452) in which DPYD variant carriers received a 25% (c.1236G>A and
c.2846A>T) or 50% (DPYD*2A and c.1679T>G) reduced dose and data from DPYD
variant carriers treated with a similarly reduced dose of fluoropyrimidines
identified during routine clinical carewere obtained. EachDPYD variant carrierwas
matched to three DPYD wild-type controls treated with a standard dose. Survival
analyses were performed using Kaplan-Meier estimates and Cox regression.

RESULTS In total, 156 DPYD variant carriers and 775 DPYD wild-type controls were
available for analysis. Sixty-one c.1236G>A, 25 DPYD*2A, 13 c.2846A>T,
and—when pooled—93 DPYD variant carriers could each be matched to three
unique DPYD wild-type controls. For pooled DPYD variant carriers, PFS (hazard
ratio [HR], 1.23; 95% CI, 1.00 to 1.51; P 5 .053) and OS (HR, 0.95; 95% CI,
0.75 to 1.51; P 5 .698) were not negatively affected by DPYD-guided dose
individualization. In the subgroup analyses, a shorter PFS (HR, 1.43; 95% CI,
1.10 to 1.86; P 5 .007) was found in c.1236G>A variant carriers, whereas no
differences were found for DPYD*2A and c.2846A>T carriers.

CONCLUSION In this exploratory analysis, DPYD-guided fluoropyrimidine dosing does not
negatively affect PFS and OS in pooled DPYD variant carriers. Close monitoring
with early dose modifications based on toxicity is recommended, especially for
c.1236G>A carriers receiving a reduced starting dose.

INTRODUCTION

Since the introduction offluorouracil (5-FU) andmore recently
capecitabine (oral prodrug of 5-FU), fluoropyrimidine-based
chemotherapy has become a cornerstone in the treatment
of many solid tumors.1 Dihydropyrimidine dehydrogenase
(DPD) plays a key role in fluoropyrimidine-related
toxicity.2,3 DPD deficiency leads to decreased catabolism
of 5-FU, and consequently, to a shift toward its active
metabolites.4,5 Single-nucleotide variants in the DPYD gene

(DPYD*2A, c.2846A>T, c.1236G>A, and c.1679T>G),
encoding for DPD, are a dominant cause of decreased
DPD enzyme activity, thereby increasing the exposure
to fluoropyrimidines and the risk of developing severe
fluoropyrimidine-related toxicity including diarrhea,
mucositis, nausea, vomiting, and hand-foot syndrome.6-10

In a large prospective clinical trial (the Alpe-DPD study;
ClinicalTrials.gov identifier: NCT02324452), we showed
that by reducing the starting fluoropyrimidine dose to 50%
for heterozygous DPYD*2A carriers, these patients could be
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safely treated.10 However, the application of a 25% dose re-
duction in heterozygous c.2846A>T and c.1236G>A carriers
was not accompanied by a significant decrease in severe
toxicity. Consequently, the need for a larger dose reduction
with toxicity-guided dose titration in heterozygous carriers of
c.2846A>T and c.1236G>A was considered and is currently
recommended by the Clinical Pharmacogenetics Imple-
mentation Consortium (CPIC).11,12 In another study, we
showed that progression-free survival (PFS) and overall
survival (OS) were not negatively affected by an initial dose
reduction of 50% in 37 DPYD*2A carriers.13 Nonetheless, the
impact of a reduced fluoropyrimidine dose on the survival
in a larger cohort of DPYD variant carriers, consisting of
c.2846A>T, c.1236G>A, and c.1679T>G carriers as well, has
yet not been reported. A traditional approach using a
randomized clinical trial comparing survival in DPYD var-
iant carriers treated with a full dose would be unethical and
unfeasible because of the known increased risk of severe
fluoropyrimidine-related toxicity, as was recently also
addressed by both Hertz and Baker et al6,14,15 Therefore,
we compared the effectiveness of fluoropyrimidine treat-
ment after dose reduction in patients carrying a DPYD*2A,
c.2846A>T, c.1236G>A, or c.1679T>G variant with DPYD
wild-type patients treatedwith a full dose using amatched-
pair analysis.

METHODS

Study Design and Participants

The design, study population, and results of the Alpe-DPD
(ClinicalTrials.gov identifier: NCT02324452) study have
previously been published.10 In brief, patients treated
with fluoropyrimidines were included. Heterozygous DPYD
variant carriers received an initial dose reduction of 25%

(c.2846A>T and c.1236G>A) or 50%(DPYD*2A and c.1679T>G).
DPYDwild-type controls were treatedwith the full dose. A total
of 1,103 evaluablepatientswere enrolledbetweenApril 2015and
December 2017, of whom 85 were heterozygous carriers of one
of the abovementioned four DPYD variants. The Alpe-DPD
study was approved by the medical ethical committees of
each participating hospital, and all patients provided informed
consent before enrollment in the study. This included use of
collected data for future studies. The present retrospective
analysis investigates the effect of the reducedfluoropyrimidine
dose on treatment efficacy in DPYD variant carriers (n 5 82)
treated in 14 of the 17 hospitals (n5 1,019) from the Alpe-DPD
study, enriched with all DPYD variant carriers (n 5 143) who
were treated according to a similar protocol with the same dose
reductions as part of routine clinical care between February
2013 and March 2020 in the Netherlands Cancer Institute
(Amsterdam, the Netherlands). Data regarding disease pro-
gression, survival, and treatment (follow-up until February
2021) were either used from the Alpe-DPD study or collected
from electronic medical records. Data regarding toxicity
were only available from patients included in the Alpe-DPD
study.10 This study was approved by the institutional re-
view board or ethics committee at each hospital and was
conducted following the principles of the Declaration of
Helsinki and Good Clinical Practice. No additional informed
consent was needed as patients from the Alpe-DPD study
had already consented to use of their data for future studies,
and data from the patients from routine clinical care were
anonymized.

Matching

Owing to the large degree of heterogeneity among carriers,
specifically in terms of treatment received and primary
tumor type, a matched-pair analysis was chosen over a

CONTEXT

Key Objective
To determine whether reduced fluoropyrimidine dosing in DPYD variant carriers influences progression-free survival (PFS)
and overall survival compared with DPYD wild-type patients.

Knowledge Generated
DPYD-guided dose individualization of fluoropyrimidine-based chemotherapy likely can be performed without compro-
mising effectiveness. However, PFS for c.1236G>A treated with a 25% reduced dose was significantly shorter compared
with DPYD wild-type patients treated with a full dose. Close monitoring and early dose modifications are recommended
when treating c.1236G>A variant carriers with a reduced starting dose.

Relevance (A.H. Ko)
This analysis provides some reassuring evidence that dose reducing fluoropyrimidine-based chemotherapy for patients
who are carriers of pathogenic DPYD variants does not appear to compromise treatment efficacy, although confirmation is
needed in larger cohorts and for specific DPYD genotypes.*

*Relevance section written by JCO Associate Editor Andrew H. Ko, MD, FASCO.
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multivariable regression model accounting for these and
other characteristics. In each matched group (pooled DPYD
variant carriers and the individual DPYD*2A, c.2846A>T
and c.1236G>A carriers), each DPYD variant carrier was
matched to three unique DPYD wild-type controls from the
Alpe-DPD study.10 Patients were matched based on avail-
able characteristics that we considered relevant for treat-
ment outcome, that is, sex, age (610 years), primary tumor
type (colorectal, breast, gastric, or others), stage of cancer
(local, locally advanced, or metastatic), and treatment
regimen (Appendix Table A1, online only). Patients with
missing data regarding disease progression or death were
excluded before matching. Exact matching without re-
placement was performed per matching group, using
R-package MatchIt version 4.3.0.16 Therefore, wild-type
controls were only used once per matched group.

Statistical Analysis

PFS was defined as the time between initiation of treatment
andfirst signs of disease progression by either clinical signs
or radiological imaging or death from any cause, whichever
came first. OS was defined as the time between initiation of
treatment and death from any cause. Patients not experi-
encing disease progression or death before the end of
follow-up were censored at the last date known to be alive.
Standardized differences were used to examine the balance
in baseline covariates between carriers and wild-type
controls in the matched and unmatched samples. PFS and
OS curves were generated using the Kaplan-Meier method.
A (stratified) log-rank test was used to compare survival
between DPYD variant carriers and wild-type controls.
Univariable Cox regression analyses were performed to test
the association between DPYD status and PFS and OS.
Hazard ratios (HRs) and their corresponding 95% CI were
obtained. To account for the matched nature of the data,
Cox regression with standard errors calculated using the
jackknife sandwich estimator was used as the primary
method and Cox regression stratified formatched groups as
the secondary method.17-19 The first approach results in an
estimated HR equivalent to the one obtained by a con-
ventional Cox regression, but with a robust variance esti-
mator accounting for clustering within matched groups.
The stratified Cox regression is an approach that conditions
the matched groups and assumes a common HR, but dif-
ferent baseline hazards, which might not be realistic in
many situations and, therefore, used as the secondary
approach. Both approaches could be seen as complemen-
tary alternatives.19 Exploratory analysis was performed for
all variants pooled and for the individual genetic subgroups
DPYD*2A, c.2846A>T, and c.1236G>A. In addition, multi-
variable Cox regression analyses were performed for all
available DPYD variant carriers and wild-type controls (before
matching), adjusted for matching variables. Schoenfeld
residuals were used to verify the proportional hazards as-
sumption. Median follow-up was calculated using the reverse
Kaplan-Meier method. Given the small numbers of the va-
riant carrier subgroups and the exploratory nature of these

analyses, no multiplicity adjustments were performed. All
statistical analyses were performed using R v3.6.3,20 and
P < .05 were considered statistically significant.

RESULTS

In total, 1,162 patients were available for inclusion. Because
of missing data regarding disease progression or death,
231 patients were excluded, resulting in a total number of
931 patients. Survival data from 72 DPYD variant carriers
(13 DPYD*2A, 14 c.2846A>T, and 45 c.1236G>A) included
from the Alpe-DPD study10 and 84 DPYD variant carriers
(31 DPYD*2A, 7 c.2846A>T, and 46 c.1236G>A) identified
during routine clinical care in the Netherlands Cancer In-
stitute and treatedwith a reduced dose offluoropyrimidines
were available for analysis. No survival data were available
of the single c.1679T>G variant allele carrier, inhibiting
further analysis of this variant. Survival data from 775 DPYD
wild-type controls treated with a full dose identified during
the Alpe-DPD study were available for matching. The
characteristics of the matched groups are listed in Table 1.

In total, 156DPYDvariant carrierswere available formatching.
When pooled, 93 DPYD variant carriers (25 DPYD*2A, 13
c.2846A>T, and 55 c.1236G>A) could be matched to three
unique DPYD wild-type controls. These 93 DPYD variant
carriers consisted of 52 carriers from the Alpe-DPD study
and 41 from routine clinical care. When matched according
to DPYD variant allele 25 DPYD*2A, 13 c.2846A>T, and 61
c.1236G>A, carriers could be matched to three unique DPYD
wild-type controls (Fig 1). Standardized mean differences
were all within 0.1 for the matching variables between
carriers and noncarriers, indicating a good balance in baseline
covariates. Median follow-up time and outcomes of PFS
and OS are shown in Table 2. The Kaplan-Meier–estimated
PFS and OS distributions for the matched groups are shown
in Figure 2.

Cox regression analysis using the JSE showed no statistically
significant difference in PFS (Table 3) for the 93 pooledDPYD
variant carriers compared with their matched wild-type
controls (HR, 1.23; 95% CI, 1.00 to 1.51; P 5 .053), but sig-
nificantly shorter PFS in the subgroup of 61 c.1236G>A
variant carriers (HR, 1.43; 95% CI 1.10 to 1.86; P 5 .007). No
statistically significant difference in PFS was found between
25 DPYD*2A and 13 c.2846A>T variant carriers and matched
wild-type controls (Table 3). Alternatively, Cox regression
analyses stratified for matched groups were also performed,
finding significantly shorter PFS among the pooled DPYD
group and the c.1236G>A variant carriers. For the subgroup
of c.2846A>T carriers, a nonsignificant shorter PFS with an
HR of 2.48 was found (Appendix Table A2, online only). Al-
though not significant, the multivariable Cox regression in-
dicated a slightly attenuated difference for PFS for the pooled
DPYD variants (HR, 1.18; 95% CI 0.95 to 1.46; P 5 .135), more
pronounced for the c.1236G>A variant and no shorter PFS in
the subgroup of c.2846A>T carriers (Appendix Table A3,
online only).

Journal of Clinical Oncology ascopubs.org/journal/jco | Volume 41, Issue 35 | 5413
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TABLE 1. Patient Characteristics of Matched Groups

Characteristic

Matched Pooled DPYD Variants Matched DPYD*2A Variants Matched c.2846A>T Variants Matched c.1236G>A Variants

DPYD Wild-Type
(n 5 279)

DPYD Variant
(n 5 93)

DPYD Wild-Type
(n 5 75)

DPYD*2A
(n 5 25)

DPYD Wild-Type
(n 5 39)

c.2846A>T
(n 5 13)

DPYD Wild-Type
(n 5 183)

c.1236G>A
(n 5 61)

Sex, No. (%)

Male 144 (51.6) 48 (51.6) 36 (48.0) 12 (48.0) 24 (61.5) 8 (61.5) 96 (52.5) 32 (52.5)

Female 135 (48.4) 45 (48.4) 39 (52.0) 13 (52.0) 15 (38.5) 5 (38.5) 87 (47.5) 29 (47.5)

Age, median, (IQR) 65 (57-72) 63 (55-71) 65 (58-71) 64 (57-69) 69 (54-71) 69 (53-72) 63 (54-71) 63 (53-71)

Stage of cancer, No. (%)

Local 33 (11.8) 11 (11.8) 6 (8.0) 2 (8.0) 6 (15.4) 2 (15.4) 27 (14.8) 9 (14.8)

Locally advanced 102 (36.6) 34 (36.6) 30 (40.0) 10 (40.0) 15 (38.5) 5 (38.5) 57 (31.1) 19 (31.1)

Metastatic 144 (51.6) 48 (51.6) 39 (52.0) 13 (52.0) 18 (46.2) 6 (46.2) 99 (54.1) 33 (54.1)

Primary tumor type, No. (%)

Colorectal 186 (66.6) 62 (66.6) 45 (60.0) 15 (60.0) 24 (61.5) 8 (61.5) 117 (63.9) 39 (63.9)

Breast 60 (21.5) 20 (21.5) 21 (28.0) 7 (28.0) 9 (23.1) 3 (23.1) 36 (19.7) 12 (19.7)

Gastric 3 (1.1) 1 (1.1) 3 (4.0) 1 (4.0) 0 (0) 0 (0) 0 (0) 0 (0)

Othera 30 (10.8) 10 (10.8) 6 (8.0) 2 (8.0) 6 (15.4) 2 (15.4) 30 (16.4) 10 (16.4)

Treatment regimen,b No. (%)

CAP/5-FU monotherapy 72 (25.8) 24 (25.8) 21 (28.0) 7 (28.0) 12 (30.8) 4 (30.8) 45 (24.6) 15 (24.6)

CAP/5-FU other 9 (3.2) 3 (3.2) 3 (4.0) 1 (4.0) 0 (0) 0 (0) 6 (3.3) 2 (3.3)

CAPOX regimens 108 (38.7) 36 (38.7) 27 (36.0) 9 (36.0) 15 (38.5) 5 (38.5) 72 (39.3) 24 (39.3)

Chemoradiotherapy 90 (32.3) 30 (32.3) 24 (32.0) 8 (32.0) 12 (30.8) 4 (30.8) 60 (32.8) 20 (32.8)

Treatment cycles

Median (IQR) 3 (1-8) 3 (1-8) 3 (1-8) 4 (1-8) 4 (1-8) 2 (1-5) 3 (1-8) 3 (1-8)

1, No. (%) 91 (32.6) 29 (25.8) 25 (33.3) 7 (28.0) 13 (33.3) 5 (38.5) 60 (32.8) 19 (31.1)

2, No. (%) 25 (9.0) 12 (12.9) 7 (9.3) 4 (16.0) 3 (7.7) 2 (15.4) 17 (9.3) 6 (9.8)

3, No. (%) 29 (10.4) 9 (9.7) 8 (10.7) 1 (4.0) 3 (7.7) 1 (7.7) 17 (9.3) 8 (13.1)

4, No. (%) 20 (7.2) 6 (6.5) 3 (4.0) 2 (8.0) 5 (12.8) 1 (7.7) 14 (7.7) 4 (6.6)

≥5, No. (%) 114 (40.9) 37 (39.8) 32 (42.7) 11 (44.0) 15 (38.5) 4 (30.7) 75 (41.0) 24 (39.3)

Dose intensity (%), median (IQR)

First cycle 100 (95.8-100.3) 73.4 (55.9-75.0) 100 (94.5-100.0) 49.4 (47.2-55.9) 100 (94.4-100.0) 72.5 (70.6-77.0) 100 (95.3-101.3) 75.0 (72.5-75.8)

All cycles 98.8 (88.4-100.0) 71.4 (56.5-75.0) 97.1 (87.9-100.0) 50.7 (47.2-56.5) 98.5 (86.8-100.0) 72.5 (62.9-75.0) 98.8 (89.1-100.0) 73.9 (68.4-75.6)

Dose modification after initial dose, No. (%)

No modification 201 (72.0) 58 (62.4) 56 (74.7) 15 (60.0) 30 (76.9) 6 (46.2) 135 (73.8) 41 (67.2)

Escalation 11 (3.9) 16 (17.2) 4 (5.3) 6 (24.0) 0 3 (23.1) 5 (2.7) 7 (11.5)

Reduction 67 (24.1) 19 (20.4) 15 (20.0) 4 (16.0) 9 (23.1) 4 (30.8) 43 (23.5) 13 (21.3)

Abbreviations: CAP/5-FU monotherapy, capecitabine or fluorouracil monotherapy; CAP/5-FU other, capecitabine or 5-FU in combination with other anticancer drugs; CAPOX regimens, capecitabine
and oxaliplatin-based regimens.
aOther tumor types included head and neck cancer, esophagogastric cancer, anal cancer, vulva carcinoma, urethral cancer, and several rare tumor types.
bCAP/5-FU other includes combinations of capecitabine or 5-FU with cisplatin, carboplatin, docetaxel, irinotecan, vinorelbine, temozolomizde, streptozocin, or monoclonal antibodies (bevacizumab,
panitimumab, and trastuzumab); capecitabine and oxaliplatin-based regimens in combination with bevacizumab, panitimumab, or trastuzumab; Chemoradiotherapy regimens in combination with
mitomycin, cisplatin, or oxaliplatin.
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Cox regression analysis did not show significant differences
in OS (Table 4) for the pooled DPYD, c.2846A>T, and
c.1236G>A variant carriers compared with matched wild-
type controls, and the corresponding HRs were close to
the value of 1. In contrast, 25 DPYD*2A carriers were found
to have longer OS than wild types (HR, 0.61; 95% CI, 0.38 to
0.98; P 5 .042). Cox regression analysis stratified for
matched groups did not show any differences in OS between
all matched groups (Appendix Table A2). The results of the
multivariable Cox regression analyses were consistent with
those of the primary matched-pair analysis (Appendix
Table A4, online only). All Cox regression analyses did not
violate proportional hazard assumptions.

To explore the robustness of the results, sensitivity analyses
were performed (Appendix Tables A5-A7, online only). Al-
ternative matching strategies were considered including one
or twomatched controls when less than threematches could

be found and 1:2 matching. Adding the date (year) of start of
treatment to the matching variables, allowing for a maxi-
mum difference of 2 years between matched patients, was
also performed to account for possible secular trends. All
alternative matching strategies resulted in similar results as
compared with the primary analysis. Toxicity data were only
available from patients included in the Alpe-DPD study and
showed that severe fluoropyrimidine toxicity was substan-
tially more present in DPYD variant carriers, despite dose
reductions, compared with the matched DPYD wild types
(Appendix Table A8, online only).

DISCUSSION

The results of our study showed no significant differences in
PFS and OS between the pooled DPYD variant carriers and
matched DPYD wild-type patients, suggesting that DPYD-
guided dose individualization can likely be performed safely

Patients available from the
Alpe-DPD study

(N = 1,019)

Patients evaluable for analysis
(n = 847)

Patients excluded because of
missing survival data

(n = 172)

Patients evaluable for analysis
(n = 931)

Matching

Patients evaluable for analysis
(n = 84)

DPYD carriers from routine
clinical care
(N = 143)  

Patients excluded because of
missing survival data

(n = 59)

DPYD*2A
v

DPYD wild types

c.2846A>T
v

DPYD wild types

c.1236G>A
v

DPYD wild types

DPYD variant carriers
v

DPYD wild types

(n = 25)

(n = 75)

(n = 13)

(n = 39)

(n = 61)

(n = 183)

(n = 279)

(n = 93)a

DPYD wild type
c.1236G>A
DPYD*2A
c.2846A>T

(n = 775)
(n = 91)
(n = 44)
(n = 21)

FIG 1. Flow diagram of patient inclusion and matching. aUnique controls were used per matched group;
therefore, not all DPYD variant carriers could be matched, and the total of included DPYD variants included in
the pooled group (c.1236G>A [n 5 55], DPYD*2A [n 5 25], and c.2846A>T [n 5 13]) is not the sum of in-
dividually matched DPYD variant carriers. DPD, dihydropyrimidine dehydrogenase.

Journal of Clinical Oncology ascopubs.org/journal/jco | Volume 41, Issue 35 | 5415

Survival of DPYD Variant Carriers Treated With Fluoropyrimidines

D
ow

nl
oa

de
d 

fr
om

 a
sc

op
ub

s.
or

g 
by

 U
ni

ve
rs

ite
it 

L
ei

de
n 

on
 A

pr
il 

5,
 2

02
4 

fr
om

 1
45

.1
18

.0
84

.0
20

C
op

yr
ig

ht
 ©

 2
02

4 
A

m
er

ic
an

 S
oc

ie
ty

 o
f 

C
lin

ic
al

 O
nc

ol
og

y.
 A

ll 
ri

gh
ts

 r
es

er
ve

d.
 

http://ascopubs.org/journal/jco


TABLE 2. PFS and OS in Pooled and Subgroup DPYD Variant Carriers Matched to DPYD Wild-Type Patients

Matched
Groups n

Median Follow-Up
Time, Months

95% CI,
Months

PFS Events,
No. (%)

Median PFS,
Months

95% CI,
Months

5-Year
PFS, % 95% CI, %

Deceased,
No. (%)

Median OS,
Months

95% CI,
Months

5-Year
OS, % 95% CI, %

DPYD variant
carriers

93 56.9 50.6 to 61.3 66 (71.0) 12.4 9.1 to 18.7 28.7 20.6 to 39.9 50 (53.8) 38.6 26.0 to NE 40.3 30.6 to 53.0

Matched wild
type

279 60.7 59.7 to 62.6 177 (63.4) 15.9 12.7 to 24.9 37.1 31.8 to 43.2 164 (58.8) 35.5 26.7 to 53.1 40.9 35.4 to 47.3

DPYD*2A 25 54.9 29.7 to 66.0 16 (64.0) 17.3 10.2 to NE 37.7 22.2 to 63.9 9 (36.0) NE 24.2 to NE 59.5 41.9 to 84.5

Matched wild
type

75 63.2 61.2 to 66.1 47 (62.7) 17.5 10.0 to NE 37.3 27.8 to 50.0 43 (57.3) 38.4 20.6 to NE 43.4 33.4 to 56.4

c.2846A>T 13 58.1 39.7 to NE 8 (61.5) 21.5 2.5 to NE 38.5 19.3 to 76.5 6 (46.2) NE 12.6 to NE 52.7 31.2 to 89.2

Matched wild
type

39 61.7 59.1 to 65.4 21 (53.8) 25.6 13.2 to NE 48.7 35.3 to 67.2 19 (48.7) 65.2 20.5 to NE 53.9 40.3 to 72.0

c.1236G>A 61 56.9 49.0 to 63.1 48 (78.7) 9.1 7.2 to 17.1 20.2 12.0 to 33.8 40 (65.6) 27.0 22.2 to 48.0 26.9 16.8 to 43.1

Matched wild
type

183 60.7 59.4 to 63.7 123 (67.2) 13.8 10.9 to 21.6 33.5 27.2 to 41.2 114 (62.3) 30.3 21.4 to 48.0 38.0 31.3 to 46.1

Abbreviations: NE, not estimable; OS, overall survival; PFS, progression-free survival.
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HR, 1.23; 95% CI, 1.00 to 1.51; P = .053
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HR, 1.30; 95% CI, 0.81 to 2.08; P = .283
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No. at risk:
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c.1236G>A
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HR, 0.97; 95% CI, 0.48 to 1.98; P > .939
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183 139 100 85 76 36 0

61 47 32 21 14 6 0c.1236G>A

Wild type

FIG 2. Kaplan-Meier plots and HRs for PFS and OS of pooled (A and E) DPYD variant
carriers, (B and F) DPYD*2A, (C and G) c.2846A>T, and (D and H) c.1236G>A carriers. All P
values indicated on the Kaplan-Meier curves were adjusted P values corresponding to the
Cox regression analysis using the jackknife sandwich estimator. Censoring is indicated by
tick marks. HRs, hazard ratios; OS, overall survival; PFS, progression-free survival.
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without compromising effectiveness. For PFS, the primary
matched-pair analysis using the JSE method was not sig-
nificantly different, although this was borderline. Although
the stratified Cox regression indicated that PFS might be
negatively affected by a reduced fluoropyrimidine dose with
HRs up to 1.76, the multivariable Cox regression analysis did
not show a significant difference in PFS and a lower HR of
1.18. Furthermore, both PFS and OS were not negatively
affected in DPYD*2A variant allele carriers treated with a
reduced dose of 50% compared with matched wild-type
patients, in line with previous findings.13,21 Carriers of
c.2846A>Twere found to trend toward shorter PFS, although
not significant, and the results were hampered by low power
because of the small sample size. Subgroup analysis revealed
a consistently shorter PFS for c.1236G>A carriers. The trend
toward shorter PFS accompanied by a borderline P value in
the pooled DPYD variant carriers was, therefore, probably
largely driven by the survival outcomes of c.1236G>A, which
made up themajority of pooledDPYD variant carriers. For OS,
no significant difference was found in c.1236G>A carriers.
This discrepancy may be caused by differences in admin-
istration of other systemic treatment lines or other treat-
ment modalities after fluoropyrimidine-based treatment
between all studied patient groups. Unfortunately, this in-
formation was not available.

Sensitivity analyses performed to explore the robustness of
the results confirmed the abovementioned findings. None-
theless, the incidence of severe fluoropyrimidine-related

toxicity was higher in the c.1236G>A carriers (27.3%)
compared with matched DPYD wild types (17.2%) in this
study (Appendix Table A8) and are in line with results from
the Alpe-DPD study.10 Notably, no dose modifications after
initial dose reductionwere applied in 75.8% of the c.1236G>A
carriers (Appendix Table A8), who remained on the 75%
starting dose throughout all treatment cycles, whereas in
only 6.1%of c.1236G>A carriers dose escalationwas performed.
These results suggest that a substantial number of c.1236G>A
carriers may benefit from an upward dose titration when
treatment is well tolerated, which was recommended in the
Alpe-DPD study protocol,10 but seemingly was applied to a
limited extent. It also suggests that DPD enzyme activity is
not affected similarly across all c.1236G>A carriers. This is
underscored by a large variation in DPD enzyme activity and
exposure to 5-FU in c.1236G>A carriers.10 Depending on the
magnitude of impact on the DPD enzyme activity, this could
result in both underexposure and overexposure. Moreover,
previous research has shown that wild-type mRNA for DPD
is still detectable in homozygous c.1236G>A carriers, indi-
cating that at least some normal functional DPD can still be
formed in these patients.22,23 These findings, combined with
the presented data regarding the treatment outcome, sug-
gest that a dose reduction of 25%maynot be beneficial for all
c.1236G>A carriers.

A possible strategy to prevent both severe toxicity and
potential subtherapeutic dosing of fluoropyrimidines in
c.1236G>A carriers would be individualized early dose

TABLE 3. HRs for Progression-Free Survival Calculated by Matched-Pair Cox Regression Analysis

DPYD Variant Allele No.

Cox Regression Cox Regression With Robust Standard Errors

HR 95% CI P HR 95% CI P

DPYD variant carrier 93 1.23 0.92 to 1.63 .159 1.23 1.00 to 1.51 .053

DPYD*2A 25 0.95 0.53 to 1.70 .869 0.95 0.58 to 1.56 .846

c.2846A>T 13 1.30 0.57 to 2.93 .535 1.30 0.81 to 2.08 .283

c.1236G>A 61 1.43 1.02 to 2.00 .036* 1.43 1.10 to 1.86 .007*

NOTE. Robust standard errors (95% CI) were obtained using the jackknife sandwich estimator. Results of stratified Cox regression can be found in
Appendix Table A2.
Abbreviation: HR, hazard ratio.
*Indicates a significant difference with a P value of <.05.

TABLE 4. HRs for Overall Survival Calculated by Matched-Pair Cox Regression Analysis

DPYD Variant Allele No.

Cox Regression Cox Regression With Robust Standard Errors

HR 95% CI P HR 95% CI P

DPYD variant carrier 93 0.95 0.69 to 1.31 .770 0.95 0.75 to 1.21 .698

DPYD*2A 25 0.61 0.30 to 1.26 .184 0.61 0.38 to 0.98 .042*

c.2846A>T 13 0.97 0.39 to 2.44 .953 0.97 0.48 to 1.98 .939

c.1236G>A 61 1.17 0.82 to 1.69 .385 1.17 0.88 to 1.57 .280

NOTE. Robust standard errors (95% CI) were obtained using the jackknife sandwich estimator. Results of stratified Cox regression can be found in
Appendix Table A2.
Abbreviation: HR, hazard ratio.
*Indicates a significant difference with a P value of <.05.
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escalation after a reduced dose in the absence of severe
toxicity.3,15,24 Of note, a larger dose reduction of 50% is
currently recommended by the CPIC. This deserves further
attention as this could negatively impact PFS in case dose
escalation is not applied when treatment is otherwise
tolerated well.12

A limitation of this study is the use of matching, irrespective
of the method used for adjustment. When carriers are left
unmatched, like in our study, the estimation of the effect of
mutation status is possibly biased, and it is unclear to which
population of carriers the results apply. Using less restrictive
matching criteria as an alternative leads to matching of less
similar patients and introduces residual confounding. Ide-
ally, matching could be avoided altogether performing in-
stead a multivariable Cox regression analysis on all data.
However, as in this study, when there is a high degree of
heterogeneity in variables such as tumor type and treatment
regimen, the estimation of thismodel and its interpretation is
not straightforward. Nonetheless, multivariable Cox regres-
sion was performed and showed similar results (Appendix
Tables A3 and A4). Owing to the retrospective design of our
study, patient data regarding matching variables were not
always complete, which hampered the matching and reduced
thenumberofmatches. Ideally,matchingwould beperformed
using additional variables that influence treatment outcome
such as molecular tumor subtypes. However, these data were
not available. Furthermore, because of the choice of 1:3
matchingwithout replacement of patients, it was not possible
tomatch eachof theDPYD variant carriers to threeDPYDwild-
type controls. Hence, additional analyses using alternative
matching strategies were also performed to include more
DPYD variant carriers. Similar results were found using other
matching strategies for c.1236G>A (Appendix Tables A5-A7),
which further strengthens the assumption that a dose re-
duction of 25% in c.1236G>A may negatively affect disease
progression if dose titration is not applied when patients
experience no orminimal toxicity. Another limitation was the
use of an additional category other defined for primary tumor
type including less prevalent tumor types that otherwise had
to be left out of the main analyses because of not finding
matches. Similarly, less frequent treatment regimens were
also combined into one category to increase the number of
matches. Although this could potentially introduce biases,
it can reduce incomplete matching. Furthermore, patients
with local or locally advanced disease were grouped for the
end point PFS while disease-free survival (DFS) may be
better suited as the treatment goal in these patients is cure.

However, data regarding DFS were not available. A post hoc
power analysis showed that our study was underpowered to
completely exclude false-negative findings. To detect the
currently observed difference in PFS (HR, 1.23) between DPYD
variant carriers andDPYDwild-type controlswith 80%power,
with a 1:3 ratio, nearly twice as many PFS events would have
been needed. All limitations must be taken into account, and
the findings presented in this study must, therefore, be
interpreted with appropriate caution.

Most limitations could be overcome by performing an ade-
quately powered prospective study using novel trial designs as
recently described14,15 which include similar approaches using
DPYD wild-type patients treated with a full dose as a com-
parator and the use of real-world evidence.14,15 In addition,
pharmacokinetic analyses of DPYD variant carriers may help
to establish the relationship between 5-FU exposure and
survival.

In summary, the results of this retrospective exploratory
analysis suggest that PFS and OS are not negatively affected
by DPYD-guided dose individualization in the pooled DPYD
variant carriers and likely do not hamper the effectiveness
of fluoropyrimidines as was also previously shown for
DPYD*2A.13 However, a shorter PFS in c.1236G>A carriers
receiving DPYD-guided fluoropyrimidine dosing cannot be
excluded. Notwithstanding this, it should be considered
that 75.8% of c.1236G>A carriers remained on the same
dose throughout all treatment cycles, suggesting that a
substantial number of c.1236G>A variant carriers could
have benefited from upward dose titration when treatment
was well-tolerated, as was dictated in the study protocol.
Evidence on the impact on PFS for c.2846A>T was highly
dependent on matching strategy and was hampered by the
small numbers of carriers available and requires further
research with a larger sample size. Notably, both c.1236G>A
and c.2846A>T carriers still experienced significantly more
severe fluoropyrimidine-induced toxicity after a 25% dose
reduction compared with wild-type controls treated with a
full dose.11 Apparently, the 25% dose reduction was not
sufficient to protect all variant carriers from developing
severe toxicity and, therefore, more research is needed to
explain the impact of heterogeneity in DPD enzyme activity
in DPYD variant allele carriers. Meanwhile, close moni-
toring with early dose modifications, escalation when
possible, and reduction when necessary, based on toxicity,
are recommended when treating c.1236G>A variant carriers
with a reduced fluoropyrimidine starting dose.
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APPENDIX

TABLE A1. Treatment Regimens Included in Each Treatment Group

Group Included Treatment Regimens

CAP/5-FU monotherapy Capecitabine monotherapy

5-FU monotherapy

CAP/5-FU other Capecitabine 1 docetaxel
Capecitabine 1 monoclonal

antibodies (trastuzumab,
bevacizumab, or panitimumab)

Capecitabine 1 carboplatin or
cisplatin

Capecitabine 1 vinorelbine
Capecitabine 1 temozolomide

5-FU 1 bevacizumab
5-FU 1 irinotecan
5-FU 1 iriniotecan 1 bevacizumab
5-FU 1 cisplatin
5-FU 1 streptozocin

CAPOX regimens Capecitabine 1 oxaliplatin

Capecitabine 1 oxaliplatin 1
bevacizumab

Capecitabine 1 oxaliplatin 1
trastuzumab

Capecitabine 1 oxaliplatin 1
panitumumab

ECX/EOX Capecitabine1 cisplatin1 epirubicin

Capecitabine 1 oxaliplatin 1
epirubicin

FEC 5-FU 1 epirubicin 1
cyclophosphamide

5-FU 1 doxorubicin 1
cyclophosphamide

FOLFOX regimens 5-FU 1 oxaliplatin 1 folinic acid

5-FU 1 oxaliplatin 1 folinic acid 1
bevacizumab

5-FU 1 oxaliplatin 1 irinotecan 1
folinic acid

FLOT/DOC 5-FU 1 oxaliplatin 1 docetaxel
Capecitabine 1 oxaliplatin 1

docetaxel

Chemoradiotherapy regimens Radiotherapy 1 5-FU 1 mitomycin

Radiotherapy 1 capecitabine

Radiotherapy 1 capecitabine 1
mitomycin

Radiotherapy 1 capecitabine 1
cisplatin

Radiotherapy 1 capecitabine 1
oxaliplatin

Abbreviations: 5-FU, fluorouracil; CAP/5-FU monotherapy, capecitabine
or fluorouracil monotherapy; CAP/5-FU other, capecitabine or 5-FU in
combination with other anticancer drugs; CAPOX regimens,
capecitabine and oxaliplatin-based regimens; ECX/EOX, capecitabine,
cisplatin, and epirubicin/capecitabine, oxaliplatin, epirubicin; FEC,
5-fluorouracil, epirubicin, and cyclophosphamide; FLOT/DOC, 5-FU,
oxaliplatin, and docetaxel/capecitabine, oxaliplatin, and docetaxel;
FOLFOX, infusional fluorouracil, leucovorin, and oxaliplatin.
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TABLE A2. HRs From Cox Regression Model for PFS and OS Accounting for Matching by Stratification for Matched Groups

DPYD Variant Allele

Cox Regression Cox Regression Stratified for Matching

HR 95% CI P HR 95% CI P

PFS

DPYD variant carrier 1.23 0.92 to 1.63 .159 1.76 1.25 to 2.48 .001*

DPYD*2A 1.04 0.57 to 1.92 .899 0.86 0.42 to 1.76 .679

c.2846A>T 1.30 0.57 to 2.93 .535 2.48 0.92 to 6.67 .073

c.1236G>A 1.43 1.02 to 2.00 .036* 2.03 1.34 to 3.05 <.001*

OS

DPYD variant carrier 0.95 0.69 to 1.31 .770 0.94 0.65 to 1.35 .736

DPYD*2A 0.76 0.37 to 1.58 .465 0.47 0.19 to 1.15 .097

c.2846A>T 0.97 0.39 to 2.44 .953 1.40 0.50 to 3.92 .520

c.1236G>A 1.17 0.82 to 1.69 .385 1.16 0.77 to 1.77 .477

Abbreviations: HR, hazard ratio; OS, overall survival; PFS, progression-free survival.
*Indicates a significant difference with P < .05.

TABLE A3. HRs From Cox Regression Model for Progression-Free Survival Calculated by Multivariable Cox Regression Analysis Including the
Matching Variables

Variable

Pooled DPYD Variants
(n 5 156) DPYD*2A (n 5 44) c.2846A>T (n 5 21) c.1236G>A (n 5 91)

HR 95% CI P HR 95% CI P HR 95% CI P HR 95% CI P

DPYD status

Wild type (n 5 775) — — — — — — — — — — — —

DPYD variant 1.18 0.95 to 1.46 .135 0.96 0.64 to 1.44 .859 0.96 0.55 to 1.71 .900 1.57 1.21 to 2.04 <.001*

Sex

Men — — — — — — — — — — — —

Women 0.93 0.76 to 1.12 .430 0.99 0.83 to 1.18 .894 0.91 0.74 to 1.13 .400 0.97 0.80 to 1.19 .800

Treatment regimen

CAP/5-FU monotherapy — — — — — — — — — — — —

CAP/5-FU other 0.90 0.64 to 1.28 .570 0.99 0.65 to 1.49 .946 1.01 0.69 to 1.47 .965 0.99 0.69 to 1.42 .968

CAPOX regimens 0.62 0.45 to 0.84 .002* 0.89 0.74 to 1.07 .200 0.58 0.42 to 0.80 .001* 0.62 0.45 to 0.85 .003*

ECX/EOX 0.70 0.39 to 1.25 .224 0.93 0.60 to 1.44 .737 0.66 0.35 to 1.23 .190 0.90 0.49 to 1.64 .725

FEC 0.22 0.08 to 0.61 .004* 0.78 0.45 to 1.36 .379 0.23 0.09 to 0.65 .005* 0.22 0.08 to 0.62 .004*

FLOT/DOC 0.74 0.18 to 3.11 .684 0.93 0.17 to 5.10 .930 0.70 0.17 to 2.97 .633 0.86 0.20 to 3.61 .834

FOLFOX regimens 0.88 0.60 to 1.30 .533 0.95 0.66 to 1.38 .806 0.78 0.52 to 1.19 .248 0.95 0.64 to 1.42 .816

Chemoradiotherapy 0.61 0.44 to 0.86 .004* 0.91 0.75 to 1.10 .322 0.61 0.42 to 0.87 .007* 0.64 0.45 to 0.91 .012*

Age 1.00 0.99 to 1.01 .740 1.00 0.99 to 1.01 .920 1.00 0.99 to 1.01 .510 1.00 0.99 to 1.01 .713

Stage of cancer

Local — — — — — — — — — — — —

Locally advanced 1.47 1.07 to 2.01 .018* 1.05 0.88 to 1.26 .574 1.68 1.17 to 2.41 .005* 1.53 1.10 to 2.13 .028*

Metastatic 6.55 4.80 to 8.92 <.001* 1.52 1.25 to 1.84 <.001* 7.76 5.39 to 11.2 <.001* 6.97 5.00 to 9.70 <.001*

Primary tumor type

Breast — — — — — — — — — — — —

Colorectal 0.67 0.47 to 0.94 .020* 0.90 0.74 to 1.08 .256 0.69 0.48 to 1.00 .052 0.67 0.47 to 0.96 .028*

Gastric 1.62 0.94 to 2.80 .0083* 1.07 0.72 to 1.57 .747 1.71 0.94 to 3.09 .078 1.55 0.88 to 2.72 .013*

Ovarian 17.1 3.89 to 75.2 <.001* 0.00 0.00 to inf .998

Pancreatic 1.57 0.99 to 2.48 .054 1.29 0.78 to 2.13 .321 1.96 1.17 to 3.29 .011* 1.63 1.01 to 2.63 .047*

Other 1.01 0.68 to 1.48 .971 0.97 0.75 to 1.26 .834 1.09 0.71 to 1.67 .680 0.89 0.59 to 1.34 .577

Abbreviations: CAP/5-FUmonotherapy, capecitabine or fluorouracil monotherapy; CAP/5-FU other, capecitabine or 5-FU in combination with other
anticancer drugs; CAPOX regimens, capecitabine and oxaliplatin-based regimens; ECX/EOX, capecitabine, cisplatin, and epirubicin/capecitabine,
oxaliplatin, epirubicin; FEC, 5-fluorouracil, epirubicin, and cyclophosphamide; FLOT/DOC, 5-FU, oxaliplatin, and docetaxel/capecitabine, oxaliplatin,
and docetaxel; FOLFOX, infusional fluorouracil, leucovorin, and oxaliplatin; HR, hazard ratio.
*Indicates a significant difference with P < .05.
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TABLE A4. HRs From Cox-Regression Model for Overall Survival Calculated by Multivariable Cox-Regression Analysis Including the Matching
Variables

Variable

Pooled DPYD Variants
(n 5 156) DPYD*2A (n 5 44) c.2846A>T (n 5 21) c.1236G>A (n 5 91)

HR 95% CI P HR 95% CI P HR 95% CI P HR 95% CI P

DPYD status

Wild type (n 5 775) — — — — — — — — — — — —

DPYD variant 0.95 0.74 to 1.22 .652 0.68 0.42 to 1.10 .119 0.66 0.35 to 1.26 .207 1.25 0.94 to 1.68 .128

Sex

Men — — — — — — — — — — — —

Women 0.98 0.79 to 1.20 .825 0.95 0.76 to 1.19 .683 0.93 0.74 to 1.17 .540 1.01 0.82 to 1.25 .916

Treatment regimen

CAP/5-FU monotherapy — — — — — — — — — — — —

CAP/5-FU other 0.71 0.49 to 1.03 .071 0.69 0.47 to 1.02 .065 0.70 0.46 to 1.05 .082 0.70 0.47 to 1.03 .067

CAPOX regimens 0.55 0.40 to 0.76 <.001* 0.50 0.36 to 0.70 <.001* 0.51 0.36 to 0.72 <.001* 0.55 0.39 to 0.77 <.001*

ECX/EOX 1.00 0.55 to 1.82 .996 1.17 0.63 to 2.17 .628 0.86 0.45 to 1.64 .653 1.21 0.65 to 2.24 .550

FEC 0.28 0.09 to 0.90 .032* 0.29 0.09 to 0.94 .039* 0.30 0.09 to 0.96 .042* 0.30 0.09 to 0.96 .043*

FLOT/DOC 1.32 0.31 to 5.59 .706 1.28 0.30 to 5.43 .740 1.15 0.27 to 4.91 .846 1.40 0.33 to 5.97 .648

FOLFOX regimens 1.05 0.71 to 1.55 .821 0.99 0.66 to 1.50 .965 0.94 0.62 to 1.42 .764 1.10 0.73 to 1.65 .660

Chemoradiotherapy 0.56 0.39 to 0.80 .001* 0.56 0.39 to 0.82 .003* 0.57 0.39 to 0.84 .004 0.61 0.42 to 0.88 .009*

Age 1.01 1.00 to 1.01 .173 1.01 1.00 to 1.01 .290 1.00 0.99 to 1.01 .465 1.01 1.00 to 1.01 .174

Stage of cancer

Local — — — — — — — — — — — —

Locally advanced 1.68 1.16 to 2.43 .006* 1.77 1.18 to 2.64 .005* 1.94 1.28 to 2.93 .002 1.78 1.21 to 2.62 .003*

Metastatic 7.33 5.11 to 10.5 <.001* 8.42 5.64 to 12.6 <.001* 8.76 5.79 to 13.3 <.001* 8.20 5.59 to 12.0 <.001*

Primary tumor type

Breast — — — — — — — — — — — —

Colorectal 0.96 0.67 to 1.37 .821 1.00 0.68 to 1.46 .999 1.00 0.67 to 1.47 .982 1.01 0.70 to 1.48 .841

Gastric 2.35 1.33 to 4.17 .003* 2.46 1.34 to 4.49 .004* 2.73 1.47 to 5.05 .001* 2.69 1.49 to 4.85 .001*

Ovarian 8.77 2.10 to 36.7 .003* 7.80 1.02 to 59.8 .048*

Pancreatic 2.88 1.79 to 4.65 <.001* 3.15 1.91 to 5.20 <.001* 3.24 1.93 to 5.43 .001* 3.12 1.90 to 5.14 .001*

Other 1.71 1.14 to 2.55 .009* 1.83 1.18 to 2.83 .007* 1.88 1.19 to 2.96 .006* 1.59 1.03 to 2.46 .036*

Abbreviations: CAP/5-FUmonotherapy, capecitabine or fluorouracil monotherapy; CAP/5-FU other, capecitabine or 5-FU in combination with other
anticancer drugs; CAPOX regimens, capecitabine and oxaliplatin-based regimens; ECX/EOX, capecitabine, cisplatin, and epirubicin/capecitabine,
oxaliplatin, epirubicin; FEC, 5-fluorouracil, epirubicin, and cyclophosphamide; FLOT/DOC, capecitabine, cisplatin, and epirubicin/capecitabine,
oxaliplatin, epirubicin; FOLFOX, infusional fluorouracil, leucovorin, and oxaliplatin; HR, hazard ratio.
*Indicates a significant difference with P < .05.
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TABLE A5. HRs From Cox Regression Model for PFS and OS by Matched-Pair Cox Regression Analysis Using Matching Strategy That Allows for
One or Two Matches When Less Than Three Matches Are Available

DPYD Variant Allele No.

Cox Regression
Cox Regression With Robust

Standard Errors
Cox Regression Stratified for

Matching

HR 95% CI P HR 95% CI P HR 95% CI P

PFS

DPYD variant carriers 128 1.22 0.95 to 1.57 .118 1.22 1.01 to 1.47 .034* 1.79 1.31 to 2.45 <.001*

DPYD*2A 32 0.97 0.56 to 1.66 .900 0.97 0.60 to 1.55 .885 0.95 0.50 to 1.79 .872

c.2846A>T 16 1.23 0.59 to 2.57 .590 1.23 0.79 to 1.91 .370 2.00 0.80 to 5.00 .139

c.1236G>A 78 1.40 1.03 to 1.91 .033* 1.40 1.10 to 1.77 .006* 2.12 1.44 to 3.13 <.001*

OS

DPYD variant carriers 128 0.98 0.74 to 1.30 .898 0.98 0.79 to 1.21 .866 0.98 0.71 to 1.37 .911

DPYD*2A 32 0.66 0.34 to 1.28 .221 0.66 0.41 to 1.06 .086 0.48 0.22 to 1.07 .073

c.2846A>T 16 0.86 0.37 to 2.02 .733 0.86 0.42 to 1.77 .685 1.22 0.47 to 3.18 .677

c.1236G>A 78 1.15 0.82 to 1.61 .411 1.15 0.88 to 1.50 .296 1.19 0.80 to 1.77 .396

Abbreviations: HR, hazard ratio; OS, overall survival; PFS, progression-free survival.
*Indicates a significant difference with P < .05.

TABLE A6. HRs From Cox Regression Model for PFS and OS Calculated by Matched-Pair Cox Regression Analysis Using 1:2 Matching Ratio

DPYD Variant Allele No.

Cox Regression
Cox Regression With Robust

Standard Errors
Cox Regression Stratified for

Matching

HR 95% CI P HR 95% CI P HR 95% CI P

PFS

DPYD variant carriers 109 1.17 0.89 to 1.56 .265 1.17 0.95 to 1.46 .144 1.67 1.17 to 2.38 .005*

DPYD*2A 24 0.96 0.51 to 1.83 .908 0.96 0.58 to 1.61 .885 0.73 0.33 to 1.62 .435

c.2846A>T 17 0.92 0.43 to 1.97 .836 0.92 0.55 to 1.55 .763 1.21 0.48 to 3.03 .690

c.1236G>A 67 1.48 1.05 to 2.10 .026* 1.48 1.15 to 1.92 .003* 2.30 1.46 to 3.63 <.001*

OS

DPYD variant carriers 109 0.94 0.69 to 1.28 .693 0.94 0.74 to 1.19 .608 0.84 0.57 to 1.21 .360

DPYD*2A 24 0.75 0.35 to 1.61 .460 0.75 0.47 to 1.21 .235 0.40 0.13 to 1.22 .110

c.2846A>T 17 0.65 0.27 to 1.55 .331 0.65 0.31 to 1.35 .246 0.81 0.30 to 2.19 .683

c.1236G>A 67 1.18 0.81 to 1.71 .393 1.18 0.88 to 1.57 .269 1.04 0.66 to 1.63 .877

Abbreviations: HR, hazard ratio; OS, overall survival; PFS, progression-free survival.
*Indicates a significant difference with P < .05.
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TABLE A7. HRs From Cox Regression Model for PFS and OS Calculated by Matched-Pair Cox Regression Analysis Using 1:3 Matching Ratio and a
Maximum Difference of 2 Years Between Start of Treatment

DPYD Variant Allele No.

Cox Regression
Cox Regression With Robust

Standard Errors
Cox Regression Stratified for

Matching

HR 95% CI P HR 95% CI P HR 95% CI P

PFS

DPYD variant carriers 73 1.18 0.85 to 1.63 .320 1.18 0.94 to 1.48 .160 1.61 1.09 to 2.36 .016*

DPYD*2A 14 0.97 0.45 to 2.06 .927 0.97 0.55 to 1.69 .901 0.93 0.40 to 2.17 .859

c.2846A>T 12 1.18 0.50 to 2.80 .704 1.18 0.73 to 1.90 .491 2.13 0.76 to 5.95 .148

c.1236G>A 48 1.28 0.88 to 1.87 .191 1.28 0.96 to 1.72 .095 1.64 1.04 to 2.58 .033*

OS

DPYD variant carriers 73 1.00 0.71 to 1.42 .988 1.00 0.78 to 1.29 .983 1.04 0.69 to 1.54 .864

DPYD*2A 14 0.72 0.29 to 1.76 .468 0.72 0.40 to 1.28 .262 0.60 0.22 to 1.65 .320

c.2846A>T 12 1.03 0.41 to 2.60 .950 1.03 0.50 to 2.11 .936 1.54 0.54 to 4.40 .422

c.1236G>A 48 1.14 0.77 to 1.70 .514 1.14 0.84 to 1.55 .396 1.13 0.71 to 1.79 .614

Abbreviations: HR, hazard ratio; OS, overall survival; PFS, progression-free survival.
*Indicates a significant difference with P < .05.

TABLE A8. Toxicity and Dose Modification of Matched Patients (only including DPYD variant carriers and wild types from the Alpe-DPD study)

DPYD Variant
Allele No.

No Toxicity,
No. (%)

Grade 1
Toxicity, No. (%)

Grade 2
Toxicity, No. (%)

Grade ≥3
Toxicity, No. (%)

No Dose
Modification, No. (%)

Dose Escalation,
No. (%)

Dose Reduction,
No. (%)

DPYD variant
carriers

52 6 (11.5) 12 (23.1) 16 (30.8) 18 (34.6) 37 (71.2) 5 (9.6) 10 (19.2)

Matched wild
types

156 40 (25.6) 29 (18.6) 62 (39.7) 25 (16.0) 118 (75.6) 5 (3.2) 33 (21.2)

DPYD*2A 9 0 4 (44.4) 3 (33.3) 2 (22.2) 6 (66.7) 2 (22.2) 1 (11.1)

Matched wild
types

27 11 (40.7) 5 (18.5) 8 (29.6) 3 (11.1) 22 (81.5) 2 (7.4) 3 (11.1)

c.2846A>T 9 1 (11.1) 2 (22.2) 0 6 (66.7) 4 (44.4) 1 (11.1) 4 (44.4)

Matched wild
types

27 2 (7.4) 10 (37.0) 10 (37.0) 5 (18.5) 23 (85.2) 0 5 (18.5)

c.1236G>A 33 5 (15.2) 6 (18.2) 13 (39.4) 9 (27.3) 25 (75.8) 2 (6.1) 6 (18.2)

Matched wild
types

99 24 (24.2) 14 (14.1) 44 (44.4) 17 (17.2) 75 (75.8) 3 (3.0) 21 (21.2)

NOTE. Henricks et al.10
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