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In this review, we focused on four topics, namely, minimally invasive esophagectomy
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vage surgery, and neoadjuvant and adjuvant therapy, based on notable reports pub-

minimally invasive lvor Lewis esophagectomy (MIE-IL) were better than those of open
Ivor Lewis esophagectomy (OE-IL), there were no significant differences in the long-
term outcomes between MIE-IL and OE-IL. Similarly, the short-term outcomes of min-
imally invasive McKeown esophagectomy (MIE-MK) were better than those of open
McKeown esophagectomy (OE-MK), while there were no significant differences in
the long-term outcomes between MIE-MK and OE-MK. Furthermore, the short-term
outcomes of robot-assisted minimally invasive lvor Lewis esophagectomy (RAMIE-IL)
were superior to those of completely minimally invasive Ivor Lewis esophagectomy
(CMIE-IL). On the other hand, there were advantages and disadvantages in relation to
the short-term outcomes of robot-assisted minimally invasive McKeown esophagec-
tomy (RAMIE-MK) as compared with completely minimally invasive McKeown es-
ophagectomy (CMIE-MK). However, there were no significant differences in the
long-term outcomes between RAMIE-MK and CMIE-MK. Further research is needed
to evaluate of short-term and long-term outcomes of transmediastinal esophagec-
tomy with and without robotic assistance. Both induction chemotherapy and induc-
tion chemoradiotherapy appear to be promising to secure a higher rate of conversion
surgery. Neoadjuvant chemoimmunotherapy and chemoimmunoradiotherapy have

shown promising results and are expected as new powerful therapies.
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1 | INTRODUCTION

Esophageal cancer is one of the most malignant diseases that
should be well-controlled because it ranks seventh in incidence
(604000 new cases) and sixth in terms of overall mortality
(544000 deaths) in 2020 according to Global Cancer Statistics
2020.! There are several treatment modalities for esophageal
cancer, including surgery, chemotherapy, radiotherapy, immuno-
therapy, and multidisciplinary treatment. In regard to surgery, the
surgical techniques have advanced greatly since Torek first re-
ported the first successful esophagectomy in 1913.2 Advances in
the surgical techniques and perioperative management methods
have resulted in better short-term and long-term postoperative
outcomes.® Recently, minimally invasive surgery for esophageal
cancer has been widely adopted all over the world since Cuschieri
et al.* reported the first case in 1992, contributing to an improved
quality of life of patients undergoing esophagectomy, which is one
of the most invasive surgeries performed for gastroenterological
diseases. Moreover, surgical robotic systems for minimally inva-
sive surgery have been developed and widely used around the
world, and there are many reports of their usefulness and fea-
sibility.> There are two minimally invasive surgical approaches:
a thoracoscopic method and a combined method involving me-
diastinoscopy + laparoscopy. Advances have also been made
in the techniques for the latter.® The surgical indications have
been changing. Unresectable esophageal cancer could be made
resectable with preoperative chemoradiotherapy, chemother-
apy, immunotherapy, or a combination of these.”® The concepts
of conversion surgery and salvage surgery are now recognized,
and much evidence has been accumulated that attests to confirm
their significance. Multidisciplinary cancer treatment is necessary
to improve the treatment outcomes, and neoadjuvant therapy
and immunotherapy using immune checkpoint inhibitor are big
concerns. Therefore, this review focuses on four topics, namely,
minimally invasive esophagectomy (MIE), robot-assisted mini-
mally invasive esophagectomy (RAMIE), conversion and salvage
surgery, and neoadjuvant/adjuvant therapy, based on notable re-
ports published in the years 2020 and 2021.

2 | MINIMALLY INVASIVE
ESOPHAGECTOMY OTHER THAN ROBOT-
ASSISTED SURGERY

Three types of minimally invasive surgical procedures have been
used to perform esophagectomy: thoracoscopic esophagectomy
with cervical anastomosis (McKeown),” thoracoscopic esophagec-
tomy with intrathoracic anastomosis (Ivor Lewis),'® and transcervical
and transhiatal esophagectomy (transmediastinal esophagectomy,
TME).® Comparison of surgical outcomes should also take into ac-
count the type of surgical procedure employed. Therefore, we
discuss the surgical outcomes separately for each type of surgical
procedure.

77 3 . 347
.{_;D’ ) AG Surg Annals of Guslruchccruloglu _Wl LEYJ_

2.1 | IvorLewis esophagectomy
Ivor Lewis esophagectomy has been classified into three types ac-
cording to the degree of surgical invasiveness: completely minimally
invasive (thoracoscopy + laparoscopy) Ivor Lewis esophagectomy
(CMIE-IL), hybrid minimally invasive Ivor Lewis esophagectomy
(right thoracotomy + laparoscopy) (HMIE-IL), and open Ivor Lewis
esophagectomy (OE-IL). Comparisons between any two of the three
types in terms of the short-term and long-term outcomes are sum-
marized in Table 1.117%6

Van Workum et al.} reported that CMIE-IL had advantages such
as a lower rate of wound infection and lower amount of blood loss,
but also disadvantages, including a higher rate of anastomotic leak-
age and longer operating time as compared to HMIE-IL. The anas-
tomotic leakage is the most feared complication. This result may be
due to the difficulty of minimally invasive intrathoracic anastomo-
sis. As they discussed, the learning curve might also influence this
outcome, since the learning curve for CMIE-IL seems to be longer
than that for HMIE-IL. In the study examining the learning curve for
minimally invasive lvor Lewis esophagectomy, the mean incidence of
anastomotic leakage reportedly decreased from 18.8% during the
learning phase to 4.5% after a learning plateau had been reached.?”
Therefore, anastomotic leakage can be avoided when the procedure

1.12 reported that

is performed by proficient surgeons. Worrell et a
HMIE-IL had advantages, such as a lower rate of positive surgical
margins, a higher number of harvested lymph nodes, and a shorter
length of stay (LOS) over OE-IL. This may be due to the more metic-
ulous procedures and smaller incisions that are required using a lap-
aroscopic approach. These oncologic benefits may result in better

overall survival. Holscher et al.*®

reported that there were no signif-
icant differences in the RO-resection rate, the number of harvested
lymph nodes, postoperative mortality, and the 5-year survival rate
between HMIE-IL and OE-IL in patients with clinical and pathologi-
cal T3 cancer. This study was performed in a single high-volume cen-
ter where the surgical technique was very standardized and did not
change over the study period. Therefore, the oncologic radicality of
HMIE-IL seems to be comparable to that of OE-IL. The results of this
study are somewhat different from those of other reports. Mariette
et al. reported that when compared with OE-IL, HMIE-IL had ad-
vantages, such as smaller reductions in 30-day role functioning and
social functioning, and an improvement in social functioning and a
reduction in the frequency of increased pain at 2years. The mecha-
nism responsible for the health-related quality of life (HRQOL) dif-
ferences was explained by the reduction in surgical invasiveness and
the reduced rate of major complications from HMIE-IL. Although the
oncological aspects of the surgical approach are the most important,
HMIE-IL might be preferable compared with OE-IL, from the view-
point of postoperative HRQOL. Patel et al.*> reported a systematic
review and meta-analysis that was the first study to examine both
the 5-year overall survival (OS) and the 5-year disease-free survival
(DFS) following CMIE-IL and OE-IL. The results were that CMIE-IL
had a 5-year OS and a 5-year DFS that were equivalent to those for
OE-IL. This suggests a long-term oncological equivalence between
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TABLE 1 Minimally invasive Ivor Lewis esophagectomy other than robot-assisted surgery

Number
Type of of
Author Reference Study type Compared outcome surgery patients Advantage
van Workum 11 Systematic review and Short-term outcomes CMIE-IL 723 Lower rate of wound
meta-analyses infection, lower
amount of blood loss
HMIE-IL Lower rate of anastomotic
leakage, shorter
operating time
Worrell 12 Propensity score Short-term outcomes HMIE-IL 3659 Lower rate of positive
matching analysis surgical margins,
higher number of
harvested LNs,
shorter LOS
OE-IL 3659
Holscher 13 Propensity score Short-term outcomes HMIE-IL T3, 210 Similar: RO-resection rate,
matching analysis number of harvested
LNs, postoperative
mortality
OE-IL T3, 105
Mariette 14 Randomized controlled Short-term HRQOL HMIE-IL 103 Smaller reduction in
trial the 30days role
functioning and the
social functioning
OE-IL 104
Patel 15 Systematic review and Long-term outcomes CMIE-IL 422 Similar: 5-year OS, 5-year
meta-analyses DFS
OE-IL 527
Nuytens 16 Randomized controlled Long-term outcomes HMIE-IL 103 Similar: 5-year OS, 5-year
trial DFS
OE-IL 104
Holscher 13 Propensity score Long-term outcomes HMIE-IL T3, 210 Similar: 5-year OS
matching analysis
OE-IL T3, 105
Mariette 14 Randomized controlled Long-term HRQOL HMIE-IL 103 Two-year improvement of
trial social functioning and
reduction of increased
pain
OE-IL 104
Worrell 12 Propensity score Long-term outcomes HMIE-IL 3659 oS
matching analysis
OE-IL 3659

Abbreviations: CMIE-IL, completely minimally invasive Ivor Lewis esophagectomy; DFS, disease-free survival; HMIE-IL, hybrid minimally invasive
Ivor Lewis esophagectomy; HRQOL, health-related quality of life; LN, lymph node; LOS, length of stay; OE-IL, open Ivor Lewis esophagectomy; OS,

overall survival.

the two operative approaches. Nuytens et al.®

reported the results
of an MIRO randomized clinical trial to evaluate the long-term, 5-
year outcomes of HMIE-IL and OE-IL. This study also showed no
difference in the 5-year OS and the 5-year DFS between HMIE-IL
and OE-IL.

Based on these reports, with particular emphasis on the results
of randomized controlled trial, there seems to be no differences in

long-term outcomes among CMIE-IL, HMIE-IL, and OE-IL. As for

the short-term outcomes, although CMIE-IL is more likely to be as-
sociated with anastomotic leakage because the intrathoracic anas-
tomosis is difficult to perform, this problem can be overcome by
appropriately skilled surgeons. Moreover, CMIE-IL or HMIE-IL may
be preferable for securing a better HRQOL.

In addition to comparing the outcomes of the three types of Ivor
Lewis esophagectomy, van Workum et al.’® compared the short-
term outcomes of minimally invasive Ivor Lewis esophagectomy
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(MIE-IL) with those of minimally invasive McKeown esophagectomy
(MIE-MK) in patients with cancer of the distal esophagus or gastro-
esophageal junction, using propensity score matching analysis. They
reported that as compared with MIE-MK, MIE-IL was associated with
a lower incidence of anastomotic leakage, pulmonary complications,
recurrent laryngeal nerve palsy, and reoperations, a lower 90-day
mortality, a shorter median length of stay in the intensive care unit,
shorter median length of stay in the hospital, and a higher number of
harvested lymph nodes. The location of the tumor, learning curve for
performing the procedures, and heterogeneity of anastomotic tech-
niques should be taken into account while interpreting these results.

2.2 | McKeown esophagectomy

Although the systematic review and meta-analysis reported by van

|11

Workum et al.** included both McKeown esophagectomy (92%) and

blood transfusion, reoperation, tracheotomy, and unplanned

intubation; shorter LOS
mortality rate, CSS, OS

blood loss
of anesthesia

Ivor Lewis esophagectomy (8%), it appears that completely mini-

Similar: Intraoperative data, postoperative complications, in-hospital

Lower rate of pulmonary complications, shorter LOS, lower amount of
Lower incidences of RLNP, shorter intubation period, shorter duration

Lower incidences of in-hospital mortality, SSI, anastomotic leakage,

Advantage

mally invasive McKeown esophagectomy (CMIE-MK) has more ad-
vantages, that is, a lower rate of pulmonary complications, shorter
length of stay, lower amount of blood loss, than hybrid minimally

invasive McKeown esophagectomy (thoracoscopy + laparotomy or

Number of
patients
2142

4572

4572

29

29

thoracotomy + laparoscopy) (HMIE-MK). This may be due to totally
smaller incisions that are required using a thoracoscopic and laparo-
scopic approach (Table 2).1+1920

Sakamoto et al. reported that MIE (thoracoscopy + laparoscopy or
thoracoscopy + laparotomy) had the advantages of being associated

with lower incidences of in-hospital mortality, surgical site infection,

IE

Type of surgery
CMIE-MK?
HMIE-MK?

Elderly (>75y/o)
Non-elderly (<75y/0)

OE

anastomotic leakage, blood transfusion, reoperation, tracheotomy, and
unplanned intubation, and a shorter length of stay over OE (thoracot-
omy + laparotomy) when compared using a propensity score matching
analysis of a Japanese inpatient database. On the other hand, the disad-
vantages of MIE include a higher incidence of recurrent laryngeal nerve
palsy, a longer mean intubation period, and a longer duration of anes-
thesia as compared with open esophagectomy (OE).Y A previous study

Compared outcome
Short-term outcomes
Short-term outcomes
Short-and long-term
outcomes

examining MIE and OE by Takeuchi et al.? using a propensity score
matching analysis of data from the Japanese National Clinical Database
(NCD) showed similar results, such as lower incidences of surgical site
infection and a higher incidence of recurrent laryngeal nerve palsy. To
understand the benefits of MIE, the subjects of the analysis and the
method of the analysis must be considered. Nevertheless, the items
listed here are potential advantages and should be validated in pro-

spective randomized controlled trials. The issue of these surgeries per-

meta-analyses

analysis
analysis

formed in elderly patients was also investigated, and no difference in

Systematic reviews and
Propensity score matching
Propensity score matching

Study type

the short-term or long-term outcomes have been reported between el-
derly patients (=75 years old) and non-elderly patients (<75years old).%°
Therefore, provided appropriate selection criteria are applied, MIE can

Reference

1
9
20

be selected even in elderly patients.

New interesting reports about preoperative diagnostic imaging
examinations in patients undergoing MIE have been published. The
effects of esophageal position as diagnosed by preoperative com-

puted tomography (CT) on the short-term outcomes after MIE-MK

Author
van Workum
Sakamoto

Sugita
Abbreviations: CMIE-MK, completely minimally invasive McKeown esophagectomy; CSS, cancer-specific survival; HMIE-MK, hybrid minimally invasive McKeown esophagectomy; LOS, length of stay; MIE,

minimally invasive esophagectomy (thoracoscopy + laparoscopy or thoracoscopy + laparotomy); OE, open esophagectomy; OS, overall survival; RLNP, recurrent laryngeal nerve palsy; SSI, surgical site

TABLE 2 Minimally invasive McKeown esophagectomy other than robot-assisted surgery
infection.

aMcKeown 92%, Ivor Lewis 8%.

were examined by Uchihara et al.?? They found that a left-sided
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esophagus was associated with an increased incidence of cardiovas-
cular comorbidity and prolonged operation time, and was an indepen-
dent risk factor for the development of pneumonia. The usefulness of
prone-position CT for preoperative simulation prior to MIE-MK was
investigated by Higuchi et al.2® Preoperative CT imaging was per-
formed with the patient in both the supine and prone positions, and
the calculated magnitude of change in the VE (distance between the
ventral aspect of the vertebral body and the midpoint of the esopha-
gus) showed a negative correlation with the thoracic operation time
and volume of blood loss during the thoracic procedure. A change in
VE by 29 mm was identified as an independent risk factor for post-
operative pneumonia. Therefore, information on the esophageal
location diagnosed by preoperative CT imaging seems to be useful
not only for predicting procedural difficulties, but also for predicting

postoperative morbidity in patients scheduled to undergo MIE.

2.3 | Transmediastinal esophagectomy

Two new techniques of TME have been reported. Daiko et al.?*
developed a new technique for performing bilateral transcervical
mediastinoscope-assisted transhiatal laparoscopic esophagectomy
(BTC-MATLE). After lymph node dissection along the recurrent laryn-
geal nerves of both sides through bilateral cervical skin incisions, bilat-
eral transcervical mediastinoscopic esophagectomy was performed
while avoiding collision of the scope, forceps, and other instruments
outside in the cervical region and ensuring a good field for surgery in
the mediastinum. The procedure yielded good results, with a reported
RO resection rate of 94% and in-hospital mortality of 0%. Wu et al.?>
developed a unique technique of esophagectomy using a flexible me-
diastinoscope that was originally intended for esophagogastroduo-
denoscopy. An articulatory hook or IT knife was used for dissection of
the esophagus under endoscopic guidance. A small amount of bleed-
ing was controlled using electrocoagulation snares. Water could be
flushed to provide a clear surgical field. Articulator grasper blunt dis-
section and an IT knife were used for lymphadenectomy. This proce-
dure was also reported to yield good results, with the use of a flexible
mediastinoscope being associated with a shorter operation time and
higher number of harvested lymph nodes than use of a rigid mediasti-
noscope group; the mortality rate was 0%. As shown in these reports,
TME has the potential to develop greatly in the future by combining
various surgical instruments including surgical assistance robots.

3 | ROBOT-ASSISTED MINIMALLY
INVASIVE ESOPHAGECTOMY

3.1 | Robot-assisted esophagectomy (type of
procedure undescribed)

Reports that do not describe the types of surgical procedures used for
esophagectomy are presented first (Table 3).26%7 Manigrasso et al.%re-
ported the advantages of RAMIE over OE and laparoscopic minimally

invasive esophagectomy (LMIE) in terms of intraoperative outcomes
(a lower volume of blood loss), postoperative complications (a lower
rate of wound infection, a lower rate of pneumonia), and oncologic
outcomes (a higher number of harvested lymph nodes, a higher RO re-
section rate). The possible reasons for these better results may be the
magnification of the images and the meticulous dissection that is ena-
bled by robotic technology. In contrast, a disadvantage of RAMIE was
the longer operation time; however, the operation time could be short-
ened if the following points were standardized: the robot settings, the
instrument exchange methods, the actual procedures, and communica-
tion between the operator and other surgical staff members. Li et al.?’
compared the short-term outcomes of RAMIE and completely mini-
mally invasive esophagectomy (CMIE) using a systematic review and
meta-analyses. Importantly, RAMIE was associated with several advan-
tages, such as intraoperative outcomes (a lower volume of blood loss),
postoperative complications (a lower rate of recurrent laryngeal nerve
palsy), and oncologic outcomes (a higher number of total harvested
lymph nodes, abdominal lymph nodes, and lymph nodes along the re-
current laryngeal nerves), compared with CMIE. Again, the reasons for
these preferable results may be the magnification of the images and the
meticulous dissection enabled by the robotic technology. RAMIE could

become the standard surgery for esophageal cancer in the near future.

3.2 | Robot-assisted lvor Lewis esophagectomy

Angeramo et al. reported the results of a systematic review and
meta-analyses, and Tagkalos et al. reported the results of a pro-
pensity score matching analysis comparing robot-assisted mini-
mally invasive Ivor Lewis esophagectomy (RAMIE-IL) and CMIE-IL
(Table 3).282” RAMIE-IL had advantages in terms of the intraopera-
tive outcomes (a lower volume of blood loss), postoperative compli-
cations (a lower rate of pneumonia, a lower rate of overall morbidity,
a shorter intensive care unit stay), and oncologic outcomes (a higher
number of harvested lymph nodes, a higher RO resection rate) com-
pared with CMIE. The usefulness of robotic surgery was also dem-

onstrated in Ivor Lewis esophagectomy.

3.3 | Robot-assisted McKeown esophagectomy

Zheng et al. reported the results of a systematic review and meta-
analyses on short-term and long-term outcomes, while Xu et al.
and Yang et al. reported the results of propensity score matching
analyses comparing robot-assisted minimally invasive McKeown
esophagectomy (RAMIE-MK) and completely minimally invasive
(thoracoscopic + laparoscopic) McKeown esophagectomy (CMIE-
MK).2%-32 De Groot also reported the results of a randomized
controlled trial on long-term outcomes.®®> RAMIE-MK had the ad-
vantages of being associated with the intraoperative outcomes (a
shorter thoracic operation time, a lower rate of thoracic conver-
sions), postoperative complications (a lower rate of pneumonia,

a lower rate of recurrent laryngeal nerve palsy), and oncologic
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TABLE 3 Robot-assisted minimally invasive esophagectomy (procedure undescribed and Ivor Lewis esophagectomy)

Compared Type of Number of
Author Reference  Study type outcome surgery patients Advantage
Procedure undescribed esophagectomy
Manigrasso 26 Systematic review and Short-term RAMIE 3832 Higher number of harvested
meta-analyses outcomes LNs, lower rate of
pneumonia
LMIE 7947 Shorter operation time
RAMIE 1919 Lower volume of blood loss,
lower rate of wound
infection and pneumonia,
higher number of harvested
LNs, higher RO resection
rate
OE 2566 Shorter operation time
Li 27 Systematic review and Short-term RAMIE 866 Higher number of total
meta-analyses outcomes harvested LNs, abdominal
LNs, and LNs along RLN,
less blood loss, less
incidence of RLNP
CMIE 883
Ivor Lewis esophagectomy
Angeramo 28 Systematic review and Short-term RAMIE-IL 974 Lower volume of blood loss,
meta-analyses outcomes lower rate of pneumonia,
lower overall morbidity,
higher rate of RO resection
CMIE-IL 5275 Shorter operation time
Tagkalos 29 Propensity score Short-term RAMIE-IL 40 Relatively higher number of
matching analysis outcomes harvested LNs, shorter ICU
stay
CMIE-IL 40

Abbreviations: CMIE, completely minimally invasive esophagectomy; CMIE-IL, completely minimally invasive Ivor Lewis esophagectomy; ICU,
intensive care unit; LMIE, laparoscopic minimally invasive esophagectomy; LN, lymph node; OE, open esophagectomy; RAMIE, robot-assisted
minimally invasive esophagectomy; RAMIE-IL, robot-assisted minimally invasive Ivor Lewis esophagectomy; RLN, recurrent laryngeal nerve; RLNP,

recurrent laryngeal nerve palsy.

outcomes (a higher number of harvested lymph nodes along the left
recurrent laryngeal nerve and thoracic lymph nodes) than CMIE-MK
(Table 4).30-%3

A longer operation time and higher incidence of recurrent la-
ryngeal nerve palsy have also been reported, and the surgical risk
of postoperative recurrent laryngeal nerve palsy is a controversial
issue. Precise surgical manipulation with the robot improved short-
term outcomes of McKeown esophagectomy, and it is worth noting
the improved accuracy of lymph node dissection around the recur-
rent laryngeal nerve, which is particularly important in McKeown
esophagectomy. Although it is reported to both increase and de-
crease the incidence of recurrent nerve palsy, it is expected to even-
tually decrease once a gentler surgical technique is standardized.
RAMIE-MK was associated with similar long-term outcomes, that
is, OS and DFS, as OE-MK and CMIE-MK, except for a lower rate
of mediastinal lymph node recurrence after RAMIE-MK. Therefore,
RAMIE-MK could be established as a standard procedure for esoph-
ageal cancer, especially after several of its disadvantages have been
overcome.

3.4 | Robot-assisted transmediastinal
esophagectomy

Keeney-Bonthrone et al. and Williams et al., respectively, compared
the short-term and mid-term outcomes between robot-assisted
minimally invasive transmediastinal esophagectomy (RATME) and
open transmediastinal esophagectomy (OTME). Although RATME
has some disadvantages, such as a higher rate of pulmonary com-
plications, especially of pulmonary embolism, as compared with
OTME, this disadvantage could be overcome, because most of
all the problems encountered in the introduction phase of these
new surgical procedures have been successfully resolved, in gen-
eral (Table 4).3*% The absence of any significant differences in the
scores on the European Organization for Research and Treatment
of Cancer (EORTC) Quality of Life Questionnaire in Esophageal
Cancer (QLQ-OES18), the EORTC Quality of Life Questionnaire
(QLQ-C30), and fear of recurrence (FoR) up to 12 months after sur-
gery between RATME and OTME encourage us to expect benefi-
cial effects of using robotic assistance for TME in the near future.
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TABLE 4 Robot-assisted minimally invasive McKeown and transmediastinal esophagectomy

Author Reference  Study type

McKeown esophagectomy

Compared outcome

Number
Type of of
surgery patients  Advantage

Zheng 30 Systematic review Short-term RAMIE-MK 1435 Lower incidence of pneumonia,
and meta-analyses outcomes lower incidence of RLNP
CMIE-MK 1452 Shorter operation time
Xu 31 Propensity score Short-term RAMIE-MK 292 Higher number of harvested
matching analysis outcomes left RLN LNs and thoracic
LNs
CMIE-MK 292
Yang 32 Propensity score Short-term RAMIE-MK 271 Shorter thoracic operation
matching analysis outcomes time, lower thoracic
conversions, higher number
of harvested LNs along RLN
CMIE-MK 271 lower incidence of RLNP
de Groot 33 Randomized Long-term outcomes RAMIE-MK 54 Similar: 5-year OS, 5-year DFS
controlled trial
OE-MK 55
Xu 31 Propensity score Long-term outcomes RAMIE-MK 292 Similar: OS, DFS
matching analysis
CMIE-MK 292
Yang 32 Propensity score Long-term outcomes RAMIE-MK 271 Lower rate of mediastinal LNs

matching analysis

Transmediastinal esophagectomy

recurrence; similar: OS, DFS
CMIE-MK 271

Keeney-Bonthrone 34 Short-term RATME 87
outcomes
OTME 378 Lower rates of pulmonary
complications, particularly
pulmonary embolus
Williams 35 Mid-term QOL RATME 97 Similar: QLQ-OES18, QLQ-
C30, FoR up to 12 mos.
OTME 212

Abbreviations: CMIE-MK, completely minimally invasive McKeown esophagectomy; DFS, disease-free survival; FoR, fear of recurrence; LN, lymph
node; OE-MK, open McKeown esophagectomy; OS, overall survival; OTME, open transmediastinal esophagectomy; RAMIE-MK, robot-assisted
minimally invasive McKeown esophagectomy; RATME, robot-assisted minimally invasive transmediastinal esophagectomy; RLN, recurrent laryngeal
nerve; RLNP, recurrent laryngeal nerve palsy; QLQ, quality of life questionnaire; QOL, quality of life.

A new robotic system, the high-performance, single-port robotic
surgical system known as da Vinci SP Surgical System, seems to
be suitable for RATME, because Chiu et al.¢ reported that TME
was technically feasible and could be completed with da Vinci SP
Surgical System without additional ports or assistance in the pre-
clinical study. Better surgical outcomes of RATME using the single-

port robotic surgical system are highly anticipated.

4 | CONVERSION SURGERY AND
SALVAGE SURGERY

Recently, multidisciplinary treatment strategies for esophageal
cancer have greatly advanced. Induction treatment, including

chemotherapy or chemoradiotherapy, can make locally advanced
unresectable esophageal cancer resectable. In regard to the termi-
nology, conversion surgery is defined as surgery for cancer that was
judged as being unresectable at the time of initial diagnosis, but has
become resectable after treatment.’” Salvage surgery is defined as
surgery for residual or recurrent cancer after definitive (chemo-) ra-
diotherapy using a radiation dose of 50 Gy or more.

In this section, the terms used by the author have been cat-
egorized and described in order of priority because conversion
surgery includes salvage surgery. First, we describe reports of
conversion surgery for patients with locally advanced unresect-
able esophageal cancer. A multicenter phase Il trial was conducted
by Yokota et al.®® to analyze chemoselection of induction chemo-
therapy (ICT) with docetaxel, cisplatin, and 5-fluorouracil (DCF)
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prior to conversion surgery for locally advanced unresectable
esophageal cancer. The treatment started with DCF-ICT, followed
by conversion surgery if the cancer became resectable, or by con-
current chemoradiation if it remained unresectable. The 3-year OS
and 3-year progression-free survival (PFS) rates were 46.6% and
39.6%, respectively. The OS and the PFS durations in the patients
in whom RO resection was achieved were longer than in those

in whom it was not. Abe et al.®?

investigated the short-term and
long-term outcomes of conversion surgery after ICT with DCF in
patients with locally advanced clinically unresectable esophageal
cancer. The response rate to DCF-ICT was 67%. The RO resec-
tion rate was 81%, with no serious postoperative complications.
The pathological CR rate was 17%, and the 3- and 5-year survival
rates after conversion surgery were 61% and 54%, respectively.
Therefore, DCF-ICT followed by conversion surgery is feasible
and promising in terms of the survival outcomes.

Which should be selected as the initial induction treatment,
chemoradiotherapy or chemotherapy? Sugimura et al.*° conducted
a multicenter randomized phase Il trial to compare the short-term
and long-term outcomes of chemoradiotherapy and chemotherapy
(DCF) as initial induction therapy prior to conversion surgery in pa-
tients with locally advanced unresectable esophageal cancer. The
conversion surgery rates were 83% and 84% in the initial induction
chemoradiotherapy (ICRT) group and initial ICT group, respectively.
The RO resection rates were also similar in the two groups (78% and
76%). Adverse events (AEs), including hematological toxicity, were
more frequentin the ICT group. The pathological complete response
(pCR) rate of the primary tumor and histological nodal status were
better in the ICRT group than in the ICT group. Therefore, ICRT
seems superior to ICT in terms of the pathological effects and ad-
verse events as induction therapy prior to conversion surgery.

A phase |l trial to assess the safety and efficacy of ICT (pacli-
taxel, cisplatin, and 5-fluorouracil) followed by conversion surgery
(CS) in patients with borderline-resectable esophageal cancer was
conducted by Wang et al.*! The conversion surgery rate was 57%,
RO resection rate was 53.2%, and pathologic CR rate was 8.5%.
The OS was more favorable in the conversion surgery group than
in chemoradiotherapy group or chemotherapy alone group. No se-
rious postoperative complications were observed. Therefore, ICT
followed by conversion surgery seems promising not only for locally
advanced unresectable esophageal cancer, but also for locally ad-
vanced borderline-resectable esophageal cancer.

Appropriate candidates for salvage esophagectomy after defin-
itive chemoradiotherapy (dCRT) for locally advanced unresectable
esophageal cancer were examined by two study groups. Booka

et al.*??

reported that the complete response (CR) rate after dCRT
was 22.4% and the rate of salvage esophagectomy was 5.7%.
Salvage esophagectomy recipients had a worse OS rate than CR
patients, but a better OS rate as compared with the chemotherapy
or best supportive care group. Incomplete resection was the only
significant variable associated with a poor OS. It was concluded that
patients in whom RO resection is achieved might be good candi-

dates for salvage esophagectomy, regardless of the response status
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to dCRT. Okamura et al.*® reported an RO resection rate of 54.3%,
a severe postoperative complication rate of 22.9%, and a surgery-
related mortality rate of 8.6%. The OS rates were 45.7% and 5.7% at
1 and 5years, respectively. Residual or relapsed tumor limited to T2
or less was identified as an independent prognostic factor for better
survival. Postoperative pneumonia and incomplete resection were
identified as negative prognostic factors. Therefore, appropriate
candidates, in terms of long-term survival, for salvage esophagec-
tomy seem to be patients with <T2 residual tumors, RO resection,
and no postoperative pneumonia.

Robot-assisted minimally invasive esophagectomy for locally ad-
vanced unresectable esophageal cancer after dCRT was successfully

performed by Defize et al.**

The RO resection rate was 92%, patho-
logic CR rate was 54%, and the postoperative complication rate was
83%. The DFS at 24 months was 68% in the patients in whom RO was
achieved. These results imply that RAMIE could be adopted for both
conversion surgery and salvage surgery.

For patients with esophageal cancer spanning across all stages,
Mitchell et al.* investigated the outcomes of salvage esophagec-
tomy after chemoradiotherapy with a combination of a fluoropy-
rimidine and a platinum or taxane with concurrent radiotherapy at
50.4 Gy for squamous cell carcinoma (cTanyN1MO, cT3-4NOMO,
high-risk cT2NOMO). Major postoperative complications occurred in
71% of patients. The 30- and 90-day mortality rates were 8.6% and
17.1%, respectively. Salvage esophagectomy was associated with a
high rate of postoperative morbidity and considerably high rates of
mortality. The safety and efficacy of conversion surgery and salvage
surgery vary depending on the surgical indication, surgical proce-
dure employed, perioperative management method adopted, etc.
Patient selection criteria at each hospital are very important.

5 | NEOADJUVANT AND ADJUVANT
THERAPY

5.1 | Neoadjuvant chemoradiotherapy and
chemotherapy

There are two reports of neoadjuvant chemoradiotherapy (NACRT)
and one report of neoadjuvant chemotherapy (NAC) for esophageal
cancer. The significance of pathologic lymph node metastasis after
NACRT was examined. Leng et al.*¢ conducted an exploratory second
study using data from arandomized controlled trial (NEOCRTEC5010)
that had already concluded that NACRT plus surgery yielded im-
proved survival over surgery alone in patients with locally advanced
esophageal squamous cell carcinoma (ESCC). Patients of the NACRT
group received vinorelbine and cisplatin with concurrent radiation
(40.0 Gy). This study concluded that persistent pathologic lymph
node metastasis after NACRT is a strong poor prognostic factor in
patients with ESCC and pCR does not guarantee cure.

The timing of surgery after completion of NACRT was also in-

|'47

vestigated. Nilsson et al.”” conducted a multicenter randomized con-

trolled trial (NeoRes Il Trial) to compare the short-term postoperative
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outcomes associated with a standard time to surgery (TTS) of 4 to z RN S X S
6 weeks versus a prolonged TTS of 10 to 12weeks. They concluded ;‘Tj § § § § g S § S
that TTS after completion of NACRT is not of major importance from Eo 8 8 g 8§ 8 £ & 2
the point of view of the short-term postoperative outcomes; that is, ° q’é
there is no benefit to prolonging the TTS. ?;, < - :5
The number of chemotherapy courses was investigated. 2 gl S 8 g 85 & O@ L;
Shiraishi et al.*® conducted a multicenter randomized controlled < < §_
phase Il trial to compare the short-term outcomes between two e § § § § § § § g
courses and three courses of NAC with DCF in patients with locally » ﬁ
advanced ESCC. The study demonstrated that both two-course s § § é § g
and three-course NAC-DCF are equally feasible for patients with . T‘:
locally advanced ESCC, and that additional courses of DCF yielded § '§o
a better response to NAC, without increasing the incidence of é E
adverse events or the postoperative morbidity rate. Although a 5‘1 g§ § é ?3\0 :S:’ § § :%
preferable short-term outcome was reported for a three-course g
NAC-DCF group, it was recently reported by Makino et al.*’ that %‘ °§ § g.:f § § %
the 2-year progression-free survival (PFS), which was the primary - é
endpoint of the subsequent study, was comparable between the - £ E c c S
two-course and three-course groups. Therefore, it was concluded gc’o %L § % o £ % @
that two courses of NAC-DCF had potential as an optional NAC é . % <_§L -§ é _g- '{% }gu :21
treatment for locally advanced ESCC. The JCOG 1109 trial exam- § § el 'c'é £ é el § E] é § @ o
ining preoperative treatment for stage Il and Ill ESCC, the con- E é % Q :% T: % % % _§ T: S Jg’.
clusions of which were adopted by the Guidelines for Diagnosis % %: _§ % g % _§ % § 8 % I %
and Treatment of Carcinoma of the Esophagus 2022 edited by the 5% z2 38 gz a2z g g
Japan Esophageal Society,’® used a three-course DCF regimen. - g
Based on these results, two courses of DCF may be acceptable in £ _g . %
actual practice. % . % g 2 .ED
2 o2 EEzsg2f 3 2
e 5 s = & N E EEE 5 =
_ _ S8 St TgEszz & 8
5.2 | Neoadjuvant chemoimmunotherapy and g = - § E 5 = 5 %
chemoimmunoradiotherapy z . £
g :6) %o (O] O 0 0 O (@] g
Therapy with immune checkpoint inhibitors (ICls), including pro- .*_:é' EE 5 E 5 5 E L"% 5 rZu
grammed death 1 (PD-1) inhibitor, has greatly changed the treatment «‘5 5 §
of many malignant diseases, including gastrointestinal cancers.>! § 3 % %
Although neoadjuvant treatments have been used for many years, E § ‘é g 9 9 N2 Q < fo,
more intensive and effective treatments are needed to improve the 2 @
outcomes in patients with locally advanced resectable esophageal % % %
cancer. Several studies have evaluated the treatment response to -(% o g §
and safety of neoadjuvant therapy using a PD-1 inhibitor with chem- z _;:m“ % ©
otherapy or chemoradiotherapy. There are six reports concerning % = - - - T 7 B %P
neoadjuvant chemoimmunotherapy and one report concerning E _ é §
chemoimmunoradiotherapy for patients with esophageal cancer g g § % 8
(Table 5).52>7 Nivolumab, pembrolizumab, sintilimab, camrelizumab, .g g _ E " % § o S
and toripalimab are used as PD-1 inhibitors. In regard to the efficacy g '_g‘; é g Q 5 E % E
of these agents, the objective response rate (ORR) ranged from 58% ::3 E 2 & é 5 2 g %
to 86%, the pCR rate from 21% to 36%, the major pathological re- ‘S g § g
sponse (MPR) rate from 42% to 53%, and the RO rate from 94% to ‘-% :»é ) % ?é
100%. The rate of adverse events equal to or greater than Grade Il S & g § R A }'E 3 %
was below 7%, except in the SIN-ICE study which reported a rate of i % % é
30%, and the mortality rate was 0%, except in the NCT03985670 w . g o < '::D fb w © g §
study conducted by Xing et al.,>® which reported a mortality rate of @ % E s & I - E) = 2 é
4%. As comparing to the results of a phase Il study of NAC using DCF |<—'< = v © '2 2
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which reported a pCR rate of 17%,°® neoadjuvant chemoimmuno-
therapy seems to be more effective than the current NAC regimen.
The safety of neoadjuvant chemoimmunotherapy is also acceptable.
Although there is just one report on chemoimmunoradiotherapy
for esophageal cancer, both the high pCR rate and zero mortality
rate are worthy of note, but the high rate of adverse events equal
to or greater than Grade Il of 65% is a concern that needs to be
addressed.”’

5.3 | Adjuvantimmunotherapy

There is one very important report of adjuvant therapy with an ICI.

Kelly et al.¢°

phase Il trial (CheckMate 577) to evaluate the usefulness of ICls

conducted a global multicenter randomized controlled

as adjuvant therapy in patients with esophageal or gastroesopha-
geal junction cancer. Patients with resected (RO) cancer who had
received NACRT and had residual pathological disease were as-
signed to a nivolumab treatment group or a placebo group. The
results of this trial revealed a longer DFS duration in the nivolumab
group as compared with the placebo group. This represents useful
information, and a similar study is needed in patients who have
received NAC.

6 | CONCLUSION

Four treatment modalities for esophageal cancer from notable re-
ports published in 2020 and 2021 were reviewed. The short-term
outcomes were mostly better in patients treated by MIE, including
Ivor Lewis esophagectomy and McKeown esophagectomy, than
in those treated by OE, while no significant differences in the
long-term outcomes were observed between MIE and OE. RAMIE
showed both advantages and disadvantages from the point of view
of the short-term outcomes, as compared with CMIE. There were,
however, no significant differences in the long-term outcomes be-
tween RAMIE and CMIE. Further research is needed to evaluate
the short-term outcomes and long-term outcomes of TME with
or without robotic assistance. Both ICT and ICRT are promis-
ing to secure a higher rate of conversion surgery. Neoadjuvant
chemoimmunotherapy and chemoimmunoradiotherapy showed
promising results and are expected as new powerful therapies for
patients with esophageal cancer. It is hoped that the continued
efforts of professionals from various medical fields will improve
the results of treatment, including surgery, of esophageal cancer
in the near future.
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