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Abstract

Background: Concurrent chemoradiotherapy is a standard modality for locally advanced esophageal squamous cell
carcinoma (ESCC) patients. Cisplatin combined with 5-fluorouracil continuous infusion (PF) remains the standard
concurrent chemotherapy regimen. However, radiotherapy concurrent with PF showed a high incidence of severe side
effects. Paclitaxel showed a promising radiosensitivity enhancement in the treatment of esophageal carcinoma in both
vitro and vivo studies. The ESO-Shanghai 1 trial examines the hypothesis that paclitaxel plus 5-fluorouracil (TF)
concurrent with radiotherapy has better overall survival and lower toxicity for patients with local advanced ESCC.

Method: Four hundred thirty-six ESCC patients presenting with stage IIa to IVa will be enrolled in a prospective
multicenter randomized phase 3 study. Patients will be randomized to either concurrent chemoradiotherapy with PF
(cisplatin 25 mg/m2/d, d1–3, plus 5-fluorouracil 1800 mg/m2, continuous infusion for 72 h) once every 4 weeks for
2 cycles followed by consolidation chemotherapy for 2 cycles or concurrent chemoradiotherapy with weekly TF (5-
fluorouracil 300 mg/m2, continuous infusion for 96 h plus paclitaxel 50 mg/m2, d1) for 5 weeks followed by
consolidation chemotherapy (5-fluorouracil 1800 mg/m2, continuous infusion for 72 h, plus paclitaxel 175 mg/m2 d1)
once every 4 weeks for 2 cycles. The radiotherapy dose is 61.2 Gy delivered in 34 fractions to the primary tumor
including lymph nodes. The primary end-point is the 3-yr overall survival analyzed by intention to treat. The secondary
endpoints are disease progression-free survival, local progression-free survival, and number and grade of participants
with adverse events.

Discussion: The aim of this phase 3 study is to determine whether the TF regimen could replace the standard PF
regimen for inoperable ESCC patients. An overall survival benefit of 12% at 3 years should be expected in the TF group
to achieve this goal.

Trial registration: ClinicalTrials.gov Identifier: NCT01591135. Registered 18 April 2012.
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Background
Concurrent chemoradiotherapy (CCR) is a standard mo-
dality for locally advanced esophageal squamous cell car-
cinoma (ESCC) patients. Cisplatin combined with 5-
fluorouracil continuous infusion (PF) remains the stand-
ard concurrent chemotherapy regimen [1]. Identifying a
new combination of drugs with superior efficacy but less
toxicity is one of the important solutions to enhance ra-
diosensitivity to improve the survival of this disease. Re-
cently, both experimental and clinical research has
demonstrated good efficacy and radiosensitivity of pacli-
taxel (PTX) in the treatment of esophageal carcinoma
(EC). As a result, many researchers and oncologists have
shown a great interest in the role of this promising agent
played in CCR in EC.

PTX is one of the effective agents in the treatment of EC
Early in 1994, the co-work at the University of Texas
M.D. Anderson Cancer Center (MDACC) and Memorial
Sloan-Kettering Cancer Center proved that PTX is one
of the effective agents in the treatment of EC, with the
response rate of 34% in adenocarcinoma and 28% in
squamous cell carcinoma [2, 3]. Thereafter, many insti-
tutions have conducted numerous studies using PTX
combined with other agents, among which PTX plus cis-
platin (TP) and PTX plus cisplatin plus 5-fluorouracil
(TPF) were the most common combinations used in the
treatment of advanced EC, with a response rate of 41%
to 55% (Table 1).

Preclinical research shows the radiosensitivity
enhancement of PTX
PTX has two main antitumor mechanisms: ① blocking
the tumor at the G2/M phase of the cell cycle so as to
inhibit the cell mitosis and proliferation; ② inducing the
apoptosis of tumor cells. The inhibition of mitosis oc-
curs quickly and disappears soon after, while apoptosis
occurs late and last for a long time. Mitosis inhibition
appears 2 h after the intravenous infusion of PTX and
then accumulates over time. It reaches its peak after 8 to
12 h and is reduced gradually, and then it disappears in
1 to 2 days. By contrast, apoptosis occurs 6 to 9 h after

the drug administration and gradually reaches a peak in
12 to 24 h that lasts for several hours to 2 days before
gradually being reduced to the baseline after 2 to 3 days.
Inhibition of mitosis does not cause the death of cells, but
apoptosis does [4, 5]. Based on these mechanisms, re-
searchers have tried to optimize the regimen of CCR using
PTX to exaggerate the radiosensitivity enhancement.
Regarding in vitro experiments, most studies have

found that PTX has the supra-additive action with the
enhancement ratio of 1.1 to 3.4 [4]. However, some stud-
ies have shown only additive action or even subadditive
action of PTX. An explanation for the different out-
comes may be the different cell lines, proliferation sta-
tus, drug concentration, or timing of administration of
drug and irradiation chosen in different studies [6]. The
studies showing a high ratio of radiosensitivity enhance-
ment of PTX mostly used cell lines with high prolifera-
tion potential, drug concentrations of 5 to 100 nmol/L,
cell lines that were cultured for more than 24 h, and ra-
diation when most cells reached the G2/M phase of the
cell cycle after the administration of PTX. As a result,
these conditions would help radiation killed the cells so
as to improve the effect.
Regarding in vivo experiments, PTX also showed a

good radiosensitivity enhancement with a ratio of 1.2 to
2.0. However, the highest radiosensitivity ratio did not
occur at the time when most cells were arrested at the
G2/M phase after irradiation as in vitro studies, but it
occurred 3 days after the administration of PTX to the
irradiated tumor cells. The radiosensitivity ratio is then
decreased 4 days after the administration of PTX. The
results of the in vitro and in vivo studies were obviously
different and may demonstrate unknown mechanisms
other than mitosis inhibition of PTX. The percentage of
hypoxia cells in tumor cells was 32% before drug admin-
istration and decreased to 15%, 4%, 2% and 1% after 9,
24, 48, and 72 h of PTX administration, respectively.
The tendency exactly matched the change in the radio-
sensitivity ratio. Thus, the reoxygenation of hypoxia cells
induced by apoptosis play a more important role than
mitosis inhibition in the mechanism of radiosensitivity
enhancement of PTX in treating solid tumors [7, 8].

Table 1 Efficacy of PTX-based chemotherapy for advanced esophageal cancer

Authors Cases (SC/
AC/other)

Chemotherapy Efficacy

Total SC AC

van der Gaast, et al. [20] 31(NA/NA) PTX 100–160 mg/m2 iv3h, d1; DDP 60 mg/m2, d1, q2w 55% 53% 60%

Kelsen, et al. [21] 37(27/10) PTX 200 mg/m2, civ24h, d1; DDP 75 mg/m2, d1, q3w 49% 60% 44%

Polee, et al. [22] 51(16/31/4) PTX 180 mg/m2, iv3h, d1; DDP 60 mg/m2, d1, q2w 43% 39% 44%

Huang, et al. [23] 30(30/0) PTX 175 mg/m2, iv3h, d1; DDP 40 mg/ m2, d2, 3, q3w 59% 59% –

Ilson, et al. [24] 61(31/30) PTX 175 mg/m2 iv3h, d1; DDP 20 mg/m2 5d; 5-FU 1 g/m2/d, 5d; q3w 48% 50% (CR 20%) 46%(CR 3%)

Lin, et al. [25] 41(41/0) PTX 35 mg/m2, d1, 4, 8, 11, DDP 20 mg/m2, d2, 5, 9, 12; 5-FU 2 g/m2, q3w 39% 39% –

Abbreviations: SC squamous cell carcinoma, AC adenocarcinoma, PTX paclitaxel, 5-FU 5-fluorouracil, DDP cisplatin, CR complete response
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Consequently, PTX played a radiosensitivity enhance-
ment role in the laboratory studies. However, only by
using certain cell lines, an adequate PTX concentration
and the appropriate irradiation timing could we obtain
the expected results. Otherwise, PTX may play no role
in radiosensitivity enhancement and may even counter-
act the radiation effects and decrease the therapeutic ef-
fects. Unfortunately, to date, we have found no study
that has focused on the radiosensitivity enhancement
role of PTX played in EC cell lines.

Phase 2 clinical trials of EC patients treated with PTX-
based CCR
Neoadjuvant CCR followed by surgery is the standard
treatment for operable EC patients, especially in western
countries. Previous randomized studies have shown that
the pathologic complete response (pCR) and 3-yr overall
survival (OS) of PF concurrent with 40 Gy of radiother-
apy was 15–40% and 26–32%, respectively [9]. Since
PTX had considerable efficiency and radiosensitivity en-
hancement in the preclinical studies, researchers con-
ducted many clinical studies with different PTX-based
concurrent regimens to find an optimal one to replace
the PF regimen. In 1997, Massachusetts General Hos-
pital and Fox Chase Cancer Center separately reported a
phase 1 study of neoadjuvant CCR with PTX-based regi-
men followed by surgery in EC patients [10, 11]. The re-
sults confirmed that the TPF regimen was tolerable and
efficient with a pCR rate of up to 39% in operable EC
patients and 50% in patients who could complete all the

chemotherapy cycles. Over the past decade, researchers
from different countries and institutions have performed
many phase 2 studies based on this phase 1 study. Al-
though there were some differences in the dose and
combination of PTX among the different studies, the
pCR rates of the PTX-based regimen were 16–67%
higher than the classical PF regimen (Table 2).

Case-control study of PTX-based regimen versus PF regi-
men in CCR in EC patients
Based on the preferable results of phase 2 studies, PTX
was widely used in clinical practice. However, there was
no prospective randomized phase 3 study comparing the
PTX-based regimen with the PF regimen in CCR in EC
patients. Recently, several retrospective non-randomized
case-control studies compared the toxicities between
these two regimens. Unfortunately, the outcome was dis-
appointing. In 2000, the Cleveland Clinic Foundation
initiated a phase 2 study of neoadjuvant CCR with the
PTX-based regimen followed by surgery in EC patients,
and historically compared the study with another con-
ducted at the same institution using the PF regimen in-
stead [12]. The results showed that, although the pCR
rate and 3-yr OS in both studies were similar, the inci-
dent rate of severe leukocytopenia and the hospital stay
time in the PTX-based group were twice than that in the
PF group. Because these two studies were performed at
the same institute using similar inclusion criteria, and
had the same radiotherapy prescriptions and comparable
clinical characteristics such as stages and pathologies,

Table 2 Phase 2 studies of PTX-based preoperative neoadjuvant chemoradiotherapy for EC patients

Authors Cases (SC/
AC/other)

Chemotherapy Radiation
dose (Gy)

Median
survival
(months)

pCR

Total SC AC

Safran, et al. [26] 41 (12/29) PTX 60 mg/m2 3 h; DDP
25 mg/m2 d1, 8, 15, 22

39.6 15 29% 42% 24%

Bains, et al. [27] 41 (16/25) Induction, DDP 75 mg/m2;
PTX 175 mg/m2, W 1, 4;
Concurrent, DDP 30 mg/m2/w;
PTX 30–80 mg/m2/w,
96 h civ w 7–12

50.4 – 22% 31% 16%

Urba, et al. [28] 69 (10/57/2) DDP 75 mg/m2 d1; PTX
60 mg/m2 d1, 8, 15, 22

45 24 19% – –

Van Meerten, et al. [29] 54 (12/41/1) PTX 50 mg/m2, d1, 8, 15, 22,
29; CBP AUC = 2, d1, 8, 15, 22, 29

41.4 – 25% – –

Meluch, et al. [30] 129 (35/91/3) PTX 200 mg/m2, 1 h, d1, 22;
CBP AUC = 4, d1, 22; 5-FU
225 mg/m2/d, civ, d1–42

45 22 38% 53% 37%

Lin, et al. [31] 97 (92/5) PTX 35 mg/m2, 1 h, d1,
d4; DDP 15 mg/m2 d2, d5

40 29 25% – –

Jatoi, et al. [32] 54 (−/−) PTX 200 mg/m2, 1 h, d1, 22;
CBP AUC = 4, d1, 22; 5-Fu
225 mg/m2/d, civ, d1–42

45 21.2 35% – –

Abbreviations: SC squamous cell carcinoma, AC adenocarcinoma, pCR pathologic complete response, PTX paclitaxel, 5-FU 5-fluorouracil, DDP cisplatin, CBP carbopla-
tin, AUC area under the curve
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the results were partially reliable despite the limitations
of comparative historical research. Certainly, some re-
searchers had different opinions and queried the design
of the study with non-randomized, insufficient cases, no
standard treatment, and unreasonable split course of
preoperative chemoradiotherapy [13]. Therefore, this
negative result did not stop the researchers from further
investigating PTX in CCR for the treatment of EC. How-
ever, many retrospective studies showed no significant
difference in both the efficiency and side effects between
the two regimens (Table 3).
In 2008, the Radiation Therapy Oncology Group

(RTOG) reported a phase 2 randomized control study
called RTOG 0113, which compared two PTX-based
regimens used in induction chemotherapy followed by
CCR to determine which regimen could achieve a better
1-yr OS and surpassed the historical result of RTOG
9405 [14, 15]. In this study, patients were randomly
assigned to two arms. The patients in Arm A received
induction chemotherapy with 5-FU 700 mg/m2, d1–5,
DDP 15 mg/m2, d1–5, and PTX 200 mg/m2, civ 24 h,
q4w * 2 and then CCR with 5-FU 300 mg/m2, civ 96 h,
and PTX 50 mg/m2, d1, qw * 5. The patients in Arm B
received induction chemotherapy with PTX 175 mg/m2,
d1, and DDP 75 mg/m2, d1, q3w * 2 and then CCR with
DDP 30 mg/m2, and PTX 60 mg/m2, civ 96 h, qw * 5.
Both arms received 50.4 Gy of radiation. Seventy-two
patients were assessable in the study, 37 patients in arm
A and 35 patients in arm B. In arm A, the median sur-
vival time was 28.7 months, the 1-yr and 2-yr OS rates
were 76% and 56%, respectively, the incidence rates of
grade 3 and 4 toxicities were 54% and 27%, respectively,
and treatment-related death was 3%. In arm B, the me-
dian survival time was 14.9 months, the 1-yr and 2-yr

OS rates were 69% and 37%, respectively, the incidence
rates of grade 3 and 4 toxicities were 43% and 40%, re-
spectively, and treatment-related death was 6%. Al-
though the 1-yr OS in Arm A was higher than that in
RTOG 9405 (76% vs. 66%), it did not meet the 1-yr sur-
vival rate goal.

Rationale for the trial
Based on this evidence, we designed this phase 3 study
to assess whether the PTX-based regimen was better
than the PF regimen in CCR. The CCR regimen used in
the control group referred to the PF regimen used in
RTOG 8501 with some modifications, while the CCR
regimen used in the experimental group referred to the
TF regimen designed by MDACC in RTOG 0113.

Methods/design
Design
The ESO-Shanghai 1 trial is a prospective multicenter
randomized phase 3 study in which patients are ran-
domized to either CCR with the PF regimen for 2 cycles
followed by consolidation chemotherapy for 2 cycles or
to CCR with a weekly TF regimen for 5 weeks followed
by consolidation chemotherapy for 2 cycles (Fig. 1).

Objectives
Primary endpoints

� 3-yr OS
Defined in the intent-to-treat population.
Time from the start of study treatment (Day 1)

to death from any cause.

Secondary endpoints

Table 3 Case-control studies of the comparison between the PTX-based regimen and the PF regimen in preoperative neoadjuvant
chemoradiotherapy

Institution/ Study Type Cases CT RT pCR (%) 3-yr
OS (%)

≥3 Side effect

Total SC AC

Cleveland Clinic Foundation
[12]/ prospective,
non-randomized

72 PF 45 Gy, 1.5 Gy/FX, BID
(split course) or 24
Gy postoperative

27 36 22 36 Vomiting (1%), mucositis
(18%), leucopenia (43%),
thrombocytopenia (10%),
nephrotoxicity (8%),
unplanned hospitalization (25%)

40 TP 23 50 8 30 Mucositis (13%), leucopenia
(95%), neuropathy (13%),
unplanned hospitalization (48%)

Duke University [9]/
retrospective

57 PF 45–50.4 Gy, 1.8–2.0 Gy/FX 40 – – 37 24%

52 TPF 39 – – 37 34%

Massachusetts
General
Hospital [33]/
retrospective

81 PF CTV 45 Gy/25FX, GTV
58.5 Gy/25FX (13.5 Gy,
1.5 Gy/FX concomitant
boost during the first
and second cycles of CT)

46 – – 39 79%

83 TPF 37 – – 42 80%

Abbreviations: CT chemotherapy, RT radiotherapy, SC squamous cell carcinoma, AC adenocarcinoma, pCR pathologic complete response, OS overall survival, PF
cisplatin plus 5-fluorouracil, TP paclitaxel plus cisplatin, TPF paclitaxel plus cisplatin plus 5-fluorouracil
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� Disease progression-free survival
Defined in the intent-to-treat population.
Time from Day 1 to the first event of local

failure, metastatic recurrence, progression or death.
Progression will be examined by computed

tomography (CT), esophageal radiography and/or
upper endoscopy

� Local progression-free survival
Defined in the intent-to-treat population.
Time from Day 1 to the first event of local

failure.
Local progression will be examined by CT,

esophageal radiography and/or upper endoscopy,
and is defined as local progression within the
irradiated field

� Number and grade of participants with Adverse
Events

Adverse events will be graded according to the
Common Terminology Criteria for Adverse Events
version 4.0 [16]

To achieve these objectives, 436 patients will be re-
cruited and randomly allocated in a 1:1 to the two arms
by a central randomization center (Fudan University
Shanghai Cancer Center, Shanghai, China) stratified by
investigator center. SAS will be used to generate a ran-
dom permutation sequence and produce patient
randomization numbers. The data center will register
the enrollment, assign a unique identification number to
every participant, and reply to the respective investiga-
tors. Written informed consent will be obtained from all

patients prior to participation in the trial. Patient re-
cruitment will occur at 7 trial centers in China. All par-
ticipating centers are highly experienced in esophageal
radiation oncology, with at least 100 cases performed
per year in each center.

Patient selection
Initial diagnosis

1. Endoscopic assessment with biopsy
2. CT scan of chest and ultrasound of abdomen and

neck are required (CT/MRIs are acceptable)
3. Fine needle aspirations are required for all superficial

lymph node metastases (e.g. supraclavicular lymph
node metastases)

4. Full blood count, renal function, and liver function
test (bilirubin, AST/ALT, alkaline phosphatase, total
protein, albumin, globulin) within 14 days prior to
enrolment.

5. Physical examination and history to include height
and weight

Inclusion criteria
Eligible patients must meet all of the following criteria:

1. Joined the study voluntarily and signed informed
consent form;

2. Age 18–75 years; both genders
3. Esophageal squamous cell carcinoma confirmed by

pathology. No radiotherapy, chemotherapy or other
treatments prior to enrollment

Fig. 1 Trial diagram of the ESO-Shanghai 1 trial. 436 esophageal squamous cell carcinoma patients are randomized to either Arm A (concurrent
chemoradiotherapy with the PF regimen for 2 cycles followed by consolidation chemotherapy for 2 cycles) or to Arm B (concurrent chemoradio-
therapy with a weekly TF regimen for 5 weeks followed by consolidation chemotherapy for 2 cycles)
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4. Local advanced esophageal squamous cell carcinoma
(T2N0M0-TxNxM1a, AJCC 2002)

5. Use of an effective contraceptive for adults to
prevent pregnancy.

6. No severe abnormal hematopoietic, cardiac,
pulmonary, renal, or hepatic function. No
immunodeficiency.

7. WBC ≥ 3*109/L, Hemoglobin ≥9 g/dL, Neutrophils
≥1.5 × 109/L, Platelet count (Plt) ≥100*109/L, ALAT
and ASAT < 2.5 * ULN, TBIL< 1.5 * ULN, Creatinine
< 1.5 *ULN.

8. ECOG 0–2.
9. Life expectancy of more than 3 months.

Exclusion criteria
Patients meeting any of the following criteria are not eli-
gible for this trial:

1. Complete esophageal obstruction, deep esophageal
ulcer, esophageal perforation, or hematemesis.

2. History of radiotherapy or chemotherapy for
esophageal cancer.

3. History of surgery within 28 days before Day 1.
4. History of prior malignancies (other than skin basal

cell carcinoma or cervical carcinoma in situ with a
disease-free survival of at least 3 years).

5. Participation in other interventional clinical trials
within 30 days.

6. Pregnant or breast-feeding women or fertile patients
who refused to use contraceptives.

7. Drug addiction, alcoholism or AIDS.
8. Uncontrolled seizures or psychiatric disorders.
9. Patients with metastatic disease i.e. M1b according

to AJCC 2002.

10.Any other condition which in the investigator’s
opinion would not make the patient a good
candidate for the clinical trial.

Study treatment
The treatment scheme is shown in Fig. 2. Patients will
receive CCR and consolidation chemotherapy. Radio-
therapy will begin on Day 1, concurrent with the begin-
ning of cycle 1 of chemotherapy.

Chemotherapy
Cisplatin plus 5-fluorouracil regimen (arm a)
The Arm A consists of 2 cycles of CCR and 2 cycles of
consolidated chemotherapy post-radiotherapy. Each
cycle of chemotherapy lasts 28 days (4 weeks). The
drugs used in Arm A include cisplatin and 5-FU, which
are applied intravenously according to the following
scheme: 5-FU 1800 mg/m2 civ 72 h day 1 and cisplatin
25 mg/m2/d day 1–3 every 4 weeks.

Paclitaxel plus 5-fluorouracil regimen (arm B)
Arm B consists of 5 cycles of weekly CCR and 2 subse-
quent cycles of monthly consolidation chemotherapy
post-radiotherapy. Each cycle lasts 7 days (1 week) in
concurrent chemotherapy and 28 days (4 weeks) in con-
solidation chemotherapy. The drugs used in Arm B in-
clude PTX and 5-FU, which are applied intravenously
according to the following scheme: 5-FU 300 mg/m2 civ
96 h day 1 and PTX 50 mg/m2/d day 1 every week in
concurrent chemotherapy and 5-FU 1800 mg/m2 civ
72 h day 1 and PTX 175 mg/m2/d day every 4 weeks.

Chemotherapy interruption and dose modifications
Chemotherapy should be delayed in the conditions
as follows:

Fig. 2 Treatment design of the ESO-Shanghai 1 trial. Patients in both Arms will receive concurrent chemoradiotherapy and consolidation chemo-
therapy. Radiotherapy will begin on Day 1, concurrent with the beginning of cycle 1 of chemotherapy. (Abbreviations: R, radiotherapy; PTX, pacli-
taxel; DDP (P), cisplatin; 5-FU (F), 5-fluorouracil; PF, cisplatin plus 5-fluorouracil; TF, paclitaxel plus 5-fluorouracil)
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� ANC < 1.5 × 109/L
� Plt < 80 × 109/L
� ≥Grade 3 nonhematological toxicities (nausea,

vomiting and alopecia excluded)

Up to a 2-week delay of chemotherapy is allowed, or
the chemotherapy will be terminated. The cycle should
be administered only if the patient has recovered from
toxicity (ANC ≥1.5 × 109/L, Plt ≥80 × 109/L and <Grade
3 non-hematological toxicities).
The chemotherapy dose should be modified according

to the worst toxicity observed during the previous cycle.
Chemotherapy should be administered with 25% dose
reduction if ANC < 0.5 × 109/L, Plt < 25 × 109/L or
≥Grade 3 non-hematological toxicities. In the case of
both ANC < 0.5 × 109/L and Plt < 25 × 109/L, the chemo-
therapy should be terminated. Modifications up to 2
times are allowed, or chemotherapy will be terminated.

Radiotherapy (both arms)
Radiotherapy will be delivered in both arms with pho-
tons (6 MV) to a total dose of 61.2 Gy in 34 fractions.
Patients will be treated 5 days per week at 1.8 Gy/d. In-
tensity modulated radiotherapy based on CT simulation
planning system with 5-mm-thick scan slice throughout
the entire neck and thorax is required. We will use
involved-field irradiation in this study.

Gross tumor volume (GTV)
The GTV is defined as visible esophageal tumor and me-
tastasis lymph nodes based on the imaging of endo-
scopic ultrasound, esophageal radiography or CT scan
(whichever is larger). The criteria for metastatic lymph
nodes are as follows: pathologic confirmation or short
axis of ≥10 mm in the mediastinum or cervix, short axis
of ≥5 mm in the tracheoesophageal groove, or histologi-
cally proven metastatic by puncture.

Clinical target volume (CTV)
The CTV is defined by the GTV grown manually by
30 mm in the superior-inferior direction for primary
tumor and 0 mm for metastatic lymph nodes and 0 mm
circumferentially.

Planning target volume (PTV)
The PTV is defined as a further 1-cm expansion added
to the CTV in all directions. The field next to the spinal
cord could be slightly changed to reduce the exposure of
the spinal cord.
Tissue inhomogeneity correction is adopted in the

planning system. The criteria of dose distribution are as
follows: 95% of the PTV to receive ≥99% of the pre-
scribed dose; 99% of the PTV to receive ≥95% of the
prescribed dose; <2 cm3 of the PTV to receive ≥120% of

the prescribed dose; <1 cm3 of the PTV to receive
≥110% of the prescribed dose. The highest and lowest
dose points inside the PTV should be recorded.

Normal organ contouring and dose restrictions
Normal organs, including the spinal cord, heart, right
lung, and left lung, should be contoured on each slice of
the planning CT with no planning margin. The spinal
cord dose constraint cannot be exceeded for any reason.
The heart contours should extend from the beginning of
the right atrium and right ventricle (pulmonary artery
trunk, ascending main aorta and superior vena cava
were excluded) down to the apex of the heart. The lung
volume is defined as the total lung minus PTV.
The priority order of consideration of normal organ

dose restrictions is as follows:

1. Spinal cord: The highest dose point must be less
than 45 Gy.

2. Lung: The volume of the lung (PTV excluded)
receiving 20 Gy must be equal to or less than 30% of
the total lung volume, and the mean lung dose must
be equal to or less than 15 Gy at the same time.

3. Heart: The mean dose must be less than 40Gy.

Dose modifications
It is strongly recommended that the normal organ dose
constraints should not be exceeded. If any dose con-
straint needs to be exceeded to achieve adequate cover-
age of the PTV, the physician will decide whether the
dose should be modified, or the patient should be ex-
cluded from the trial. The acceptable violations of dose
modifications are as follows: 92–95% of the PTV to re-
ceive ≥99% of the prescribed dose; the normal organ
dose restrictions (except the spinal cord) exceeding 5%–
10%.

Radiotherapy delay
Radiotherapy should be delayed until recovery from the
toxicities to no more than grade 2 in the conditions as
follows:

� WBC < 2.0 × 109/L or ANC < 1.0 × 109/L
� Plt < 50 × 109/L
� Grade 3 or higher non-hematological toxicity

Radiotherapy should be delayed until complete recov-
ery if infection occurs with fever over 38.5 °C. Up to a 2-
week delay of radiotherapy is allowed, or the radiother-
apy will be terminated.

Radiotherapy quality assurance
The first 3 patients’ IMRT planning CT of each partici-
pating institution will be sent to Fudan University
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Shanghai Cancer Center for centrally quality assurance
to demonstrate that the center complies with the specific
study requirements for delineation, planning and dose
distribution.

Statistical analysis
With a global alpha risk of 5% and 80% power, an accrual
period of 48 months and a minimum follow-up of
36 months, and 6% patient loss, the inclusion of 436 pa-
tients (218 in each arm) will be necessary to demonstrate
an improvement of 12% in overall survival at 3 years (from
30% in the PF arm to 42% in the TF arm, based upon the
results of RTOG 8501 clinical trial and a phase 2 study)
[1, 17]. The studied will be terminated when 293 events
occur. The median overall survival will be using the
Kaplan-Meier method, and the log-rank test will be used
to compare the overall survival among treatment arms.

Discussion
Although the RTOG 8501 showed a better OS in the
CCR group with the PF regimen, the results revealed
that the PF regimen was not an optimal regimen in CCR
with only 30% patients surviving over 3 years and 44%
and 20% patients developing severe and life-threatening
side effects, respectively [1, 18]. In 2001, MDACC de-
signed a new regimen with continuous infusion of 5-
fluorouracil and weekly PTX combined with radiother-
apy in the treatment of EC patients [19]. The results
showed that this new regimen was well tolerated, with
only one patient with grade 2 nausea and vomiting who
had a delay of therapy. According to these lines of evi-
dence, we initiated this prospective multicenter random-
ized phase 3 trial. The aim of this phase 3 trial is to
determine whether the TF regimen could replace the
standard PF regimen for inoperable ESCC patients. An
OS benefit of 12% at 3 years should be expected in the
TF group to achieve this goal. There are some limita-
tions in this phase 3 trial. First, we did not stratify the
patients according to the status of lymph node metasta-
sis. Since this trial is randomized and the sample size is
large enough, the influence of this limitation may be re-
duced. Second, we used the data of the results of RTOG
8501, which was conducted nearly 30 years ago, to esti-
mate the 3-yr OS in the PF group and calculate the sam-
ple size. Because of the improvement in radiotherapy
technology, the 3-yr OS of the control group may be
underestimated.
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