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Introduction

The epidemiology of esophageal cancer has radically 
changed in the last fifty-years in the Western world. 
Changes in the predominant type of squamous cell 
carcinoma (SCC) to adenocarcinoma, disparities between 
different ethnicities, and the exponential increase in 
incidence rates of adenocarcinoma have established 
esophageal cancer as a major public health problem 
requiring urgent attention specifically in North America (1). 
It ranks sixth among all cancers in mortality (2) and it is one 
of the least studied and deadliest cancers worldwide because 
of its extremely aggressive nature and poor survival rate. 
The overall 5-year relative survival is 17% (1). Reason to 
explain this poor outcome stands on the fact that esophageal 
cancer is diagnosed at rather late stage. Overall at the time 

of presentation, more than 50% of patients have metastatic 
disease, near 30% have a locally advanced stage and less 
20% have a localized stage that can be cured (1-3). 

Management of non metastatic esophageal cancer has 
evolved since the two last decades. With the advanced of 
CT-scan, development of the endoscopic ultrasound (EUS) 
and the emergence of FDG-PET, the assessment of the 
disease has refined year after year. To date, the staging of 
the disease is of paramount importance and every treatment 
decisions should routinely be based on multidisciplinary 
discussion in the tumor board. 

Esophagectomy remains the primary treatment for 
early stage esophageal cancer although its specific role in 
superficial (T1A) cancers is still under debate since the 
development of endoscopic mucosal treatment. There is 
strong evidence to consider that locally advanced cancers 
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should be recommended for a multimodal treatment 
with a neoadjuvant chemotherapy or a combined 
chemoradiotherapy (CRT) followed by surgery (4,5). 
However, there are differences in the perceived role of 
surgery in achieving local control between Western and 
Eastern surgeons, leading to the considerable differences in 
the use of multidisciplinary therapy. For locally advanced 
SCC or for a part of adenocarcinoma, some oncologists 
have proposed treating with definitive CRT to avoid the 
mortality of surgery. In case of persistent or recurrent 
disease, a salvage esophagectomy is a possible option but 
this procedure remains associated with higher levels of 
perioperative morbidity and mortality. 

There is a global agreement over the oncological 
principles of surgery (6). Surgical resection must consist in 
a radical, complete, R0, en-bloc esophagectomy associated 
to an extended two-field lymphadenectomy (7-10). Patients 
requiring surgical treatment of esophageal cancer should 
be referred to high-volume centers, especially those with 
established care pathways or enhanced recovery programs 
to improve outcomes including morbidity, mortality, 
survival, and quality of life. Despite the debate over what 
constitutes the best surgical approach (transthoracic versus 
transhiatal) (10), the current question is if a minimally 
procedure could reduce the perioperative morbidity and 
mortality without jeopardizing the oncological results of 
surgery. Since the 1990’, minimally invasive esophagectomy 
(MIE) or hybrid operations are being done in up to 30% of 
procedures internationally. There are consistent data that 
minimally invasive procedures could decrease the incidence 
of respiratory complications and decrease length of hospital-
stay. At this point, oncologic outcomes appear equivalent 
between open and minimally invasive procedures, however 
numerous clinical phase III are ongoing. 

Staging and preoperative assessment

Current management of esophageal cancer is mainly based 
on exhaustive preoperative assessment. The accuracy of 
the preoperative staging is essential as the decisions of 
the tumor board regarding the application of multimodal 
treatment will be directed according to the accuracy and 
the specifics of the clinical staging assessment. Standardized 
assessment of a patient being considered for a curative 
treatment for early or for advanced esophageal cancer 
includes upper endoscopy, high-resolution contrast CT 
scan, FDG-PET scan and EUS (6). 

CT scan provides useful information regarding 

longitudinal extension of the tumor especially with the 
trachea and the aorta (T4B disease). Suspicions of direct 
invasion of the thoracic aorta or the tracheobronchial tree 
should be confirmed with MRI scanning and bronchoscopy 
respectively. FDG-PET scan provides the most accurate 
information regarding potential metastatic disease. As a 
result, FDG-PET scan increases the accuracy for occult 
metastasis as much as 20% over CT scanning alone (11). 
Moreover FDG-PET is considered as a reliable technique 
for post-treatment reassessment and to appreciate the 
response to neoadjuvant therapy (12). However, its specific 
role in this situation has to be confirmed (13). EUS provides 
excellent information with respect to depth of invasion  
(T status), but its ability to discriminate subtle differences in 
T1 disease, i.e., T1a versus T1b, is less exact (14). The meta-
analysis from Young et al. comparing EUS and endoscopic 
mucosal resection (EMR) staging demonstrated that 
EUS predicted accurate depth of tumor invasion in only 
56% of patients (14). Therefore, especially if endoscopic 
treatment is contemplated, staging should include EMR, 
and any indication of submucosal invasion should lead 
to recommendation for surgical resection in appropriate 
candidates. Another limit of the EUS is its ability to 
provide accurate staging after neoadjuvant therapy. In this 
context EUS is strongly limited due to post-treatment 
adherence and fibrosis (15). EUS remains the best modality 
for assessing locoregional lymph node (LN) involvement 
especially when fine needle aspiration biopsy of suspicious 
nodes can be selectively applied to provide specific 
pathologic information and staging (16).

Early stage cancer

Incidence and definitions

Esophageal adenocarcinoma has seen a dramatic increase 
in Europe and in the United States over the last 20 years, 
whereas the rates of SCC of the esophagus has remained 
relatively stable or decreasing in Western countries (1-3). 
This epidemiologic change is mainly due to the increase 
of the Barrett’s Esophagus (BE) in the general population. 
It is currently estimated that 10% of patients with chronic 
reflux have BE (1-3). Today, incidence of BE in the USA 
population may be as high as 5.6% (17,18). In cases of 
patients with high-grade dysplasia (HGD), up to 30% will 
develop EAC within five years. Endoscopic surveillance 
of patient with chronic reflux or known to have BE would 
explain that 20% of all EAC are detected as an early stage 
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(T1) with disease confined to the mucosa or submucosa 
(17,18). For SCC, clinical stage I disease accounts for only 
about 20% of all detected esophageal cancers in Japan (19).

Early stage cancer includes T1a and T1b according to the 
7th edition of the AJCC (20). The T1a includes HGD and 
intramucosal cancer limited to the muscularis mucosa. T1b 
includes cancer invading muscularis mucosa and extending 
to the submucosa. A more comprehensive subclassification 
of early esophageal cancer has been proposed with mucosal 
disease and submucosal disease divided into three categories 
respectively (m1-3, and sm1-3) based on depth of invasion 
(21-23). 

HGD and intramucosal tumor

In HGD or in T1a cancer (including m1-3 tumor), the 
risk of LN disease correlates to the depth of involvement 
of the cancer and to the histological type. For HGD of for 
intramucosal cancer, a systematic review of the surgical 
literature, has reported the rates of occult invasive cancer in 
patients who were undergoing esophagectomy for prophylactic 
treatment of HGD. The pooled average was 12.7% in the 
441 patients who underwent esophagectomy for HGD among 
23 studies (24). The rate of LN involvement for HGD and 
for intramucosal cancer is estimated between 0 to 2%. A 
large retrospective review of 126 T1 adenocarcinomas, of 
which 75 were T1a and 51 T1b, revealed N+ disease of 1.3% 
and 22% respectively (22). Data on superficial SCC have 
shown that m3 cancer, or disease extending to the muscularis 
propria has upwards of 6% risk of LN metastasis (21).  
Additional characteristics which impact the risk of LN 
involvement include vascular invasion, tumor size, and the 
degree of tumor differentiation. 

Given the low risk of LN involvement in mucosal 
disease, there is a general agreement of the reliability and 
of the efficiency of the endoscopic management of early 
stage esophageal cancer confined to the mucosa (T1a). 
Endoscopic resection is, therefore, a potentially curative 
treatment for such lesions. Initially, options included argon 
beam coagulation, laser, and photodynamic therapy. More 
recently, EMR, endoscopic submucosal dissection (ESD), 
radiofrequency ablation (RFA), cryotherapy, and free-hand 
mucosal resection have been increasingly applied (25). 
Because current data on what constitutes the best treatment 
are limited, it seems not possible at the present time to favor 
a technique compared to another (26). However, there is 
global agreement that all visible lesions have to be removed 
by EMR for definitive histopathological staging and to 

ensure adequacy of resection margins. This agreement 
stands on the poor accuracy of EUS to discriminate 
between T1a and T1b. EMR remains the sole technique 
able to stage the degree of invasion into the esophageal 
wall. For intramucosal cancer associated to BE, eradication 
of the metaplasic mucosa must occur to protect against 
potential lesion development. For BE segments that 
measure ≤5 cm and harbor HGD or intramucosal cancer, 
an EMR approach is used. For patients with BE segments 
>5 cm, all focal lesions have to be resected with EMR or 
ESD and the remaining flat BE is ablated using RFA to 
decrease the rate of stricture formation (25).

Submucosal and T2 tumor

In contrast to T1a tumor where LN invasion is uncommon, 
invasive cancers (T1b and T2) which penetrate into the 
submucosa, have a high risk of LN involvement. The 
invasion of the muscularis mucosa seems to be of paramount 
importance for the dissemination to the submucosal 
lymphatic network. There is debate over what constitutes 
the limit of endoscopic resection. Lesions extending into 
only the most superficial submucosal layer staged sm1 seem 
to be critical in this context. A clinical series reported by 
Manner et al. demonstrated that EMR could be used to 
treat “low-risk” submucosal sm1 tumors with low-grade 
tumor differentiation (27). With a mean follow-up of five 
years, there were no tumor-related deaths. However, two 
series reported high rate of nodes positive in sm1 tumor: 
16.5% for Leers and 21% for Sepsesi (22,28). For tumor 
invading beyond sm1, existing literature demonstrates 
that the incidence of LN involvement in patients with 
T1b cancer ranges between 21% and 50% (22,28-30). For 
T2 lesion, a review of the outcomes of this subcategory 
demonstrated that the current approaches to clinical staging 
resulted in accurate pathologic stage in only 13% of cases. 
Of the patients inaccurately staged, 63% were overstaged 
and 37% were understaged. Subsequent recommendations 
for treatment of cT2N0M0 patients involved proceeding 
directly to surgery as this would currently be considered a 
definitive treatment in patients who are accurately staged or 
overstaged. Patients who are discovered to be understaged 
can be considered for adjuvant therapy (31). 

There is a global agreement for T1b and for T2 cancer 
to proceed to surgical resection without neoadjuvant 
therapy that would have a negative effect on survival in this 
context (32). Indications for esophagectomy in early stage 
include all incomplete EMR and all failure of endoscopic 
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therapy. Invasion of tumor into the submucosa is still 
considered a strong indication for esophagectomy, although 
invasion into the superficial third of the submucosa does not 
carry the same LN metastasis risk as the deeper two thirds, 
and potentially could be treated endoscopically (33,34). The 
risk factors to be considered in the management strategy are 
listed in Table 1. These risk factors need to be weighed with 
patient characteristics, patient preferences, available surgical 
expertise, available endoscopic expertise, and surgical 
approach options to decide if esophagectomy or endoscopic 
therapy is appropriate for each case. In this context, a vagal-
sparing esophagectomy has been advocated as an alternative 
to standard resection. Vagal-sparing esophagectomy 
involves removing the esophagus from the mediastinum 
with a stripping device that leaves the vagal nerves and 
the LN in place. In appropriate candidates, vagal-sparing 
esophageal resection has demonstrated advantages over 
standard approaches including maintaining meal size, 

gastric emptying, and BMI (35,36). However, few data are 
available to promote the technique. 

Indication of neoadjuvant therapy in early stage cancer

Esophagectomy remains the standard treatment of early 
stage cancer. There are very few data on the benefits of 
a neoadjuvant treatment for very localized esophageal 
cancer. The Fédération Francophone de la Cancérologie 
Digestive (FFCD) 9901 assessed whether preoperative CRT 
improves outcomes for patients with localized (stages I or II) 
esophageal cancer (32). From 2000 to 2009, 195 patients 
were randomized in 30 French centers: 98 were assigned 
to surgery alone and 97 to neoadjuvant CRT group. 
Postoperative morbidity rates were 49.5% in surgery group 
vs. 43.9% in CRT group (P=0.17). The 30 day-mortality 
rates were 1.1% in surgery group vs. 7.3% in CRT group 
(P=0.054) respectively. After a median follow-up of  
5.7 years, the median survivals were 43.8 in surgery group 
vs. 31.8 months in CRT group [HR 0.92; 95% confidence 
interval (CI), 0.63-1.34; P=0.66]. The conclusion of 
this trial was that neoadjuvant CRT with cisplatin and 
fluorouracil does not improve overall survival but enhances 
postoperative mortality rate for patients with stage I or II 
esophageal cancer compared with surgery alone.

Locally advanced esophageal cancer

Resectable locally advanced esophageal cancer refers to 
T3-T4A or documented LN involvement (N+ disease) 
according to the 7th edition of the AJCC (20). At the 
moment of the diagnosis, vast majority of esophageal tumor 
are found to be locally advanced cancer. Traditionally, 
locally advanced esophageal SCC and adenocarcinoma 
have been managed with surgical resection. Indeed, 
esophagectomy with radical lymphadenectomy seems to 
be the best treatment in terms of achieving local control. 
However, survival was poor, and metastatic disease or 
locoregional recurrence developed in many patients after 
surgery. Poor outcomes after surgery alone and analyses 
of disease recurrence patterns have prompted the addition 
of adjuvant treatment. However, because esophagectomy 
is a major procedure with a high rate of postoperative 
morbidity, multimodal strategy has shifted to neoadjuvant 
treatment. In some cases and especially for SCC, most 
oncologist advocate a definitive CRT as first line treatment 
and reserve surgery as a second therapeutic option in case 
of failure of the definitive CRT. In this case, the surgery 

Table 1 High-risk characteristics leading to consider esophagectomy 
for early stage tumor; adapted from Konda et al. (24)
Endoscopic characteristics

Long-segment BE

Visible lesions with high risk endoscopic characteristics

Polypoid mass

Excavated lesions or ulcers

Evidence of LN involvement by EUS + FNA

Pathological characteristics

Multifocal HGD

Evidence of submucosal invasion (T1B)

Deeper two thirds of the submucosa carries high risk of LN 

metastasis

Moderately or poorly differentiated tumor

Evidence of lymphatic channel invasion

Evidence of vascular invasion

Evidence of neural invasion

Treatment characteristics

Failure of ablation of remainder for Barrett’s epithelium

Incomplete endoscopic mucosal resection

Piecemeal endoscopic resection (as opposed to en bloc 

resection)

Longer time to achieve eradication

BE, Barrett’s esophagus; EUS, endoscopic ultrasound; FNA, 

fine needle aspiration; HGD, high grade dysplasia; LN, lymph 

node.
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consists in a “salvage esophagectomy”. 

Neoadjuvant chemotherapy or CRT

Radiotherapy and chemotherapy could improve survival and 
disease-free survival before surgery. These improvements 
can be seen with several aspects. Both treatments are 
known to improve the control of local or general disease by 
downstaging cancer and increasing the surgical resecability. 
Chemotherapy has the potential to eradicate micromestatstic 
disease by decreasing cancer-cell dissemination. Numerous 
meta-analyses have been performed to increase the accuracy 
of comparisons and better estimate potential benefits of 
neoadjuvant treatment. 

Gebski et al. have reported a meta-analysis that evaluated 
pooled data from clinical trials of neoadjuvant chemotherapy 
and CRT including both adenocarcinoma and SCC (4). 
This analysis combined the results of 10 randomized trials 
of neoadjuvant CRT vs. surgery alone and 8 randomized 
trials of neoadjuvant chemotherapy vs. surgery alone in 
patients with locally resectable esophageal carcinoma. The 
hazard ratio (HR) for all-cause mortality for neoadjuvant 
chemotherapy was 0.90 (95% CI, 0.81-1.00; P=0.05), 
indicating a 2-year absolute survival benefit of 7%. For 
patients with SCC, neoadjuvant chemotherapy did not 
have a survival benefit [HR for mortality 0.88 (0.75-1.03); 
P=0.12]. For the adenocarcinoma group, the survival 
benefit was significant [HR for mortality 0.78 (0.64-0.95); 
P=0.014]. The HR for all-cause mortality with neoadjuvant 
CRT vs. surgery alone was 0.81 (95% CI, 0.70-0.93; 
P=0.002), corresponding to a 13% absolute difference in 
survival at two years. Analysis of the neoadjuvant CRT 
studies that had histology data available found a significant 
benefit over surgery for both histological tumour types: 0.84 
(0.71-0.99; P=0.04) for SCC and 0.75 (0.59-0.95; P=0.02) 
for adenocarcinoma. 

In 2011, Sjoquist et al. have published the latest 
updated meta-analysis (5). The inter-group analysis clearly 
demonstrated strong arguments for CRT compared to CT in 
patients with SCC or adenocarcinoma. The updated analysis 
contained 4,188 patients whereas the previous publication 
included 2,933 patients. They included all 17 trials from the 
previous meta-analysis and seven further studies. This updated 
meta-analysis contains about 3,500 events compared with 
about 2,230 in the previous meta-analysis (estimated 57% 
increase). The HR for all-cause mortality for neoadjuvant 
chemotherapy was 0.87 (0.79-0·96; P=0.005); the HR for SCC 
only was 0.92 (0.81-1.04; P=0.18) and for adenocarcinoma only 

was 0. 83 (0. 71-0.95; P=0.01). The HR for all-cause mortality 
for neoadjuvant CRT was 0.78 (95% CI, 0.70-0.88; P<0.0001); 
the HR for SCC only was 0.80 (0.68-0.93; P=0.004) and for 
adenocarcinoma only was 0.75 (0.59-0.95; P=0.02). The HR 
for the overall indirect comparison of all-cause mortality for 
neoadjuvant CRT versus neoadjuvant chemotherapy was  
0.88 (0.76-1.01; P=0.07).

The Sjoquist’s meta-analysis did not include the latest 
published phase III trial. The “CROSS trial” compared 
the outcome of concurrent CRT (carboplatine,plaxitaxel 
and 41 Gy) followed by surgery and surgery alone (37). 
A pathological complete response was achieved in 47 of 
161 patients (29%) who underwent resection after CRT. 
Postoperative complications were similar in the two 
treatment groups, and in-hospital mortality was 4% in 
both. Median overall survival was 49.4 months in the CRT 
surgery group versus 24 months in the surgery group. 
Overall survival was significantly better in the CRT group 
[HR 0.657 (0.495-0.871; P=0.003)]. 

To summarize, the optimum neoadjuvant treatment 
regimen has not been established, because including western 
and eastern populations, trials used different drugs, doses, 
and schedules of chemotherapy and radiotherapy. However, 
there are strong arguments and a global agreement 
for patients with locally advanced esophageal cancer, 
that neoadjuvant CRT remains strongly recommended 
compared to neoadjuvant chemotherapy alone. 

CRT: sequential or concomitant?

From the Gebski’s meta-analysis, there was no survival 
benefit of sequential CRT for patients with SCC [HR 
for mortality 0.9 (0.72-1.03); P=0.18] (4). The results of 
sequential CRT were similar to that for patients with SCC 
assigned neoadjuvant chemotherapy. Concomitant CRT 
in patients with SCC had a significant benefit [HR for 
mortality 0.76 (0.59-0.98); P=0.04]. On this basis, the use 
of concomitant neoadjuvant CRT is strongly recommended 
compared to sequential CRT.

Neoadjuvant or adjuvant treatment?

The Japan Clinical Oncology Group has conducted 
randomized, two controlled trials to assess potential benefits 
of adding adjuvant therapy to surgery in patients with SCC: 
the JCOG 9204 and the JCOG 9907 (38,39). The JCOG 
9204 study assessed the benefit of postoperative adjuvant 
CT with cisplatin plus 5-FU compared with surgery alone in 
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patients with resectable stage I or II esophageal cancer (38). 
Overall survival did not differ significantly between the 
groups (5-year survival rate 52% vs. 61%; P=0.13). Disease-
free survival was improved significantly in the patients who 
received postoperative CT and especially in N+ patients. In 
the JCOG 9907 study, neoadjuvant CT with cisplatin and 
5-FU was compared with postoperative CT with cisplatin 
and 5-FU in patients with clinical stage II or III esophageal 
cancer (39). Neoadjuvant CT was found to be superior to 
postoperative CT in overall survival. The 5-year survival 
rate was 60% in neoadjvant group vs. 38% in adjuvant 
group (P=0.013). On the basis of these results, neoadjuvant 
chemotherapy followed by radical surgery compared 
to adjuvant strategy is recommended in case of locally 
advanced SCC. 

Neoadjuvant CRT followed by surgery or definitive CRT?

The concept of a definitive CRT was introduced with the 
results of the Radiation Therapy Oncology Group (RTOG) 
8,501 study (40). This trial compared the effect of RT alone 
(64 Gy) to a scheme of a concurrent CRT (cisplatin, 5-FU, 
and radiotherapy 50 Gy). The study included both SCC or 
adenocarcinoma of the esophagus. This study demonstrated 
the strong sensitivity of SCC to a concomitant CRT. 
Concomitant CRT resulted in better overall survival and 
decrease in local failure than RT alone. These results lead a 
Japanese phase II to assess the effectiveness of definitive CRT 
(cisplatin, 5-FU, and classic portal radiation 60 Gy) (41). A 
complete response (CR) was obtained in 68% with a 3-year 
survival rate of 46%. These results were not superior to 
those obtained with conventional surgical resection with or 
without chemotherapy. Two large randomized trials were 
conducted to compare definitive CRT with neoadjuvant 
CRT in esophageal SCC (42,43). In a study performed 
by the German Esophageal Cancer Study Group, the 
2-year overall survival results were similar in the surgery 
(39.9%) and nonsurgery (35.4%) treatment groups (42). 
A disadvantage of neoadjuvant therapy group was early 
postoperative mortality, while the definitive CRT in the 
nonsurgery group was associated with more local relapses. 
These results were confirmed in another large randomized 
study performed by FFCD 9102 study where surgery 
was proposed in responders to CRT. Once again, surgery 
improved local control, but did not improve survival, 
because neoadjuvant therapy was associated with increased 
early mortality (43). An FFCD trial comparing systematic 
surgery vs. salvage esophagectomy in responders after a 

neoadjuvant CRT is ongoing in France and it will provide 
an answer to this important issue. 

On the basis on these results, definitive CRT or 
neoadjuvant CRT followed by surgery seem to have similar 
long-term results. Despite flaws in these studies, surgery 
seems to provide a better local control of the tumor but 
without benefit on long-term outcome. Moreover, this 
benefit is possible at the cost of major surgery and to the 
subsequent postoperative mortality.

The particularity of locally advanced signet ring cell 
adenocarcinoma

Nowadays, in Western countries and for unclear reasons, 
we assist to a dramatic increase in the incidence of 
the diffuse form of esophagogastric adenocarcinoma, 
particularly signet ring cell (SRC) tumors (44,45). Because 
of their infiltrating and aggressive characteristics, SRC 
tumors are often diagnosed at a locally advanced stage, 
with high propensity for peritoneal metastasis and LN 
invasion (46,47). The problem related to this specific 
histological subtype remains its innate chemoresistance 
suggested in gastric cancer (46). In 2010, the FREGAT 
(French Eso-Gastric Tumors) Working Group carried out a 
retrospective multicenter study in France of all consecutive 
esophagogastric cancer treated in 21 centers between 1997 
and 2010. Reporting on more than 1,000 patients, survival 
was significantly shorter in the perioperative chemotherapy 
group compared to surgery alone, a variable identified as 
an independent predictor of poor survival and providing 
evidence of a potential chemoresistance for SRC (47). An 
alternative option has been suggested with the use of a 
neoadjuvant CRT (48). This beneficial advantage of CRT 
was also found in the Sjoquist’s meta-analysis suggesting 
survival benefit when compared with surgery alone (5). 
Recently, the FREGAT working group demonstrated in 
a retrospective study comparing neoadjuvant CRT versus 
surgery alone in stage III advanced SRC, the benefits of such 
strategy. There was evidence of significant tumoral, nodal 
and ypTNM downstaging after neoadjuvant CRT (49).  
In the neoadjuvant group and in the surgery group, 3-year 
overall survival was respectively 51% and 21% (P=0.002). 
The disease recurrence rate was 30.4% in the CRT 
group compared to 59.5% in surgery group (P=0.015) 
respectively. In multivariate analysis the sole independent 
favorable prognostic factor identified was the administration 
of neoadjuvant CRT (OR: 0.41, P=0.020). Furthers 
trials evaluating neoadjuvant therapeutic strategies for 
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esophagogastric tumors need to include stratification on 
SRC histology to prospectively confirm the best treatment 
strategy.

Salvage esophagectomy

In Japan and in Western countries, medical and radiation 
oncologists have reported satisfactory results with definitive 
CRT thus blurring the boundaries of traditional treatment 
strategies. Burned by unsatisfying related-treatment 
mortality of surgery, definitive CRT is now considered 
as treatment option in potentially resectable patients. 
This has been also motivated by the 15-30% of complete 
response in the resected specimen after neoadjuvant 
therapy (5). However, local failure after definitive CRT 
remains problematic. Persistent or recurrent local disease 
after definitive CRT remains the greatest drawback of 
this strategy: 11-26% of patients do not exhibit any 
morphologic tumor response leading to a dismal prognosis 
with a median survival at nine months (50). For a subset of 
carefully selected patients, salvage esophagectomy remains 
the only curative option. 

Locoregional recurrence is defined as tumor detected 
more than three months after CRT. Persistence is defined 
by tumor detected within three months in the same site (51). 
Unfortunately, locoregional control is often quite poor 
with definitive CRT, and 40% to 60% of the patients have 
persistent or relapsed tumor at the primary site within one 
year (43). In this way, salvage esophagectomy stands out 
as the logical answer for selected patient who received up 
to 50 Gy of radiation and who are physiologically fit for 
salvage operation. They can be offered a salvage surgery, a 
procedure intended to rescue them from an isolated local 
failure after definitive CRT. Local problems can be related 
to a neoplastic disease but can also be due to a local toxicity 
or a mechanical complication. 

Previous studies have demonstrated the feasibility of 
the salvage esophagectomy (50-59). These data suggested 
that despite the increased morbidity and mortality, a 

subset of patients were cured after salvage esophagectomy 
with an acceptable long-term outcome. The decision 
to proceed with salvage esophagectomy is problematic 
and each individual case must be considered. Because 
of the fibrosis due to the high dose of radiotherapy, 
histological confirmation of the malignancy is difficult 
to obtain, in less 60% of cases (59). Because the high 
postoperative mortality, selection of these patients and 
indications of this salvage procedure must be considered 
after careful consideration. Initial studies examining the 
utilization of ‘salvage esophagectomy’ indicated that these 
procedures were associated with significant increases 
in operative mortality, respiratory and anastomotic 
complications and increased length of ICU and in-
hospital stay (50-60). A recent pooled-analysis of more 
than eight studies comprising 954 patients revealed that 
salvage esophagectomy resulted in significant higher 
mortality and morbidity rate (Table 2). Salvage resection 
was associated with a significantly increased incidence of 
post-operative mortality, anastomotic leak, pulmonary 
complications and an increased length of hospital stay (60).  
Much of this concern originated from a historical 
impression that surgical resection outside of 4-8 weeks 
following radiotherapy or CRT was more technically 
challenging and associated with increased postoperative 
morbidity and mortality. This opinion has recently been 
challenged (61) and there are now several publications 
demonstrating that selected utilization of salvage surgery 
in patients who have failed definitive CRT for SCC can 
be done with acceptable levels of both mortality and 
morbidity (51,54,59). Special attention has to be paid 
of the volume dose of radiation. Salvage surgery is a 
highly invasive and morbid operation after a volume dose 
of radiation exceeding 55 Gy (59). It should be noted, 
however, that a randomized clinical trial that assessed 
long-term outcomes indicated that definitive radiation 
chemotherapy had the potential for producing progressive 
deterioration in pulmonary function when compared to 
surgery alone (61).

Table 2 Pooled-analysis of salvage esophagectomy versus planned resection; adapated from Markar et al. (60)

Salvage esophagectomy 

N=242 (%)

Planned esophagectomy 

N=712 (%)
POR CI P

Postoperative mortality 9.5 4.1 3.02 1.64-5.58 <0.001

Anastomotic leakage 24.0 14.5 1.59 1.24-3.22 0.005

Respiratory complications 29.8 17.0 2.12 1.47-3.05 <0.001

POR, pooled odd ratio; CI, confidence interval.
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Minimally invasive esophagectomy (MIE)

Over the last decades, MIE has expanded worldwide. It is 
estimated that between 15-30% of all esophagectomies use 
nowadays such procedures (62,63). MIE includes a huge 
mix of several techniques including hybrid techniques, full 
MIE and robotic surgery (64). There are now centers who 
are publishing consecutive series of over 1,000 minimally 
invasive procedures (65). The most appropriate approach to 
the esophagectomy will vary from center to center, and the 
decision should be based on adapting the surgical approach 
to individual physiologic and tumor-related issues in each 
patient and referring to centers who have achieved and 
documented acceptable baseline outcomes (66). It seems 
likely that importance of MIE will exceed hybrid techniques 
that have been probably at the onset of the training and the 
development of the techniques. 

 There are currently one prospective controlled trial 
and numerous uncontrolled retrospective comparisons 
of open versus minimally invasive operations (67-75). All 
demonstrate the beneficial advantages of the minimally 
invasive procedures requiring more operative time but 
being associated with less blood loss and potentially less 
respiratory complications with a reduced hospital stay. In 
the TIME trial (67) (Table 3), 56 patients were assigned 
to open esophagectomy and 59 to a MIE. Sixteen (29%) 
patients in the open esophagectomy group had pulmonary 
infection in the first two weeks compared with five (9%) in 
the minimally invasive group. Nineteen (34%) patients in 
the open esophagectomy group had pulmonary infection 
in-hospital compared with seven (12%) in the minimally 
invasive group. For in-hospital mortality, one patient in the 
open esophagectomy group died from anastomotic leakage 

and two in the minimally invasive group from aspiration 
and mediastinitis after anastomotic leakage. Although 
operating time was significantly longer in the MIE group 
than in the open esophagectomy group, blood loss was 
lower for patients undergoing the minimally invasive 
procedure. Hospital stay in the MIE group was significantly 
shorter than that in the open group. These data had been 
confirmed by others meta-analyses of case control studies 
performed to date (68-72).

If the feasibility of MIE seems to be confirmed, the 
main drawback of the current knowledge in this context 
remains that MIE have been poorly investigated in term of 
standardized oncologic criteria’s such as survival, disease-
free survival or number of LN retrieved. A recent extensive 
review of evidence-based surgical treatment of esophageal 
cancer has highlighted the potential advantages of MIE, but 
also cautioned that there may be a ‘patient selection bias’ in 
that patients with less comorbidities and earlier tumors may 
be more prevalent in reports of the early experience of MIE. 
In addition, there could also be a ‘publication bias’ in that the 
published results of minimally invasive surgery will be from the 
most experienced and successful centers, while other centers 
who have attempted the transition to minimally invasive 
techniques with poorer outcomes are less likely to publish (72). 
In contrast, in the same period that has seen the widespread of 
MIE, there have been significant improvements in anesthesia, 
in perioperative management and in standardized esophageal 
clinical pathways, resulting in a more difficult interpretation of 
these potential benefits of the MIE (73). 

The best information available on oncologic outcome 
after MIE comes from a meta-analysis from Dantoc  
et al. (69,70). This review focused on the oncologic merits 
of MIE techniques compared with conventional open 

Table 3 Main results of the first randomized control trial of open esophagectomy versus MIE (67)

Open esophagectomy N=56 MIE N=59 P

Primary outcomes

Pulmonary infections within two weeks 16 (29%) 5 (9%) 0.005

Pulmonary infection in-hospital 19 (34%) 7 (12%) 0.005

Secondary outcomes

Hospital stay days [range] 14 [1-120] 11 [7-80] 0.044

Operative time min [range] 299 [66-570] 329 [90-559] 0.002

Blood loss mL [range] 475 [50-3,000] 200 [20-1,200] <0.001

VAS (10 days) 3 [2] 2 [2] 0.001

Vocal cord paralysis (%) 8 (14%) 1 (2%) 0.012

MIE, minimally invasive esophagectomy; VAS, visual analogue scale pain score. 
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techniques. In the analysis of the data procured from 16 
separate case control studies, the capability of surgeons 
to perform an adequate lymphadenectomy using MIE 
was established. Evidence points to the capacity of MIE 
techniques for greater LN yield owing to better visualization 
of the operative field. In addition, the authors found no 
statistically significant difference in survival rates between 
open procedures and MIE. In comparing East vs. West, 
Western centers had a statistically better LN yield with open 
vs. MIE, but the difference was not significant in Eastern 
centers. On survival, Eastern and Western centers showed no 
statistically significant survival advantage for MIE. Finally, 
although a lack of standardized and controlled data limits the 
methods used in this study, the evidence suggests that the use 
of MIE was no better or worse in achieving similar oncologic 
outcomes than were open techniques. Further randomized 
controlled studies are needed to provide credible clinical 
evidence of the oncologic outcomes of open techniques 
vs. MIE. Thus, two others phase III trials are currently 
recruiting and are ongoing: the French’ MIRO trial (74) and 
the Netherlands’ ROBOT trial (75). 

Conclusions

Management of esophageal cancer has been refined since 
the last decades. What is clear, is surgery continue to 
play a pivotal role in the treatment of the disease, alone 
or in combination of multimodal approach. Progress in 
anesthesia and in surgery has lead to significant decrease 
of the mortality rate. These improvements in mortality 
can be seen on national levels in either Western or Eastern 
countries. Mortality rate of 5% and even under 2% in 
some experienced centers are increasingly being seen and 
expected. The progress made in surgery lead surgeons 
to consider minimal techniques to reduce morbidity and 
mortality of such high-risk procedures. New techniques 
of MIE and robotic surgery in a near future will provide 
opportunity to push the boundary of the indications in very 
selected group of patients. Based on an commitment of 
respect the oncological principles including at least a two-
stage LN dissection and a specific surgical planning targeted 
to achieve an R0 resection, these minimal techniques have 
to provide satisfactory results in term of early and long-term 
outcome without jeopardizing the disease-free survival. 
MIE will exceed hybrid techniques and will be compared to 
robotic esophagectomy. A high-degree of qualification with 
a high-level of expertise in a high-volume centers seem to 
be crucial in this context. 
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