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Abstract
Background Minimally Invasive esophagectomy for esophageal cancer is associated with less morbidity compared to open 
approach. Whether robotic-assisted minimally invasive esophagectomy (RAMIE) results in better long-term survival com-
pared with open esophagectomy (OE) and minimally invasive esophagectomy (MIE) is unclear.
Methods We analyzed data from the National Cancer Database (NCDB) for patients with primary esophageal cancers 
who underwent esophagectomy in 2010–2017. Those with unknown staging, distant metastasis, or diagnosed with another 
cancer were excluded. Patients were stratified by RAMIE, MIE, and OE operative techniques. The Kaplan–Meier method 
and associated log-rank test were employed to compare unadjusted survival outcomes by surgical technique, our primary 
outcome. Multivariable Cox proportional hazards regression model was employed to discern factors independently contrib-
uting to survival.
Results A total of 5170 patients who underwent esophagectomy were included in the analysis; 428 underwent RAMIE, 1417 
underwent MIE, and 3325 underwent OE. Overall median survival was 42 months. In comparison to RAMIE, there was an 
increased risk of death for those that underwent either MIE [Hazard Ratio (HR) = 1.19; 95% Confidence Interval (CI): > 1.00 
to 1.41; P < 0.047)] or OE (HR = 1.22; 95% CI: 1.04 to 1.43; P < 0.017). Academic vs community program facility type was 
associated with decreased risk of death (HR = 0.84; 95% CI: 0.76 to 0.93; P < 0.001). In general, males from areas of lower 
income with advanced stages of cancer who received neoadjuvant chemotherapy or radiation were at increased risk of death. 
Factors that were not associated with survival included race and ethnicity, Charlson-Devo Score, type of health insurance, 
zipcode level education, and population density.
Conclusions Overall survival was significantly longer in patients with esophageal cancers that underwent RAMIE in com-
parison to either MIE or OE in a 7-year NCDB cohort study.
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Introduction

Esophageal cancer is the sixth leading cause of cancer-
related deaths and is amongst the cancers with increasing 
incidence in Western countries [1]. Esophageal squamous 
cell carcinoma and adenocarcinoma alone represent over 
95% of all esophageal cancers [2, 3]. The overall 5 year sur-
vival rate with esophageal cancer remains low at 10–15% [1, 
4, 5]. The survival rate increases by 3–5 times with curative 
surgical resection; hence surgery is the treatment of choice 
for resectable disease [6–9]. Several factors including cen-
tralization of care at high-volume centers, increasing use of 
multimodality treatment (neoadjuvant and adjuvant treat-
ment) along with curative surgery have been implicated in 
improved outcomes for esophageal cancer [10–13].

Recently, emphasis has been placed on improving 
outcomes after esophagectomy. Of the surgical options, 
minimally invasive surgical techniques (MIS) confer the 
expected reduction in perioperative morbidity associated 
with esophagectomy compared to OE in both short term and 
at 3–5 years [10, 11, 14]. Of the MIS techniques, RAMIE 
has shown superior oncologic margin resection without 
jeopardizing perioperative or short term survival outcomes 
in NCDB data analysis when compared to MIE and OE 
[14–16]. However, long-term oncological outcomes after 
RAMIE haven’t been well reported. The objective of our 
current analysis is to study the long-term (> 5 years) out-
comes following RAMIE and to compare them with MIE 
and OE in a national cancer database.

Materials and methods

In this study, we analyzed patient’s data from the NCDB 
database. This database is a joint endeavor of the Ameri-
can Cancer Society and the Commission on Cancer of the 
American College of Surgeons (CoC) established in 1989 
and captures de-identified hospital-based data encompassing 
72% of all newly diagnosed malignancies in the US annually 
from CoC-accredited cancer programs. The NCDB partici-
pant user file (PUF) was utilized to identify a cohort of adult 
patients diagnosed with esophageal cancer.

Procedures and quality control

Inclusion criteria were having been diagnosed with stage 
0-III primary esophageal cancers ranging from proximal 
esophagus to the gastro-esophageal junction (International 
Classification of Diseases for Oncology, 3rd Edition—
ICD-O-3—codes C15.1-C15.9) that were histologically 
confirmed to be squamous cell carcinoma or adenocarcino-
mas (ICD-O-3 codes 805–808 and 814–838, respectively), 
having undergone treatments that include esophagectomy 
(partial or total), esophagectomy with partial gastrectomy, 
or esophagectomy with unspecified gastrectomy between the 
year 2010 and 2017. The former is the year when surgical 
approach was specified in the database whereas the latter 
includes the last recorded vital status.

Exclusion criteria were unknown staging (clinical or 
pathological), esophagectomy with laryngectomy or total 
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gastrectomy, those diagnosed with another cancer [i.e., only 
one reported cancer diagnosis (Sequence Number 00) to 
avoid confounding outcomes with patients who may have 
been diagnosed and treated for a separate malignancy], 
and those with esophageal cancers with evidence of distant 
metastases (stage IV) whose presence is confirmed either 
by radiographic or histologic means. This study analyzed 
de-identified data and was approved by the Creighton Uni-
versity Institutional Review Board (IRB).

The esophagectomy techniques were stratified by 
RAMIE, MIE, and OE. Neither intention-to-treat nor per-
protocol analyses were performed due to relatively small 
proportion of cross-over between groups. Patient demo-
graphics were categorized by mean age at time of diagnosis; 
great-circle distance in miles between patient’s residence 
and site where they had surgery; days between time of 
diagnosis to systemic therapy, radiation, or surgery; num-
ber of regional lymph nodes examined; tumor size; male 
or female biological sex; Charlson/Devo comorbidity index 
with scores of 0,1, 2, or ≥ 3 (excluding the esophageal can-
cer diagnosis); Caucasian or non-Caucasian; metropolitan 
or urban or rural residential area; median household income 
(< $38,000, > $38,000–< $48,000, > $48,000–< $63,000, 
or > $63,000); level of educational achievements (propor-
tion of adult with non-high school graduation per zip code); 
tumor’s lymph vascular invasion status and grades; receipt 
of neoadjuvant therapy [chemotherapy (single or multiple 
agents administered before surgery date) or chemoradiation 
(receiving cumulative dose of ≥ 4000 cGy within ≤ 199 days 
to surgery)] or upfront surgery; facility type where the sur-
gery was performed (community, academic, or comprehen-
sive programs); tumor location (thoracic esophagus, NOS 
(not otherwise specified), proximal third of thoracic esopha-
gus, middle third of thoracic esophagus, distal third of tho-
racic esophagus, abdominal esophagus (NOS), overlapping 
esophagus, or esophagus, NOS); and types of insurance held 
(private insurance, Medicare, Medicaid, non-insured status 
or other types of insurance, or unknown status).

Statistical analysis

Descriptive statistics of continuous variables were calculated 
as mean ± standard deviation or median and interquartile 
range given potential skewness. Categorical variables were 
presented as frequency and proportion. Comparisons were 
made post-stratification by surgical approach with ANOVA 
or Kruskal–Wallis given skewness. Univariate and multi-
variable analyses were performed to discern factors indepen-
dently contributing to survival by employing a Cox propor-
tional hazards regression model. Kaplan–Meier analysis was 
performed to compare the overall median survival outcomes 
by surgical technique, with log-rank testing. Vital status by 
the median overall survival was used for mortality analysis. 

P values of less than 0.05 were considered statistically sig-
nificant. All statistical analyses were performed utilizing 
SAS® 9.4 software.

Results

Characteristics of the patients

The stratification of patient that underwent esophagectomy 
by surgical technique is described in Fig. 1. NCDB database 
contained 14,884 patients diagnosed with either squamous 
cell carcinoma (14.9%) or adenocarcinoma (85.1%) of the 
esophagus or gastro-esophageal that underwent esophagec-
tomy with a known esophagectomy approach between the 
year 2010 and 2017. 9714 patients were excluded because 
of unknown staging, another cancer diagnosis, metastatic 
cancer or had missing information about any of the clinical 
or demographic variables included in our statistical mod-
eling. Thus, 5170 patients who underwent esophagectomy 
had known vital statuses and were included in the analy-
sis—428 (8.3%) undergone RAMIE, 1417 (27.4%) MIE, and 
3325 (64.3%) OE.

The demographic and baseline clinical characteristics 
(Table 1) did not significantly differ between the three 
groups except for the great-circle distance in miles between 
patient’s residence and site where they had surgery, days 
between time of diagnosis to definitive surgical procedure, 
rural–urban classification, and facility type. However, Fig. 2 
demonstrates that the median lymph nodes harvested and 
examined are statistically higher for RAMIE in comparison 
to either MIE or OE.

Outcomes

After adjusting for age, biological sex, race and ethnicity, 
analytic stage, type of insurance, level of education and 
median household income by zip code, population density, 
neoadjuvant treatments, Charlson-Deyo Score, and facility 
center type, we found that there was an increased risk of 
death for those that underwent either MIE (HR = 1.19; 95% 
CI: > 1.00 to 1.41; P < 0.047) or OE (HR = 1.22; 95% CI: 
1.04 to 1.43; P < 0.017) in comparison to RAMIE. Academic 
program facility type was associated with decreased risk of 
death compared to community program (HR = 0.84; 95% 
CI: 0.76 to 0.93; P < 0.001). In general, males from areas of 
lower income with advanced stages of cancer who received 
neoadjuvant chemotherapy or radiation were at increased 
risk of death. Our results did not show any survival impact 
from social factors like race and ethnicity, Charlson-Deyo 
Score, type of health insurance, level of education by zip 
code, and population density (Table 2).
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Overall survival

Amongst the 5170 patients who underwent esophagectomy 
for esophageal cancer from 2010 in the NCDB, 2643 (51%) 
were not associated with mortality status as of 2017. Among 
those patients that survived (not associated with mortality), 
61.9% survived in the RAMIE group compared to 53.5% 
and 48.7% in the MIE and OE groups, respectively. Overall 
median survival was 42 months. The Kaplan–Meier curves 
(Fig. 3) demonstrates survival of the patients stratified by 
their respective surgical techniques.

Discussions

Multimodality treatment has been increasingly used in 
locally advanced esophageal cancer along with the surgical 
treatment. Esophagectomy has been the standard surgical 
treatment of choice in the past two decades. The morbid-
ity after esophagectomy has been steadily decreasing with 
improvements in the preoperative and postoperative manage-
ment. However, overall, 5-year survival for esophageal can-
cer has been consistently under 20% [1, 4, 5]. Our analysis of 
the National Cancer Database data showed that the median 
overall survival for patients who underwent esophagec-
tomy for esophageal cancer between 2010 and 2017 was 
42 months (about 3 and a half years). Our multivariate 

analysis showed RAMIE has significantly better long-term 
survival compared to other esophagectomy techniques. 
Other variables independently associated with better sur-
vival include undergoing esophagectomy at academic medi-
cal centers, female biological sex, receipt of neoadjuvant 
therapy, and patients with high median income. This study 
is the only long-term survival outcome analysis that was 
conducted in a large population database study.

Robotic surgery has been increasingly used to perform 
complex multi-quadrant surgical procedures like esophagec-
tomy. Initial RCT’s comparing OE was not powered to show 
any difference in 3-year survival between OE and RAMIE 
(TIME Study) [17]. However, it revealed significantly bet-
ter pulmonary complications for RAMIE group compared 
to OE. Later study comparing MIRO with hybrid technique 
and showed at 3-year follow-up reported that the HMIE 
group had an overall survival of 67% compared with 54.8% 
for OE [10]. This trial also reported that hybrid minimally 
invasive esophagectomy was associated with a 77% lower 
risk of major intraoperative and postoperative complications 
than open esophagectomy. Furthermore, minimally invasive 
surgery was associated with a 50% lower risk of major pul-
monary complications than open surgery. Although NCBD 
database does not have procedure related complications but 
provides longitudinal overall mortality related outcomes. 
Our database study provides the first longitudinal outcomes 
report which shows robotic approach is associated with 

Fig. 1  Selection and exclusion of esophageal cancer patients stratified by their esophagectomy pathway (MIE = minimally invasive esophagec-
tomy; NCDB = National Cancer Database; PUF = participant user file; RAMIE = Robotic-assisted minimally invasive esophageal cancer)
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Table 1  Describes patient’s baseline characteristics with esophagectomy approach

RAMIE MIE OE

Sample size 428 (8.3%) 1417 (27.4%) 3325 (64.3%)

Variable of interest Median (IQR) P

Age at diagnosis (years) 64 (57–70) 63 (57–69) 63 (56–69) 0.478
Crowfly distance (miles) 19 (8–49) 24 (9–61) 21 (8–55) 0.013
Diagnosis to definitive surgical Procedure (days) 129 (94–154) 120 (80–148) 120 (86–147) 0.002
Diagnosis to systemic therapy (days) 37 (27–50) 36 (27–49) 35 (26–49) 0.454
Diagnosis to radiation (days) 41 (29–55) 39 (28–52) 38 (27–54) 0.332
Regional nodes examined 17 (12–24) 16 (10–23) 13 (8–20)  < 0.001
Tumor size (mm) 32 (20–50) 30 (18–50) 35 (20–50) 0.822

Count (%) P

Biological sex
Female 67 (15.7) 224 (15.8) 522 (15.7) 0.995
Male 361 (84.3) 1193 (84.2) 2803 (84.3)
Race and ethnicity
Not White 33 (7.7) 78 (5.5) 213 (6.4) 0.220
White 395 (92.3) 1339 (94.5) 3112 (93.6)
Primary payer
No insurance 4 (0.9) 34 (2.4) 75 (2.3) 0.070
Private 192 (44.9) 697 (49.2) 1544 (446.4)
Medicaid 20 (4.7) 62 (4.4) 201 (6.1)
Medicare 202 (47.2) 603 (42.6) 1441 (43.3)
Other Government 10 (2.3) 21 (1.5) 64 (1.9)
Income quartile, zip code level (US dollar)
 < 38,000 61 (14.3) 211 (14.9) 477 (14.4) 0.110
 < 48,000 94 (22.0) 333 (23.5) 881 (26.5)
 < 63,000 117 (27.3) 420 (29.6) 936 (28.2)
63,000 + 156 (36.5) 453 (32.0) 1031 (31.0)
Education (no highschool diploma), zip code level
20% + 50 (11.7) 171 (12.1) 431 (13.0) 0.772
 < 20% 108 (25.2) 379 (26.8) 903 (27.2)
 < 13% 155 (36.2) 503 (35.5) 1188 (35.7)
 < 7% 115 (26.9) 364 (25.7) 803 (24.2)
Analytic stage*
0 28 (6.5) 109 (7.7) 237 (7.1) 0.050
I 167 (39.0) 527 (37.2) 1140 (34.3)
II 130 (30.4) 440 (31.1) 1027 (30.9)
III 102 (23.8) 320 (22.6) 856 (25.7)
IV 1 (0.2) 21 (1.5) 65 (2.0)
Grade
1 31 (7.2) 138 (9.7) 229 (6.9) 0.295
2 186 (43.5) 563 (39.7) 1376 (41.4)
3 164 (38.3) 536 (37.8) 1312 (39.5)
4 6 (1.4) 19 (1.3) 35 (1.1)
Charlson-Deyo score
0 312 (72.9) 965 (68.1) 2285 (68.7) 0.219
1 92 (21.5) 356 (25.1) 802 (24.1)
2 17 (4.0) 70 (4.9) 176 (5.3)
3 + 7 (1.6) 26 (1.8) 62 (1.9)
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lower mortality compared to open and minimally invasive 
approaches. Minimally invasive approaches are shown to be 
associated with less morbidity compared to open approach 
but the long-term survival benefits have not been reported 
by the above studies. MIE and RAMIE have shown to be 
associated with similar morbidity and our results support 
that RAMIE has better long-term survival.

Robotic approach has not been widely available for the 
patients. The patients likely to undergo robotic-assisted 
esophagectomy choose facilities located about two to five 
miles closer to their home residency in comparison to 
those undergoing non-robotic procedure. Their surgeries 
were also delayed by 9 days longer from time of diagnosis 
to surgery when compared with their counterparts. These 
two metrics indicate that urban area residents likely have 
better access to the robotic surgeries compared to the rural 
areas, where patients undergo predominantly non-robotic 

surgeries. Risk of death amongst facilities performing pro-
cedures positively favored academic centers compared to 
either community or comprehensive programs. The risk of 
mortality increased with disease progression to advanced 
stages and for males from areas of lower income who 
received chemotherapy or radiation regardless of the sur-
gical techniques. Finally, we found that health determinant 
factors such as race and ethnicity, Charlson-Devo Score, 
type of health insurance, zipcode level education, and 
population density were not independently associated with 
survival of esophageal cancer following esophagectomy. 
These results might be at odds with some prior reports 
regarding the impact of socio-economic factors on esopha-
geal cancer survival following esophagectomy [18, 19]. 
However, our study might not have appropriate numbers in 
the socio-economic zones to show any significant impact 
on survival.

*NCDB Analytic Stage Groups corresponds to the Seventh Edition the American Joint Committee on Cancer (AJCC) staging manual.
# NOS: not otherwise specified.

Table 1  (continued)

Count (%) P

Lymph vascular invasion
No 259 (60.5) 927 (65.4) 1996 (60.0) 0.011
Yes 76 (17.8) 225 (15.9) 634 (19.1)
Unknown 93 (21.7) 265 (18.7) 695 (20.9)
Neoadjuvant chemotherapy
No 128 (29.9) 501 (35.4) 1060 (31.9) 0.029
Yes 300 (70.1) 916 (64.6) 2265 (68.1)
Neoadjuvant radiation
No 142 (33.2) 555 (39.2) 1209 (36.4) 0.048
Yes 286 (66.8) 862 (60.8) 2116 (63.6)
Rural urban classification
Metropolitan area 376 (87.9) 1156 (81.6) 2618 (78.7)  < 0.001
Urban area 47 (11.0) 244 (17.2) 628 (18.9)
Rural area 5 (1.2) 17 (1.2) 79 (2.4)
Facility type
1 55 (12.9) 307 (21.7) 919 (27.6)  < 0.001
2 321 (75.0) 979 (69.1) 2001 (60.2)
3 52 (12.1) 131 (9.2) 405 (12.2)
Mortality status
No 265 (61.9) 758 (53.5) 1620 (48.7)  < 0.001
Yes 163 (38.1) 659 (46.5) 1705 (51.3)
Tumor location
Thoracic esophagus,  NOS# 17 (4.0) 29 (2.0) 78 (2.3) 0.751
Thoracic Proximal third 3 (0.7) 15 (1.1) 32 (1.0)
Thoracic Middle third 30 (7.0) 111 (7.8) 285 (8.6)
Thoracic Distal third 342 (79.9) 1133 (80.0) 2615 (78.6)
Abdominal esophagus, NOS 1 (0.2) 6 (0.4) 14 (0.4)
Overlapping Esophagus 16 (3.7) 51 (3.6) 132 (4.0)
Esophagus, NOS 19 (4.4) 72 (5.1) 169 (5.1)
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Esophageal cancer prognosis is dependent on sev-
eral factors including patient’s ability to receive multi-
modality treatment, early diagnosis and treatment, and 
receiving definitive treatments at higher volume centers 
[14–17]. Studies reported that centers with high volume 
(> 12 esophagectomies) have better outcomes compared 
to the low volume centers [20, 21]. Our study compared 
community cancer programs whose annual volume con-
sists of more than 100 but fewer than 500 new diagnosed 
cancers to both comprehensive community and academic 
programs whose facility accession independently stands 
above 500 newly diagnosed cancers annually [22] and 
questions the notion of how volume from centers with a 
dozen cases [16] affect overall outcomes. Although it is 
apparent that higher volume has consistently shown better 
outcomes, it is unknown from our study whether the vol-
ume in academic centers were behind the better survival. 
The better survival in academic centers could be multi-
factorial including volume, training and overall resources, 
and access to the multimodality treatment and supportive 
care options. Our report also suggest that academic cent-
ers have better access to robotic surgery for the patient 
with esophageal cancer. Patients’ selection or self-selec-
tion at different facilities should be further investigated. 
Delaying esophagectomy for 8–12 weeks post neoadjuvant 

chemoradiation has previously been reported to not affect 
survival outcomes [23]; however, it’s unclear if there is 
a relationship between robotic esophagectomy patients 
delaying their surgical treatment and their inherent survival 
fitness. Overall, esophageal cancer patients who underwent 
robotic esophagectomy had overall better survival. Sev-
eral factors including higher income, academic centers, and 
access to the neoadjuvant/adjuvant treatments and better 
lymph nodes retrieval might be possible reasons behind 
better survival with RAMIE.

Although national-level databases like NCDB have 
unique potential to produce large sample sizes to make rea-
sonable conclusions, they are not without limitations such 
as the retrospective nature of the analysis, not having dis-
ease specific mortality, and immediate complications with 
certain categories. We also excluded esophagectomy with 
laryngectomy or total gastrectomy, unknown staging, and 
metastatic disease to understand the impact overall mortal-
ity associated with the most common subtype of esophageal 
cáncer for which esophagectomy is mostly performed [24]. 
The income measurements are based on zipcode and not 
based on the individual basis and have been categorized into 
quartiles instead of being provided within a continuous con-
text. However, our analysis provides a large sample database 
study which can be associated with reasonable numbers to 

Fig. 2  Overall survival 
outcomes by esophagectomy 
techniques (MIE = minimally 
invasive esophagectomy; 
RAMIE = Robotic-assisted 
minimally invasive esophagec-
tomy)
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derive any meaningful conclusions which can have signifi-
cant impact on clinical practice.

In summary, overall survival was significantly longer in 
patients with esophageal cancers that underwent RAMIE in 
comparison to either MIE or OE in a 7-year NCDB cohort 

study. Patients who underwent esophagectomy at academic 
medical centers, were biologically female, received neoadju-
vant therapy, or are from high income areas were associated 
with better survival.

Table 2  Multivariable Cox 
proportional hazards regression 
model discerning factors 
independently contributing to 
survival

HR Lower confidence 
limit

Upper confidence 
limit

P

Biological sex
Male vs. Female 1.13 1.01 1.27 0.037
Race and ethnicity
Non-White vs. White 1.05 0.90 1.24 0.528
Charlson-Deyo score
1 vs. 0 1.08 0.99 1.18 0.081
2 vs. 0 1.21 1.04 1.40 0.015
3 vs. 0 1.30 0.96 1.76 0.085
Analytic stage
Stage 2 vs. Stage 1 2.03 1.80 2.30  < 0.001
Stage 3 vs. Stage 1 3.29 2.90 3.74  < 0.001
Stage 4 vs. Stage 1 5.09 3.82 6.77  < 0.001
Insurance
None vs. Private 1.10 0.85 1.42 0.481
Medicaid vs. Private 1.11 0.93 1.31 0.245
Medicare vs. Private 1.13 1.01 1.26 0.037
Other Government vs. Private 0.81 0.59 1.12 0.206
Zip code- evel median household 

income (2012 us dollars)
 < 38,000 vs. ≥ 63,000 1.34 1.12 1.61 0.001
38,000–47,999 vs. ≥ 63,000 1.13 0.98 1.31 0.105
 < 48,000–62,999 vs. ≥ 63,000 1.09 0.96 1.23 0.212
Zip code level education (2008–2012, 

% no high school diploma)
 ≥ 21 vs. < 7 0.91 0.75 1.09 0.307
13–20.9 vs. < 7 1.08 0.94 1.24 0.289
7–12.9 vs. < 7 0.97 0.87 1.09 0.652
Neoadjuvant chemotherapy
Yes vs. No 1.20 1.00 1.42 0.046
Neoadjuvant radiation
Yes vs. No 1.22 1.05 1.42 0.010
Surgical approach
MIE vs. RAMIE 1.19 1.00 1.41 0.047
OE vs. RAMIE 1.22 1.04 1.43 0.017
Population density
Urban vs. Metropolitan 1.00 0.90 1.12 0.945
Rural vs. Metropolitan 1.02 0.75 1.40 0.887
Facility center type
Academic vs. Community 0.84 0.76 0.93  < 0.001
Cancer program vs. Community 1.06 0.93 1.21 0.386
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