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Abstract: New approaches in the treatment of esopha-
geal cancer comprise endoscopy with refinements of 
esophagoscopic intraluminal resection by endoscopic 
submucosal dissection. Radical open surgery is more 
and more replaced by minimally invasive esophagectomy 
(MIO), especially in the hybrid technique with laparo-
scopic gastrolysis and transthoracic esophageal resection 
and gastric pull-up. Total MIO also in the robotic tech-
nique has not yet shown that it produces superior results 
than the hybrid technique. Fluorescent dye can improve 
the intraoperative visualization of the vascularization 
of the gastric conduit. The individualization of neoad-
juvant therapy is the magic word in clinical research of 
multimodal treatment of esophageal cancer. This means 
response prediction based on molecular markers or clini-
cal response evaluation. The documentation of the diver-
sity of postoperative complications is now standardized 
by an international consensus. The value of enhanced 
recovery after surgery is not yet approved compared to 
conventional management.

Keywords: adenocarcinoma; enhanced recovery after 
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Introduction
New approaches in esophageal cancer are, on the one 
hand, technical concerning endoscopic intraluminal 
therapy or minimally invasive esophagectomy (MIO) and 
the visualization of vascularization of the gastric conduit. 
On the other hand, new insights into the genomic causes 
for the malignant degeneration of Barrett’s esophagus 
open the possibility for more effective and individualized 

endoscopic surveillance. Individualized multimodal treat-
ment is tried to be based on response prediction or on the 
clinical evaluation of response. The standardization of 
documentation of complications after esophagectomy is 
a new achievement because the comparability of data is 
poor. Finally, enhanced recovery after surgery (ERAS) is a 
topical issue that is tried to establish in centers for esopha-
geal surgery.

Current guidelines for the treatment 
of esophageal cancer
For the description of new therapeutic approaches in solid 
tumors, it is necessary to describe the current standards 
that are the basis of new developments. The German S3 
guideline for esophageal cancer defines the current stand-
ard that was completed and published in 2015 [1, 2]. The 
algorithms for the treatment of adenocarcinoma (AC) or 
squamous cell carcinoma (SCC) in patients functionally fit 
for surgery are shown in Figures 1 and 2. The diagnostics 
with endoscopy, biopsy, endosonography, and spiral com-
puted tomography (CT) scan are established and lead to a 
clinical TNM staging.

cT1

In T1 category, mucosal (T1a) carcinomas can be removed 
by endoscopic means, preferably endoscopic submucosal 
dissection (ESD), if a resection without residual tumor 
(R0) is achievable [3, 4]. On the contrary, submucosal infil-
tration (T1b) affords radical surgical resection because 
the risk of lymph node metastasis is too high [5]. Only 
in deep mucosal infiltration (m3) of an SCC that primary 
surgery is recommended. New approaches of intraluminal 
endoscopic resection are aiming on superficially infiltrat-
ing (sm1) submucosal carcinomas that have a low risk of 
lymphatic metastasis [5]. These characteristics are  ≤  2 cm 
diameter, no ulceration, L0, and V0. However, outcome 
data on the prerequisites derive, except for one study, 
only from Asian populations and are difficult to compare 
to European patients [6, 7]. New endoscopic approaches 
with intraluminal circumferential resections to remove 
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longer (> 2  cm) lesions or to achieve wider resection 
margins lead to a very high rate (50%) of stenosis with 
the necessity of multiple dilatations. Therefore, combined 
with doubts on radicality, this might be an approach into 
a dead-end street.

If an endoscopic resection was not successful, for 
example, because of microscopic residual tumor (R1) or 
deeper than mucosal infiltration with a risk of lymphatic 
metastasis or due to intractable stenosis, surgery is indi-
cated. However, the operation should be done within due 
time. First data on time interval have shown prognostic 
disadvantages for patients with surgical resection after 
6–12 months between endoscopic resection and definitive 
surgery [8].

cT2

In cT2NxM0 carcinomas, primary surgery is indicated. 
The guideline offers only the possibility of neoadjuvant 

therapy, especially in young patients with an individu-
alized indication [9]. However, current studies show no 
prognostic benefit for neoadjuvant treatment in cT1 or 
cT2N0M0 esophageal cancer [10, 11]. The study of Markar 
et  al. analyzed a database of 2944 consecutive patients 
for T2N0M0 and compared a group of 285 patients with 
primary surgery (S) to 70 with neoadjuvant treatment fol-
lowed by surgery (NS). There was no significant difference 
in the 5-year survival between both groups (40% NS and 
38% S). Further, 50% of the primary surgery group clas-
sified as cT2cN0  showed pN+ in the surgical specimen. 
From these, 20% were pN2 or pN3. This again underlines 
the unreliability of clinical N staging.

cT3/resectable cT4

In advanced esophageal cancer, either AC or SCC neoad-
juvant therapy is strongly recommended in all interna-
tional S3 guidelines [1, 2, 12] (Figures 1 and 2). For SCC 

Squamous cell carcinoma of the oesophagus

cT1 cT2 cT3/resectablecT4
↓ ↓

cT1m1-2 cT1m3/sm Preoperative RTX/CTX Definitive RTX/CTX
↓ ↓

Restaging Restaging

↓↓

↓
R1/R2 R0

Endoscopic resection ↓

↓

↓

↓
R1   → Surgical resection Surgical resection Follow-up

R0 R0 ↓ ↓ R1
Follow-up Follow-up R0

↓ Tumor conference 
Follow-up 

Figure 2: S3 guideline diagnostics and treatment of SCC and AC of the esophagus.
Adapted from Hölscher [2].

Adenocarcinoma of the oesophagus

cT1 cT2 cT3/resectable cT4

cT1m

cT1sm 

Preoperative CTX Preoperative RTX/CTX

↓

↓

↓

↓

↓

↓sm1

Restaging Restaging
low risk ?

Endoscopic resection

↓

↓

↓

R1   → Surgical resection Surgical resection Surgical resection 
R0 ↓

Follow-up
Postoperative CTX 

Follow-up

Figure 1: S3 guideline diagnostics and treatment of SCC and AC of the esophagus.
Adapted from Porschen et al. [1].
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only, radiochemotherapy (RTX) is indicated, whereas 
in AC both chemotherapy (CTX) and RTX (RTX/CTX) are 
effective [13, 14]. The metaanalysis of Sjöquist or Ronellen-
fitsch and Burmeister and the Stahl trial on esophageal AC 
reported data on a slightly better survival after RTX/CTX 
versus CTX [15–18]. The prospective randomized Scandi-
navian trial on this matter, including SCC and AC and cT1 
to cT3 carcinomas, showed that neoadjuvant RTX/CTX 
results in a higher histological complete response rate, a 
higher R0 resection rate, and a lower frequency of lymph 
node metastases compared to CTX. However, there was no 
significantly improved 3-year survival, which was in the 
intention-to-treat analysis 49% in the CTX arm and 47% 
in the RTX/CTX arm [19].

Individualization of treatment 
based on response
New approaches in neoadjuvant treatment are individu-
alization based on response.

Via pretherapeutic endoscopic biopsies from the 
primary tumor and determination of a combination of 
molecular markers, a prediction of nonresponse is possible 
with a positive predictive value of 89% for minor histopatho-
logical response of the tumor according to our prospective 
Cologne Esophageal Response Prediction (CERP) study 
[20]. Minor histopathological response means that less 
than 10% vital tumor cells are detected by the pathologist 
[13, 14]. This prediction should identify the nonresponders 
in whom primary surgery could be performed to avoid time 
delay and side effects of a noneffective induction therapy. 
This prediction is also possible from liquid biopsies, which 
mean molecular markers from blood samples [21–23].

Our concept in the prospective CERP study, however, 
was based on an older RTX protocol with 5-FU, cisplatin, 
and 40 Gy radiation. Therefore, this has to be repeated 
based on a modern protocol such as in the CROSS study 
with RTX/CTX or FLOT [24–26].

The other approach is not based on prediction but 
clinical detection of response by endoscopy with biop-
sies, CT scan, or positron emission tomography (PET)-CT. 
The aim is to omit surgery in clinical complete responders 
and add more RTX/CTX as a definite treatment. In cases 
of recurrence salvage, surgery should be performed. A 
trial with this new approach is already in preparation in 
The Netherlands. The problem of this strategy is that the 
clinical detection of “complete” response is very unsafe. 
The accuracy of relief of dysphagia as a sign of response 
is low [27]. The accuracy of endoscopy with biopsies is 
only about 50%, as residuals of the tumor are often in the 
esophageal wall and not only at the inner surface [27–31]. 
CT scan cannot exactly differentiate between scar and 
residual cancer. PET-CT is influenced by inflammation 
and scaring in the radiated area, and several trials have 
shown that the predictive value of PET-CT for response 
during neoadjuvant RTX/CTX is insufficient for routine 
clinical application [32–35].

In a French study of 222 patients who had complete 
clinical response after neoadjuvant treatment, 59 patients 
who refused surgery were compared to 118 patients who 
had complete clinical response and esophagectomy [36]. 
The latter group showed residual tumor in 35% and in 
a median follow-up of > 3  years a significantly better 
outcome than the group without surgery (Table 1). There-
fore, this new approach of avoiding surgery in so-called 
clinically complete responders after neoadjuvant therapy 
bears a significant risk of coming too late and should be 
applied with considerable caution.

Individualization of treatment of 
Barrett’s esophagus
Novel genetic risk variants for the development of B arrett’s 
esophagus and esophageal AC have been found by genomic 
analysis of more than 6000 patients with  Barrett’s esoph-
agus and more than 4000 esophageal AC [37]. Eight new 

Table 1: Esophagectomy in patients with clinical complete response after neoadjuvant therapy.

RTX/CTX RTX/CTX+OP p-Value

Number of patients 59 118
Median survival (months) 31 83 0.001
Recurrence rate 51% 33% 0.021
Time of recurrence after end of treatment (months) 7.8 19 0.002
Locoregional recurrence 47% 16% 0.008

Matched pairs according to age, gender, site of tumor, TNM stage, histology, nutritional status, and ASA score of 222 patients with clinical 
complete response after RTX/CTX [36].
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risk loci were identified. By these genetic markers, the pre-
diction of malignant degeneration of Barrett’s esophagus 
seems possible and this can represent a tool for individual-
ized surveillance with endoscopic biopsies.

Oligometastasis

The achievements of multimodal treatment have led to 
the question if patients with limited resectable distant 
metastases should be included in protocols with curative 
intent. This comes from the FLOT trial in gastric cancer, 
which showed that a group with neoadjuvant CTX and 
resection of the primary tumor as well as limited metasta-
ses had a significantly better outcome than those patients 
without surgery [25, 38]. Therefore, the new RENAIS-
SANCE trial has been set up to analyze this question in 
a prospective randomized fashion including patients with 
AC of the esophagus and the esophagogastric junction 
(AIO-STO-0215).

Extent of resection

The S3 guideline favors definitely transthoracic en bloc 
esophagectomy for AC or SCC of the esophagus [2]. This 
is based on the trials of Omloo or Kutup, which show 
prognostic advantages of this radical extent compared to 
transhiatal esophagectomy [39, 40]. For types II and III AC 
of the esophagogastric junction, transhiatally extended 
total gastrectomy with distal esophageal resection is 
favored if R0 resection with a sufficient safety margin can 
be achieved [41]. This has been approved by the 10-year 
follow-up results of the randomized clinical trial com-
paring left thoracoabdominal and abdominal transhiatal 
approaches to total gastrectomy [42]. Only if the infiltra-
tion of the distal esophagus is too extended for complete 
resection by an abdominal transhiatal approach that 
transthoracic esophagectomy with resection of the upper 
stomach and pull-up of a narrow gastric conduit should 
be applied [2]. However, the question as to which is the 
best extent of resection for type II AC, transhiatal with 
extended gastrectomy and distal esophageal resection 
or transthoracic esophagectomy with upper pole gastric 
resection, and gastric pull-up is not solved yet, as no pro-
spective randomized trial comparing both strategies has 
been conducted.

New approaches to reduce the luminal extent of 
resection or the extent of lymphadenectomy after clinical 
response to neoadjuvant treatment are under discussion. 
However, they have the same shortcomings and risks as 
mentioned above for trials to avoid surgery completely 

in case of “complete” clinical response after induction 
therapy.

Total MIO/hybrid/open

There are different new approaches in MIO for esophageal 
cancer concerning approach and anastomotic technique.
Total minimally invasive

 – Laparoscopic gastrolysis, thoracoscopic esophagec-
tomy, and gastric pull-up with high intrathoracic 
anastomosis. This can be performed in conventional 
MIO technique (five trocars) mostly with circular 
stapler anastomosis or side-to-side with linear sta-
pler anastomosis or with robotic surgery mostly with 
hand-sewn esophagogastrostomy.

Hybrid
 – Laparoscopic gastrolysis, thoracoscopic esophagec-

tomy, and open left cervical esophagogastrostomy 
hand-sewn or by circular stapler or side-to-side by 
linear stapler

 – Laparoscopic gastrolysis, open transthoracic 
esophagectomy, and high intrathoracic esophagogas-
trostomy usually by circular stapler anastomosis

 – Laparoscopic gastrolysis, open transthoracic 
esophagectomy, and left cervical esophagogastros-
tomy hand-sewn or by stapler

 – Laparoscopic gastrolysis and transhiatal esophagec-
tomy with cervical esophagogastrostomy hand-sewn 
or by stapler

 – Open transabdominal gastrolysis and thoracoscopic 
esophagectomy with intrathoracic esophagogastros-
tomy usually by stapler

This diversity of procedures and the type of anastomo-
sis shows that the ideal technique has not been found 
yet according to the profound clinical data. One rand-
omized multicenter study (TIME trial) with limited patient 
numbers on the comparison of open versus laparoscopic/
thoracoscopic esophagectomy (MIO) has shortcomings of 
comparability as the MIO group had single lumen tracheal 
intubation, whereas the patients with open esophagec-
tomy had a double tracheal intubation with right-sided 
lung block. However, this trial showed significant differ-
ences in favor of MIO concerning the following [43]:

 – Less rate of pulmonary complications
 – Shorter stay on ICU
 – Shorter duration of hospitalization

This direction points also to the reports of MIO versus 
historic controls of open esophagectomy [44, 45]. There 
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Table 2: MIRO trial comparing hybrid to open esophagectomy [46].

Hybrid Open p-Value

n 103 104
Postoperative morbidity 35.9% 64.4% 0.001
30-day mortality 4.9% 4.9% NS
Severe pulmonary complications 17.7% 30.1% 0.001
Not resected 1 1
AC 63% 66% NS
Resected lymph nodes (median) 21 22 NS

Table 3: FREGAT retrospective study results comparing hybrid to 
open esophagectomy [48].

Hybrid Open p-Value

Patients total 663 2346
30-day mortality 3.3% 5.7% 0.005
Hospital mortality 5.6% 8.1% 0.028
90-day mortality 6.9% 10.0% 0.016
Patients after propensity score matching 633 633
30-day mortality 3.3% 5.9% 0.029

Table 4: Comparison of hybrid Ivor Lewis (laparoscopic/ 
thoracotomy) to total MIO in prone position [49].

Hybrid Total MIO p-Value

Total number of patients 197 93
Patients after propensity scoring 80 80
Hospital mortality 2.5% 3.7% NS
Anastomotic leakage 12.5% 13.7% NS
Duration of surgery (min) 300 330 0.01
1-year survival 92.3% 93.5% NS

were no differences in postoperative mortality and short-
term prognosis. The long-term results cannot be evalu-
ated yet. The MIRO trial up to date published only as an 
ASCO abstract with the comparison of open esophagec-
tomy versus laparoscopic gastrolysis and esophagectomy 
via thoracotomy and intrathoracic anastomosis (hybrid 
procedure) resulted in significant differences in favor of 
the hybrid approach concerning the following [46, 47] 
(Table 2):

 – less postoperative morbidity
 – less postoperative pulmonary complications
 – reduced rates of postoperative Clavien-Dindo scores 

II–IV

This is supported by the results of the FREGAT retrospec-
tive study on 3009 French patients between 2010 and 
2012 and the comparison of the hybrid technique to open 
surgery [48] (Table 3).

In the multivariate analysis, age  ≥  60 years, malnutri-
tion, and cardiovascular comorbidity were independently 
associated with higher postoperative mortality, whereas 
the hybrid technique was combined with a decrease in 
mortality (OR 0.6; p = 0.041).

The only comparison between this hybrid technique 
and total MIO has been reported by Bonavina et al. [49]. 
On a propensity score-matched basis using the covariates 
age, sex, body mass index, forced expiration volume at 1 s 
(FEV1), Charlson comorbidity index, American Society of 
Anesthesiologists (ASA) score, histological tumor type, 

tumor site, pTNM stage, and neoadjuvant therapy, all 
postoperative outcomes including morbidity, mortality, 
nodal harvest, R0 resection rate, and 1-year survival rate 
were similar. Only the duration of operation was signifi-
cantly longer in total MIO patients (Table 4).

The results of this report are parallel to our own experi-
ences with 20 versus 20 propensity score-matched similar 
patients, with also no difference between both procedures 
[50]. In a total of 1200 consecutive hybrid esophagecto-
mies of our own patients, we observed a 30-day mortality 
rate of 1%, a 90-day mortality rate of 3%, an anastomotic 
leak rate of 6.3%, and a normal postoperative course with 
a ventilation of less than 24 h in 77% of the patients.

These data from France, Italy, and Germany show 
that the hybrid procedure with laparoscopic gastric 
mobilization, abdominal lymphadenectomy, transtho-
racic esophagectomy, mediastinal lymphadenectomy, 
and high intrathoracic stapler anastomosis currently is 
the most justified technique. The laparoscopic dissective 
part is good to teach and safe to perform after a certain 
training period of about 20 procedures. The extent of 
lymphadenectomy is the same as in the open technique. 
A special trick is to place the suture for the hiatoplasty 
untied into the lower mediastinum and tie it only after 
transthoracic gastric pull-up to adjust the narrowing of 
the hiatal crus to the gastric conduit without stenosing 
the stomach.

The right transthoracic en bloc esophagectomy is 
radical, safe, and very reproducible. Lung adhesions 
can easily be severed and the lung can be palpated for 
lesions. The dissection in the upper mediastinum along 
the posterior tracheobronchial tree can be performed 
safely, especially in esophageal tumors at the trachea or 
tracheal bifurcation. This can be very demanding by scar-
ring especially after induction RTX/CTX. Particularly, the 
stapler esophagogastrostomy in the upper mediastinum 
and the tailoring of the gastric conduit can be performed 
very safely. This procedure is good to teach stepwise. Tho-
racic pain control can effectively be achieved by peridural 
catheter.
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In contrast, thoracoscopic esophagectomy has a long 
learning curve of at least 60 procedures, and lung adhe-
sions and the dissection of the tumor at the trachea or 
main bronchi can be very demanding. The anastomotic 
technique with the stapler is much more difficult than the 
open technique and affords at least a minithoracotomy for 
the insertion of a circular stapler and the removal of the 
specimen. If the anastomosis is placed in the neck (sort of 
hybrid) to avoid the mentioned problems of manufactur-
ing the intrathoracic anastomosis by MIO, one encounters 
other difficulties, especially the definitely higher rate of 
anastomotic leakage. This was, for example, 22% or 30% 
in the CROSS trial in the two arms [24].

The operation time of total MIO and the one lung ven-
tilation time is usually longer than the open technique. 
Considering the favorable results of the hybrid technique, 
it would be very difficult to prove in a prospectively ran-
domized trial the superiority of total MIO compared to 
hybrid [49]. The target criteria would be very difficult to 
define and could only be postoperative pain, pulmonary 
problems, and duration of ICU stay and this would prob-
ably afford about 500 patients in each study arm.

Intraoperative evaluation of 
 vascularization of gastric conduit
The most important factors for anastomotic healing of the 
esophagogastrostomy are no tension and good vasculari-
zation of the conduit. A new achievement is the visuali-
zation of vascularization by laser-assisted fluorescent dye 
angiography (LAA) with indigo cyanine green. In a study 
of 144 patients with esophagogastric anastomosis, the 
leakage rate was 16.7% [51]. A leak was significantly less 
likely when the anastomosis was placed in an area of good 
perfusion compared to when the anastomosis was placed 
in an area of less robust perfusion by LAA (2% vs. 45%; 
p < 0.0001). This technique may contribute to reduced 
morbidity due to anastomotic insufficiency but has to be 
approved in further trials.

Management of postoperative 
complications
The two main complications after esophagectomy are 
still pneumonia and anastomotic leakage. A new study 
has shown that preoperative airway colonization before 
transthoracic esophagectomy predicts postoperative 

pulmonary complications [52]. In 20% of 64  study 
patients, the pathological colonization of the bronchial 
airways could be proven before operation. The modern 
postoperative management includes all measures to 
avoid pulmonary infections by preoperative lung training, 
MIO, effective pain control by peridural catheter for good 
breathing and coughing, early mobilization, and, maybe 
in selected patients, preoperative antibiotic therapy.

The management of anastomotic leaks is based on 
rapid diagnostics with endoscopy and spiral CT scan. 
Except for very early noncontained insufficiencies or 
conduit necrosis, which need reoperation, the treatment 
of choice today is endoscopic sealing of the leak by stent 
or the endovacuum swamp (VAC) [53, 54]. Most leaks can 
successfully be controlled by these means.

Standardized documentation of 
complications after esophagectomy
A really new and important achievement is the Interna-
tional Consensus on Standardization of Data Collection 
for Complications Associated with Esophagectomy. Rep-
resentatives of the leading centers for esophageal surgery 
from different countries [Esophagectomy Complications 
Consensus Group (ECCG)] under the direction of Don 
Low from Seattle have developed this basis for documen-
tation. The reason is that in the literature the definitions 
for complications of esophagectomy are lacking or varied 
enormously. Consequently, a meaningful comparison of 
postoperative results from different countries is not pos-
sible. In the ECCG, the definitions have been discussed 
in detail and consented and published in 2015 [55]. The 
start of data collection in 2016 has shown that the data-
base is appropriate and easy to handle. Up to Septem-
ber 21, 2016, 2087 patients with esophagectomy were 
included under the prerequisite that each esophagec-
tomy of the participating centers is continuously docu-
mented to avoid selection bias [56]. The analysis of these 
reliable data will result in further important publications 
on this topic.

Enhanced recovery after 
esophagectomy
The concept of ERAS has been established in colorectal 
surgery and also applied for esophageal resection [57, 58]. 
This program includes especially detailed preoperative 
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information and preparation of the patient, minimally 
invasive surgery, intraoperative heart time volume orien-
tated fluid management, consequent intraoperative and 
postoperative pain control via peridural catheter, extuba-
tion in the operating theater, no gastric tube, early oral 
feeding, intensive mobilization of the patient by physio-
therapists starting on the day of operation, no abdominal 
drains, and early removal of thoracic drainages.

This program is possible but affords investments in 
manpower and convinced acceptance of all specialties 
that treat the patient in the perioperative period. The 
early discharge of the patient also implies the neces-
sity of ambulant observation and continuous contact to 
avoid overlooking late complications and the necessity 
of rehospitalization. Therefore, these concepts still have 
to prove their significance in clinical routine for being 
equal or better compared to conventional postoperative 
treatments.
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