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After matching, recurrence-free survival did not dif-
fer statistically between the CF and DCF groups [hazard 
ratio (HR) 0.83, 95 % confidence interval (CI) 0.50–1.37, 
p  =  0.46]. After matching, the improvement in overall 
survival in the DCF group reached statistical significance 
(HR 0.49, 95 % CI 0.24–0.999, p = 0.050). No significant 
differences in rate of locoregional or distant recurrences 
were observed between the CF and DCF groups (53.0 vs. 
48.3 %, p = 0.54).
Conclusions  NAC with DCF is superior to CF in patients 
with clinical stage III or T3 esophageal squamous cell 
carcinoma.

Keywords  Esophageal cancer · Neoadjuvant 
chemotherapy · Surgery · Propensity score analysis

Introduction

Neoadjuvant chemotherapy (NAC) or chemoradiotherapy 
(CRT) followed by surgery is the standard treatment for 
resectable esophageal cancer. The Western world has seen 
a dramatic rise in adenocarcinomas of the esophagus in 
recent years. However, adenocarcinomas represent only 
4.3  % of all esophageal cancers; the majority of esopha-
geal carcinomas in Japan are squamous cell carcinomas 
[1]. The Japan Clinical Oncology Group (JCOG) has con-
ducted several randomized phase III trials to establish new 
standard treatments for locally advanced esophageal can-
cer, defined as clinical stage IB–IIIC in the 7th edition of 
the Union for International Cancer Control (UICC) TNM 
classification. A randomized phase III trial (JCOG9204), 
which compared adjuvant chemotherapy with cisplatin plus 
5-fluorouracil (CF) to surgery alone, showed the superior-
ity of adjuvant chemotherapy with respect to disease-free 
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all response rate was significantly higher in the DCF group 
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survival [2]. A subsequent randomized phase III trial 
(JCOG9907) confirmed the survival benefit of NAC with 
CF compared to adjuvant CF chemotherapy [3]. The 5-year 
overall survival (OS) rate was 43 % in the adjuvant group 
and 55 % in the NAC group [hazard ratio (HR) 0.73, 95 % 
confidence interval (CI) 0.54–0.99, p =  0.04]. Therefore, 
NAC with CF is considered the current standard treatment 
for locally advanced esophageal cancer in Japan. How-
ever, JCOG9907 subgroup analyses revealed that NAC is 
not effective in patients with clinical stage III disease or T3 
tumors. Thus, development of more intensive perioperative 
therapy is required for patients with clinical stage III dis-
ease or T3 tumors.

To further improve survival, a phase II trial that evalu-
ated the addition of docetaxel to CF (DCF) in the NAC set-
ting in patients with clinical stage II/III (UICC-TNM 6th 
edition) squamous cell carcinoma of the thoracic esophagus 
was conducted; this regimen yielded a good response rate 
(62.5–64.2 %) and 2-year OS rate (88.0 %), with no treat-
ment-related deaths [4, 5]. NAC with DCF thus appears to 
be promising as preoperative treatment.

Only one retrospective report, which compared neoadju-
vant CF with DCF in a small cohort of patients with clini-
cal stage II–IV disease without distant metastases, has been 
published [6]. This report showed that neoadjuvant DCF 
provides significantly better OS compared with neoadju-
vant CF. The objective of the present study was to investi-
gate the influence of adding docetaxel to CF as neoadjuvant 
therapy in patients with clinical stage III or T3 esophageal 
squamous cell carcinoma.

Patients and methods

Patient population

This was a retrospective cohort study of esophageal can-
cer patients treated with NAC followed by surgery at Aichi 
Cancer Center Hospital between January 2003 and Janu-
ary 2013. A total of 209 patients met the following inclu-
sion criteria: (1) carcinoma of the thoracic esophagus; (2) 
histological diagnosis of primary esophageal squamous 
cell carcinoma; (3) clinical stage III or T3 tumor (the 7th 
UICC-TNM classification); (4) no distant organ metasta-
sis; (5) NAC consisting of CF or DCF; and (6) no previ-
ous thoracic radiotherapy (RT) or thoracic surgery. Patients 
who received neoadjuvant CRT followed by surgery were 
excluded from this analysis.

Pretreatment staging

Pretreatment staging evaluation included physical exami-
nation, laboratory tests, esophagogastroduodenoscopy, 

barium esophagography, and contrast-enhanced computed 
tomography (CT) from the neck to the upper abdomen. 
Pretreatment stage, based on the 6th edition of the AJCC 
Cancer Staging Manual until 2009 and based on the 7th 
edition after 2010, was determined during a meeting of tho-
racic surgeons, radiologists, gastroenterologists, and medi-
cal oncologists. Treatment strategies were also determined 
at the meeting.

Neoadjuvant chemotherapy and treatment assessments

The CF regimen consisted of intravenous cisplatin (80 mg/
m2) on day 1 followed by continuous infusion of 5-fluoro-
uracil (800 mg/m2/day) for 5 days, given every 3 weeks for 
two cycles. The DCF regimen was based on the previous 
phase II study [4, 5] and consisted of intravenous docetaxel 
(60–70 mg/m2) and cisplatin (80 mg/m2) on day 1 followed 
by continuous infusion of 5-fluorouracil (750–800 mg/m2/
day) for 5  days, given every 3–4  weeks for two to three 
cycles. Two DCF regimens were used: the lower-dose DCF 
regimen consisted of intravenous docetaxel (60 mg/m2) and 
cisplatin (60 mg/m2) on day 1 followed by continuous infu-
sion of 5-fluorouracil (800  mg/m2/day) for 5  days, while 
the higher-dose DCF regimen consisted of intravenous 
docetaxel (70  mg/m2) and cisplatin (70  mg/m2) on day 1 
followed by continuous infusion of 5-fluorouracil (750 mg/
m2/day) for 5 days. Patients in the DCF group were given 
prophylactic antibiotics. Granulocyte colony-stimulating 
factor (G-CSF) was used if patients experienced grade 4 
neutropenia or febrile neutropenia, but was not used for 
prophylaxis. Because few patients had measurable disease 
as determined by the Response Evaluation Criteria in Solid 
Tumors (RECIST), the treatment response of each primary 
esophageal lesion was endoscopically evaluated in patients 
without measurable disease and categorized as complete 
response (CR), partial response, stable disease, or progres-
sive disease [7]. Partial response was defined as obvious 
morphological change, such as reduction in or flattening of 
the tumor or elevated lesion(s) around the ulcer, along with 
healing of the ulcer floor.

Surgery and histopathological response evaluation

Patients were scheduled to undergo surgery 4–8  weeks 
after the last day of NAC, when esophageal resection was 
defined as potentially curative. All patients underwent 
subtotal esophagectomy with regional lymphadenectomy 
through right thoracotomy and laparotomy, and reconstruc-
tion was performed using the stomach via a retrosternal 
route with cervical anastomosis through a neck incision. 
The entire tumor bed was cut into slices containing the 
entire esophageal wall, and histological therapeutic effects 
were classified as follows: grade 3, complete disappearance 
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of viable cancer cells in the tumor bed; grade 2, disappear-
ance of greater than two-thirds of viable cancer cells; and 
grade 1, disappearance of less than two-thirds of viable 
cancer cells [8].

History and physical examination, complete blood cell 
count, gastrointestinal endoscopy, chest X-ray, and CT 
scanning of the neck, chest, and abdomen were performed 
approximately every 3–6  months after initiation of treat-
ment until death or until patients were lost to follow-up.

Data collection

The following information was recorded from the medical 
records and radiological images of each patient: treatment 
initiation date, age, gender, Eastern Cooperative Oncology 
Group performance status (ECOG PS), cancer site, pri-
mary tumor length, histopathological grade, clinical stage 
according to the AJCC 7th edition, serum albumin at pre-
treatment, clinical response, pathological stage, pathologi-
cal margin, histological therapeutic effects, and final date 
of survival assessment.

Statistical analysis

All patient characteristics were considered categorical 
variables, with the exception of age and primary tumor 
length, which were treated as continuous data. Specific 
comparisons between groups were made using Chi-square 
and Mann–Whitney tests. OS was calculated from treat-
ment initiation date to the time of death from any cause, 
or to time of last follow-up. Relapse-free survival (RFS), 
locoregional recurrence-free survival (LRFS), and distant 
recurrence-free survival (DRFS) were determined from 
treatment initiation date to documented date of first recur-
rence, to the time of death from any cause, or to time of last 
follow-up. Unmatched survival analyses were performed 
using the Kaplan–Meier method comparing survival curves 
with the log-rank test and unadjusted Cox proportional haz-
ard models.

Multivariable adjusted Cox proportional hazards regres-
sion analyses were performed that included age, gender, 
PS, cancer site, primary tumor length, histopathologi-
cal grade, clinical T stage (cT), number of lymph node 
metastases, serum albumin, and year of treatment (three 
groups). The propensity score was calculated using a mul-
tivariable logistic regression model with NAC regimen as 
the dependent variable and age, gender, PS, cancer site, 
primary tumor length, histopathological grade, cT, num-
ber of lymph node metastases, serum albumin, and year of 
treatment (three groups) as independent variables. The Cox 
proportional hazards models for OS and RFS were then 
adjusted using propensity score matching together with the 

aforementioned a priori-defined covariates. Therefore, the 
measure of association in this study was HR plus the 95 % 
CI. Statistical analyses were performed using STATA ver-
sion 13 (Stata Corp LP, College Station, TX, USA) and R 
version 3.1.0 (R Project for Statistical Computing, Vienna, 
Austria). A p value less than 0.05 was considered statisti-
cally significant.

Results

Patient characteristics

Patient characteristics are summarized in Table 1. Of 209 
consecutive esophageal cancer patients, 149 patients were 
treated with NAC with CF and 60 patients were treated with 
DCF. Most of the primary tumors were located in the mid-
lower thoracic esophagus. The histological diagnosis of 
all tumors was squamous cell carcinoma. The histopatho-
logical grade values were significantly different among 
all patients (p  =  0.020). In the DCF group, 28 patients 
received lower-dose DCF and 32 patients received higher-
dose DCF. The median follow-up periods were 2.7  years 
(range 0.46–10.1) in all patients. The follow-up period was 
significantly longer in the CF group (p = 0.0026).

Response to chemotherapy

The overall response rate was significantly better in 
the DCF group than in the CF group (61.0 vs. 43.2  %, 
p =  0.021) (Table  2), but no significant difference in CR 
rate was observed between the two groups (3.4 vs. 4.7 %, 
p =  0.64). Overall, 129 (87  %) patients in the CF group 
and 58 (97 %) patients in the DCF group underwent sur-
gery after NAC. In the CF group, 20 (13 %) patients under-
went CRT instead of esophagectomy for the following rea-
sons: Six patients were hopeful after achieving a CR, three 
patients refused to undergo surgery, and 11 patients had 
incurable disease. In the DCF group, two (3  %) patients 
underwent CRT instead of esophagectomy for the follow-
ing reasons: one patient was hopeful after achieving a PR, 
and one patient had incurable disease.

No significant difference in R0 resection rate was 
observed between the CF and DCF group [80  % (119 of 
149) vs. 80 % (48 of 60), p = 0.98]. Histological examina-
tion of primary lesions revealed that eight (6.2 %) of 129 
patients in the CF group and seven (12.1 %) of 58 patients 
in the DCF group achieved a grade 3 histological postch-
emotherapeutic effect (Table 3, p = 0.23). Two (7.1 %) and 
five (16.7 %) patients who received lower- and higher-dose 
DCF, respectively, achieved a grade 3 histological postch-
emotherapeutic effect.
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Survival

In the unadjusted situation, no statistically significant dif-
ference in median RFS was observed between the CF 
(2.1 years) and DCF (2.8 years) groups. The following RFS 
rates were observed: 1-year RFS rate, 60.9 versus 71.7 %, 
respectively; 2-year RFS rate, 51.1 versus 51.8 %, respec-
tively; and 3-year RFS rate, 45.5 versus 39.9  %, respec-
tively (HR 0.91, 95  % CI 0.60–1.37, p  =  0.66). After 
matching, RFS did not differ statistically between the CF 
and DCF groups (HR 0.83, 95 % CI 0.50–1.37, p = 0.46) 
(Fig. 1a).

The OS difference also did not reach statistical signifi-
cance in the unadjusted situation, but was higher in the 
DCF group compared with the CF group: median OS, not 
reached versus 4.7  years, respectively; 1-year OS rate, 
93.1 versus 88.3  %, respectively; 2-year OS rate, 85.4 
versus 70.6 %, respectively; and 3-year OS rate, 70.2 ver-
sus 59.9  %, respectively (HR 0.60, 95  % CI 0.33–1.07, 
p  =  0.088). After matching, the higher OS in the DCF 
group reached statistical significance (HR 0.49, 95  % CI 
0.24–0.999, p = 0.050) (Fig. 1b).

Patterns of postoperative recurrence

No significant differences in rates of locoregional or dis-
tant recurrences were observed between the CF and DCF 
groups (53.0 vs. 48.3 %, p = 0.54). The LRFS did not dif-
fer statistically between the CF and DCF groups (HR 0.80, 
95 % CI 0.50–1.30, p = 0.385). Moreover, estimated LRFS 
rates at 1 and 2 years were 79.4 and 63.9 %, respectively, in 
the CF group, whereas they were 84.5 and 64.7 %, respec-
tively, in the DCF group.

The DRFS did not differ statistically between the CF 
and DCF groups (HR 0.83, 95 % CI 0.49–1.43, p = 0.515). 
Moreover, estimated DRFS rates at 1 and 2 years were 73.6 
and 68.2  %, respectively, in the CF group, whereas they 
were 81.6 and 74.9 %, respectively, in the DCF group.

With respect to treatment modality after recurrence, no 
significant differences were observed between the CF and 
DCF groups (Table 4).

Discussion

Although NAC or CRT followed by esophagectomy has 
been standard therapies for resectable esophageal cancer 
[9–13], the prognosis of esophageal cancer patients with 
advanced squamous cell carcinoma remains poor. The 
JCOG9907 study showed the superiority of NAC with 
CF with respect to OS compared with adjuvant chemo-
therapy in patients with resectable (non-T4) esophageal 

Table 1   Patient and tumor characteristics

Characteristic CF DCF p

n = 149 n = 60

Age (years) 0.24

 Median 62 61

 Range 44–79 46–74

0.99

 <65 87 35

 ≥65 62 25

Gender 0.33

 Male 118 51

 Female 31 9

Performance status 0.61

 0 23 11

 1 126 49

Cancer site 0.78

 Upper thoracic 15 8

 Mid-thoracic 75 30

 Lower thoracic 59 22

Primary tumor length (cm) 0.082

 Median 5 5.5

 Range 2.0–10 2.0–10

cT stage 0.67

 1 2 0

 2 5 2

 3 142 58

cN stage 0.26

 0 25 4

 1 79 36

 2 44 19

 3 1 1

Histopathological grade 0.020

 1 17 1

 2 93 36

 3 20 7

 X 19 16

cStage 0.056

 II 25 4

 III 124 56

0.84

 IIIA 86 38

 IIIB 37 17

 IIIC 1 1

Serum albumin (g/dL) 0.59

 Median 4.1 4.2

 Range 3.0-4.9 2.7-4.8

 <4.0 41 18 0.72

 ≥4.0 108 42

Follow-up period (years) 0.0026

 Median 3.6 2.2

 Range 0.46–10.1 0.65–5.7

CF cisplatin plus 5-fluorouracil, DCF docetaxel plus cisplatin plus 
5-fluorouracil
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cancer [3]. Furthermore, subgroup analyses of the 
JCOG 9907 study suggested that NAC does not pro-
vide a survival benefit in patients with stage III disease 
or T3 tumors. We hypothesized that intensive preopera-
tive chemotherapy could improve survival outcomes in 
patients with stage III disease or T3 tumors. The present 
results show that the RFS survival curve in the DCF 
group almost overlapped with the curve in the CF group, 
and that the DCF group had a favorable OS curve com-
pared with that of the CF group. The 2-year RFS and 
LRFS rates were similar between groups, but the DCF 
group had a favorable 2-year DRFS rate compared with 
that of the CF group.

Ui et al. [6] reported that NAC with DCF improves his-
tological response, progression-free survival, and OS com-
pared with CF. Because patients with stage IV disease were 
included in this study analysis, the outcomes of patients 
treated with CF were poorer than in those who received CF 
in the JCOG9907 study. In contrast, the survival outcomes 
of patients treated with CF in the present study were similar 
to those of patients in the JCOG9907 study: The 3-year OS 
rate in the present study was 59.9 %, compared to 62.6 % 
in the JCOG9907 study.

Table 2   Response to chemotherapy

CF cisplatin plus 5-fluorouracil, DCF docetaxel plus cisplatin plus 
5-fluorouracil, CR complete response, PR partial response, SD stable 
disease, PD progressive disease

CF DCF p

n = 149 n = 60

Overall response

 CR 7 2

 PR 57 34

 SD 71 21

 PD 13 2

 Negative 1 1

 Response rate

0.021

 CR + PR (%) 43.2 61.0

Table 3   Postoperative pathological data

CF cisplatin plus 5-fluorouracil, DCF docetaxel plus cisplatin plus 
5-fluorouracil

CF
n = 129

DCF
n = 58

p

ypT stage 0.6

 0 8 7

 1 13 6

 2 24 8

 3 81 34

 4 3 3

ypN stage 0.73

 0 30 17

 1 50 19

 2 30 15

 3 19 7

ypStage 0.52

 0 6 6

 I 10 5

 II 29 12

 III 84 35

Surgical margin 0.23

 Negative 115 48

 Positive 14 10

Histological therapeutic 
effects

0.12

 Grade 3 (100 %) 8 7

 Grade 2 (67–99 %) 27 14

 Grade 1 (1–66 %) 82 37

 Grade 0 (0 %) 4 0

 Unknown 8 0

Fig. 1   a Comparison of the Kaplan–Meier curves for RFS between 
the CF and DCF groups in a matched situation. b Comparison of the 
Kaplan–Meier curves for OS between the CF and DCF groups in a 
matched situation
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Patients who receive neoadjuvant CRT and have a 
complete pathologic response experienced significantly 
improved survival [14]. In the present study, although the 
overall response rate was significantly better in the DCF 
group, histopathological findings revealed that pathologi-
cal CR rate was similar between groups. An additional sub-
group analysis showed that pathological CR rate was slightly 
higher in patients who received higher-dose DCF compared 
with those who received CF or lower-dose DCF. Higher-dose 
DCF therefore appears to improve survival outcomes.

In the Western world, neoadjuvant CRT followed by 
surgery is the standard treatment for resectable esopha-
geal cancer [9]. We also hypothesized that reinforcement 
of systemic control with more intensive NAC is an addi-
tional strategy to improve survival of patients with locally 
advanced esophageal cancer. The addition of docetaxel to 
CF might lead to improvement in local control and reduce 
distant metastasis compared with neoadjuvant CRT. A 
slightly lower rate of distant metastasis was observed in 
patients treated with DCF; this result may be associated 
with the better OS observed in the matched analysis.

We recognize that the present study has several limita-
tions. First, only squamous cell carcinomas were evalu-
ated. A second limitation is that this was a retrospective 
study using a small number of patients. A third limita-
tion is that the median follow-up period in the DCF group 
was 2.2 years. A fourth limitation is that propensity score 
adjustment can only be based on measured covariates and 
lacks inclusion of unmeasured potential confounders.

In conclusion, the results of the present study indicate 
that NAC with DCF is superior to CF in patients with clini-
cal stage III or T3 esophageal squamous cell carcinoma. A 

three-arm randomized controlled trial comparing CF ver-
sus DCF versus CRT as NAC therapy for locally advanced 
esophageal cancer (JCOG1109, NExT study) is ongoing 
[15].
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