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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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Graphical abstract

Esophagectomy Survival Outcomes By Surgical Technique

Robotic Esophagectomy associated with decreased mortality for esophageal cancer.
National Cancer Database Review
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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
O-IIT primary esophageal cancers ranging from proximal
esophagus to the gastro-esophageal junction (International
Classification of Diseases for Oncology, 3rd Edition—
ICD-0O-3—codes C15.1-C15.9) that were histologically
confirmed to be squamous cell carcinoma or adenocarcino-
mas (ICD-0-3 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.
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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 t0 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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Patient with Esophageal Cancer (Adenocarcinoma or Squamous Cell Carcinoma) that Underwent Esophagectomy with a Known
Surgical Approach from NCDB PUF (2010-2017) N= 14884

Excluded (n=9714)

e Unknown staging

e Diagnosed with another cancer

e Metastatic esophageal cancer

e Esophagectomy with laryngectomy

e Esophagectomy with total gastrectomy

Known vital status (n=5170)

OE (n=3325) MIE (n=1417)

RAMIE (n=428)

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)

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
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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
1 167 (39.0) 527 (37.2) 1140 (34.3)
1I 130 (30.4) 440 (31.1) 1027 (30.9)
1 102 (23.8) 320 (22.6) 856 (25.7)
v 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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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)

*NCDB Analytic Stage Groups corresponds to the Seventh Edition the American Joint Committee on Cancer (AJCC) staging manual.

#NOS: not otherwise specified.

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.
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Fig.2 Overall survival
outcomes by esophagectomy
techniques (MIE = minimally
invasive esophagectomy;
RAMIE =Robotic-assisted

minimally invasive esophagec- 5000
tomy)
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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
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Wilcox Distribution Scores for Lymph Nodes Harvest by Esophagec-

tomy Technique

Pr > ChiSq <0001

2 3
1=RAMIE, 2=MIE, 3=0E

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
cancer 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
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Table 2. Multivariable Cox . HR Lower confidence  Upper confidence P
proportional hazards regression limit limit
model discerning factors
independently contributing to Biological sex
survival Male vs. Female 1.13 1.01 127 0.037
Race and ethnicity
Non-White vs. White 1.05 0.90 1.24 0.528
Charlson-Deyo score
1vs.0 1.08 0.99 1.18 0.081
2vs. 0 1.21 1.04 1.40 0.015
3vs.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)
>21vs.<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

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.
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Fig.3 Median lymph node
harvested by esophagectomy

Product-Limit Survival Estimates
With Number of Subjects at Risk

techniques 10 T Consored
Logrank p=0.0110
08
2z
E 06
[
o
2
S 04
2
17}
02
0.0
1 428 333 230 129 73 37 13 2 0
2 1417 1122 768 505 310 80 78 19 0
3 3326 2645 1816 1202 779 477 226 66 0
0 12 24 36 48 60 72 84 96
Last Contact or Death, Months from Dx
1=RAMIE, 2=MIE, 3=0OE 1 2 3

Acknowledgements None.

Declarations

Disclosures Innocent Byiringiro, Sarah Aurit, and Kalyana Nandipati
has no conflict of interest.

References

1. Then EO, Lopez M, Saleem S, Gayam V, Sunkara T, Culliford
A et al (2020) Esophageal cancer: an updated surveillance epi-
demiology and end results database analysis. World J Oncol
11(2):55-64

2. Rustgi AK, El-Serag HB (2014) Esophageal carcinoma. N Engl J
Med 371(26):2499-2509

3. Abbas G, Krasna M (2017) Overview of esophageal cancer. Ann
Cardiothorac Surg 6(2):131-136

4. Mariette C, Dahan L, Mornex F, Maillard E, Thomas PA, Meunier
B et al (2014) Surgery alone versus chemoradiotherapy followed
by surgery for stage I and II esophageal cancer: final analysis of
randomized controlled phase III trial FFCD 9901. J Clin Oncol
32(23):2416-2422

5. Huang FL, Yu SJ (2018) Esophageal cancer: risk factors, genetic
association, and treatment. Asian J Surg 41(3):210-215

6. Iriarte F, Su S, Petrov RV, Bakhos CT, Abbas AE (2021) Surgi-
cal management of early esophageal cancer. Surg Clin North Am
101(3):427-441

7. Lordick F, Mariette C, Haustermans K, Obermannova R, Arnold
D, Committee EG (2016) Oesophageal cancer: ESMO clinical
practice guidelines for diagnosis, treatment and follow-up. Ann
Oncol 27(suppl 5):v50-v57

8. Surveillance, Epidemiology, and End Results (SEER) Program
(www.seer.cancer.gov) SEER*Stat Database: National Cancer

@ Springer

10.

11.

12.

13.

14.

15.

16.

17.

Institute, 2021. https://seer.cancer.gov/statfacts/html/esoph.
html

Chen MF, Chen PT, Lu MS, Lee CP, Chen WC (2017) Survival
benefit of surgery to patients with esophageal squamous cell car-
cinoma. Sci Rep 7:46139

Mariette C, Markar SR, Dabakuyo-Yonli TS, Meunier B, Pezet D,
Collet D et al (2019) Hybrid minimally invasive esophagectomy
for esophageal cancer. N Engl ] Med 380(2):152-162
Makowiec F, Baier P, Kulemann B, Marjanovic G, Bronsert P,
Zirlik K et al (2013) Improved long-term survival after esophagec-
tomy for esophageal cancer: influence of epidemiologic shift and
neoadjuvant therapy. J Gastrointest Surg 17(7):1193-1201

van Hagen P, Hulshof MC, van Lanschot JJ, Steyerberg EW, van
Berge Henegouwen MI, Wijnhoven BP et al (2012) Preoperative
chemoradiotherapy for esophageal or junctional cancer. N Engl J
Med 366(22):2074-2084

Biebl M, Andreou A, Chopra S, Denecke C, Pratschke J (2018)
Upper gastrointestinal surgery: robotic surgery versus lapa-
roscopic procedures for esophageal malignancy. Visc Med
34(1):10-15

Maramara PB, Shridhar R, Huston J, Meredith K (eds) (2020)
Outcomes associated with robotic esophagectomy: an NCDB
analysis. Academic surgical congress. Orlando, FL, American
College of Surgeons

Mederos MA, de Virgilio MJ, Shenoy R, Ye L, Toste PA, Mak
SS et al (2021) Comparison of clinical outcomes of robot-
assisted, video-assisted, and open esophagectomy for esopha-
geal cancer: a systematic review and meta-analysis. JAMA Netw
Open 4(11):€2129228

Hue JJ, Bachman KC, Worrell SG, Gray KE, Linden PA, Towe
CW (2021) Outcomes of robotic esophagectomies for esopha-
geal cancer by hospital volume: an analysis of the national can-
cer database. Surg Endosc 35(7):3802-3810

Straatman J, van der Wielen N, Cuesta MA, Daams F, Roig Gar-
cia J, Bonavina L et al (2017) Minimally invasive versus open
esophageal resection: three-year follow-up of the previously


http://www.seer.cancer.gov
https://seer.cancer.gov/statfacts/html/esoph.html
https://seer.cancer.gov/statfacts/html/esoph.html

Surgical Endoscopy (2023) 37:4018-4027

4027

19.

20.

21.

22.

23.

reported randomized controlled trial: the time trial. Ann Surg
266(2):232-236

. Erhunmwunsee L, Gulack BC, Rushing C, Niedzwiecki D, Berry

MF, Hartwig MG (2017) Socioeconomic status, not race, is asso-
ciated with reduced survival in esophagectomy patients. Ann
Thorac Surg 104(1):234-244

Tran PN, Taylor TH, Klempner SJ, Zell JA (2017) The impact of
gender, race, socioeconomic status, and treatment on outcomes in
esophageal cancer: A population-based analysis. J Carcinog 16:3
Birkmeyer JD, Stukel TA, Siewers AE, Goodney PP, Wennberg
DE, Lucas FL (2003) Surgeon volume and operative mortality in
the United States. N Engl J Med 349(22):2117-2127

Clark JM, Boffa DJ, Meguid RA, Brown LM, Cooke DT (2019)
Regionalization of esophagectomy: where are we now? J Thorac
Dis 11(Suppl 12):S1633-S1642

About Cancer Program Categories: American College of Surgeon:
Commission on Cancer, 2022 [cited 2022. https://www.facs.org/
quality-programs/cancer/coc/accreditation/categories

Kim JY, Correa AM, Vaporciyan AA, Roth JA, Mehran R]J,
Walsh GL et al (2012) Does the timing of esophagectomy

24.

25.

after chemoradiation affect outcome? Ann Thorac Surg
93(1):207-212

Daly JM, Fry WA, Little AG, Winchester DP, McKee RF, Stewart
AK et al (2000) Esophageal cancer: results of an American Col-
lege of Surgeons Patient Care Evaluation Study. J] Am Coll Surg
190(5):562-572

Simard EP, Ward EM, Siegel R, Jemal A (2012) Cancers with
increasing incidence trends in the United States: 1999 through
2008. CA Cancer J Clin 62(2):118-128

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor holds exclusive rights to this article under
a publishing agreement with the author(s) or other rightsholder(s);
author self-archiving of the accepted manuscript version of this article
is solely governed by the terms of such publishing agreement and
applicable law.

@ Springer


https://www.facs.org/quality-programs/cancer/coc/accreditation/categories
https://www.facs.org/quality-programs/cancer/coc/accreditation/categories

	Long-term survival outcomes associated with robotic-assisted minimally invasive esophagectomy (RAMIE) for esophageal cancer
	Abstract
	Background 
	Methods 
	Results 
	Conclusions 
	Graphical abstract

	Introduction
	Materials and methods
	Procedures and quality control
	Statistical analysis

	Results
	Characteristics of the patients
	Outcomes
	Overall survival

	Discussions
	Acknowledgements 
	References




