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Abstract 

Purpose: This trial aims to explore the efficacy and safety of involved-field irradiation (IFI) combined with paclitaxel 
plus cisplatin as concurrent chemoradiotherapy for locally advanced esophageal squamous cell carcinoma (ESCC), 
under the premise of intensity-modulated radiotherapy (IMRT).

Methods: Enrolled patients with locally advanced ESCC were treated with definitive concurrent chemoradiotherapy. 
IFI was administered adopting IMRT and the total dose was 61.2 Gy delivered in 34 fractions. On the first day of radio-
therapy, the patients were treated with paclitaxel and cisplatin one cycle per month for 2 cycles followed by the same 
regimen in consolidation chemotherapy for two cycles. The primary endpoint of the study was the 2-year locore-
gional recurrence-free survival (LRFS) rate, and secondary endpoints included overall survival (OS), progression-free 
survival (PFS), and safety.

Results: Between January 2018 and September 2020, 108 patients participated in the trial. 78.7% (85/108) of 
patients completed all 4 cycles of chemotherapy. The median follow-up of the surviving patients was 33.9 months 
(interquartile range, 29.2–41.1). The 2-year LRFS rate, as the primary endpoint, was 64.2%. In addition, the median PFS 
was 39.2 months, and 1-year and 3-year OS rates of 88.0% and 63.3%, respectively. Among the patients, out-of-field 
regional failure was seen in only 7 (6.5%) patients. Neutropenia grade 3 and 4 occurred in 21.3% and 37.0% of the 
patients, respectively.

Conclusions: IFI using IMRT combined with paclitaxel and cisplatin concurrent chemotherapy for locally advanced 
ESCC yields encouraging local control and overall survival, but high hematological toxicity.

Trial registration Clinical Trials ChiCTR1800017039.
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Introduction
Worldwide, there were an estimated 604,000 new cases 
and 544,000 deaths of esophageal cancer in 2020 [1], 
and there were about 320,000 new cases of esophageal 
cancer in China, making it the fourth leading cause 
of cancer death in China [2]. Ninety percent of these 
cases in China were squamous cell carcinoma [3]. The 
Radiation Therapy Oncology Group (RTOG) 8501 
study established the critical role of concurrent chem-
oradiotherapy in inoperable locally advanced esopha-
geal cancer. However, 41% of the patients in this study 
failed to complete the scheduled chemoradiotherapy 
as planned, 62.5% of the patients had acute grade 3 or 
above adverse events, and the 5-year OS rate was only 
27% [4]. Although on the basis of this study, definitive 
radiotherapy concurrent with cisplatin plus fluoroura-
cil is a standard modality for locally advanced esopha-
geal cancer, its clinical application was restricted by the 
serious chemoradiotherapy-related toxicity.

As we all know, the limitation of the traditional two-
dimensional irradiation field makes the actual dose and 
volume of the target area less than the prescribed dose 
level, which discourages it from protecting the adja-
cent normal tissues well and increasing the therapeu-
tic dose. Nowadays, IMRT technology has been widely 
used in clinical practice. It can not only increase the 
dose to the target site but also protect the normal tissue 
around the target site, which is expected to improve the 
therapeutic gain ratio of radiotherapy. In this context, 
IFI is favored by some radiotherapy physicians because 
it reduces the side effects of radiotherapy without sacri-
ficing the overall survival of patients [5–7].

With the exploration of new chemotherapy regimens, 
paclitaxel has received extensive attention from clini-
cians due to its radiosensitization in preclinical studies. 
A small-sample-size trial, RTOG 0113, compared pacli-
taxel-based regimens with the cisplatin plus fluoro-
uracil regimen from the RTOG 9405 trial in dCRT for 
patients with locally advanced esophageal cancer, and 
showed that the paclitaxel-based chemotherapy regi-
men had an increasing trend in 1-year OS rate (76% vs 
69%, P = 0.104) [8, 9]. Subsequently, in multiple phase 
II clinical studies of paclitaxel combined with cisplatin 
for concurrent chemoradiotherapy in esophageal can-
cer, it showed good tolerance, and the efficacy was not 
inferior to that of cisplatin plus fluorouracil [10–12]. In 
a phase II clinical study reported by Tang et al., IMRT 
combined with a 3-week schedule of paclitaxel plus 

cisplatin concurrent chemotherapy were arranged for 
the treatment of 76 patients with advanced esopha-
geal squamous cell carcinoma. The median OS of this 
trial was 28.5  months, and the incidence of grade 3 
and 4 leukopenia was 30.3% and 31.6%, respectively 
[10]. Overall, the efficacy of paclitaxel plus cisplatin in 
dCRT for esophageal cancer is satisfactory, and the side 
effects are acceptable.

In consideration of the above factors, we initiated this 
single-center, single-arm, open-label Phase II clinical 
study to investigate the efficacy and safety of a 4-week 
schedule of paclitaxel plus cisplatin combined with con-
current IFI for inoperable locally advanced ESCC. The 
protocol of paclitaxel plus cisplatin referred to the RTOG 
0113 trial, with appropriate modifications due to the high 
toxicities reported by that trial.

Materials and methods
Patient eligibility
In this phase II prospective clinical trial, we recruited 
patients who met the following key criteria: 18–75 years 
of age; newly diagnosed, histologically confirmed squa-
mous cell esophageal carcinoma, stage IIA to IVA (Amer-
ican Joint Committee on Cancer, 6th edition); Eastern 
Cooperative Oncology Group (ECOG) performance sta-
tus 0–2; no serious hematopoietic, cardiac, pulmonary, 
hepatic or renal dysfunction; and adequate bone marrow 
function. Primary exclusion criteria included patients 
with complete esophageal obstruction, deep ulceration, 
or perforated hematemesis. Full inclusion and exclusion 
criteria refer to Additional file 1: File 1.

Chemoradiotherapy
All patients had been treated with definitive chemo-
therapy with concurrent radiotherapy (Fig. 1). The total 
dose of radiotherapy using 6-MeV photons delivered by 
a linear accelerator was 61.2 Gy in 34 fractions. Patients 
were treated 5  days per week at 1.8  Gy/d. Target vol-
umes were defined in accordance with the International 

Keywords: Paclitaxel and cisplatin, Involved-field irradiation, IMRT, Definitive chemoradiotherapy, Esophageal 
squamous cell carcinoma

Fig. 1 Study protocol diagram. PTX: paclitaxel; DDP: cisplatin; RT: 
radiotherapy
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Commission on Radiation Units and Measurements 
(ICRU) Report #62 [13]. The gross tumor volume 
(GTV) was contoured according to the chest position-
ing CT, esophageal barium meal imaging, and elec-
tronic gastroscopy, which included primary esophageal 
tumor (GTVe) and all metastatic lymph nodes (the 
short diameter of the lymph node local in the tracheoe-
sophageal sulcus ≥ 5  mm, in the mediastinum ≥ 1  cm, 
and biopsy-confirmed metastatic lymph nodes). The 
clinical target volume (CTV) was defined as having a 
3-cm cephalad and caudad margin beyond GTVe with-
out radical margin. The planning target volume (PTV) 
provided proximal, distal, and radial margins of 1  cm 
around CTV. The field next to the spinal cord could 
be slightly adjusted to avoid excessive exposure. All 
patients were not given prophylactic irradiation.

The optimization scheme according to the dose-vol-
ume histogram is as follows: (1) tissue density inhomo-
geneity correction was used; (2) the 95% of the PTV 
received the prescribed dose; (3) the 95% isodose curve 
covered 99% of the PTV; (4) The maximum dose deliv-
ered to the PTV did not exceed the prescription dose 
by 10%; Dose limitations for the critical organs were as 
follows: (1) the mean lung dose was ≤ 13  Gy, and the 
V20 (percentage of the total lung volume receiving over 
20 Gy) was ≤ 28%; (2) the mean heart dose was < 30 Gy; 
and (3) the maximum spinal cord dose was ≤ 45 Gy.

Radiation therapy was suspended when the patient 
developed the following conditions: WBC < 2.0 ×  109/L, 
ANC < 1.0 ×  109/L, PLT < 50 ×  109/L, or grade 4 nonhe-
matological toxicity. A maximum 2-week delay to lower 
toxicity was permitted; otherwise, radiotherapy was 
terminated.

Concurrent chemotherapy was conducted on the first 
day of radiotherapy: paclitaxel (175  mg/m2), continu-
ous intravenous drip for 3  h, day 1; cisplatin (25  mg/
m2), i.v.drip., days 1 to 3. Cycles were duplicated every 
4 weeks, for 4 courses altogether. If ≥ grade 3 hemato-
logical toxicity or ≥ grade 2 nonhematological toxicity 
(except for hair loss, nausea, and vomiting) were found 
and persisted, then chemotherapy was suspended 
until recovery. In principle, all patients were given the 
planned dose of chemotherapy, but the dose could be 
adjusted if necessary based on the most severe hema-
tological or other toxicity. If a patient presented with 
multiple toxicities and the principles of dose adjust-
ment differed from each other, the lowest dose was 
selected. The dose of cisplatin was decreased sequen-
tially by 25%, and the dose of paclitaxel was decreased 
by 20% in sequence. Chemotherapy can be delayed for 
up to two weeks, with a maximum of dose reductions 
twice allowed. Complete dose adjustment principles 
refer to Additional file 1: File 2.

Follow‑up and data collection
Patients were followed-up for local recurrence and dis-
tant metastasis every 3  months during the first year, 
every 6  months for 2 additional years, and then once a 
year thereafter. Imaging tests including CT scan from the 
neck to the upper abdomen and esophagography were 
needed.

The primary endpoint was the 2-year LRFS rate in all 
recruited patients, in which LRFS was defined as the time 
from randomization to local/regional recurrence or death 
due to any cause. The secondary endpoints involved OS, 
PFS, and toxicity. OS was defined as the time from rand-
omization until death. Toxicity was evaluated according 
to the National Cancer Institute Common Terminology 
Criteria for Adverse Events (AE) (NCI-CTCAE 4.0). In 
addition, PFS was defined as the time from randomi-
zation to recurrence, metastasis, or death (whichever 
occurs first).

The following clinical characteristics were obtained: of 
age, gender, tumor site, tumor length, stage, ECOG per-
formance status, etc. Absolute lymphocyte counts (ALC) 
and absolute neutrophil counts (ANC) were recorded 
within the one week before dCRT. The nadir of ALC was 
the lowest, appearing within two months after the dCRT 
started. The neutrophil-to-lymphocyte ratio (NLR), was 
calculated by dividing the ANC by the ALC. The follow-
ing radiotherapy-related variables were assessed based 
on the dose-volume histogram (DVH) parameters: mean 
heart dose (MHD), mean lung dose (MLD), V30 of heart, 
and V20 of lung.

Statistical analysis
According to the previous studies [14, 15], the median 
PFS of radiotherapy combined with cisplatin plus 
5-fluorouracil chemotherapy in esophageal cancer was 
11.1 months. The necessary sample size to guarantee an 
improvement of 10  months in the median PFS, with a 
global alpha risk of 5%, power of 80%, an accrual period 
of 18 months, and 10% patient loss, was calculated.

Categorical variables were descriptively analyzed by 
frequency and proportion. Median and inter-quartile 
range (IQR) were used to summarize continuous vari-
ables. X-tile 3.6.1 software (Yale University, New Haven, 
CT, USA) was used to determine the best critical value 
of pretreatment NLR and ALC nadir. On this basis, the 
receiver operating characteristics (ROC) curve was used 
to determine the cut-off points for dosimetric parameters 
with ALC nadir as the state variable. Survival curves were 
plotted using the Kaplan–Meier method, with log-rank 
tests used to compare OS and PFS in subgroups, and 
hazard ratios (HR) were estimated using Cox regression 
models. SPSS 25.0 was used for data analyses.
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Results
Baseline characteristics and treatment
A total of 108 eligible patients (excluding 2 patients who 
withdrew consent due to selecting surgical treatment) 
were recruited for this phase II trial in Jiangsu Cancer 
Hospital from January 2018 to September 2020, and their 
baseline characteristics are listed in Table 1. The major-
ity were male (71%), and the median age of the enrolled 
patients was 65  years. The frequency of tumor clini-
cal stage III (55%) is the highest and the median tumor 
length was 5 cm. The cervical or upper thoracic tumors 
were found in 57 (53%) patients.

Among all patients, 2.8% (3/108) had interruptions dur-
ing the radiotherapy period because of vomit, and 3.7% 
(4/108) have not finished radiotherapy. One patient’s 
radiation dose was 50.4 Gy because of the cerebral infarc-
tion. Two patients received the radiation dose of 54  Gy 
and 50.4  Gy respectively due to weak constitution. One 

patient’s radiation dose was 59.4 Gy because of his own 
decision. 85 (78.7%) patients completed all 4 cycles of 
chemotherapy, and the patients completing at least 3 
cycles constituted 85.2%.

Patterns of failure
As of April 1, 2022, 69 (63.9%) patients were alive 
(including 2 patients who were lost to follow-up at 
24 months and 15 months after treatment, respectively) 
and 57 (52.8%) had no evidence of disease progression. 
Of the 51 patients who failed treatment (Table  2), 19 
(17.6%) patients had only local/regional recurrence, 22 
(20.4%) patients had only distant metastasis, and 3 (2.8%) 
had concurrent local/regional/distant failure. Another 
7 (6.5%) patients failed due to other reasons, including 
cardiovascular and cerebrovascular accidents (1 case 
of acute myocardial infarction, 1 case of stroke), tumor 
complications (2 cases of upper gastrointestinal hemor-
rhage, 1 case of esophagotracheal fistula), second primary 
tumors (1 case of lung, 1 case of pancreas). The pattern 
of tumor local/regional recurrence was further analyzed. 
Among the 22 patients, 15 (13.9%) had recurrence within 
the irradiation field, and 7 (6.5%) had failure outside the 
irradiation field.

Survival
As of April 1, 2022, the median follow-up for surviv-
ing patients was 33.9  months (IQR, 29.2–41.1  months, 
95% CI [30.7–37.0]) (Fig.  2). The 2-year LRFS rate for 
the primary endpoint was 67.3%. The median LRFS 
was 39.0 months, and the 1-year and 3-year LRFS rates 
were 81.2% and 53.6%, respectively. The median PFS was 
39.2 months, with 1-year, 2-year, and 3-year PFS rates of 
78.7%, 58.9%, and 51.4%, respectively. In addition, the 

Table 1 Baseline characteristics

IQR inter-quartile range

Characteristic N (%)

Age(y)

 Median (IQR) 65 (61–70)

Sex

 Male 77 (71%)

 Female 31 (29%)

Stage (AJCC, 6th)

 IIb 19 (17%)

 III 59 (55%)

 IVa 30 (28%)

Tumor length, cm

 < 5 53 (49%)

 ≥ 5 55 (51%)

Tumor location

 Upper (< 25 cm) 57 (53%)

 Middle (25-30 cm) 33 (30%)

 Lower (> 30 m) 15 (14%)

 Multiple primary 3 (3%)

ECOG performance score

 0 101 (94%)

 1 7 (6%)

Chronic disease history

 Yes 39 (36%)

 No 69 (64%)

Smoking history

 Former or current 58 (54%)

 Never 50 (46%)

Drinking history

 Former or current 53 (49%)

 Never 55 (51%)

Table 2 Treatment failure pattern

*Concurrent lung and liver metastasis were found in 1 patient, &One of the 
patients had lymph node recurrence outside the irradiation field

First failure N (%)

Distant metastasis only* 22 (20.4%)

 Lung 10 (9.3%)

 Liver 4 (3.7%)

 Brain 4 (3.7%)

 Bone 3 (2.8%)

 Pleura 1 (0.9%)

 Spleen 1 (0.9%)

Local/regional recurrence only 19 (17.6%)

 Within the irradiation field 13 (12.0%)

 Outside the irradiation field 6 (5.6%)

Concurrent local/regional/distant  failure& 3 (2.8%)

Other reasons 7 (6.5%)
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1-year, 2-year, and 3-year OS rates were 88.0%, 71.9%, 
and 63.3%, respectively (Fig. 2).

With reference to Fig. 3, the Kaplan–Meier curves for 
OS revealed that patients in the high ALC nadir group, 
low pretreatment NLR group, low V30 of heart group 
anandd low MHD group had longer OS. Based on the 
Cox regression multivariate analysis, the independent 
indicators of OS were ECOG performance, completion of 

chemotherapy, pretreatment NLR, ALC nadir, and dosi-
metric parameters of the heart (Fig. 4).

Safety
All acute AEs were reported and listed in Table  3. The 
most frequent grade 3–4 acute AEs were neutropenia 
(63/108, 58.3%) and leukopenia (61/108, 56.5%), fol-
lowed by thrombocytopenia (23/108, 21.3%) and ane-
mia (11/108, 10.2%). Nonhematological AEs were mainly 
grade 1–2, among which acid reflux or vomiting (58/108, 
53.7%), hair loss (58/108, 53.7%) had the highest inci-
dence, followed by hiccups (30/108, 27.8%). Except for 1 
case of grade 3 radiation pneumonitis, other radiation-
induced injuries including esophagitis (84/108, 77.8%) 
and dermatitis (45/108, 41.7%) were all grade 1–2. There 
was no related toxicity for the liver, the kidney, and the 
heart recorded. In late toxicities, grade 1–2 in the esoph-
agus and the lung/trachea were 1/108 and 5/108, respec-
tively. No grade 3–4 AEs were tracked.

Discussion and conclusion
The traditional concurrent chemoradiotherapy regimen 
has improved the local control rate and survival rate of 
inoperable locally advanced esophageal cancer to a cer-
tain extent, but the overall curative effect is still unsat-
isfactory, and further treatment strategies are urgently 
needed to be explored. Our trial mainly was designed to 
evaluate the efficacy and safety of IFI using IMRT com-
bined with concurrent chemotherapy of paclitaxel and 
cisplatin in the treatment of locally advanced esophageal 
squamous cell carcinoma.

IMRT is considered to be superior to 3-dimensional 
conformal radiotherapy (3DCRT) in terms of the con-
sistency of the prescribed dose and target volume, which 
provides powerful technical support for the stricter limi-
tation of the dose of important organs such as the heart 
and lungs. A retrospective study showed that IMRT tech-
nology improved the 5-year OS rate of locally advanced 
esophageal cancer from 15 to 44% [16]. However, some 
retrospective studies suggested that the two radiotherapy 
options did not bring about differences in the efficacy of 
patients [17], whether related to the location of the tumor 
needs to be further confirmed. The use of IFI or elective 
nodal irradiation (ENI) in radical chemoradiotherapy for 
esophageal cancer has been controversial. In a prospec-
tive clinical study reported by Fudan Cancer Hospital in 
2010 [5], under the 3DCRT technology, for patients with 
locally advanced esophageal cancer treated with concur-
rent chemoradiotherapy, the 3-year OS rate of patients 
receiving IFI was 41%, and the patients suffering regional 
recurrence outside the irradiation field accounted for 
only 8% of patients with treatment failure. Jiang et  al. 
[18] reviewed several studies comparing IFI and ENI in 

Fig. 2 Survival curves of enrolled patients. A OS, B PFS, C LRFS
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chemoradiotherapy for esophageal cancer, and the results 
showed that IFI did not sacrifice the efficacy of patients, 
and the side effects of treatment are relatively reduced. In 
our trial, recurrence within the irradiation field occurred 
in 6.5% of patients, accounting for 13.7% (7/51) of 
patients who underwent treatment failure, and there was 
no case of long-term radiation-induced cardiac injury.

Also controversial is the optimal total radiation dose, 
which is a very hot issue and is very difficult to get a 
consensus among many investigators around the world. 
There was a trend to recommend high dose (> 60  Gy) 
in Asia and 50  Gy in Western countries. Many differ-
ences in patient and tumor factors could have produced 
those conflicting results. Recent multicenter, phase III 
randomized studies reported that 50 Gy is as effective 
as 60  Gy in ESCC, both in Europe (ARTDECO study) 
and China (Xu et  al.) [19, 20]. In Xu et  al.’s study, the 
incidence of radiation-related pneumonia of grade 
3 or above in the 60  Gy group was higher than that 

in the 50  Gy group (7.5% vs 3.1%, P = 0.03). But there 
are still some points worth noting about these two 
studies. In the ARTDECO study, the difference in the 
radiotherapy target volume between the two experi-
mental groups (the standard group included the pri-
mary tumor + regional lymph nodes, and the high-dose 
group only irradiated the primary tumor) may be 
related to the failure to obtain significant LRFS bene-
fit in the high-dose group. In addition, in both studies, 
regional lymph nodes were selected for prophylactic 
irradiation, and the irradiation field was large, result-
ing in an increase in related radiotoxicity. In our study, 
based on the study design of involved field irradiation, 
we chose a total radiation dose of 61.2 Gy.

Additionally, with the development of proton radio-
therapy, some studies had found that it can further 
reduce radiation lung and heart damage in patients 
with esophageal cancer [15]. These were still some 

Fig. 3 Overall survival curves for subgroups. Kaplan–Meier curves of overall survival for patients with ALC Nadir ≥ 0.24*109/L or < 0.24*109/L, for 
patients with Pretreatment NLR ≥ 3.4 or < 3.4, for patients with V30 of Heart ≥ 11.4% or < 11.4%, and for patients with MHD ≥ 7.75 Gy or < 7.75 Gy, 
respectively
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small-sample studies and the efficacy and safety of pro-
ton radiotherapy for esophageal cancer need to be sup-
ported by data from further prospective studies, but it 
seems to provide a direction for our subsequent clinical 
research.

In routine clinical practice and worldwide trials, 
paclitaxel-based chemotherapy regimens have been 
widely adopted for concurrent chemoradiotherapy in 

patients with inoperable esophageal cancer. A prospec-
tive randomized controlled phase III clinical study (ESO-
Shanghai1) conducted by Chen Yun et al. compared the 
efficacy of the concurrent chemotherapy regimen based 
on paclitaxel and the classical regimen of cisplatin plus 
fluorouracil in esophageal cancer patients receiving radi-
cal chemoradiotherapy [21, 22]. The results of the study 
showed that the option of paclitaxel and fluorouracil did 
not significantly improve the 3-year OS rate of patients 
compared with the regime of cisplatin and fluorouracil 
(55.4% vs. 51.8%), but the AE profiles significantly dif-
fered between the two regimens. The paclitaxel plus fluo-
rouracil can significantly reduce the incidences of early 
gastrointestinal adverse reactions, anemia, and thrombo-
cytopenia. Meanwhile, it had higher incidences of severe 
leukopenia, radiation dermatitis, and radiation pneu-
monitis. In another prospective phase II study of radical 
chemoradiotherapy for locally advanced esophageal can-
cer, compared with cisplatin plus fluorouracil regimen, 
paclitaxel combined with platinum group had lower inci-
dences of grade 3–4 nausea, vomiting (5.88% vs. 35.29%, 
P = 0.003) and neutropenia (11.76% vs. 32.35%, P = 0.041) 
[12].

There is still a lack of high-ranking evidence on which 
paclitaxel-based chemotherapy regimen provides the 
best prognosis and the fewest adverse events. In this 
study, the median PFS was 39.2 months, which was sig-
nificantly higher than previous similar studies involving 
paclitaxel and cisplatin regimen [10–12], and the 3-year 
OS rate was 63.3%, slightly better than the test group in 
the ESO-Shanghai1 study (55.4%). In terms of safety, the 

Fig. 4 Subgroup analysis of overall survival

Table 3 Acute adverse events

AEs N = 108 (%)

Grade 1–2 Grade 3 Grade 4

Hematological

 Leukopenia 32 (29.6%) 26 (24.1%) 35 (32.4%)

 Neutropenia 25 (23.1%) 23 (21.3%) 40 (37.0%)

 Anemia 65 (60.2%) 10 (9.3%) 1 (0.9%)

 Thrombocytopenia 69 (63.9%) 18 (16.7%) 5 (4.6%)

Nonhematological

 Acid reflux/vomiting 58 (53.7%) 0 3 (2.8%)

 Hiccup 30 (27.8%) 0 0

 Fever 12 (11.1%) 0 0

 Hair loss 58 (53.7%) 0 0

 Muscular soreness 23 (21.3%) 0 0

 Neurotoxicity 3 (2.8%) 0 0

Radiation-induced

 Dermatitis 45 (41.7%) 0 0

 Esophagitis 84 (77.8%) 0 0

 Pneumonitis 53 (49.1%) 1 (0.9%) 0
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most common grade 3–4 acute adverse events were neu-
tropenia (58.3%) and leukopenia (56.5%). The incidence 
was higher than that of some previous studies [11, 12], 
but similar to that reported by Tang et al. [10].and highly 
consistent with the results of a 3-group, multi-center, 
randomized phase III clinical trial (ESO-Shanghai2) led 
by Fudan University Affiliated Cancer Hospital [23].

High hematological toxicity not only requires the opti-
mization of the combination regimen and the dose of 
chemotherapeutic drugs, but also poses a challenge to 
improve the performance of chemotherapeutic drugs 
themselves. As an improved new formulation, poly-
meric micellar paclitaxel (PM-paclitaxel) for injection 
had shown significant clinical benefits compared with the 
control group (ORR 50.33% vs. 26.4%, P < 0.0001) in the 
first-line treatment of non-small cell lung cancer, and its 
application prospect in esophageal cancer is worth look-
ing forward to [24].

By subgroup analysis, we found that ECOG perfor-
mance, the cycles of chemotherapy, pretreatment NLR, 
ALC nadir, and dosimetric parameters of the heart had 
significant effects on overall survival, suggesting that 
these clinical features might be prognostic factors. How-
ever, considering the impact of potential confounding 
factors, the results still need to be treated with caution. 
Fortunately, in our study, 78.7% of patients completed 
all 4 cycles of chemotherapy, and the vast majority of 
patients with low pretreatment NLR (89/108, 82%) or 
ECOG performance 0, which further verified the possi-
bility of achieving higher LRFS and OS rates.

Several limitations should be considered when inter-
preting our findings. First, this study is a single-arm 
study, and no control group was set to exclude the inter-
ference of other factors. Second, the high hematological 
toxicity and frequent gastrointestinal reactions revealed 
by the study results should not be underestimated, and 
we did not assess the quality of life of the patients.

In conclusion, paclitaxel and cisplatin combined with 
concurrent involved-field irradiation in definitive chemo-
radiotherapy for locally advanced esophageal squamous 
cell carcinoma provides inspiring local control, overall 
survival, and high but manageable hematological toxicity.

Abbreviations
IFI: Involved-field irradiation; ESCC: Esophageal squamous cell carcinoma; 
IMRT: Intensity-modulated radiotherapy; dCRT : Definitive concurrent chemo-
radiotherapy; LRFS: Locoregional recurrence-free survival; OS: Overall survival; 
PFS: Progression-free survival; RTOG: Radiation Therapy Oncology Group; 
ECOG: Eastern Cooperative Oncology Group; GTV: Gross tumor volume; CTV: 
Clinical target volume; PTV: Planning target volume; NCI-CTCAE: National Can-
cer Institute Common Terminology Criteria for Adverse Events (AE); HR: Hazard 
ratios; 3DCRT : 3-Dimensional conformal radiotherapy; IQR: Inter-quartile range; 
ALC: Absolute lymphocyte counts; ANC: Absolute neutrophil counts; NLR: 
Neutrophil-to-lymphocyte ratio; DVH: Dosevolume histogram; MHD: Mean 
heart dose; ROC: Receiver operating characteristics.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s13014- 022- 02078-3.

Additional file 1. File 1: Full inclusion and exclusion criteria. File 2: Com-
plete dose adjustment principles.

Acknowledgements
Not applicable.

Author contributions
HL and YF analyzed the data and were major contributors to writing the 
manuscript. JY was a major contributor to the trial design and the enrollment 
of patients. DG, MD, ZZ, LS, and GZ are responsible for the enrollment, efficacy, 
and safety records of the patients. All authors contributed to the article and 
approved the submitted version.

Funding
This study was supported by Wu Jieping Medical Foundation project 
[320.6750.19194-60] and Jiangsu Province "six talent peaks" innovative talent 
team project [TD-SWYY-007].

Availability of data and materials
The raw data supporting the conclusions of this article will be made available 
by the authors, without undue reservation.

Declarations

Ethics approval and consent to participate
The study protocol was approved by the Ethics Committee of Nanjing Medi-
cal University (No. 2018-084). All patients signed informed consents prior to 
enrollment. The clinical trial has been registered with the Chinese Clinical Trials 
Registry (No. ChiCTR1800017039).

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1 Department of Radiation Oncology, Affiliated Cancer Hospital of Nanjing 
Medical University, Jiangsu Cancer Hospital/Jiangsu Institute of Cancer 
Research, No. 42, Baiziting, Nanjing 210009, China. 2 Department of Oncology, 
Affiliated Cancer Hospital of Nanjing Medical University, Jiangsu Cancer Hos-
pital/Jiangsu Institute of Cancer Research, No. 42, Baiziting, Nanjing 210009, 
China. 3 Department of Thoracic Surgery, Affiliated Cancer Hospital of Nan-
jing Medical University, Jiangsu Cancer Hospital/Jiangsu Institute of Cancer 
Research, No. 42, Baiziting, Nanjing 210009, China. 4 Department of Radiology, 
Affiliated Cancer Hospital of Nanjing Medical University, Jiangsu Cancer Hos-
pital/Jiangsu Institute of Cancer Research, No. 42, Baiziting, Nanjing 210009, 
China. 

Received: 20 April 2022   Accepted: 26 May 2022

References
 1. Sung H, Ferlay J, Siegel RL, et al. Global cancer statistics 2020: GLOBOCAN 

estimates of incidence and mortality worldwide for 36 cancers in 185 
countries. CA Cancer J Clin. 2021;71:209–49. https:// doi. org/ 10. 3322/ caac. 
21660.

 2. Cao W, Chen HD, Yu YW, et al. Changing profiles of cancer burden world-
wide and in China: a secondary analysis of the global cancer statistics 
2020. Chin Med J (Engl). 2021;134:783–91. https:// doi. org/ 10. 1097/ CM9. 
00000 00000 001474.

https://doi.org/10.1186/s13014-022-02078-3
https://doi.org/10.1186/s13014-022-02078-3
https://doi.org/10.3322/caac.21660
https://doi.org/10.3322/caac.21660
https://doi.org/10.1097/CM9.0000000000001474
https://doi.org/10.1097/CM9.0000000000001474


Page 9 of 9Li et al. Radiation Oncology          (2022) 17:105  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 3. Uhlenhopp DJ, Then EO, Sunkara T, et al. Epidemiology of esophageal 
cancer: update in global trends, etiology and risk factors. Clin J Gastroen-
terol. 2020;13:1010–21. https:// doi. org/ 10. 1007/ s12328- 020- 01237-x.

 4. Cooper J, Guo MD, Herskovic A, et al. Chemoradiotherapy of locally 
advanced esophageal cancer: long-term follow-up of a prospective ran-
domized trial (RTOG 85–01). Radiation Therapy Oncology Group. JAMA. 
1999;281:1623–7. https:// doi. org/ 10. 1001/ jama. 281. 17. 1623.

 5. Zhao KL, Ma JB, Liu G, et al. Three-dimensional conformal radiation 
therapy for esophageal squamous cell carcinoma: is elective nodal 
irradiation necessary. Int J Radiat Oncol Biol Phys. 2010;76:446–51. https:// 
doi. org/ 10. 1016/j. ijrobp. 2009. 02. 078.

 6. Zhang X, Li M, Meng X, et al. Involved-field irradiation in definitive chem-
oradiotherapy for locally advanced esophageal squamous cell carcinoma. 
Radiat Oncol. 2014;9:64. https:// doi. org/ 10. 1186/ 1748- 717X-9- 64.

 7. Yamashita H, Takenaka R, Omori M, et al. Involved-field radiotherapy 
(IFRT) versus elective nodal irradiation (ENI) in combination with concur-
rent chemotherapy for 239 esophageal cancers: a single institutional 
retrospective study. Radiat Oncol. 2015;10:171. https:// doi. org/ 10. 1186/ 
s13014- 015- 0482-9.

 8. Ajani JA, Winter K, Komaki R, et al. Phase II randomized trial of two non-
operative regimens of induction chemotherapy followed by chemoradia-
tion in patients with localized carcinoma of the esophagus: RTOG 0113. J 
Clin Oncol. 2008;26:4551–6. https:// doi. org/ 10. 1200/ JCO. 2008. 16. 6918.

 9. Minsky BD, Pajak TF, Ginsberg RJ, et al. INT 0123 (Radiation Therapy 
Oncology Group 94–05) phase III trial of combined-modality therapy for 
esophageal cancer: high-dose versus standard-dose radiation therapy. J 
Clin Oncol. 2002;20:1167–74. https:// doi. org/ 10. 1200/ JCO. 2002. 20.5. 1167.

 10. Tang HR, Ma HF, An SM, et al. A phase II study of concurrent chemo-
radiotherapy with paclitaxel and cisplatin for inoperable esophageal 
squamous cell carcinoma. Am J Clin Oncol. 2016;39:350–4. https:// doi. 
org/ 10. 1097/ COC. 00000 00000 000069.

 11. Tu L, Sun L, Xu Y, et al. Paclitaxel and cisplatin combined with intensity-
modulated radiotherapy for upper esophageal carcinoma. Radiat Oncol. 
2013;8:75. https:// doi. org/ 10. 1186/ 1748- 717X-8- 75.

 12. Yang JS, Wang T, Qiu MQ, Li QL. Comparison of efficacy and toxicity pro-
files between paclitaxel/lobapoatin- and cisplatin/5-fluorouracil-based 
concurrent chemoradiotherapy of advanced inoperable oesophageal 
cancer. Intern Med J. 2015;45:757–61. https:// doi. org/ 10. 1111/ imj. 12773.

 13. ICRU. Prescribing, Recording and Reporting Photon Beam Therapy 
(Report 62) (Supplement to ICRU Report 50). Bethesda, MD: ICRU (1999).

 14. Honing J, Smit JK, Muijs CT, et al. A comparison of carboplatin and pacli-
taxel with cisplatinum and 5-fluorouracil in definitive chemoradiation in 
esophageal cancer patients. Ann Oncol. 2014;25:638–43. https:// doi. org/ 
10. 1093/ annonc/ mdt589.

 15. Yasuhiro H, Masakatsu O, Hidehiro H, et al. Dosimetric comparison 
between proton beam therapy and photon radiation therapy for 
locally advanced esophageal squamous cell carcinoma. Radiat Oncol. 
2018;13:23. https:// doi. org/ 10. 1186/ s13014- 018- 0966-5.

 16. Li CC, Chen CY, Chien CR. Comparison of intensity-modulated radio-
therapy vs 3-dimensional conformal radiotherapy for patients with 
non-metastatic esophageal squamous cell carcinoma receiving definitive 
concurrent chemoradiotherapy: a population-based propensity-score-
matched analysis. Medicine (Baltimore). 2018;97(22):e10928. https:// doi. 
org/ 10. 1097/ MD. 00000 00000 010928.

 17. Chen NB, Qiu B, Zhang J, et al. Intensity-modulated radiotherapy versus 
three-dimensional conformal radiotherapy in definitive chemoradio-
therapy for cervical esophageal squamous cell carcinoma: comparison of 
survival outcomes and toxicities. Cancer Res Treat. 2020;52:31–40. https:// 
doi. org/ 10. 4143/ crt. 2018. 624.

 18. Jiang LY, Xin Z, Xue M, et al. Involved field irradiation for the treatment of 
esophageal cancer: is it better than elective nodal irradiation. Cancer Lett. 
2015;357:69–74. https:// doi. org/ 10. 1016/j. canlet. 2014. 11. 045.

 19. Hulshof MCCM, Geijsen ED, Rozema T, et al. Randomized Study on dose 
escalation in definitive chemoradiation for patients with locally advanced 
esophageal cancer (ARTDECO study). J Clin Oncol. 2021;39:2816–24. 
https:// doi. org/ 10. 1200/ JCO. 20. 03697.

 20. Xu Y, Dong B, Zhu W, et al. A phase III multicenter randomized clinical 
trial of 60 Gy vs 50 Gy radiation dose in concurrent chemoradiotherapy 
for inoperable esophageal squamous cell carcinoma. Clin Cancer Res. 
2022;28(9):1792–9. https:// doi. org/ 10. 1158/ 1078- 0432. CCR- 21- 3843.

 21. Chen Y, Ye J, Zhu Z, et al. Comparing paclitaxel plus fluorouracil versus 
cisplatin plus fluorouracil in chemoradiotherapy for locally advanced 
esophageal squamous cell cancer: a randomized, multicenter, phase III 
clinical trial. J Clin Oncol. 2019;37:1695–703. https:// doi. org/ 10. 1200/ JCO. 
18. 02122.

 22. Chen Y, Zhu Z, Zhao W, et al. A randomized phase 3 trial comparing 
paclitaxel plus 5-fluorouracil versus cisplatin plus 5-fluorouracil in 
chemoradiotherapy for locally advanced esophageal carcinoma-The ESO-
Shanghai 1 trial protocol. Radiat Oncol. 2018;13:33. https:// doi. org/ 10. 
1186/ s13014- 018- 0979-0.

 23. Ai DS, Ye JJ, Wei SH, et al. Comparison of 3 paclitaxel-based chemora-
diotherapy regimens for patients with locally advanced esophageal 
squamous cell cancer: a randomized clinical trial. JAMA Netw Open. 
2022;5:e220120. https:// doi. org/ 10. 1001/ jaman etwor kopen. 2022. 0120.

 24. Shi M, Gu A, Tu H, et al. Comparing nanoparticle polymeric micellar 
paclitaxel and solvent-based paclitaxel as first-line treatment of advanced 
non-small-cell lung cancer: an open-label, randomized, multicenter, 
phase III trial. Ann Oncol. 2021;32:85–96. https:// doi. org/ 10. 1016/j. 
annonc. 2020. 10. 479.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1007/s12328-020-01237-x
https://doi.org/10.1001/jama.281.17.1623
https://doi.org/10.1016/j.ijrobp.2009.02.078
https://doi.org/10.1016/j.ijrobp.2009.02.078
https://doi.org/10.1186/1748-717X-9-64
https://doi.org/10.1186/s13014-015-0482-9
https://doi.org/10.1186/s13014-015-0482-9
https://doi.org/10.1200/JCO.2008.16.6918
https://doi.org/10.1200/JCO.2002.20.5.1167
https://doi.org/10.1097/COC.0000000000000069
https://doi.org/10.1097/COC.0000000000000069
https://doi.org/10.1186/1748-717X-8-75
https://doi.org/10.1111/imj.12773
https://doi.org/10.1093/annonc/mdt589
https://doi.org/10.1093/annonc/mdt589
https://doi.org/10.1186/s13014-018-0966-5
https://doi.org/10.1097/MD.0000000000010928
https://doi.org/10.1097/MD.0000000000010928
https://doi.org/10.4143/crt.2018.624
https://doi.org/10.4143/crt.2018.624
https://doi.org/10.1016/j.canlet.2014.11.045
https://doi.org/10.1200/JCO.20.03697
https://doi.org/10.1158/1078-0432.CCR-21-3843
https://doi.org/10.1200/JCO.18.02122
https://doi.org/10.1200/JCO.18.02122
https://doi.org/10.1186/s13014-018-0979-0
https://doi.org/10.1186/s13014-018-0979-0
https://doi.org/10.1001/jamanetworkopen.2022.0120
https://doi.org/10.1016/j.annonc.2020.10.479
https://doi.org/10.1016/j.annonc.2020.10.479

	Paclitaxel and cisplatin combined with concurrent involved-field irradiation in definitive chemoradiotherapy for locally advanced esophageal squamous cell carcinoma: a phase II clinical trial
	Abstract 
	Purpose: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Materials and methods
	Patient eligibility
	Chemoradiotherapy
	Follow-up and data collection
	Statistical analysis

	Results
	Baseline characteristics and treatment
	Patterns of failure
	Survival
	Safety

	Discussion and conclusion
	Acknowledgements
	References


