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Introduction

Abstract

Background: Research on the impact of examined lymph node (ELN) count on
node-negative esophageal cancer (EC) especially pTINOMO EC is inadequate. This
study was designed to analyze the prognostic impact of ELN count on pT1INOMO EC.
Methods: Data of resected pTINOMO EC patients between 1988 and 2015 were
extracted from the United States Surveillance, Epidemiology, and End Results (SEER)
database. The association between ELN count and overall survival (OS) or esophageal
cancer-specific survival (ECSS) were investigated. Factors that may predict the outcome
were identified using the Kaplan-Meier method and the Cox proportional-hazards
model.

Results: A total of 906 patients who underwent resection with at least one lymph
node (LN) retrieved met our criteria. The cumulative 5-year OS was 67.6%, while the
cumulative 5-year ECSS was 75.4%. X-Tile analysis showed that 12 was the optimal
cutoff value for ELN count in terms of both OS ()2 = 28.764, P < 0.0001) and ECSS
(x2 =15.668, P = 0.0026). A Kaplan-Meier survival analysis and log-rank comparison
revealed that ELN > 12 was significantly associated with better OS (HR, 0.532; 95%
CIL, 0.421-0.672; P < 0.001) and ECSS (HR, 0.561; 95% CI, 0.420-0.749; P < 0.001)
rates than ELN <12. The OS and ECSS benefit of increasing ELN count were also
reflected in the multivariate analysis after adjustment for age, sex, race, marital status,
location, T stage, tumor size, pathology, and differentiation.

Conclusions: These findings indicated that greater number of ELN count exhibits
prognostic significance in pTINOMO EC. We recommend more than 12 LNs should
be examined in pTINOMO EC.

However, with recent advances in endoscopic surveillance and

Esophageal cancer (EC) ranks sixth among the causes of cancer
related mortality globally, with approximately 508 585 deaths
worldwide in 2018." In recent years, multi-modality treatment
dominated by surgery has improved the prognosis of patients
to a certain degree. However, the overall prognosis remains
poor with a 5-year survival rate estimated at 15% to 25%.
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early detection,> early-stage cancers (TINOMO) are being diag-
nosed more frequently. In early-stage EC, lesions are limited to
the mucosa (Tla) or submucosa (T1b),> and this diagnosis
comprises approximately 20% of all initial diagnoses.® Progno-
sis for these patients is better and a 5-year overall survival
(OS) rate of 90% has been reported in resected T1a patients.”
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Endoscopic therapy appears to be comparable with
esophagectomy in terms of mid- and long-term EC-related
mortality,® but several risk factors may preclude adequate treat-
ment with endoscopic therapy. Endoscopic therapy could just
be therapeutic when a lesion <2 cm in diameter is fully
removed with clear lateral and deep margins and histopatho-
logic assessment demonstrates well or moderate differentiation,
invasion no deeper than the superficial submucosa, and no
lymphovascular invasion (LVI).>'° Esophagectomy should con-
tinue to remain the standard treatment in patients with
TINOMO EC."°

Surgery may not only resect the lesion and potential precan-
cerous lesions to the maximum extent, but also dissect the
potential metastatic lymph nodes (LN) to help accurate staging
and improve the prognosis. In the past decade, many studies
have examined the impact of examined lymph node (ELN)
count on the survival of patients with cancer, and a higher
number of ELNs is associated with a better prognosis.'"™
However, few studies have considered the relationship between
the ELN count and survival in patients with pTINOMO
EC. The minimum number of LNs requiring resection and its
prognostic effect on the long-term survival of patients with
pTINOMO EC remain undetermined. Hence, in this report, we
performed a population-based retrospective analysis of the
United States Surveillance, Epidemiology, and End Results
(SEER) database to investigate whether the ELN count in
resected pTINOMO EC patients acts as a prognostic factor for
the OS and esophageal cancer-specific survival (ECSS).

Methods

Data source

The data used in this study were extracted from the SEER
registry program of the National Cancer Institute. SEER is
a population-based database of the National Cancer Insti-
tute on cancer incidence and survival. The population-
based cancer registries included 18 registries and covered
approximately 28% of the US population and were ana-
lyzed using SEER*-Stat software. SEER database is freely
available with patient anonymization, and approval from
the institutional review board is therefore not required.

Study population

We identified all patients with primary EC localized to the upper,
middle, and lower esophagus from 1988 to 2015. The primary
site and morphology codes C15.0 and C15.3 were used to iden-
tify tumors localized to the upper third of the esophagus, C15.4
was used to identify the middle third of esophagus, and C15.2
and C15.5 were used to identify the lower third of the esophagus.
All patients were microscopically confirmed. CS extension (2004
+) and EOD 10 extent (1988-2003) were used to define the T
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stage of the cancer. We defined T1 stage EC as lesions involving
the mucosa (T1a) or submucosa (T'1b). EC was the only primary
cancer and pathologic LN should be negative. Histologic codes
8140, 8144, 8210, 8211, 8255, 8260, 8263, 8310, 8480, and 8481
were used to define adenocarcinomas; codes 8052, 8070, 8071,
8072, 8074, and 8083 for squamous cell carcinomas; and all
other remaining codes as other histology. Surgery codes
40, 50 and 60 were used for patients who underwent
esophagectomy before 1997. For patients after 1998, surgery
codes 30, 40, 50-55, and 80 were used. The surgical treatments
included partial esophagectomy, total esophagectomy,
esophagectomy with laryngectomy and/or gastrectomy, and
esophagectomy NOS. Those patients who received neoadjuvant
radiation were kept within the analysis; information on chemo-
therapy is not provided in the SEER data. Exclusion criteria were
as follows: patients under the age of 18 at diagnosis; patients with
missing or incomplete information regarding race, marital sta-
tus, tumor location, differentiation, type of surgery, survival sta-
tus and cause of death. Patients with follow-up status of less than
one month were excluded from the study.

The following information was obtained for each patient
from the SEER database: patient demographics (such as
year of diagnosis, sex, age at diagnosis, race, and marital
status); clinicopathological characteristics (involving pri-
mary site, tumor size, histologic type, differentiation, and T
stage) and survival information (such as survival months,
vital status and cancer-specific death).

ELN count was abstracted using SEER codes. ELN count
is the total number of regional LNs that were removed and
examined by the pathologist. Code 00 is determined as no
LNs were examined. Codes 01 to 89 are considered as exact
number of LNs examined. Code 90 is considered as 90 or
more LNs were examined. Codes 95 to 98 included catego-
ries where the number of LNs was unknown or not stated
in the pathology report or LNs removed were not docu-
mented as part of the surgical procedure were excluded in
this study. Code 99 is considered as unknown whether the
LNs were examined or not applicable or negative or not
stated in the patient record and was also excluded in this
study.

The outcomes of this study included OS and ECSS. OS was
defined from the date of surgery to the date of death due to any
cause. ECSS was defined as the number of months from date of
surgery until death due to EC. Patients who died due to other
causes or were still alive at the end of the study period were
defined as censored. The last follow-up in this study was on
31 December 2015.

Statistical analysis

We used the Student’s t-test’® to compare the differences
between continuous variables and y” test' for categorical
variables. The optimal cutoff values for the ELN count
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were determined using X-Tile software (http://www.
tissuearray.org/rimmlab), and identified the cutoffs with
minimum P values from log-rank y* statistics in terms of
survival.'” The survival rate was calculated using the
Kaplan-Meier method, and a log-rank test was used to
assess the survival differences between groups. A Cox
proportional-hazards model® was used for multivariate
analysis. Statistical significance was assumed for a two-
tailed P-value of less than 0.05. All statistical analyses were
performed using SPSS (version 22.0, SPSS Inc., Chi-
cago, IL).

Results

Patient characteristics and ELN count

From 1988 to 2015, a total of 906 patients (mean [£+SD]
age: 63.8 £ 9.4 years; 82.7% males; 90.7% whites) with
microscopically confirmed stage Tla (38.5%) and stage
T1b (61.5%) were identified. The flow diagram for patient
selection is presented in Fig 1. The largest proportion of

Patients with no
esophagectomy or unknown if
surgery performed
(n = 44986)

Patients with only primary
esophageal carcinoma from 1988 to
2015 (n = 57058)

l

Surgically resected EC
(n=12072)

l

Surgery as first line therapy
(n=2095)

Patients whose stage were not
TINOMO or staging
information unknown
(n=9977)

Excluded:
unknown marital status (n = 80),
race (n=96),
differentiation (n = 359),
tumor location (n = 166),

histologic type (n = 7),
tumor size (n = 446),
survival status (2 = 6) and
survival follow-up less than one
month (n = 28)

v

Patients who did not undergo
lymph node examination or
with number of lymph nodes
unknown
(n=91)

Patients screened for analysis
(n=997)

|

Patients included in final
analysis (2 = 906)

Figure 1 Selection of study cohort.
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tumors were located in the lower third (82.8%), followed
by the middle third (14.3%) and upper third (2.9%) of the
esophagus. The adenocarcinomas are the most common
ECs constituting approximately 82.0% of the cohort. A
total of 84 patients received neoadjuvant radiation therapy.
The median ELN count was 10 (interquartile range [IQR],
5 to 17). Patient characteristics are summarized in Table 1.

Survival analysis and identification of the
optimal cutoff value for ELN count in
pT1INOMO EC

The median follow-up period after surgical resection was
54 (range, 2-274) months. A total of 376 deaths were
reported during the follow-up period, where 233 deaths
were due to EC and 143 deaths due to other causes. The

Table 1 Clinicopathologic characteristics of the entire cohort of
patients (n = 906)

Characteristics No. (%) of patients
Age, mean + SD 63.8+94
Age group, years

<60 280 (30.9)

60-75 525 (57.9)

>75 101 (11.1)
Sex

Male 749 (82.7)

Female 157 (17.3)
Race

White 822 (90.7)

Others 84 (9.3)
Marital status

Married 648 (71.5)

Single 258 (28.5)
Location

Upper third 26 (2.9)

Middle third 130 (14.3)

Lower third 750 (82.8)
T stage

Tla 349 (38.5)

T1b 557 (61.5)

Tumor size 21.4+17.5
Pathology

AC 743 (82.0)

SQC 134 (14.8)

Others 29 (3.2)
Differentiation

| 154 (17.0)

Il 453 (50.0)

Il 279 (30.8)

v 20(2.2)
ELN count

1-5 228 (25.2)

6-10 227 (25.1)

1-17 226 (24.9)

>17 225 (24.8)

AC, adenocarcinoma; SQC, squamous cell carcinoma.

© 2019 The Authors. Thoracic Cancer published by China Lung Oncology Group and John Wiley & Sons Australia, Ltd


http://www.tissuearray.org/rimmlab
http://www.tissuearray.org/rimmlab

Y. Liu et al.

ELN count on survival of esophageal cancer

Figure 2 (a) Overall survival (QS) and a 100+ os b 100 - ECSS
(b) esophageal cancer—specific sur-
vival (ECSS) in 906 patients with = 80 = 80-
pT1NOMO EC. % %
5 604 5 60
) o
- b4
§ 40 - & 404
5 5
o 20 o 204
o T ] L} T T 1 o T T T T T 1
0 48 96 144 192 240 288 0 48 96 144 192 240 288

Survival time (months)

cumulative 5-year OS was 67.6%, while the cumulative
5-year ECSS was 75.4% (Fig 2).

X-Tile analysis showed that 12 was the optimal cutoff
value for ELN count in patients with pTINOMO EC in terms
of both OS (y* = 28764, P<0.0001) and ECSS
(* = 15,668, P = 0.0026), (Fig 3). Table 2 compared the
clinicopathological factors between EC patients in the ELN
<12 and ELN > 12 groups, which implied they were compa-
rable based on the possible confounding variables. A
Kaplan-Meier survival analysis and log-rank comparison
revealed that ELN > 12 was significantly associated with

Survival time (months)

better OS (HR, 0.532; 95% CI, 0.421-0.672; P < 0.001) and
ECSS (HR, 0.561; 95% CI, 0.420-0.749; P < 0.001) rates than
ELN <12 (Fig 4).

The OS and ECSS benefit of increasing ELN count were also
reflected in the multivariate analysis after adjustment for age,
sex, race, marital status, location, T stage, tumor size, pathology,
and differentiation (Tables 3, 4). Other independent favorable
prognostic factors identified both in the OS and ECSS multivari-
ate analysis included younger age at diagnosis, tumor size
<18 mm and well-differentiated histology. T stage was also an
independent prognostic factor in the ECSS multivariate analysis.

Figure 3 X-tile analysis of survival data in pTINOMO esophageal cancer in terms of both (a) overall survival and (b) esophageal cancer-specific sur-
vival. X-tile plots of the training sets are shown in the left panel, with plots of matched validation sets shown in the smaller inset. The optimal cutoff
point is shown on a histogram of the entire cohort (middle panels), and a Kaplan-Meier plot (right panels).

Thoracic Cancer 10 (2019) 1636-1643
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Table 2 Distribution of clinicopathologic characteristics for the two
groups by ELN count

ELN count (%)

ELN ELN
Variables count< 12 (n=533) count> 12 (n=373) P
Age, 64.2 £9.6 63.1 £8.9 0.101
mean + SD
Age group,
years
<60 156 (29.3) 124 (33.2) 0.290
60-75 312 (58.5) 213 (57.1)
>75 65 (12.2) 36 (9.7)
Sex
Male 446 (83.7) 303 (81.2) 0.339
Female 87 (16.3) 70 (18.8)
Race
White 491 (92.1) 331 (88.7) 0.084
Others 42 (7.9) 42 (11.3)
Marital status
Married 378 (70.9) 270 (72.4) 0.630
Single 155 (29.1) 103 (27.6)
Location
Upper third 19 (3.6) 7(1.9) 0.133
Middle third 69 (12.9) 61(16.4)
Lower third 445 (83.5) 305 (81.8)
T stage
Tla 196 (36.8) 153 (41.0) 0.196
T1b 337 (63.2) 220 (59.0)
Tumor size 21.8+19.0 209+ 149 0.399
Pathology
AC 443 (83.1) 300 (80.4) 0.412
SQC 76 (14.3) 58 (15.5)
Others 14 (2.6) 15(4.0)
Differentiation
| 83 (15.6) 71 (19.0) 0.400
Il 269 (50.5) 184 (49.3)
1l 171 (32.1) 108 (29.0)
vV 10(1.9) 10(2.7)

AC, adenocarcinoma; SQC, squamous cell carcinoma.

Discussion

Pathologic LN status is considered as one of the most important
survival factors for EC. Patients with LN metastasis have a

Y. Liu et al.

higher risk of disease recurrence and poorer prognosis. LN
sampling or dissection plays an important role in precise nodal
staging and remains crucial for the appropriate delivery of
adjuvant therapies. Increased extent of lymphadenectomy is
associated with improved survival.'*>* Therefore, lympha-
denectomy of some extent is required. However, what consti-
tutes optimum lymphadenectomy to maximize survival,
especially in pT1INOMO EC is controversial.

Using data extracted from the United States SEER data-
base, we demonstrated that ELN count in resected pTINOMO
EC patients was an independent prognostic factor for both
OS and ECSS. Although we were not able to ascertain a
threshold of mortality benefit, we recommended more than
12 LNs to be examined. Patients who received induction
chemo/radiotherapy were also included in this study, thus
the findings can be generalized to those treated with preoper-
ative therapy.

Our findings are compatible with results from previous
studies.™**** Rizk and colleagues" performed a retrospective
review using data from the Worldwide Esophageal Cancer
Collaboration database. Greater extent of lymphadenectomy
was associated with increased survival for patients with
pTINOMO EC and optimum lymphadenectomy was 10 to
12 nodes. Liu et al.*® reviewed their experience of 666 patients
who underwent esophagectomy and found that the number of
resected LN is an independent prognostic factor for the sur-
vival of node-negative esophageal squamous cell carcinoma
(ESCC) patients. The minimum resection number rec-
ommended for accurate staging is 16. Yu and colleagues™ ret-
rospectively studied 194 pNO ESCC patients who underwent
radical esophagectomy. They reported that LN count
exhibited prognostic significance in pNO ESCC. In addition,
the minimum number of LNs that should be removed in pNO
ESCC is probably 14.

However, a nationwide, population-based cohort study
indicated that more extensive LN clearance during surgery for
EC may not improve survival. The study included 1044 EC
patients who had undergone esophagectomy between 1987
and 2010 in Sweden, with follow-up until 2012. Analyzed as a
linear variable, a higher number of LNs removed did not influ-
ence the overall 5-year mortality (adjusted HR = 1.00, 95%

oS b ECSS Figure 4 (a) Overall survival and (b)
@ 100 o ELNE 12 100+ — ELN< 12 esophageal cancer—specific survival by
= 80 — ELN>12 - 80 —— ELN>12 ELN count in 906 patients with
‘;" S pTINOMO EC.
s
5 60 € 60
2 a @
@ 404 & 40
o o
G 5 p<0.001
a 20 o 204
0 T T T T T 1 0 T T T T T 1
0 48 96 144 192 240 288 0 48 96 144 192 240 288

Survival time (months)

1640 Thoracic Cancer 10 (2019) 1636-1643

Survival time (months)

© 2019 The Authors. Thoracic Cancer published by China Lung Oncology Group and John Wiley & Sons Australia, Ltd



Y. Liu et al.

Table 3 Cox regression analysis for estimating the risk factors of OS

ELN count on survival of esophageal cancer

Univariate Multivariate

Variables HR 95%Cl P HR 95%Cl P
Age group, years <0.001 <0.001

<60 Ref Ref

60-75 1.548 1.214-1.974 <0.001 1.530 1.197-1.956 0.001

>75 2.814 2.025-3.913 <0.001 2.569 1.843-3.582 <0.001
Sex 0.202 NS

Male Ref NS

Female 1.185 0.913-1.536 0.202 NS NS NS
Race 0.279 NS

White Ref NS

Others 0.822 0.576-1.172 0.279 NS NS NS
Marital status 0.074 NS

Married Ref NS

Single 1.224 0.980-1.528 0.074 NS NS NS
Location 0.004 0.090

Upper third Ref Ref

Middle third 1.136 0.661-1.954 0.644 1.331 0.742-2.385 0.337

Lower third 1.539 1.191-1.990 0.001 0.952 0.541-1.676 0.864
T stage 0.001 0.067

Tla Ref Ref

T1b 1.435 1.154-1.783 0.001 1.234 0.985-1.546 0.067
Tumor size 0.001 0.011

<18 Ref Ref

>18 1.400 1.143-1.715 0.001 1.313 1.065-1.619 0.011
Pathology 0.01 0.524

AC Ref Ref

SQC 1.447 1.120-1.869 0.005 1.117 0.821-1.519 0.482

Others 0.781 0.426-1.432 0.425 0.778 0.417-1.453 0.431
Differentiation 0.005 0.044

| Ref Ref

I 1.036 0.761-1.409 0.823 0.880 0.644-1.201 0.420

Il 1.501 1.093-2.061 0.012 1.211 0.874-1.677 0.250

v 0.953 0.467-1.945 0.894 0.786 0.381-1.622 0.515
ELN count <0.001 <0.001

<12 Ref Ref

>12 0.532 0.421-0.672 <0.001 0.539 0.425-0.683 <0.001

AC, adenocarcinoma; SQC, squamous cell carcinoma; Ref, reference; NS: P> 0.05 on univariate analysis.

CI = 0.99 to 1.01).” However, as an observational study, bias
from confounding can never be excluded.

Although the mechanisms underlying the impact of ELN
count on prognosis remain uncertain, there are several possi-
ble reasons for our finding that improved survival is related to
higher ELN count in pTINOMO EC. Firstly, although we dis-
sected enough LN, the pathologists might not have examined
all of the LN's from an en-bloc resected specimen which would
lead to stage migration. Thompson and colleagues® identified
119 patients who had undergone surgical resection for EC
between 1997 and 2007, and who were classified as node-neg-
ative. Relevant paraffin blocks were identified, and three addi-
tional levels, each 250 pm apart, were cut of all LNs. They
reported that one patient was found to have a metastasis (>2 ),
eight patients (6.7%) had micrometastasis, and 22 patients

Thoracic Cancer 10 (2019) 1636-1643
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(18.5%) had isolated tumor cells. This indicated an effect of
incomplete pathologic examination. Secondly, it is possible
that a greater number of ELNs can be interpreted to be associ-
ated with lower risk of undiscovered positive lymph nodes,
which meant that a better and more accurate staging. Node-
negative patients with a lower number of ELNs may in fact
have had positive nodal involvement but were under-
diagnosed because of inadequate LN staging, whereas node-
negative patients with more LNs examined were more likely
to be truly free from nodal involvement.>® Thirdly, the more
extensive lymph nodes dissection may reflect the adequacy of
surgical, pathological and institutional care provided by the
treatment team. A previous study identified that high-volume
hospitals had better late survival rates with EC resection than
lower-volume ones.””
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Table 4 Cox regression analysis for estimating the risk factors of ECSS

Y. Liu et al.

Univariate Multivariate

Variables HR 95%Cl P HR 95%Cl P
Age group, years 0.006 0.041

<60 Ref Ref

60-75 1.383 1.023-1.869 0.035 1.324 0.977-1.795 0.070

>75 2.004 1.298-3.094 0.002 1.719 1.110-2.664 0.015
Sex 0.124 NS

Male Ref NS

Female 1.289 0.933-1.780 0.124 NS NS NS
Race 0.899 NS

White Ref NS

Others 1.028 0.673-1.570 0.899 NS NS NS
Marital status 0.390 NS

Married Ref NS

Single 1.132 0.853-1.502 0.390 NS NS NS
Location 0.009 0.454

Upper third Ref Ref

Middle third 1.107 0.559-2.193 0.770 1.044 0.522-2.089 0.903

Lower third 0.681 0.360-1.290 0.239 0.820 0.418-1.607 0.563
T stage <0.001 0.018

T1a Ref Ref

T1b 1.811 1.356-2.419 <0.001 1.434 1.065-1.931 0.018
Tumor size <0.001 0.009

<18 Ref Ref

>18 1.650 1.271-2.141 <0.001 1.434 1.096-1.875 0.009
Pathology 0.001 0.234

AC Ref Ref

SQC 1.771 1.299-2.416 <0.001 1.357 0.927-1.989 0.117

Others 1.064 0.522-2.168 0.865 0.857 0.410-1.788 0.680
Differentiation <0.001 <0.001

| Ref Ref

I 1.465 0.923-2.324 0.105 1.248 0.784-1.988 0.350

Il 2.718 1.715-4.310 <0.001 2.132 1.333-3.409 0.002

% 2.570 1.178-5.611 0.018 2.054 0.928-4.546 0.076
ELN count <0.001 <0.001

<12 Ref Ref

>12 0.561 0.420-0.749 <0.001 0.586 0.437-0.786 <0.001

AC: adenocarcinoma; SQC: squamous cell carcinoma; Ref: reference; NS: P> 0.05 on univariate analysis.

The current study had several limitations. Firstly, it was a ret-
rospective study and hence some inherent biases were inevitable.
Secondly, there is no standardized protocol for removing and
counting lymph nodes across institutions. Therefore, the ELN
count may vary with pathologic processing, and counts in some
institutions may include only LN fragments, while others rely
on complete LNs?®. Thirdly, detailed information on patients’
comorbidity, performance status, pulmonary function, the
length of the tumor, type of esophagectomy (Sweet, Ivor Lewis
or McKeown, open or minimally invasive), margin status and
recurrence rates could not be obtained from the SEER database.
Lastly, the ELN count is recorded in the SEER database, but the
location of each lymph node retrieval is not. Thus, determining
the location of LN resected or sampled was not possible.

In conclusion, the results of this study suggested that ELN
count is independently associated with long-time survival

1642 Thoracic Cancer 10 (2019) 1636-1643

outcomes in resected pTINOMO EC patients. We recommend
more than 12 LNs should be examined for accurate staging of
operable pTINOMO EC. Because of the inherent limitations,
further large-scale cohort studies are needed to validate our
findings and to explore the potential mechanisms underlying
the prognostic implications of ELN count.
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