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ABSTRACT

Objectives: Endoscopic resection is gaining popularity as a treatment for early-
stage esophageal adenocarcinoma, particularly for T1a tumors. The goal of this
study was to create a scoring system to reflect the risk of nodal metastases in
early-stage esophageal adenocarcinoma to be used after endoscopic resection to
better individualize treatment.

Methods: The National Cancer Database was queried for patients with T1a or
T1b esophageal adenocarcinoma who underwent esophagectomy. We identified
variables affecting nodal metastases using multivariable logistic regression,
which we then used to create a scoring system. We stratified the model for T1a
or T1b tumors, tested model discrimination, and validated the models by refitting
in 1000 bootstrap samples. C-statistics greater than 0.7 were considered relevant.

Results:We identified 1283 patients with T1a or T1b tumors; 146 had nodal me-
tastases (11.4%). Tumor category (pT1a vs pT1b), grade, and size and the pres-
ence of angiolymphatic invasion significantly affected the risk of nodal
metastases.We assigned points to each variable and added them to get a risk score.
In patients with T1a tumors, less than 3% of patients with a risk score of 3 or less
had nodal metastases, whereas 16.1% of patients with a risk score of 5 or greater
had nodal metastases. In patients with T1b tumors, less than 5% of patients with a
risk score of 2 or less had nodal metastases, whereas 41% of patients with a score
of 6 or greater had nodal metastases (c-statistic ¼ 0.805).

Conclusions: The proposed scoring system seems to be useful in discriminating
risk of nodal metastases in patients with T1a or T1b esophageal adenocarcinoma
and may be useful in directing patients who received endoscopic resection to
esophagectomy or careful follow-up. (J Thorac Cardiovasc Surg
2017;154:1787-93)

Risk of nodal metastases in patients with T1a EAC.

Central Message

A scoring system was generated to quantitate

the risk of nodal metastasis in T1 esophageal

tumors that may be useful in guiding patients

to esophagectomy or follow-up after endo-

scopic resection based on this risk score.

Perspective

Although endoscopic resection is rapidly

becoming the standard of care for early-stage

esophageal cancer, patients with a high risk of

nodal metastasis may be better treated with

esophagectomy. We created a scoring system

that reflects the risk of nodal metastases and

may be useful in appropriately directing pa-

tients with T1 tumors to esophagectomy or

follow-up after endoscopic resection.

See Editorial Commentary page 1794.

See Editorial page 1785.

The incidence of nodal metastases in patients with esopha-
geal tumors that superficially invade the esophagus (T

category pT1a and pT1b) varies from 10% to 15%.1,2

The risk of nodal metastases in patients with T1
esophageal adenocarcinoma (EAC) increases with depth
of invasion, poorly differentiated tumors, increasing size,
and angiolymphatic invasion.3-7 Nodal metastases are the
most important determinant of long-term survival in pa-
tients with superficially invasive EAC.5,8
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EACs limited to the mucosa (T1a) are increasingly being
treated with endoscopic resection, and survival after endo-
scopic resection of T1a tumors compares favorably with
survival after esophagectomy.9 Some practitioners have
extended the indications of endoscopic resection to patients
with T1b tumors with superficial invasion of the submucosa
(sm1), with encouraging results.10 Clinical staging of T1
EAC is difficult, and endoscopic ultrasound shows a
concordance of only 65% in T1 esophageal carcinoma.11

Many authors have recommended endoscopic resection as
a staging tool for patients with clinical T1 EAC.12,13 For
patients with an established diagnosis of T1a or T1b
adenocarcinoma after endoscopic resection, multiple
authors have devised a scoring system or risk stratification
for nodal metastases based on known risk factors.6,14,15

These studies were based on a relatively small number of
patients, and the largest cohort had 258 patients.

The National Cancer Database (NCDB) collects data
from more than 1500 facilities and includes 70% of all
new cancer diagnosis in the United States.16 The NCDB
has data points for all factors previously associated with a
high risk of nodal metastases in patients with EAC. The
aim of this study was to create a simple scoring system
that can assess the risk of nodal metastases in patients
with T1 EAC using this large national database.

MATERIALS AND METHODS
The NCDB was queried for all patients from 2010 to 2013 who under-

went esophagectomy with pathologically confirmed T1a or T1b EAC. Pa-

tients were excluded if they received preoperative chemotherapy or

radiation therapy, if they hadmetastases at diagnosis, and if data on T status

or N status were incomplete. From the participant user files provided by the

NCDB, we extracted basic patient demographics, pathologic information,

including tumor category, tumor grade, presence of angiolymphatic inva-

sion, number of lymph nodes examined, number of lymph nodes positive

for metastases, and any neoadjuvant therapy received by the patient. The

NCDB categorizes tumor grade as well as differentiated, moderately differ-

entiated, poorly differentiated, and anaplastic. We combined poorly differ-

entiated and anaplastic into 1 category of poorly differentiated tumors. The

NCDB data are completely deidentified; therefore, this study was deemed

exempt from approval and informed consent by the Institutional Review

Board of the University of Tennessee Health Science Center.

Statistical Analysis
Data are represented as mean � standard deviation or median and inter-

quartile range for continuous variables and as n (%) for categoric variables.

Unadjusted differences between positive and negative nodes were tested

with Student t test and chi-square analysis, where appropriate. Missing

data for candidate variables were substituted using multiple imputation

methods with sequential regression using IVware software.17 The associa-

tion between tumor size and positive node status also was evaluated as a

continuous variable by means of spline regression, using methods as

described by Desquilbet and Mariotti.18 For this analysis, restricted cubic

spline functions were used in the adjusted logistic regression model relating

positive node status to natural tumor size to identify the shape of the curve

and to test the hypothesis of nonlinearity of this relationship. Using this

functional relationship and the Youden index,19 we created 3 categories

for tumor size: less than 15 mm, 15 to 25 mm, and greater than 25 mm.

To identify independent predictors of positive nodes, we developed a

multivariable logistic regression model with the preidentified variables:

age, sex, T status, tumor differentiation, tumor size, Charlson comorbidity

score, academic institution, and lymphovascular invasion (LVI). Model

discrimination was tested with the c-statistic.

Next, we created a point-scoring system using the most prognostic vari-

ables for positive nodal status as determined by the beta weights of the vari-

ables.20 We intentionally did not give a weight to tumor status (T1a/T1b)

because we used this variable for stratification. We then graphically assessed

the ability of the point system to discriminate between positive and negative

nodal status, and computed the c-statistic using only the point system.

Finally, after fitting the model in the entire dataset, we conducted inter-

nal validation by refitting the model in 1000 bootstrap samples with

replacement. This method of model validation has been found to have

lower variability and lower bias potential compared with traditional split-

sample validation and k-fold cross-validation.21 All measures of model per-

formance were corrected for optimism and a calculated ‘‘shrinkage’’ factor

derived from the calibration slope. This analysis led to minimal adjust-

ments to the full model (data not shown).

RESULTS
We identified 1283 patients with T1a or T1b tumors; 146

had nodal metastases (11.4%). There were 572 patients
with T1a tumors (44.6%) and 711 patients with T1b tumors
(55.4%) (Table 1). Themost frequently missing variables in
the dataset were tumor size (missing in 18%), tumor grade
(missing in 13%), and angio-LVI (missing in 16%). Pa-
tients with T1a tumors (18/572) had a 3.1% incidence of
nodal metastases, and patients with T1b tumors (128/711)
had an 18% incidence of nodal metastases. The median
age for the full cohort was 65 (interquartile range, 59-71),
and 1095 were male (85.3%). In multivariable analysis, tu-
mor category (pT1a vs pT1b; odds ratio [OR], 3.45; 95%
confidence interval [CI], 2.47-4.81; P<.001), tumor differ-
entiation (moderately differentiated vs well differentiated;
OR, 4.39; 95% CI, 1.55-12.42; P¼ .006; poorly differenti-
ated vs well differentiated; OR, 6.69; 95% CI, 2.33-19.18;
P<.001), tumor size (15-25 mm vs< 15 mm; OR, 2.07;
95% CI, 1.21-3.53; P ¼ .008;>25 mm vs<15 mm; OR,
2.98; 95% CI, 1.82-4.90; P< .001), and the presence of
LVI (P < .001) were identified as significantly affecting
the risk of nodal metastases (Figure 1). On the basis of
our multivariable analysis, we assigned points to each var-
iable to create a scoring system (Table 2) and then added
the points to get the patients’ risk scores (Figures 2 and 3).

In patients with T1a tumors, the majority (448/572,
78.3%) had a risk score of 3 or less and had a risk of nodal
metastases less than 3%. There were 93 patients (93/572,

Abbreviations and Acronyms
CI ¼ confidence interval
EAC ¼ esophageal adenocarcinoma
LVI ¼ lymphovascular invasion
NCDB ¼ National Cancer Database
OR ¼ odds ratio
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