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Background and purpose: To compare chemoradiotherapy (CRT) with low-dose continuous 5-fluorouracil
(5FU) to CRT with 5FU+cisplatin (CDDP) for esophageal squamous cell carcinoma (ESCC) in a retrospec-
tive cohort study.
Methods and materials: We reviewed the cases of Stage I–IV ESCC patients who underwent definitive CRT
in 2000–2014. Concomitant chemotherapy was one of the three regimens: (1) high-dose intermittent
5FU and CDDP (standard-dose FP: SDFP), (2) low-dose continuous 5FU and CDDP (LDFP), or (3) low-
dose continuous 5FU (LD5FU). The general selection criteria for chemotherapy were: SDFP for patients
aged <70 yrs; LDFP for those aged 70–74 yrs; LD5FU for those aged �75 yrs or with performance status
(PS) �3. Propensity scores were derived with chemotherapy (LD5FU vs. 5FU+CDDP) as the dependent
variable.
Results: In a multivariate analysis, chemotherapy (LD5FU vs. SDFP, p = .24; LDFP vs. SDFP, p = .52) did not
affect the overall survival (OS). LD5FU caused significantly less grade 3–4 leukopenia (9%) compared to
SDFP (47%) and LDFP (44%) (p < .001). In a propensity-matched analysis, LD5FU affected neither OS
(HR 1.06; 95%CI 0.55–2.05; p = .87) nor progression-free survival (HR 0.95, 95%CI 0.50–1.81; p = .87).
Conclusion: CRT with low-dose continuous 5FU may be a less toxic option for elderly ESCC patients.
� 2017 The Authors. Published by Elsevier Ireland Ltd on behalf of European Society for Radiotherapy and

Oncology. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).
Introduction

Definitive chemoradiotherapy (CRT) plays an important role in
the management of esophageal cancer. The most widely used con-
comitant chemotherapy is the combination of 5-fluorouracil (5FU)
and cisplatin (CDDP) [1–4]. However, 30–50% of patients treated
with this regimen suffer from severe acute toxicity [1,5,6]. CDDP
is associated with various systemic side effects [7]. The routine
use of CDDP thus tends to be avoided in elderly patients, who gen-
erally have impaired physiologic function [8].
CRT without CDDP has been studied as part of the effort to
reduce CRT’s toxicity in this patient subgroup. In a prospective trial
of CRT with low-dose continuous 5FU for elderly patients with eso-
phageal cancer, the complete response (CR) rate was 45%, and
grade 3 or worse adverse events were observed in 11% of the
patients [8]. Therefore, the CRT with low-dose continuous 5FU reg-
imen can be considered effective for esophageal cancer. We have
used this CRT regimen for esophageal squamous cell carcinoma
(ESCC) patients who are not appropriate for CDDP treatment
[9,10], but its treatment outcomes have not been directly com-
pared to those of the 5FU+CDDP regimens. Herein, we investigated
whether CRT with low-dose continuous 5FU can reduce toxicity
compared to regimens with 5FU and CDDP without compromising
the survival outcomes.
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Methods and materials

Patients

We performed a retrospective cohort study of ESCC patients
who underwent definitive CRT at our institution in the 15-year
period from 2000 January to 2014 December. The inclusion criteria
were: (1) histological diagnosis of primary ESCC, and (2) concomi-
tant chemotherapy consisting of either 5FU alone or 5FU plus
CDDP. The three regimens of concomitant chemotherapy were as
follows: two cycles of a bolus injection of 5FU and CDDP (SDFP;
standard-dose 5FU+CDDP), or low-dose continuous 5FU and CDDP
(LDFP: low-dose 5FU+CDDP), or low-dose continuous 5FU (LD5FU;
low-dose 5FU). Staging was done with an upper gastrointestinal
endoscopy and computed tomography (CT) of the neck, chest,
and abdomen. 18F-fluorodeoxyglucose positron emission tomogra-
phy was not used.

There was a major change in the American Joint Committee on
Cancer (AJCC) tumor, node, metastasis (TNM) classification during
the study period [11]. All patients in our study underwent individ-
ual treatment based on the 6th edition of the TNM classification. In
the 7th edition, the N stage depends on the number of involved
lymph nodes, but we do not consider this suitable for ESCC patients
undergoing nonsurgical treatment. Pretreatment CT cannot accu-
rately detect lymph node involvement [12]. In a retrospective
study of definitive CRT for ESCC, the N stage determined based
on the 7th edition did not correlate with the overall survival (OS)
[13]. For these reasons, we used the 6th edition of the TNM classi-
fication. Our hospital’s Institutional Review Board approved the
study.
Radiotherapy

All patients underwent CT simulation and 3D conformal radio-
therapy (RT). RT was delivered using a 10-MV linear accelerator
with a daily fraction of 1.8–2 Gy. The gross tumor volume (GTV)
included the esophageal primary tumor (primary GTV) and nodal
metastases (nodal GTV). The clinical target volume (CTV) was cre-
ated with a 2-cmmargin in the superoinferior (SI) direction follow-
ing the long axis of the esophagus and 5-mm margins in the
anteroposterior (AP) and lateral directions around the primary
GTV [14,15]. The nodal GTV was expanded with a 5-mm CTV mar-
gin, and was unified with the CTV around the primary GTV. For
elderly patients and those with a poor performance status (PS),
the omission of elective nodal irradiation (ENI) was permitted.

The CTV was then expanded in the SI direction by 1–1.5 cm and
in the AP and lateral directions by 0.5 cm to create the planning
target volume (PTV). The first RT phase was delivered up to 40–
44 Gy with 2–4 beams, to treat the PTV including the GTV and elec-
tive nodal regions. For tumors at the middle or lower third of the
esophagus, four opposing AP and oblique beams were used to
reduce the dose to heart [16]. The second RT phase was delivered
with two opposing oblique beams to cover the PTV around the
GTV, and to shield the spinal cord. The total dose was 50–70 Gy.
The LDFP group and the LD5FU group tended to receive higher
RT doses to compensate for the reduced chemotherapy doses.
The upper limits of maximal dose were �54 Gy to the stomach
and <50 Gy to the spinal cord. The recommended lung volume
receiving �20 Gy (V20) was �30%.
Chemotherapy

The SDFP regimen consisted of CDDP 70 mg/m2/d on days 1 and
29 and 5FU 700 mg/m2/d on days 1–4 and 29–32, or CDDP 75 mg/
m2/d and 5FU 1000 mg/m2/d on the same corresponding schedule.
The LDFP consisted of CDDP 3 mg/m2/d and 5FU 250 mg/m2/d on
all RT days. The LD5FU consisted of 5FU 250 or 300 mg/m2/d on
all RT days. The general selection criteria for concurrent
chemotherapy regimen were: SDFP for those aged <70 yrs; LDFP
for those aged 70–74 yrs; LD5FU for those aged �75 yrs or with
an Eastern Cooperative Oncology Group (ECOG) PS �3. All patients
underwent a blood chemistry test and cell count once or twice a
week during the CRT. For patients assigned to either SDFP or LDFP,
5FU 800 mg/m2/d on days 1–4 and CDDP 80 mg/m2/d on day 1
were given as consolidation chemotherapy when the treating
oncologist considered these agents tolerable [17].

Response evaluation, follow-up, and assessment of toxicities

Each patient’s tumor response was evaluated 1–2 months after
the completion of CRT. The criteria for CR were: disappearance of
the esophageal tumor on CT and endoscopy, and the absence of
new metastatic lesions [18]. Follow-up CT and endoscopy were
performed every 3–6 months. Either salvage surgery or endoscopic
submucosal dissection (ESD) was considered upon locoregional
failure (LRF) [19]. Adverse events were graded with the fourth ver-
sion of the Common Terminology Criteria for Adverse Events
(CTCAE).

Statistical analyses

We used the Kruskal-Wallis test to compare continuous vari-
ables, and the Χ2 test was used for the distribution of categorical
variables among the CRT groups. The OS was calculated from the
first day of CRT. The progression-free survival (PFS) was defined
as the interval between the beginning of the CRT and the detection
of tumor progression or death, whichever occurred first. We used
the Cox proportional hazard model to determine the factors that
increase the hazard ratio (HR) for all-cause mortality.

To reduce biases, we derived propensity scores with concurrent
chemotherapy as the dependent variable [20]. In the KROSG0101/
JROSG021 randomized trial, the OS did not differ significantly
between the patients treated with CRT with low-dose continuous
5FU+CDDP and those treated with CRT with high-dose intermittent
5FU+CDDP [1]. Thus, we unified the LDFP and SDFP groups in the
present study to create the 5FU+CDDP group. The LD5FU was the
treatment of interest, and the 5FU+CDDP was control.

We defined the elderly patients as those aged �70 years [21].
All independent variables were transformed into binary covariates:
age (<70 yrs vs. �70 yrs), PS (0–1 vs. 2–4), and stage (I, II vs. III, IV)
[22]. Matching was done one-to-one with a caliper width of 0.2. P-
values <0.05 were considered significant. All analyses were per-
formed with R 3.0.2 (the R Foundation for Statistical Computing,
Vienna, Austria) and EZR (a graphical user interface for R, Saitama
Medical Center, Jichi Medical University, Saitama, Japan) [23].
Results

Patient characteristics and treatment details

We identified 226 consecutive patients who underwent defini-
tive RT for esophageal cancer in the years 2000–2014 at our insti-
tution. Seventy-three of these patients were excluded: 59 patients
with RT alone, three with non-ESCC histology, and 11 with other
concomitant chemotherapies. The other 153 ESCC patients were
considered suitable for the further analyses: 63 underwent SDFP,
43 underwent LDFP, and 47 underwent LD5FU.

The median age of the LD5FU group (75 yrs) was significantly
higher than those of the LDFP (69 yrs) and SDFP (62 yrs) groups
(Table 1; p < .001). The SDFP group had a significantly higher pro-



Table 1
Patient characteristics and treatment details (n = 153).

Variable LD5FU LDFP SDFP p-value
(n = 47) (n = 43) (n = 63)

Age at diagnosis (yrs): <0.001
Median 75 69 62
Range 58–82 48–79 33–72

No. of elderly patients:
<70, n (%) 13 (28) 22 (51) 60 (95) <0.001
�70, n (%) 34 (72) 21 (49) 3 (5)

Gender, n (%): 0.75
Male 40 (85) 34 (79) 52 (83)
Female 7 (15) 9 (21) 11 (17)

PS, n (%):
0–1 34 (72) 37 (86) 56 (89) 0.067
2–4 13 (28) 6 (14) 7 (11)

Tumor location, n (%): 0.044
Ce 5 (11) 10 (23) 6 (9)
Ut 7 (15) 3 (7) 18 (29)
Mt 21 (45) 23 (54) 24 (38)
Lt 13 (27) 7 (16) 15 (24)
Ae 1 (2) 0 (0) 0 (0)

T stage, n (%): 0.80
1 12 (26) 11 (26) 15 (24)
2 8 (17) 4 (9) 6 (10)
3 15 (31) 13 (30) 18 (28)
4 12 (26) 15 (35) 24 (38)

N stage, n (%): 0.032
0 25 (53) 18 (42) 18 (29)
1 22 (47) 25 (58) 45 (71)

M stage, n (%): 0.012
0 40 (85) 35 (81) 39 (62)
1 7 (15) 8 (19) 24 (38)

Clinical stage, n (%): 0.013
I 11 (23) 6 (14) 13 (21)
II 15 (32) 11 (25) 6 (9)
III 14 (30) 18 (42) 20 (32)
IV 7 (15) 8 (19) 24 (38)

Total RT dose (Gy:) <0.001
Median 66 66 60
Range 10–70.2 50–70 50–70

ENI, n (%): 0.010
Yes 24 (51) 31 (72) 49 (78)
No 23 (49) 12 (28) 14 (22)

Consolidation CHT, n (%): <0.001
Yes 0 (0) 3 (7) 31 (49)
No 47 (100) 40 (93) 32 (51)

5FU: 5-fluorouracil, Ae: abdominal esophagus, CDDP: cisplatin, Ce: cervical
esophagus, CHT: chemotherapy, ENI: elective nodal irradiation, LD5FU: low-dose
continuous 5FU, LDFP: low-dose continuous 5FU+CDDP, Lt: lower thoracic esoph-
agus, Mt: middle thoracic esophagus, NA: not applicable, PS: performance status,
RT: radiotherapy, SDFP: standard-dose 5FU+CDDP, Ut: upper thoracic esophagus.

Table 2
Multivariate analysis of overall survival.

Variable HR (95%CI) p

PS:
0–1 Reference
2–4 2.43 (1.46–4.03) <0.001
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portion of stage IV diseases compared to the other two groups (p =
.013). There were 39 patients classified as M1 stage. Thirty-three of
these patients had supraclavicular or lower abdominal lymph node
involvement. The remaining six patients had distant organ metas-
tases; one liver, four lungs, and one gastric wall. They underwent
CRT on the same schedule as the M0 patients, and were included
in the following analyses. The most frequently used dose fraction-
ation was 60 Gy in 30 fractions. The median total dose was signif-
icantly higher for the LD5FU and LDFP groups (both 66 Gy)
compared to the SDFP group (60 Gy) (p < .001).
Stage:
I, II Reference
III, IV 2.75 (1.75–4.31) <0.001

Concurrent CHT:
SDFP Reference
LD5FU 1.36 (0.81–2.28) 0.24
LDFP 1.20 (0.69–2.06) 0.52

Total RT dose (Gy):
�60 Reference
>60 1.10 (0.69–1.73) 0.69

Abbreviations are explained in the Table 1 footnote.
Treatment response and pattern of failure

The primary treatment response was evaluated in 148 patients
(97%). CR was documented in 22 patients in the LD5FU group
(50%), 19 in the LDFP group (45%), and 28 in the SDFP group
(45%) (p = .89). Sixty-three patients (16 in the LD5FU group, 21
LDFP, 26 SDFP) developed LRF, and 40 (11 LD5FU, 11 LDFP, 18
SDFP) developed distant organ failure. Nine (14%) of the patients
with LRF underwent salvage ESD, and 11 (17%) underwent surgical
removal.

Survival

The median follow-up period for the 153 patients was 70.6
months (mos.). At the time of analysis, 31 (20%) patients were still
alive. The median survival time (MST) was 20.9 mos. (95%CI, 15.4–
29.4); the 3- and 5-year survival rates were 37.6% (95%CI 29.7–
45.4) and 29.6% (95%CI 22.3–37.4), respectively. The MST for each
stage was as follows: stage I, 88.3 mos. (95%CI 32.4–1); stage II,
48.3 mos. (95%CI 20.0–62.9); stage III, 13.0 mos. (95%CI 9.9–
18.4); stage IV, 12.6 mos. (95%CI 9.2–16.1). The MST and 5-year
survival rate of each CRT group were: LD5FU, 25.0 mos. (95%CI
11.1–48.3), 27.7% (95%CI 14.9–42.0); LDFP, 14.9 mos. (95%CI 9.9–
24.1), 31.6% (95%CI 18.3–45.7); SDFP, 25.3 mos. (95%CI 15.4–
39.1), 29.4% (95%CI 18.2–41.5) (p = .71), respectively. There were
114 deaths; 88 from primary ESCC, eight from treatment-related
complications, and 18 from other causes.

In the multivariate analysis, PS (0–1 vs. 2–4, p < .001; Table 2)
and stage (I, II vs. III, IV; p < .001) affected the OS, but chemother-
apy regimen (LD5FU vs. SDFP, p = .24; LDFP vs. SDFP, p = .52) and
total RT dose (�60 Gy vs. >60 Gy, p = .69) did not have an impact
on OS.

Adverse events

In the LD5FU group, there was significantly less grade 3–4
leukopenia (9%) compared to the SDFP (47%) and LDFP (44%)
groups (Suppl. Appendix A, p < .001). LDFP was also associated
with significantly more grade 3 increases in alanine aminotrans-
ferase (12%) compared to LD5FU and SDFP (p = .001). The frequen-
cies of the other adverse events did not differ significantly among
the three groups.

Propensity-matched analysis

In our univariate comparison of the patients’ OS by concomitant
chemotherapy, the 5-year survival rates of the SDFP group and
LDFP group were identical. In the multivariate analysis, the LDFP
regimen did not significantly affect the OS compared to the SDFP
regimen. Although the median of the total RT doses in the LDFP
group was significantly higher than that in the SDFP group, this dif-
ference did not affect the OS in the multivariate analysis, and we
considered it appropriate to unify these two groups. A total of 78
patients (LD5FU, n = 39; LDFP, n = 27; SDFP, n = 12) were success-
fully matched, and the baseline characteristics were well balanced
(Table 3).



Table 3
Propensity-matched groups (n = 78).

Variable LD5FU 5FU+CDDP p
(n = 39) (n = 39)

Concurrent CHT, n (%): <0.001
LD5FU 39 (100) 0 (0)
LDFP 0 (0) 27 (69)
SDFP 0 (0) 12 (31)

Age (yrs), n (%):
<70 13 (33) 15 (39) 0.48
�70 26 (67) 24 (62)
Median 75 71
Range 58–79 43–79

Stage, n (%):
I, II 22 (56) 18 (46) 0.13
III, IV 17 (44) 21 (54)

PS, n (%):
0–1 30 (77) 28 (72) 0.48
2–4 9 (23) 11 (28)

Abbreviations are explained in the Table 1 footnote. Fig. 2. Progression-free survival (PFS) for the propensity-matched patients.
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As illustrated in Figs. 1 and 2, the OS (p = .78) and PFS (p = .26)
were not significantly different between the LD5FU and 5FU+CDDP
groups. The MST and the 5-year survival rate of each propensity-
matched group were as follows. LD5FU: 22.9 mos. (95%CI 10.3–
48.3) and 26.7% (95%CI 13.1–42.4); 5FU+CDDP: 15.4 mos. (95%CI
12.2–24.8) and 23.7% (95%CI 11.5–38.3) (p = .78), respectively. By
Cox proportional hazard models, the LD5FU did not affect the
patients’ OS (HR 1.06, 95%CI 0.55–2.05, p = .87) or PFS (HR 0.95,
95%CI 0.50–1.81, p = .87).
Discussion

We retrospectively compared CRT with low-dose continuous
5FU to CRT with 5FU+CDDP in ESCC patients. Our analyses revealed
that the LD5FU regimen was associated with significantly less
hematological toxicity compared to the 5FU+CDDP regimens. In
the multivariate analysis, concomitant chemotherapy did not
affect survival. The CR rate did not differ significantly among the
treatment groups. In a propensity-matched analysis, the OS and
PFS did not differ between the LD5FU and 5FU+CDDP groups.

We used the LD5FU regimen for elderly patients, and we
explain the feasibility of this strategy as follows. In Japan, ESCC
predominantly affects elderly people. In a nationwide survey orga-
nized by the National Cancer Center of Japan in 2012, the highest
incidence of ESCC was observed in the individuals aged 75–79
Fig. 1. Kaplan-Meier estimates of overall survival (OS) for the propensity-matched
patients. 5FU: 5-fluorouracil, CDDP: cisplatin, LD5FU: low-dose continuous 5FU.
years [24]. Age is an independent risk factor for perioperative car-
diopulmonary complications [25] and mortality [26] after
esophagectomy, and elderly patients may not be good surgical can-
didates. Definitive CRT has a potential for cure [17,27]; therefore, it
is an important treatment modality for elderly patients with ESCC.

Anticancer treatments with minimal toxicity are preferable for
elderly patients [28]. However, the current evidence about such
CRT regimens in esophageal cancer is still limited. The high-dose
intermittent administration of 5FU and CDDP is regarded as the
standard regimen [3,5,17]. Only two randomized trials compared
the high-dose 5FU+CDDP regimen with other CRT regimens in eso-
phageal cancer [1,29]. The experimental regimens were 5FU+oxali-
platin and low-dose continuous 5FU+CDDP, respectively. Both
failed to reduce grade 3–4 hematological and gastrointestinal tox-
icities compared to the high-dose 5FU+CDDP regimen.

Much of the hematological toxicity of CRT for esophageal cancer
is attributable to CDDP. In a systematic review of the toxicity of
concurrent CRT for uterine cervical cancer, CDDP significantly
increased grade 3–4 leukopenia, grade 3–4 anemia and grade 1–
2 thrombocytopenia [30]. In a meta-analysis of systemic
chemotherapy regimens for elderly patients with metastatic non-
small-cell lung cancer, the chemotherapies containing platinum
agents significantly increased anemia and thrombocytopenia
[21]. The platinum-based chemotherapies may not be tolerable
for elderly patients.

We consider that the LD5FU regimen may be an alternative
treatment for elderly patients with ESCC, for the following four rea-
sons. First, in the present propensity-matched analysis, the OS and
PFS did not significantly differ between the LD5FU group and the
5FU+CDDP group. Second, the MST and the 5-year survival rate
of the LD5FU group were comparable to those of studies on CRT
regimens containing both 5FU and CDDP (Table 4) [1,3,5,6,8].
Third, the CR rate in the LD5FU group was not significantly differ-
ent from that in the 5FU+CDDP group. Finally, the LD5FU regimen
was associated with significantly less hematological toxicity com-
pared to the 5FU+CDDP regimens.

Most of the SDFP group (78%) and the LDFP group (72%) under-
went ENI. There have been few studies on the association between
ENI and hematological toxicity in esophageal cancer. In a retro-
spective study of ESCC patients, ENI was not associated with
increased hematological toxicity [31]. The hematological toxicity
of CDDP is well established [21,30], and we consider that the
increased hematological toxicity in the present study’s 5FU+CDDP
patients was attributable to CDDP rather than to ENI.

We speculate that the continuous administration of 5FU ade-
quately enhanced the cytotoxicity of the 3D conformal radiother-



Table 4
Precedent studies of definitive CRT for esophageal cancer.

Author, Year Histology Stage Treatment Arm MST (mos.) 5-yr SR (%)

al-Sarraf, 1997 [3] SCC+AC I–III RT alone 9.3 0
RT+5FU+CDDP (high-dose intermittent) 14.1 27

Ishikura, 2003 [6] SCC I–IV RT+5FU+CDDP (high-dose intermittent) 21 29
Burmeister, 2005 [8] SCC+AC I–III RT+5FU (low-dose continuous) 17 NA
Nishimura, 2009 [1] SCC II–IV RT+5FU+CDDP (high-dose intermittent) NA 35

RT+5FU+CDDP (low-dose continuous) NA 24
Kato, 2011[5] SCC II–III RT+5FU+CDDP (high-dose intermittent) 29 36.8
Present study SCC I–IV RT+5FU (low-dose continuous) 25.0 27.7

RT+5FU+CDDP (low-dose continuous) 14.9 31.6
RT+5FU+CDDP (high-dose intermittent) 25.3 29.4

5FU: 5-fluorouracil, AC: adenocarcinoma, CDDP: cisplatin, CRT: chemoradiotherapy, MST: median survival time, NA: not available, RT: radiotherapy, SCC: squamous cell
carcinoma, SR: survival rate.
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apy against ESCC, and that its radiosensitizing potential was com-
parable to that of CDDP. An in vitro study demonstrated that the
radiosensitizing effect of 5FU was maximized when the cells were
continuously exposed to the drug after the X-irradiation [32]. In
patients with rectal cancer, CRT with low-dose continuous 5FU
resulted in a higher pathologic CR rate [33] and improved OS
[34] compared to CRT with short-term bolus 5FU. Based on these
findings, CRT with low-dose continuous 5FU is integrated into
the preoperative management of rectal cancer [35].

The weak point of LD5FU is the patients’ discomfort due to the
continuous intravenous administration of the drug, as well as the
risk of catheter-related infection and thrombosis [8]. The outcomes
of CRT regimens containing S1, an oral prodrug of 5FU, were pub-
lished in 2015 [36]. The catheter-related complications of LD5FU
might be overcome by this approach.

This retrospective study is not free from limitations. First, there
were many differences in treatment details and patient character-
istics among the three CRT groups; the total RT dose, the applica-
tion of ENI, patient age, PS, stage, tumor location, etc. We used
propensity-score matching to reduce these biases. Second, this
study dealt only with ESCC patients in Japan. It is unclear whether
LD5FU is effective for esophageal cancer patients in western coun-
tries, approximately half of whom have adenocarcinoma histology.

In conclusion, definitive CRT with low-dose continuous 5FU for
ESCC provided equivalent survival and less hematological toxicity
compared to that with 5FU and CDDP. CRT with low-dose continu-
ous 5FU may thus be a less toxic option for elderly ESCC patients.
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