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Pathological complete response after neoadjuvant treatment 
determines survival in esophageal squamous cell carcinoma 
patients (NEOCRTEC5010)
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Background: Few studies have exclusively investigated the value of pathological complete response (pCR), 
in esophageal squamous cell carcinoma (ESCC) patients, although it is a clinically significant parameter to 
evaluate the impact of neoadjuvant chemoradiotherapy (nCRT) on treatment outcome after surgery. The 
aim of our study was to explore the relationship between pCR after nCRT and survival among patients with 
local ESCC.
Methods: All patients receiving nCRT followed by surgery in NEOCRTEC5010-trial (NCT01216527) 
were included. Non-pCR patients were classified into three subgroups: ypTanyN0M0, ypT0NanyM0 
and ypTanyNanyM0. The Kaplan-Meier method with log-rank test was employed to evaluate disease-
free survival (DFS) and overall survival (OS). Multivariate regression analysis was performed using a Cox 
proportional hazards model to identify clinicopathological parameters associated with pCR. 
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Introduction

Esophageal cancer (EC) is a common type of malignant 
carcinoma with poor prognosis. Esophageal squamous 
cell carcinoma (ESCC) and esophageal adenocarcinoma 
(EADC) are two common histological subtypes of EC (1). 
Neoadjuvant chemoradiotherapy (nCRT) to improve the 
survival outcome of esophageal cancer treatment has been a 
standard method for locally advanced esophageal cancer in 
many regions (2,3). Survival benefit from nCRT has been 
reported in some meta-analyses (2,4,5), and randomized 
controlled trials (RCT) comparing nCRT plus surgery 
versus surgery alone have also produced consistent results 
in modern studies (6,7).

The criticism against the trials that failed to demonstrate 
the superiority of the addition of nCRT mainly includes 
the heterogeneity of the patient populations and the non-
stratification of survival by the pathological complete 
response (pCR) to nCRT. pCR is a clinically significant 
parameter in evaluating the impact of nCRT on treatment 
outcome after surgery. This parameter can assist in assessing 
tumor sensitivity to nCRT, predicting survival outcome 
and patterns of disease recurrence, and further optimizing 
treatment decisions (8). Among patients with EC, the 
patients achieving pCR had prolonged survival, whereas 
non-responders to nCRT had an even poorer prognosis 
than those receiving surgery alone (9,10). However, there 
are very few studies that exclusively investigate ESCC and 

evidence for the value of pCR in this subtype of EC is 
therefore scarce.

The NEOCRTEC5010 trial was a well-designed, large-
scale RCT, that compared nCRT plus surgery versus surgery 
alone among 451 locally advanced EC patients. In contrast 
with previous RCTs in which EADC was predominant, the 
enrolled patients in the NEOCRTEC5010 trial were all 
ESCC patients (7). The results of the NEOCRTEC5010 
trial indicated the superiority of multimodality therapy with 
respect to survival.

To better evaluate and understand the impact of nCRT 
on treatment outcome after surgery, specifically among 
the ESCC patient population, we analyzed the association 
between pCR after nCRT and overall survival (OS) and the 
disease-free survival (DFS) of the patients receiving nCRT 
plus surgery in the NEOCRTEC5010 trial. 

We present the following article in accordance with the 
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/atm-21-3331).

Methods

Patients

The patient population of the present study consisted of all 
the patients who had received nCRT followed by surgery in 
the NEOCRTEC5010 trial (June 2007 to December 2014) 
(Figure 1).

Results: Among the 185 patients included, 80 (43.2%) achieved pCR after nCRT. The mean survival time 
of the pCR group was significantly longer than that of the non-pCR group (92.6 vs. 69.2 months; HR, 2.70; 
95% CI: 1.48–4.92; P=0.001). The 5-year OS and DFS of the pCR group were 79.3% and 77% respectively, 
compared to 54.8% and 51.2%, respectively, in the non-pCR group. The results showed that the OS and 
DFS of the ypTanyN0M0 group were better than those of the ypT0NanyM0 group and the ypTanyNanyM0 
group. We also found that the number of dissected lymph nodes and pCR were independent risk factors for 
DFS and OS rates.
Conclusions: pCR after nCRT is an important prognostic indicator of OS and DFS in patients with 
ESCC. In addition, lymph-node status could represent an important parameter in the prognostic evaluation 
of esophageal cancer patients.
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All patients met the following criteria: histologically 
diagnosed with potentially resectable thoracic ESCC 
with clinical stage IIB or III (T1-4N1M0/T4N0M0) 
before treatment; aged between 18 and 70 years; normal 
hematologic, renal and hepatic function; and a Karnofsky 
performance score ≥90. Patients were excluded if they 
had a history of other malignancies; or were not suitable 
for surgery or reconstruction with a stomach conduit. 
A preoperative positive lymph node was defined as a 
diameter ≥1 cm, which was measured by outcomes of 
computed tomography (CT), endoscopic ultrasound 
(EUS) or positron emission tomography (PET)-CT. This 
study was approved by the ethics committee of Taizhou 
Hospital of Zhejiang Province Affiliated to Wenzhou 
Medical University and the ethics committee of Sun Yat-
sen University Cancer Center (No. YP2007031). All 
procedures performed in this study involving human 
participants were in accordance with the Declaration of 
Helsinki (as revised in 2013). Individual consent for this 
retrospective analysis was waived.

Pretreatment workup and staging

Pretreatment staging included plain and contrast-
enhanced CT of  the neck,  thorax  and abdomen, 
esophagogastroduodenoscopy with EUS, and cervical 

ultrasonography. All patients had undergone these tests. 
Tumor infiltration into the trachea or bronchial tree was 
excluded by bronchoscopy. PET and radionuclide bone 
imaging were optional. 

Preoperative chemotherapy

The chemotherapy regimen consisted of 25 mg/m2 
vinorelbine via intravenous (IV) bolus on days 1 and 8 and 
75 mg/m2 cisplatin IV within 3 hours on day 1 or 25 mg/m2,  
cisplatin IV within 2 hours on days 1 to 4 administered 
every 3 weeks for two cycles.  When the absolute 
neutrophil count >1.5×109/L and the platelet count was 
≥75×109/L, a full dose of chemotherapy was administered. 
Otherwise, chemotherapy was delayed for up to 2 weeks 
until the counts recovered. When hematologic toxicity 
persisted for 2 weeks or longer, chemotherapy was 
discontinued.

Preoperative radiotherapy

A total dose of 40.0 Gy was administered in 20 fractions of 
2.0 Gy, with 5 fractions per week, starting on the first day 
of the first cycle of chemotherapy. All patients were treated 
with external beam radiation, using the three-dimensional 
conformal radiation technique. The gross tumor volume 

Figure 1 Schematic diagram of study design. CRT, chemoradiotherapy; ypTanyN0M0, lymph node complete response; pCR, pathological 
complete response; ypT0NanyM0, primary tumor complete response; S, surgery.

224 patients enrolled CRT plus S group

185 received surgery
1 underwent exploratory operation due 

to tumor invasion of thoracic aorta

182 underwent R0 resection
2 underwent R1 resection

Non-pCR
(n=102)

ypTanyN0M0
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was defined by the primary tumor and any enlarged 
regional lymph nodes. The clinical target volume provided 
a proximal and distal margin of 3 cm and a radial margin of 
0.5 to 1.0 cm around the gross tumor volume. The planning 
target volume provided an 8-mm margin of the clinical 
target volume.

Surgery

Surgery was performed 4 to 6 weeks after chemoradiotherapy. 
S u r g e r y  c o n s i s t e d  o f  M c K e o w n  o r  I v o r  L e w i s 
esophagectomy, including two-field lymphadenectomy 
with total mediastinal lymph node dissection. Dissection 
of the left and right recurrent laryngeal nerve nodes was 
considered mandatory. 

Pathological analysis and definition

Pathological examination reports contained the tumor 
type and extension, proximal and distal resection margins, 
tumor regression grade (Mandard score) and lymph nodes 
in the NEOCRTEC5010 trial. According to the results of 
pathological examination, these patients were characterized 
into two groups:

(I)	 pCR was defined as no evidence of residual tumor 
cells in the primary site and resected lymph nodes 
of the operative specimens;

(II)	 Non-pCR was defined as pCR not being achieved. 
The non-pCR patients could be further classified 
into three subgroups:
(i)	 ypTanyN0M0 referred to the category of non-

pCR in which no residual tumor existed in the 
resected lymph nodes;

(ii)	 ypT0NanyM0 referred to the category of 
non-pCR in which no residual tumor existed 
in the primary site;

(iii)	 ypTanyNanyM0 was defined as the remainder 
of the non-pCRs other than ypTanyN0M0 
and ypT0NanyM0.

Outcomes and follow-up

Overall survival was calculated as the time from the date of 
group assignment to the date of death or the last follow-
up. DFS was calculated as the time from the date of 
R0 resection to the date of disease recurrence or death. 
Posttreatment follow-up was performed in the study centers 

once every 3 months within the first year and thereafter 
every 6 months until death or the end of the study.

Statistical analysis

All patients who had received both nCRT and surgery 
were included in the evaluation of OS and pathological 
response. Only the patients who achieved R0 resection were 
included in the evaluation of DFS. Continuous variables 
were presented as the mean ± SD. Frequency counts and 
proportions were adopted to describe the category variables. 
Continuous variables were compared using the t test or 
the nonparametric Mann-Whitney U test as indicated. 
Chi-square tests or Fisher’s exact tests were used to make 
comparisons between groups. The optimal cutoff values 
for lymph nodes examined were determined using a time-
dependent receiver operating curve (ROC) analysis with 
Cutoff Finder (http://molpath.charite.de/cutoff/). The 
lymph-node-examined cutoff point of 19 was used to stratify 
the patients.

For survival analyses, the Kaplan-Meier method with 
log-rank test was used to analyze the correlation between 
pathological response and OS (and DFS). We used the 
Cox proportional hazards model to calculate HRs and 
95% CIs. Statistical analyses were performed using SPSS 
20.0. Figures were formulated by R software with the 
survminer package. P<0.05 was considered to be statistically 
significant.

Results

Clinical characteristics

A total of 185 patients who received nCRT followed by 
surgery in the NEOCRTEC5010 trial were included in the 
present study. A schematic diagram of patient inclusion and 
exclusion in the present study is shown in Figure 1. Clinical 
characteristics comparing patients with pCR to non-pCR 
are presented in Table 1. No baseline factors were associated 
with pCR. Pathological responses were assessed in all 
patients. Of the 185 patients, 80 patients achieved pCR 
(43.2%), and 182 patients achieved R0 resection. Among 
the 105 non-pCR patients (56.8%), 30 patients achieved 
ypTanyN0M0, 30 patients achieved ypT0NanyM0, and  
42 patients were categorized as ypTanyNanyM0. None 
of the clinicopathological parameters analyzed was 
significantly associated with pCR.
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The OS and DFS of the patients in the pCR group and the 
non-pCR group

The median follow-up time was 43.6 months (IQR, 26.4–
61.1 months) in the entire cohort. The mean OS time for 
the entire cohort was 79.8 months (95% CI: 72.7–87.0). 
In the Kaplan-Meier analysis, the mean OS time of the 
patients with pCR was 92.6 months (95% CI: 84.3–100.8), 
which was significantly improved compared with the 
69.2-month mean (95% CI: 59.7–78.8) in the patients with 

non-pCR. Multivariate Cox proportional hazards regression 
analysis indicated that pCR predicted for death (HR, 2.70; 
95% CI: 1.48–4.92; P=0.001; Figure 2A). The OS rate was 
95% in patients achieving pCR at 1 year, 86.2% at 3 years, 
and 79.3% at 5 years. Among the 182 patients who achieved 
R0 resection, the mean DFS was 70.5 months (95% CI: 
63.1–77.7). The mean DFS time of the pCR group was  
85 months (95% CI: 74.9–95.2), which was significantly 
longer than the 59.4-month mean (95% CI: 49.8–69.0) 

Table 1 Clinical characteristics of study population and factors associated with pathological complete response

Characteristic Group pCR (n=80) Group Non-pCR (n=105)a P value

Age, years 55.43±7.51 55.47±6.55 0.968

BMI, kg/m2 21.91±3.0 22.50±3.09 0.193

Gender 0.433

Male 66 (82.5) 91 (86.7)

Female 14 (17.5) 14 (13.3)

KPS 1.000

90 80 (100.0) 105 (100.0)

100 0 (0.0) 0 (0.0)

Tumor location 0.491

Proximal third 11 (13.8) 9 (8.6)

Middle third 55 (68.7) 74 (70.5)

Distal third 14 (17.5) 22 (20.9)

Clinical T stage 0.942

T1–T2 13 (16.2) 19 (18.1)

T3 47 (58.8) 61 (58.1)

T4 20 (25.0) 25 (23.8)

Clinical N stage 0.488

N0 8 (10.0) 14 (13.3)

N1 72 (90.0) 91 (86.7)

Clinical stage 0.742

IIB 13 (16.2) 19 (18.1)

III 67 (83.8) 86 (81.9)

CRT cycle 0.056

1 cycle 5 (6.3) 16 (15.2)

2 cycles 75 (93.7) 89 (84.8)
a, group non-pCR included 30 patients achieved ypTanyN0M0, 30 patients achieved ypT0NanyM0, and 42 patients categorized as 
ypTanyNanyM0. BMI, body mass index; CRT, chemoradiotherapy; KPS, Karnofsky Performance Score; pCR, pathological complete 
response.
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found in the non-pCR group. In the multivariable Cox 
regression models, pCR was an independent risk factor for 
DFS (HR, 2.75; 95% CI: 1.59–4.78; P<0.001; Figure 2B). 
The 5-year DFS rate in the pCR group was 77%.

The OS and DFS in the non-pCR patients

Among the non-pCR patients, the patients achieving 
ypTanyN0M0 had a mean OS time of 90.3 months (95% 
CI: 77.3–103.4), in comparison with 56.7 months (95% 
CI: 43.4–70.1) in the patients achieving ypT0NanyM0 and 
57.3 months (95% CI: 42.7–71.9) in the patients achieving 

ypTanyNanyM0 (P=0.001; Figure 3A). Furthermore, the 
mean OS time of the ypTanyN0M0 group was significantly 
greater than that of the ypT0NanyM0 group (P=0.036), 
whereas no significant difference was noted between the 
ypT0NanyM0 and ypTanyNanyM0 groups (P=0.330). 
The OS rate in the ypTanyN0M0 group was 100% at  
1 year, 93.5% at 3 years, and 76.6% at 5 years. DFS was 
also compared among the 3 non-pCR groups. The mean 
DFS time was 83 months (95% CI: 69.2–96.9) in the 
ypTanyN0M0 group, 38.2 months (95% CI: 28.7–47.7) in 
the ypT0NanyM0 group, and 46.3 (95% CI: 30.9–61.8) 
in the ypTanyNanyM0 group (P<0.001; Figure 3B). 

Figure 2 OS (A) and DFS (B) in the patients achieving pCR and non-pCR. OS, overall survival; DFS, disease-free survival; pCR, 
pathological complete response.

Non-pCR vs. pCR (HR, 95% CI), 2.70 (1.48−4.92), P=0.001

Non-pCR vs. pCR (HR, 95% CI), 2.75 (1.59−4.78), P<0.001
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Figure 3 OS (A) and DFS (B) in the non-pCR patients achieving ypTanyN0M0, ypT0NanyM0 and ypTanyNanyM0. ypTanyN0M0, lymph 
node pathological complete response; ypT0NanyM0, primary tumor pathological complete response; OS, overall survival; DFS, disease-free 
survival; pCR, pathological complete response.

Furthermore, there are no significant differences of OS 
(P=0.93; Figure 4A) and DFS (P=0.91; Figure 4B) rates 
between the ypTanyN0M0 and pCR patients.

Factors associated with OS and DFS

The univariate analysis indicated that both pCR and 19 or 
more lymph nodes examined were prognostic indicators for 
OS (P=0.001 and P=0.003) and DFS (P<0.001 and P=0.008). 
After adjusting for significant variables in the multivariate 
analysis, pathological response, and the number of nodes 

examined were independent predictors of both OS and DFS 
(both P<0.05). The other clinicopathological parameters 
analyzed did not significantly affect OS or DFS (Tables 2,3).

Discussion

The current study indicated that the number of dissected 
lymph nodes and pCR were independent predictive factors 
of survival for ESCC patients who underwent nCRT plus 
surgery. Furthermore, lymph node status was significantly 
associated with outcomes of OS and DFS. This is a second 
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Figure 4 OS (A) and DFS (B) in the patients achieving pCR and ypTanyN0M0. OS, overall survival; DFS, disease-free survival; 
ypTanyN0M0, lymph node pathological complete response; pCR, pathological complete response.

finding from a well-designed and large-scale RCT named 
NEOCRTEC5010 trial, which compared nCRT plus 
surgery versus surgery alone among 451 locally advanced 
EC patients.

The current findings showed that 80 patients (43.2%) 
achieved pCR among the included 185 ESCC patients. Some 

studies have analyzed the pCR rate among the included 
ESCC patients. In a retrospective Chinese study among 
392 ESCC patients, a pCR rate of 25.8% was achieved after 
surgery (11). In the European CROSS trial, the pCR rate in 
37 ESCC patients with a WHO performance score of 2 or 
greater reached 49% (6). A pCR rate of 41.2% was achieved 
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Table 2 Univariate and multivariable analysis for overall survival in relation to clinicopathological parameters 

Variables

All patients (n=185)

Univariate analysis Multivariate analysis

HR,95%CI P value HR,95%CI P value

Age 0.587 0.419

≤60 1.00 1.00

>60 1.18 (0.65–2.12) 1.31 (0.68–2.51)

Gender 0.102 0.098

Male 1.00 1.00

Female 0.47 (0.19–1.16) 0.46 (0.18–1.16)

Tumor location 0.976 0.561

Proximal third 1.00 1.00

Middle third 0.93 (0.42–2.09) 0.75 (0.32–1.73)

Distal third 0.90 (0.35–2.29) 0.58 (0.21–1.59)

Clinical T stage 0.938 0.342

T1–T2 1.00 1.00

T3 1.10 (0.53–2.29) 0.87 (0.41–1.86)

T4 1.17 (0.50–2.70) 1.57 (0.60–4.12)

Clinical N stage 0.444 0.066

N0 1.00 1.00

N1 1.43 (0.57–3.59) 2.86 (0.93–8.77)

Pathological complete response 0.001 0.001

Non-pCR 1.00 1.00

pCR 0.37 (0.20–0.67) 0.36 (0.19–0.66)

Incision 0.134 0.664

Right thoracoabdominal incision 1.00 1.00

Three-incision thoracotomy 0.59 (0.30–1.18) 0.72 (0.17–3.10)

Nodes examined 0.003 0.001

≤19 1.00 1.00

>19 0.44 (0.26–0.76) 0.40 (0.23–0.70)

CRT cycle 0.262 0.768

1 cycle 1.00 1.00

2 cycles 0.65 (0.31–1.38) 0.87 (0.36–2.14)

BMI, body mass index; CI, confidence interval; CRT, chemoradiotherapy; HR, hazard ratio; pCR, pathological complete response. 

among a total of 34 ESCC patients in the North American 
study (8). The pCR rate of our study was comparable to 
that in these two aforementioned studies, and considerably 

increased compared with that found in the retrospective 
study with a relatively large number of ESCC patients. 

In our study, the pCR group obtained a significantly 
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Table 3 Univariate and multivariate analysis for disease-free survival in relation to clinicopathological parameters

Variables

All patients (n=182)a

Univariate analysis Multivariate analysis

HR, 95% CI P value HR, 95% CI P value

Age 0.977 0.966

≤60 1.00 1.00

>60 1.01 (0.57–1.77) 1.01 (0.55–1.88)

Gender (female vs. male) 0.071 0.078

Male 1.00 1.00

Female 0.46 (0.20–1.07) 0.47 (0.20–1.09)

Tumor location 0.860 0.561

Proximal third 1.00 1.00

Middle third 0.82 (0.40–1.69) 0.72 (0.34–1.52)

Distal third 0.82 (0.35–1.91) 0.25 (0.22–1.52)

Clinical T stage 0.787 0.275

T1–T2 1.00 1.00

T3 1.06 (0.53–2.13) 0.88 (0.43–1.80)

T4 1.26 (0.58–2.73) 1.58 (0.65–3.82)

Clinical N stage 0.685 0.081

N0 1.00 1.00

N1 1.18 (0.54–2.58) 2.39 (0.90–6.33)

Pathological complete response <0.001 <0.001

Non-pCR 1.00 1.00

pCR 0.36 (0.21–0.63) 0.36 (0.20–0.62)

Incision 0.724 0.403

Right thoracoabdominal incision 1.00 1.00

Three-incision thoracotomy 0.78 (0.19–3.18) 0.54 (0.13–2.29)

Nodes examined (>19 vs. ≤19) 0.008 0.003

≤19 1.00 1.00

>19 0.52 (0.32–0.84) 0.45 (0.27–0.76)

CRT cycle 0.252 0.398

1 cycle 1.00 1.00

2 cycles 0.66 (0.33–1.34) 0.71 (0.33–1.56)
a, three patients who did not achieve R0 resection were not included in the analysis. BMI, body mass index; CI, confidence interval; CRT, 
chemoradiotherapy; HR, hazard ratio; pCR, pathological complete response. 

longer OS of 92.6 months and a higher 5-year OS rate of 
79.3%, which were significantly better than those of the 
non-pCR group. The 5-year OS rate in the pCR group was 

better than the result reported previously, in which the 5-year 
OS rate ranged mainly between 47% and 55% (6,7,9,10). 
The difference might be due to the higher OS and 5-year 
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OS rate obtained in the NEOCRTEC5010 trial, which had 
been attributed to the implementation of a total mediastinal 
lymph node dissection, especially a recurrent laryngeal nerve 
node dissection, and the extensive clinical experience of 
the EC treatment in East Asian centers, as described in the 
article reporting the results of the NEOCRTEC5010 trial 
(7). This notion was also confirmed in the study by Visser 
et al. that recruited 2,698 patients who underwent nCRT 
followed by esophagectomy between 2005 and 2014 from the 
Netherlands Cancer Registry (12). The study indicated that a 
high lymph node yield was associated with improved overall 
survival. A possible explanation for the extension of overall 
survival could be the removal of micrometastases (13,14). 

The number of dissected lymph nodes was another 
independent risk factor for OS and DFS in our study. 
Several studies have shown that the number of lymph 
nodes removed was an independent predictor of survival 
for patients with esophageal cancer who underwent 
esophagectomy (15,16). To maximize survival, Groth et al.  
suggested that esophageal cancer patients should have 
at least 30 lymph nodes examined pathologically (17). In 
our study, patients received nCRT plus esophagectomy, 
and we suggest that at least 19 lymph nodes should be 
examined pathologically. However, a retrospective study 
of 358 resected esophageal cancer patients after nCRT 
demonstrated that the number of lymph nodes harvested 
during esophagectomy did not impact survival (18). The 
chemotherapy regimens included cisplatin and bolus 
5-fluorouracil (5-FU), cisplatin and protracted infusion 
5-FU, carboplatin and paclitaxel, and oxaliplatin and 
protracted infusion 5-FU. The median radiation dose was 
50.4 (range, 45–59.4) Gy with an unknown radiotherapy 
cycle. With such differences from our study, future research 
will be needed to investigate the relationship between the 
number of lymph nodes removed and survival outcome in 
ESCC or EADC patients who underwent esophagectomy 
after different chemoradiotherapy regimens.

Some previous studies have demonstrated that apart 
from pCR patients, those achieving partial pathological 
response might also achieve superior survival (8,19). Thus, 
it is necessary to stratify non-pCR patients to further 
identify the patients who have a possibility of survival 
improvement, instead of relying on pCR alone. In the 
present study, the OS and DFS of the non-pCR patients 
achieving ypTanyN0M0 were in the same range as the 
pCR patients, and were significantly increased compared 
with those in the non-pCR group with ypT0NanyM0 
and the ypTanyNanyM0 group. This finding is consistent 

with the results of previous studies, in which pathological 
lymph-node-negative patients showed prolonged survival 
compared with lymph-node-positive patients (20). These 
results indicate that among the non-pCR patients, a portion 
of patients, namely those who achieve ypTanyN0M0, can 
still obtain a favorable survival outcome. 

Some limitations in the present study should be 
noted. First, this is a retrospective study, although the 
data analyzed were collected prospectively. Second, the 
data were obtained from several centers, and no central 
histopathological assessment was performed, which 
potentially resulted in bias arising from the difference in 
reporting and assessment. 

Conclusions

Our study provides evidence that pCR after nCRT is an 
important prognostic indicator of OS and DFS in patients 
with locally advanced esophageal squamous cell cancer. 
In addition, lymph-node status rather the primary tumor 
response could exhibit great importance in the prognostic 
evaluation of EC patients.
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