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Adjuvant chemotherapy is associated with improved survival in 
patients with nodal metastases after neoadjuvant therapy and 
esophagectomy
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Background: Studies supporting adjuvant chemotherapy after complete resection of esophageal cancer 
are scarce, and current clinical guidelines recommend either adjuvant chemotherapy or observation. We 
aimed to clarify the role of adjuvant chemotherapy in patients found to have persistent nodal metastases after 
neoadjuvant chemoradiation and complete resection of esophageal adenocarcinoma. 
Methods: We queried the National Cancer Database (NCDB) for all patients from 2006 to 2012 with 
esophageal adenocarcinoma who received neoadjuvant chemoradiotherapy, underwent esophagectomy 
with complete resection, and were found to have lymph node metastases on final pathology. We compared 
patients who received adjuvant chemotherapy with patients followed by observation only. After performing 
propensity-score matching to create a well-balanced cohort, we compared survival using the Kaplan-Meier 
method. 
Results: We identified 2,046 patients with lymph node metastases after neoadjuvant chemoradiotherapy 
and esophagectomy; 295 received adjuvant chemotherapy, and 1,751 did not. The median survival in the 
unmatched cohort was 2.6 years with adjuvant chemotherapy and 2.1 years with observation only (P=0.0185). 
Five-year survival was 27.9% with adjuvant chemotherapy and 21.5% with observation only. When we 
examined survival in a balanced cohort of 295 propensity-matched pairs, median survival was 2.6 years with 
adjuvant chemotherapy and 2.0 years with observation only (P=0.031). Five-year survival was 27.9% with 
adjuvant chemotherapy and 20.2% with observation only.
Conclusions: In a large, propensity-matched cohort, adjuvant chemotherapy was associated with 
significantly improved survival for patients with node-positive esophageal adenocarcinoma after neoadjuvant 
therapy and complete resection. This finding supports the use of adjuvant therapy for patients with node-
positive adenocarcinoma after neoadjuvant therapy and surgery.
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Introduction

Deaths attributable to esophageal cancer are expected to 
top 15,000 in 2018, making esophageal cancer the fifth 
most common cause of cancer death in the United States (1).  
Patients frequently present with locoregional advanced 
disease and have a dismal 20% overall 5-year survival 
(2,3). Multiple therapeutic strategies have been studied 
in an effort to extend this survival, but no clear standard 
regimen exists. For patients with resectable esophageal 
tumors, neoadjuvant chemoradiation has been associated 
with improved survival in multiple randomized trials when 
compared with surgery alone and is currently considered 
the standard of care (4-6). 

The role of adjuvant chemotherapy in patients with 
esophageal adenocarcinoma is less clear. Retrospective data 
from a single center suggested that adjuvant chemotherapy 
is as effective as neoadjuvant chemoradiation therapy, 
but there are few other studies (7). The potential benefits 
of adjuvant chemotherapy in patients who received 
neoadjuvant therapy have not been studied in prospective 
trials. Current National Comprehensive Cancer Network 
(NCCN) guidelines recommend either observation until 
progression or adjuvant chemotherapy for patients with 
esophageal adenocarcinoma who received preoperative 
chemoradiation therapy but have persistent nodal disease 
after resection (8). Evidence for this recommendation is 
based primarily on a trial of perioperative chemotherapy (9)  
in which only about half of the patients in the chemotherapy 
arm received postoperative chemotherapy, and 25% of 
the patients in the trial had gastric cancers. The aim 
of the current study was to clarify the role of adjuvant 
chemotherapy for patients with esophageal adenocarcinoma 
who are found to have persistent nodal metastases after 
neoadjuvant chemoradiation and complete resection. 

Methods

The National Cancer Database (NCDB) 2013 participant 
user file was the source of all analyzed data. The NCDB 
is a prospectively maintained cancer outcomes database 
that catalogs information from over 70% of new cancer 
diagnoses annually from more than 1,500 Commission-on-
Cancer accredited hospitals across the United States (10). 
This study was deemed exempt from the requirement of 
informed consent by the Institutional Review Board of the 
University of Tennessee Health Science Center given the 
deidentified nature of all data. 

We queried the NCDB for all patients with esophageal 
adenocarcinoma from 2006 to 2012 who received 
neoadjuvant chemoradiation therapy and underwent a 
complete resection but were found to have lymph node 
metastases on pathologic examination. Patients were 
excluded if they had non-adenocarcinoma histology, 
underwent an incomplete resection, or had pathologic N0 
disease. Patients with missing information for variables 
used during propensity matching and patients who died 
within 90 days of surgery were also excluded from the final 
analysis. We excluded patients who died within 90 days 
to decrease selection bias, because patients not able to 
survive 90 days were unlikely to be candidates for adjuvant 
therapy. Comparisons were made based on administration 
of adjuvant chemotherapy as determined by the systemic 
therapy-surgery sequencing variable. 

Propensity matching and statistical analysis

We performed propensity matching to create balanced 
cohorts of patients who received chemoradiation therapy 
and had complete resection based on whether they 
received adjuvant chemotherapy or not. We applied a 
logistic regression model that generated scores based on 
the following variables: age, sex, race, Charleson-Deyo 
comorbidity score, insurance status, treatment facility type, 
year of diagnosis, tumor grade, tumor size, number of 
positive lymph nodes on pathologic examination, number 
of lymph nodes pathologically examined, and American 
Joint Committee on Cancer (AJCC) T status. The AJCC 
(7th edition) T status was determined based on the depth of 
invasion or extension of the tumor as described based on 
tumor pathology in the NCDB. We used the recommended 
caliper width of 0.2 times the standard deviation of 
the logit propensity score (11), and used standardized 
differences to compare characteristics before and after the 
match. A standardized difference <10 indicated acceptable  
balance (12). Discrimination of the propensity matching 
was tested with the C-statistic (Figure S1).

As a sensitivity analysis, we used a multivariable Cox 
hazards model in the unmatched cohort. The model 
included the following variables: age, sex, treatment facility 
type (academic vs. others), Charlson-Deyo comorbidity 
score, type of insurance, T stage, grade, tumor size, 
number of nodes examined, and administration of adjuvant 
chemotherapy.

Patient characteristics are reported using mean ± 
standard deviation or median and interquartile range (IQR) 
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for continuous variables and as frequencies and percentages 
for categorical variables. Pearson’s chi square test was used 
to compare categorical variables, and Student’s t-test was 
used to compare continuous variables. Survival was analyzed 
using the Kaplan-Meier method with a log rank analysis, 
and stratified log-rank in the matched cohort. All survival 
analyses were performed using overall survival, defined 
as the time from diagnosis to death or censoring. SAS 
statistical software package version 9.4 (SAS Institute, Inc., 
Cary, NC, USA) was used for the analysis. Significance was 
set at P≤0.05.

Results

Unmatched cohort

We identified 2,805 patients in the NCDB with lymph node 
metastases detected pathologically after esophagectomy 
and neoadjuvant chemoradiation therapy for esophageal 
adenocarcinoma; 2,046 eligible patients were included in 
the final analysis (Figure 1). Of these, 295 patients received 
adjuvant chemotherapy, and the remaining 1,751 patients 
were followed with postsurgical observation. Median follow-
up was 1.91 (IQR, 1.17, 3.06) years in the observation 
group and 2.16 (IQR, 1.36, 3.58) years in the adjuvant 
chemotherapy group. The median radiation dose received 
preoperatively by the observation group tended to be 

higher than in the adjuvant chemotherapy group (5,000 vs.  
4,500 rads, P=0.051). The patients in the adjuvant 
chemotherapy group were significantly younger (57.9 vs. 
61.0 years) than the patients in the observation only group 
and were more likely to be privately insured and male. 
Patients in the adjuvant chemotherapy group also had 
significantly more lymph nodes examined, more positive 
lymph nodes (3.4 vs. 2.8), and less well-differentiated 
tumors. Patients characteristics were otherwise similar with 
a standardized difference <10 (Table 1). 

Median overall survival for patients who received 
adjuvant chemotherapy was 2.6 vs. 2.1 years for patients 
in the observation only group (31.2 vs. 25.2 months, 
P=0.0185). The 5-year survival was 27.9% in patients who 
received adjuvant chemotherapy and 21.5% in patients 
who did not (Figure 2A). When we used a multivariable 
Cox proportion hazards model as a sensitivity analysis 
to identify factors associated with mortality, receipt of 
adjuvant chemotherapy was associated with improved 
survival (hazard ratio 0.839, 95% CI: 0.715–0.984, 
P=0.0311) (Table 2).

Matched cohort

Propensity matching was performed to create a well-
balanced cohort of 295 matched pairs. There were no 

• Esophageal adenocarcinoma

• Neoadjuvant chemoradiation

• Positive nodes on pathology

• Complete resection (R0)

(N=2,805)

Exclusions:

• Diagnosed in 2013 (n=471)

• Died within 90 days of surgery (n=186)

• Tumor of the upper and middle esophagus (n=51)

• Missing information (n=51)

Analytic cohort

N=2,046

Adjuvant chemo (n=295)

Adjuvant chemo (n=295)

Observation (n=1,751)

Observation (n=295)

Matching

Figure 1 Patient selection and cohort creation.



2549Journal of Thoracic Disease, Vol 11, No 6 June 2019

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2019;11(6):2546-2554 | http://dx.doi.org/10.21037/jtd.2019.05.66

Table 1 Unmatched and matched cohort characteristics for patients with esophageal adenocarcinoma who received neoadjuvant chemoradiation 
and esophagectomy

Characteristic

Unmatched cohort Propensity-matched cohort

Adjuvant 
chemotherapy 

(n=295)

Observation 
(n=1,751)

Standardized 
difference (%)

Adjuvant 
chemotherapy 

(n=295)

Observation 
(n=295)

Standardized 
difference (%)

Age at diagnosis, mean ± SD, years 57.9±9.1 61.0±9.4 33.4 57.9±9.1 57.9±9.6 0.7

Sex, n (%) 11.1 8.3

Male 273 (92.5) 1,565 (89.4) 273 (92.5) 279 (94.6)

Female 22 (7.5) 186 (10.6) 22 (7.5) 16 (5.4)

Race, n (%) 3.5 0.0

Caucasian 290 (98.3) 1,713 (97.8) 290 (98.3) 290 (98.3)

Charleson-Deyo comorbidity Score, n (%) 7.1 3.4

Score 0 229 (77.6) 1,313 (75.0) 229 (77.6) 225 (76.3)

Score 1 56 (19.0) 360 (20.6) 56 (19.0) 60 (20.3)

Score >1 10 (3.4) 78 (4.5) 10 (3.4) 10 (3.4)

Grade, n (%) 19.5 8.0

Well differentiated 3 (1.0) 65 (3.7) 3 (1.0) 2 (0.7)

Moderately differentiated 126 (42.7) 702 (40.1) 126 (42.7) 113 (38.3)

Poorly differentiated 163 (55.3) 951 (54.3) 163 (55.3) 180 (61.0)

Anaplastic 3 (1.0) 33 (1.9) 3 (1.0) 0 (0.0)

Tumor size in mm, median (IQR) 40.0 (25.0, 65.0) 40.0 (21.0, 
68.0)

7.7 40.0 (25.0, 65.0) 40.0 (23.0, 
64.0)

6.7

Lymph nodes examined, median (IQR) 14.0 (9.0, 21.0) 13.0 (8.0, 
19.0)

17.5 14.0 (9.0, 21.0) 14.0 (9.0, 21.0) 2.5

Positive lymph nodes, mean ± SD 3.4±3.3 2.8±3.0 20.4 3.4±3.3 3.4±3.9 0.2

AJCC clinical N stage, n (%) 21.8 6.0

N0 5 (1.7) 88 (5.0) 5 (1.7) 13 (4.4)

N1 206 (69.8) 1,262 (72.1) 206 (69.8) 199 (67.5)

N2 43 (14.6) 220 (12.6) 43 (14.6) 41 (13.9)

N3 41 (13.9) 181 (10.3) 41 (13.9) 42 (14.2)

AJCC pathologic T stage, n (%) 12.3 7.5

T0 0 (0.0) 6 (0.3) 0 (0.0) 0 (0.0)

T1 54 (18.3) 332 (19.0) 54 (18.3) 46 (15.6)

T2 10 (3.4) 89 (5.1) 10 (3.4) 9 (3.1)

T3 218 (73.9) 1,256 (71.7) 218 (73.9) 231 (78.3)

T4 13 (4.4) 68 (3.9) 13 (4.4) 9 (3.1)

Table 1 (continued)
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differences in patient characteristics after propensity 
matching (Table 1). Median overall survival was 2.6 years 
in the patients who received adjuvant chemotherapy vs.  
2.0 years (31.2 vs. 24.0 months) in patients who were 
observed until progression (P=0.031). The 5-year survival 
was 27.9% in the adjuvant chemotherapy group vs. 20.2% 
in the observation group (Figure 2B), which was consistent 
with the effect seen in the multivariate analysis in the 
unmatched cohort.

Discussion

In a large population-based study, we found that adjuvant 

chemotherapy was associated with improved survival when 
compared with observation only in patients who received 
preoperative chemoradiation and were found to have nodal 
metastases after complete resection. These findings may 
support consideration for administering adjuvant therapy 
in patients with nodal metastases found during resection 
of esophageal adenocarcinoma and may assist in clarifying 
current guidelines. The findings should also encourage 
randomized trials addressing the usefulness of adjuvant 
chemotherapy in patients with nodal metastases after 
chemoradiation and esophagectomy. 

The role of adjuvant chemotherapy in patients with 
esophageal cancer treated with preoperative chemoradiation 

Table 1 (continued)

Characteristic

Unmatched cohort Propensity-matched cohort

Adjuvant 
chemotherapy 

(n=295)

Observation 
(n=1,751)

Standardized 
difference (%)

Adjuvant 
chemotherapy 

(n=295)

Observation 
(n=295)

Standardized 
difference (%)

AJCC pathologic N stage, n (%) 20.6 8.9

N1 160 (54.2) 1,126 (64.3) 160 (54.2) 173 (58.6)

N2 90 (30.5) 485 (27.7) 90 (30.5) 86 (29.2)

N3 45 (15.3) 140 (8.0) 45 (15.3) 36 (12.2)

Institution, n (%) 9.5 7.5

Academic 149 (50.5) 967 (55.2) 149 (50.5) 160 (54.2)

Other 146 (49.5) 784 (44.8) 146 (49.5) 135 (45.8)

Primary payer, n (%) 17.4 8.6

Not insured 8 (2.7) 39 (2.2) 8 (2.7) 5 (1.7)

Private insurance 189 (64.1) 995 (56.8) 189 (64.1) 191 (64.7)

Medicaid 12 (4.1) 78 (4.5) 12 (4.1) 9 (3.1)

Medicare 78 (26.4) 598 (34.2) 78 (26.4) 83 (28.1)

Other/unknown 8 (2.7) 41 (2.3) 8 (2.7) 7 (2.4)

Year of diagnosis, n (%) 10.2 7.3

2006 32 (10.8) 203 (11.6) 32 (10.8) 25 (8.5)

2007 37 (12.5) 212 (12.1) 37 (12.5) 41 (13.9)

2008 45 (15.3) 260 (14.8) 45 (15.3) 44 (14.9)

2009 48 (16.3) 258 (14.7) 48 (16.3) 46 (15.6)

2010 37 (12.5) 235 (13.4) 37 (12.5) 44 (14.9)

2011 49 (16.6) 254 (14.5) 49 (16.6) 50 (16.9)

2012 47 (15.9) 329 (18.8) 47 (15.9) 45 (15.3)

AJCC, American Joint Committee on Cancer; SD, standard deviation; IQR, interquartile range. 
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has been particularly unclear. In patients who are not 
treated with neoadjuvant therapy, current guidelines 
are based on randomized studies in which a minority of 
patients had esophageal or gastroesophageal (GE) junction 
adenocarcinoma. An early, multicenter, phase II trial (13) 
evaluated adjuvant paclitaxel and cisplatin after complete 
resection in the absence of neoadjuvant therapy. The 
majority of patients had T3N1 disease (65%, 36/55), and 
84% completed four cycles of adjuvant therapy. Median 
survival was 2.6 years, mirroring the results of our current 
study and compared favorably with historic controls. 
Smalley (14) reported on Intergroup Study 0116 in which 
patients with gastric and GE junction tumors found to be 
node positive after resection were treated with adjuvant 
chemoradiation therapy or observation. Only 20% of 
patients had cancer of the GE junction, and only 65% of 
patients assigned to adjuvant chemoradiation completed 
therapy. Nonetheless, patients treated with postoperative 
chemoradiation had a significant survival advantage. The 
CLASSIC study of adjuvant capecitabine and oxaliplatin 
for gastric cancer after D2 gastrectomy is also cited as 
supporting evidence for adjuvant chemotherapy in patients 
with cancers of the digestive tract (15). Although the 
patients who received adjuvant therapy in the CLASSIC 
study had better survival than patients who did not, none 
had esophageal or GE junction tumors. 

T h e  a v a i l a b l e  e v i d e n c e  s u p p o r t i n g  a d j u v a n t 
chemotherapy in patients who received preoperative 
therapy is scant. The MRC Adjuvant Gastric Infusional 
Chemotherapy (MAGIC) trial (16) included 250 patients 
with gastric or esophageal adenocarcinoma who were 

treated with 3 preoperative and 3 postoperative cycles of 
epirubicin, cisplatin and 5-flurouracil and compared their 
outcomes with 253 patients treated with surgery alone. A 
significant increase in 5-year overall survival, from 23% 
in the surgery only group to 36.3% in the chemotherapy 
group, was seen. The majority of patients who started 
chemotherapy completed the preoperative course (90.7%), 
but only 41% of patients completed both the preoperative 
courses and the postoperative courses, highlighting the 
difficulty in administering adjuvant treatment after major 
surgery. Unfortunately, only 25% of patients enrolled in 
the MAGIC study had esophageal or GE junction cancers, 
and the rest had gastric cancer. Ychou and colleagues (9) 
reported a phase III trial comparing preoperative and 
postoperative chemotherapy with observation alone in 
patients with adenocarcinoma of the lower esophagus. 
Midtrial, the inclusion criteria were broadened to include 
gastric cancers, and ultimately 25% of the patients enrolled 
had gastric cancer. Only 50% of patients who had at least 
one cycle of preoperative treatment received postoperative 
chemotherapy. Survival was significantly improved in 
patients who received chemotherapy, but the effects of 
postoperative treatment were not isolated. Additionally, 
the rate of R0 resection in the surgery only group was 
relatively low at 74%. A single-institution, retrospective, 
propensity-matched study (7) compared preoperative 
chemoradiation with postoperative chemotherapy in 
patients with stage II or higher esophageal adenocarcinoma. 
There were no differences in overall or disease-free 
survival between the two groups. Another retrospective 
study on preoperative chemotherapy followed by surgery 

Figure 2 Survival based on the administration of adjuvant chemotherapy. (A) Overall survival in the unmatched cohort (P=0.018); (B) overall 
survival in the matched cohort (P=0.031).
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and adjuvant chemotherapy showed improved survival in 
patients receiving adjuvant chemotherapy (17). Like the 
MAGIC study, patients with gastric cancers were included, 
and neoadjuvant radiation was not used.

The overall survival in our cohort is similar to other 
series of esophageal cancer patients with residual nodal 
disease. Stiles et al. (18) retrospectively analyzed a cohort of 
patients treated with neoadjuvant therapy followed by three 
field en-bloc esophagectomy. Five-year survival for patients 
with stage III disease was 24%. Speicher et al. (19) noted 
a 5-year survival of 24% in patients with node positive 
esophageal cancer who received adjuvant therapy vs. 14% in 
patients who did not. 

The NCDB has been previously used to attempt to 
clarify the role of adjuvant chemotherapy in patients 
with esophageal cancer who received neoadjuvant 
chemoradiotherapy (20). Burt and colleagues found that 
adjuvant chemotherapy was associated with improved 
survival only in patients with positive nodes after 
neoadjuvant therapy, a conclusion concordant with our 
findings. The previous study differed from ours in that it 
included patients who had incomplete resections, patients 
who had negative nodes on the final pathology, and patients 
with squamous cell cancers of the esophagus. Our present 
work focused solely on patients with adenocarcinoma 
who had positive nodes after neoadjuvant chemoradiation 
therapy and complete surgical resection, delineating the 
potential benefits of adjuvant chemoradiation in this specific 
patient population. Additionally, Burt and colleagues used 
multivariable analysis, while we created two propensity-
matched cohorts of similar patients who received adjuvant 
chemotherapy or not. 

The limitations of our study are based on its retrospective 
design and the absence of certain data points in the NCDB. 
There are important fields missing from the NCDB including 
the type of esophagectomy performed, preoperative performance 
status, postoperative complications, chemotherapy and 
radiation toxicity, and type of surgery performed. The 
NCDB also does not allow for disease-free survival 
calculation. There are no fields that describe grading of 
the response to neoadjuvant therapy. Additionally, it is not 
possible to verify the accuracy of the information entered 
in the database, and errors are possible. Staging data can 
be problematic, because staging was performed according 
to the AJCC criteria that were current at the time of each 
patient’s diagnosis, and the AJCC staging criteria underwent 
major revision in 2010. To improve accuracy, we used the 
number of positive nodes for the propensity matching 
and the depth of invasion of the tumor to designate the 
T stage. As in all retrospective studies, selection bias is 
possible and even likely. We attempted to mitigate biases 
by excluding all patients who died within 90 days of surgery 
and with careful propensity matching. Patients absent in 
this analysis included patients who died before or within  
90 days of surgery, patients with progressive disease 
precluding resection, patients with complications related 
to treatment that limited the receipt or completion of 
planned therapies, and patients with incomplete resection 
or a pathologic complete response to neoadjuvant therapy. 
There is also no way to know if every patient completed his 
or her planned course of therapy, nor is there information 

Table 2 Multivariable Cox proportion hazards model in the 
unmatched cohort

Variable P value Hazard ratio (95% CI)

Adjuvant chemotherapy 0.0311 0.839 (0.715–0.984)

Age 0.1099 1.064 (0.986–1.148)

Male sex 0.9758 0.997 (0.831–1.196)

Academic institution 0.2296 0.934 (0.836–1.044)

Charleson-Deyo score

1 vs. 0 0.1382 1.108 (0.968–1.269)

>1 vs. 0 0.0281 1.338 (1.032–1.736)

Insurance

Medicare vs. private 0.2528 1.091 (0.940–1.267)

Medicaid vs. private 0.3304 1.142 (0.874–1.492)

Caucasian race 0.7281 0.935 (0.641–1.364)

AJCC stage

T2 vs. T1 0.7876 0.960 (0.716–1.289)

T3 vs. T1 0.0272 1.181 (1.019–1.368)

T4 vs. T1 0.0797 1.295 (0.970–1.730)

Grade

Moderately vs. well-
differentiated

0.3303 1.173 (0.850–1.619)

Poorly vs. well-differentiated 0.0191 1.465 (1.065–2.016)

Anaplastic vs. well-
differentiated

0.6114 1.156 (0.660–2.025)

Tumor size 0.0565 1.011 (1.000–1.022)

Number of nodes examined 0.0003 0.987 (0.980–0.994)

AJCC, American Joint Committee on Cancer; CI, confidence 
interval.
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on the type of chemotherapy administered.
In conclusion, adjuvant chemotherapy, when given to 

patients with persistent nodal metastases after neoadjuvant 
chemoradiation and complete resection, was associated 
with improved survival as compared with observation 
alone. Randomized controlled trials are necessary to further 
evaluate the role of adjuvant chemotherapy, but until the 
data from such trials becomes available, consideration 
should be given to the use of adjuvant chemotherapy in 
patients with nodal metastases after neoadjuvant therapy 
and complete resection of esophageal adenocarcinoma.
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Figure S1 Discrimination of the propensity matching was tested with the C-statistics. PS, propensity score.
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