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Abstract
Colorectal cancer (CRC) is the third most common cancer worldwide. Predictive biomarkers are needed to predict patients’
outcomes and to select a chemotherapy regimen. We assessed whether dihydropyrimidine dehydrogenase (DPD)-related indi-
cators can predict CRC patients’ outcomes. We searched the studies in PubMed, EmBase, and the Cochrane Library up to
March 4, 2018.We mainly analyzed different CRC patients’ outcomes according to specific DPD-related indicators. Twenty-five
articles were included in the meta-analysis. The results showed that for disease-free survival (DFS), low DPD expression was
significantly superior to high expression (I2 = 72%; HR: 1.59; 95%CI: 1.21–2.09; p = 0.001). However, this result had a potential
publication bias (Begg’s test: p = 0.007; Egger’s test: p = 0.004). Among patients treated with chemotherapy, a high thymidylate
phosphorylase (TP)/DPD ratio was advantageous for DFS (I2 = 63.7%; HR: 0.65; 95%CI: 0.46–0.92; p = 0.015), and this result
did not have a publication bias. For overall survival (OS), low DPD expression was superior to high expression (I2 = 74.4%; HR:
2.11; 95%CI: 1.48–3.00; p < 0.001), although this result had a publication bias (Egger’s test: p = 0.003; Begg’s test: p = 0.010).
There was no difference in OS according to the TP/DPD ratio (I2 = 0%; HR: 0.92; 95%CI: 0.75–1.13; p = 0.420). DFS and OS
were better in CRC patients with low DPD expression than in those with high DPD expression. However, because of publication
bias, more DPD indicator-related studies, especially with negative results, are still needed. Patients with a high TP/DPD ratio
have better DFS but not OS.
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Introduction

Colorectal cancer (CRC) is the third most common cancer
worldwide and the fourth most common cause of death.
Since 2004, oxaliplatin combined with fluorouracil has

become the standard adjuvant chemotherapy for stage 3 colon
cancer [1]. In addition, disease-free survival (DFS) and overall
survival (OS) can be prolonged by adjusting the choice and
route of administration of the cytotoxic drug 5-fluorouracil (5-
FU) and its derivatives, which are still the main drugs used for
CRC treatment [2, 3].

Biomarkers that are associated with cytotoxic drug metab-
olism as an indicator to reveal drug reactions could also be
potential prognostic and predictive indicators in personalized
and precision medicine. Dihydropyrimidine dehydrogenase
(DPD) is the initial rate-limiting enzyme in endogenous py-
rimidine catabolism and is responsible for the reduction of the
pyrimidine analog 5-FU [4]. A previous study suggested that
low expression of DPD in tumor tissue reduces the decompo-
sition of 5-FU and increases the concentration of 5-FU in
tumor cells [5]. However, because of the application of differ-
ent 5-FU derivatives and different chemotherapy strategies, it

Electronic supplementary material The online version of this article
(https://doi.org/10.1007/s12253-018-00563-3) contains supplementary
material, which is available to authorized users.

* Shilei Guo
guoshilei1986@aliyun.com

1 Inpatients department, Nanjing Qi-xia Xi-gang community health
service centers, Nanjing 210033, Jiangsu, China

2 R&D department, Nanjing Regenerative Medicine Engineering and
Technology Research Center, No.108, Ganjiabian East, Qixia
District, Nanjing 210046, Jiangsu, China

Pathology & Oncology Research
https://doi.org/10.1007/s12253-018-00563-3

(2020) 26:121–131

/Published online: 5 December 2018

http://crossmark.crossref.org/dialog/?doi=10.1007/s12253-018-00563-3&domain=pdf
http://orcid.org/0000-0003-0722-8019
https://doi.org/10.1007/s12253-018-00563-3
mailto:guoshilei1986@aliyun.com


is still controversial to predict the prognosis of patients based
on DPD expression. Additionally, because of differences in
DPD expression patterns, the metabolism of 5-FU differs
among patients. Expression of DPD is also important in guid-
ing cytotoxic drug applications [6]. Therefore, it is still neces-
sary to study which chemotherapy strategy has the greatest
benefit to CRC patients classified specifically according to
DPD expression. In this study, a meta-analysis was first used
to evaluate whether DPD-related indicators can predict CRC
patients’ outcomes. In addition, whether different DPD-
related indicators could guide chemotherapy strategies and
provide evidence for individualized medicine was
investigated.

Methods

Search Strategy

We searched relevant studies in PubMed, EmBase, and the
Cochrane Library. The publication date of searched studies
was in the range of January 1, 1984 to March 4, 2018. The
following keywords were used: Bcolon^, Brectum^,
Bcolorectal^, Bbowel^, Bcancer^, Bneoplasm^, Bcarcinoma^,
Btumor^, Bphyma^, Bdihydropyrimidine dehydrogenase^,
BDPYD^, and BDPD^. The detailed search strategy is present-
ed in Supplementary Table 1. Only English articles were in-
cluded in our search. We also scrutinized related reviews and
meta-analyses to identify additional eligible studies.

Data Extraction and Management

Two authors extracted the details from eligible studies inde-
pendently, with disagreements resolved by discussion. The
studies included in the meta-analysis had to meet all the fol-
lowing inclusion criteria: (1) cancer was confirmed as CRC;
(2) the report introduced a definitive chemotherapy regimen or
a controlled study of chemotherapy regimens; (3) the study
had a before chemotherapy DPD expression indicator-related
case-control design; and (4) the study reported DFS and/or OS
stratified by DPD expression indicators.

Studies that met any of the exclusion criteria listed below
were excluded from our analysis: (1) the study included other
types of cancer patients without a separate report on the CRC
patients; (2) the study did not report a definitive chemotherapy
regimen; (3) the study did not compare the patients according
to DPD expression; and (4) the study did not provide indis-
pensable data such as DFS or OS. Reviews, case reports, and
basic research articles were also excluded.

The following information was extracted from each of the
eligible studies: first author, publication year, country, sample
size, age, stage of disease, DPD assessment method, interven-
tion, and the 5-year (or maximum follow-up period) DFS and

OS. The quality of each study was also assessed by two au-
thors using two predefined criteria based on the Cochrane
Collaboration tool for randomized controlled trial (RCT) de-
sign [7] and the Newcastle-Ottawa Scale (NOS) [8]. The qual-
ity criteria were determined with the following factors: for the
Cochrane tool, random sequence generation, allocation con-
cealment, blinding of participants and personnel, blinding of
outcome assessment, incomplete outcome data, selective
reporting, and other bias; and for the NOS, selection (4 items,
4 stars), comparability (1 item, 2 stars), and exposure (3 items,
3 stars). This research first analyzed the different CRC pa-
tients’ outcomes according to specific DPD-related indicators.
In addition, further post hoc research was performed to ana-
lyze which chemotherapy regimen was better in specific pop-
ulations stratified by DPD expression.

Statistical Analysis

We extracted DFS and OS directly from the raw data of the
included articles or indirectly from Kaplan-Meier (KM)
curves. Pooled hazard ratios (HRs) and their 95% confidence
intervals (CIs) were estimated for DFS and OS. The heteroge-
neity between studies was estimated by χ2-based Q-tests and
the I2 index. P-values<0.10 and/or I2 > 50% were considered
to indicate heterogeneity between studies. However, the me-
dian of the DPD-related indicator is not a defined value, and a
random-effects model is considered to be a more natural
choice than a fixed-effects model in a medical decision-
making context [9]. Therefore, this study prioritized the results
of the random-effects model. The subgroup analysis was per-
formed according to whether a study included patients with
metastasis and the methods of DPD expression detection. A
sensitivity analysis was performed to evaluate the stability of
the results by changing the effect models and by subsequently
excluding individual studies. The publication bias of the liter-
ature was examined by Begg’s funnel plot and Egger’s linear
regression method. If there was publication bias, the results
were corrected by a trim-and-fill method [10]. All tests were
two-sided, and p-values<0.05 were considered statistically
significant. All analyses were conducted using STATA soft-
ware (version 14.0; STATA Corporation, College Station, TX,
USA).

Results

Study Selection and Characteristics

A total of 1069 publications were found after excluding the
duplications. After screening the titles and abstracts, 994 of
these articles were excluded. The full texts of 75 articles were
assessed. Studies were excluded for the following reasons:
nondesired outcome (20); not a DPD indicator-related
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comparison study (13); review (7); basic research article (5);
included other cancer patients (4); and protocol (1).
Ultimately, 25 articles were included in the meta-analysis
[11–35]; these articles included three chemotherapy compari-
son studies [14–16] and three post hoc studies of RCTs
[11–13] (Fig. 1, Table 1).

The ages of the included patients were 22 to 90, the
median/mean ages were 58 to 70, and five studies did not
report the patients’ ages. In the staging of patients, eight stud-
ies involved metastatic CRC patients. All the DPD-related
indicators were detected in tumor tissue before chemotherapy.
For the cut-off value selection, except for the cut-off values of

one study that were calculated by the maximal χ2 statistic
method [20], the median measured DPD expression level or
ratio was selected. The treatment regimens included 5-FU-
based and 5-FU derivative-based chemotherapies. The five-
year (or maximum follow-up period) DFS and OS were
55.1% to 80.9% and 62% to 88.2%, respectively (Table 1).

From the quality assessment, three studies were post hoc
studies of RCTs, and three were comparison studies
(Supplementary Fig. 1). Eleven studies did not have a uniform
chemotherapy regimen in a single group. Five studies includ-
ed CRC patients with a uniform stage of disease. None of the
studies reported raw data of DFS and OS, and the results were

From:  Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting Items for Systematic Reviews and Meta-
Analyses: The PRISMA Statement. PLoS Med 6(7): e1000097. doi:10.1371/journal.pmed1000097 

For more informa�on, visit www.prisma-statement.org.

PRISMA 2009 Flow Diagram
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reported as HRs or were calculated from KM curves. The
minimum population size in the included studies was 22,
and the maximum was 788. NOS scores ranged from six to
eight. In total, the quality of the studies was acceptable
(Table 1).

The DFS results in CRC patients with different DPD ex-
pression levels showed that low DPD expression was signif-
icantly superior to high expression (I2 = 72%; HR: 1.59;
95%CI: 1.21–2.09; p = 0.001) (Fig. 2). The sensitivity analy-
sis of the results from patients who received chemotherapy
showed that ignoring an individual study did not affect the
overall results. For the subgroup analysis, in the study popu-
lation not including patients with metastasis, the low DPD
expression group also had a significant advantage in terms
of DFS (I2 = 70.8%; HR: 1.41; 95%CI: 1.04–1.90; P =
0.027). In the population including patients with metastasis,
low DPD expression was still superior (I2 = 64.1%; HR: 2.49;

95%CI: 1.30–4.80; p = 0.006). With respect to the different
methods of DPD expression detection, the results of studies
performing PCR showed that the population with low DPD
expression had an advantage in terms of DFS (I2 = 71.2%;
HR: 1.41; 95%CI: 1.02–1.95; p = 0.036). When DPD expres-
sion was detected by IHC, there was no difference in DFS
among the different groups (I2 = 84.8%; HR: 1.64; 95%CI:
0.82–3.28; p = 0.159). Only one study assessed DPD by met-
abolic activity, and there was no difference in DFS among the
groups (HR: 2.56; 95%CI: 0.95–6.89; p = 0.063). When ex-
pression was detected by ELISA, the low DPD expression
group had a significant advantage in terms of DFS (I2 = 0%;
HR: 3.34; 95%CI: 1.70–6.56; p < 0.001). In addition, it should
be noted that the results had publication bias (Begg’s test: p =
0.007; Egger’s test: p = 0.004). By the trim-and-fill method,
the results changed after supplementing six correct results
(HR: 1.20; 95%CI: 0.90–1.60; p = 0.206) (Fig. 3a), indicating

NOTE: Weights are from random effects analysis
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Fig. 2 Forest plot of disease-free survival of colorectal cancer patients stratified according to different DPD expression indicators
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that publication bias may exist and that some negative results
were unpublished, which might have impacted the overall
results.

In the population without chemotherapy, there was no
significant difference in DFS among patients with differ-
ent DPD expression levels (I2 = 72.1%; HR: 0.65;
95%CI: 0.15–2.78; p = 0.559). In the population treated
with chemotherapy, a high thymidylate phosphorylase
(TP)/DPD ratio was advantageous for DFS (I2 = 63.7%;
HR: 0.65; 95%CI: 0.46–0.92; p = 0.015), and this result
did not have a publication bias (Egger’s test: p = 0.151;
Begg’s test: p = 0.462). In the population without che-
motherapy, the results based on only one study showed
no difference in DFS according to the TP/DPD ratio
(HR: 0.77; 95%CI: 0.10–5.96; p = 0.802). For the orotate
phosphoribosyl transferase (OPRT)/DPD ratio, only one
study included this measurement, and its results showed
that the high OPRT/DPD ratio group had superior DFS
(HR: 0.17; 95%CI: 0.04–0.73; p = 0.017) (Fig. 2).

For OS, in the population treated with chemotherapy,
low DPD expression was superior to high expression
(I2 = 74.4%; HR: 2.11; 95%CI: 1.48–3.00; p < 0.001)
(Fig. 4). In addition, the sensitivity analysis showed that
ignoring individual studies did not change the overall re-
sults. In the subgroup analysis, within the population
without metastatic CRC, the low DPD expression group
had significantly better OS than the high expression group
(I2 = 65.1%; HR: 1.57; 95%CI: 1.10–2.25; p = 0.014). In
the population that contained metastatic CRC patients,
low DPD expression was still superior to high expression
in terms of OS (I2 = 80.4%; HR: 2.11; 95%CI: 1.48–3.00;
p = 0.003). With respect to the different methods of DPD
expression detection, the results from PCR assays showed
that low DPD expression was superior to high expression
for OS (I2 = 81.2%; HR: 2.08; 95%CI: 1.22–3.53; p =
0.007). For IHC detection, low DPD expression also had
an advantage (I2 = 60.2%; HR: 2.06; 95%CI: 1.21–3.52;

p = 0.008). Only one study included metabolic activity
detection, and it showed no difference in OS according
to DPD expression (HR: 2.52; 95%CI: 0.83–7.62; P =
0.103). There was also no difference in OS among DPD
expression groups via ELISA detection (HR: 2.96;
95%CI: 0.89–9.87; p = 0.077). In addition, a publication
bias existed (Egger’s test: p = 0.003; Begg’s test: p =
0.010). By the trim-and-fill method, the results changed
after supplementing six correct results (HR: 1.36; 95%CI:
0.93–1.97; p = 0.110). Other stratified analyses showed
that low DPD expression was associated with superior
OS in the population not receiving chemotherapy (I2 =
0%; HR: 0.60; 95%CI: 0.45–0.80; p < 0.001). There was
no difference in OS between groups stratified by the TP/
DPD ratio (I2 = 0%; HR: 0.92; 95%CI: 0.75–1.13; p =
0.420) or the OPRT/DPD ratio (I2 = 91.0%; HR: 0.57;
95%CI: 0.02–20.25; p = 0.756) (Fig. 4).

We further investigated which chemotherapy strategy
had greatest benefit to CRC patients classified specifical-
ly according to DPD expression. One comparison study
showed that in the population with lower DPD expres-
sion, XELOX was superior to FU/FA for DFS (HR: 0.70;
95%CI: 0.54–0.91; p = 0.007), but there was no differ-
ence in DFS according to whether or not patients re-
ceived 5-FU-based chemotherapy (I2 = 88.2%; HR:
0.42; 95%CI: 0.03–6.10; p = 0.525). In the group with
higher DPD expression, patients who did not receive
chemotherapy had better DFS than patients who did re-
ceive chemotherapy (I2 = 0%; HR: 2.28; 95%CI: 1.19–
4.37; p = 0.013). Only one comparison study showed that
in the populat ion with a lower TP/DPD rat io ,
doxifluridine treatment led to better DFS than tegafur/
uracil (UFT) (HR: 2.06; 95%CI: 1.12–3.79; p =
0.02)(Fig. 5). One comparison study showed that in the
population with lower DPD expression, XELOX was su-
perior to FU/FA in terms of OS (HR: 0.61; 95%CI:
0.45–0.83; p = 0.002) (Fig. 6).
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Discussion

In the results of this study, the population with lower DPD
expression had better DFS and OS. When the median TP/
DPD ratio was set as the cut-off value, the population with a
higher TP/DPD ratio had better DFS but not OS. In the anal-
ysis, the study heterogeneity was relatively robust; therefore,
the random-effects model was mainly adopted. The main
source of heterogeneity among studies might be the differ-
ences in cut-off values and DPD expression detectionmethods
used.

The post hoc analysis of the population with low DPD
expression showed that patients had better DFS and OS with
XELOX treatment than with FU/FA treatment. In addition, in
the population with high DPD expression, no chemotherapy
was superior to chemotherapy. The above result was interest-
ing but nonrobust because it was based on only two studies
[15, 16]. However, this result also provided some clues for
individualized clinical medicine. In the population with a
low TP/DPD ratio, patients had better DFS when treated with

doxifluridine than when treated with UFT. Overall, the above
results could not be pooled due to the diversity of chemother-
apy regimens. Therefore, this post hoc analysis can only be
used as a cue for further clinical studies, not as evidence to
guide clinical applications.

In this study, DPD expression showed a predictive associ-
ation with patient prognosis; however, publication bias
existed, and some negative results might not have been report-
ed. Therefore, more DPD-related comparison studies, espe-
cially studies with negative results, are needed to verify the
reliability of the present results. In addition, the median value
might not be the optimal cut-off value. The selection of cut-off
values by another method, such as the maximal χ2 statistic
method, might increase the significance of DPD-related indi-
cators in predicting patients’ outcomes. Therefore, the specific
cut-off value of DPD-related indicators should be defined by
more comparison studies. This research analyzed populations
with low and high DPD expression measured before chemo-
therapy, and the level of DPD might have been altered by
chemotherapy or the time point after treatment. Therefore,
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how to use the change in DPD expression to predict prognosis
and choose a chemotherapy regimen remains a challenge.

DPD is the rate-limiting enzyme of 5-FU metabolism,
but different chemotherapeutic drugs may affect its predic-
tive value. For example, gimeracil in S-1 can selectively
inhibit DPD activity to reduce 5-FU degradation [36].
Therefore, the impact of the chemotherapy strategy needs
to be considered when researching the predictive value of
DPD for CRC patients’ outcomes. The TP/DPD ratio was
also a predictive indicator in CRC patients. TP expression
at both the protein and mRNA levels was higher in colo-
rectal tumor tissue than in normal tissue. High TP expres-
sion is related to increased cancer cell proliferation and
angiogenesis [37]. In particular, TP is important in the
transformation of capecitabine into 5-FU in tumors [38].
Our results indicated that the TP/DPD ratio can be used as
a predictor of DFS in CRC patients who receive chemo-
therapy. However, these results might confirm that high TP
activity enhances the anticancer effect of 5-FU-based treat-
ments [39]. In addition, OPRT is another phosphorylase
that is important in the metabolism of 5-FU and in its an-
ticancer activity [11]. A previous study showed that high
expression of OPRT is related to high tumor invasiveness
and high 5-FU sensitivity [40]. The OPRT/DPD ratio also
showed a relationship with the prognosis of CRC patients

in this study. However, the results need further confirma-
tion because of the small number of included studies.

Limitations

There are several limitations in this research. First, this study
is based on other studies but not an individual study. Second,
heterogeneity was generally robust in the analysis; therefore,
we prioritized a random-effects model to pool the results. The
study heterogeneity may be attributable to differences in DPD
expression detection methods and cut-off values. Third, pub-
lication bias may have affected the accuracy of the results.
Fourth, in the post hoc analysis, advantageous chemotherapy
regimens were not confirmed for specific populations strati-
fied by DPD expression. Therefore, the results can only be
used as a cue for further clinical studies.
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