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Abstract
AIM: To assess the effects of neoadjuvant chemo-
radiotherapy (CRT) on the presence of extracapsular 
lymph node involvement (LNI) and its prognostic value 
in patients with resected esophageal cancer. 

METHODS: Two hundred and ninety-eight patients 
with advanced esophageal cancer underwent esopha-
gectomy between 1997 and 2006. One hundred and 
ninety patients (63.8%) were treated with neoadjuvant 
CRT prior to resection. A total of 986 metastatic LNs 
were examined. Survival of the patients was analyzed 
according to intra- and extra-capsular LNI. 

RESULTS: Five-year survival rate was 22.5% for the 
entire patient population. Patients with extracapsular 
LNI had a 5-year survival rate of 16.7%, which was 
comparable to the 15.8% in patients with infiltrated 
nodes of the celiac trunk (pM1lymph). In contrast to pa-
tients treated with surgery alone, neoadjuvant therapy 
resulted in significantly (P = 0.001) more patients with 
pN0/M0 (51.6% vs  25.0%). In 17.6% of the patients 
with surgery alone vs  16.8% with neoadjuvant CRT, 
extracapsular LNI was detected. Neoadjuvant therapy 
does not reduce the occurrence of extracapsular LNI.

CONCLUSION: Extracapsular LNI is an independent 
negative prognostic factor not influenced by neoadjuvant 
CRT. In a revised staging system for esophageal cancer, 
extracapsular LNI should be considered.
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INTRODUCTION
Surgery remains the treatment of  choice for most local-
ized esophageal cancers. However, despite complete tu-
mor resection and extensive lymphadenectomy, systemic 
and local recurrence is common, and the 5-year survival 
rate is 15%-39%[1]. There is increasing evidence to in-
clude combined neoadjuvant chemoradiotherapy (CRT) 
as an alternative to surgical resection alone, to improve 
survival for locoregional esophageal cancer. The aim of  
combining neoadjuvant chemotherapy and radiotherapy 
is to reduce the tumor size and maximize local control. 
A meta-analysis from Gebski et al[2] that included data 
from 10 neoadjuvant CRT trials of  1209 patients has 
shown an absolute overall survival benefit of  13% when 
compared with surgery alone. This result prompted some 
investigators to consider neoadjuvant treatment as the 
standard of  care in esophageal cancer[3].

Regarding prognostic factors for esophageal cancer 
treated with neoadjuvant CRT, histomorphological tu-
mor regression and the extent of  lymphatic dissemina-
tion are among the most important predictors for sur-
vival in gastrointestinal malignancies[4,5]. More recently, 
attention has been paid to the prognostic value of  extra-
capsular lymph node involvement (LNI) in patients with 
gastrointestinal malignancies. Extracapsular LNI is the 
extension of  cancer cells through the nodal capsule into 
the perinodal fatty tissue: a common phenomenon in 
gastrointestinal cancer patients[6]. Its presence identifies 
a subgroup of  patients with a significantly worse long-
term survival. 

However, the effects of  neoadjuvant therapy on the 
presence of  extracapsular LNI and its prognostic rele-
vance are unclear because to date, most studies have not 
included patients undergoing such therapy. 

The aim of  this study was to assess the prevalence 
as well as the prognostic impact of  extracapsular LNI 
in patients with resected esophageal cancer who were 
treated with neoadjuvant CRT.

MATERIALS AND METHODS
Patients 
Four hundred and thirty-six patients with esophageal 
cancer were treated in the Department of  Surgery be-
tween January 1, 1997 and December 31, 2006. Two 
hundred and ninety-eight patients had locally advanced 
tumors with cT3-4. The histological distribution was 
155 (52.0%) squamous cell carcinoma and 143 (48%) 
adenocarcinoma. One hundred and ninety of  these 
patients were treated with neoadjuvant CRT prior to 
resection. The reasons for primary surgical resection 

were exclusion criteria for chemoradiation, such as age, 
comorbidity, and lack of  patient consent. Relevant pa-
tient characteristics are summarized in Table 1. Written 
informed consent was obtained from all patients in this 
study.

Staging
TNM staging was performed according to the criteria of  
the International Union Against Cancer[7]. Clinical stag-
ing was based on results from barium swallow examina-
tion, endoscopic ultrasound, and computed tomography 
(CT) of  the chest and abdomen (4-mm sections). En-
doscopy and endoscopic ultrasound were performed by 
two experienced examiners for all patients. 

Surgical resection and CRT regimen
Surgical treatment of  choice was subtotal en bloc esopha-
gectomy using a right transthoracic approach includ-
ing two-field lymphadenectomy of  mediastinal and 
abdominal LNs. The specimens were removed en bloc 
including the LNs. To ensure primary tumor integrity, 
the LNs were dissected partially in the operating theater 
and partially by pathologists according to a standardized 
protocol. The examined LNs were documented accord-
ing to the sixth edition of  the TNM classification[7]. The 
median number of  examined LNs was 28 (4-74).

Standard reconstruction for patients receiving trans-
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Table 1  Demographic data of 298 patients with advanced 
esophageal cancer  n  (%)

Variables Surgery 
alone

Neoadjuvant 
CRT

Significance

Patients 108 190
Sex NS
   Male   86 (80.0) 151 (79.4)
   Female   22 (20.0)   39 (20.6)
Age (yr)      63.6      60.1 P < 0.01
   < 50   11 (10.2)   38 (20.0)
   50-70   65 (60.2) 124 (65.3)
   > 70   32 (29.6)   18 (14.7)
Histological subtype 0.871
   Squamous cell carcinoma   55 (51.0) 100 (52.6)
   Adenocarcinoma   53 (49.0)   90 (47.4)
No. of resected LNs 
(median, range)

  30 (3-74)   27 (4-55) P = 0.007

pN category P < 0.001
   pN0   27 (25.0)   98 (51.6)
   pN1   81 (75.0)   92 (48.5)
LN ratio P < 0.001
   pN0   27 (25.0)   98 (51.6)
   LN ratio < 0.2   52 (48.1)   69 (36.3)
   LN ratio ≥ 0.2   29 (26.9)   23 (12.1)
pM1 organ   11 (10.1)   8 (4.2) NS
R category NS
   R0   98 (92.6) 179 (94.2)
   R1/R2 10 (7.4) 11 (5.8)
Response after neoadjuvant 
therapy
   Minor response - 112 (59.0)
   Major response -   78 (41.0)

LN: Lymph node; CRT: Chemoradiotherapy; NS: Not significant.



thoracic esophagectomy was done by stomach interposi-
tion with high intrathoracic esophagogastrostomy[8,9].

One hundred and ninety patients received preopera-
tive CRT according to a standardized protocol, which is 
described in detail elsewhere[5]. Locally advanced tumors 
(cT3-4) were included unless documented systemic me-
tastases or bronchoscopically proven invasion of  the tra-
cheobronchial tree was present. Patients with cT2 tumors 
were offered this treatment protocol when CT showed a 
tumor mass compatible with a T3 category, while endo-
scopic ultrasound showed complete invasion of  the mus-
cularis propria without clear invasion of  the adventitia 
(so-called near T3 categories). Cisplatin (20 mg/m2 per 
day) was administered as a short-term infusion on days 1-5 
and 5-fluorouracil (1000 mg/m2 per day) as a continuous 
infusion over 24 h on days 1-5. Radiotherapy was admin-
istered by linear accelerators with 10-15-MV photons. 
Radiotherapy was simulated to encompass the tumor vol-
ume with 5-cm cephalo-caudal margins and 2-cm radial 
margins, and treatment ports were designed to include 
enlarged regional nodes based on CT evaluation and 
endoscopic ultrasound. Radiation was delivered in daily 
fractions of  1.8 Gy with a total dose of  36 Gy using a 
multiple field technique. Surgical resection was performed 
4-5 wk following completion of  CRT, after clinical restag-
ing. If  there was evidence for tumor progression, patients 
underwent definitive CRT without surgery.

Histopathology 
Histopathological examination of  all resected specimens 
consisted of  thorough evaluations of  tumor stage, resid-
ual tumor (R) category, grading, and number of  exam-
ined and involved LNs. The specimens were fixed in 5% 
formaldehyde and embedded in paraffin. The LNs were 
counted and a series of  sections from each node was se-
lected and stained with hematoxylin and eosin, as well as 
periodic acid-Schiff. All dissected LNs were microscopi-
cally analyzed for metastatic disease. 

Extracapsular LNI was defined as metastatic cancer 
extending through the nodal capsule into the perinodal 
fatty tissue. Examination of  the LNs was performed 
by two experienced pathologists (S.E.B. and U.D.). De-
posits of  metastatic cancer cells without a recognizable 
LN were considered as extracapsular LNI, unless these 
deposits were associated with perineural and/or had 
vessel involvement. In cases of  desmoplastic reactions 
resulting in difficulty in identifying the preexisting LN 
capsule, an imaginary line representing the original cap-
sule was drawn to facilitate this interpretation (see also 
Lagarde et al[10]).

The ratio of  the number of  involved to examined re-
gional LNs was termed the lymph node ratio. According 
to the sixth edition of  the TNM classification for tumors 
of  the lower esophagus, metastasis in the celiac lymph 
node group (LNG 9) is classified as M1a, and in other 
non-regional locations, as M1b[7]. After neoadjuvant 
therapy, the pathological assessment is difficult because 
of  potential tumor regression. For this reason, such clas-

sification is identified with the prefix “y” to indicate that 
it does not have the same reliability as the pTNM clas-
sification after surgery alone[11].

Statistical analysis
Beginning in 1997, data were collected prospectively ac-
cording to a standardized protocol. Analysis of  the data 
was performed retrospectively. The median, with the 
lower quartile and upper quartile, was used for descrip-
tive statistics. χ2 statistics were calculated for factor fre-
quencies, with a significance level of  P < 0.05.

The median follow-up time for the study patients 
was calculated using the time between surgical procedure 
and the end of  follow-up for censored data; for deceased 
patients until December 31, 2007[4]. The median follow-
up time was 4.1 years (range: 0.5-10.5 years). All living 
patients had follow-up of  > 1 year. 

Kaplan-Meier plots were used to describe survival 
distribution[12]. The log-rank test was used to evaluate 
survival differences[13]. For multiple comparisons, the 
Holm-Sidak method was used. In addition, 95% CI for 
the different survival curves was calculated. Postopera-
tive mortality was included in the calculation of  prog-
nosis. The 30-d postoperative mortality was 3.4%. The 
multivariate analysis of  survival used Cox regression 
analysis to identify independent prognostic variables. 
The level of  significance was set at P < 0.05.

All statistical analyses were performed using SPSS for 
Windows version 15.0. For graphic presentation of  the 
results, Sigma-Plot version 8.0 was used. 

RESULTS
Two hundred and ninety-eight patients with locally ad-
vanced esophageal cancer were included in this study. 
The median age of  the patients was 61.0 years (range: 
22-82 years). Neoadjuvant CRT was administered to 190 
of  the 298 patients (63.8%). The demographics and the 
established prognostic factors for the patients are shown 
in Tables 1 and 2. 

A total of  8376 LNs (median 28; range: 4-74) were 
resected. All positive LNs (n = 986) were reexamined 
for the presence of  extracapsular LNI. Tumor growth 
beyond the LN capsule was detected in a total of  351 
lymph nodes.

Age, sex and differentiation grade were comparable 
between the patients with and without extracapsular 
LNI. The number of  LNs with extracapsular involve-
ment was significantly (P < 0.001) correlated with the 
number of  positive nodes (data not shown). Extracap-
sular LNI was seen more often when the numbers of  
resected and identified nodes, the numbers of  positive 
nodes, and the lymph node ratios were higher. 

To analyze the effect of  neoadjuvant CRT on the 
prevalence of  extracapsular LNI, patients with and with-
out neoadjuvant therapy were compared. 190 patients re-
ceived neoadjuvant therapy, and 108 underwent surgery 
alone (Tables 2 and 3). 
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The 5-year survival rate was 22.5% for the entire 
patient population. LN-negative patients had a 5-year 
survival rate of  34%. Intracapsular LNI decreased the 
5-year survival rate to 20%. Detection of  extracapsular 
LNI resulted in a 5-year survival rate of  7% (P < 0.001). 
The resection plane (R0 resection vs R1/2 resection) also 
proved to be an independent prognostic parameter (P < 
0.001) in univariate analysis.

In the group with the neoadjuvant regimen, we ob-
served a decrease in distant metastases (pM1 lymph + 
pM1 organ). Neoadjuvant therapy also resulted in a sig-
nificant (P = 0.001) increase of  patients with pN0/M0 
(51.6%), compared with surgery alone (25%) (Table 3). 
After neoadjuvant therapy, there was also a survival ben-
efit for patients with negative LNs. However, this was 
not significant compared to surgery alone (Table 2). 

Neoadjuvant therapy did not reduce the occurrence 
of  extracapsular LNI. In 19/108 patients (17.6%) with 
surgery alone vs 32/190 patients (16.8%) with neoad-

juvant CRT, extracapsular LNI was detected (Table 3, 
Figure 1).

All LNs with extracapsular involvement were within 
the radiation field. We did not detect a difference be-
tween patients treated with neoadjuvant CRT and those 
who were resected primarily. 

Univariate and multivariate analysis (Table 4) revealed 
that pN, pM category, extracapsular LNI, and radicality 
of  the resection plane were all significant prognostic pa-
rameters for esophageal cancer. 

DISCUSSION
The presence and extent of  lymphatic dissemination 
are among the most important predictors for survival in 
gastrointestinal malignancies[14,15]. More recently, atten-
tion has been paid to the presence of  extracapsular LNI, 
which identifies a subgroup of  patients with significantly 
worse long-term survival[6,10,16,17]. For breast cancer, 
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Variables P       Surgery alone        Neoadjuvant CRT

n 5-yr survival (%) n 5-yr survival (%)

Patients NS 108 20.4 190 25.6
Sex
   Male NS   86 22.0 151 24.4
   Female NS   22 13.8   39 32.6
Age (yr)
   < 50 NS   11 58.3   38 33.7
   50-70 0.015   65 15.8 124 24.7
   > 70 NS   32 15.1   18   0.0
Histological subtype
   Squamous cell carcinoma NS   55 31.3 100 19.8
   Adenocarcinoma 0.030   53 16.9   90 35.4
pN category
   pN0 NS   27 36.5   98 41.6
   pN1 NS   81 15.4   92 12.3
LN ratio
   pN0 NS   27 36.5   98 41.6
   LN ratio < 0.2 NS   52 23.7   69 10.3
   LN ratio ≥ 0.2 NS   29   0.0   23   0.0
pM1 organ NS   11   0.0     8   0.0
R category
   R0 NS   98 22.1 179 26.4
   R1/R2 NS   10   0.0   11   0.0
Response after neoadjuvant therapy
   Minor response - 112 11.4
   Major response -   78 42.4

Table 2  Univariate survival analysis of 298 patients with advanced esophageal cancer

Table 3  Influence of neoadjuvant CRT on extent of LN metastases and extracapsular LNI  n  (%)

T3/4 Category only 
(n  = 298)

    Surgery alone    Neoadjuvant CRT       Surgery vs  neoadjuvant CRT

Total pN1 caps (+) Total pN1 caps (+) Total pN1 caps (+)

Total 108 (100.0) 45 (41.7)   190 (100.0) 43 (22.6) P < 0.001
pN0M0 27 (25.0) -   98 (51.6) - P < 0.001
pN1M0 caps (-) 28 (27.8) -   38 (20.0) - NS
pN1M0 caps (+) 19 (17.6) 19 (100)   32 (16.8)   32 (100.0) NS
pM1 lymph 23 (21.6) 18 (78.3) 14 (7.4)   8 (57.1) P < 0.001 NS
pM1 organ 11 (10.1)   8 (72.7)   8 (4.2)   3 (37.5) NS NS

LNI: Lymph node involvement; Caps (-): Without extracapsular LNI; Caps (+): With extracapsular LNI.
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extracapsular spread is such an important factor that it 
has been appended to the TNM classification as a spe-
cific subcategory[18].

In a recently published systematic review on the sig-
nificance of  extracapsular LNI in gastrointestinal malig-
nancies, Wind and coauthors have identified seven papers 
that discuss the impact of  extracapsular LNI in esopha-
geal cancer[6,10,17,19-23]. In general, these studies applied 
variable inclusion and exclusion criteria with respect to 
the type and stage of  tumors and the use of  (neo)adjuvant 
therapies. Only three studies from Tachikawa et al[23], 
Lerut et al[17], and Lagarde et al[10] have provided some de-
tailed information on the prognostic value of  the number 
of  LNs with extracapsular involvement.

Due to the heterogeneity of  the design of  the exist-
ing studies, the effect of  preoperative CRT on the pres-
ence and extent of  extracapsular LNI is unclear. 

In the present study, we demonstrated that extracap-
sular LNI was an independent prognostic parameter for 
esophageal cancer. Lerut et al[17], and Lagarde et al[10] have 
analyzed relatively uniform groups of  patients with ade-
nocarcinoma of  the esophagus and have found a similar 
result. Also, for patients with squamous cell carcinoma, 
Tachikawa et al[23] have concluded that prognosis is sig-
nificantly worse when extracapsular disease is confirmed. 
However, Tachikawa et al[23] analyzed a non-homoge-
neous cohort of  patients with squamous cell carcinoma, 
treated with surgery and different chemotherapeutic 
regimens or no adjuvant therapy.

The present study comprised a consecutive series of  
298 patients with adenocarcinoma and squamous cell car-
cinoma of  the esophagus. There was a significant correla-
tion between the number of  positive nodes resected and 
the number with extracapsular involvement. The greater 
the number of  positive LNs, the higher the number with 
extracapsular involvement. These results underline the 
findings of  Lerut et al[17] and Lagarde et al[10], that extra-
capsular LNI is an independent prognostic parameter for 
esophageal cancer. 

To explain the aggressiveness of  tumors with extra-
capsular LNI, investigators have discussed the ability of  
cancer cells not only to spread into an LN, but also to 
invade through the node capsule in an immunologically 
hostile environment[24,25]. The prognostic relevance of  
this extracapsular spread is heightened by the fact that 
patients with only one positive node have significantly 
worse survival rates if  tumor involvement extends be-
yond the LN capsule[10]. As a result of  this, several au-
thors have proposed designing a new or revised staging 
system for esophageal cancer that includes the presence 
and extent of  extracapsular LNI as an additional param-
eter[15,26]. For breast cancer, the occurrence of  extracapsu-
lar LNI is such an important factor that it has been added 
to the TNM classification as a specified subcategory[18].

There is increasing evidence to support neoadjuvant 
CRT for treatment of  esophageal cancer. A meta-analysis 
published by Gebski et al[2] has shown significant survival 
benefits from preoperative CRT for patients with esopha-
geal cancer. However, until now, the effects of  such a 
neoadjuvant regimen on the presence of  extracapsular 
LNI in esophageal cancer have not been analyzed. 

The present study is believed to be the first, in which 
a relatively uniform group of  patients with esophageal 
carcinoma was evaluated to determine the extent to 
which neoadjuvant CRT influences the presence of  ex-
tracapsular LNI. We compared the data from patients 
receiving neoadjuvant therapy with those from patients 
treated with primary esophagectomy. This comparison 
showed some selection bias. However, although patients 
who were excluded from neoadjuvant CRT might have 
been older or have had greater comorbidity, the preop-
erative staging for both groups was the same.

In accordance with earlier reports from our group, 
neoadjuvant therapy resulted in a significant increase of  
patients with pN0/M0 compared to those having sur-
gery alone[5]. Mariette et al[27] also recently have reported a 
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Table 4  Multivariate analysis of prognostic factors for patients 
with neoadjuvant CRT

Variable HR 95% CI P
Age 1.00 0.99-1.03 0.376
Sex 0.353
   Male 1 (ref)
   Female 0.77 0.44-1.34
pN/pM category 0.000
   pN0/pM0 1 (ref)
   pN1 (-)/pM0 1.89 1.10-3.22 0.021
   pN1 (+)/pM0 2.70 1.57-4.64 0.000
   pM1 lymph 2.92 1.49-5.74 0.002
   pM1 organ 3.92 1.76-8.72 0.001
Histology 0.145
   Squamous cell carcinoma 1 (ref)
   Adenocarcinoma 0.73 0.48-1.11
Response 0.010
   Minor response 1 (ref)
   Major response 0.56 0.36-0.87

pN1 (-): pN1 category without extracapsular LNI; pN1 (+): pN1 category 
with extracapsular LNI.
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Figure 1  Extent of lymph node (LN) metastases and extracapsular 
LN involvement (LNI), comparing surgery alone with neoadjuvant 
chemoradiotherapy (CRT) and surgery. pN0M0: Neoadjuvant CRT resulted 
in an increase of patients with pN0/M0 compared to surgery alone (P = 0.001); 
pN1M0: Neoadjuvant CRT did not reduce extracapsular LNI. Caps (-): Without 
extracapsular LNI; Caps (+): With extracapsular LNI; Neo.: Neoadjuvant.
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significant decrease of  LN metastases after neoadjuvant 
CRT. Approximately 13% of  patients develop tumor 
progression under neoadjuvant CRT[5]. To ease compari-
son between patients treated with surgery alone vs those 
receiving preoperative CRT, patients with progressive 
disease (i.e. pM1 lymph + pM1 organ) were excluded 
from our calculations of  extracapsular LNI. 

Regarding extracapsular LNI, neoadjuvant therapy 
did not reduce its occurrence. Extracapsular LNI was 
detected in 19 patients (17.6%) with surgery alone vs 32 
(16.8%) with neoadjuvant CRT. 

This observation demonstrates that extracapsular 
LNI reflects highly aggressive biological behavior of  the 
primary tumor, which is not influenced by neoadjuvant 
CRT in a multimodal treatment setting. An issue that 
remains unresolved is the optimal radiation dosage for 
neoadjuvant CRT. In a review by Geh et al[28], a dose-
response relationship between increasing radiotherapy, 
5-FU and cisplatin doses, and pathological complete 
response (pCR) was reported. In contrast, increasing 
radiotherapy treatment time and increasing median age 
reduced the probability of  pCR. However, low dosage 
of  radiation reduced the risk of  postoperative morbid-
ity and mortality. Our study protocol, with 36 Gy, 5-FU 
and cisplatin is in the median range of  published proto-
cols[2,28]. The advantage of  our current study is that all 
patients were treated with the same protocol regardless 
of  histological tumor type, so that varying therapies 
could not affect the results.

Due to lack of  evidence, the accuracy of  the 6th 
UICC/TNM classification is suboptimal, especially when 
the extent of  lymphadenectomy and the effects of  neo-
adjuvant therapy are ignored[7,29]. There is no doubt that 
the ratio of  positive LNs and the extent of  extracapsu-
lar LNI have a significant impact on prognosis[10,17,27,30]. 
Nothing is known about the effects of  neoadjuvant 
therapy on the extent and prognostic role of  extracap-
sular LNI. By clarifying this issue, whether neoadjuvant 
treatment influences the spread of  extracapsular LNI, 
the request for a revised staging system for esophageal 
cancer must be supported[29,31]. 

Extracapsular LNI identifies a subgroup of  esopha-
geal cancer patients with significantly worse long-term 
survival rates. The present study provides evidence to 
suggest that neoadjuvant CRT does not influence the 
occurrence of  extracapsular LNI. This hypothesis has to 
be proven in a real prospective study. 

Extracapsular LNI is an independent negative prog-
nostic factor that reflects particularly aggressive biological 
behavior of  tumors and has valuable prognostic potential. 
Therefore, in a revised staging system for esophageal can-
cer, extracapsular LNI should be taken into account as a 
negative prognostic factor. 
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in esophageal cancer. The study demonstrates that extracapsular LNI is not 
influenced by neoadjuvant CRT. 
Innovations and breakthroughs
The present study is believed to be the first in which a relatively uniform group 
of patients with esophageal cancer was evaluated to determine the extent to 
which neoadjuvant CRT influences the presence of extracapsular LNI. 
Applications
Detection of extracapsular LNI might identify a subgroup of esophageal cancer 
patients with significantly worse long-term survival rates, who do not benefit 
from neoadjuvant CRT.
Terminology
Extracapsular LNI is defined as extension of cancer cells through the nodal 
capsule into the perinodal fatty tissue. 
Peer review
This was an interesting study in a reasonably large population, with a novel 
aspect of the importance of extracapsular LNI in patients receiving neoadjuvant 
CRT for esophageal cancer.
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