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Abstract

Background The good short-term and oncological outcomes of robot-assisted radical esophagectomy have been demon-
strated, although its impact on long-term health-related quality of life (HRQoL) remains to be investigated. This study
aimed to assess long-term HRQoL in patients after robot-assisted radical transmediastinal esophagectomy (TME), which is
characterized as non-transthoracic esophagectomy comprising a robotic transhiatal approach and a video-assisted cervical
approach, and transthoracic esophagectomy (TTE).

Methods The European Organization for Research and Treatment of Cancer generic and disease-specific modules (QLQ-
C30 and QLQ-OES18), nutritional status and body composition data were prospectively collected in patients undergoing
TME or TTE before and at 3, 6, 12, 18, and 24 months after surgery. The results of long-term (> 2 years) survivors without
recurrence were compared between the two groups.

Results A total of 37 patients (TME; n=18, TTE; n=19) were included for analysis. Longitudinal survey of function scales
revealed scores of physical, role, social, and emotional function to be significantly better in the TME group than in the TTE
group at many points postoperatively. Markedly, the symptoms of general pain, esophageal pain, and dry mouth greatly
worsened after surgery in the TTE group, but did not deteriorate in the TME group. In contrast, symptoms relating to eating
difficulties, body composition data, and nutritional status did not differ between the groups over time. At 24 months after
surgery, TME provided significantly higher scores of global QOL (P =0.01) and emotional function (P=0.01) and also
resulted in significantly fewer problems of fatigue (P =0.04), general pain (P =0.04), insomnia (P =0.02), and dry mouth
(P=0.03), as compared to TTE.

Conclusion This study indicates that TME can provide better long-term HRQoL outcomes than TTE.
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a highly extensive procedure [2] that leads to considerable
deterioration in health-related quality of life (HRQoL) [3-5].

In general, HRQoL of patients undergoing esophagec-
tomy drastically deteriorates postoperatively [4, 6], begin-
ning to improve within 6—12 months of surgery [7] and
recovering to levels comparable to preoperative levels
3 years postsurgery [4, 6]. Although a majority of long-
term survivors after esophagectomy have relatively good
HRQoL [5], some patients do not fully regain HRQoL
between 6 months and 5 years after surgery [5], suffering
from persisting symptoms [8, 9]. Some studies suggested
that poor HRQoL after esophagectomy was associated with
poor long-term outcomes [10, 11], which necessitates useful
perioperative strategies to improve long-term HRQoL. Past
studies have identified some surgical factors in relation to
postoperative HRQoL [12-15]. Among others, minimally
invasive surgery (MIE) reportedly reduces surgical stress,
resulting in enhanced postoperative recovery of HRQoL
[16-18].

Recently, robot-assisted minimally invasive esophagec-
tomy (RAMIE) has been developed, and results from several
cohort studies suggested RAMIE to be safe and feasible with
good oncological outcomes [19, 20]. Employing the inno-
vative surgical technique, our institution lately developed
“robot-assisted transmediastinal esophagectomy (TME)”,
or “non-transthoracic esophagectomy”, with radical medi-
astinal lymphadenectomy combining a robotic transhiatal
approach and a video-assisted cervical approach [21]. We
have previously reported our experience with TME, dem-
onstrating that it can be safely performed with equivalent
oncological radicality [22]. In addition, our recent cross-
sectional study indicated that TME provided better postop-
erative HRQoL than transthoracic esophagectomy (TTE)
[23]. However, long-term HRQoL outcomes remain to be
investigated in patients undergoing TME.

Herein, using well-validated HRQoL modules, we con-
ducted a longitudinal survey to compare long-term HRQoL
outcomes, body composition, and nutritional status of
patients undergoing TME (a robotic transhiatal approach)
with those of patients undergoing TTE (an open transtho-
racic approach).

Patients and methods
Patients

Between April 2015 and January 2017, a total of 110
patients with pathologically confirmed EC underwent poten-
tially curative esophagectomy at the University of Tokyo
Hospital. All these patients were preoperatively staged using
esophagogastroduodenoscopy and computed tomography.
The choice of treatment strategy was argued at a biweekly

multidisciplinary cancer board. Based on our previous clini-
cal study verifying the safety and utility of TME [22], TME
was generally employed for patients with ¢T1-3NO-1 dis-
ease according to the 7th edition of the TNM classification
[24] during the study period. Additionally, patients who
received prior chemotherapy or radiotherapy to the opera-
tive field and those aged over 80 years were not eligible for
TME [22]. The prospective survey of HRQoL scores, body
composition data and nutritional status was performed in
56 patients after excluding patients undergoing salvage sur-
gery (n=14), those receiving two-stage operations (n=11),
those having synchronous multiple malignancies (n=11),
very elderly patients (age > 80; n=7), those undergoing
transhiatal esophagectomy (n=35) and patients who did not
consent to participate in the survey (n=6). Among the 56
patients included in the prospective survey, long-term sur-
vivors without recurrence within 2 years after surgery were
analyzed. This prospective study was approved by the local
ethics committee of the Faculty of Medicine at the Univer-
sity of Tokyo (UMIN ID: 000017565). Written informed
consent was obtained from all patients. Additionally, written
informed consent to undergo robot-assisted surgery without
receiving financial support from the national health insur-
ance system was required for TME.

Surgical treatment and postoperative management

Transmediastinal esophagectomy, or TME, with three-field
lymphadenectomy was performed using a robotic surgi-
cal system, da Vinci S (Intuitive Surgical, Sunnyvale, CA,
USA), as described in previous studies [21, 22]. In the first
phase, two surgical teams simultaneously performed (1)
cervical lymph node (LN) dissection followed by upper
mediastinal LN dissection under mediastinoscopy guidance
and (2) abdominal and inferior mediastinal LN dissection
via a laparoscopic approach. In the second phase, da Vinci
S was brought into perform the remaining mediastinal LN
dissection, mainly middle mediastinal LN dissection, via a
transhiatal approach. The third phase included the harvest of
surgical specimens, construction of gastric tube conduit and
reconstruction with cervical anastomosis. Our standard TTE
procedures comprised subtotal esophagectomy with medias-
tinal lymphadenectomy via right thoracotomy, upper abdom-
inal lymphadenectomy and reconstruction with intrathoracic
anastomosis using a gastric tube. Adjuvant chemotherapy
was basically employed for patients with pT2-4N+ disease,
if they were tolerable based on their physical status.

Data collection
The prospectively collected clinical information included

patient and tumor characteristics, surgical details and other
treatment variables, postoperative complications, and
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written HRQoL questionnaire responses collected at the time
of admission for surgery and at 3, 6, 12, 18, and 24 months
after surgery. The data of body composition and nutritional
status (albumin and prealbumin) was obtained in the same
schedule. The 7th edition of the TNM classification [24]
was used to describe staging of the tumors. The Charlson
comorbidity index (CCI) [25] was used to assess the frailty
of the patients at the time of surgery. The Clavien—Dindo
scale [26] was used to grade all postoperative morbidities.

Health-related quality of life

HRQoL was measured using well-established questionnaires
developed by the European Organization for Research and
Treatment of Cancer (EORTC) [27]. EORTC QLQ-C30
includes one global QOL scale, five functional scales
(physical, role, emotional, cognitive, and social function-
ing), three general symptom scales (fatigue, pain, nausea,
and vomiting) and 6 single items measuring symptoms
common among cancer patients (dyspnea, insomnia, appe-
tite loss, constipation, diarrhea, and financial impact) [27].
Esophageal cancer-related symptoms were estimated using
an esophageal site-specific module (EORTC QLQ-OES18)
[28], which comprises 4 symptom scales (dysphagia, eat-
ing, reflux, and esophageal pain) and 6 single items (trouble
swallowing saliva, choking when swallowing, dry mouth,
taste problems, coughing, and speech problems). Each item
in both questionnaires had a response on a four-point Likert
scale: ‘not at all’, ‘a little’, ‘quite a bit’ and ‘very much’,
except for the items in the global quality-of-life scale, which
includes 7-point items ranging from “very poor” to “excel-
lent”. Higher scores correspond to better HRQoL in the
function scales and the global quality-of-life scale, whereas
higher scores for symptom scales and single items represent
more problems. Missing responses were handled as recom-
mended in the EORTC scoring manual.

Bioelectrical impedance analysis

Body composition was measured by bioelectrical impedance
analysis using an Inbody 770 machine (Biospace, Tokyo,
Japan) [29]. Using the manufacturer’s algorithm, vari-
ous parameters, including body weight, body mass index,
skeletal muscle mass, and body fat mass, were calculated
separately.

Statistical analysis

Categorical variables were expressed in numerical figures
and percentages and compared using Fisher’s exact test
or the y? test, as appropriate. Continuous variables were
expressed as the median values (range) or the mean values
(standard deviation (SD)) and compared using Student’s ¢
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test. Statistical analyses were carried out using JMP 13.0.0
(SAS Institute, Cary, NC).

Results
Patient characteristics

Among the 56 patients, 22 underwent TME, while the
remaining 34 received TTE. Fifteen patients (27%) devel-
oping recurrence within 2 years of esophagectomy, 1 (2%)
who died due to pneumonia at 18 months after surgery and
3 (5%) not returning the questionnaires were excluded. The
remaining 37 (66%) patients (TME, n=18; TTE, n=19),
who survived for at least 2 years after surgery without recur-
rence, were eligible for the analysis (Fig. 1). The clinico-
pathological features and surgical outcomes between the
two groups are shown in Table 1. There were no significant
differences in terms of demographic data, comorbidity, and
postoperative complications. The TTE group included more
patients with clinical stage 3 than the TME group, although
it was not statistically significant (P =0.06). Pathological
tumor staging showed no significant difference between the
two groups (P=0.88). The number of retrieved LNs was not
significantly different between the groups.

Longitudinal changes in global QOL and functional
scales

Figure 2 shows the longitudinal changes in global QOL
and functional scales determined by the QLQ-C30

Data was collected prospectively
Transmediastinal esophagectomy (TME) n=22
Transthoracic esophagectomy (TTE) n=34

56 |

—>_15 ] Recurrence within 2 years

> 1 Death due to pneumonia

*) Did not answer the questionnaire

IO .
‘ 37 Long-term survivors
without recurrence within 2 years
Data was analyzed
TME n=18

TTE n=19

Fig.1 Flow chart of the study population. Of the 56 patients, we
excluded 15 who developed recurrence, 1 who died from pneumonia
and 3 who did not return the questionnaires. The remaining 37 long-
term (>2 years) survivors (TME, n=18; TTE, n=19) without recur-
rence were eligible for the analysis
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Table 1 Clinicopathological Variables TTE (n=19) TME (n=18) P value
features and surgical outcomes
between the groups Age, years median (range) 69 (52-82) 66 (43-78) 0.56
Sex, male 9 (47) 10 (56) 0.62
Charlson comorbidity index 0/1/2 12 (63)/5 (26)/2 (11) 10 (56)/6 (33)/2 (11) 0.88
Location, Ut/Mt/Lt-Ae 0 (-)/9 (47)/10 (53) 1 (6)/12 (67)/5 (29) 0.36
cStgae 1/2/3 11 (58)/4 (21)/4 (21) 13 (72)/5 (28)/0 (-) 0.06
Neoadjuvant chemotherapy 2(11) 2(11) 0.95
Postoperative complications®
Grade II/ITII/IV 7 (37)/4 (21)/2 (10) 8 (44)/1 (6)/1 (6) 0.36
Pulmonary complications (> Grade II) 5(26) 2(11) 0.23
Anastomotic leakage (> Grade II) 4(21) 4(22) 0.93
Histology, SCC/adenocarcinoma 16 (84)/3 (16) 18 (100) 0.06
No. of retrieved LNs, median (range) 55 (32-89) 69 (19-92) 0.1
pT 1/2/3 12 (63)/1 (5)/6 (32) 15 (83)/1 (6)/2 (11) 0.3
pN 0/1/2 13 (68)/5 (26)/1 (5) 10 (56)/5 (28)/3 (17) 0.49
pStgae 1/2/3 10 (53)/6 (31)/3 (16) 9 (50)/5 (28)/4 (22) 0.88
Adjuvant chemotherapy 421 6 (33) 0.4

Fig.2 Longitudinal changes

in global QOL and functional
scales. Global QOL score

(A) and role (B), social (C),
physical (D), emotional (E)

and cognitive (F) functional
scores were compared between
patients undergoing TME (filled
square) and TTE (open square)
during 2 years after surgery.
Means are presented. *P <0.05;
##P <(0.01, with Student’s ¢ test

questionnaire. Patients in both groups reported simi-
lar baseline scores for all functional scales, except that
patients in the TME group had significantly higher global
QOL scores preoperatively (P =0.03, Fig. 2A). Global
QOL, physical function, role function, and social function
scores decreased at 3 months after surgery in both groups,
but improved in the first year of follow-up, then stabilized

LN, lymph node; SCC, squamous cell carcinoma; TME, transmediastinal esophagectomy; TTE, transtho-

racic esophagectomy
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at baseline levels (Fig. 2A-D). Compared with patients
in the TTE group, those in the TME group recuperated
the physical function scores more rapidly, resulting in
having significantly higher scores at 3, 6, and 18 months
postoperatively (Fig. 2D). Emotional function showed a
consistent improvement after operation with significantly
better scores in the TME group than in the TTE group
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at 6, 18, and 24 months after surgery (Fig. 2E), whereas
cognitive function gradually declined over time in both
groups (Fig. 2F).

Fig.3 Longitudinal changes

Longitudinal changes in symptoms and single items

Most symptoms and single items assessed by the QLQ-
C30 and QLQ-OES18 questionnaires got drastically worse
at 3 months after surgery, but improved in the first year of
follow-up as described in Figs. 3 and 4. Patients in both
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groups exhibited similar preoperative scores for all symptom
scales and single items. Mean general pain score showed an
increase of 10 points postoperatively in the TTE group, but
no deterioration in the TME group, leading to significantly
better mean general pain scores in the TME group than in
the TTE group throughout the period (Fig. 3A). Similarly,
mean esophageal pain score did not get worse in the TME
group postoperatively, yet greatly deteriorated by 15 points
in the TTE group. Compared with patients undergoing TTE,
those undergoing TME had significantly better mean esoph-
ageal pain scores at 3 and 18 months after surgery during
the follow-up period (Fig. 3B). Additionally, patients in the
TME group had fewer problems of fatigue (Fig. 3C), dysp-
nea (Fig. 3D), and insomnia (Fig. 3E),

Patients in the TME group experienced significantly less
problems of dry mouth (at 12 and 24 months after surgery,
Fig. 4A). Mean reflux scores were better in the TME group
than in the TTE group, although the differences were not
statistically significant (Fig. 4B). In contrast, the scores of
nausea/vomiting, appetite loss and dysphagia showed no sig-
nificant differences between the groups (Fig. 4C-E).

Longitudinal changes in body composition data
and nutritional status

Body weight greatly declined after surgery (Fig. 5A). The
mean (SD) percentage weight loss was 10% in the TTE
group and 13% in the TME group at 6 months after surgery,

Fig.5 Longitudinal changes A
in body composition data and

Body weight (kg)

without significant difference. Body mass index, body fat
mass, and skeletal muscle mass followed a similar trend over
time (Fig. 5B-D) without significant differences between
the groups. Markedly, body fat mass decreased by half after
surgery, which was more remarkable compared with the
decrease in skeletal muscle mass. Albumin and prealbu-
min decreased after surgery, then gradually improved and
returned to near baseline levels (Fig. S5E, F). Nutritional sta-
tus did not differ significantly between the two groups.

HRQolL scores at 2 years after surgery

Many of the HRQoL scores at 24 months after surgery were
better in the TME group than in the TTE group (Fig. 6). At
24 months after the operation, patients treated by TME had
significantly higher global QOL scale (P=0.01) and emo-
tional function scale (P=0.01) than those treated by TTE
(Table 2). QLQ-C30 survey of general symptoms suggested
that patients in the TTE group experienced more problems
of fatigue (P=0.04), general pain (P=0.04), and insomnia
(P=0.02) than patients in the TME group did (Table 2).
Regarding esophageal-specific HRQoL scores (QLQ-
OES18), patients undergoing TTE experienced dry mouth
more frequently than patients undergoing TME (P =0.03,
Table 2). Patients in the TTE group had higher mean score
of esophageal pain than those in the TME group, but the dif-
ference was not statistically significant (P=0.09, Table 2).
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Fig.6 HRQoL scores at

2 years after surgery QLQ-
C30 function scales and global
QoL (A), QLQ-C30 symptom 1
scales and single items (B) and
QLQ-OES18 items (C) were
described

Social
function

Cognitive
function

Emotional
function

QLQ-C30 function scales and global QoL

A Global
QoL
00

QLQ-C30 symptom scales and single items

QLQ-OES18 items

C Eating
difficulties
Troble
speaking
Trouble
coughing

Trouble taste .

Dry mouth

As for other symptoms and single items, no significant dif-
ferences were found between the two groups.

Discussion

Diagnostic and therapeutic advances have led to an increas-
ing number of long-term survivors after curative resection
for EC [30]. Even after surviving the refractory disease,
many patients go through impaired HRQoL after conven-
tional TTE [5, 9], which highlights the significance of use-
ful strategies to maximize postoperative HRQoL while
retaining oncological radicality. The present study revealed
robot-assisted transmediastinal esophagectomy, or TME, to
provide better HRQoL scores compared with conventional
TTE. To our knowledge, this is the first prospective study to
compare long-term postoperative HRQoL between robot-
assisted esophagectomy and TTE [19].

Our TME procedure consists of a robotic transhiatal
approach and a video-assisted cervical approach using medi-
astinoscopy [21]. We previously demonstrated the technique
to be safely performed with sufficient lymphadenectomy
[22]. Recently, the procedure has attracted attention as a
new useful approach for patients with EC. In fact, the radical
transmediastinal approach has been covered by insurance in
Japan since April 2018 [31]. Furthermore, recent insurance
coverage for robot-assisted gastrectomy [32] is prompting
insurance application for robot-assisted esophagectomy.
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Additionally, Nakaguchi et al. lately proposed the utility of
robot-assisted mediastinoscopy esophagectomy [33].

Some prior studies have revealed transhiatal esophagec-
tomy (THE) [12, 13] and MIE [16, 18] to yield better post-
operative HRQoL compared with TTE; however, THE has
been employed less frequently for patients with esophageal
squamous cell carcinoma because of its limited capacity for
lymphadenectomy [31]. On the other hand, MIE, showing
equal oncological outcomes to TTE [34], is becoming preva-
lent as a useful alternative to TTE [16, 18]. A recent pro-
spective study suggested the good HRQoL scores following
MIE to be mainly due to pain reduction [17], while Kauppila
et al. revealed MIE to show no clinically relevant differences
in most of the esophageal-specific HRQoL scores [14].

The present study highlighted several beneficial HRQoL-
related aspects of TME. Firstly, patients treated by TME
showed better functional scores at many points postopera-
tively compared with those receiving TTE. Patients in both
groups experienced early deteriorations in physical, role, and
social function scores, although patients undergoing TME
achieved faster recovery than those in the TTE group. Addi-
tionally, emotional function, which improved after the sur-
gery in both groups due to the removal of cancer [6], showed
a more pronounced increase in the TME group.

Secondly, patients in the TME group suffered from
fewer general and esophageal-specific symptoms as com-
pared to those in the TTE group. In general, patients
undergoing esophagectomy suffer from multiple con-
current long-persisting symptoms [8, 30, 35] caused by
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Table 2 Comparison of QLQ-C30 and QLQ-OES18 scores at 2 years
after surgery between the groups

Variables TTE (n=19) TME (n=18) P value
Mean score Mean score
(SD) (SD)
QLQ-C30
Global status
Global quality of life  61.8 (21.3) 79.6 (16.0) 0.01
Functions
Physical 86.3 (10.9) 91.5 (12.3) 0.2
Role 86.8 (14.9) 93.5 (12.6) 0.16
Emotional 85.7 (11.6) 95.7 (10.6) 0.01
Cognitive 77.2 (17.3) 84.3 (14.1) 0.2
Social 88.6 (17.1) 95.4 (9.3) 0.16
Symptoms
Fatigue 33.9 (14.6) 22.8 (15.5) 0.04
Nausea and vomiting 14.9 (28.6) 5.6 (11.1) 0.21
Pain 14.0 (14.6) 4.6 (10.8) 0.04
Dyspnea 22.8 (15.5) 13.0 (16.2) 0.08
Insomnia 29.8 (28.4) 11.1 (15.7) 0.02
Appetite loss 28.1 (24.8) 16.7 (20.0) 0.14
Constipation 24.6 (28.3) 13.0 (16.2) 0.15
Diarrhea 26.3 (25.5) 25.9 (23.7) 0.96
Financial difficulties  17.5 (25.1) 13.0 (16.2) 0.53
QLQ-OES18
Eating difficulties 25.0 (14.6) 23.2 (16.3) 0.73
Reflux 24.6 (29.3) 14.8 (16.6) 0.24
Esophageal pain 14.0 (14.8) 6.2 (11.2) 0.09
Trouble swallowing 7.0 (13.6) 1.9 (7.6) 0.18
saliva
Choked when swal- 14.0 (16.4) 11.1 (15.7) 0.59
lowing
Dry mouth 22.8 (15.5) 11.1 (15.7) 0.03
Trouble taste 8.8 (14.7) 7.4 (17.8) 0.8
Trouble coughing 10.5 (15.5) 5.6 (12.4) 0.3
Trouble speaking 8.8 (14.7) 7.4 (13.8) 0.78
Dysphagia 89.5 (11.1) 94.4 (7.6) 0.13

SD, standard deviation; TME, transmediastinal esophagectomy; TTE,
transthoracic esophagectomy

considerable anatomical and physiological changes. In the
current study, general and esophageal pain did not worsen
in the TME group in marked contrast to in the TTE group.
Furthermore, TME provided faster recovery of dyspnea
symptoms and significantly fewer problems of fatigue
and insomnia at 24 months after the operation compared
with TTE (Fig. 3). Given that symptoms of pain, fatigue,
insomnia, and dyspnea are highly correlated with each
other [36], the observed differences might be attributable
to pain reduction. These results are in line with past stud-
ies showing the good HRQoL outcomes of MIE [17, 18]
and short-term benefits of RAMIE [19].

Of note, patients in the TME group had significantly
fewer problems of dry mouth (Fig. 3), which often persist
for a long time after esophagectomy [5, 8]. Considering dry
mouth is reportedly related to reflux [36], the significant
better mean score of dry mouth in the TME group is partly
due to the better scores of reflux in the TME group (Fig. 4).
Our TME approach can prevent gastric conduit from nega-
tive intrathoracic pressure, possibly leading to better reflux
scores in the TME group. This hypothesis is partly supported
by a preclinical study [37] and past studies showing THE to
yield better reflux scores than TTE [23, 38].

In contrast, symptoms in relation to eating problems,
such as appetite loss, dysphagia, and nausea/vomiting [36],
showed almost no differences between the groups (Fig. 4).
The physiological changes caused by the removal of the gas-
tric reservoir and vagotomy [9] often lead to long-lasting
eating problems [30]. The obstinate problems are difficult
to improve by surgical approaches [13, 17]. Rather, post-
operative management, such as early oral feeding, can lead
to a quicker recovery of bowel function and improve eat-
ing difficulties [39]. We also evaluated nutritional status
and body composition data of the two groups, but detected
no significant differences. This could be attributable to the
aforementioned similarity between the groups in terms of
eating problems.

Taken together, this prospective study raised the possibil-
ity that our TME procedure using a robotic surgical system
is a rational surgical strategy because of its less deleteri-
ous impact on HRQoL. Robotic surgery can overcome the
technical difficulties of MIE [20, 33] with magnified views
and articulated forceps, allowing surgeons to perform safe
and reproducible operations [32] with a short learning curve
[20]. Additionally, the esophagus is regarded as an ideal
organ for a robotic approach since it is anatomically located
in a limited and narrow space surrounded by vital organs
[40]. Furthermore, our TME procedure can avoid one-lung
ventilation [21, 22] and can be performed on frail people,
such as the elderly or patients with pulmonary comorbidi-
ties. Of course, robotic surgery still has to overcome several
major problems, such as increased operative time, high cost
[41], and high social burden [42]. Furthermore, it remains
to be addressed whether robot-assisted TME is superior to
MIE, which has yielded equivalent oncological outcomes
[34] and better HRQoL outcomes [17] compared to con-
ventional TTE. It appears to be difficult to show the benefits
of robot-assisted TME over conventional MIE in a multi-
center randomized trial since it would cost a lot and require
a large number of patients, although it might be feasible and
interesting to compare long-term HRQoL outcomes between
TME and MIE.

Our study has some limitations. Firstly, the small patient
number in both groups might have limited statistical power.
Additionally, the sample size of long-term survivors was
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further limited due to the poor long-term prognosis of EC
patients. Secondly, the backgrounds differed partly between
the two groups because TME was generally employed for
early EC patients that could afford to pay for the expensive
procedure during the study period. Hence, this study poten-
tially had a selection bias. Finally, this was a single-center
study. It seems likely that a multi-center collaborative study
with a large cohort could achieve more convincing results.

In conclusion, robot-assisted radical transmediastinal
esophagectomy provides better HRQoL outcomes compared
with conventional transthoracic esophagectomy. The new
technique is a reasonable surgical approach for patients with
EC.
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