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Abstract: Background: Prognosis of locally advanced esophageal squamous cell carcinoma (ESCC) remains dismal 
even after curative resection and adjuvant radiotherapy. New biomarkers for predicting prognosis and treatment 
outcomes are needed for improved treatment stratification of patients with locally advanced ESCC. The prognostic 
and treatment predictive significance of perineural invasion (PNI) in the locally advanced ESCC remains unclear. 
This study aimed to examine the effect of PNI on the outcomes of locally advanced ESCC patients after curative re-
section with or without postoperative radiotherapy (PORT). Patients and methods: We retrospectively reviewed 262 
consecutive locally advanced ESCC patients who underwent curative resection. Tumors sections were re-evaluated 
for PNI by an independent pathologist blinded to the patients’ outcomes. Overall survival (OS) and disease-free sur-
vival (DFS) were determined using the Kaplan-Meier method; univariate log-rank test and multivariate Cox propor-
tional hazard model were used to evaluate the prognostic value of PNI. Results: Finally, 243 patients were analyzed 
and enrolled into this study, of which 132 received PORT. PNI was identified in 22.2% (54/243) of the pathologic 
sections. The 5-year DFS was favorable for PNI-negative patients versus PNI-positive patients (21.3% vs. 36.7%, 
respectively; P = 0.005). The 5-year OS was 40.3% for PNI-negative patients versus 21.7% for PNI-positive patients 
(P < 0.001). On multivariate analysis, PNI was an independent prognostic factor. In a subset analysis for patients 
received PORT, PNI was evaluated as a prognostic predictor as well (P < 0.05). In contrast to patients without PORT, 
PORT couldn’t improve the disease recurrence and survival in locally advanced ESCC patients with PNI-positive (P 
> 0.05). Conclusions: PNI could serve as an independent prognostic factor and prognosticate treatment outcomes 
in locally advanced ESCC patients. The PNI status should be considered when stratifying high-risk locally advanced 
ESCC patients for adjuvant radiotherapy. Future prospective study is warranted to confirm our results.
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Introduction

Great progress has been made for the treat-
ment of esophageal cancer, whereas clinical 
outcome of locally advanced esophageal squa-
mous cell carcinoma (ESCC) remains disap-
pointed with a 5-year survival rate not exceed-
ing 30% in China [1]. Surgery is the treatment of 
choice for resectable ESCC. However the out-
come of surgery alone for tumors invading 
beyond the muscularis propria or involving 
locoregional lymph nodes is poor. As of now, 
the benefit of adjuvant radiotherapy remains 
controversial for ESCC patients after curative 

resection. Presently no definite conclusions can 
be drawn on the basis of the available evidence 
[2]. Therefore, it remains difficult to determine 
the populations who would benefit from adju-
vant radiotherapy in high-risk locally advanced 
ESCC patients. Therefore, it is crucially impor-
tant to identify the high-risk factors closely 
associated with disease recurrence and poor 
prognosis, which can serve as the basis of 
selection of locally advanced ESCC patients for 
adjuvant therapy. 

It is well known that tumor cells interact with 
the non-malignant cells and stromal elements 
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that constitute the tumor microenvironment 
[3]. Peripheral nerves surrounding or within the 
tumor cells, far from being mere bystanders, 
have been recognized as potentially important 
components of the tumor microenvironment 
[4]. However less emphasis has been laid on 
the significance of perineural invasion (PNI)  
in tumor dissemination and metastasis [5]. 
Regarded as a local spread route of tumor, PNI 
has been reported to be significantly associat-
ed with poor prognosis in several cancers [6-8]. 
Previous studies have also evaluated the prog-
nostic significance of PNI in ESCC, and no sig-
nificant prognostic value is found [9-11]. 
However, it has been reported recently that the 
PNI status corresponded to the tumor progres-
sion and may function as an independent prog-
nostic indicator [12]. Therefore, this uncertain-
ty of prognostic significance of PNI in ESCC 
patients is worth further clarification. In this 
large cohort of ESCC patients, we aimed to 
evaluate the prognostic significance of PNI sta-
tus in locally advanced ESCC after curative 
resection, especially in patients received adju-
vant radiotherapy. Moreover, the association of 
PNI with other clinic pathological factors and 
the effect of PNI on treatment failure after 
operative radiotherapy were also assessed.

Patients and methods

Patients

This study was approved by our Institutional 
Review Board, according to the Declaration of 
Helsinki. In this study locally advanced ESCC 
was defined as tumor invading beyond the mus-
cularis propria or involving more than 2 locore-
gional lymph nodes (pT3-4 or N2-3) without dis-
tant metastasis at diagnosis. 262 consecutive 
patients with locally advanced ESCC who 
underwent radical esophagectomy (R0) and 
mediastinal and abdominal lymph node dissec-
tion (conventional 2-field dissection) without 
preoperative radiotherapy and/or chemothera-
py were retrospectively reviewed from January 
2005 to December 2010. 14 patients were 
excluded because of incomplete resection 
and/or perioperative death and/or sections no 
longer available for analysis. And 5 patients 
were lost to follow-up. Finally, 243 patients 
were included into this study, of which 54.3% 
(132/243) of patients received PORT. Data 
about age, demographics, tumor location, stag-
ing, pathology, adjuvant radiotherapy and sur-
vival outcomes were obtained with the approval 

of our Institutional Review Board. The observa-
tion time in this study was the interval from sur-
gical resection date to the last contact (death 
or last follow-up). 

Radiotherapy

Three-dimensional conformal radiotherapy was 
performed with the dose of 50 to 54 Gy in 25 to 
27 fractions for all patients four weeks after 
surgery. Irradiation target volume encom-
passed primary tumor bed, anastomosis and 
mediastinal and/or supraclavicular lymph node 
regions. Regarding the organs at risk, the maxi-
mum doses to the spinal cord was set as 45 Gy. 
In addition, the volume of lung received 20 Gy 
and 30 Gy was set no more than 28% and 20%, 
respectively. The mean dose to lung was set no 
more than 13 Gy. The volume of heart and tho-
racic stomach received 40 Gy was set no more 
than 50%.

Histopathologic evaluation

Hematoxylin-eosin stained sections were re-
evaluated for the PNI status by an experienced 
pathologist who was blinded to any patient 
information, such as tumor stage and clinical 
outcome. At least four representative hematox-
ylin-eosin stained sections of each patient were 
studied in this cohort. PNI was defined as tumor 
cells within any layer of the nerve sheath or 
tumor close to the nerve and involving at least 
33% of the nerve circumference [13]. 

Statistical analysis

All statistical analyses were performed using 
SPSS 13.0 software (SPSS, Inc., Chicago, IL). 
The relationship between PNI and clinicopatho-
logical factors was analyzed by the chi-square 
test. Overall and disease-free survival rates 
were calculated by the Kaplan-Meier method; 
univariate log-rank test and multivariate Cox 
proportional hazard model were used to evalu-
ate the effect of PNI and other clinicopathologi-
cal characteristics on disease-free survival 
(DFS) and overall survival (OS). P-value < 0.05 
from the two-sided test was considered to be 
statistically significant. 

Results

Patients and clinical characteristics

Patient characteristics and pathologic vari-
ables are shown in Table 1. 243 patients were 
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eligible for this study: 194 males and 49 
females with a median age at diagnosis of 60 
years (range: 40-75 years). In accordance with 
the seventh American Joint Committee on 
Cancer (AJCC) Staging System 2010, the distri-
bution of pathological stage was as follows: 
Stage II, 125 (51.4%); Stage III, 118 (48.6%).

PNI status in ESCC patients

The typical status of PNI in ESCC specimens 
are shown in Figure 1. The association between 
PNI status and clinicopathological features in 

At a median follow-up of 2.4 years (range, 0.2 to 
8.4 years), 158 patients (65%) died. At univari-
ate analysis, PNI status, pT, pN, AJCC stage, 
grade, blood vessel invasion and PORT signifi-
cantly influenced both DFS and OS (Table 2). 
Age, gender, and tumor location didn’t signifi-
cantly affect prognostic outcome. Overall, PNI-
positive patients had a significantly increased 
rate of recurrence (5-year DFS rate, 21.3% vs. 
36.7% for PNI-negative patients; P = 0.005; 
Figure 2A) and decreased OS (5-year survival 
rate, 21.7% vs. 40.3% for PNI-negative patients; 
P < 0.001; Figure 2B). The median DFS and OS 

Table 1. Correlation of PNI with clinicopathological fea-
tures in locally advanced ESCC patients

N PNI-positive PNI-negative P
Age 0.280
    < 60 117 22 (18.8%) 95 (81.2%)
    ≥ 60 126 32 (25.4%) 94 (74.6%)
Sex 0.702
    Male 194 42 (21.6%) 152 (78.4%)
    Female 49 12 (24.5%) 37 (75.5%)
Location 0.475
    Proximal esophagus 18 2 (11.1%) 16 (88.9%)
    Mid esophagus 165 39 (23.6%) 126 (76.4%)
    Distal esophagus 60 13 (21.7%) 47 (78.3%)
Differentiation 0.365
    Well 4 0 (0%) 4 (100%)
    Moderately 106 21 (19.8%) 85 (80.2%)
    Poorly 133 33 (24.8%) 100 (74.2%)
Blood vessel invasion 0.758
    Absent 127 27 (21.3%) 100 (78.7%)
    Present 116 27 (23.3%) 89 (76.7%)
T stage 0.043
    pT1-2 51 3 (9.6%) 48 (90.4%)
    pT3-4 192 51 (26.5%) 141 (73.5%)
N stage 0.442
    pN0 106 21 (19.8%) 85 (81.2%)
    pN+ 137 33 (24.1%) 104 (78.4%)
AJCC stage 0.02
    II 125 20 (16%) 105 (84%)
    III 118 34 (28.8%) 84 (71.2%)
First failure location
    Local recurrence 0.021
        Absent 124 20 (16.1%) 104 (83.9%)
        Present 119 34 (28.5%) 85 (71.5%)
    Distant metastasis 0.029
        Absent 170 31 (18.2%) 139 (81.8%)
        Present 73 23 (31.5%) 50 (68.5%)

the locally advanced ESCC patients is 
shown in Table 1. PNI was detected 
positive in 22.2% (54/243) of patients 
in this study, whereas of which only 10 
(18.5%) patients were identified PNI-
positive in the initial report. PNI positiv-
ity is closely correlated with known 
prognostic factors in ESCC. The depth 
of invasion (pT stage) and tumor stage 
were closely associated with the PNI 
positivity. In contrast, the relationship of 
PNI positivity with age, gender, tumor 
location, tumor differentiation, blood 
vessel invasion and pN stage was not 
detected.

The positivity of PNI was evidently 
increased with depth of tumor invasion 
and advanced stage. 9.6% of pT1-2 
were PNI-positive compared with 26.5% 
of pT3-4 (P = 0.043). Stage III patients 
were near two times more likely to have 
PNI-positive tumors than stage II 
patients (odds ratio = 2.1; relative risk = 
1.2; P = 0.02, Table 1). Furthermore, 
the status of PNI is also correlated with 
treatment failure including local recur-
rence and distant metastasis. 63% 
(34/54) of PNI-positive patients devel-
oped local relapse in comparison with 
45% (85/189) of PNI-negative patients 
(odds ratio = 2.0; relative risk = 1.4; P = 
0.021). Similarly 42% (23/54) of PNI-
positive patients had distant metasta-
sis compared to 25% (50/189) of PNI-
negative patients (odds ratio = 2.1; rela-
tive risk = 1.6; P = 0.029). 

PNI status predicts poor clinical out-
comes in locally advanced ESCC pa-
tients
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time of PNI-positive patients were significantly 
worse than those of PNI-negative patients (12 
and 15 months vs. 23 and 34 months, respec-
tively; P < 0.001; Figure 2A, 2B). Multivariate 
analysis using the Cox multiple regression 
model indicated that the status of PNI, PORT 
and AJCC stage were significant and indepen-
dent prognostic factors for DFS and OS (Table 
3). 

Impact of PNI on survival of locally advanced 
ESCC patients received PORT

Among locally advanced ESCC patients 
received PORT, the 5-year DFS rate and the 
median DFS time were 46.3% and 43 months 
for PNI-negative patients compared with 24.8% 
and 17 months for PNI-positive patients (P = 
0.009, Figure 2C). Moreover, PNI-positive local-
ly advanced patients received PORT had an 
approximate DFS rate in contrast to locally 

advanced patients without PORT (24.3% vs. 
23.2%, respectively; P = 0.398; Figure 2C). 
Similar results for OS were observed in locally 
advanced patients, the 5-year OS rate and the 
median OS time were significantly higher in PNI-
negative patients than in PNI-positive patients 
(48% and 50 months vs. 24.8% and 24 months, 
respectively; P = 0.005; Figure 2D). Meanwhile, 
PNI-positive locally advanced patients received 
PORT had an approximate OS rate compared 
with locally advanced patients without PORT 
(24.3% vs. 27.7%, respectively; P = 0.780; 
Figure 2D).

Influence of PORT on survival of locally ad-
vanced ESCC patients with different PNI status 

PORT didn’t significantly improve the survival of 
locally advanced ESCC patients with PNI-
positive. The 5-year DFS rate was 24.3% for 
patients received PORT compared with 18.5% 

Figure 1. The typical status of perineural invasion (PNI) in ESCC specimens. Tumor cells located within perineural 
nerve sheath either (A) in epineurium or (B) in perineurium are evident example of PNI. (C) When tumor cells are 
not located inside of the nerve sheath but are in close proximity to the nerve, and involve at least 33% of the nerve 
circumference to diagnose PNI; (D) Without involvement of nerve means PNI-negative. (Hematoxylin-eosin staining, 
×100).
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for patients without PORT (P = 0.138, Figure 
3A). The 5-year OS rate were 24.8% and 18.5% 
for patients with and without PORT, respective-
ly (P = 0.126, Figure 3B). 

Among PNI-negative locally advanced ESCC 
patients, better outcomes were obtained in the 

positivity rate of PNI increased when the depth 
of invasion and pathological stage of tumor 
increased. In addition, we found no relationship 
of PNI with lymph node metastasis. Similar to 
our findings, previous results showed that PNI 
was closely correlated with the depth of inva-
sion but not with lymph node metastases [9]. 

Table 2. DFS and OS in 243 locally advanced ESCC patients who 
underwent curative resection

Patients %

Disease-free 
Survival Overall Survival

5 year 
(%) P 5 year 

(%) P

Age, years (mean, 60) 0.253 0.132
    < 60 117 48.1 37.2 38.7
    ≥ 60 126 51.9 29.8 33.9
Sex 0.366 0.474
    Male 194 79.8 31 34.5
    Female 49 20.2 42.9 42.9
Location 0.776 0.862
    Proximal esophagus 18 7.4 38.9 38.9
    Mid esophagus 165 67.9 31.3 34.9
    Distal esophagus 60 24.7 37.6 38.8
Tumor stage 0.012 0.005
    pT1 15 6.2 40 40
    pT2 36 14.8 50 49.7
    pT3 177 72.8 31.7 35.6
    pT4 15 6.2 6.7 6.7
Nodal stage < .0001 < .0001
    pN0 106 43.6 44.8 48.6
    PN1 88 36.2 33.2 34
    pN2 35 14.4 12.1 17.9
    pN3 14 5.8 0 0
AJCC stage < .0001 < .0001
    II 125 51.4 47.6 50.8
    III 118 48.6 18.1 20.6
Blood vessel invasion 0.033 0.003
    Absent 127 52.2 39.0 41.2
    Present 116 47.8 27.2 30.7
Differentiation 0.011 0.002
    Well 4 3.4 25 25
    Moderately 106 44.1 42.5 48.2
    Poorly 133 52.5 26.5 27.1
Postoperative RT < .0001 < .0001
    With 132 54.4 42.1 43.4
    Without 111 45.6 23.2 27.7
Perineural invasion 0.005 < .0001
    Negative 189 77.8 36.7 40.3
    Positive 54 22.2 21.7 21.7

patients received PORT. 5- 
year DFS and OS rates were 
significantly higher in patients 
with PORT than without PORT 
(46.3% and 48% vs. 24.8% 
and 30.7%, respectively; P < 
0.001; Figure 3C, 3D). 

Discussion

PNI is a pathologic process 
characterized as tumor invad-
ing nervous structures and 
spreading along nerve shea- 
ths. The pathogenesis of PNI 
involves complicated interac-
tions between tumors, stro-
mal cells and peripheral ner- 
ves. The mechanisms under-
lying the interactions are still 
far from being fully under-
stood [13-15]. The rate of pos-
itivity for PNI is approximately 
20% in colorectal cancer [4], 
but much higher in pancreatic 
cancer (80-100%) [16]. In this 
cohort study, 22.2% (54/243) 
of patients were identified as 
PNI positivity, of which only 
18.5% (10/54) were observed 
at the time of resection. 
Similar reports by Liebig et al. 
[4] and Kurtz et al. [17] dem-
onstrated that PNI was often 
originally underreported. The 
increased incidence observed 
on our re-evaluated resec- 
tion specimen is generally be- 
cause our pathologists did 
not routinely report PNI be- 
fore. 

Moreover, we showed that PNI 
status in ESCC was closely 
associated with other tumor 
clinic pathological characters, 
such as stage, infiltration de- 
pth and relapse of tumor. The 
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However, another study reported that the posi-
tivity rate of PNI was significantly higher in 
patients with lymph node metastases than in 
patients without lymph node metastases, but 
no significant correlation was observed be- 
tween PNI positivity and the depth of tumor 
invasion [18]. Recently, Tachezy et al. described 
that PNI was significantly correlated with 
advanced pT category and lymph node metas-
tases [11]. Overall, our results further support 
the conclusion that PNI was significantly asso-
ciated with the progression of tumor.

Local recurrence and distant metastasis are 
the main reasons of treatment failure for ESCC 
after esophagectomy. Ochiai et al. [9] showed 
that PNI was closely correlated with local recur-
rence. Local recurrence was observed in 30.0% 
of PNI-positive patients compared with only 
4.5% of PNI-negative cases. Sarbia et al. [10] 
reported that incidence of PNI was significantly 
higher in patients with distant metastases than 
in patients without distant metastases. In the 
present study, we revealed that ESCC patients 

with PNI-positive are more likely to develop 
local recurrence and distant metastasis than 
PNI-negative patients. In addition, we also 
found that there was no relationship of the PNI 
positivity with lymph node metastases and 
blood vessel invasion. Thus, we report here 
that PNI is an independent spread route for the 
invasion and the metastasis of ESCC, and is 
involved not only in tumor progression, but also 
in tumor recurrence.

It has been demonstrated that PNI is an impor-
tant predictor of aggressive tumor phenotype 
and poor clinical outcomes in many cancers 
including pancreatic cancer, head and neck 
cancer, prostate cancer and colorectal cancer 
[4, 19-21]. However, no consensus has been 
reached about the prognostic value of PNI in 
ESCC patients as yet. For instance, it was 
reported by several studies that ESCC patients 
with PNI-positive showed no significant differ-
ences in overall survival compared with PNI-
negative patients [9-11]. Another study indicat-
ed that there was significant survival difference 

Figure 2. Kaplan-Meier curves for (A) disease-free survival (DFS) and (B) overall survival (OS) in locally advanced 
esophageal squamous cell carcinoma (ESCC) patients according to perineural invasion (PNI) status. Kaplan-Meier 
curves for (C) DFS and (D) OS among locally advanced ESCC patients based on postoperative radiotherapy (PORT) 
and PNI status.
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between PNI-positive ESCC patients and PNI-
negative ones by univariate analysis, but the 
independent prognostic significance of PNI was 
not achieved by multivariate analysis [22]. In 
contrast, recent study with large sample size 
showed that PNI was an important prognostic 
factor closely related to local recurrence and 
decreased survival in ESCC patients [18]. 
Moreover, Chen et al. also found PNI was an 
independent prognostic factor for predicting 
recurrence-free and overall survival in both uni-
variate and multivariate analysis [12]. Similar to 
the results above mentioned, we also found 
that PNI, as well as other prognostic factors 
including tumor stage and adjuvant radiothera-
py, was associated with decreased survival on 
multivariate analysis and indicative of an in- 
dependent prognostic predictor in locally 
advanced ESCC patients who underwent cura-
tive resection. It needs to be mentioned that, in 
the previous studies, the definition of PNI don’t 

uncritically for all locally advanced ESCC 
patients, as not all locally advanced ESCC 
patients would benefit from adjuvant radiother-
apy. Here we demonstrated that the status of 
PNI would be helpful to the selection of patients 
for adjuvant radiotherapy. Our results indicated 
that among locally advanced ESCC patients 
received PORT, the prognosis of PNI-negative 
patients was better than that of PNI-positive 
patients, and there was no difference in DFS 
and OS between the PNI-positive locally 
advanced ESCC patients received PORT and 
locally advanced ESCC patients without PORT. 
Moreover, PORT didn’t improve the survival in 
PNI-positive locally advanced ESCC patients. 
Locally advanced ESCC patients with PNI-
negative but not PNI-positive could benefit from 
PORT. Overall, our results suggested that the 
status of PNI was indicative of high-risk ESCC 
phenotype with poor prognosis, and was help-
ful to the selection of therapeutic strategies. 

Table 3. Cox multivariate regression analyses for the influence of 
PNI on overall and disease-free survival in locally advanced ESCC

Variables Hazard 
Ratio P 95% CI

Overall survival
    PNI 1.832 0.001 1.267-2.651
    Age 1.232 0.215 0.866-1.714
    Sex 0.838 0.336 0.585-1.201
    Location (baseline, Proximal esophagus)
        Mid esophagus 0.924 0.808 0.489-1.745
        Distal esophagus 1.028 0.937 0.519-2.037
    Differentiation (baseline, Well)
        Moderately 0.840 0.447 0.193-2.064
        Poorly 0.943 0.922 0.291-3.051
    AJCC stage 1.949 < 0.001 1.365-2.784
    Blood vessel invasion 1.124 0.512 0.793-1.592
    Postoperative radiotherapy 1.743 0.001 1.263-2.404
Disease-free survival
    PNI 1.513 0.026 1.051-2.177
    Age 1.088 0.612 0.785-1.508
    Sex 0.832 0.384 0.794-1.818
    Location (baseline, Proximal esophagus)
        Mid esophagus 0.864 0.652 0.459-1.629
        Distal esophagus 0.914 0.796 0.463-1.805
    Differentiation (baseline, Well)
        Moderately 0.71 0.57 0.218-2.317
        Poorly 0.976 0.967 0.3-3.168
    AJCC stage 1.958 < 0.001 1.376-2.787
    Blood vessel invasion 1.071 0.694 0.761-1.508
    Postoperative radiotherapy 1.588 0.005 1.148-2.197

achieve the consensus, leading 
to different conclusions with 
regard to the prognostic signifi-
cance of PNI in ESCC patients. 

Adjuvant radiotherapy help to 
kill the postoperative residual 
tumor foci and reduce local 
recurrence, but the effect of 
postoperative radiotherapy on 
survival improvement in locally 
advanced ESCC remains unde-
fined [23]. It has been reported 
by Xiao et al. that PORT could 
improve the survival of N+ or 
stage III esophageal cancer 
patients; and the 5-year surviv-
al rate was 35.1% for surgery 
combination with PORT in con-
trast to 13.1% for surgery alone 
[24]. However, in other rando- 
mized trials such beneficial 
effects on local control and OS 
by adjuvant radiotherapy had 
not been observed [25-27]. In 
2004, the meta-analysis show- 
ed that no benefit has been 
achieved to support the use of 
adjuvant radiotherapy for radi-
cally resected esophageal can-
cer patients [28]. Taken togeth-
er, it is not appropriate to rec-
ommend adjuvant radiotherapy 
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PNI is an independent spread route as blood 
and lymph vessel invasion, and PNI-positive 
patients are more likely to develop distant 
metastases, and interaction of tumor with 
peripheral nerve can make cancer cell acquire 
a survival and growth advantage [5, 29] and 
spread to distant locations beyond the scope of 
radiation field in the operative radiotherapy for 
ESCC [16]. Such factors might contribute to the 
poor clinical outcomes of PNI-positive patients 
received PORT. Previous study showed that 
chemoradiotherapy could reduce the incidence 
of PNI-positive and local recurrence in ESCC 
[30]. More intensive therapy, such as adjuvant 
concurrent chemoradiotherapy, should be sug-
gested for this kind of high-risk patients. 
Furthermore, target agents against PNI in addi-
tion to chemoradiotherapy for patients with 
PNI-positive would be a promising treatment 
strategy in the future. 

We recognize that there are some limitations in 
this study which have to be considered in the 

interpretation of these results. Firstly, it is a ret-
rospective cohort study from a single-institu-
tion. It can be believed that a multicenter col-
laborative study with a large cohort would 
achieve a more convincing result. Secondly, it 
should be noted that only squamous cell carci-
noma has been examined in this study and the 
results from this study may not be suitable for 
esophageal adenocarcinoma. Despite the lim-
ited scope of this retrospective cohort study 
and relatively small sample size, we believe 
that locally advanced ESCC patients with PNI-
positive who received postoperative concurrent 
chemoradiotherapy may reduce the risk of 
recurrence and improve the clinical outcomes. 
Further prospective studies are needed to vali-
date this hypothesis. 

In conclusion, we demonstrated that PNI could 
serve as prognostic biomarker, which was sig-
nificantly correlated with recurrence and poor 
prognosis in locally advanced ESCC after cura-
tive resection. PORT does not improve the DFS 

Figure 3. Kaplan-Meier curves for (A, C) disease-free survival (DFS) and (B, D) overall survival (OS) in locally ad-
vanced esophageal squamous cell carcinoma (ESCC) patients according to postoperative radiotherapy (PORT) and 
perineural invasion (PNI) status.
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and OS of PNI-positive locally advanced ESCC. 
We suggest that PORT alone should not be con-
sidered applicable to locally advanced ESCC 
patients with PNI-positive; for these patients 
intensive treatments such as postoperative 
concurrent chemoradiotherapy are needed. 
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