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Structured Abstract

Background: We hypothesized that the ratio of positive lymph nodes to total assessed lymph 

nodes (LNR) is an indicator of cancer burden in esophageal adenocarcinoma and may identify 

patients who may most benefit from adjuvant chemotherapy (AC).

Objective: The aim of this study was to discern whether there is a threshold LNR above which 

AC is associated with a survival benefit in this population.

Methods: The 2004-2015 National Cancer Database was queried for patients who underwent 

upfront, complete resection of pT1-4N1-3M0 esophageal adenocarcinoma. The primary outcome, 

overall survival, was examined using multivariable Cox proportional hazards models employing an 

interaction term between LNR and AC.

Results: A total of 1733 patients were included: 811 (47%) did not receive AC while 922 (53%) 

did. The median LNR was 20% (IQR 9-40). In a multivariable Cox model, the interaction term 

between LNR and receipt of AC was significant (p=0.01). A plot of the interaction demonstrated 

that AC was associated with improved survival beyond a LNR of about 10-12%. In a sensitivity 

analysis, the receipt of AC was not associated with improved survival in patients with LNR <12% 

((hazard ratio [HR] 1.02; 95%CI 0.72-1.44) but was associated with improved survival in those 

with LNR ≥12% (HR 0.65; 95%CI 0.50-0.79).

Conclusions: In this study of patients with upfront, complete resection of node-positive 

esophageal adenocarcinoma, AC was associated with improved survival for LNR ≥12%. LNR 

may be used as an adjunct in multidisciplinary decision-making about adjuvant therapies in this 

patient population.
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Condensed Abstract

In this National Cancer Database study, we found that adjuvant chemotherapy was associated 

with improved survival in patients with pT1-4N1-3M0 esophageal adenocarcinoma with a ratio of 

positive lymph nodes to total number of examined nodes (LNR) exceeding 12%.

Introduction

The National Comprehensive Cancer Network (NCCN) recommends adjuvant chemotherapy 

(AC) with or without radiation for patients with pathologically node-positive esophageal 

adenocarcinoma following esophagectomy1. While AC is associated with improved survival 

in this population, it is only used in about half of patients who undergo upfront surgery2. 

The variability in guideline-concordant use of AC is attributable to many factors including 

morbidity and poor recovery from esophagectomy, type and volume of treatment centers, 

and disparities in age, race, insurance status, and income3-6. We sought to identify 

subpopulations of patients with node-positive esophageal cancer who least and most benefit 

from AC. The ratio of the number of positive lymph nodes to the total number of nodes 

examined during surgery (LNR) has been theorized as a measure of the nodal metastatic 

burden in patients with esophageal and other cancers7-24. We hypothesized that there exists 

a threshold LNR above which patients with node-positive esophageal adenocarcinoma 

are more likely to experience improved survival after AC and below which patients are 

less likely to experience a survival benefit. We used data from a large, national registry 

to investigate the relationship between LNR, receipt of AC, and survival in this patient 

population.

Methods

Data Source

This study was deemed exempt by the Duke University Institutional Review Board. The 

2004-2015 National Cancer Database (NCDB) was used for this study. The NCDB is a 

collaborative effort of the American Cancer Society and the American College of Surgeons, 

and maintains prospectively collected data about 70% of malignancies diagnosed across 

1500 centers in the United States and Puerto Rico annually25. Data are collected by certified, 

independent tumor registrars who employ standardized coding guidelines.

Cohort

The NCDB was queried for patients with pathologic T1-4N1-3M0 esophageal 

adenocarcinoma who had undergone esophagectomy with negative margins (Supplemental 

Figure 1). Patients were excluded from the study cohort for the following reasons: 

postoperative 90-day mortality; missing survival or adjuvant treatment information; missing 

data about intraoperative nodal assessment; receipt of neoadjuvant therapy; receipt of 

adjuvant therapy more than 180 days following surgery; death prior to receipt of adjuvant 

chemotherapy; or deemed medically unfit for therapy.
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Analysis

Patients were stratified by receipt of adjuvant chemotherapy (AC). Background 

characteristics were compared using the Wilcoxon rank sum and Pearson’s chi-squared tests 

for continuous and categorical variables, respectively. The primary outcome was overall 

survival (OS), computed from the time of surgery. Unadjusted survival was estimated 

using the Kaplan-Meier method. A multivariable Cox proportional hazards model was 

developed using variables selected a priori based on perceived prognostic significance from 

clinical experience and prior literature. Covariates included age, sex, race/ethnicity, year 

of diagnosis, Charlson-Deyo comorbidity score (CDS), insurance status, treatment at an 

academic center, pathologic tumor size, pathologic T status, tumor grade, annualized center 

surgical volume, unplanned 30-day postoperative readmission, postoperative length of stay, 

receipt of adjuvant radiation, receipt of adjuvant chemotherapy, and lymph node ratio. 

Lymph node ratio (LNR) was computed as the percentage of positive lymph nodes relative 

to all nodes examined during surgery (Figure 1a).

To test our hypothesis that the LNR mediates the relationship between receipt of AC and 

survival, we included in our primary Cox model an additional interaction term between 

LNR and AC (Supplemental Table 2). Three-way interactions between LNR, AC, and 

other variables were tested (Supplemental Table 1). The interaction between LNR and 

AC on adjusted survival was plotted to identify a threshold LNR below which AC was 

not associated with a significant survival difference and above which AC was associated 

with significant survival benefit. Variables with potentially non-linear relationships with 

survival, including age, tumor size, length of hospitalization, and LNR, were modelled 

using restricted cubic splines with three pre-specified knots26. The region in LNR where the 

survival curves of patients who did or did not receive AC started to diverge and where the 

confidence intervals were narrowest was determined to represent the approximate threshold.

Three additional analyses were performed. (1) To mitigate the imbalance in baseline 

characteristics between the two groups of patients, a 1:1 propensity score-matched analysis 

employing a ‘greedy’ nearest neighbor algorithm without replacement and a caliper width 

0.1 of the standard deviation of the logit propensity score was used27. Patients were matched 

based on age, sex, race/ethnicity, year of diagnosis, CDS, insurance status, academic center 

treatment, pathologic T status, tumor size, grade, annualized center volume, unplanned 30-

day readmission, and postoperative length of stay. Because patients who received AC were 

much more likely to also receive adjuvant radiation, radiation was not used for matching. 

Covariate balance was checked using standardized mean differences (Supplemental Table 

3). A multivariable Cox proportional hazards model with the same covariates listed above 

was constructed, including an interaction term between LNR and AC to test the combined 

effect of LNR and AC on survival. This interaction was again plotted to identify a 

possible threshold LNR. (2) Based on the primary and propensity score-matched analyses, a 

sensitivity analysis was performed dividing the cohort into subgroups based on the threshold 

LNR observed (<12% or ≥12%). A multivariable Cox model including covariates described 

above but excluding an interaction term was performed in each subgroup to estimate the 

size of the effect contributed by AC. (3) To test the question of whether there is a threshold 

absolute number of positive nodes above which AC is associated with a survival benefit, 
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we created a multivariable Cox model including the above covariates, the number of nodes 

examined, a two-way interaction between the number of nodes examined and the number 

of positive nodes, and a two-way interaction between the number of positive nodes and the 

receipt of adjuvant chemotherapy. This interaction was again plotted to identify a threshold 

number of positive nodes above which AC was associated with a survival benefit. Based on 

this threshold, a subgroup analysis was performed dividing the cohort based on the observed 

threshold number of positive nodes. Complete case analysis was used to handle missing 

data in regression. A p value less than 0.05 was considered significant. All analyses were 

performed using R version 3.5.1 (Vienna, Austria).

Results

Baseline Characteristics

A total of 1733 patients were included: 811 (47%) did not receive AC while 922 (53%) 

did. Patients who received AC were more likely to be younger, have fewer comorbidities, 

be privately insured, receive treatment at non-academic centers and lower volume centers, 

undergo adjuvant radiation, have a 30-day postoperative readmission, and have a shorter 

hospitalization after surgery (Table 1). There were no differences in pathologic T status, 

tumor size, number of nodes examined, and LNR between the two groups. In the overall 

cohort, the median number of nodes examined was 14 (interquartile range [IQR] 9-21) and 

the median LNR was 20% (IQR 9-40) (Figure 1a).

Interaction between Lymph Node Ratio and Adjuvant Chemotherapy

The unadjusted five-year OS was 19% (95% confidence interval [CI] 16-22) and 27% 

(95%CI 24-31) for patients who did not and did receive AC, respectively (Supplemental 

Figure 2a). An adjusted survival plot of LNR, modelled using restricted cubic splines, 

showed no obvious inflection point to represent a potential threshold (Figure 1b). In a 

multivariable Cox model, the interaction between LNR and receipt of AC was significant, 

suggesting that LNR influenced the relationship between AC and survival (Supplemental 

Table 2). No significant three-way interactions between LNR, AC, and other covariates 

including age, tumor size, center volume, pathologic T status, grade, adjuvant radiation, and 

number of nodes examined were found (Supplemental Table 1). A plot of the interaction 

between LNR and receipt of AC demonstrated that the survival curves for patients receiving 

and not receiving AC diverged beyond a LNR of about 10-12%, suggesting that patients 

were less likely to experience a survival benefit with receipt of AC below a LNR of about 

12% and more likely to experience a survival benefit with an increasing LNR beyond 12% 

(Figure 2a).

Additional Analyses

Propensity score-matching identified 456 pairs of patients with balanced background 

characteristics (Supplemental Table 3). Unadjusted five-year OS was 19% (95%CI 16-24) 

and 27% (95%CI 23-31) for patients who did not and did receive AC, respectively 

(Supplemental Figure 2b). A multivariable Cox model again demonstrated a significant 

interaction between LNR and receipt of AC (Supplemental Table 4). A plot of the interaction 

demonstrated significant divergence of the survival curves of patients who did or did not 
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receive AC beyond a LNR of 10-12% (Figure 2b). A subsequent sensitivity analysis divided 

the overall cohort of patients into those with a LNR <12% and those with a LNR ≥12%. 

In 585 patients with a LNR <12%, the receipt of AC was not associated with improved 

survival compared to patients who did not receive AC in multivariable analysis (hazard ratio 

[HR] 1.02; 95%CI 0.72-1.44; p=0.93). In 1148 patients with a LNR ≥12%, the receipt of 

AC was associated with improved survival compared to no AC (HR 0.65; 95%CI 0.50-0.79; 

p<0.001).

In a separate analysis, the number of positive lymph nodes was found to have a significant 

interaction with the receipt of AC, after accounting for a separate interaction with the 

number of nodes examined in surgery (Supplemental Table 5). A plot of this interaction 

revealed that AC was associated with increasing survival benefit beyond two positive nodes 

on pathology (Supplemental Figure 3). In a subgroup analysis of 902 patients with ≤2 

positive nodes, the receipt of AC was not associated with improved survival (HR 0.83; 

95%CI 0.64-1.08; p=0.17). In an analysis of 831 patients with >2 positive nodes, the receipt 

of AC was associated with improved survival (HR 0.60; 95%CI 0.48-0.75; p<0.001).

Discussion

In this study, we identified a meaningful relationship between lymph node ratio, which 

is the number of positive lymph nodes relative to the total number of nodes examined, 

and the survival benefit associated with receipt of adjuvant chemotherapy in patients 

with completely resected, node-positive esophageal adenocarcinoma who did not receive 

neoadjuvant therapy. Adjuvant chemotherapy was not associated with a survival benefit 

in patients with a LNR of below 10-12% but was associated with significantly improved 

survival beyond a LNR of 12%. Our work suggests that LNR may be used an adjunct tool 

in multidisciplinary and shared decision-making about adjuvant chemotherapy in this patient 

population, especially since only about half of patients received guideline-concordant AC in 

this cohort.

While there is abundant literature about the prognostic significance of LNR in esophageal 

and other malignancies, our study is the first, to our knowledge, that specifically examines 

the association between LNR and the potential benefit of AC. Several observational studies 

using multinational and institutional datasets have demonstrated that an increasing LNR is 

associated with worse survival in patients with esophageal cancer, though these studies were 

limited by treatment of LNR as a categorical variable and multivariable modelling including 

related covariates like pathologic N status, number of examined nodes, and LNR7-19,28. 

None of these studies examined the interaction between LNR and adjuvant therapies in this 

patient population. Similar to these studies, we found that increasing LNR is associated 

with worse survival, likely reinforcing that the LNR is a measure of oncologic burden in 

patients following esophagectomy. However, the specific aim of this study was to understand 

if we could use LNR to stratify patients into subpopulations less or more likely to benefit 

from AC. Using multivariable modelling with interaction terms and sensitivity analyses 

including propensity score-matching, we found that patients with a LNR <10-12% were 

unlikely to experience a survival benefit with AC. The divergence of the survival curves of 

patients who did and did not receive AC beyond a LNR of about 15% also suggests that 
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the survival benefit associated with AC increases at higher values of the LNR. AC is not 

readily offered to patients following esophagectomy even if they have nodal involvement. In 

addition to disparities in sex, race, insurance, and economic status, barriers to AC include 

the morbidity associated with esophagectomy, prolonged recovery from the operation, and 

toxicity associated with AC. In addition, there is no consensus in the literature that adjuvant 

chemotherapy is associated with improved survival in this patient population2,29. Our data 

suggest that LNR may be used to preferentially consider AC in some patients, in conjunction 

with the other factors traditionally used for planning of adjuvant therapies. Further, the 

methods described in this manuscript can be applied to other malignancies to evaluate the 

relationship between LNR and the potential benefit of adjuvant therapies.

An analysis in our study also revealed that the receipt of AC is associated with improved 

survival in patients with more than two positive lymph nodes on pathology. The absolute 

number of positive nodes may be an easy measure to utilize in multidisciplinary decision 

making about adjuvant chemotherapy for patients following esophagectomy. However, the 

model used in this analysis also accounted for a significant interaction between the number 

of positive nodes and the number of nodes assessed in surgery, suggesting the two variables 

are closely related in association with survival. In the context of this relationship, the LNR 

may be of greater utility because it incorporates both variables and also prompts clinicians 

to consider the number of nodes examined in surgery, which may itself be a measure of the 

quality of the operation.

Our study has important limitations. As a retrospective cohort study, the most significant 

limitation is likely selection bias. We do not know the reasons some patients were offered 

AC and others were not, even though we attempted to mitigate such bias by including in 

our multivariable models gross surrogate markers of poor postoperative recovery, propensity 

score-matched subgroup analyses, and exclusion from our study patients who were explicitly 

coded as having died or been deemed medically unfit for chemotherapy. We were also 

limited by the variables available in the NCDB. The NCDB does not catalogue specific 

postoperative complications, measures of frailty or malnutrition, the specific identity of 

adjuvant chemotherapy regimens, and disease-free survival. These variables could have 

confounded the results of our study. In addition, there are limitations associated with the use 

of LNR as a marker of disease burden. There is likely variability in pathologic identification 

of discrete nodes and the possibility of fragmentation of nodes during surgery for which we 

could not account. In addition, the absolute number of nodes examined has been described 

as a surrogate marker of an oncologically effective operation and an increasing number of 

nodes examined was associated with improved survival in our study as well (Supplemental 

Figure 4). We did test for a three-way interaction between the number of nodes sampled, 

LNR, and AC, and did not find a significant interaction to suggest that the absolute number 

of nodes may have influenced the relationship between LNR and the survival associated 

with AC. However, because most patients in this cohort had >10 nodes sampled, our findings 

are not generalizable to patients in whom fewer than 10 nodes were sampled. Clinicians 

should continue to employ national guidelines in performing lymphadenectomy during 

esophagectomy. Finally, because this is the first study to report the use of interaction term 

modelling to examine the relationship between LNR and the potential survival associated 

with adjuvant therapy, the external validity of our findings remains unclear and should be 
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tested in other malignancies and datasets. Our data cannot be extrapolated to patients who 

receive neoadjuvant chemotherapy for node-positive esophageal adenocarcinoma; however, 

the benefit of adjuvant therapy remains unclear in this patient population and is rarely 

provided23,24.

In this study of patients who underwent upfront, complete resection of esophageal 

adenocarcinoma with pathologically node-positive disease, the use of adjuvant 

chemotherapy was not associated with a survival benefit in patients with a lymph node 

ratio <12%, while patients with a ratio above 12% experienced a significant survival benefit. 

Since adjuvant chemotherapy is only offered in about half of eligible patients, our data 

suggest that lymph node ratio may be used in a multidisciplinary setting to inform decisions 

about adjuvant therapy planning in this patient population. Our work can also be applied to 

other malignancies to examine the relationship between LNR and survival associated with 

adjuvant therapies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
(a) Histogram of lymph node ratio (X-axis) vs. number of patients (Y-axis) in the cohort. (b) 

A plot of lymph node ratio, modelled using restricted cubic splines, against adjusted hazard 

of mortality (Y-axis). The grey region represents the bounds of the 95% confidence interval
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Figure 2. 
Graphs of the interaction between lymph node ratio (X-axis), receipt of adjuvant 

chemotherapy (curves), and adjusted hazard of mortality (Y-axis) in (a) patients in the 

overall cohort and (b) propensity score-matched subgroup. The grey regions represent the 

bounds of the 95% confidence interval
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Table 1.

Background characteristics of study patients stratified receipt of adjuvant chemotherapy. Categorical variables 

are expressed as count (percentage) and continuous variables as median (interquartile range)

Variable No Adjuvant
Chemotherapy

(n=811) (%)

Adjuvant
Chemotherapy

(n=922) (%)

p-value

Age (median [IQR]) 67(60-75) 62(55-70) <0.001

Sex (female) 115(14) 103(11) 0.07

Race/ethnicity 0.63

White 771(96) 888(97)

Black 20(3) 17(2)

Other 11(1) 11(1)

Year of diagnosis 2007(2006-2010) 2008(2005-2010) 0.93

Charlson-Deyo score 0.002

0 533(66) 657(71)

1 211(26) 224(24)

≥2 67(8) 41(4)

Insurance <0.001

Private 301(38) 482(53)

Government 484(61) 417(46)

None 12(1) 10(1)

Academic center 454(57) 404(44) <0.001

Pathologic T status 0.24

T1 178(22) 173(19)

T2 172(21) 182(20)

T3 446(55) 549(60)

T4 15(2) 18(2)

Tumor size (mm) 38(25-50) 38(25-55) 0.49

Grade 0.923

Low 24(3) 29(3)

Moderate 286(37) 323(36)

High 462(60) 542(61)

Annualized center volume 6(3-16) 4(2-10) <0.001

Lymph node ratio (%) 19(8-40) 21(10-40) 0.10

Number of nodes examined 14(9-20) 15(10-21) 0.12

Number of nodes positive 2(1-4) 3(1-5) 0.001

Adjuvant radiation 80(10) 650(71) <0.001

Number of radiation treatments 28(25-30) 26(25-28) N/A

Radiation dose (Gy) 50.4(45.0-50.4) 45.0(45.0-50.4) N/A

Unplanned 30-day readmission 70(9) 50(5) 0.01

Postoperative length of stay 11(8-18) 9(7-13) <0.001
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