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Abstract

Objective: This study aimed to propose a revised ypN (r-ypN) classification based on lymph
node ratio (LNR) and to examine its prognostic value in postneoadjuvant esophageal cancer.

Background: A new postneoadjuvant pathologic (ypTNM) staging classification has been
introduced for esophageal cancer. However, the ypN classification currently defined by the number
of positive lymph nodes is influenced by the extent of lymphadenectomy.

Methods: Data on 7195 esophageal cancer patients receiving neoadjuvant chemoradiation were
extracted from the National Cancer Database (NCDB). Four r-ypN stages were defined by 3 LNR
thresholds (0%, 10%, and 20% using X-tile software). A revised ypTNM (r-ypTNM) classification
was developed by solely changing N categories. Kaplan-Meier method and Cox proportional
hazards models were used for survival analyses. Akaike information criterion (AIC) and Harrell’s
concordance index (C-index) were used to compare the predictive performance of the current and
the revised classification. External validation was performed using an independent cohort from the
NEOCRTEC5010 clinical trial.

Results: Both ypN (P < 0.001) and r-ypN (P < 0.001) were independent prognostic factors of
overall survival (OS) for esophageal cancer patients. Kaplan-Meier curves demonstrated a better
discrimination with r-ypN than ypN categories. Within each ypN category (except ypN3), OS was
significantly different comparing r-ypN strata; however, there were no differences between ypN
strata within each r-ypN category (except r-ypN3). r-ypN (AIC: 60752 vs 60782; C-index: 0.591
vs 0.587) and r-ypTNM (AIC: 60623 vs 60628; C-index: 0.613 vs 0.610) showed better predictive
performance than the current staging system, with a lower AIC (better calibration) and higher
C-index (improved discrimination). This advantage was also confirmed by external validation
using the NEOCRTEC5010 cohort.

Conclusions: LNR showed better performance than ypN in predicting OS of esophageal cancer
patients after neoadjuvant chemoradiation and may be an improvement on the current staging
system.
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Esophageal cancer is one of the most aggressive malignancies worldwide; in 2018, it ranked
seventh in terms of incidence (572,000 new cases) and sixth in mortality (509,000 deaths).!
In recent years, there has been increasing evidence that neoadjuvant therapy before surgery
is associated with long-term survival benefits compared with surgery alone in patients with
locoregionally advanced esophageal cancer. Neoadjuvant therapy has become the standard
of care in these patients.2~# With the widespread use of neoadjuvant therapy, both the extent
of lymphadenectomy and the introduction of different staging systems have become topics
of ongoing discussion.>~’ The eighth edition of the American Joint Committee on Cancer
(AJCC-8) Tumor-Node-Metastasis (TNM) staging system launched in January 2017 and
established a new postneoadjuvant pathologic (yp) staging groups to fulfill unmet needs in
staging esophageal cancer patients given combined modality therapy.8-10 In this edition,

the ypN stage is still defined according to the number of positive regional lymph nodes
(LNSs) (ie, ypNO for no positive LNs; ypN1 for 1 or 2 positive LNs; ypN2 for 3-6 positive
LNs, and ypN3 for 7 or more positive LNs). Although the optimal number of resected LNs
remains controversial, a minimum resection of 15 LNs has been recommended to improve
the accuracy of staging.1> However, the LN resection is influenced by the quality of the
surgical procedure®; furthermore, neoadjuvant therapy has been associated with a decreased
number of resected LNs and fewer metastatic LNs in esophageal cancer,>~" which may
result in stage migration. As such, there is a need to revise the current version of the ypTNM
staging criteria.

Recently, the lymph node ratio (LNR), which is the ratio of pathologically metastatic to
total harvested LNs, has been identified as a predictor of survival in several malignancies,
including breast,1213 gastric,1415 and colorectal cancers.1® In esophageal cancer, some
studies have shown better predictive value in using LNR instead of LN number for pN
staging.1”-18 However, few studies investigated the significance of LNR in esophageal
cancer after neoadjuvant therapy and no relevant publications have compared LNR staging
with AJCC-8 ypN staging.

In this study, we used the National Cancer Database (NCDB) to compare the prognostic
value of LNR versus ypN as well as a modified staging system based on LNR versus

the current AJCC-8 ypTNM staging system in predicting overall survival (OS) in patients
undergoing esophagectomy after neoadjuvant chemoradiation. We aimed to propose a
revised LN classification based on LNR for postneoadjuvant esophageal cancer patients.

METHODS

Patient Population

The original cohort consisted of primary esophageal cancer patients given neoadjuvant
chemoradiotherapy in the NCDB (diagnosed between 2004 and 2015). The NCDB collected
data from over 1500 hospital-based tumor registries in the United States.1®
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For each patient, the study retrieved: (i) demographic characteristics: age, sex, and year

of diagnosis; (ii) treatment information: neoadjuvant chemoradiation and surgery; (iii)
pathologic data: histology, number of resected LNs, number of positive LNs, and pT, pN,
and pM stages according to AJCC-6 or AJCC-7 staging; and, (iv) follow-up information:
current status, and survival (in months). After data extraction, AJCC-6 or AJCC-7 pT,

pN, and pM stages were converted into AJCC-8 stages, and the ypTNM stage for each
patient was determined. OS was measured from the date of diagnosis of esophageal cancer
until death or last follow-up. Patients alive at last follow-up were considered as censored
observations. Patients with no LNs dissected, missing information on pT, pN, pM stage, or
inadequate follow-up were excluded. These criteria left 7195 patients in the original cohort
(NCDB) for analysis (Fig. 1).

An independent cohort from the NEOCRTEC5010 trial, a multicenter open-label
randomized phase 3 clinical trial conducted at 8 centers in China,* was used for external
validation. Locally advanced esophageal squamous cell carcinoma patients (diagnosed
between 2007 and 2014) in the CRT group (neoadjuvant chemoradiation followed by
surgery) with at least 1 LN dissected and complete information on clinical and pathologic
characteristics were included (n = 182).

Stratification of LNR and the Revised ypTNM (r-ypTNM) Staging

Using X-tile software (http://www.tissuearray.org/rimmlab), the optimal cutoff values for
positive LNR (LNR > 0%) were calculated as 10.26% and 20.69% by selecting the highest
log-rank 2 among all possible partitions (Supplemental Digital Content Fig. 1, http:/
links.lww.com/SLA/D863).20 For consistency with the current TNM staging system, 4 LNR
categories were considered and defined as “revised ypN (r-ypN) stages”: r-ypNO (LNR =
0%), r-ypN1 (0% < LNR < 10%), r-ypN2 (10% < LNR < 20%), and r-ypN3 (20% < LNR <
100%). In keeping with AJCC-8, we developed an r-ypTNM classification (r-1, r-I1, r-111A,
r-111B, r-1IVA, r-IVVB) by simply converting the current ypN categories into r-ypN categories
stratified by LNR.

Statistical Analysis

Univariate survival analyses were first carried out using the Kaplan-Meier method. This
analysis provided estimates of 5-year OS rates (with their standard errors, SEs) as well as
the corresponding median survival times. Survival curves were compared using the log-rank
test.

Two multivariable Cox proportional hazard models were developed comparing ypN and
r-ypN, respectively, to evaluate their prognostic values after adjustment. All the other
categories (age, sex, histology type, number of resected LNs, ypT, and ypM) were included
in each model as covariates. A Pvalue for each variable was given by the likelihood ratio
test between the complete model and the model excluding that variable. Trend tests were
additionally conducted by assigning 0, 1, 2, and 3 to the increasing stages as quantitative
variables.

The Spearman correlation analyses were conducted to detect correlations between the
number of resected LNs and the number of positive LNs, or the LNR.
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To evaluate the predictive performance of each variable, the Akaike information criterion
(AIC) and Harrell’s concordance index (C-index) were calculated in the univariate Cox
regression models of both the original NCDB cohort and the external validation cohort.

The AIC was defined as (2xthe number of parameters in the model)—(2xthe log maximum
likelihood). A lower AIC implies an improved goodness-of-fit model calibration.?! Harrell’s
C-index corresponds to the proportion of pairs of patients whose predicted survival times are
correctly ordered among all pairs that can actually be ordered. A higher Harrell’s C-index is
associated with a great discriminant ability of the model.22:23

All statistical analyses were performed using R (version 3.5.3; R Foundation for Statistical
Computing, Vienna, Austria). A Pvalue <0.05 was considered statistically significant.

Clinicopathologic Characteristics of Study Patients

The clinical and pathologic characteristics of all 7195 esophageal cancer patients given
neoadjuvant chemoradiation are shown in Table 1. At last follow-up, 3513 patients were still
alive and 3682 had died. The median follow-up was 41.8 months. Median survival was 36.8
months (95% confidence interval: 35.5-38.5 months). The 1-, 3-, and 5-year OS rates were
82.7% (SE: 4.5%), 50.6% (SE: 6.4%), and 37.5% (SE: 7.7%), respectively.

Univariate and Multivariable Survival Analyses

The results of univariate Kaplan-Meier analyses and log-rank tests for OS are shown in
Table 1. Younger age (60 y and below), female sex, squamous cell carcinoma, more LNs
resected ( =15), lower ypT, lower ypN, lower ypM, lower ypTNM, lower r-ypN (based on
LNR), and lower r-ypTNM (based on r-ypN) were all significantly associated with better
prognoses in terms of OS (P < 0.001 for all factors).

Supplemental Digital Content Table 1 (http://links.lww.com/SLA/D863) shows the hazard
ratios (with corresponding 95% confidence intervals) for OS for the multivariable models
comparing the current and revised nodal classification systems. After adjusting for age ( <
60 vs > 60), sex, histology, number of resected LNs (< 15 vs = 15), and ypT and ypM stage,
both ypN (P < 0.001) and r-ypN (P < 0.001) were still independent predictors of OS. Trend
tests for both ypN and r-ypN were significant (£ < 0.001 for both factors) suggesting more
advanced nodal stages were associated with a worse prognosis.

Comparison Between Number of Positive LNs and LNR

Kaplan-Meier curves and risk tables demonstrated an imbalanced distribution of ypN
stage groups (Fig. 2A), while r-ypN staging led to better discrimination and well-balanced
distribution of the number at risk (Fig. 2B). The 5-year OS rates for patients with ypN0-3
and r-ypNO0-3 stage tumors reclassified by LNR were listed respectively in Table 1.

Regarding the significant prognostic value of the number of resected LNs (< 0.001),
Spearman p was calculated to detect rank correlation between this number and positive LNs
or LNR. The number of positive LNs (a determining factor for the current ypN stage) was
found to correlate with the number of resected LNs (p = 0.124, < 0.001; Fig. 2E), whereas
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no such correlation was found between LNR and the number of resected LNs (p = 0.008, P
= 0.488; Fig. 2F).

The 3-dimensional bar plot shows the reclassification of pathologic nodal stages and their
prognostic contribution to OS (Fig. 3A). OS was significantly different between r-ypN strata
within the ypN1 (P < 0.001; Fig. 3B) and ypN2 (£ = 0.021; Fig. 3C) groups, but not within
the ypN3 group (P = 0.360; Fig. 3D). However, there were no statistical differences in OS
between ypN strata within each r-ypN group except r-ypN3 (P = 0.910 for r-ypN1; A= 0.590
for r-ypN2; £=0.016 for r-ypN3; Figs. 3E-G).

Predictive Performance of the Current and the Revised Classification

The AIC and Harrell’s C-index (Table 2) were used to compare the predictive performance
between the current and revised classification in unadjusted Cox proportional hazards
models. The r-ypN classification showed a better-penalized goodness-of-fit (AIC = 60752
with r-ypN vs 60782 with ypN) and a better discriminant ability (Harrell’s C-index = 0.591
with r-ypN vs 0.587 with ypN) than the current ypN classification in predicting OS. In
comparison with the AJCC-8 ypTNM staging, the revised staging showed better calibration
(AIC = 60623 with r-ypTNM vs 60628 with ypTNM) and discrimination (Harrell’s C-index
= 0.613 with r-ypTNM vs 0.610 with ypTNM) in predicting OS.

External Validation

Using the independent cohort from the NEOCRTEC5010 trial for external validation, the
AIC value of the revised system was lower than that of the current system (651.24 with
r-ypN vs 665.20 with ypN; 663.45 with r-ypTNM vs 669.91 with ypTNM) when predicting
OS. The Harrell’s C-index of the revised classification was higher than the current system
(0.701 with r-ypN vs 0.682 with ypN; 0.699 with r-ypTNM vs 0.688 with ypTNM). These
results were consistent with our findings from the original NCDB cohort.

DISCUSSION

In the AJCC-8 Cancer Staging Manual established by the Worldwide Esophageal

Cancer Collaboration (WECC) on data from 22,654 patients spanning 6 continents, the
postneoadjuvant pathologic stage (ypTNM) was first separated from the pathologic stage
after esophagectomy alone (pTNM) in cancer of the esophagus and the esophagogastric
junction.8 In this new staging system, N remains the most important prognostic factor
because survival decreases markedly with the number of positive LNs in postneoadjuvant
esophageal cancer?; thus, threshold values of 0, 1, 3, and 7 positive LNs are still used for
N categorization. However, neoadjuvant therapy has been shown to reduce the number of
harvested LNs because of stromal atrophy, fibrosis, and shrinkage of LNs during esophageal
and rectal surgeries.8-24 In the post hoc analysis from a phase 111 randomized controlled
trial comparing neoadjuvant chemoradiation and surgery with surgery alone, Robb et al®
indicated neoadjuvant therapy was associated with a 27% reduction in the mean number
of LNs harvested and a similar decrease in the number of metastatic LNs. They found
that neoadjuvant therapy was an independent predictor of fewer LNs harvested during
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esophagectomy and concluded that staging systems must evolve to accurately reflect nodal
downstaging after neoadjuvant therapy.

Recent studies have confirmed the value of adequate lymphadenectomy in patients given
neoadjuvant therapy for esophageal cancer. Using the NCDB, Lutfi et al2® found that
among esophageal cancer patients with a pathologic complete response after neoadjuvant
therapy and esophagectomy, those who had =15 nodes sampled had improved 5-year

OS versus patients who had <15 nodes sampled (56.1% vs 50.0%; £=0.011). Using
WECC data (AJCC-8), Raja et al?6 found that lymphadenectomy during esophagectomy
was a valuable adjunct to neoadjuvant therapy and that survival was maximized when a
stage-dependent optimal number of nodes was resected. The present study also found that
adequate lymphadenectomy resulted in better OS. This is probably because inadequate
lymphadenectomy leads to understaging, resulting in an underestimation of disease severity.

Thus, the LNR, a new prognostic factor accounting for the number of metastatic LNs as
well as that of resected LNs, has been proposed as a simple, convenient, and reproducible
indicator to better identify subgroups of cancer patients with various tumors.12-14.16-18 The
present results confirm that the number of positive LNs was found to be correlated with

the number of resected LNs, whereas no such correlation was found between LNR and the
number of resected LNSs.

Here, the LNR was used to create 4 categories (0%, 0%-10%, 11%—20%, and 21%-100%)
and these categories were used to develop a r-ypN. Using this new staging system showed
survival differences between the categories; in fact, the ability of the r-ypN staging system
to distinguish OS in patients staged r-ypN1 and r-ypN2 was better than the ability of the
ypN staging system in patients staged ypN1 and ypN2. In addition, OS of ypN1 or ypN2
patients differed between r-ypN strata, whereas survival of r-ypN1 or r-ypN2 patients did not
significantly differ between ypN strata. This suggested that the r-ypN classification based
on LNR categories might be more homogeneous in predicting OS than ypN categories in
postneoadjuvant esophageal cancer patients. Furthermore, the AIC and C-index showed that
the predictive performance of r-ypN was better than that of ypN and that the performance of
r-ypTNM was better than that of ypTNM.

ypTNM groupings according to the AJCC-8 are identical in squamous cell carcinoma and
adenocarcinoma. However, in the NCDB used for this study, adenocarcinoma accounts

for the vast majority, up to 75.7%. Therefore, we used another independent cohort

from the NEOCRTECH5010 trial for external validation, which was a prospective study

of neoadjuvant chemoradiotherapy followed by surgery versus surgery alone for locally
advanced esophageal cancer from China, and all research subjects had squamous cell
carcinoma. Patients who underwent neoadjuvant chemoradiation followed by surgery were
analyzed as a validation cohort (n = 182). The results showed that the revised classification
was superior to the current classification in distinguishing OS in squamous cell carcinoma,
which was consistent with our findings in the original cohort from the NCDB. These
results indicated that, in both esophageal adenocarcinoma and squamous cell carcinoma,
LNR showed better performance than ypN in predicting OS in patients who underwent
esophagectomy after neoadjuvant chemoradiation.
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There are a number of limitations in this study that need to be addressed. This is a
retrospective study, and although the NCDB offers excellent follow-up records, surgical

and pathologic bias between hospitals may have affected the number of resected LNs. A
second limitation is the lack of information regarding the location of the metastatic LNs in
the NCDB. The location of the positive LNs has been shown in previous studies to impact
prognosis in patients with esophageal cancer,2” but we could not account for that using this
database. Another limitation is the potential for overfitting the data by choosing the optimal
cutoff points for LNRs based on the entire cohort (using X-tile software). Finally, further
external validation is necessary in different cohorts and populations to confirm these results.

In conclusion, LNR is an independent prognostic factor in esophageal cancer patients
undergoing esophagectomy after neoadjuvant therapy and performs better and compensates
for some of the potential shortcomings of the AJCC-8 ypN staging classification related to
decreased LNs obtained after chemoradiation. This modified nodal staging system may
provide more accurate staging for patients receiving neoadjuvant chemoradiation, thus
resulting in more precise adjuvant treatment for these patients.

Supplementary Material
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FIGURE 1.
Flow diagram of patient selection.
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Comparison between the number of positive LNs and the LNR. Kaplan-Meier survival
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curves of OS in the entire cohort stratified according to the AJCC-8 ypN stage (A), r-ypN
stage based on the LNR (B), ypTNM staging (C), and r-ypTNM staging based on the LNR
(D); Spearman correlation analyses showing a significant correlation between the number of
TLNSs and the number of PLNs (E) but not between the number of TLNs and the LNR (F).
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Comparison and Validation of Predictive Performance of the Current Versus the Revised Classification in
Unadjusted Cox Regression Models for OS

oS

Subgroup and Unadjusted Cox Model AlC”

Harrell’s C-index'

Entire cohort (n=7195)

ypN 60782
r-ypN 60752
YPTNM 60628
r-ypTNM 60623
External validation, NEOCRTEC5010 (n=182)
ypN 665.20
r-ypN 651.24
YPTNM 669.91
r-ypTNM 663.45

0.587
0.591
0.610
0.613

0.682
0.701
0.688
0.699

*
The lower the AIC value is, the better the calibration.

fThe higher the Harrell’s C-index is, the better the discrimination.

r-ypN indicates revised N stage defined by lymph node ratio; r-ypTNM, revised ypTNM by replacing pN stage with r-pN; ypN, pathologic N stage
(AJCC-8); ypTNM, postneoadjuvant therapy staging group (AJCC-8).
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