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Introduction: Postoperative adjuvant radiation therapy (RT) and chemotherapy (aCRT) 
have been supposed to improve prognosis and outcomes in patients with node-positive 
thoracic esophageal squamous cell carcinoma (TESCC). Our aim was to analyze the 
impacts of interval between surgery and aCRT on prognosis, determining the optimal 
time interval.
Methods: We retrospectively reviewed 520 patients with TESCC between 2007 and 2015 treated 
with aCRT following radical esophagectomy without neoadjuvant chemotherapy and RT. These 
patients underwent RT (50–60 Gy) combined with 2–6 cycles chemotherapy after surgery. The 
time intervals were from 17 days to 145 days and divided into three groups: short interval group 
(≤28 days, S-Int group), medial interval group (≥29 and ≤ 56 days, M-Int group) and long interval 
group (≥57 days, L-Int group).
Results: Median follow-up was 35.6 months and the 3-, 5-year survival rates and median survival 
were 49.5%, 36.6% and 35.9 months. The duration of postoperative interval was a predictor of 
survival outcomes. The median survival and 5-year survival rates in S-Int, M-Int and L-Int groups 
were 23.6 (32.1%), 44.2 (43.3%) and 32.0 (31.5%) months (P=0.007). The difference was 
statistically significant between the M-Int and S-Int or L-Int group but was not between the 
S-Int and L-Int group. Besides, toxic reactions including early, late and adverse events (grade ≥3) 
in M-Int group were significantly less than S-Int and show no significant differences with 
L-Int group.
Conclusion: The optimal time interval was from 29 days to 56 days (5–8 weeks) both in 
terms of survival outcomes and toxic reactions.
Keywords: thoracic esophageal squamous cell carcinoma, TESCC, adjuvant chemotherapy 
and radiation therapy, aCRT, time interval, survival, toxic reactions

Introduction
Esophagus cancer (EC) is a common malignant tumor of the digestive tract. In 
2018, an estimated 572,034 new cases of EC were diagnosed all over the world, 
making it the seventh most common malignancy.1 In China, the incidence of EC in 
2015 was higher, with men ranked third and women ranked fifth, and death from it 
ranked fourth among both men and women.2 Five-year survival rates for patients 
with locally advanced EC remains dismal after surgery alone as a result of a high 
incidence of local and systemic recurrence.3 Efforts on multimodality treatment 
have never stopped and a lot of inspiring achievements have been made during the 
last two decades.4 Although there is increasing evidence that neoadjuvant radiation 
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therapy (RT) and chemotherapy (nCRT) can improve the 
prognosis of patients with EC,5,6 including esophageal 
squamous cell carcinoma (ESCC),7–9 postoperative che-
motherapy and RT (CRT) are still a main choice for 
patients in China.

The role of adjuvant RT is still debatable in ESCC with 
no establishment in previous randomized trials,10–14 and 
no survival benefit was found with the use of postoperative 
RT by a meta-analysis including 5 randomized trials.15 

Several randomized trials have also evaluated adjuvant 
chemotherapy and have not demonstrated a survival 
benefit.16–18 As a result, only surveillance is recommended 
for patients with R0 resection by the NCCN clinical prac-
tice guidelines.19 However, different from western coun-
tries, ESCC exceeds 90% in China and adjuvant therapy is 
difficult to replace. Several recent studies reported the 
survival benefits with the use of postoperative RT or 
CRT, especially in the presence of some risk factors.20–28

Nevertheless, there is no clear consensus on the timing 
of adjuvant RT and chemotherapy (aCRT) and there is 
a paucity of research on the effects of time interval prior 
to aCRT on the prognosis of patients with locally advanced 
thoracic ESCC (TESCC). Based on this, we aimed to 
determine the optimal time after surgical procedures.

Patients and Methods
Patients
A retrospective study was conducted in patients with 
TESCC who had experienced radical esophagectomy with 
lymph node dissection from March 2007 to May 2015 at 
Shandong Cancer Hospital and Qilu Hospital of Shandong 
University. Patients who met all the following criteria were 
enrolled: 1) all experienced R0 resection and pathologically 
confirmed TESCC; 2) pathologic stage III or node-positive 
excluding lymph node metastases stage III (pN3) by post-
operative pathology according to the 7th edition of the 
American Joint Committee on Cancer (AJCC) criteria; 3) 
receiving postoperative adjuvant intensity modulated radia-
tion therapy (IMRT, 50–60Gy) and chemotherapy (2–6 
regimens) without nCRT; 4) patients were 18 years of age 
or older with an Karnofsky Performance Score (KPS) ≥ 70; 
5) no severe drug allergy history; 6) normal liver and kidney 
function; 7) blood tests: WBC ≥ 4.0 G/L, HGB ≥ 110 g/L, 
PLT ≥ 100 G/L; and 8) heart and lung function were not 
obviously impaired, and the patients were assessed to be 
able to tolerate CRT. The exclusion criteria: 1) lost follow- 
up in 3 months after aCRT; 2) progress before aCRT; 3) 
delay of more than 15 days during treatment; or 4) a history 
of cancer at any other site. (Figure 1) The study was 

Figure 1 Flowchart of enrollment.

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                             

Cancer Management and Research 2020:12 10574

Wu et al                                                                                                                                                               Dovepress

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


conducted in accordance with the principles of the 
Declaration of Helsinki and Good Clinical Practice.

Baseline characteristics were obtained from electronic 
records. All analyses were performed at the Shandong 
Cancer Hospital, Shandong, China. All patients were 
assessed by the 7th edition of AJCC in electronic records. 
We think that there may be some inaccuracies if we 
reassess stages according to electronic records as part of 
the surgery process is not very clear. Hence, we use the 7th 
edition of AJCC. This study was approved by the ethics 
committee of Shandong Cancer Hospital and written 
informed consent to use the clinical data for research 
was obtained from each participant before the medical 
intervention started.

Time Interval Designation
Time from surgery to aCRT was measured in days from the 
date of surgery to the first day of aCRT. The time interval was 
evaluated as a continuous variable. Receiver operator curve 
(ROC) analysis was used to identify time from surgery to 
aCRT which was associated with survival. An area under 
curve (AUC) of 0.566 was obtained and the curve crossed 
with the diagonal line taking 3-year overall survival as the 
state variable. Considering that postoperative recovery for 
too short of a time may indicate worse outcome, a result of 57 
days was obtained excluding a small proportion of patients 
who initiated aCRT within 28 days. The ROC with an AUC 
of 0.653 is shown in Figure 2. Then all the patients were 
divided into 3 groups according to postoperative intervals: 
short interval group (≤28 days, S-Int group), medial interval 
group (≥29 and ≤56 days, M-Int group) and long interval 
group (≥57 days, L-Int group).

The Procedures of Chemoradiation 
Following Surgery
Surgery
All patients received curative esophagectomy with radical 
lymph node dissection, without nCRT before surgery. 
According to the surgery options, patients were divided 
into two groups: trans-right-chest (IVOR-LEWIS and 
McKeown surgery, TRC) and trans-left-chest (Sweet sur-
gery, TLC). At least 15 nodes in two- or three-field were 
removed in radical surgery. The two-field included thor-
acic and abdominal part and the three-field included thor-
acic, abdominal and cervical part. The mediastinal lymph 
nodes were dissected as much as possible to ensure accu-
rate pN staging and radical resection of the disease. 

Regional lymph node metastases (N) were obtained as 
follows: N1 indicated metastasis in 1 to 2 regional lymph 
nodes; N2, metastasis in 3–6 regional lymph nodes.

Radiotherapy
All patients enrolled received radiation by IMRT following 
surgery, who underwent initial CT simulation before RT. All 
macroscopic gross disease including primary tumor (GTV- 
T) and regional lymph node metastases (GTV-nd) were 
defined as gross tumor volume (GTV), which was deter-
mined by all available information from EUS, CT, endo-
scopy and FDG-PET. GTV-nd for postoperative 
radiotherapy is prophylactic field, including areas of positive 
pathological lymph nodes that could not be identified by 
imaging studies. After plus a 0.8–1.0 cm in all directions, the 
GTV-T plus a 2.0–3.0 cm and GTV-nd plus a 1.0–1.5 cm 
radial margin in head-to-fail direction was defined as clinical 
target volume (CTV). The CTV included subclinical lesions 
and scopes of possible tumor invasion. The CTV plus a 0.-
5–1.0 cm margin in all directions was defined as planning 
target volume (PTV). A total dose of 50–60 Gy was given to 
these patients in daily fractions of 1.8–2Gy 5 days a week.

Chemotherapy
The chemotherapy usage was grouped into sequential with 
radiation (SCR) and concomitant CRT (CCR). Both SCR 
group and CCR group received chemotherapy regimens 

Figure 2 Receiver operator curve (ROC) excluding the patients who initiated 
aCRT within 28 days (4 weeks). The area under curve (AUC) was 0.653.
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based on platinum agents. Specifically, there were two 
main categories of regimens, one was platinum drugs 
combined with fluorouracil and the other was platinum in 
combination with paclitaxel or docetaxel. Platinum drugs 
used for treatment included cisplatin and oxaliplatin. All 
patients received 2–6 cycles of chemotherapy.

Follow-Up
We followed up by telephone and the telephone numbers 
were from electronic records. The follow-up continued 
until April 2020 and all surviving patients were followed 
up for more than 5 years by then.

Statistical Analysis
Descriptive statistics were calculated for the 3 groups 
above. Overall survival (OS) was defined as the period 
from the date of surgery to the date of death. Patients’ 
characteristics were compared using chi-square test. 
Survival was assessed by Kaplan-Meier curve and Log 
rank test. A Cox proportional hazards model was used 
for univariate and multivariate analyses. Toxic reactions 
were compared by chi-square test and Fischer exact test 
was used when necessary. Statistical analyses were per-
formed using the Statistical Package for the Social 
Sciences (SPSS) software (IBM Corp, Armonk, NY, 
USA). P values of 0.05 or lower were considered statisti-
cally significant.

Results
Patient Characteristics
Overall, a total of 520 patients with pT1-3N1-2 or pT4aN1 
TESCC after surgery (R0) meeting the inclusion criteria 
were enrolled. There were 86 patients (16.5%) receiving 
adjuvant therapy within 28 days (≤28 days, S-Int group), 
223 (42.9%) between 29 days and 56 days (≥29 and ≤56 
days, M-Int group) and 211 (40.6%) more than 57 days 
(≥57 days, L-Int group). The majority of patients were 
male (73.3%) and the median age was 60 years (range 
46 to 78 years). Briefly, 83.8% had an KPS ≥ 80, 87.9% 
were located in middle and distal third of esophagus, 
52.5% received TRC and 45.8% received CCR. The clin-
icopathologic characteristics in the 3 groups are presented 
in Table 1 and the numbers of patients in each stage are 
listed in Table 2.

Overall Survival Rates
The median follow-up time was 35.6 months (range, 4.4– 
137.4months). The 1-, 3-, and 5-year OS rates were 89.8%, 

49.5%, and 36.6% respectively. The median OS (mOS) was 
35.9 months (95% CI 32.3–39.5 months). The 5-year OS 
rates of patients receiving aCRT within 28 days (≤28 days, 
S-Int group), between 29 days and 56 days (≥29 and ≤ 56 
days, M-Int group) and more than 57 days (≥57 days, 
L-Int group) were 32.1%, 43.3% and 31.5% respectively. 
The mOS of the 3 groups above were 23.6 (95% CI 10.5– 
36.7), 44.2 (95% CI 34.7–53.7) and 32.0 (95% CI 27.5–36.5) 
months respectively (M-Int vs S-Int group P=0.020; M-Int vs 
L-Int P=0.002; S-Int vs L-Int P=0.787) (Figure 3A). Of all 
these patients, 272 were pathologic N1 (pN1) and 248 pN2. 
The 5-year OS rates in patients with pN1 and pN2 were 
48.6% and 23.4% respectively (P<0.001, HR=0.535, 95% 
CI 0.436–0.658) (Figure 3B). 30, 89, 356 and 45 patients 
were pT1, pT2, pT3 and pT4a respectively and 5-year OS 
rates were 90.0%, 53.3%, 26.3% and 49.5% (P<0.001). 
There was no significant difference between pT2 and pT4a 
group (P=0.939) (Figure 3C). The 5-year OS rates in S-Int, 
M-Int and L-Int were 28.9%, 29.4%, and 15.2% in patients 
with pN2 (Figure 4B) and those were 34.4%, 55.7% and 
47.2% with pN1 respectively (Figure 4A).

Univariate and Multivariate Cox Analyses
Univariate analyses showed that age, KPS, histological 
grade, the pT stage, the pN stage, surgery option and 
postoperative interval were significantly associated with 
overall survival. Sex, tumor location and CRT sequence, 
number of chemotherapy cycles and hospital choice 
were variables without significant difference. 
A multivariate analysis obtained the same conclusion 
that variables above were independent prognostic fac-
tors. In addition, tumor location and CRT sequence were 
also significantly associated with the survival when the 
P value was relaxed to 0.1. Detailed data are listed in 
Table 3.

Toxicity
Grade 3 or 4 toxicities were rare and no grade 5 toxicities 
were observed. The most common RT-related toxicities 
were esophagitis and leukopenia. We found no significant 
differences in early or late toxic reactions between the 
M-Int and L-Int group. M-Int and L-Int groups were then 
lumped together as a whole to be compared to S-Int. 
Multiple toxic reactions including grade 1–2 esophagitis, 
grade 3–4 anemia and grade 1–2 thrombopenia happened 
obviously more in S-Int than the other two groups. More 
adverse events joined in including grade 3–4 leukopenia, 
grade 3–4 neutropenia, grade 1–2 anemia and 

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                             

Cancer Management and Research 2020:12 10576

Wu et al                                                                                                                                                               Dovepress

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


anastomotic stenosis when the P value was relaxed to 0.1. 
No statistically significant difference was observed in 
some other side effects related to chemotherapy such as 

muscle or joint pain, hair loss, liver or kidney dysfunc-
tion or allergic reaction. All available worthy adverse 
events are listed in Tables 4 and 5.

Table 1 Baseline Characteristics

Postoperative Interval ≤28d ≥29 and ≤57d ≥58 and ≤142d Total P

N=86 % N=223 % N=211 % N=507

Sex 0.677
Male 64 74.4 159 71.3 158 74.9 381

Female 22 25.6 64 28.7 53 25.1 139

Age 0.221
≤60 50 58.1 117 52.5 100 47.4 267

>60 36 41.9 106 47.5 111 52.6 253

Karnofsky Performance Score 0.452
≥90 7 8.1 16 7.2 12 6.7 35

≥80 69 80.2 174 78.0 158 77.1 401

≥70 10 11.6 33 14.8 41 16.2 84

Tumor location 0.065
Upper 4 4.7 30 13.5 29 13.7 63
Middle 45 52.3 122 54.7 99 46.9 266

Lower 37 43.0 71 31.8 83 39.3 191

Tumor differentiation 0.835
Well 15 17.4 44 19.7 48 22.7 107
Middle 44 51.2 115 51.6 101 47.9 260

Lower 27 31.4 64 28.7 62 29.4 153

T stage 0.828

T1 3 3.5 14 6.3 13 6.2 30

T2 15 17.4 34 15.2 40 19.0 89
T3 60 69.8 153 68.6 143 67.8 356

T4 8 9.3 22 9.9 15 7.1 45

N stage 0.726
N1 48 55.8 117 52.5 107 50.7 272
N2 38 44.2 106 47.5 104 49.3 248

Hospital 0.021
SCH 44 51.2 143 64.1 144 68.2 331

SQH 42 48.8 80 35.9 67 31.8 189

Surgery option 0.208
Right 49 57.0 123 55.2 101 47.9 273

Left 37 43.0 100 44.8 110 52.1 247

CRT sequence 0.142
Sequential 48 55.8 127 57.0 101 47.9 282

Concurrent 38 44.2 96 43.0 110 52.1 238

No. of chemotherapy cycles 0.368

2 13 15.1 49 22.0 40 19.0 102

3 29 33.7 76 34.1 63 29.9 168
4 39 45.3 78 35.0 83 39.3 200

5–6 5 5.8 20 9.0 25 11.8 50

Abbreviations: SQH, Qilu Hospital of Shandong University; SCH, Shandong Cancer Hospital.
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Discussion
This study implies that starting aCRT between 29 and 56 
days (5–8 weeks) is associated with significantly improved 
OS, which will not cause more serious complications. 
Furthermore, 5-year survival rate reached 44.2 months 
with such time interval.

To our knowledge, the current study is the first large- 
scale one to report the association between interval to 
adjuvant treatment and outcomes in stage III or node 
positive TESCC after R0 surgery. Our data demonstrated 
that too short or long a time interval between surgery and 
adjuvant therapy presented a worse prognosis. The differ-
ence was that S-Int produced a bad effect earlier as shown 
in Figure 3A. Survival is similar to the normal distribution 
with intervals and M-Int with intervals between 29 and 57 
days showed the best outcome. By subgroup analysis, we 
observed that S-Int appeared to be worse than L-Int in pN1 
group and the result was reversed in pN2 group. In terms 
of toxicity, S-Int presented worse toxicity than the other 2 
groups, which may influence the survival finally. Except 
time interval, our multivariate analysis model displayed 
some variables such as pT, pN and surgical option were 
independent prognosis factors, which was broadly consis-
tent with previous research.

The most common types of transthoracic methods are 
the Ivor Lewis, McKeown, and Sweet surgery and each 
method includes a thoracotomy.29 The transthoracic 
approach is a more complete oncologic operation, which 
provides direct visualization and greater exposure to 
achieve wider margins around the tumor and more exten-
sive nodal dissection.30 Of course, direct visualization and 
greater exposure are also the key to correct pathological 
assessment. Our study revealed that TRC made significant 
benefits in survival than TLC, which was due to more 
thorough lymph node dissection in our view, confirming 
the conclusion of relevant literature.29

On account of poor prognosis by surgery alone, multi-
modal treatment including RT, chemotherapy and surgery 
is more required in TESCC. Although nCRT followed by 
esophagectomy has increasingly emerged as the standard 
of care for locally advanced ESCC,5–9 adjuvant therapy 

occupies an irreplaceable position, especially in China. To 
some degree, the combinations of treatment means are 
based more on the doctor’s preferences than on strong 
evidence. Patient selection also plays a key role. CRT 
prior to surgery is more common in the United States, 
with perioperative chemotherapy preferred in Europe. In 
China, patients often given priority for surgery and the 
complementary treatment are influenced by many factors.

Additional adjuvant therapy after radical esophagect-
omy has long been controversial with no large-sampled 
prospective study reported.10–18 Hence, adjuvant therapy 
is not recommended in the NCCN clinical practice guide-
lines in patients with R0 surgery.19 However, these afore-
mentioned studies supporting no adjuvant therapy had 
their limitations: 1) compare surgery alone to addition 
of postoperative RT or chemotherapy, without further 
comparison between aCRT and surgery alone; 2) small- 
sampled, using old radiation techniques and chemother-
apy regimens; and 3) confounding factors such as patho-
logical type and R1-2 surgery. A lot of literature20–28 is 
available in favor of postoperative aCRT when there are 
high-risk factors such as surgical cut state, lymph node 
stage, primary tumor stage, low differentiation. In 
a prospective randomized study, Cao et al.27 evaluated 
patients with locally advanced esophageal cancer, 74 of 
whom received postoperative RT (dose, 50 Gy) plus 
chemotherapy (2 cycles) and 77 received surgery alone. 
They found that patients in the CRT group had 
a significantly longer median survival time (53.5 vs 37 
months, P<0.05) and significantly lower rates of local 
recurrence and distant metastasis (P<0.05). Moreover, 
the complication rates of the 2 groups showed no sig-
nificant difference.27 The largest study to date carried out 
by Wong et al.28 detected that OS improved under the 
use of postoperative aCRT (either sequentially or conco-
mitantly) after esophagectomy for patients with positive 
margins or node-positive disease.

Based on these studies, postoperative adjuvant therapy 
may be mandatory following esophagectomy for those 
receiving surgery without neoadjuvant therapy, who are 
confirmed to have some risk factors. However, the optimal 
time from surgery to the adjuvant therapy is unknown so 
far. A number of studies31–35 reported the association 
between time intervals from the end of nCRT to surgery 
with survival and rates of pathologic complete response in 
patients with esophageal cancer, published evidence on 
which varied greatly. There are also some reports36–40 

focusing on the time intervals from surgical procedure to 

Table 2 The Numbers of Patients in Each Stage

Stage T1 T2 T3 T4a Total

N1 24 34 169 45 272
N2 6 55 187 0 248

Total 30 89 356 45 520
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Figure 3 (A) Kaplan–Meier Curve grouping by interval. The median OS (mOS) of the 3 groups above were 23.6 (95% CI 10.5–36.7), 44.2 (95% CI 34.7–53.7) and 32.0 (95% 
CI 27.5–36.5) months, respectively (M-Int vs S-Int group P=0.020; M-Int vs L-Int P=0.002; S-Int vs L-Int P=0.787). (B) Kaplan–Meier Curve grouping by pN stage. pN2 vs pN1 
5-year OS rate, 48.6% vs 23.4%, P<0.001 (HR=1.896, 95% CI 1.544–2.330). (C) Kaplan–Meier Curve grouping by pT stage. 5-year OS rates of pT1, pT2, pT3 and pT4a group 
were 90.0%, 53.3%, 26.3% and 49.5% respectively (P<0.001). No significant difference between pT4a and pT2, P=0.939.
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aCRT in some other solid tumors. Eulenburgy et al.37 

investigated the prognostic effect of the time to che-
motherapy after surgery in patients with advanced ovarian 
cancer stratified by residual disease, and provided evi-
dence that survival may slightly improve with early initia-
tion of chemotherapy in patients who undergo complete 
cytoreduction in advanced ovarian cancer. Gao et al38 

investigated how timing of adjuvant chemotherapy 
affected survival in stage III colon cancer and demon-
strated that OS was significantly reduced with delayed 
adjuvant chemotherapy after 8 weeks but patients might 
still benefit from adjuvant chemotherapy even with a delay 
of approximately 5 months.

In contrast, there were hardly any reports on the time 
after surgery in patients with esophageal cancer. Yang 
et al.25 reported that radiotherapy of pT3N0M0 EC was 
initiated 4 to 10 weeks after surgery in their research. 
A study39 analyzed variables in localized gastric and gas-
troesophageal junction cancer and concluded that only 
a handful of patients received adjuvant within 56 days of 
surgery and delay in adjuvant therapy will not lead to 
inferior survival. The majority of these studies modeled 
dichotomous variable for interval due to small sample size 
or some limited knowledge. They tend to determine a cut- 
off point artificially and the results varied widely. Tiny 
differences in intervals could be compared and potential 

Figure 4 (A) Kaplan–Meier Curve grouping by interval in pN1 patients. (B) Kaplan–Meier Curve grouping by interval in pN2 patients.
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delay-related factors could also be adjusted with further 
grouping. Indeed, more precise results were reported in 
several such studies.35,36 In our view, postoperative RT can 

reduce the recurrence risk in regions that are difficult to 
clear completely by surgery alone and chemotherapy can 
reduce recurrence rates of subclinical lesions outside the 

Table 3 Univariate and Multivariate Cox Analysis of Covariables

Univariable and Multivariable Analysis of Covariables Associated with OS

Postoperative Interval Univariable Analysis Multivariable Analysis

HR 95% CI P HR 95% CI P

Sex

Female vs Male 1.17 0.933–1.468 0.173 1.123 0.891–1.416 0.326

Age

>60 vs ≤60 1.511 1.231–1.854 0.000 1.385 1.120–1.712 0.003

Karnofsky Performance Score 0.000 0.000

≥90 1 1

≥80 0.81 0.542–1.212 0.305 0.708 0.463–1.084 0.113
≥70 1.737 1.106–2.727 0.016 1.430 0.892–2.292 0.137

Tumor location 0.459 0.333
Upper 1 1

Middle 0.902 0.659–1.234 0.518 0.856 0.619–1.184 0.347

Lower 0.82 0.591–1.139 0.236 0.776 0.552–1.091 0.145

Tumor differentiation 0.000 0.000

Well 1 1
Middle 1.305 0.980–1.738 0.069 0.961 0.706–1.307 0.067

Lower 1.976 1.459–2.677 0.000 1.139 0.851–1.525 0.000

T stage 0.000 0.000

T1 1

T2 1.560 0.916–2.656 0.101 1.495 0.872–2.562 1.143
T3 2.658 1.645–4.924 0.000 2.510 1.541–4.088 0.000

T4a 1.536 0.849–2.779 0.156 2.004 1.090–3.684 0.025

N stage

N2 vs N1 1.896 1.544–2.330 0.000 1.817 1.459–2.263 0.000

Hospital

SQH vs SCH 1.098 0.890–1.354 0.383 1.054 0.849–1.309 0.634

Surgery option

Left vs Right 1.603 1.307–1.967 0.000 1.542 1.248–1.906 0.000

CRT sequence

Concurrent vs Sequential 1.223 0.997–1.499 0.053 1.054 0.849–1.309 0.094

No. of chemotherapy cycles 0.054 0.085

2
3 0.924 0.683–1.250 0.609 0.961 0.706–1.307 0.798

4 1.233 0.927–1.641 0.15 1.139 0.851–1.525 0.382

5–6 1.35 0.914–1.996 0.132 1.529 1.020–2.293 0.040

Postoperative interval 0.005 0.005

≥29d and ≤57d 1 1
≤28d 1.445 1.073–1.945 0.015 1.531 1.126–2.081 0.007

≥58d 1.398 1.117–1.749 0.003 1.377 1.092–1.737 0.007

Abbreviations: CI, confidence interval; SQH, Qilu Hospital of Shandong University; SCH, Shandong Cancer Hospital.
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radiation field and incidence of latent distant metastasis.20 

Therefore, patients may benefit from aCRT under the con-
trol of toxic and side effects. Furthermore, animal models 
have shown that removal of the primary tumor can stimu-
late residual tumor growth and earlier initiation of che-
motherapy can offer a significant advantage in preventing 
systemic relapse, as well as in growth suppression of the 
residual tumor.40–42 From this point of view, excessive 
delay of CRT is bound to cause a worse prognosis. Of 
course, adjuvant therapy may also do more harm than 
good on patients who receive too early aCRT to recover 
from surgery. The data available showed that those who 
started earlier treatment had no complications such as 
pneumonia but increased myelosuppression, which did 
not seem to have too many impacts on survival. Besides, 
the number of cycles of chemotherapy did not decrease in 
the group that started earlier. We speculate that late toxic 
reactions may not be accurately evaluated and some long- 

term, not-recorded effects may occur outside the hospitals. 
As for the chemotherapy cycles, there may be some delays 
during therapy but the regimens were achieved as far as 
possible through some supportive means. In our study, 
latency time was divided into 3 groups on the basis of 
a pre-analysis and some previous research to avoid rough 
segmentation. We found a prediction model similar to 
normal distribution which may provide some reference 
for clinical practice and future prospective control trials.

There are several limitations that should be acknowl-
edged. Firstly, we did not collect more detailed informa-
tion to understand the exact reason why adjuvant therapy 
was delayed. Secondly, chemotherapy regimens varied in 
these patients and there existed some delays adjustment in 
the implementation of aCRT after the initiation of it 
according to clinical practice, although patients with 
obviously different treatment were excluded. Moreover, 
we did not take the follow-up treatment after aCRT into 

Table 4 Toxic Reactions by 3 Groups

Toxicity ≤28 Days ≥29 and ≤57 d ≥58 and ≤145 d χ2 P

N=86 (16.5%) N=223 (42.9%) N=211 (40.6%)

Early toxic reactions

Esophagitis grade 1–2 75 (87.2) 168 (75.3) 162 (76.8) 5.332 0.070
Pneumonia grade 1–2 15 (17.4) 42 (18.8) 43 (20.4) 0.379 0.821

Gastrointestinal tract
Grade 1–2 20 (23.3) 45 (20.2) 37 (17.5) 1.347 0.510

Grade 3 7 (8.1) 13 (5.8) 13 (6.2) 0.578 0.749

Late toxic reactions

Pneumonia

Grade 3 5 (5.8) 11 (4.9) 10 (4.7) 0.213 0.899
Grade 4 2 (2.3) 3 (1.4) 4 (1.9) 0.697 0.742*

Myelosuppression
Leukopenia

Grade 1–2 74 (86.0) 178 (79.8) 179 (84.8) 2.647 0.266

Grade 3–4 7 (8.1) 8 (3.6) 9 (4.3) 3.030 0.221

Neutropenia

Grade 1–2 50 (58.1) 111 (49.8) 110 (52.1) 1.740 0.419
Grade 3–4 3 (3.5) 2 (0.9) 1 (0.5) 4.132 0.0120*

Anemia

Grade 1–2 9 (10.5) 12 (5.4) 10 (5.2) 3.808 0.149

Grade 3–4 2 (2.3) 1 (0.4) 0 4.393 0.072*

Thrombopenia

Grade 1–2 20 (23.3) 23 (10.3) 25 (11.8) 9.617 0.008
Grade 3–4 2 (2.4) 3 (1.3) 2 (0.9) 1.178 0.613*

Anastomotic stenosis 3 (3.5) 2 (0.9) 1 (0.5) 4.132 0.120*

Note: * Fisher’s Exact Test.
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account which may affect survival. Finally, a multi- 
centered, prospective, randomized study with unique che-
motherapy regimen and target volume and dose of RT is 
warranted to verify the results given the natural limitations 
of retrospective analysis.

In conclusion, for patients whose pathological TNM 
stage are T1-3N1-2M0 or T4aN1M0 without neoadjuvant 
therapy should receive aCRT between 29 and 56 days (5–8 
weeks) after esophagectomy with proper surgery option 
under normal physical conditions.
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