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The incidence of esophageal cancer has been increasing
over the past two decades (1). Despite improvement in
treatment options, such as chemotherapy and radiotherapy,
esophagectomy with regional lymph node dissection
remains the mainstay of curative modality for patients with
localized thoracic esophageal cancer. Morbidity is a major
concern during the follow-up period because of the invasive
nature of esophagectomy and the complex operative
procedures involved. Long thoracic and abdominal incisions
and one-lung ventilation during esophagectomy are thought
to be partly responsible for the high surgical invasiveness
and subsequent respiratory complications of this procedure.
On the other hand, a thoracoscopic approach, which could
reduce the length of skin incision, has been attracting
attention as a minimally invasive esophagectomy (MIE).
By the late 1990s, several surgeons had performed and
demonstrated the safety and feasibility of the technique
(2,3). After these exploratory investigations, reports from
large single-center studies began to reveal improvements
in the surgical outcomes of MIE (4). Meta-analyses using
individual institutional reports showed that compared with
open esophagectomy (OE), MIE was associated with less
operative blood loss, shorter length of intensive care unit
and hospital stays, and reduced incidence of postoperative
respiratory complications (5,6). On the other hand, results
from several nationwide database analyses have been
disappointing and demonstrated that MIE did not reduce
postoperative respiratory complications and had higher
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reoperation or reintervention rates (7,8). However, these
unexpected results of the nationwide database analyses may
be attributable to the inclusion of a wide range of patients,
surgeons, and hospitals. Therefore, we have recognized
the necessity of a prospective study to determine the lower
invasiveness and improved quality of life (QOL) associated
with MIE, compared with OE.

Straatman and colleagues conducted a multi-center,
open-labeled, randomized controlled trial to compare the
long-term outcomes between MIE and OE (9). Consistent
with the above descriptions, the aim of this study was to
determine the advantages of MIE in the management of
patients who underwent esophagectomy for esophageal
cancer. This study included 115 patients from five
European hospitals and who were randomly assigned to the
OE (n=56) or MIE (n=59) group. In the TIME trial, Biere
et al. previously described the short-term outcomes and
clear benefits of MIE, such as less postoperative pulmonary
complications, shorter hospital stays, and a better short-
term QOL (10). In this follow-up study of the TIME
trial, the OE and MIE groups did not differ in terms of
three-year overall survival rates [40.4%+7.7% uvs.
50.5%+8%, respectively; P=0.207; hazard ratio (HR)
0.883 (0.540 to 1.441)], and disease-free survival rates
[35.9%+6.8% wvs. 40.2%+6.9%, respectively; P=0.602; HR
0.691 (0.389 to 1.239)]. Multivariate analyses for both
overall and disease-free survival rates, with correction
applied for stage of disease; gender; and age, revealed no
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differences between the two esophageal procedures.

As Straatman et a/. investigated, MIE has the potential
to allow faster recovery to normal function and to decrease
morbidity of patients after esophagectomy (11). Luketich
et al. conducted a prospective, phase II, multicenter trial
and demonstrated the short-term feasibility and safety of
MIE (12). However, multicenter randomized trials have not
been reported until quite recently because of the surgeons’
level of experience and the diversity of operative techniques
used for MIE. Standardization of surgical techniques
and perioperative management had been considered
as the key in conducting a multicenter MIE trial (13).
Recent studies have demonstrated a volume outcome
relationship for esophageal surgery; in particular,
morbidity and mortality significantly decreased in high-
volume hospitals (14). These improved outcomes in high-
volume hospitals partly depend on thorough perioperative
management by a multidisciplinary team using agreed
written protocols throughout the patient’s hospital stay.
To prevent such bias, only surgeons with experience on at
least 10 MIE procedures and sufficient skills were allowed
to participate in the TIME trial (10). One surgeon who
was experienced on MIE was asked to proctor the skill of
another surgeon on surgical video before starting the trial.
Furthermore, to prevent institutional bias, only the hospitals
with high volume (i.e., more than 20 esophagectomy
procedures per year) were allowed to participate in the trial.
Consequently, each participating center included an average
of 23 patients. These restrictions on participating surgeons
and hospitals are considered to be critical when conducting
this kind of radical trials on surgical outcomes.

In the TIME trial, the MIE group achieved better short-
term outcomes, such as less postoperative pulmonary
complications, shorter hospital stays, and a higher QOL,
compared with the OE group (10). Another supplementary
study of the TIME trial showed that the higher QOL of the
patients in the MIE group persisted until one-year follow-
up (15). On the other hand, incidence of postoperative
complications other than pulmonary complications was
similar between the two groups. The authors further
described that in the MIE group, the operative time of
the thoracic phase was longer and blood loss was less
compared with the OE group. These differences between
the two groups might be associated not only with the use
of thoracoscopy or laparoscopy, but also with the patient’s
position and artificial pneumothorax. In the study, the
position of the patients was left lateral decubitus in the
OE group and prone in MIE group. Carbon dioxide (CO,,
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pneumothorax without selective blocking of the right lung
was employed only in the MIE group. The effects of gravity
and CO, pneumothorax enable a wide surgical space.
During prone position, blood pooling does not obscure
the operative field and the middle mediastinal organs and
right lung are naturally shifted downwards. Therefore, CO,
pneumothorax and the effects of gravity allow surgeons to
visualize a dry and wide surgical space without requiring
special assistants. Direct retraction of the right lung is
not necessary during MIE in the prone position, thereby,
avoiding mechanical lung damage and decreasing the
production of inflammatory mediators.

The prone position is well known to have beneficial
effects on arterial oxygenation (16). Several mechanisms
have been suggested to explain the improvement in gas
exchange while in a prone position. Changing from a supine
position to a prone position redistributes blood flow in
the lungs and makes pulmonary perfusion becomes more
uniformly distributed. Furthermore, the prone position
improves the diaphragmatic movement and increases
functional residual capacity. A decubitus position puts
pressure from the mediastinum to the ventilated lung, which
may increase the risk of atelectasis (17). On the other hand,
almost none of the lung tissue is located beneath the heart
when a patient is in a prone position. Gravity moves the
bronchial secretions and pulmonary extravascular fluid from
the dorsal to the ventral side while the patient is in a prone
position; this may enable the opening of bronchi that have
been obstructed by secretions. As the authors performed,
some investigators have been able to perform MIE in the
prone position without the use of one-lung ventilation. The
use of two-lung ventilation may reduce respiratory-related
complications. Therefore, the low incidence of pulmonary
complications after MIE can be explained by the reduction
of atelectasis. The TIME trial successtully confirmed
the theoretical advantages of MIE in the prone position
compared with those of OE, as suggested by previous non-
randomized studies (Table 1).

MIE is now considered to be one of the key factors
for enhanced recovery after surgery that can help
reduce postoperative pain and improve recovery after
esophagectomy. In the study, the authors demonstrated
better QOL in terms of not only postoperative pain, but
also the physical, emotional, and social components. The
authors have managed both groups of patients under the
same protocol during the pre-, intra-, and postoperative
periods. Therefore, these results on QOL scores were
mainly accounted for by the differences in surgical
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procedures. Although MIE has the benefit of reducing
postoperative pain, the observed differences in the factors
other than postoperative pain, were difficult to explain.
Recently, Sun ez al. conducted a single-center, open-labeled,
randomized controlled trial and reported the benefit of
MIE and early oral feeding to enhance postoperative
management (18). In that study, the results of QOL scores
were similar to those of the TIME trial; specifically, higher
QOL scores on pain, physical, emotional, and social
factors after MIE were obtained only in the early oral
feeding group. MIE may have psychological advantages
and promote a short-term postoperative course. So, far, the
exact mechanism underlying the association between MIE

Table 1 Advantages and disadvantages of MIE in the prone position
compared with OE

Potential advantages Potential disadvantages

Excellent surgical space Difficulty in emergent open

thoracotom
Experienced assistant not Y

necessary needed

Theoretical improved arterial
oxygenation

One-lung ventilation not necessary
required

Ergonomic position of surgical
hands

MIE, minimally invasive esophagectomy; OE, open esophagectomy.
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and QOL has not yet been elucidated. Aside from the small
skin incision, some other benefits, such as less invasiveness
of the procedures and improvement of immunological
functions, may contribute to better QOL after MIE in the
prone position (Figure I).

MIE has the possible advantages of preserving a patient’s
immunological reactions; therefore, many investigators
have attempted to reveal the surgical invasiveness and the
objective parameter that reflects the less invasiveness of
MIE. C-reactive protein (CRP) is a clinical parameter that
represents systemic inflammatory response. Previous studies
have revealed that preoperative or postoperative serum
CRP levels were significantly associated with the survival
rate of esophageal cancer patients (19). In our recent
unpublished study, the serum CRP level on postoperative
day 1 was significantly lower after MIE under prone
position with CO, pneumothorax than after MIE on the left
lateral decubitus position with mini-thoracotomy. Given
that precise surgical procedures without direct retraction
of the right lung, mechanical lung damage can be avoided
and production of inflammatory mediators can be reduced
during MIE in the prone position with CO, pneumothorax.
In a future study, assessment of inflammatory cytokines,
such as IL-1 and IL-6, may be required to precisely evaluate
the less invasiveness of MIE.

In this follow-up study of the TIME trial, the
three-year overall and disease-free survival rates were
similar between OE and MIE, even after adjustments

Surgical invasiveness

e Relief from surgical pain
¢ Immunological function
® Mucosal integrity

Minimally invasive
esophagectomy

Improvement of surgical outcomes

Figure 1 Schema of the role of minimally invasive esophagectomy to the outcomes after esophagectomy.
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for stage of disease, gender, and age. Several randomized
controlled trials have shown favorable short- and long-
term outcomes of minimally invasive approaches for other
gastrointestinal cancers (20). For esophageal cancer, a
prospective study that evaluates the oncological safety
and long-term outcome after MIE is lacking. Although
there were several meta-analyses on improved short-
term outcomes after MIE, to our best knowledge, this was
the first prospective and randomized controlled study to
demonstrate relatively prolonged oncological outcomes.
Three-year survival outcomes, together with short-term
outcomes, might support the use of MIE as an oncologically
and technically safe surgical procedure for esophageal
cancer. However, several years after esophagectomy, some
patients can die from other diseases, including pneumonia.
Furthermore, in the study, RO resection of the tumor
could not be performed in 14 patients (more than 12%).
Considering these issues, complete results on five-year
overall follow-up and analyses of the cause of deaths using a
large number of patients should be recommended to clarify
true benefits of MIE.

The findings of the study by Straatman et a/. posed
several issues that require further investigation. First,
the authors employed the prone position and CO,
pneumothorax in the MIE group in this study. At present,
MIE can be performed in the prone position or left
lateral decubitus position. Since the report of Palanivelu
et al., prone position has become a popular approach for
MIE (21). However, the procedural approach to MIE varies
among surgeons and institutions worldwide. Moreover,
the usefulness of CO, pneumothorax itself has not been
elucidated when performing MIE. The efficacy and
oncologic outcomes of MIE in the prone position with CO,
pneumothorax need to be further assessed in comparison
with those of MIE in the left lateral decubitus position.
Second, despite the restrictions in the study participation,
MIE was converted to open thoracotomy in 6 patients
(10%). This conversion rate was relatively higher compared
with the 0% to 5% conversion rate in previous studies (11).
These findings suggested that inclusion of surgeons with
more experience on MIE and hospitals with more surgical
cases of esophageal cancer might be necessary for this kind
of trial. In our ongoing Japanese MIE trial, only surgeons
who have experienced more than 30 OE procedures and
who were credentialed by the study chair after judging
their MIE skills on videos can participate in the trial (22).
Furthermore, a quality assurance committee of surgery
performs a central peer review of the surgical procedure for
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all cases using intraoperative photos. In general, the skills
required to perform MIE can be difficult to master; in fact,
previous investigators demonstrated a steep learning curve
after dozens of MIE have been performed (23,24). Third, the
ergonomics of surgeons during MIE has to be considered
because esophagectomy is a technically meticulous
procedure that is associated with heavy physical demands
on surgeons, especially when the procedure is performed
thoracoscopically. During MIE in the prone position,
surgeons can operate in a plane parallel to the camera and
the ports used by the operator are located at the elbow
level of the surgeon; therefore, the ergonomics and fatigue
experienced by the surgeons may be improved. The excellent
operative view, increased magnification, and improvement
of the surgeon’s ergonomics can improve the quality of
mediastinal lymphadenectomy. In addition, some surgeons
have emphasized that MIE in the prone position can enable
precise dissection of the lymph nodes along the recurrent
laryngeal nerves and those in the aortopulmonary window.

In conclusion, this follow-up study of the TIME trial,
which initially presented the short-term benefits of MIE,
revealed non-inferiority of MIE over OE in terms of three-
year survival. These findings supported the use of MIE
for the treatment of esophageal cancer. However, there is
a lack of scientific evidence and objective mechanism that
can represent the efficacy of MIE. Accordingly, there is a
clinical need for studies that evaluate the five-year outcomes
of MIE and those that develop surrogate markers that
would indicate the less invasiveness of MIE using a large
number of patients.
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