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S-Fluorouracil-based adjuvant chemotherapy improves
the clinical outcomes of patients with lymphovascular
invasion of upper urinary tract cancer and low
expression of dihydropyrimidine dehydrogenase
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Abstract. Lymphovascular invasion (LVI) by urothelial
carcinoma of the upper urinary tract (UC-UUT) is associated
with an unfavorable prognosis. However, a high proportion of
patients with UC-UUT are unable to receive the recommended
doses of cisplatin-based adjuvant chemotherapy due toadvanced
age or renal dysfunction resulting from nephroureterectomy.
Tegafur-uracil is an oral form of 5-fluorouracil whose efficacy
is influenced by the activities of enzymes associated with
its metabolism, such as dihydropyrimidine dehydrogenase
(DPD), orotatephosphoribosyltransferase (OPRT) and
thymidylate synthase (TS). The aim of the present study
was to investigate the efficacy of adjuvant 5-fluorouracil
chemotherapy for UC-UUT with LVI, and to assess the
expression of enzymes associated with 5-fluorouracil
metabolism as promising biomarkers of therapy efficacy.
The present study retrospectively investigated 52 cases of
UC-UUT. Following nephroureterectomy, tegafur-uracil was
administered to 15 out of 30 patients with LVI who were not
eligible for cisplatin-based adjuvant chemotherapy. Levels
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of DPD, OPRT and TS expression in tumor specimens were
determined by reverse transcription-quantitative polymerase
chain reaction, and their associations with the efficacy of
adjuvant 5-fluorouracil chemotherapy were analyzed. The
levels of DPD, OPRT and TS expression were not associated
with pathological factors or outcome, although a higher
expression of 7S was associated with a poorer outcome.
Adjuvant 5-fluorouracil chemotherapy significantly improved
the outcome of patients with lower DPD expression. However,
the levels of OPRT and TS expression did not influence
therapeutic efficacy. Adjuvant 5-fluorouracil chemotherapy
appears to be effective for lymphovascular-invasive UC-UUT
in patients with lower DPD expression.

Introduction

Urothelial carcinoma of the upper urinary tract (UC-UUT)
tends to be associated with intravesical recurrence, lymph node
metastasis and distant metastasis, even after complete surgical
resection, presumably due to occult micrometastasis present
at the time of surgery and the thin wall and rich lymphatic
drainage of the ureter (1,2). While intravesical recurrence can
be controlled by transurethral resection, lymph node metastasis
or distant metastasis tends to be refractory to chemotherapy,
eventually leading to an unfavorable outcome (3). Advanced
tumor stage, a higher nuclear grade and lymphovascular inva-
sion (LVI) of UC-UUT are pathological factors conventionally
associated with metastases and an unfavorable outcome (2,4-6).
Among them, we have previously reported that LVI is associ-
ated with early recurrence and an unfavorable outcome after
radical nephroureterectomy (1). Although gemcitabine- and
cisplatin-based chemotherapy is frequently performed in an
adjuvant setting for patients with such risk factors, its efficacy
tends to be disappointing because of not only advanced age or
renal dysfunction resulting from nephroureterectomy, but also
the paucity of established biomarkers (7-10). Tegafur-uracil
(UFT™, Taiho Pharmaceutical Co., Ltd., Tokyo, Japan) is an
oral form of 5-fluorouracil (5-FU) that can be administered
to a wide range of patients because of its lower incidence of
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severe adverse events (11,12). 5-FU is generally administered
as adjuvant chemotherapy to patients with cancers of the
lung and colon (13-17), and its antitumor effect is thought
to be associated with the expression of enzymes related to
5-FU metabolism, such as dihydropyrimidine dehydroge-
nase (DPD), orotatephosphoribosyltransferase (OPRT) and
thymidylate synthase (TS) (18). Intravenously or orally admin-
istered 5-FU is phosphorylated by OPRT and converted to
5-fluoro-2'-deoxyuridine 5'-monophosphate (FAUMP). It then
inhibits TS, which is a rate-limiting enzyme for pyrimidine
synthesis, and exerts an antitumor effect by inhibiting the
synthesis of DNA. However, most of the administered 5-FU
is broken down by DPD and thus unable to exert an antitumor
effect (18). Therefore, underexpression of OPRT, overexpres-
sion of TS and overexpression of DPD are reported to be
associated with 5-FU resistance in patients with urothelial
carcinoma (19-21). Thus, the efficacy of 5-FU chemotherapy
depends on inter-individual differences in the activity of these
enzymes. Although it has been reported that the activity of
these enzymes is associated with tumor stage or nuclear grade,
their role in carcinogenesis has not yet been elucidated (19-22).
On the other hand, there has been some controversy regarding
the efficacy of 5-FU as adjuvant chemotherapy for UC-UUT.
In the present study, we administered adjuvant 5-FU chemo-
therapy to UC-UUT patients with LVI who were at risk of poor
outcome, and then we investigated the relationship between
the efficacy of adjuvant 5-FU chemotherapy for lymphovas-
cular-invasive UC-UUT and the expression of these enzymes,
with the aim of detecting an effective biomarker.

Materials and methods

Patients and tissues. We retrieved archival formalin-fixed,
paraffin-embedded (FFPE) tumor samples from 52 Japanese
patients who had undergone nephroureterectomy for UC-UUT
at Dokkyo Medical University Hospital (Tochigi, Japan)
between 2002 and 2015. After surgical resection, UFT™ was
administered at 200 mg/day to 15 of 30 patients with LVI who
were ineligible for cisplatin-based adjuvant chemotherapy
(Fig. 1). The median observation period was 44 months with a
range of 1 to 145 months. Table I shows the adjuvant 5-FU treat-
ment status and pathological data for the patients. Pathological
factors were assessed in accordance with the TNM tumor
classification (23). The sites of initial relapse and adjuvant
5-FU treatment status are shown in Table II. This study was
conducted in accordance with the Helsinki Declaration and
approved by the institutional ethics review board of Dokkyo
Medical University Hospital (approval no. 24023). Each patient
signed an informed consent form that had been approved by
our institutional Committee on Human Rights in Research.
All samples were anonymized before analysis to guarantee
protection of patient privacy.

RNA extraction and quantitative RT-PCR. Tumor cells were
collected from FFPE tissue samples using laser-capture
microdissection. Total RNA was extracted from the cells
using an RNeasy FFPE kit (Qiagen, Inc., Valencia, CA,
USA), and cDNA was prepared using a High Capacity cDNA
Reverse Transcription kit (Applied Biosystems; Thermo Fisher
Scientific, Inc., Waltham, MA, USA) in accordance with the
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Table I. Conventional pathological factors and adjuvant 5-FU
treatment status.

pT pN Grade

Factors <2 >3 OorX >1 <2 3

LVI(+),5FU(+) 4 11 14 1 6
LVI (+), 5-FU () 2 13 11 4 4 11
LVI(-),5FU() 20 2 22 0 18

LVI, lymphovascular invasion; 5-FU, 5-fluorouracil.

manufacturer's instructions. The cDNA was then pre-amplified
using a TagMan PreAmp Master Mix kit (Applied Biosystems;
Thermo Fisher Scientific, Inc.), and quantitative RT-PCR was
performed using a TagMan low-density array (LDA) (Applied
Biosystems; Thermo Fisher Scientific, Inc.) for determining the
relative levels of expression of mRNAs for DPD, OPRT and
TS, as reported previously (24,25). Briefly, 2.5 ul of cDNA was
pre-amplified using 2x TagMan PreAmp Master Mix and a pool
of 0.2x TagMan Gene Expression Assays in a 10-u1 PCR reaction
volume (Applied Biosystems; Thermo Fisher Scientific, Inc.).
Pre-amplification was performed under the following thermal
cycling conditions: 95°C for 10 min followed by 14 cycles at
95°C for 15 sec, and 60°C for 4 min. A pre-amplified cDNA
sample was diluted 20-fold in Tris-EDTA buffer, then 25 pl of
pre-amplified cDNA was added to 25 pl of nuclease-free water
and 50 pl of 2x TagMan Gene Expression Master Mix (Applied
Biosystems; Thermo Fisher Scientific, Inc.). The mixture
was then applied to the loading port of the TagMan LDA.
The LDA was centrifuged twice and PCR amplification was
performed using the ABI Prism 7900HT Sequence Detection
System (Applied Biosystems; Thermo Fisher Scientific, Inc.).
The thermal cycling conditions for PCR amplification were
as follows: 50°C for 2 min and 94.5°C for 10 min followed by
40 cycles at 97°C for 30 sec and 59.7°C for 1 min. The quantita-
tive cycle (Cq) value detected was inversely proportional to the
amount of cDNA. The Cq value for 3-actin (ACTB) included in
the LDA was used as a reference. The expression levels of the
3 genes relative to that of ACTB were calculated as the ratios
between the differences in the Cq values (26).

Statistical analysis. Differences between two groups were
analyzed by Mann-Whitney U test. Overall survival (OS) and
progression-free survival (PFS) curves were drawn by the
Kaplan-Meier method, and differences in survival were exam-
ined by log-rank test with Bonferroni correction for pairwise
multiple comparisons. In all analyses, P<0.05 (Bonferroni
adjusted P<0.0167) was considered to indicate a statistically
significant difference. Data were analyzed using R version
3.2.2 (Www.r-project.org).

Results
Levels of DPD, OPRT and TS expression are not associated

with pathological factors. Clinicopathological characteristics
of the patients are shown in Table SI. There were 39 male
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Table II. Initial relapse site and adjuvant 5-FU treatment status.
Variable Urinary bladder =~ Lymphnode Lung Bone Liver Ureter Local recurrence  No relapse
LVI (+),5-FU (+) 4 5 0 0 0 0 0 6
LVI (+), 5-FU (-) 0 5 3 1 1 0 2 3
LVI (-), 5-FU (-) 6 2 0 0 0 1 0 13

LVI, lymphovascular invasion; 5-FU, 5-fluorouracil.
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(Adjuvant 5-FU treatment (n=15))

Analyze the clinical outcomes and levels of expression of DPD, OPRT and TS.

Figure 1. Procedure for case classification and analysis. Nephroureterectomy was performed on 52 patients with UC-UUT. Following surgical resection, oral
5-FU was administered to 15 of 30 patients with LVI who were ineligible for cisplatin-based adjuvant chemotherapy. The remaining 37 patients underwent
regular follow-up. Subsequently, the clinical outcomes and levels of expression of DPD, OPRT and TS were analyzed. UC-UUT, urothelial carcinoma of the
upper urinary tract; 5-FU, 5-fluorouracil; LVI, lymphovascular invasion; DPD, dihydropyrimidine dehydrogenase; OPRT, orotatephosphoribosyltransferase;

TS, thymidylate synthase.

and 13 female patients with a mean age of 70 years (rage
45-85 years). None of them developed any severe adverse
events. We first analyzed the relationship between conventional
pathological factors and the levels of expression of enzymes
related to 5-FU metabolism. The levels of DPD, OPRT and
TS expression were not associated with pT stage, pN stage,
nuclear grade or LVI; however, higher expression of OPRT
was associated with high pT stage and nuclear grade (Fig. 2).

Levels of DPD and OPRT expression are not associated with
clinical outcomes. We then investigated the influences of DPD,
OPRT and TS expression on OS and PFS in UC-UUT patients.
We divided the patients into two groups according to the median
level of expression of each gene, and compared the OS and PFS
rates between them. Kaplan-Meier plots showed that patients
with higher expression of 7'S had poorer OS and PFS rates than
those with lower expression. On the other hand, the levels of
DPD and OPRT expression were not associated with the OS
and PFS rates (Fig. 3). Furthermore, to exclude the influence
of adjuvant 5-FU chemotherapy on outcome, we excluded the
patients who had received 5-FU and also compared the OS and
PFS rates between them according to the expression of each
gene. The patients with lower expression of DPD and higher
expression of TS had poorer PFS rates. However, the level of TS
expression was not associated with OS rate (Fig. S1).

Poor outcome of UC-UUT with LVI and efficacy of adjuvant
5-FU chemotherapy. To evaluate the efficacy of adjuvant 5-FU
chemotherapy, we compared the OS and PFS rates among the
three groups of patients divided according to LVI and 5-FU

treatment status. As shown in Fig. 4A, UC-UUT patients with
LVI had poorer OS than those without LVI. However, there were
no significant inter-group differences between UC-UUT patients
with LVI and those without LVI when adjuvant 5-FU was
administered to the former. We also investigated the improve-
ment of OS rates resulting from adjuvant 5-FU administration in
UC-UUT patients with LVI, but the degree of improvement did
not reach a statistically significant level. The PFS rates showed
no significant inter-group differences (Fig. 4B).

Adjuvant 5-FU chemotherapy improves the OS and PFS
rates of patients with lymphovascular-invasive UC-UUT and
lower DPD expression. We further investigated the relation-
ship between the efficacy of adjuvant 5-FU chemotherapy for
lymphovascular-invasive UC-UUT and the levels of expres-
sion of enzymes related to 5-FU metabolism. We classified the
patients according to their median level of expression of DPD,
OPRT or TS, and then analyzed their OS and PFS rates in rela-
tion to 5-FU administration status. Interestingly, patients who
had received 5-FU, especially those whose primary tumors
had lower levels of DPD expression, had better OS and PFS
rates (Fig. SA and D). On the other hand, patients with higher
expression of DPD had rather poor OS and PFS rates, regard-
less of 5-FU administration (Fig. 5B and E). Furthermore,
among the patients who had received 5-FU, the OS and PFS
rates were better for those who had lower expression of DPD
than for those who had higher expression (Fig. 5C and F). No
significant relationships were found between the efficacy of
adjuvant 5-FU chemotherapy and the levels of OPRT and TS
expression (Figs. S2 and S3).
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Figure 2. Association between the levels of expression of enzymes associated with 5-FU metabolism and conventional pathological factors. The expression
levels of DPD, OPRT and TS were not associated with conventional pathological factors, although a higher expression of OPRT was associated with high pT
stage and nuclear grade. Reverse transcription-quantitative polymerase chain reaction analyses were performed for 52 cases of UC-UUT. The y-axis displays
the level of expression relative to B-actin. "P<0.05, as indicated. NS, not significant; LVI, lymphovascular invasion; DPD, dihydropyrimidine dehydrogenase;

OPRT, orotatephosphoribosyltransferase; TS, thymidylate synthase.

Discussion

Complete surgical resection is one of the most important
factors for eradication of UC-UUT. However, even when this
has been achieved, some patients, particularly those with
LVI, suffer early recurrence and metastasis, and have poorer
clinical outcomes (1,3-5). In this study also, patients with
LVI showed poorer OS rates than those without LVI. It is
difficult to control distant metastasis of UC-UUT by surgical
resection (27), and therefore the efficacy of chemotherapy is
limited (3,28). Considering these characteristics of UC-UUT,
it can be concluded that reducing the incidence of recurrence
and distant metastasis is the most important consideration if
clinical outcomes are to be improved. Although cisplatin-based
adjuvant chemotherapy is often performed for UC-UUT
patients with risk factors for recurrence or distant metastasis,
its efficacy is debatable due to the nephrotoxicity of cisplatin
and the impairment of renal function caused by nephroureter-
ectomy (7-10). Furthermore, no biomarkers that can predict the
efficacy of chemotherapy have yet been established.

UFT™ is an oral prodrug of 5-FU that is associated with
less severe adverse events, and can be used for a wider variety
of patients (11,12). In fact, adjuvant chemotherapy with this oral
form of 5-FU, which contains a DPD inhibitor, is commonly

used for patients with lung and colon cancer, and helps to
improve their prognosis (13-17). Some groups have reported the
efficacy of adjuvant chemotherapy with oral 5-FU for urothelial
carcinoma of the urinary bladder, although no unified view
has yet emerged (29-31). Also, the efficacy of adjuvant 5-FU
chemotherapy for UC-UUT has not yet been investigated (21).
The present study was designed to assess the efficacy of 5-FU
for reducing the rate of recurrence and prolonging the survival
of UC-UUT patients undergoing radical nephroureterectomy,
especially those with LVI. None of the patients included devel-
oped any severe adverse events associated with the oral 5-FU
agent, suggesting that this form of adjuvant chemotherapy may
be an effective option, especially for UC-UUT patients with LVI
who are not eligible for cisplatin-based adjuvant chemotherapy.
Even though UC-UUT patients with LVI may be at risk of poor
outcome, we found no significant difference in OS rates after
5-FU administration between them and UC-UUT patients
without LVI. However, despite the importance of reducing
the rates of recurrence and distant metastasis in patients with
UC-UUT, we found that adjuvant 5-FU chemotherapy did not
significantly improve the PFS. This might have been attributable
to the small number of patients we analyzed, and the fact that
intravesical recurrence can be treated easily by transurethral
resection. In fact, Harada er al (31) have reported that adjuvant
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Figure 3. Association between the expression levels of 5-FU metabolism-associated enzymes and clinical outcomes. The overall survival rates (shown by
Kaplan-Meier curves) for patients with higher expression levels of (A) DPD, (B) OPRT and (C) T in their primary tumors were compared with those exhibiting
lower expression. The progression-free survival rates (shown by Kaplan-Meier curves) for patients with higher expression levels of (D) DPD, (E) OPRT and
(F) TS were also compared. The patients with a higher expression of 7' exhibited lower rates of overall survival and progression-free survival than those with
lower expression (P<0.05 determined by log rank test). The patients with higher expression levels of DPD and OPRT showed no significant differences in the
survival curves. NS, not significant; 5-FU, 5-fluorouracil; LVI, lymphovascular invasion; DPD, dihydropyrimidine dehydrogenase; OPRT, orotatephospho-
ribosyltransferase; TS, thymidylate synthase.
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Figure 4. Influence of LVI and adjuvant 5-FU chemotherapy on clinical outcome. (A) The overall survival rates (shown by Kaplan-Meier curves) of patients
without LVI who did not receive adjuvant 5-FU chemotherapy, those of patients with LVI who did not receive 5-FU and those of patients with LVI who received
5-FU were compared. The patients with LVI who did not receive 5-FU exhibited lower overall survival rates than those without LVI (P<0.0167 determined by
Bonferroni correction for pairwise multiple comparisons). No significant differences were observed between the patients with LVI who received 5-FU and the
patients without LVI. (B) Progression-free survival rates (shown by Kaplan-Meier curves) were also compared, but no significant differences were observed.
NS, not significant; LVI, lymphovascular invasion; 5-FU, 5-fluorouracil.

chemotherapy using oral 5-FU for urothelial carcinoma of the
urinary bladder did not reduce the incidence of intravesical
recurrence. Interestingly, despite the small number of UC-UUT
patients we studied, those with LVI who had received adjuvant

5-FU did not develop visceral metastases, in contrast to those
who had not received it. These results suggest that adjuvant
5-FU chemotherapy might reduce the incidence of visceral
metastasis, and thus improve prognosis.
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Figure 5. Association between efficacy of adjuvant 5-FU chemotherapy and expression of DPD. (A) The overall survival rates (shown by Kaplan-Meier curves)
of patients with lower DPD expression who received adjuvant 5-FU chemotherapy were compared with those of patients who did not. The UC-UUT patients
who received 5-FU all had LVI, and among those who did not receive 5-FU, some had LVI and some did not. The patients with lower expression levels of DPD
who received 5-FU showed higher overall survival rates than those who did not (P<0.05 determined by log rank test). (B) The overall survival rates (shown
by Kaplan-Meier curves) of patients with higher DPD expression who received adjuvant 5-FU chemotherapy were compared with those of patients who did
not. The UC-UUT patients who received 5-FU all had LVI, and among those who did not receive 5-FU, some had LVI and some did not. The patients with
higher expression of DPD who received 5-FU showed lower overall survival rates than those who did not (P<0.05 determined by log rank test). (C) The overall
survival rates (shown by Kaplan-Meier curves) of patients with lower expression levels of DPD who received adjuvant 5-FU chemotherapy were compared
with those of patients with higher expression levels of DPD who also received the therapy. The two groups were comprised of UC-UUT patients with LVI.
The patients with a lower expression of DPD showed higher overall survival rates than those with higher expression (P<0.01 determined by log rank test).
(D-F) Progression-free survival rates were also investigated for these 3 different group comparisons, and similar results were obtained. LVI, lymphovascular
invasion; 5-FU, 5-fluorouracil; UC-UUT, urothelial carcinoma of the upper urinary tract; DPD, dihydropyrimidine dehydrogenase.

We also investigated biomarkers that could be applicable
for predicting the efficacy of adjuvant 5-FU chemotherapy. It
is well known that the antitumor effect of 5-FU is influenced
by the activities of enzymes related to its metabolism, such as
DPD, OPRT and TS. In urothelial carcinoma, underexpression
of OPRT, overexpression of TS and overexpression of DPD
are reported to be associated with 5-FU resistance in vitro and
in vivo (19-21). To our knowledge, no previous studies have
investigated the correlation between the efficacy of adjuvant
5-FU chemotherapy and the levels of expression of 5-FU metab-
olism-related enzymes in patients with UC-UUT. In this study,
when we focused on the relationship between 5-FU administra-
tion and DPD expression, we found that both the OS and PFS
rates for patients with lower DPD expression were improved by
adjuvant 5-FU therapy to a greater degree than in patients who
did not receive 5-FU. Taking into consideration that all of the
patients who received 5-FU chemotherapy were LVI-positive
and thus at risk of a poor outcome, these results suggest that the
level of DPD expression had a major influence on the efficacy
of adjuvant 5-FU chemotherapy for UC-UUT, and that such
chemotherapy would be highly effective for patients with lower
expression of DPD. On the other hand, the patients with higher

expression of DPD showed poorer OS and PFS rates, despite
administration of adjuvant 5-FU. This might have been due to
immediate breakdown of 5-FU by DPD, and the fact that the
adjuvant 5-FU group included patients with LVI. In addition,
among the patients who received 5-FU, the OS and PFS rates
for those with lower expression of DPD were better than those
for patients with higher expression. These results support the
contention that the level of DPD expression influences the effi-
cacy of adjuvant 5-FU chemotherapy for UC-UUT. Although
DPD deficiency has been reported to increase the toxicity of
5-FU (18), none of the present patients developed any severe
adverse events, irrespective of DPD expression. This may have
been attributable to the low dose of 5-FU we administered.

In association with pathological factors, some groups
have reported that DPD, OPRT and TS are associated with
a high stage and high grade of urothelial carcinoma (19-22),
and that OPRT and TS expression are associated with poor
outcome (19,21,22), although DPD was not reported to be
associated with outcome (20,21). Despite an apparent associa-
tion of OPRT and TS expression with tumor cell proliferation,
their role in carcinogenesis has not yet been confirmed (19,22).
The associations among pathological factors, outcomes, 5-FU
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sensitivity and expression of some enzymes demonstrated in
the present study were not concordant with previous reports,
possibly because we analyzed samples of mRNA rather than
protein expression or enzyme activity. Furthermore, biological
differences in the cell lines and patients studied might have
affected 5-FU sensitivity. In particular, 7S and DPD expres-
sion might have had a stronger influence on outcome and 5-FU
sensitivity than other factors. However, no definitive conclu-
sion can be drawn at this stage.

Our present findings suggest that the level of DPD expres-
sion in patients undergoing surgical resection for UC-UUT
might be a useful biomarker for predicting the efficacy of adju-
vant 5-FU chemotherapy. Although this study was designed
to investigate the level of DPD mRNA expression in tumor
specimens, it has been reported that the levels of mRNA
expression and protein activity of DPD are not necessarily
correlated (18). Because the present data were limited in view
of our retrospective design and the small numbers of patients
studied, it will be necessary to conduct a large-scale random-
ized controlled trial to investigate the activity of DPD protein,
interactions among enzymes related to 5-FU metabolism, and
the metabolic pathways associated with the efficacy of 5-FU
for treatment of UC-UUT. In addition, an oral 5-FU agent
including a stronger DPD inhibitor, such as tegafur/gimer-
acil/oteracil (S-1™) (Taiho Pharmaceutical Co., Ltd.), might
be more effective for patients with higher expression of DPD
who do not show a good response to the UFT™ that was
employed in the present study (32).

In conclusion, adjuvant 5-FU chemotherapy can improve
the outcome of patients with lymphovascular-invasive
UC-UUT and low expression of DPD. Assessment of the DPD
expression level in UC-UUT might therefore be helpful for
predicting the effectiveness of adjuvant 5-FU chemotherapy.
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