www.impactjournals.com/oncotarget/

Oncotarget, Vol. 7, No. 16

Impact of the number of resected lymph nodes on survival after
preoperative radiotherapy for esophageal cancer

San-Gang Wu'*, Zhao-Qiang Zhang?**, Wen-Ming Liu**, Zhen-Yu He* Feng-Yan Li*
Huan-Xin Lin%, Jia-Yuan Sun?, Hui Lin®, Qun Li*

lDepartment of Radiation Oncology, the First Affiliated Hospital of Xiamen University, Xiamen 361003, People’s Republic of
China

2Eye Institute of Xiamen University, Fujian Provincial Key Laboratory of Ophthalmology and Visual Science, Medical College
of Xiamen University, Xiamen 361003, People’s Republic of China

3Department of Gastroenterology, Zhongshan Hospital of Xiamen University, Xiamen 361003, People’s Republic of China

4Sun Yat-sen University Cancer Center, State Key Laboratory of Oncology in South China, Department of Radiation Oncology,
Collaborative Innovation Center of Cancer Medicine, Guangzhou 510060, People’s Republic of China

5Department of Cardiovascular and Thoracic Surgery, The People’s Hospital of Guangxi Zhuang Autonomous Region, Nanning
530021, People’s Republic of China

“These authors contributed equally to this work

Correspondence to: Hui Lin, e-mail: linhui33622@sina.com
Qun Li, e-mail: liqun0799@126.com

Keywords: esophageal cancer, lymph nodes, preoperative radiotherapy, survival, SEER
Received: October 29, 2015 Accepted: February 24, 2016 Published: March 16, 2016

ABSTRACT

To assess the impact of the number of resected lymph nodes (RLNs) for survival
in esophageal cancer (EC) patients treated with preoperative radiotherapy and cancer-
directed surgery. The Surveillance Epidemiology and End Results (SEER) database
was queried to identify EC patients treated from 1988 to 2012 who had complete data
on the number of positive lymph nodes and number of RLNs. Kaplan—-Meier survival
analysis and Cox regression proportional hazard methods were used to determine
factors that significantly impact cause-specific survival (CSS) and overall survival
(0S). There were a total of 3,159 patients who received preoperative radiotherapy
and cancer-directed surgery. The median number of RLNs was 10 in both patients who
received and did not receive preoperative radiotherapy (P = 0.332). Cox regression
univariate and multivariate analysis showed that RLN count was a significant
prognostic factor for CSS and OS. Patients with 11-71 RLNs had better CSS (hazard
ratio [HR] = 0.694, 95% confidence interval [CI]: 0.603-0.799, P < 0.001) and OS
(HR = 0.724, 95% CI: 0.636-0.824, P < 0.001) than patients with 1-10 RLNs. The
5-year CSS rates were 39.1% and 44.8% in patients with 1-10 RLNs and 11-71 RLNs,
respectively (P < 0.001). The 5-year OS rates were 33.7% and 39.9% in patients with
1-10 RLNs and 11-71 RLNSs, respectively (P < 0.001). A higher number of RLNs was
associated with better survival by tumor stage and nodal stage (all P < 0.05). RLN
count is an independent prognostic factor in EC patients who undergo preoperative
radiotherapy and cancer-directed surgery.

INTRODUCTION surgery is the major therapeutic strategy for locally
advanced esophageal cancer (EC) [1, 2]. Additionally,
The  randomized  Chemoradiotherapy  for studies have indicated that nCRT affects the mode of

Oecsophageal Cancer Followed by Surgery Study (CROSS)
revealed the efficacy of neoadjuvant chemoradiotherapy
(nCRT) combined with surgery was superior to that of
surgery alone [1, 2]. Currently, nCRT combined with

EC recurrence, the recurrence rate of mediastinal lymph
nodes is significantly lower in patients who receive nCRT
combined with surgery than in patients who receive
surgery only [3, 4]. Even though the CROSS study found
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that the number of resected lymph nodes (RLNs) had no
influence on survival of EC patients [5], the prognostic
and therapeutic value of lymphadenectomy in EC patients
who receive neoadjuvant therapy remains controversial
[6-9]. RLN count is the main criteria for evaluating the
completeness of lymphadenectomy. If lymph nodes are not
completely resected, the accuracy of staging is affected
and the risk of tumor recurrence is increased due to
remaining potentially positive lymph nodes.

In an earlier Surveillance, Epidemiology, and End
Results (SEER) study, it was reported that preoperative
radiotherapy was an independently prognostic factor for
survival in EC patients [10]. A meta-analysis revealed
that preoperative chemotherapy had no influence on the
survival of EC patients [11]. However, another study
indicated that nCRT could improve the survival of patients
with locally advanced EC [12]. Preoperative radiotherapy
has clinical significance for EC in terms of being a
regional treatment. However, it is worthy to note that
nCRT has an effect on the number of RLNs [5, 13], which
could potentially affect the prognosis. Therefore, in this
study we investigate the prognostic value of the number
of RLNs in the EC patients who received preoperative
radiotherapy using a population-based analysis of the
SEER database.

RESULTS

Patient characteristics and lymph node resection

Over the study period, 3,159 patients with EC who
received preoperative radiotherapy and cancer-directed
surgery were identified, and their clinical characteristics
are shown in Table 1. The median age of the patients was
62 years (range, 20-87 years), and 84.1% were male.
There were 2,141 patients (67.8%) with esophageal
adenocarcinoma, and 720 (22.8%) with squamous cell
carcinoma. Of the 3,089 patients whose tumor location
was available, 2,594 tumors (84.0%) were located in the
lower esophagus. The median number of RLNs was 10
(25th percentile 6, 75th percentile 17; range, 1-71) in
patients who receive preoperative radiotherapy, and 10
in patients without preoperative radiotherapy (n = 5,805,
P = 0.332). Overall, 2,039 patients (64.5%) had node-
negative disease and 1,120 (35.5%) had nodal metastases.
In patients with nodal metastases, the median number of
involved lymph nodes was 2 (range, 1-24) and the median
LNR was 0.20 (range, 0.02—1.0).

Given that RLN count was a continuous variable,
the numbers of RLNs were examined as categorical
variables based on quartiles. Patients were divided
into quartiles according to their RLNs counts (Group 1
[1-6, n =960], Group 2 [7-10, n = 675], Group 3 [11-17,
n=807], and Group 4 [18-71, n="T717]).

RLN count was associated with the year of diagnosis
(P <0.001), histological type (P = 0.029), tumor location

(P <0.001), tumor (T) stage (P = 0.001), and nodal (N)
stage (P < 0.001), but was not associated with age, race,
sex, and grade (all P> 0.05) (Table 1).

Analysis of prognosis

Cox regression univariate analysis showed that
year of diagnosis, age, sex, T stage, N stage, grade, LNR
(continuous variable), and RLN count as a continuous
variable or as a categorical variable were significant
prognostic factors for CSS and OS (all P <0.05) (Table 2).
Subgroup analysis showed no significant difference
between Group 1 and 2 with respect to CSS (P = 0.502)
and OS (P = 0.727), or between Group 3 and 4 with
respect to CSS (P = 0.090) and OS (P = 0.084), and the
CSS (P = 0.013) and OS (P = 0.032) were significant
difference between Group 2 and 3. Thus, for further
analysis, the Group 1 and 2 (1-10 RLNs) were combined,
and Group 3 and 4 (11-71 RLNs) were combined.

The multivariate analysis incorporating covariates
which were significant in the univariate analysis showed
that an increasing number of RLNs was associated with
better CSS and OS. Patients with 11-71 RLNs had better
CSS (hazard ratio [HR] = 0.694, 95% confidence interval
[CT]: 0.603—-0.799, P < 0.001) and OS (HR = 0.724, 95%
CI: 0.636-0.824, P < 0.001) than those with 1-10 RLNs.
Other independent factors which affected CSS and OS
were age, T stage, and N stage. However, LNR did not
influence the prognosis (Table 3).

Correlation of the number of RLNs and survival

The median follow-up time of all patients was
21 months (range, 1-241 months), and 34 months (range,
1-241 months) in surviving patients. The 5-year CSS and
OS were 41.8% and 36.5% (Figure 1A, 1B), respectively.
The 5-year CSS was 39.1% and 44.8% in patients with
1-10 RLNs and 11-71 RLNSs, respectively (P < 0.001)
(Figure 2A). The 5-year OS was 33.7% and 39.9% in
patients with 1-10 RLNs and 11-71 RLNs, respectively,
and the median survival times were 28 and 38 months
(P <0.001) (Figure 2B).

Whether the effect of the number of RLNs on
survival was modified by the T stage was determined. No
association of the number of RLNs with CSS (P = 0.188)
in patients with T1 or T2 stage was found, but the number
of RLNs was significantly associated with OS (P = 0.030)
(Figure 3A-3B). In patients with T3 or T4 stage disease, a
higher number of RLNs was significantly associated with
better CSS (P =0.002) and OS (P =0.007) (Figure 4A, 4B).

The prognostic effect of the number of RLNs
according to N stage was also examined. Patients with
a higher number of RLNs significantly differed across
N stage. In patients with NO, N1, N2, and N3 stage disease,
a higher number of RLNs correlated with better CSS
(P <0.001 for NO stage, P <0.001 for N1 stage, P < 0.001
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Table 1: Baseline characteristics of patients with esophageal cancer

Characteristic

n

1-6 RLNs (%) 7-10 RLNs (%) 11-17 RLNs (%) 18-71 RLNs (%) P value

Year of diagnosis

1988-1994 47 28 (2.9) 8(1.2) 9(1.1) 2(0.2) <0.001
1995-1999 193 87 (9.1) 45 (6.7) 41(5.1) 20 (2.8)
2000-2004 826 | 326 (34.0) 199 (29.4) 185 (22.9) 116 (16.2)
2005-2012 2093 519 (54.0) 423 (62.7) 572 (70.9) 579 (80.8)

Race
Black 176 60 (6.3) 46 (6.8) 36 (4.5) 34 (4.7) 0.279
White 109 33(34) 18 (2.7) 29 (3.6) 29 (4.1)
Other/unknown 2874 | 867 (90.3) 611 (90.5) 742 (91.9) 654 (91.2)

Age (years)
<60 1338 404 (42.1) 301 (44.6) 356 (44.1) 277 (38.6) 0.090
> 60 1821 | 556 (57.9) 374 (55.4) 451 (55.9) 440 (61.4)

Sex
Male 2656 801 (83.4) 563 (83.4) 674 (83.5) 618 (86.2) 0.376
Female 503 159 (16.6) 112 (16.6) 133 (16.5) 99 (13.8)

Histologic subtype
Squamous 720 255 (26.6) 154 (22.8) 160 (19.8) 151 (21.1) 0.029
Adenocarcinoma 2141 617 (64.3) 454 (67.3) 575 (71.3) 495 (69.0)
Other 298 88 (9.1) 67 (9.9) 72 (8.9) 71 (9.9)

Tumor location (rn = 3089)
Upper third 56 24 (2.6) 7(1.1) 9(1.1) 16 (2.3) <0.001
Middle third 439 168 (17.7) 88 (13.4) 83 (10.6) 100 (14.3)
Lower third 2594 756 (79.7) 562 (85.5) 695 (88.3) 581 (83.4)

Tumor stage (n =2263)
Tl 357 121 (20.8) 81 (17.5) 78 (12.6) 77 (12.8) 0.001
T2 408 110 (18.9) 90 (19.4) 101 (16.4) 107 (17.8)
T3 1358 319 (54.8) 269 (58.0) 391 (63.4) 379 (63.0)
T4 140 32(5.5) 24 (5.1) 47 (7.6) 39 (6.4)

Nodal stage
NO 2039 697 (72.6) 420 (62.2) 490 (60.7) 432 (60.3) <0.001
N1 715 | 200 (20.8) 171 (25.3) 185 (22.9) 159 (22.1)
N2 308 63 (6.6) 72 (10.7) 94 (11.7) 79 (11.0)
N3 97 0 (0) 12 (1.8) 38 (4.7) 47 (6.6)

Grade (n =2789)
Well differentiated 137 44 (5.2) 24 (4.1) 33(4.7) 36 (5.5) 0.940

i fl}gffriﬁiﬁy 1169 | 348 (41.2) 249 (42.4) 298 (42.4) 274 (41.9)
Poorly/undifferentiated | 1483 | 453 (53.6) 314 (53.5) 372 (52.9) 344 (52.6)

RLNS, resected lymph nodes.
www.impactjournals.com/oncotarget 22499 Oncotarget



Table 2: Univariate analysis of prognostic factors influencing the survival of esophageal cancer

patients
Characteristic 35 05
HR 95% CI P value HR 95% CI P value

Year of diagnosis (continuous variable) 0.973 | 0.962-0.985 <0.001 [ 0.977 | 0.966-0.988 | <0.001
Age (years) (continuous variable) 1.006 1.001-1.011 0.028 1.014 | 1.009-1.019 | <0.001
Race

Black 1 1

White 0.907 | 0.731-1.127 0.379 0.882 | 0.721-1.073 0.209

Other/unknown 1.010 | 0.719-1.418 0.956 0.974 | 0.715-1.326 0.865
Sex

Male 1 1

Female 0.809 | 0.701-0.934 0.004 0.815 | 0.715-0.929 0.002
Histologic subtype

Squamous 1 1

Adenocarcinoma 0.997 | 0.882-1.127 0.958 0.986 | 0.882-1.102 0.803

Other 1.158 | 0.964-1.391 0.117 1.126 | 0.952-1.333 0.166
Tumor location

Upper third 1 1

Middle third 0.917 | 0.623-1.351 0.662 0.915 | 0.646-1.295 0.615

Lower third 0.757 | 0.523-1.094 0.138 0.738 | 0.530-1.028 0.073
Tumor stage

T1 1 1

T2 1.193 | 0.942-1.511 0.143 1.176 | 0.950-1.456 0.137

T3 1.600 | 1.320-1.940 <0.001 1.513 1.270-1.801 <0.001

T4 1.787 | 1.340-2.384 <0.001 1.681 1.291-2.189 | <0.001
Nodal stage

NO 1 1

N1 1.731 1.538-1.948 <0.001 1.562 | 1.400-1.741 <0.001

N2 2.343 | 2.008-2.733 <0.001 | 2.046 | 1.768-2.368 | <0.001

N3 3.256 | 2.578-4.112 <0.001 | 2.771 2.211-3474 | <0.001
Grade

Well differentiated 1 1

Moderately differentiated 1.183 | 0.897-1.565 0.239 1.211 0.939-1.563 0.141

Poorly/undifferentiated 1.527 | 1.159-2.012 0.003 1.496 | 1.163-1.924 0.002
LNR (continuous variable) 3.994 | 3.332-4.787 <0.001 | 3.330 | 2.795-3.967 | <0.001
Number of RLNs (continuous variable) 0.989 | 0.984-0.995 <0.001 | 0.988 | 0.983-0.993 <0.001
Number of RLNs

1-6 1 1

7-10 1.046 | 0.914-1.196 0.515 0.978 | 0.864-1.107 0.723

11-17 0.876 | 0.764-0.997 0.045 0.847 | 0.750-0.957 0.007

18-71 0.765 | 0.660-0.886 <0.001 | 0.747 | 0.653-0.854 | <0.001
Number of RLNs

1-10 1 1

11-71 0.809 | 0.730-0.895 <0.001 [ 0.809 [ 0.737-0.888 | <0.001

CSS, cause-specific survival; OS, overall survival; HR, hazard ratio; CI, confidence interval; LNR, lymph node ratio; RLNs,

resected lymph nodes.
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Table 3: Multivariate analysis of prognostic factors influencing the survival of esophageal cancer

patients
CSS
Characteristic 95% CI P value 95% CI P value
HR HR

Year of diagnosis (continuous variable) 0.990 0.958-1.023 0.537 0.991 0.962-1.022 0.572
Age (years) (continuous variable) 1.013 0.005-1.020 0.001 1.018 1.011-1.025 <0.001
Sex

Male 1 1

Female 0.950 0.785-1.149 0.597 0.956 0.803-1.138 0.614
Tumor stage

T1 1 1

T2 1.192 0.926-1.533 0.172 1.164 0.925-1.463 0.195

T3 1.365 1.104-1.687 0.004 1.370 1.131-1.659 0.001

T4 1.605 1.176-2.191 0.003 1.646 1.239-2.186 <0.001
Nodal stage

NO 1 1

N1 1.851 1.577-2.172 <0.001 1.708 1.474-1.980 <0.001

N2 2.258 1.825-2.795 <0.001 1.915 1.562-2.348 <0.001

N3 3.763 2.783-5.088 <0.001 3.159 2.356-4.235 <0.001
Grade

Well differentiated 1 1

Moderately differentiated 0.929 0.660-1.306 0.573 0.947 0.692-1.295 0.732

Poorly/undifferentiated 1.104 0.788-1.545 0.566 1.062 0.779-1.448 0.702
LNR (continuous variable) 1.363 0.870-2.135 0.177 1.254 0.812-1.937 0.307
Number of RLNs

1-10 1 1

11-71 0.694 0.603-0.799 <0.001 0.724 0.636-0.824 <0.001

CSS, cause-specific survival; OS, overall survival; HR, hazard ratio; CI, confidence interval; LNR, lymph node ratio; RLNSs,

resected lymph nodes.

for N2 stage, and P =0.037 for N3 stage) and OS (P <0.001
for NO stage, P = 0.001 for N1 stage, P < 0.001 for N2
stage, and P = 0.018 for N3 stage) (Figures 5-8).

DISCUSSION

This study investigated the impact of the number
of RLNs on survival after preoperative radiotherapy and
cancer-directed surgery for EC patients using the SEER
database. The results showed that the number of RLNs
was an independent prognostic factor for CSS and OS,
a higher number of RLNs was associated with better
survival.

Studies have shown that nCRT could affect the
number of lymph nodes harvested in colon cancer patients
[14, 15]. However, it is still a matter of debate whether

nCRT affects the number of RLNs in patients with EC.
A phase III randomized controlled trial revealed that
the number of RLNs in EC was lower in nCRT-treated
patients than in non-nCRT-treated counterparts (16.0
vs. 22.0, P =0.001) [13]. The randomized CROSS trial
also found that the number of RLNs in patients with
EC was significantly decreased after nCRT (18 vs.14,
P < 0.001) [5]. However, a study by Luna et al. [16]
showed that nCRT did not affect the number of RLNs
(16.0 vs 15.5, P = 0.57). The current study also did not
find that preoperative radiotherapy affected the number of
RLNs. Although with the SEER database, we were unable
to identify the preoperative staging of patients. However,
according to our results, a greater number of RLNs in
EC patients after nCRT could precisely stage the status
of lymph node with preventing the stage migration, and
better predict the prognosis of patients.
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Figure 1: Cause-specific survival (A) and overall survival (B) of esophageal cancer patients with preoperative
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radiotherapy according to the number of resected lymph nodes.
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Figure 3: Cause-specific survival (A) and overall survival (B) of T1-2 stage esophageal cancer patients with preoperative
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In this study, the number of positive lymph nodes
is a prognostic factor in EC patients received neoadjuvant
therapy, which is similar results from other studies [17, 18].
Therefore, an adequate number of resected lymph nodes is
important for lymph node staging. For patients treated with
surgery alone, the recommended number of RLNs varies
with different pT stages [19]. However, the optimal number
of RLNs in EC patients after neoadjuvant therapy has not
been clearly defined. The CROSS trial indicated that the
number of RLNs had no influence on the survival [5].
However, Hanna et al. [8] reported that patients with a
higher number of RLNs had better survival. A study by
Chao et al. [9] indicated that the RLN count was not
impact the survival if a pathological complete response
(PCR) was achieved after patients receiving nCRT, and
a higher number of RLNs (> 8) was associated with
better survival in patients without PCR. Another SEER
study showed that patients with clinically node-positive

disease should undergo both preoperative radiotherapy
and adequate lymphadenectomy to ensure optimal
survival [10]. Based on a large sample analyses, our
results showed that CSS and OS were significantly better
when the number of RLNs was more than 10. A possible
explanation for this phenomenon is that the more number
of lymph nodes resected, the more likely a patient will
get better pathologic staging (they could be upstaged and
received appropriate adjuvant therapy), thus improving
locoregional control and possibly enhancing survival.
Tumor regression is an important indicator of nCRT,
and the impact of nCRT on subsequent pT stage and nodal
positivity requires further study. Stiles et al. performed
a study following the guideline of the Worldwide
Esophageal Cancer Collaboration (a minimum of 10
lymph nodes should be removed for pTis/T0/T1 cancers,
20 lymph nodes for pT2 cancers, and 30 lymph nodes for
pT3/T4 cancers), and their results are still applicable for
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Figure 7: Cause-specific survival (A) and overall survival (B) of N2 stage esophageal cancer patients with preoperative
radiotherapy according to the number of resected lymph nodes.
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patients with neoadjuvant therapy [20]. In addition, after
complete remission (pT0) of primary tumors in patients
who receive preoperative radiotherapy, lymph node status
is still a predictor of survival [21]. Our study demonstrated
that the number of RLNs has prognostic value by T and
N staging. Thus, it is suggested that surgeons should
dissect as many lymph nodes as possible regardless of the
therapeutic response.

There are limitations to the current study. This was
a retrospective analysis, and the SEER database lacks of
data on chemotherapy, co-morbidities, type of operation,
chemotherapy regimens and dose, pathologic stage, and
other data known to potentially influence survival such as
performance status, institutional volume, and surgeon’s
volume. Therefore, it is hard to accurately evaluate the
clinical condition of the patients. The primary strength of
this study is the large number of patients available using
the SEER registry, which may decrease the potential for
selection and surveillance biases that are associated with
single institution analysis. In addition, there is still no
standard for the optimal number of RLNs in EC patients
who received lymphadenectomy after neoadjuvant therapy.
It is necessary to conduct a prospective multicenter study
to verify the value of the number of RLNs in patients with
EC, and investigate an optimal cut-off point of RLN count.

In conclusion, the number of RLNs was found to
be an independent prognostic factor for EC patients who
receive preoperative radiotherapy and cancer-directed
surgery. The results suggest that as many lymph nodes
as possible should be dissected to evaluate prognosis and
guide treatment.

PATIENTS AND METHODS

Patients

Data was obtained from the SEER database
(Surveillance Research Program, National Cancer
Institute SEER*Stat software, http://www.seer.cancer.gov/
seerstat) (Version 8.2.1), which consists of 18 population-
based cancer registries. Permission was obtained to
access research data files (reference number 11252-
Nov2014) [22]. Patients with a diagnosis of EC who
received preoperative radiotherapy and cancer-directed
surgery from 1988 to 2012 were identified in the SEER
database using the International Classification of Disease
for Oncology, Third Edition. Data of EC patients who
received CDS without preoperative radiotherapy were
also collected to investigate the effect of radiotherapy on
the number of lymph node removed. Patients with distant
metastasis were excluded. Extraction of data from the
SEER database does not require informed consent. This
study was approved by the ethics committee of the First
Affiliated Hospital of Xiamen University and Sun Yat-sen
University Cancer Center.

Clinicopathological factors

The following clinical and pathological factors were
collected from the SEER database: year of diagnosis, race,
age, sex, histological type, grade, tumor location, T stage,
N stage, the number of RLNs, and the lymph node ratio
(LNR). The number of RLNs was defined as the total
number of regional lymph nodes that were removed as
indicated in the SEER dataset. The LNR was defined as
the ratio of the number of positive lymph node to the total
number of RLNs. Vital status, cause of death, and the
duration of follow-up were also recorded.

Statistical analysis

The 2 and Fisher’s exact tests were used to analyze
the differences between qualitative data. Univariate and
multivariate Cox regression analyses were performed
to analyze risk factors for cause-specific survival (CSS)
and overall survival (OS). Multivariable analyses were
performed for factors which were significantly associated
with CSS and OS in univariate analyses. Survival rates
were plotted by the Kaplan-Meier method, and compared
using the log-rank test. All data were analyzed with the
SPSS statistical software package, version 21.0 (IBM
Corporation, Armonk, NY, USA). A value of P <0.05 was
considered statistically significant.

ACKNOWLEDGMENTS AND FUNDING

This work was supported by grants from the
National Natural Science Foundation of China (No.
81402527), the Sci-Tech Office of Guangdong Province
(No. 2013B021800157, 2013B021800458), the Youth
Foundation of Fujian Provincial Health and Family
Planning Commission (No. 2014-2-63), and the Natural
Science Foundation of Fujian Province (No. 2015J01550).

CONFLICTS OF INTEREST

No any actual or potential conflicts of interest exist.

REFERENCES

1. Lutz MP, Zalcberg JR, Ducreux M, Ajani JA, Allum W,
Aust D, Bang YJ, Cascinu S, Holscher A, Jankowski J,
Jansen EP, Kisslich R, Lordick F, et al. First StGallen
EORTC Gastrointestinal Cancer Conference 2012
Expert Panel. Highlights of the EORTC St. Gallen
International Expert Consensus on the primary therapy
of gastric,gastroesophageal and oesophageal cancer -
differential treatment strategies for subtypes of early
gastroesophageal cancer. Eur J Cancer. 2012; 48:2941-2953.

Van Hagen P, Hulshof MC, van Lanschot JJ, Steyerberg EW,
van Berge Henegouwen MI, Wijnhoven BP, Richel DJ,

www.impactjournals.com/oncotarget

22505

Oncotarget



10.

I1.

12.

Nieuwenhuijzen GA, Hospers GA, Bonenkamp JJ,
Cuesta MA, Blaisse RJ, Busch OR, et al. CROSS Group.
Preoperative chemoradiotherapy for esophageal

junctional cancer. N Engl J Med. 2012; 366:2074-2084.
Oppedijk V, van der Gaast A, van Lanschot JJ, van Hagen P,
van Os R, van Rij CM, van der Sangen MJ, Beukema JC,
Riitten H, Spruit PH, Reinders JG, Richel DJ, van Berge
Henegouwen MI, et al. Patterns of recurrence after surgery

or

alone versus preoperative chemoradiotherapy and surgery in
the CROSS trials. J Clin Oncol. 2014; 32:385-391.

Smit JK, Giiler S, Beukema JC, Mul VE, Burgerhof JG,
Hospers GA, Plukker JT. Different recurrence pattern
after neoadjuvant chemoradiotherapy compared to surgery
alone in esophagealcancer patients. Ann Surg Oncol. 2013;
20:4008-4015

Koen Talsma A, Shapiro J, Looman CW, van Hagen P,
Steyerberg EW, van der Gaast A, van Berge Henegouwen MI,
Wijnhoven BP, van Lanschot JJ; CROSS Study Group,
Hulshof MC, van Laarhoven HW, Nieuwenhuijzen GA,
Hospers GA, et al. Lymph node retrieval
esophagectomy  with and  without
chemoradiotherapy: prognostic and therapeutic impact on
survival. Ann Surg. 2014; 260:786—792; discussion 792—793.
Pandey D, Pandey R, Garg PK. Neoadjuvant Therapy
and Lymphadenectomy in Esophageal Cancer: Both Are
Essential to Maximize Survival Benefit. Ann Surg. 2015
Feb 14. [Epub ahead of print]

Shridhar R, Hoffe SE, Almhanna K, Weber JM, Chuong MD,
Karl RC, Meredith K. Lymph node harvest in esophageal

during
neoadjuvant

cancer after neoadjuvant chemoradiotherapy. Ann Surg
Oncol. 2013; 20:3038-3043.

Hanna JM, Erhunmwunsee L, Berry M, D’Amico T,
Onaitis M. The prognostic importance of the number of
dissected lymph nodes after induction chemoradiotherapy
for esophageal cancer. Ann Thorac Surg. 2015; 99:265-269.

Chao YK, Liu HP, Hsieh MJ, Wu YC, Liu YH, Yeh CH,
Chang HK, Tseng CK. Resected lymph nodes after
chemoradiation in esophageal cancer: a subgroup analysis
of patients with and without pathological response. Ann
Surg Oncol. 2012; 19:3500-3505.

Solomon N, Zhuge Y, Cheung M, Franceschi D,
Koniaris LG. The roles of neoadjuvant radiotherapy
and lymphadenectomy in the treatment of esophageal
adenocarcinoma. Ann Surg Oncol. 2010; 17:791-803.
Urschel JD, Vasan H, Blewett CJ. A meta-analysis of
randomized controlled trials that compared neoadjuvant
chemotherapy and surgery to surgery alone for resectable
esophageal cancer. Am J Surg. 2002; 183:274-279.

Lin D, Leichman L. The current status of neoadjuvant

therapy for esophageal cancer. Semin Thorac Cardiovasc
Surg. 2014; 26:102-109.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Robb WB, Dahan L, Mornex F, Maillard E, Thomas PA,
Meunier B, Boige V, Pezet D, Le Brun-Ly V, Bosset JF,
Mabrut JY, Triboulet JP, Bedenne L, et al. Fédération
Frangaise de Cancérologie Digestive, Société Francaise de
Radiothérapie Oncologique, Union des Centres de Lutte
Contre le Cancer, Groupe Coopérateur Multidisciplinaire
en Oncologie, French EsoGAstric Tumour working
group, Fédération de Recherche En Chirurgie. Impact
of neoadjuvant chemoradiation on lymph node status
in esophageal cancer: post hoc analysis of a randomized
controlled trial. Ann Surg. 2015; 261:902-908.

Le M, Nelson R, Lee W, Mailey B, Duldulao M, Chen Y],
Garcia-Aguilar J, Kim J. Evaluation of lymphadenectomy
in patients receiving neoadjuvant radiotherapy for rectal
adenocarcinoma. Ann Surg Oncol. 2012; 19:3713-3718.
Scabini S, Montecucco F, Nencioni A, Zoppoli G, Sartini M,
Rimini E, Massobrio A, De Marini L, Poggi A, Boaretto R,
Romairone E, Ballestrero A, Ferrando V. The effect of
preoperative chemoradiotherapy on lymph nodes harvested
in TME for rectal cancer. World J Surg Oncol. 2013; 11:292.
Luna RA, Dolan JP, Diggs BS, Bronson NW, Sheppard BC,
Schipper PH, Tieu BH, Feeney BT, Gatter KM, Vaccaro GM,
Thomas CR Jr, Hunter JG. Lymph Node Harvest During
Esophagectomy Is Not Influenced by Use of Neoadjuvant
Therapy or Clinical Disease Stage. J Gastrointest Surg.
2015; 19:1201-1207.

Okumura H, Uchikado Y, Matsumoto M, Owaki T, Kita Y,
Omoto I, Sasaki K, Sakurai T, Setoyama T, Nabeki B,
Matsushita D, Ishigami S, Hiraki Y, et al. Prognostic factors
in esophageal squamous cell carcinoma patients treated
with neoadjuvant chemoradiation therapy. Int J Clin Oncol.
2013; 18:329-334.

Akutsu'Y, Shuto K, Kono T, Uesato M, Hoshino I, Shiratori T,
Isozaki Y, Akanuma N, Uno T, Matsubara H. The number
of pathologic lymph nodes involved is still a significant
prognostic factor even after neoadjuvant chemoradiotherapy
in esophageal squamous cell carcinoma. J Surg Oncol.
2012; 105:756-760.

Rizk NP, Ishwaran H, Rice TW, Chen LQ, Schipper PH,
Kesler KA, Law S, Lerut TE, Reed CE, Salo JA,
Scott WJ, Hofstetter WL, Watson TJ, et al. Optimum
lymphadenectomy for esophageal cancer. Ann Surg. 2010;
251:46-50.

Stiles BM, Nasar A, Mirza FA, Lee PC, Paul S, Port JL,
Altorki NK. Worldwide Oesophageal Cancer Collaboration
guidelines for lymphadenectomy predict survival following
neoadjuvant therapy. Eur J Cardiothorac Surg. 2012;
42:659-664.

Wang Q, Yu S, Xiao Z, Liu X, Zhang W, Zhang X, He J,
Sun K, Xu T, Feng Q1, Zhou Z, Wang L, Yin W. Residual
lymph node status is an independent prognostic factor in

www.impactjournals.com/oncotarget

22506

Oncotarget



esophageal squamous cell Carcinoma with pathologic T0
after preoperative radiotherapy. Radiat Oncol. 2015; 10:142.
22. Surveillance, Epidemiology, and End Results (SEER) Program
(www.seer.cancer.gov) SEER*Stat Database: Incidence -
SEER 18 Regs Research Data + Hurricane Katrina Impacted

Louisiana Cases, Nov 2014 Sub (1973-2012 varying) - Linked
To County Attributes - Total U.S., 1969-2013 Counties,
National Cancer Institute, DCCPS, Surveillance Research
Program, Surveillance Systems Branch, released April 2015,
based on the November 2014 submission.

www.impactjournals.com/oncotarget

22507

Oncotarget



