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Abstract

Objective: We developed and validated a nomogram predicting the likelihood of occult lymph
node metastases in surgically resectable esophageal cancers.

Background: Patients with esophageal cancer with positive lymph nodes benefit from
neoadjuvant therapy, but limitations in current clinical staging techniques mean nodal metastases
often go undetected preoperatively.

Methods: The National Cancer Database was queried for patients with clinical T1I-3NOMO
cancer undergoing upfront esophagectomy from 2004 to 2014. Multivariable logistic regression
was used to develop the risk model using both statistical significance and clinical importance
criteria for variable selection. Predictive accuracy was assessed and bootstrapping was used for
validation. A nomogram was constructed for presentation of the final model.

Results: Of 3186 patients, 688 (22%) had pathologic lymph node involvement (pN+) and 2498
(78%) had pNO status. Variables associated with pN+ status included histology [adenocarcinoma
vs squamous: odds ratio (OR) 1.75], tumor stage (T1: reference, T2: OR 1.90, T3: OR 2.17),
tumor size (<1 cm: reference, 1-2 cm: OR 2.25, 2-3 cm: OR 3.82, 3-4 cm: OR 5.40, 4-5cm: OR
5.66, =5 cm: OR 6.02), grade (1: reference, 2: OR 2.62, 3: OR 4.39, 4: OR 4.15, X: OR 1.87), and
presence of lymphovascular invasion (absent: reference, present: OR 4.70, missing: OR 1.87), all
P<0.001. A nomogram with these variables had good predictive accuracy (Brier score: 0.14,
calibration slope: 0.97, c-index: 0.77).

Conclusions: We created a nomogram predicting the likelihood of pathologic lymph node
involvement in patients with esophageal cancer who are clinically node negative using a
generalizable dataset. Risk stratification with this nomogram could improve delivery of
appropriate perioperative care.
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The treatment of esophageal cancer varies by stage. Patients with esophageal cancer with
positive lymph nodes experience a survival benefit with neoadjuvant chemoradiation before
surgical resection.! National guidelines have incorporated this evidence and recommend
multidisciplinary treatment for patients with demonstrated locoregional disease, whereas
patients with early stage localized cancer may be candidates for surgical resection alone.2:3
Clinical staging is typically performed with endoscopic ultrasound (EUS) and positron
emission tomography-computed tomography, but limitations in these techniques mean
lymph node metastases often go undetected preoperatively. Prior institutional studies have
shown rates of occult nodal metastases can range from 16% to 39%, even for clinical early
stage disease.* This indicates that current staging practices alone may not be adequate for
appropriately risk-stratifying patients preoperatively.

Given the inaccuracies in clinical staging for identifying nodal disease, physicians often
consider additional clinical data when deciding whether to prescribe induction
chemoradiation for clinically node-negative patients. Efforts to identify clinical variables
associated with occult nodal metastases have revealed that multiple tumor-related variables
can be predictive.5:” Development of a usable clinical tool for predicting which patients are
at high risk of occult nodal metastases would improve patient selection for appropriate
preoperative therapy.

In this study, we aimed to develop and validate a nomogram using readily available clinical
variables from a broadly generalizable database to predict the likelihood of occult lymph
node metastases in surgically resectable esophageal cancers.

METHODS

Data Source

This study selected eligible patients from the National Cancer Database (NCDB) Participant
Use File for esophageal cancer. The NCDB is a retrospective dataset from the American
Cancer Society and the American College of Surgeons that captures greater than 70% of all
new nationwide cancer diagnoses from more than 1500 Commission on Cancer accredited
hospitals. This dataset was selected because its broad representation of patients with
esophageal cancer would allow the resulting nomogram to be generalizable to the United
States population. This study was exempt from Washington University’s Institutional
Review Board approval because the dataset is deidentified.

Patient Selection

Individuals who had clinically localized esophageal cancer (cT1-3NOMO) and underwent
esophagectomy from 2004 to 2014 were included in the study. Patients were excluded if they
underwent any type of neoadjuvant therapy (including radiation, chemotherapy, hormone,
therapy, or other systemic therapy); they were documented as having clinical TO (no
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evidence of a primary tumor) or Tis (high-grade dysplasia) disease; or they were missing
data on the timing of their surgery, tumor stage, tumor size, pathologic lymph node staging,
or histology. This cohort was then divided into 2 groups for analysis: patients who were
pathologically node negative (pNO) and patients who were pathologically node positive (pN
+), including pN1-3 disease. A summary of study selection criteria can be seen in our
Consolidated Standards of Reporting Trials diagram (Fig. 1).

Development of the Prediction Model

We abstracted and categorized the following demographic and tumor variables: age, sex,
race (white vs non-white), insurance status (private vs public), median annual income by zip
code (lowest quartile of <$38,000 vs >$38,000), education status by zip code (lowest
quartile of >21% without a high school degree vs the remainder), population by zip code
(>250,000 vs <250,000), Charlson Deyo Score (0, 1, =2), treatment center type (academic vs
nonacademic), year of diagnosis, histology (squamous cell vs adenocarcinoma), tumor stage,
tumor size, grade, and presence of lymphovascular invasion.

Baseline characteristics were assessed for the entire cohort and compared between pNO and
pN+ patients using ¢tests and chisquare tests for continuous and categorical variables,
respectively. Univariable analysis was performed to identify variables associated with pN+
status. We then used multivariable logistic regression to develop the risk model. We selected
predictors using both statistical significance (£ < 0.05) and clinical importance criteria. All
statistical analyses were performed using SAS version 9.4 (SAS Institute, Inc, Cary, NC)
and R Package Regression Modeling Strategies.

Evaluation of the Predictive Performance of the Model

The predictive accuracy of the model was assessed using 3 measures: (1) Brier score for
overall performance, (2) calibration slope for calibration, and (3) c-index for discrimination.
In addition to these numeric measures, we also used the calibration plot and receiver
operating characteristic curve to display the calibration and discrimination aspects of our
final model.

Bootstrapping using 500 repetitions was used for internal validation of our model and to
obtain bias-corrected predictive accuracy measures of the final model. For each bootstrap
sample, each predictive accuracy measure was assessed in the bootstrap sample and in the
original data set. The mean difference between the assessment in bootstrap sample and in the
original data was defined as the “optimism.” The “optimism” of each accuracy measure was
subtracted from the final model to yield the bias-corrected predictive accuracy measures of
the final model.8

We also performed additional analyses, creating and assessing our model with 3 clinically
relevant variations. First, we excluded the variable lymphovascular invasion because it is not
always available preoperatively. Second, we excluded the cT3NO patients, because many
such individuals are prescribed induction chemoradiation based on depth of invasion.
Finally, we divided the cT1NO patients into T1a, T1b, and T1 NOS (not otherwise specified)
populations. We then examined the predictive accuracy of our model in these contexts.
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Creation of the Nomogram

A nomogram was developed as the graphical representation of our final model.® The
nomogram has a reference line on the top for scoring points for each predictor from 0 to
100. The predictive variables are displayed below with bars that scale their effect size,
demonstrating visually the relative weight of each variable and allowing for points to be
assigned to each significant clinical characteristic.10 The summation of points from each
predictor and the corresponding predicted probability of positive lymph nodes can be read
from the bottom 2 lines.

RESULTS

Baseline Clinical Characteristics

After application of selection criteria, 3186 patients were available for analysis: 688 (22%)
had pathologic lymph node involvement (pN1-3) and 2498 (78%) had pNO status (Fig. 1). A
summary of patient demographic and tumor characteristics are displayed in Table 1. The
mean age was 65 years, and the majority of patients were men (80%), white (92%), had a
Charlson Deyo Score of 0 (68%), were treated in an academic center (62%), and had
adenocarcinoma (79%), with no significant differences in these measures by pathologic
nodal status after adjusting for multiple comparisons. Patients with pathologic lymph node
involvement had higher rates of more advanced clinical tumor stage, larger tumor size,
higher tumor grade, and presence of lymphovascular invasion (all < 0.001).

Development and Evaluation of the Predictive Model

Univariable and multivariable logistic regression was performed to assess for variables
associated with pathologic lymph node involvement, and a summary of the results is
displayed in Table 2. The variables independently associated with occult lymph node
metastases and included in the final model were histology, tumor stage, tumor size, grade,
and lymphovascular invasion.

The predictive accuracy of the model was assessed using (1) Brier score for overall
performance, which assesses the difference between observed and predicted values with
values closer to 0 indicating better predictive ability; (2) calibration slope for calibration,
which assesses the agreement between observed and predicted values with values closer to 1
indicating better performance; and (3) c-index for discrimination, which assesses how well
the model distinguishes between those with and without the outcome of interest with values
of 0.5 indicating a noninformative model and 1 indicating perfect discrimination.
Bootstrapping with 500 repetitions was used for model validation, and the bias-corrected
measures of accuracy were Brier score of 0.14, calibration slope of 0.97, and c-index of
0.77, respectively. The calibration slope and the receiver operating characteristic curve were
also plotted to graphically assess calibration and discrimination, respectively, and are
displayed in Figure 2. The Brier score is a measure of overall performance, and captures
aspects of both calibration and discrimination. It is a representation of the difference
between the predicted probability and the actual outcome. The score ranges from 0 to 1, with
values closer to 0 indicating better predictive ability. The calibration slope tests the
concordance between predicted values and outcomes with a perfect slope equal to 1. The c-
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statistic tests the discrimination of the model, or the ability to tell a patient who has pN+
disease from one who has pNO disease. Values range from 0.5 to 1, with values closer to 1
indicating better discrimination. Together, the values we obtained for these measures
indicate reasonably good predictive accuracy.

We then analyzed clinically relevant variations. First, the variable lymphovascular invasion
was excluded, and model accuracy was assessed. This model had a Brier score of 0.145,
calibration slope of 0.97 and c-index of 0.75, indicating slightly worse overall performance.
Since the original model was built incorporating a “missing” category for lymphovascular
invasion to allow use in all patients, and discrimination was better when this variable was
included, we retained the original risk model. Second, we excluded cT3NO patients.
Predictive accuracy measures for this model included a Brier score of 0.13, calibration slope
of 0.96, and c-index of 0.77, indicating comparable performance as the original. Finally, we
divided cT1NO patients into T1a, T1b, and T1 NOS populations. The regression coefficients
for T1a (P=0.9) and T1b (= 0.6) were not different from 0 (reference: T1 NOS). Because
none of these variations improved the model, we retained the original for creation of the
nomogram.

Creation and Use of the Nomogram

A nomogram displaying the predictive variables and corresponding point scales is shown in
Figure 3. The steps for using the nomogram are (1) determine the patient’s value for each
predictive variable, (2) draw a straight line upwards from each predictive value to the top
point reference line, (3) sum the points from each predictor, (4) locate the sum on the total
points reference line, and (5) draw a straight line from total points line down to the bottom
probability line to find the patient’s likelihood of pathologically positive lymph nodes.

The applicability of the nomogram can be illustrated through some clinical examples (Fig.
4). In the first example, we calculate the predicted probability of pN+ for a patient who is
staged with EUS as T2NO with an estimated 3.5 cm adenocarcinoma that is grade 3, with
lymphovascular invasion status unknown. Points are assigned for each feature: 31 for
adenocarcinoma histology, 35 for T2 tumor stage, 35 for unknown lymphovascular invasion
status, 83 for grade 3, and 94 for size 3 to 4 cm. The total of 278 points corresponds to a
nearly 50% chance of pN+ for this patient. In the second example, we calculate the predicted
probability of pN+ for a TINO patient with a 1.5 cm adenocarcinoma who underwent
endoscopic mucosal resection and was found to have evidence of a grade 3 tumor and
presence of lymphovascular invasion. Points are again assigned for each feature: 31 for
adenocarcinoma histology, 0 for T1 tumor stage, 87 for presence of lymphovascular
invasion, 83 for grade 3, and 45 for size 1 to 2 cm. The total of 246 points corresponds to an
approximately 35% chance of pN+ disease. The expected likelihood of node-positive disease
for individual patients based on features of their disease can be used for preoperative
counseling and treatment planning.

DISCUSSION

Nomograms have long been used in oncology to calculate an individual patient’s estimated
prognosis based on relevant clinical parameters, and examples are available for colon,
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gastric, breast, bladder, renal, and prostate cancers.! Nomograms incorporate more detailed
clinical data that is not included in the standard tumor-node-metastasis staging system, and
thereby can provide more refined estimates of patient probability of survival. In addition,
nomograms have also been used to predict lymph node positivity in many of these same
tumors, where prognosis or treatment depends on this probability.1!

In this study, we developed and internally validated a nomogram to predict the likelihood of
occult nodal metastases in patients with esophageal cancer, and found our model had good
predictive accuracy. This tool was developed using relevant clinically available tumor factors
within the NCDB, including histology, tumor stage, tumor size, grade, and presence of
lymphovascular invasion. These factors have been shown to have prognostic
significance!213 but have not all been previously assembled into a usable clinical tool for
predicting node disease for an individual patient. A prior study used data from 273 patients
at 2 institutions, and created a nomogram including tumor length, clinical tumor stage, and
clinical node stage.3 This model also demonstrated good predictive accuracy, although it
included clinically node-positive patients for whom the standard of care would be
neoadjuvant treatment,! independent of data from the nomogram. Our study focused on
clinically node-negative patients who may be treated with surgery alone. Patients treated
with surgery alone who are pathologically upstaged due to nodal metastases have
significantly worse survival,? so this population represents an area for improvement of care.

We illustrate (Fig. 4) how using this tool could make a difference in clinical management.
For all esophageal cancers, but particularly for patients with clinical T2NO cancers, there is a
demonstrated lack of reliability in EUS and positron emission tomography-computed
tomography staging.1214-16 Consequently, some providers choose to routinely administer
induction therapy while others do not. Similarly, in T3NO tumors, some centers are choosing
to perform upfront minimally invasive esophagectomy with possible postoperative
administration of adjuvant therapy’ instead of standard induction chemoradiation followed
by surgery.l This model could improve patient selection for neoadjuvant treatment in this
setting by identifying those who are most likely to benefit and sparing those with low risk of
nodal disease the additional cost and risks of chemoradiation. In our first clinical example of
a patient with T2NO cancer, the probability of occult nodal disease was approximately 50%.
In a previously published decision analysis examining the role of induction therapy for
T2NO esophageal cancer,18 we demonstrated that a survival benefit could be expected with
induction chemoradiation if there was a 48% probability of upstaging. Based on our
nomogram, the patient in this example could be a candidate for evidence-based neoadjuvant
treatment.

With the increasing application of endoscopic mucosal resection and endoscopic submucosal
dissection for T1 cancers, the ability to reliably predict nodal disease in T1 cancers has
become especially important. Currently, guidelines recommend endoscopic treatment for
T1a tumors and esophagectomy for T1b tumors if the patient is a surgical candidate, or
endoscopic treatment or chemoradiation if the patient is not.2 Our second clinical example
illustrates how the nomogram could be helpful for risk stratifying these early stage patients
to decide on treatment or surveillance strategies: the TINO patient has a 35% of occult nodal
disease after discovery of high-risk pathologic features on endoscopic mucosal resection.
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This information may better inform referral for esophagectomy for complete resection and
pathologic staging, or it may help guide additional nonoperative therapy or a more intensive
surveillance strategy if the patient is a poor surgical candidate. Beyond stratification into T1a
and T1b, the information gained from this nomogram could help both patients and clinicians
quantify individual risk based on their clinical data.

Our study has some limitations that merit discussion. First, a retrospective dataset was used
to identify patients undergoing upfront esophagectomy for inclusion into the study. This
avoids treatment effect on pathologic lymph node assessment, but it is possible that
treatment selection bias is present within our sample—the clinical features of patients with
T2NO or T3NO disease that do not receive induction therapy may be different than the whole
population of patients with this stage disease. In addition, patients who do not share the
typical demographics of patients with esophageal cancer nationwide may not be as well
represented by this model. Finally, our model has not been externally validated. We did,
however, use a broadly representative dataset that captures the majority of nationwide
esophageal cancer diagnoses to derive our model. Furthermore, we used bootstrapping,
which has been shown to provide the best and least biased estimates,9 to internally validate
our clinical model, which provided good optimism adjusted estimates of its predictive
capability.

These limitations are balanced by the strengths of our study and the utility of the nomogram.
By using a robust sample size of more than 3000 clinically node-negative patients who
underwent an upfront operation and pathologic exam of their lymph nodes, and
incorporating multiple variables into the instrument, our nomogram expands on previously
published models examining lymph node positivity in esophageal cancer.1® We incorporated
potentially available and clinically relevant variables. Tumor size and stage are routinely
assessed with endoscopy and EUS. Histology and grade are frequently available from a
biopsy. Identification of the presence of lymphovascular invasion preoperatively depends on
both the quality of a biopsy and use of staining techniques,2-20-21 but can be determined
without surgical resection?2:23 and when available, provides very useful information. We
included categories for missing information for grade and lymphovascular invasion to allow
general applicability of our instrument even when these data for an individual are not
available. This easily usable tool can provide additional clinical information in settings in
which clinical staging is known to be frequently inaccurate. The probability of nodal disease
from the nomogram can be used in conjunction with other clinical data for shared decision
making or treatment selection to improve the care of patients with esophageal cancer.
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FIGURE 1.

Consolidated Standards of Reporting Trials (CONSORT) diagram.
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A, Calibration slope and (B) receiving operating characteristic (ROC) curve of our model.
Our model had a calibration slope of 0.97 and c-index of 0.77, respectively.
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FIGURE 3.

A nomogram for predicting the likelihood of occult positive lymph nodes in clinically node
negative esophageal cancer patients. To use the nomogram, the value for each predictor is
determined by drawing a line upward to the point reference line, the points are summed, and
a line is drawn downward from the total points line to find the predicted probability of node

positivity.
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FIGURE 4.
Clinical examples of nomogram use.
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