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(p  =  0.202). Overall median survival was 38.4  months. 
Survival after TAE was significantly longer than after THG 
(median OS not reached versus 33.6  months, p  =  0.02). 
Multivariate analysis revealed pN-category (p < 0.001) and 
type of surgery (p = 0.017) as independent prognostic fac-
tors. The type of surgery was confirmed as prognostic fac-
tor in locally advanced AEG II (cT 3/4 or cN1), but not in 
cT1/2 and cN0 patients.
Conclusions Our single-center experience suggests that 
patients with (locally advanced) AEG II tumors may ben-
efit from TAE compared to THG. For further evaluation, a 
randomized trial would be necessary.
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Introduction

The worldwide incidence of esophageal cancer has been 
increasing in the past decades. The rise is mainly triggered 
by an increase of adenocarcinomas of the esophagogastric 
junction (AEG) [1, 2]. This entity is classified according to 
Siewert into three types with respect to localization relative 
to the esophagogastric junction (EGJ) [3]. Although 
AEG I are adenocarcinoma of the distal esophagus with 
the center located within 1 and 5  cm above the anatomic 
EGJ [4], AEG type II tumors are considered “true” cardia 
carcinomas with a tumor center within 1  cm above and 
2 cm below the EGJ and with components of both gastric 
and esophageal carcinomas [5]. AEG type III tumors 
arise from the gastric mucosa [6]. Because of a higher 
frequency of involvement of thoracic lymph nodes in 
AEG I, the common surgical approach to these tumors is 
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a thoracoabdominal esophagectomy (TAE) [7]. For AEG 
III tumors, transhiatal extended gastrectomy (THG) is 
proposed as the method of choice [8]. The optimal surgical 
strategy for AEG type II tumors remains unclear, some 
authors preferring an abdominal approach with THG, and 
other authors preferring a TAE [9–15]. In addition there are 
different possibilities for the surgical approach for TAE. In 
Western countries the standard approach is a right-sided 
thoracotomy (Ivor–Lewis procedure), whereas in Asian 
countries the approach is done by a left-sided thoracotomy. 
Some authors have postulated that TAE is more invasive, 
resulting in more complications and a longer hospital stay 
as well as in reduced quality of life [16, 17]. Still more 
important is to investigate the impact on prognosis. Thus 
far, the question whether survival of patients with AEG II 
is better after esophagectomy or after extended gastrectomy 
remains unsolved.

The standard of care for locally advanced AEG II 
in Europe is perioperative chemotherapy [18, 19] or 
neoadjuvant chemoradiotherapy [20–22]. Both treatment 
regimens have been shown to improve prognosis in 
comparison to surgery alone. However, no data exist 
favoring one approach over another [23]. Thus, there are 
multiple open questions regarding the optimal treatment for 
AEG II tumors with respect to perioperative treatment and 
surgical concepts.

The aim of this study is to analyze the perioperative 
as well as the long-term outcome of patients with AEG 
II undergoing either TAE or THG in our center. To our 
knowledge, this study is the largest series including 
exclusively AEG II patients.

Materials and methods

The analysis is performed from an institutional, 
prospectively maintained database including n  =  1289 
patients with carcinoma of the esophagus or stomach 
having been treated in the Department of Surgery at the 
University of Heidelberg from 2001 to 2015.

Inclusion criteria were AEG II (tumor center within 
1 cm proximal and 2 cm distal of the EGJ) resected with 
curative intent. Patients who only underwent exploratory 
laparotomy or palliative surgery were excluded from the 
analysis.

Approval was obtained from the institutional Ethics 
Review Board of the University of Heidelberg.

Preoperative staging

Preoperative staging included computed tomography of the 
chest, abdomen, and pelvis as well as upper gastrointestinal 
endoscopy with biopsies for histopathological confirmation 

of diagnosis and an additional endoscopic ultrasound 
in most of the patients. The diagnosis of an AEG II 
was done endoscopically, but diagnosis was confirmed 
intraoperatively. Patients for whom diagnosis of an AEG II 
could not be confirmed during surgery were not included in 
the analysis.

Surgery

Tumor resection was performed with either a 
thoracoabdominal approach via a median laparotomy and a 
right-sided thoracotomy for esophagectomies (Ivor–Lewis 
procedure) [24] or an abdominal approach with median 
laparotomy for transhiatal extended gastrectomies with 
distal esophagus resection. Regular reconstruction 
for TAE was done by gastric tube construction and 
esophagogastrostomy [25, 26], alternatively by fundus 
rotation gastroplasty [27, 28] and end-to-side circular 
stapler anastomosis at the level of the azygous vein. In 
cases in which a gastric tube or fundus rotation gastroplasty 
was not feasible, reconstruction was done by colon 
interposition in two cases and esophagojejunostomy in one 
case. For THG in addition to total gastrectomy, the hiatus of 
the diaphragm was split to perform a distal esophagectomy 
as well as a lymphadenectomy in the lower mediastinum. 
Reconstruction was done by esophagojejunostomy (with 
localization in the lower mediastinum) and Roux-en-Y 
anastomosis.

Lymphadenectomy was performed according to current 
guidelines [29] including a D2-lymphadenectomy and a 
dissection of the lymph nodes of the lower mediastinum in 
THG and a two-field lymphadenectomy in TAE.

The decision for one procedure over the other was 
taken preoperatively according to preoperative diagnostic 
findings or in some cases intraoperatively by the surgeon. 
There were no systematic tools for decision making. A bias 
arising from a patient’s condition cannot be ruled out.

Perioperative treatment

In locally advanced tumors, neoadjuvant treatment was 
recommended as the standard of care after 2006 to all 
patients with locally advanced tumors; there were some 
patients who still preferred primary resection. In total, 120 
patients were treated with neoadjuvant chemotherapy; of 
those, 118 patients met the criteria for a locally advanced 
carcinoma (cT 3/4 or cN+). For 2 patients, information 
about exact clinical staging was missing, and for 17 patients 
the preoperative treatment was discontinued prematurely 
because of toxicity or nonresponse.

The remaining 122 patients were primarily resected. 
Table  1 summarizes types of preoperative treatment 
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regimens. We could not find any differences between the 
two study groups.

Histopathological assessment

The histopathological workup was done by pathologists 
experienced in upper gastrointestinal tract carcinomas. 
Tumors were classified according to the TNM 
classification, 7th edition (2010). Tumors of patients having 
been treated before 2010 were reclassified according to the 
new TNM classification. Histopathological response was 
graded according to Becker et al. [30–32].

Perioperative complications

Perioperative complications were assessed prospectively 
and retrospectively classified according to Clavien–Dindo 
[33].

Follow‑up

Most patients were followed on an outpatient basis in the 
National Center for Tumor Disease (NCT) in Heidelberg. 
If patients decided to be followed elsewhere, they were 
contacted by phone to obtain follow-up data.

According to the actual German guidelines (S3 
Leitlinie), a systematic follow-up with a specified follow-up 
schedule and routine diagnostic is not recommended. 
Therefore, for some patients follow-up diagnostics were 
only performed in case of symptoms. Patients who were 
followed in the NCT Heidelberg were followed regularly 
every 3 months during the first year, every 6 months during 
the second and third, year and once per year thereafter until 
a follow-up of 5 years.

Statistical analysis

Statistical analysis was done with IBM SPSS statistics 
18.0 (Mac). Continuous variables are presented as 
median (range) and compared with the Mann–Whitney 
U test; ordinal values are compared with the chi-square 
test. Survival is counted from time of diagnosis to death, 
survival curves are estimated with the Kaplan–Meier-
method, and difference in survival is tested by the log-
rank-test. A p value <0.05 was considered as statistically 
significant.

Univariate and multivariate analysis was done by 
the Cox stepwise proportional hazard model (forward 
conditional hazard model). The backward conditional 
hazard model was used for confirmation of independent 
prognostic factors. Significant univariate factors as well as 
all factors with p < 0.2 in univariate analysis were included 
in the multivariate analysis.

Results

Of the patients, 242 patients with AEG II were identified 
in our prospectively kept database, of whom 56 (23.1%) 
underwent TAE (n = 43 gastric tube reconstruction, n = 10 
fundus rotation gastroplasty, n  =  2 colon interposition, 
n = 1 esophagojejunostomy) and 186 (76.9%) had a THG 
with esophagojejunostomy in the lower mediastinum and 
reconstruction with Roux-en-Y anastomosis.

Preoperative patient characteristics according to the 
two surgical procedures are presented in Table 2a. Patient 
groups were comparable at baseline with the exception of 
age.

Patients older than 70 years were more often resected by 
THG (p = 0.003). Clinical staging did not differ between 
the gastrectomy group and the esophagectomy group.

The length of esophageal invasion of the tumor did 
not differ significantly between the two treatment groups 
(p = 0.241). Median length of the esophagus of the THG 
group was 0.9 cm (range, 0–8.4 cm), and that of the TAE 
group, 1.5 cm (range, 0–13 cm).

Also, no difference could be found for the ASA 
classification, patients with severe comorbidities, or the 
percentage of patients undergoing neoadjuvant therapy. Of 
the patients with cT3/4 or cT2 and positive lymph nodes, 
55.8% in the THG group and 66.0% in the TAE group were 
treated by neoadjuvant chemotherapy (p = 0.215). Patients 
who did not undergo neoadjuvant treatment despite locally 
advanced tumor stage were either resected before 2006 or 
were primarily resected according to medical reasons or 
patients’ wish.

Complications (including minor and major complica-
tions) occurred in 47.3% after THG and in 57.1% after 

Table 1  Overview of the different schemes of chemotherapy in the 
neoadjuvant setting

THG transhiatal extended gastrectomy; TAE thoracoabdominal 
esophagectomy; CF cisplatin, 5-FU; FLO 5-FU, leucovorin, 
oxaliplatin; EOX epirubicin, oxaliplatin, xeloda (capecitabin); ECF 
epirubicin, cisplatin, 5-FU; DCF docetaxel, cisplatin, 5-FU; FLOT 
5-FU, leucovorin, oxaliplatin, docetaxel; RCTx radiochemotherapy

THG TAE p

Chemotherapy regimen
Platin containing CTx (CF, FLO) 15 (17.2%) 2 (6.1%) 0.416
Platin + epirubicin (EOX, ECF) 32 (36.8%) 13 (39.4%)
Platin + taxane (DCF) 5 (5.7%) 1 (3.0%)
FLOT 29 (33.3%) 15 (45.5%)
RCTx 3 (3.4%) 2 (6.1%)
Other 3 (3.4%) 0 (0%)
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TAE (p  =  0.197). Overall, there was no difference in 
complication rates, especially no significant difference 
in anastomotic leakage (11.8% THG versus 14.3% TAE, 
p  =  0.625) or pulmonary complications (28.2% versus 
33.3%, p = 0.494) and cardiac complications (16.0% ver-
sus 25.5%, p = 0.133). Furthermore, severe complications 
(Clavien–Dindo >3a) were comparable in both groups 
(19.4% versus 28.6%, p  =  0.141). The 30-day mortality 
and in-hospital mortality did not differ (2.7%/4.5% versus 
5.4%/5.4%; p = 0.711).

Table 2  Patient characteristics

THG TAE p

(a) Preoperative characteristics
Sex
 Female 48 (26.8%) 8 (14.3%) 0.073a

 Male 138 (74.2%) 48 (85.7%)
Age
 <70 years 124 (66.8%) 49 (87.5%) 0.003a

 ≥70 years 62 (33.2%) 7 (12.5%)
ASA
 1 4 (2.2%) 1 (1.8%) 0.996a

 2 83 (45.6%) 25 (45.5%)
 3 91 (50.0%) 28 (50.9%)
 4 4 (2.2) 1 (1.8%)

Neoadjuvant therapy (cN+ or cT3/4)
 Yes 87 (55.8%) 31 (66.0%) 0.215a

 No 69 (44.2%) 16 (34.0%)
cT
 1 6 (3.2%) 2 (3.6%) 0.524a

 2 26 (14.0%) 6 (10.7%)
 3 128 (74.9%) 43 (76.8%)
 4 19 (90.5%) 2 (3.6%)

cN
 0 61 (32.8%) 21 (37.5%) 0.569a

 1 119 (64.0%) 32 (57.1%)
(b) Pathological staging
Laurén
 Intestinal 106 (68.4%) 19 (48.7%) 0.022a

 Nonintestinal 49 (31.6%) 20 (51.3%)
(y)pT
 0 6 (3.2%) 4 (7.1%) 0.32a

 1 15 (8.1%) 6 (10.7%)
 2 19 (10.2%) 9 (16.1%)
 3 112 (60.2%) 26 (46.4%)
 4 34 (18.3%) 11 (19.6%)

(y)pN
 0 54 (29.0%) 19 (33.9%) 0.282a

 1 35 (18.8%) 15 (26.8%)
 2 34 (18.3%) 10 (17.9%)
 3 63 (33.9%) 12 (21.4%)

(y)pM
 0 162 (87.1%) 51 (91.1%) 0.204a

 1 24 (12.9%) 5 (8.9%)
R
 0 158 (85.9%) 47 (83.9%) 0.719a

 1/2 26 (14.1%) 9 (16.1%)
Number of dissected LN
 Median (25;75 

percentile)
24 (18.0;29.5) 24 (20.0;29.0) 0.88b

Number of positive LN (in case of pN+)
 Median (25;75 

percentile)
3 (0;10) 2 (0;6) 0.096b

THG transhiatal extended gastrectomy, TAE thoracoabdominal 
esophagectomy, LN lymph node
a Chi-square test
b Mann–Whitney U test

Table 2  (continued)

THG TAE p

LN ratio
 0 54 (29.0%) 19 (33.9%) 0.202a

 <20% 51 (27.4%) 20 (35.7%)
 >20% 81 (43.5%) 17 (30.4%)

(c) Perioperative outcome
Postoperative complications
 Yes 88 (47.3%) 32 (57.1%) 0.197a

 No 98 (52.7%) 24 (42.9%)
Surgical complications
 Yes 52 (28.0%) 20 (35.7%) 0.266a

 No 134 (72.0%) 36 (64.3%)
Clavien–Dindo >3a
 Yes 36 (19.4%) 16 (28.6%) 0.141a

 No 150 (80.6%) 40 (71.4%)
Anastomotic leakage
 Yes 22 (11.8%) 8 (14.3%) 0.625a

 No 164 (88.2%) 48 (85.7%)
Pulmonary complications
 Yes 46 (28.2%) 16 (33.3%) 0.494a

 No 117 (71.8%) 32 (66.7%)
Cardial complications
 Yes 26 (16.0%) 12 (25.5%) 0.133a

 No 137 (84.0%) 35 (74.5%)
30-day mortality
 Yes 5 (2.7%) 3 (5.4%) 0.327a

 No 181 (97.3%) 53 (94.6%)
In-hospital mortality
 Yes 8 (4.3%) 3 (5.4%) 0.711a

 No 178 (95.7%) 53 (94.6%)
Hospital stay (days)
 Median (25;75 

percentile)
15.5 (12.0;23.0) 19 (15.25;29.0) 0.004a
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Patients after gastrectomy were hospitalized for a 
median of 15  days, whereas patients after esophagec-
tomy had a median hospital stay of 19  days (p  =  0.004) 
(Table 2b).

Most patients had (y)pT3 tumors (60.2% THG, 46.4% 
TAE), and the majority had lymph node metastases 
(71.0% THG, 66.1% TAE). Complete tumor resection (R0 
category) could be achieved in 83.9% in the gastrectomy 
group and 85.9% in the esophagectomy group (p = 0.719). 
Distant metastases were present in 12.9% (THG) and 
8.9% (TAE) (p  =  0.422). Resection of distant metastasis 
was done in an individual curative concept in respect of 
young age and excellent performance status after a good 
clinical response to preoperative treatment as before 
[34]. Of the patients with metastatic disease, 50% (THG) 
and 60% (TAE) underwent a complete tumor resection 
(p = 0.684). The median number of resected lymph nodes 
was 24 in both groups; there was no significant difference 
in the lymph node ratio (positive/resected lymph nodes) 
(p = 0.202) (Table 2c).

Survival

Overall median survival (MS) for all patients was 
38.4 months (95% CI, 27.4; 49.5) with a 3-year survival of 
53.0% and a 5-year survival of 42.8%.

Median follow-up of the surviving patients was 
42.4 months.

Patients after THG had significant shorter survival times 
than patients after TAE (MS 33.6 months after THG, 95% 

CI, 23.8; 43.4, versus not reached after TAE, p = 0.02). The 
3- and 5-year survival rates were significantly lower (48.5% 
versus 69.6%; 38.8% versus 57.5%; p = 0.02) (Fig. 1a).

Also, disease-specific survival differed significantly 
after THG and TAE (3- and 5-year survival, 54.5% and 
44.8% after THG versus 87.6% and 79.1% after TAE, MS 
44.2  months after THG (95% CI, 30.0; 58.5) versus not 
reached after TAE, p = 0.002).

Significant prognostic factors for survival by univariate 
analysis were age (p  =  0.016), cT-category (p  =  0.018), 
cN-category (p  =  0.006), pT-category (p  =  0.030), and 
pN-category (p  <  0.001), distant metastasis (p  =  0.005), 
and R-status (p = 0.01). Neoadjuvant treatment in case of 
cT3/4, cN(any) or cTany cN+ resulted in better survival 
(p  =  0.024). Pathological response (Becker regression 
score) had no significant impact on survival times.

Multivariate analysis by Cox proportional hazard model 
was done in the cohort of patients younger than 70 years, 
as only a few older patients were resected by TAE. 
Multivariate analysis including all univariate significant 
factors (and all factors with p < 0.2) revealed pN-category 
(p < 0.001), pT-category (p = 0.031), and type of surgery 
(p = 0.005) as independent prognostic factors. Hazard ratio 
for death for THG versus TAE was 2.5 (95% CI, 1.3; 4.7), 
Table 3.

As the decision for the type of surgery has to be made 
before knowing the exact pathological staging, a subgroup 
analysis for the impact on survival of THG versus TAE was 
performed according to the clinical staging. The prognostic 
impact of type of surgery was present in locally advanced 

Fig. 1  a Survival according to the type of surgery (p = 0.02). b Survival according to the type of surgery in R0 resected and pM0 patients 
(p = 0.046). TAE thoracoabdominal esophagus resection, THG transhiatal extended gastrectomy
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Table 3  Prognostic factors and multivariate analysis

Characteristics Median survival 95% CI p (univariate) HR (univariate) 95% CI HR (multivariate) 95% CI p (multivariate)

ASA
 1 Not reached 0.719a Reference
 2 39.9 25.5;54.2 0.79 0.19;3.2
 3 37.5 17.8;57.2 0.95 0.23;3.9
 4 19.1 13.2;25.1 1.36 0.25;7.45

Age
 <70 years 41.8 11.3;19.6 0.016a Reference
 ≥70 years 18.8 2.3;14.2 1.59 1.09;2.32

cT
 1 Not reached 0.018a,b Reference 0.140c

 2 89.9 31.9;147.8 4.26 0.56;32.4
 3 38.0 25.6;50.4 6.83 0.95;49.15
 4 19.9 9.2;30.7 11.83 1.53;91.37

cN
 0 93.8 23.7;163.9 0.006a,b Reference 0.125c

 1 19.4 14.0;38.7 1.93 1.28;2.92
(y)pT
 0 Not reached 0.03a,b 1.19 0.24;5.9 1.48 0.15;14.31 0.736c

 1 Not reached Reference Reference 0.031c

 2 47.0 14.6;79.4 1.56 0.58;4.15 1.39 0.44:4.39 0.577c

 3 38.5 24.1;52.9 2.22 0.96;5.15 0.61 0.21;1.75 0.354c

 4 19.9 18.5;21.4 3.25 1.35;7.8 1.43 0.48;4.24 0.520c

(y)pN
 0 106.1 76.4;135.7 <0.001a,b Reference Reference <0.001c

 1 47.0 0;97.3 2.13 1.14;4.01 1.71 0.7;4.16 0.235c

 2 24.0 15.3;32.7 3.65 1.97;6.75 7.3 3.0;17.79 <0.001c

 3 19.9 16.0;24.0 5.12 2.94;8.92 8.83 3.94;19.81 <0.001c

pM
 0 41.8 19.4;64.2 0.005a,b Reference 0.064c

 1 19.7 17.2;22.8 2.02 1.21;3.37
R
 0 44.2 23.1;65.4 0.010a,b Reference 0.136c

 1 or 2 21.3 15.0;27.7 1.8 1.15;2.83
Laurén
 Intestinal 38.4 23.6;53.2 0.656a Reference

Nonintestinal 34.0 13.3;54.8 1.18 0.79;1.77
Type of surgery
 THG 33.6 23.8;43.4 0.02a,b 1.88 1.11;3.19 2.5 1.33;4.75 0.005c

 TAE Not reached Reference Reference 0.005c

Neoadjuvant 
chemotherapy

 Yes 19.2 9.5;28.8 0.024a Reference
(cN+ or cT3/4)
 No 39.9 12.7;67.1 1.67 1.1;2.5
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tumors according to clinical staging (cT3/4, p = 0.018 and 
cN1, p  =  0.006), but not for cT1/2, p  =  0.941 and cN0 
patients, p  =  0.720 (Fig.  2a–d). As usually only patients 
with locally advanced tumors undergo a neoadjuvant ther-
apy, the type of surgery only was a significant prognostic 
factor in patients after neoadjuvant therapy (p  =  0.004) 
(Fig. 3).

Additional survival analysis was performed for patients 
who were younger than 70 years, as only 6 patients older 
than 70  years were resected by TAE. In the subgroup of 
the patients younger than 70  years survival also differed 
significantly between THG and TAE (3- and 5-year 
survival, 51.5% and 40.1% after THG versus 71.8% and 
60.2% after TAE, MS 37.5  months (95% CI, 29.8;45.4) 
versus not reached, p = 0.043).

Considering only patients without distant metastasis 
(M0) and complete tumor resection (R0) as the subgroup 
of patients with a complete and curative surgery, survival 
did also differ between THG and TAE: 3- and 5-year 
survival, 56.2% and 44.9% versus 75.9% and 63.0%, MS 
41.8 months after THG (95% CI, 28.6;55.0) versus MS not 
reached after AT, p = 0.046 (Fig. 1b).

Recurrence rate after THG was 46.5% versus 29.7% 
after TAE (p = 0.069). Local recurrence rate did not differ 
significantly (17.1% versus 12.8%, p  =  0.528), nor did 
recurrence of lymph node metastasis (10.9% and 11.4%, 
p = 0.927), distant metastasis (31.9% and 18.2%, p = 0.08), 
or peritoneal carcinomatosis (9.6% and 2.3%, p = 0.117).

Median recurrence time after THG was 22.4  months 
(95% CI, 10.5; 34.2); median recurrence time after TAE 
was not reached (p = 0.018).

Discussion

This study was performed to evaluate the optimal sur-
gical approach for AEG II. Despite multiple studies [8, 
35–40], the discussion is still ongoing whether the “true” 

carcinoma of the cardia should be resected in accordance 
to a carcinoma of the esophagus or stomach. Most of the 
studies are of a heterogeneous design, summarizing dif-
ferent surgical approaches under esophagectomy and gas-
trectomy and including not only AEG II but AEG I–III.

In our department patients with AEG II were resected 
either by thoracoabdominal esophagectomy by right-sided 
approach (Ivor–Lewis procedure) or by gastrectomy with 
transhiatal extension and resection of the distal esophagus. 
No standardized selection criteria were in place to define 
which operation was performed on which patient. Patients 
were comparable at baseline including tumor stage, ASA 
classification, and comorbidities. However, we cannot rule 
out a selection bias as fewer patients older than 70  years 
underwent a thoracoabdominal approach. Previously we 
have shown that age does not influence survival in our 
patient cohort [41], yet in this cohort patients who were 
older than 70  years at the time of diagnosis had shorter 
survival times. As only a few patients older than 70 years 
were resected by TAE, we performed a subgroup analysis 
including only patients younger than 70  years for better 
comparability, confirming the prognostic influence of the 
type of surgery for this subgroup, and we identified the 
type of surgery as an independent prognostic factor in 
multivariate analysis in the cohort of patients younger than 
70 years.

However, because of the individually planned surgical 
strategy for each patient and the nonrandomized design, 
we cannot exclude unequal distribution of yet unknown 
confounders. Additionally, the localization and definition of 
AEG II were made preoperatively based on the endoscopy 
results and confirmed intraoperatively. The definition of the 
exact tumor center is difficult and potentially subjective, 
but remains a clinical problem with which surgeons have to 
cope when planning the operative procedure.

Some authors claim that TAE is more invasive and 
consequently results in more postoperative complica-
tions and a higher postoperative mortality [8]; pulmonary 

THG transhiatal extended gastrectomy, TAE thoracoabdominal esophagectomy, NC not calculated
a Log-rank-test
b All univariate significant factors and factors with p  <  0.2 in univariate analysis were included in multivariate analysis forward analysis 
(excluding neoadjuvant therapy as it was only significant for a subgroup of patients and age because multivariate analysis was performed in the 
subgroup of patients younger than 70 years). All significant factors in multivariate analysis by forward analysis were confirmed by backward 
analysis
c Cox regression, forward proportional hazard model

Table 3  (continued)

Characteristics Median survival 95% CI p (univariate) HR (univariate) 95% CI HR (multivariate) 95% CI p (multivariate)

Tumor regression

 1a/b 66.6 NC 0.668 Reference
 2 or 3 38.5 20.4;56.6 1.55 0.61;3.96
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complications especially seem more frequent [24]. We were 
unable to demonstrate a difference in perioperative morbid-
ity and mortality between the two procedures, in line with 
results from other studies [37, 38, 40].

We included reconstruction with gastric tube as well 
as fundus rotation gastroplasty for TAE in this analysis. 
Actual standard reconstruction for TAE is gastric tube in 

our department. A subgroup analysis only for fundus rota-
tion gastroplasty was not possible because sample size was 
limited (n = 10). However, survival analysis was performed 
for THG versus TAE with gastric tube reconstruction, con-
firming longer survival times after TAE (p = 0.002).

The thoracoabdominal approach leads to a more exten-
sive lymphadenectomy in the mediastinum as well as to 

Fig. 2  a Survival according to the type of surgery in cT1/2 patients 
(p  =  0.558). b Survival according to the type of surgery in cT3/4 
patients (p = 0.018). c Survival according to the type of surgery in 

cN0 patients (p = 0.586). d Survival according to the type of surgery 
in cN1 patients (p = 0.003). TAE thoracoabdominal esophagus resec-
tion, THG transhiatal extended gastrectomy
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larger proximal safety margins and seems therefore onco-
logically more radical. Barbour et  al. demonstrated that 
patients with AEG with a proximal safety margin of more 
than 3.8 cm on the resected specimen had a better progno-
sis. Surgical margins were significantly greater by esopha-
geal resection than by extended gastrectomy, which in turn 
resulted in better survival times [35]. Also, other authors 
suggest a resection margin of 5–8 cm in situ as a safe sur-
gical margin [39, 42]. The survival benefit of TAE in our 
patients’ cohort can possibly be the result of this greater 
surgical margin after TAE also if the rate of R0 resections 
did not differ between the two groups.

Another important prognostic factor in esophagogastric 
adenocarcinoma is the presence and number of tumor-
positive lymph nodes, which was confirmed by our data 
as the pN-category presented an independent prognostic 
factor.

It has to be kept in mind that part of the lymph nodes 
from the greater curvature (lymph node station 4sb, 4d, and 
6) stay in situ in case of a gastric tube reconstruction after 
TAE with two-field lymphadenectomy, but nodal spread 
along the greater curvature does not seem frequent [43, 
44]. Lymphatic drainage of the adenocarcinomas of the 
EGJ is described to the paracardial lymph nodes, lesser and 
greater curvatures, the D2-lymph node compartment, and 
the lower mediastinum; some authors even describe lymph 
node metastases in the middle/upper mediastinum and in 
the cervical region [8, 9, 40, 45–47]. This finding might 

be an explanation why an extended mediastinal lymphad-
enectomy might increase survival as it did in our study. 
The interpretation is, however, limited as the lymph node 
stations were not analyzed separately and the location of 
lymph node metastases was not recorded.

We could not detect significant differences in the number 
of resected lymph nodes, but the type of lymphadenectomy 
(extended mediastinal lymphadenectomy in case of TAE 
versus a lymphadenectomy only in the lower mediastinum 
in case of THG) may contribute to the difference in sur-
vival we found in our patients’ cohort. The better prognosis 
of our patients after TAE may also be the result of a lower 
recurrence rate, even if the differences were not statisti-
cally significant. Time to recurrence differed significantly 
after the two surgical procedures. A less aggressive tumor 
approach might lead to a higher risk of recurrence.

Regarding perioperative risk and complications, neither 
perioperative morbidity nor mortality differs in our 
patients’ collective; both types of resection seem feasible 
and safe.

Patients after TAE survived longer than patients after 
THG in our study. A difference in survival could also be 
observed in curatively treated patients (R0 resected patients 
without distant metastasis) as well as in patients younger 
than 70  years. Additionally, the type of surgery was an 
independent prognostic factor in our analysis. For patients 
with early gastric cancers (cT1/2 cN0) and for patients 
without neoadjuvant treatment, the type of surgery had no 

Fig. 3  a Survival according to the type of surgery in neoadjuvantly treated patients (p = 0.002). b Survival according to the type of surgery in 
primarily resected patients (p = 0.771). TAE thoracoabdominal esophagus resection, THG transhiatal extended gastrectomy
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influence on survival. From that point of view our data sug-
gest that the surgery of choice for locally advanced AEG 
II (>cT2 or cN+) might be a TAE given that they are in 
adequate general health to tolerate the thoracic approach.

To date, no randomized prospective trial has 
compared a TAE by right-sided thoracotomy with a 
THG. The only published prospective trial comparing a 
left thoracoabdominal approach to transhiatal approach 
was closed after interim analysis as patients with 
thoracoabdominal approach had no improvement of 
survival but a higher morbidity [48], confirmed in the 
10-year follow-up [49]. A current systematic review and 
meta-analysis from our group could not settle this topic 
because available data were limited (under review); 
especially, data for patients with AEG II are missing.

One retrospective study comparing esophagectomy 
and gastrectomy in patients with AEG II did not show 
any differences in survival but a higher percentage of a 
positive circumferential resection margin after gastrectomy. 
The circumferential resection margin in esophagogastric 
carcinomas is not as well as studied as for rectal cancer, but 
results suggest that patients with a positive resection margin 
have a significantly reduced overall survival [50, 51] Positive 
lymph nodes in the upper mediastinum were found in 11% of 
the patients. The authors conclude that patients with AEG II 
should preferably be resected by esophagectomy as the two 
procedures did not differ in perioperative morbidity [40].

In contrast, Siewert suggests an abdominal approach 
with extended gastrectomy for patients with AEG II as 
in his study esophagectomy was associated with higher 
postoperative mortality without improving survival. 
However, only very few patients with AEG II were 
resected by transthoracic approach [8]. Another study 
compared patients initially classified as AEG I and 
resected by esophagectomy, who turned out to be AEG II 
in the histopathological report, to patients with AEG type 
II and resection by THG. Within this study the patients 
after gastrectomy survived longer [36]. A recently 
published study also compared thoracic and abdominal 
approaches for AEG II and III without differences 
in overall survival, R0 resection rate, and number of 
removed lymph nodes, but the authors demonstrated 
a survival benefit after an extended abdominal 
lymphadenectomy (D2) [52]. As mentioned earlier, the 
most important prognostic factors for esophageal and 
gastric cancer are a complete tumor resection, including 
the lymphatic drainage, as well as the presence of lymph 
node metastasis [7, 8]. The primary aim should be a 
complete tumor resection with free resection margins in 
all dimensions and an adequate lymphadenectomy. The 
decision which type of surgery should be performed can 
be guided by these principles.

Another important aspect regarding the question about 
the best surgical approach for patients with AEG II is 
the more and more frequently used minimally invasive 
approach. Further studies should include this aspect as 
perioperative morbidity, especially pulmonary complica-
tions, seem to be reduced and overall survival seems equal 
or might be even better after a minimal approach [53, 54].

To finally answer the question whether patients with 
AEG II tumors benefit from the thoracoabdominal 
approach, when complete tumor resection could also be 
achieved by abdominal approach, must be evaluated in a 
randomized controlled trial. Therefore, we are planning a 
multicenter trial including locally advanced AEG II after 
neoadjuvant treatment. The two treatment arms include a 
transhiatal extended gastrectomy and a thoracoabdominal 
esophagectomy with gastric tube reconstruction. With 
3-year survival as primary endpoint and an estimated 
survival difference of 15%, a total of 260 patients must 
be analyzed to achieve a power of 80%. This number of 
patients seems realistic for a multicenter trial.
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