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Esophagogastric junction (EGJ) cancer is, among solid cancers, the fastest 
growing tumor in terms of incidence in Western countries, and due to the 
lifestyle changes in developing and newly industrialized countries, this trend 
is expected to intensify worldwide. EGJ adenocarcinoma, however, is poorly 
defined: first because it is not an “organ disease” but a “zone disease,” and 
also because among EGJ cancers there can be included different diseases 
with different etiology and different biology. Eastern countries, led by Japan, 
taught us the correct management of gastric cancer and provided us guide-
lines for the treatment of esophageal squamous cell carcinoma. However 
when we talk about EGJ adenocarcinoma, it is a separate entity and is more 
properly a Western reality; therefore, Western countries should systematize 
and give answers to the relevant issues this cancer raises, along the road to 
standardization. Europe has been leading the evolution of thought on EGJ 
carcinoma, especially thanks to Siewert and the German school, which cre-
ated the classification that still is used as a guide by clinicians in therapeutic 
strategy planning. With the introduction of the latest version of the TNM, all 
EGJ cancers were defined as esophageal cancers, suggesting the possibility 
of a uniform treatment. In the era of tailored treatment and targeted therapy, 
we may wonder if what we already have is enough or if we need to go further 
on, especially considering the lack of homogeneity in the choice of multi-
modal treatments according only to topography.

I then decided that it was still necessary to concentrate just on this difficult 
cancer and, together with my co-workers Simone Giacopuzzi and Andrea 
Zanoni, I decided to write a book, which we hope will shed a little light on 
such a complex and current topic. To make this book more international, I 
invited to participate, in order to give their significant key to interpretation, 
also some surgeons of renowned importance in the field. I would like to thank 
them all deeply for their contributions.

Based on the experience of the Italian Research Group for Gastric Cancer 
(GIRCG) and the European Chapter of IGCA, we hope that this collaboration 
will start to build an even closer international cooperation with the opportu-
nity to create a European network on EGJ adenocarcinoma.

Verona, Italy� Simone Giacopuzzi
� Andrea Zanoni
� Giovanni de Manzoni

Preface
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Epidemiology and Risk Factors

Giuseppe Verlato and Giovanni De Manzoni 

1.1	 �Methodological Issues

The definition of esophagogastric junction (EGJ) 
is still debated in the current literature. For 
instance, the landmark for the border between the 
esophagus and the stomach is the proximal mar-
gin of the gastric folds according to the Prague 
C&M criteria, while the distal limit of the lower 
esophageal longitudinal or palisade vessels is 
mainly used in the Japanese criteria [1].

Also, the definition of EGJ or cardia cancer 
gave rise to many discrepancies. In most 
European countries, a code for cardia cancer was 
introduced only in the late 1970s, and a consen-
sus on the definition of gastric cardia cancer was 
achieved only at the end of the 1990s [2]. As a 
consequence, true cardia cancer incidence, occur-
ring between 1989 and 1994  in Sweden, could 
have been up to 45 % higher or 15 % lower than 
that reported by the Swedish Cancer Registry [2].

Of note, two studies were recently performed 
in the United States on the same database 
(SEER = Surveillance, Epidemiology, and End 

Results cancer registry program) over about the 
same period. The studies reported different trends 
in EGJ adenocarcinoma from 1973 to 2008 [3] 
and in gastric cardia carcinoma from 1978 to 
2005 [4]. The World Health Organization seems 
to include both carcinomas in EGJ carcinomas, 
which are defined as tumors “that cross the 
oesophagogastric junction… regardless of where 
the bulk of the tumours lies” [5]. In this chapter, 
the term adenocarcinoma of the “esophagogastric 
junction (EGJ)” will be preferentially used. 
However, the term “cardia” cancer or “gastric 
cardia” cancer will also be adopted when used by 
the authors cited.

1.2	 �General Overview of Cancers 
from the Upper 
Gastrointestinal Tract

In Western countries, the decrease in the incidence 
of esophageal squamous cell cancer (SCC) and 
noncardia gastric cancers parallels a concomitant 
increase in the incidence of distal esophageal ade-
nocarcinoma (AC) and EGJ/“gastric cardia” can-
cer. As a consequence, upper gastrointestinal 
tumors are decreasing overall, but concentrating 
around the gastroesophageal junction.

In detail, the incidence of esophageal AC has 
been markedly increasing in the last decades in 
most European regions [6] and in the United States, 
especially among white American men [7, 8]. On 
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the contrary, the incidence of esophageal SCC is 
decreasing in both sexes and in all ethnic groups in 
the United States [7, 8], as well as in men living in 
Southern and Western Europe, while being on the 
rise in men from Northern Europe and in women 
from all European regions [6]. In the rest of the 
world, the incidence of esophageal SCC has been 
relatively stable or slightly decreasing [9].

Similarly, the increase in EGJ adenocarci-
noma [3] and gastric cardia carcinoma [4] was 
more prominent in American white men and less 
pronounced among women and black people. In 
Norway, age-adjusted rates for distal gastric 
tumors decreased in both sexes between 1958 
and 1992, while the rates of proximal gastric can-
cer were stable in men and decreased only 
slightly in females [10].

In Eastern Asia, the rise in esophageal adeno-
carcinoma has not occurred, despite a recent 
increase in the prevalence of gastroesophageal 
reflux disease (GERD), especially in urbanized 
areas. Chinese, Koreans, and Japanese seem to be 
more predisposed to esophageal SCC [9]. 
Nevertheless, the proportion of cardia cancer on 
overall gastric cancer has been reported to be on 
the rise also in Japan [11] and China [12, 13].

1.3	 �Incidence of EGJ 
Adenocarcinoma

1.3.1	 �Geographic Variability

Incidence of gastric cardia adenocarcinoma pres-
ents large variations among countries. According 
to the Five-Continent database [14], the cumula-
tive incidence between 0 and 74 years was the 
lowest (about 0 %) among women in Concordia 
(Argentina) and the highest among Dutch men 
(0.52 %).

Cumulative incidence varied substantially by 
ethnicity, even within the same country; for 
instance, in the United States, cumulative inci-
dence between 0 and 74 years was 0.37 % (95 % 
CI 0.35–0.39  %) among Whites and 0.25  % 
(0.19–0.31 %) among Blacks. An even larger dis-
crepancy was observed in Singapore, where 0–74 
years cumulative incidence was sixfold higher 

among Chinese men (0.29 %, 0.22–0.36 %) than 
among Malay men (0.05  %) [14]. Conversely, 
significant differences were observed even within 
the same ethnic group, when living in different 
countries; for instance, cumulative incidence 
doubled from Indians living in the mainland 
(0.08  %, 0.06–0.10  %) to Indians migrated to 
Singapore (0.15 %, 0.01–0.29 %) [14].

In the United States, ethnic differences are 
mainly restricted to men, while women present 
approximately the same incidence of the disease. 
During 1996–1998, age-adjusted incidence rate per 
100,000 person-years was 3.4 among Caucasian 
men while being 1.9–2.1 among Hispanics, Blacks, 
and Asians/Pacific Islanders [15]. Among women, 
incidence rates ranged between 0.6 and 0.7 per 
100,000 person-years among these ethnicities. At 
variance, Native Americans had a very low inci-
dence, both in men and in women (0.9 and 0.2 per 
100,000 person-years, respectively) [15].

1.3.2	 �Age and Sex Distribution

As regards sex and age distribution, in the 
European Prospective Investigation into Cancer 
and Nutrition (EPIC) study, cardia adenocarci-
noma was more common among men (37 % of 
all gastric adenocarcinoma) than among women 
(18 %), while an opposite pattern was recorded 
for noncardia adenocarcinoma (58  % among 
women vs. 41 % among men) [16]. Much higher 
male to female ratios were found in Spanish (6:1) 
[17] and British (4:1) [18] patients with gastric 
cardia cancer, and in American patients with gas-
tric cardia adenocarcinoma (5:1) [19].

Age at onset did not differ between gastric 
cardia (63.8 ± 7.4 years, mean ± SD) and noncar-
dia adenocarcinoma (62.5 ± 8.5 years) according 
to the EPIC study [16]. Likewise, median age at 
onset was similar in adenocarcinoma of the gas-
tric cardia (69.3 years) and esophagus (69.6 years) 
in the Netherlands [20]. Of note, 75 % of gastric 
cardia adenocarcinomas were diagnosed after 60 
years of age in the Netherlands [20], and also in 
the United States most patients with gastric car-
dia adenocarcinoma were older than 60 years at 
diagnosis [19].

G. Verlato and G. De Manzoni
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1.3.3	 �Proportion of Gastric Cancer 
Arising from the Cardia

According to the EPIC study, cardia adenocarci-
nomas represent 29.4 % of all gastric adenocarci-
nomas in Europe. The proportion of cardia cancer 
was higher in Northern countries (35 %) than in 
Mediterranean countries (18 %) [16] (Fig. 1.1). 
Of note, these proportions become even higher 
(43.8 % and 24.7 %, respectively) if one excludes 
cancers from unknown site.

In the United States, the proportion of cardia 
cancer was 24.1 % in the SEER database from 
1978 to 2005 [4], and this proportion increased to 
34.2 % after excluding overlapping and nonspec-
ified sites.

The proportion of cardia cancer was rather 
low in South Korea (6.9 %) [21] and Japan (10 %) 
[11], while in China it was comparable to that 
recorded in Northern Europe (33.6  %) [12] 
(Fig.  1.1). The proportion of proximal gastric 
carcinomas among small carcinomas (<=2  cm) 
was even higher, peaking at 45 % in 2011  in a 
Chinese hospital series [13].

1.3.4	 �Trends in Cardia Cancer

EGJ/cardia cancer reportedly increased in 
Western countries until the 1990s, remaining sta-
ble or declining thereafter (Table 1.1). The inci-

dence of cardia cancer more than doubled in 
England [18] and Spain [17], it increased by 
3.9 % every year in Sweden [26]. Interestingly in 
the American SEER database, the incidence of 
EGJ adenocarcinoma nearly doubled [3], while 
the incidence of cardia cancer increased only by 
23 % [4].

During the 1990s, the increasing trend per-
sisted in British Columbia, Canada [25], but in 
most countries it leveled off (Spain [17], the 
United States [3, 19, 23]), or turned into a declin-
ing trend (The Netherlands [20], Switzerland 
[24], Sweden [26]).

Moreover it should be reminded that gastric 
cancer from unspecified site also markedly 
decreased in the last decades, and this pattern 
could have amplified the rising trend in cardia 
cancer [18].

The increase in cardia cancer, combined with 
the simultaneous decrease in noncardia gastric 
adenocarcinoma, caused a remarkable increase in 
the proportion of gastric cancers arising from the 
cardia. In the Connecticut Tumor Registry [23], 
the ratio of cardia/noncardia tumors increased 
from 0.2 in 65–69 to 0.6 in 2003–2007. In a large 
Japanese series [11], the overall proportion of 
EGJ adenocarcinoma increased from 2.3  % 
(1962–1965) to 10.0 % (2001–2005). Likewise in 
the Gansu province of China, the proportion of 
cardia cancers increased from 29.6 % in 1993 to 
37.1 % in 2004 [12]. Accordingly in a Chinese 
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Fig. 1.1  Proportion of 
gastric adenocarcinomas 
arising from the cardia
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I Author Country Incidence (per 100,000 pyrs)

Start Middle Final

Newnham England Men 2.0 in 1971 5.4 in 1991

2003 [18]a (cardia ca.) Women 0.6 1.4

Crane Olmsted EGJ AC 0.6 in 1971–1980 2.2 in 1991–2000

2007 [22]e Minnesota Cardia AC 0.9 in 1971-1980 0.8 in 1991−2000

Abrams Connecticut Cardia 3.7 in 1988-19922.4 in 1965-1969

1.8 in 1978-1983

2.48 in 1973-1978

1.35 in 1973-1978

1.13 in 1980-1984

4.10 in 1991-1996

2.2 in 1996-2000

2.05 in 1991-1996

2.71 in 1990-1994

3.4 in 2003−2007

2013 [23]d USA Cancer

Wu 2009 [4]d SEER USA Gastric cardia 2.1 in 2001−2005

Buas SEER USA White men 3.78 in 2003−2008

2013 [3]d (EGJ AC) White women 0.40 0.71 0.80

Black men 2.01 in 2003−2008

Black women 0.34 0.68 0.55

Aragones Spain Men 2.76 in 2000−2004

2010 [17]d (cardia ca.) Women 0.26 0.56 0.48

El-Serag
2002 [19]c

SEER USA Cardia
adenocarcinoma

3.3 in 1987−1991 3.1 in 1992−1996

Dikken NL Men 5.7 in 1989 (-1.2 %/year) 4.4 in 2008

2012 [20]a (cardia AC) Women 1.2 (−0.2 %/year) 1.0

Schmass- Switzerland Men 7.5 in 1982-1985 4.3 in 2006–2007

mann 09a

[24]
(cardia AC) Women 2.4 1.8

I Author Country Start % variation/yr End

Bashash British Men From 1990 +3.8 To1999

2008 [25] Columbia
(cardia ca.) 

Women +9.2

Lagergren Sweden Cardia From 1970 +3.9 (3.2 -4.7) To1990

2011 [26]b adenocarcinoma From 1990 -1.0 (-1.6 - -0.3) To 2008

Table 1.1  Incidence (per 100.000 person-years) of adenocarcinoma of gastroesophageal junction (GEJ) and cardia

Significant/remarkable changes are highlighted in bold and increasing trend is further highlighted with a gray 
background
AC adenocarcinoma, SEER Surveillance, Epidemiology, and End Results cancer registry program in the United States
Age-standardized using athe European standardized population, bthe 1989 Swedish population, cthe 1970 US popula-
tion, dthe 2000 US standard population, ethe 2000 US white standard population, fthe 1996 Canadian population

G. Verlato and G. De Manzoni
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series [13], the proportion of small gastric carci-
nomas (<=2 cm), located within 3 cm below the 
EGJ, increased from 16  % in 2004 to 45  % in 
2011. At variance, in South Korea the proportion 
of gastric cardia cancer did not change from 1991 
to 1995 to 1996–2000, being 6.2 % and 6.9 %, 
respectively [21].

The increase in cardia cancer was mainly due 
to an increase in the incidence of Siewert type II 
cancer and reflux-related subtype. In a Japanese 
series [11], the proportion of Siewert type II rose 
from 28.5  % (1962–1965) to 57.3  % (2001–
2005), while that of type I remained at around 
1  %. According to the Connecticut Tumor 
Registry [23], the reflux-related subtype mark-
edly increased during the last 50 years, from 0.3 
per 100,000 person-years in 1955–1959 to 2.4 in 
2003–2007. On the contrary, Helicobacter pylori-
related cardia cancer markedly declined during 
the same period, from 3.7 to 1.0 per 100,000 
person-years.

1.4	 �Stage and Survival

As regards stage, in a national Dutch study [20] 
about 45 % of gastric cardia cancers, diagnosed 
in 2004–2008, were classified as M0, 40  % as 
M1, while in 15 % stage was unknown. In a mul-
ticentric US study [27], T stage was more 
advanced in gastric cardia adenocarcinoma than 
in noncardia subtype: indeed the proportion of 
AJCC T3-T4 tumors was, respectively, 71.8  % 
vs. 59.2  %. At variance, no significance differ-
ence was detected as regards the proportion of 
patients with nodal metastases, which was, 
respectively, 60.3 % and 59.2 % in gastric cardia 
and noncardia adenocarcinoma.

Prognosis is still poor in Western countries. In 
Dutch patients diagnosed with gastric cardia ade-
nocarcinoma in 2004–2008, relative survival was 
20.6 % (95 % CI 17.7–23.8 %) at 5 years in M0 
patients, while it dropped to 6 % (4.6–7.7 %) at 2 
years in M+ patients [20]. Likewise in the 
American SEER database, 5-year survival was 
17  % in patients diagnosed from 1997 to 2008 
[3]. Survival was substantially higher in patients 
undergoing surgery with curative intent, being 

32.5 % 5 years after surgery in a US multicentric 
study [27] and 40.2 % after 3 years in an Italian 
series [28].

A much better 5-year survival (58.7 %) was 
recorded in a Japanese series [29].

Five-year survival in patients with EGJ adeno-
carcinoma doubled in the United States from 
1973–1984 to 1997–2008 [3], and this improve-
ment was attributed to both diagnostic anticipa-
tion and better treatment. At variance, the 
prognosis of gastric cardia adenocarcinoma did 
not improve from 1989 to 2008 in the Netherlands 
[20]. The authors pointed out that centralization 
of surgery and adoption of multimodal treatment 
allowed to improve prognosis in esophageal can-
cers, and the same interventions should be 
adopted also in cardia cancer treatment.

1.5	 �Risk Factors

According to the main risk factor involved, two 
distinct subtypes of cardia cancer have been iden-
tified: reflux-related and H. pylori-related [8, 23]. 
Of note, gastroesophageal reflux is the main risk 
factor for esophageal adenocarcinoma, while H. 
pylori infection is the main risk factor for gastric 
noncardia adenocarcinoma [30]. Reflux-related 
subtype presents an intestinal histotype, while H. 
pylori-related subtype is associated with severe 
atrophic gastritis and can present both an intesti-
nal and a diffuse histotype. According to the 
Connecticut Tumor Registry [23], the H. pylori-
related subtype was more common in 1955–1959 
(3.7 vs. 0.3 per 100,000 person-years), while in 
2003–2007 the reflux-related subtype has become 
predominant (2.4 vs. 1.0 per 100,000 person-
years). Recent studies reported that H. pylori 
infection, one of the most important risk factors 
in noncardia cancer, could be even protective in 
cardia cancer [31].

Discrepancy exists on whether the adverse 
effect of gastroesophageal reflux is larger as 
regards the risk of adenocarcinoma of the esoph-
agus [32] or gastric cardia [33]. In addition to 
gastroesophageal reflux, adenocarcinoma of the 
gastric cardia shares several risk factors with 
esophageal adenocarcinoma: obesity [34, 35], 

1  Epidemiology and Risk Factors
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meat and fat consumption [36], smoking [37], 
body posture, and occupational activities [32] 
(Table 1.2).

In particular, recent meta-analyses performed 
by the International Barrett’s and Esophageal 
Adenocarcinoma (BEACON) consortium found 
that the OR associated with a BMI of >=40 rela-
tive to a BMI of <25 was 3.07 (95 % CI: 1.89–
4.99) [34], while the OR of EGJ adenocarcinoma 
in smokers with respect to nonsmokers was 2.18 
(95 % CI 1.84–2.58) [37]. Smoking was not only 
harmful per se but also amplified the carcino-
genic effect of GERD [43].

At variance, abdominal obesity, alcohol drink-
ing, and dietary antioxidant intake, which are 
strong predictors of esophageal adenocarcinoma, 
do not affect EGJ adenocarcinoma. Indeed, in a 

prospective cohort study [44], increasing waist-
to-hip ratio increased the risk of esophageal but 
not EGJ adenocarcinoma. Another meta-analysis 
by the BEACON consortium reported that the 
OR for 7 drinks/day was 0.77 (95 % CI: 0.54–
1.10) with respect to nondrinkers [45]. Moderate 
intake (0.5–>1 drink/day) was even protective 
(OR 0.78, 95 % CI: 0.62–0.99). Another meta-
analysis found that dietary antioxidant intake 
(vitamin C, vitamin E, or beta-carotene/vitamin 
A) is protective against esophageal adenocarci-
noma, while no consistent association has been 
found between antioxidant intake and the risk of 
cardiac carcinoma [46].

In summary, gastroesophageal reflux, obesity, 
and smoking may account for almost 70  % of 
EGJ adenocarcinoma [47]. The risk profile of 

Table 1.2  Summary of risk factors for cardia cancer

Risk factor Type of association Study country

Demographic factors

Gender, sexual hormones Reduced risk in a male cohort treated with estrogens 
for prostate cancer

Sweden [38]

Ethnicity Higher incidence in white men compared with the 
other ethnic groups studied both in England and in the 
United States

England [39], United States 
[15]

Socioeconomic factors

Education Higher education was associated with a reduced risk of 
gastric cardia cancer (HR: 0.42, 95 % CI: 0.20–0.89)

EPIC [40]

Occupation Increased risk in gardeners, transport workers, 
bricklayers, and chemical process workers among men

Sweden [41]

Lifestyle factors

Physical activity Regular physical activity may be protective against 
noncardia cancer, and to a lower extent, cardia cancer

NL [42]

Meat and fat 
consumption

A diet high in processed meat, red meat, sweets, and 
high-fat dairy nearly double the risk of EGJ 
adenocarcinoma relative to a diet low in these foods

Sweden [36]

Obesity OR of 3.07 (95 % CI: 1.89–4.99) associated with a 
BMI of >=40 relative to a BMI of <25

BEACON meta-analysis [34]

Increased body mass index increases the risk of 
esophageal adenocarcinoma, and to a lower extent, the 
risk of cardia cancer

US [35]

Smoking OR 2.18 (95 % CI 1.84–2.58) in smokers vs. 
nonsmokers

BEACON meta-analysis [37]

Pathologic factors

Gastroesophageal reflux 
disease

More important role in the pathogenesis of esophageal 
adenocarcinoma

NL [32]

More important role in the pathogenesis of gastric 
cardia adenocarcinoma

Minnesota [33]

H. pylori infection H. pylori infection enhances the risk of noncardia 
gastric cancer but reduces the risk of cardia cancer

Finland [31]

G. Verlato and G. De Manzoni
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cardia cancer is somewhat different from the risk 
profile of both esophageal adenocarcinoma and 
gastric noncardia adenocarcinoma.

1.5.1	 �Genetic Factors

EGJ adenocarcinoma has been associated with 
genes involved in DNA repair or inflammatory 
response. TP53 mutations were the most com-
mon abnormality, being detected in 42  % of 
gastroesophageal junction carcinomas [48]. 
Also, genes involved in Interleukin 2 and 4 
metabolism were associated with gastric cardia 
cancer [49].

In a Japanese series of patients with Siewert 
type II adenocarcinoma, 18.2  % had HER2-
positive tumors, which were also more prone to 
liver recurrence (23.7  % in HER2-positive 
patients vs. 7.6  % in HER2-negative patients 
[29].

�Conclusions

The incidence of adenocarcinoma of the 
esophagogastric junction (EGJ)/cardia has 
increased in Western countries in the 1970s 
and 1980s, and then has either remained sta-
ble or slightly declined. In Eastern Asia, the 
rise in cardia cancer has been much smaller 
and somewhat delayed. Nowadays, cardia 
adenocarcinoma represents one third of all 
gastric cancer in Europe and in some areas of 
China. Prognosis is still poor in Europe and in 
the United States, 5-year survival being less 
than 20 %.

The rise in EGJ cancer during the last 50 
years mainly reflected an increase in the sub-
type related to gastroesophageal reflux, while 
the H. pylori-related subtype declined over the 
same period. In addition to gastroesophageal 
reflux, adenocarcinoma of the EGJ shares sev-
eral risk factors with esophageal adenocarci-
noma: obesity, meat and fat consumption, 
smoking, body posture, and occupational 
activities. Nevertheless, the risk profile of 
EGJ/cardia cancer is somewhat different from 
the risk profile of both esophageal adenocarci-
noma and gastric noncardia adenocarcinoma.

References

	 1.	 Ishimura N, Amano Y, Sollano JD et al, for the IGICS 
Study Group (2012) Questionnaire-based survey con-
ducted in 2011 concerning endoscopic management 
of Barrett’s esophagus in East Asian countries. 
Digestion 86(2):136–146

	 2.	Ekstrom AM, Signorello LB, Hansson LE et al (1999) 
Evaluating gastric cancer misclassification: a potential 
explanation for the rise in cardia cancer incidence. 
J Natl Cancer Inst 91(9):786–790

	 3.	Buas MF, Vaughan TL (2013) Epidemiology and risk 
factors for gastroesophageal junction tumors: under-
standing the rising incidence of this disease. Semin 
Radiat Oncol 23(1):3–9

	 4.	Wu HY, Rusiecki JA, Zhu KM et al (2009) Stomach 
carcinoma incidence patterns in the United States by 
histologic type and anatomic site. Cancer Epidemiol 
Biomarkers Prev 18(7):1945–1952

	 5.	Odze RD, Flejou JF, Boffetta P et  al (2010) 
Adenocarcinoma of the oesophgogastric junction. In: 
Bosman FT, Carneiro F, Hruban RH, Theise ND (eds) 
WHO classification of tumours of the digestive sys-
tem. World Health Organization Classification of 
Tumours. IARC Press, Lyon, pp 39–44

	 6.	Steevens J, Botterweck AAM, Dirx MJM et al (2010) 
Trends in incidence of oesophageal and stomach can-
cer subtypes in Europe. Eur J Gastroenterol Hepatol 
22:669–678

	 7.	Trivers KF, Sabatino SA, Stewart SL (2008) Trends in 
esophageal cancer incidence by histology, United 
States, 1998–2003. Int J Cancer 123:1422–1428

	 8.	Cook MB, Chow WH, Devesa SS (2009) Oesophageal 
cancer incidence in the United States by race, sex, and 
histologic type, 1977–2005. Br J  Cancer 
101:855–859

	 9.	Hongo M, Nagasaki Y, Shoji T (2009) Epidemiology 
of esophageal cancer: orient to occident. Effects of 
chronology, geography and ethnicity. J Gastroenterol 
Hepatol 24(5):729–735

	10.	Hansen S, Wiig JN, Giercksky KE, Tretli S (1997) 
Esophageal and gastric carcinoma in Norway 1958–
1992: incidence time trend variability according to 
morphological subtypes and organ subsites. Int 
J Cancer 71:340–344

	11.	Kusano C, Gotoda T, Khor CJ et al (2008) Changing 
trends in the proportion of adenocarcinoma of the 
esophagogastric junction in a large tertiary referral 
center in Japan. J  Gastroenterol Hepatol 
23(11):1662–1665

	12.	Zhou Y, Zhang Z, Zhang Z et al (2008) A rising trend 
of gastric cardia cancer in Gansu Province of China. 
Cancer Lett 269:18–25

	13.	Shi J, Sun Q, Xu BY et al (2014) Changing trends in the 
proportions of small (<= 2 cm) proximal and non-
proximal gastric carcinomas treated at a high-volume ter-
tiary medical center in China. J Dig Dis 15(7):359–366

	14.	Corley DA, Buffler PA (2001) Oesophageal and gas-
tric cardia adenocarcinomas: analysis of regional 

1  Epidemiology and Risk Factors



8

variation using the Cancer Incidence in Five 
Continents database. Int J Epidemiol 30:1415–1425

	15.	Kubo A, Corley DA (2004) Marked multi-ethnic vari-
ation of esophageal and gastric cardia carcinomas 
within the United States. Am J  Gastroenterol 
99:582–588

	16.	Carneiro F, Moutinho C, Pera G et al (2007) Pathology 
findings and validation of gastric and esophageal can-
cer cases in a European cohort (EPIC/EUR-GAST). 
Scand J Gastroenterol 42(5):618–627

	17.	Aragones N, Izarzugaza MI, Ramos M et al, for the 
Oesophago-gastric Cancer Working Group (2010) 
Trends in oesophago-gastric cancer incidence in 
Spain: analysis by subsite and histology. Ann Oncol 
21(Suppl. 3):iii69–iii75

	18.	Newnham A, Quinn MJ, Babb P et al (2003) Trends in 
the subsite and morphology of oesophageal and gas-
tric cancer in England and Wales 1971–1998. Aliment 
Pharmacol Ther 17:665–676

	19.	El-Serag HB, Mason AC, Petersen N et  al (2002) 
Epidemiological differences between adenocarci-
noma of the oesophagus and adenocarcinoma of the 
gastric cardia in the USA. Gut 50:368–372

	20.	Dikken JL, Lemmens VE, Wouters MWJM et  al 
(2012) Increased incidence and survival for oesopha-
geal cancer but not for gastric cardia cancer in the 
Netherlands. Eur J Cancer 48(11):1624–1632

	21.	Lee JY, Kim HY, Kim KH, Jang HJ, Kim JB, Lee JH 
et al (2003) No changing trends in incidence of gastric 
cardia cancer in Korea. J Korean Med Sci 18:53–57

	22.	Crane SJ, Locke GR 3rd, Harmsen WS et al (2007) 
The changing incidence of oesophageal and gastric 
adenocarcinoma by anatomic sub-site. Aliment 
Pharmacol Ther 25:447–453

	23.	Abrams JA, Gonsalves L, Neugut AI (2013) Diverging 
trends in the incidence of reflux-related and helico-
bacter pylori-related gastric cardia cancer. J  Clin 
Gastroenterol 47(4):322–327

	24.	Schmassmann A, Oldendorf MG, Gebbers JO (2009) 
Changing incidence of gastric and oesophageal cancer 
subtypes in central Switzerland between 1982 and 
2007. Eur J Epidemiol 24:603–609

	25.	Bashash M, Shah A, Hislop G et al (2008) Incidence 
and survival for gastric and esophageal cancer diag-
nosed in British Columbia, 1990 to 1999. Can 
J Gastroenterol 22:143–148

	26.	Lagergren J, Mattsson F (2011) No further increase in 
the incidence of esophageal adenocarcinoma in 
Sweden. Int J Cancer 129:513–516

	27.	Amini N, Spolverato G, Kim Y et  al (2015) 
Clinicopathological features and prognosis of gastric 
cardia sdenocarcinoma: a multi-institutional US 
study. J Surg Oncol 111(3):285–292

	28.	de Manzoni G, Pedrazzani C, Verlato G et al (2004) 
Comparison of old and new TNM systems for nodal 
staging in adenocarcinoma of the gastro-oesophageal 
junction. Br J Surg 91(3):296–303

	29.	Katai H, Ishida M, Yamashita H et al (2014) HER2 
Expression in carcinomas of the true cardia (Siewert 

Type II Esophagogastric Junction Carcinoma). World 
J Surg 38(2):426–430

	30.	de Martel C, Forman D, Plummer M (2013) Gastric 
cancer epidemiology and risk factors. Gastroenterol 
Clin North Am 42(2):219–240

	31.	Kamangar F, Dawsey SM, Blaser MJ et  al (2006) 
Opposing risks of gastric cardia and noncardia gastric 
adenocarcinomas associated with Helicobacter pylori 
seropositivity. J Natl Cancer Inst 98:1445–1452

	32.	Jonge PJF, Wolters LMM, Steyerberg EW et al (2007) 
Environmental risk factors in the development of ade-
nocarcinoma of the oesophagus or gastric cardia: a 
cross-sectional study in a Dutch cohort. Aliment 
Pharmacol Ther 26(1):31–39

	33.	Crane SJ, Locke GR, Harmsen WS et  al (2007) 
Subsite-specific risk factors for esophageal and gas-
tric adenocarcinoma. Am J  Gastroenterol 
102(8):1596–1602

	34.	Hoyo C, Cook MB, Kamangar F et  al (2012) Body 
mass index in relation to oesophageal and oesophago-
gastric junction adenocarcinomas: a pooled analysis 
from the international BEACON consortium. Int 
J Epidemiol 41(6):1706–1718

	35.	Olefson S, Moss SF (2015) Obesity and related risk 
factors in gastric cardia adenocarcinoma. Gastric 
Cancer 18(1):23–32

	36.	Bahmanyar S, Ye W (2006) Dietary patterns and risk 
of squamous-cell carcinoma and adenocarcinoma of 
the esophagus and adenocarcinoma of the gastric car-
dia: a population-based case–control study in Sweden. 
Nutr Cancer 54:171–178

	37.	Cook MB, Kamangar F, Whiteman DC et al (2010) 
Cigarette smoking and adenocarcinomas of the 
esophagus and esophagogastric junction: a pooled 
analysis from the international BEACON consortium. 
J Natl Cancer Inst 102:1344–1353

	38.	Lindblad M, Ye WM, Rubio C, Lagergren J  (2004) 
Estrogen and risk of gastric cancer: a protective effect 
in a nationwide cohort study of patients with prostate 
cancer in Sweden. Cancer Epidemiol Biomarkers 
Prev 13(12):2203–2207

	39.	Coupland VH, Lagergren J, Konfortion J et al (2012) 
Ethnicity in relation to incidence of oesophageal and 
gastric cancer in England. Br J  Cancer 
107(11):1908–1914

	40.	Nagel G, Linseisen J, Boshuizen HC et  al (2007) 
Socioeconomic position and the risk of gastric and 
overphageal cancer in the European Prospective into 
Cancer and Nutrition (EPIC-EURGAST). Int 
J Epidemiol 36(1):66–76

	41.	Ji JG, Hemminki K (2006) Socio-economic and occu-
pational risk factors for gastric cancer: a cohort study 
in Sweden. Eur J Cancer Prev 15(5):391–397

	42.	Abioye AI, Odesanya MO, Abioye AI, Ibrahim NA 
(2015) Physical activity and risk of gastric cancer: a 
meta-analysis of observational studies. Br J  Sports 
Med 49(4):224–233

	43.	Pandeya N, Webb PM, Sadeghi S et al (2010) Gastro-
oesophageal reflux symptoms and the risks of oesoph-

G. Verlato and G. De Manzoni



9

ageal cancer: are the effects modified by smoking, 
NSAIDs or acid suppressants? Gut 59:31–38

	44.	O’Doherty MG, Freedman ND, Hollenbeck AR et al 
(2012) A prospective cohort study of obesity and risk 
of oesophageal and gastric adenocarcinoma in the 
NIH-AARP Diet and Health Study. Gut 
61:1261–1268

	45.	Freedman ND, Murray LJ, Kamangar F et al (2011) 
Alcohol intake and risk of oesophageal adenocarci-
noma: a pooled analysis from the BEACON consor-
tium. Gut 60:1029–1037

	46.	Kubo A, Corley DA (2007) Meta-analysis of antioxi-
dant intake and the risk of esophageal and gastric car-
dia adenocarcinoma. Am J  Gastroenterol 
102(10):2323–2330

	47.	Olsen CM, Pandeya N, Green AC et  al (2011) 
Population attributable fractions of adenocarcinoma 
of the esophagus and gastroesophageal junction. Am 
J Epidemiol 174:582–590

	48.	Li-Chang HH, Kasaian K, Ng Y et  al (2015) 
Retrospective review using targeted deep sequencing 
reveals mutational differences between gastroesopha-
geal junction and gastric carcinomas. BMC Cancer 
(15):32

	49.	Wu J, Lu Y, Ding YB et al (2009) Promoter polymor-
phisms of IL2, IL4, and risk of gastric cancer in a 
high-risk Chinese population. Mol Carcinog 
48(7):626–632

1  Epidemiology and Risk Factors



11© Springer International Publishing Switzerland 2017 
S. Giacopuzzi et al. (eds.), Adenocarcinoma of the Esophagogastric Junction:  
From Barrett’s Esophagus to Cancer, DOI 10.1007/978-3-319-28776-8_2

Barrett’s Esophagus: Pathogenesis 
and Prevention

Janusz Jankowski, Amritpal Dhaliwal, 
and Michael McFarlane

2.1	 �Pathogenesis

As outlined in the previous chapter, risk factors 
for the development of Barrett’s esophagus 
include male sex, increasing age, high BMI at a 
young, age and increased hip to waist ratio [1].

The development of Barrett’s esophagus 
involves metaplasia of the normal squamous 
esophageal epithelium to mucus-secreting 
columnar epithelium. It has been proposed that 
this represents a two-step process, whereby the 
initial transformation from squamous to colum-
nar mucosa occurs relatively quickly, over a few 
years, while the second step, which involves the 
development of goblet cells, which are indicative 
of intestinal metaplasia, occurs relatively 
slowly – over 5–10 years [2]. This cellular change 
occurs in response to chronic esophageal injury 
due mainly to gastroesophageal reflux disease 
(GERD), particularly in genetically susceptible 
individuals [3]. One case series suggested that 
>60 % of patients with Barrett’s developed it as a 
result of chronic reflux; other causes of chronic 
lower esophageal inflammation included chemo-
therapy, NSAIDs, and viral infection [4].

The exact cellular process by which this 
occurs in humans is not known. Animal models 
are not great determinants of human disease [5]. 
Key molecular events in man are inherited 
genomic alterations leading to alterations in 
somatic mutations, growth factor expression [6] 
and cell adhesion molecule activity [7].

Theories suggested for the development of 
Barrett’s esophagus in humans revolve around 
reflux-induced squamous mucosal damage, 
which leads to alterations of the expression of 
developmental transcription factors. This altered 
expression pattern is postulated to cause either 
mature esophageal squamous cells to change into 
columnar cells, a process known as trans-
differentiation, or immature esophageal progeni-
tor cells to undergo differentiation to columnar 
cells rather than squamous – trans-commitment 
[8–10].

It has also been suggested that the presence of 
chronic reflux will affect the intestinal microbi-
ome of the lower esophagus and that this disrup-
tion may lead to an increase in esophageal 
inflammation. Further analysis of the microbi-
ome found that esophagitis and Barrett’s patients 
contain significantly fewer gram-positive bacte-
ria and an increase in the numbers of gram-
negative bacteria. Gram-negative bacteria contain 
lipopolysaccharides (LPSs) in their outer mem-
brane. LPS has been shown to upregulate gene 
expression of pro-inflammatory cytokines and 
can furthermore cause relaxation of the lower 
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esophageal sphincter by induction of nitric oxide 
synthase [11].

Hereditable factors which influence Barrett’s 
development include male sex and white ethnic-
ity, while one of the major risk factors for devel-
oping esophageal malignancy is aging, implying 
that the accumulation of somatic mutations is key 
to the pathogenesis of esophageal malignancy. 
However, the relationship between Barrett’s and 
age is not clear; this is mainly because the diagno-
sis of Barrett’s esophagus requires an endoscopy, 
often prompted by reflux symptoms, but as many 
as 40 % of patients with malignancy on a back-
ground of Barrett’s esophagus deny having had 
significant reflux symptoms [12]. This makes it 
difficult to elucidate how much of Barrett’s esoph-
agus is due to hereditary factors and how much is 
due to sporadic/somatic mutations in response to 
factors such as diet and behavior. Barrett’s is usu-
ally diagnosed in the 6th or 7th decade while diag-
nosis is very rare in infants and children [13]. It 
may well be that Barrett’s has been present for 
decades prior to diagnosis and simply not been 
detected due to the fewer numbers of endoscopies 
performed in young adults [3].

Familial studies into Barrett’s esophagus have 
shown mixed results. One study offered upper 
endoscopy to first-degree relatives of patients 
with proven long-segment Barrett’s. They found 
that risk factors for developing Barrett’s esopha-
gus included advancing age, male sex, and pro-
longed reflux symptoms. They also found that 
first-degree relatives were twice as likely to have 
Barrett’s esophagus compared to the control 
group, even adjusting for the three major risk fac-
tors. The first-degree relatives of Barrett’s 
patients who denied any reflux symptoms were 
found to be three times more likely to have evi-
dence of reflux esophagitis on endoscopy [14]. 
This suggests a familial predisposition to 
Barrett’s esophagus and GERD, be it genetic, 
environmental, or a combination of both.

Two large genome-wide collaboratives, 
EAGLE, a UK and north European cohort, and 
BEACON, a worldwide cohort, are currently 
reporting the final stage of their findings. A col-
laboration of the two studies, ~8000 patients and 
18,000 controls, has identified two genetic regions 

which confer hereditary predisposition to esopha-
geal cancer – both are single-nucleotide polymor-
phisms and are located on 6p and 16q [15].

Other studies into biomarkers potentially 
implicated in the malignant progression from 
Barrett’s to cancer due to a variety of different 
mechanisms including, cell cycle damage, apop-
tosis, invasion, and abnormal growth signaling. 
These include inactivation of p16 located on 
chromosome 9p due to loss of heterozygosity 
(LOH) and mutations. This results in abnormal 
cells which can be selected and replicate under-
going clonal expansion within a segment of 
Barrett’s. Hypotheses suggest that as these cells 
further undergo expansion, these clones develop 
further genetic abnormalities which can progress 
to adenocarcinoma [17].

Additionally loss of heterozygosity on chro-
mosome 17p which corresponds to the area cod-
ing for the tumor suppression protein p53 allows 
expansion of abnormal cells. p53 lesions occur 
frequently in esophageal adenocarcinomas (85–
95 %) and almost never in normal tissue from the 
same patients; their prevalence increases with 
advancing histologic grade of dysplasia which 
makes them appropriate candidates for further 
studies. Reid et al. have evaluated 17p (p53) LOH 
in a large phase 4 study48 with prospective obser-
vation of 256 patients and esophageal adenocar-
cinoma as the primary end point. In this study 
17p (p53) LOH was a strong and significant pre-
dictor of progression to esophageal adenocarci-
noma with the relative risk of 16 in patients with 
this lesion compared to the patients without [17].

Also implicated are DNA content abnormali-
ties (tetraploidy, aneuploidy) [16, 17], sucrose-
isomaltase, crypt cell antigen, and cytokeratins 7 
and 20 [2]. A murine monoclonal antibody 
(DAS-1) has been shown to react to an unknown 
epitope in Barrett’s mucosa in 7 cases, and subse-
quently 6 of these patients developed intestinal 
metaplasia [2].

Germline mutation of the E‐cadherin gene 
(CDH1) causes familial gastric cancer. Loss of 
E‐cadherin (calcium-dependent cell to cell adhe-
sion molecules, used for cell differentiation, and 
polarity) expression is associated with many non-
familial human cancers, including esophageal 
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adenocarcinoma. It has been noted that there is a 
lower expression of E-cadherin in Barrett’s 
esophagitis patients as compared to normal, 
which proposes that it may have a role as a tumor 
suppressor in early disease. There is also a sug-
gestion of the role of β‐catenin and TNFα and 
their involvement with the c-Myc gene (onco-
gene) [17, 25].

COX‐2 and derived prostaglandin E2 (PGE2) 
appear to be implicated in carcinogenesis in some 
studies, because they prolong the survival of 
abnormal cells that favors accumulation of 
genetic changes. They reduce apoptosis and cell 
adhesion, increase cell proliferation, promote 
angiogenesis and invasion, and make cancer cells 
resistant to the host immune response. COX‐2 is 
expressed in the normal esophagus but its expres-
sion was found to be significantly increased in 
Barrett’s esophagus and even more in HGD and 
esophageal adenocarcinoma. Recent studies sug-
gested that COX‐2 expression might be of prog-
nostic value in esophageal adenocarcinoma as the 
COX‐2 immunoreactivity study in cancer tissues 
showed that patients with high COX‐2 expres-
sion were more likely to develop distant metasta-
ses and local recurrence and had significantly 
reduced survival rates when compared to those 
with low expression. These data illustrate how 
chronic inflammation can contribute to the carci-
nogenesis process in the gastrointestinal tract, but 
the prognostic value of overexpression of TNFα 
and COX‐2 in Barrett’s metaplasia has not been 
documented in prospective studies [17, 25].

The development of a biomarker panel to aid 
in the prognosis of Barrett’s progression will help 
with the stratification of risk and hopefully help 
to tailor surveillance programs to a patient’s indi-
vidual needs.

Diet has been suggested to play a role in the 
progression of Barrett’s to esophageal cancer 
and a review of the literature by De Ceglie found 
that consumption of meat and high-fat diets 
were positively associated with esophageal ade-
nocarcinoma, and while individual studies 
reported a reduction in cancer rates when diets 
were high in fruit, vegetables, and antioxidants, 
this was not consistently shown in the studies. 
There were a few studies which looked at diet 

and the development of Barrett’s and their find-
ings were inconclusive [18].

A prospective study of 713 patients found that 
the main risk factors for developing neoplasm on 
a background of Barrett’s were the presence of 
low-grade dysplasia, duration of Barrett’s esoph-
agus for longer than 10 years, longer length of 
Barrett’s, and ongoing esophagitis [19]. Other 
studies have confirmed that the degree of dyspla-
sia present appears to be the single best indicator 
for the risk of progression from Barrett’s to 
malignancy, with high-grade dysplasia having a 
rate up to 10 % per year [4]. It has also been dem-
onstrated that the presence of ongoing esophagi-
tis, indicating ongoing reflux, has been reported 
to predict a 3.5 times higher risk of developing 
high-grade dysplasia or esophageal cancer in 
patients with established Barrett’s esophagus 
compared to those without [1] (Fig. 2.1).

2.2	 �Prevention

Since the precise mechanisms and risk factors 
for the development of Barrett’s esophagus are 
not entirely understood, this makes strategies 
aimed at preventing it difficult to develop. Since 
the current theory of Barrett’s pathogenesis is 
one of chronic esophageal injury secondary to 
ongoing gastroesophageal reflux disease, it fol-
lows that therapies which reduce the severity of 
reflux will reduce the likelihood of Barrett’s 
developing. This would include the use of medi-
cation such as histamine 2 receptor antagonists 
(ranitidine), proton pump inhibitors (omepra-
zole, lansoprazole, esomeprazole), and simple 
over-the-counter antacid medication. It would 
also involve the avoidance of medications which 
increase the incidence of reflux, such as 
NSAIDs, anticholinergics, calcium channel 
blockers, nitrates, theophylline, and tricyclic 
antidepressants.

These therapies will obviously only be indi-
cated when a patient suffers from reflux symp-
toms. Since 40 % of Barrett’s patients have not 
reported significant reflux symptoms, a large pro-
portion of patients will be missed by only treating 
symptomatic patients, but given the potential side 
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effects of long-term acid suppression medication 
and the relatively low prevalence of Barrett’s in 
the population, there is no case for a widespread 
preventative therapy campaign.

Medications which have been proposed to 
reduce the probability of Barrett’s esophagus 
progressing to high-grade dysplasia and adeno-
carcinoma include PPIs, statins, NSAIDs, and 
selective COX-2 inhibitors [4, 20]. PPIs have 
been shown in a multicenter prospective cohort 
study to reduce the risk of esophageal cancer and 
high-grade dysplasia in patients with known 
Barrett’s by 59 %. It also achieved a reduction in 
the amount of active esophagitis but did not affect 
the length of Barrett’s [21]. Statins have been 

shown, in a meta-analysis of 5 studies involving 
Barrett’s patients, to give a 41 % reduction in the 
rate of esophageal cancer, among Barrett’s 
patients [22].

Epidemiological and experimental evidence 
suggested that chemoprevention with NSAIDs 
and selective COX-2 inhibitors such as aspirin 
may help to reduce the risk of cancer progression 
in Barrett’s patients. However, human trials have 
not shown any reduced risk for cancerous pro-
gression [4, 23]. The risk-benefit of aspirin needs 
careful assessment especially in BE [24, 25]. 
Currently the ASPECT study (a 2500 random-
ized multicenter controlled trial of low- or high-
dose esomeprazole with or without low-dose 
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↑ cytokines and
growth factors

Alterations in genes controlling stem cells

DNA damage

Loss of heterozygosity or mutations in p16

P53 mutations
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aneuploidy or tetraploidy

CDH1 mutations

? COX 2 and PGE2 overexpression
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Genetic
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Fig. 2.1  This figure highlights the hereditary, environmental, and genetic factors that are involved in the pathogenesis 
of Barrett’s esophagus (With permission Jankowski et al. [27])
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aspirin for 8-year follow-up period) is awaiting 
final analysis [26].

Surgical management of reflux by anti-reflux 
surgery has been suggested as a possible method 
of preventing both the development of Barrett’s 
and the progression from Barrett’s through the 
various degrees of dysplasia to carcinoma. While 
fundoplication has been shown to effectively 
control reflux symptoms in most cases, it has not 
been found to be associated with a decrease in the 
incidence of esophageal cancer [4].

Better understanding of the molecular 
changes which cause the metaplastic change 
from squamous mucosa to columnar mucosa 
with or without goblet cells is required in order 
to develop effective therapies for Barrett’s 
esophagus. This would hopefully allow not only 
the prevention of progression of Barrett’s esoph-
agus to low-grade dysplasia, high-grade dyspla-
sia, and adenocarcinoma but also the prevention 
of Barrett’s developing in the first instance. 
There are now excellent consensus statements 
especially the Benign Barrett’s Cancer Task 
Force (BoBCAT) which have highlighted key 
management points for quality management 
while also indicating new areas of development 
for the future.
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Surveillance in Barrett’s 
Esophagus and Dysplasia

Luca Faccio and Giovanni Zaninotto

The incidence of esophageal adenocarcinoma is 
rapidly increasing in Western countries, and, 
despite advances in surgical and endoscopic 
treatments, this condition retains a dismal prog-
nosis with an overall 5-year survival rate of 15 % 
[1]. Barrett’s esophagus (BE) is considered a pre-
malignant lesion that can degenerate into esopha-
geal adenocarcinoma (EA), and that is why most 
gastroenterological and surgical societies recom-
mend regular endoscopic surveillance of BE 
patients to detect early cancerous lesions when 
they are still amenable to cure [2, 3]. The real 
cancer risk associated with BE is not yet entirely 
clear, however, and even the definition of BE is 
still a matter of debate. Although Barrett’s 
mucosa is generally recognized as a metaplastic 
columnar transformation of native squamous 
esophageal epithelium, the phenotype of the 
columnar epithelia is described in various ways, 
and the optimum timing and frequency of endo-
scopic surveillance have yet to be decided [4].

It is now accepted that BE progresses to EA 
via a phenotypic sequence involving a condition 
indefinite for dysplasia (IND), then low-grade 
dysplasia (LGD), and high-grade dysplasia 
(HGD). The likelihood of progression from BE 
to invasive EA increases with the severity of the 
dysplasia: it is low (less than 0.5 per 100 patient-
years) for non-dysplastic BE, but 10 times higher 
when LGD sets in and 60 times higher when 
HGD is detected [5, 6].

Observational studies suggest that EA occur-
ring in patients under surveillance for BE is 
detected at an earlier stage and consequently asso-
ciated with a better survival and a chance of being 
treated endoscopically. Unfortunately, no pro-
spective randomized trials have been performed 
to confirm this hypothesis, and some cohort stud-
ies suggest that surveillance has no impact in 
reducing EA-related mortality [7, 8]. The burden 
of endoscopic surveillance also continues to gen-
erate controversy, given the costs and the resources 
needed to monitor a condition known to exist in 
2 % of the general population, but with a progres-
sion rate of around 0.5 % per patient-year [9–11] 
(Table 3.1). Hence the need to identify patients at 
higher risk of progression and concentrate our 
surveillance efforts on them, as supported by the 
latest guidelines dictated by the Delphi Consensus 
for Management of Barrett’s Esophagus 
(BOBCAT) [13].

The risk factors for progression to EA in BE 
patients include several clinical, endoscopic, and 
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pathological characteristics such as age and gen-
der, duration, frequency and severity of symp-
toms, obesity and tobacco smoking, length of the 
BE segment, and the presence of dysplasia [14, 
15]. Much attention and high hopes have been 
focused on biological markers that might help us 
to identify BE patients at risk [16], the most 
promising biomarkers being the presence of 
aberrant p53 and p16 proteins. Routinely search-
ing for these biomarkers is costly and time con-
suming, however, and the method has not gained 
widespread popularity [17, 18]. At the end of the 
day, there are currently no clinically proven, spe-
cific biological markers capable of earmarking 
BE patients at risk of EA, so stratification should 
continue to be based on the abovementioned clin-
ical, endoscopic, and pathological features.

3.1	 �Clinical Features

Gender, age, and duration of symptoms: for men 
with BE, the risk of developing EA is almost 
twice as high as for women, and the risk increases 

for men >60 years old who have had symptoms 
of GERD (with or without hiatal hernia) for 10 
years or more. Some authors recommend endo-
scopic screening for BE in such patients, but no 
clear data are available on the efficacy of screen-
ing in reducing the death rate due to EA [19].

Central obesity is another accepted risk factor 
for the progression of BE to EA, since a direct 
correlation has been shown between abdominal 
fat and biomarkers of progression (leptin and 
insulin) [20]. A recent meta-analysis also showed 
a consistent association between parameters 
linked to central obesity and esophageal inflam-
mation, metaplasia, and EA [21].

3.2	 �Endoscopic Features

3.2.1	 �Length of the BE Segment

The risk of BE progressing from metaplasia to 
cancer also depends on the length of the segment 
involved. Initially, a distinction was drawn 
between two topographical variants of BE, short 

Table 3.1  Society guidelines on surveillance schedules for Barrett’s esophagus [12]

Society Non-dysplastic BE LGD BE HGD BE

American Gastroenterology 
Association (AGA) [6]

Every 3–5 years Every 6–12 months Every 3 months failing 
eradication therapy

American College of 
Gastroenterology [7]

Two endoscopies in the first 
year; if no dysplasia, every 3 
years thereafter

Repeat after 6 months, 
then yearly

Every 3 months 
Additional intervention 
needed

American Association for 
Gastrointestinal Endoscopy 
(ASGE) [8]

Consider no surveillance; or 
every 3–5 years

Repeat after 6 months, 
then yearly; consider 
ablation

Every 3 months
Consider additional 
intervention

British Society of 
Gastroenterology (BSG) 
2006 [9]

Every 2 years Repeat after 8–12 weeks 
(PPI therapy)
LGD confirmed every 6 
months

Every 6 months if no 
additional intervention 
is needed

British Society of 
Gastroenterology (BSG) 
2013 [10]

IM-ve segment <3 cm: no 
surveillance;
IM + ve segment < 3 cm: every 
3–5 years;
IM + ve segment >3 cm: every 
2–3 years

Review by two 
pathologists
Every 6 months

Discuss MDT
Therapeutic intervention

French Society of Digestive 
Endoscopy [11]

Long segment (>6 cm): every 
2 years

Repeat after 8 weeks (PPI 
therapy), then every 6 
months, then yearly

Repeat after 4–8 weeks 
(PPI therapy)
Additional intervention 
needed

American College of 
Physicians (ACP) [13]

Every 3–5 years More frequent (no 
specific recommendation)

No specific 
recommendation
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and long; the former defined as columnar meta-
plastic glands extending less than 3 cm (but more 
than 2  cm) into the distal esophagus, and pro-
gression to cancer was associated with the pres-
ence of a longer BE segment [22]. This 
oversimple classification was subsequently chal-
lenged, but patients with BE segments longer 
than 6–7  cm are recognized as being at higher 
risk of progression [23]. In a recent study by 
Anaparthy, 44 of 1175 BE patients with a median 
follow-up of 5.5  years developed HGD or 
EA. The patients whose disease progressed had a 
longer BE segment than the others (6.5 cm vs. 
3.5 cm, p < 0.01), and logistic regression analysis 
showed a 28 % higher risk for every centimeter 
of BE beyond the first 2 cm [24]. The results of a 
multivariate analysis conducted in a multicenter 
cohort study confirmed that, among other fac-
tors, length of BE (relative risk 1.11 per cm 
increase in length; 95  % confidence interval 
1.01–1.2) was a significant predictor of progres-
sion to HGD or EA [25].

3.2.2	 �Nodularity, Ulcers, or 
Endoscopically Visible 
Abnormalities

Endoscopic evidence of abnormalities is strongly 
associated with the presence of dysplastic tissue 
or cancer, and the areas involved should be care-
fully biopsied or endoscopically resected. Rather 
than as a risk factor for progression, such abnor-
malities should be considered as markers of the 
presence of more advanced disease [26].

3.3	 �Pathological Features

While it is well known that BE patients prog-
ress to EA via a phenotypic sequence from no 
dysplasia to low-grade dysplasia, to high-grade 
dysplasia and adenocarcinoma, these steps fol-
low no preordained schedule, and the process 
can vary considerably [27]. Dysplasia (or 
intraepithelial neoplasia) in BE is divided 
according to the Vienna classification into 4 
classes [28]:

•	 No dysplasia: “normal” BE epithelium (goblet 
columnar epithelium and non-goblet colum-
nar epithelium). Defining BE by means of 
the morphological identification of mucosal 
goblet cells alone has proved insufficient, 
however, as it has been demonstrated that non-
goblet columnar epithelium may be an early 
stage of the process of “intestinalization,” 
showing similar molecular abnormalities to 
goblet cell epithelium, and carrying some risk 
of neoplastic progression, albeit lower than 
that of “goblet cells.”

•	 Indefinite for dysplasia: mild cytological 
changes with nuclear membrane irregularities, 
increased mitoses in deeper glands, or inflam-
mation, but an otherwise normal architecture 
of the gland and maturation of the surface.

•	 Low-grade dysplasia: some mild, diffuse 
cytological abnormalities such as nuclear 
hyperchromasia and nuclear membrane irreg-
ularities with a normal nuclear polarity, a 
mildly abnormal architecture with glandular 
crowding but a clearly identifiable basal mem-
brane, and distorted surface maturation with a 
surface assembling the underlying gland.

•	 High-grade dysplasia: marked cytological 
changes, nuclear hyperchromasia, irregular 
nucleoli with loss of nuclear polarity, marked 
architectural alterations with crowding of 
cytologically abnormal glands, and lack of 
surface maturation.

3.4	 �Risk of Progression in  
Non-dysplastic Barrett’s 
Esophagus

The risk of progression for patients with non-
dysplastic BE (NDBE) is low, ranging between 
0.3 and 0.7 per hundred patient-years [29]. The 
Delphi Consensus recommended performing a 
repeat esophagogastroduodenoscopy (EGD) 1 
year after NDBE has been diagnosed; then, if the 
NDBE “persists” (i.e., there is no evidence of 
progression), the interval between endoscopies 
can be increased to 5 years. This recommenda-
tion is based on the observation that, when sev-
eral endoscopies over a period of years confirm 
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the persistence of NDBE, there is a lower likeli-
hood of progression to HGD/EA [6].

3.5	 �Risk of Progression 
and Management of BE 
Indefinite for Dysplasia

Cases that are indefinite for dysplasia (IND) 
form the most difficult group to identify because 
of the overlap between inflammatory and neo-
plastic changes. The risk of progression is gener-
ally somewhat lower than in cases of LGD, but 
when IND is multifocal and extends throughout 
the segment of BE, then the risk may be as high 
as for LGD.  This would suggest that extent 
might matter more in the early stage of the carci-
nogenic process than in the more advanced 
stages, when some cell clones have reached a 
point of no return [30].

3.6	 �Risk of Progression  
in Low-Grade Dysplasia

LGD carries an intermediate risk of progression, 
higher than in NDBE and lower than in 
HGD. Gatenby reported an incidence of progres-
sion to EA of 2.2 % a year, with a hazard ratio of 
2.871 (95%CI: 1.480–5.540; p < 0.002) by com-
parison with NDBE [31]. On multivariate analy-
sis, LGD emerged as an independent risk factor 
for progression to HGD/EA [32]. There are con-
trasting data in the literature on the incidence of 
LGD progression to EA, however.

In the EBRA study the presence of LGD was 
found statistically associated with progression (to 
HGD or EA): 841 patients with BE were fol-
lowed up prospectively for 44.4  months (3083 
patient-years), performing a median of 3 endos-
copies per patient. Patients with incident HGD 
and/or cancer were excluded. By the end of the 
study period, 22 patients had progressed, includ-
ing 7/64 with LGD (3.2  %) and 15/777 with 
NDBE (0.72  %; p:0.01). LGD remained a risk 
factor for progression on multivariate analysis 
too (rr 3.72, CI 1.22–11.43, p:0.02) [33].

The BEST (Barrett’s Esophagus Study) chal-
lenged this outcome on the grounds of a large 
database prospectively compiled by 5 high-
volume centers. A first report in 2006 concerned 
156 LGD patients followed up for a mean of 5 
years (range 1–15.5 years), during which time 
103 patients (66 %) had NDBE, 32 (20.5 %) had 
persistent LGD, 16 (10.3 %) developed HGD, and 
5 (3.2 %) developed EA. The incidence of cancer 
was 1 per 156 patient-years of follow-up, or 0.6 % 
a year, a rate similar to the cancer risk for patients 
with NDBE. In a second report on the BEST data 
in 2011, the group of LGD patients had expanded 
to 210, and the diagnosis of LGD was confirmed 
by an expert pathologist. The incidence of HGD/
EA was 1.83 (95 % CI: 1.23–2.74), and no differ-
ences emerged between the cases of prevalent and 
incident LGD or between cases of focal and dif-
fuse LGD [34].

These differences may have several explana-
tions. For instance, some studies did not distin-
guish between prevalent and incident LGD, but 
patients with prevalent LGD are more prone to 
progression [35]. Another reason might be the 
instability of the LGD phenotype, which may 
also regress to NDBE after the use of proton 
pump inhibitors or surgery [36]. LGD is also a 
patchy condition and biopsies may miss foci of 
LGD or remove them completely if they are 
small. Finally, there is a lack of agreement 
among pathologists, giving rise to a high inter- 
and intra-observer variability concerning regen-
erative or inflammatory tissue that may be 
misdiagnosed as LGD [35].

The risk of LGD progressing seems to 
increase considerably when a diagnosis of LGD 
is confirmed by two or more pathologists. In a 
study by Curvers et al., two expert pathologists 
confirmed the presence of LGD in only 15 % of 
147 patients initially diagnosed with this condi-
tion, and 8 of the 22 patients whose LGD was 
confirmed progressed to HGD or EA, with a 
cumulative risk of 85  % [37]. Skacel demon-
strated that when three pathologists blindly con-
firmed a diagnosis of LGD, there was an 80 % 
risk of progression, i.e., twice the figure (40 %) 
identified when only two pathologists agreed on 
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the diagnosis [38]. Given the difficulty of arriv-
ing at an “objective” diagnosis of LGD, the 
British Society of Gastroenterology has extended 
its double-reporting recommendations to cases 
of LGD, suggesting that a diagnosis of LGD be 
corroborated by a second pathologist expert in 
upper gastrointestinal diseases, as formerly rec-
ommended for HGD [39].

Diffuse LGD has also been correlated with a 
higher risk of progression than focal LGD, 
though the distinction between diffuse and focal 
LGD is somewhat controversial. The generally 
adopted definition of diffuse LGD is based on the 
involvement of more than 5 crypts [40].

3.7	 �LGD Management

The above data can be used to construct a flow-
chart for endoscopic surveillance (Fig. 3.1) [35]. 
After NDBE has been diagnosed, given the rela-
tively high incidence of a diagnosis of HGD/EA 
within the first year after the index endoscopy 
[35] (incident lesion), a follow-up endoscopy 
should be performed after 1 year. If NDBE is 
confirmed, then further endoscopies can be 
scheduled at 5-year intervals [13].

BE biopsies found positive for LGD warrant a 
change in the timing of surveillance, and a second 
opinion should be obtained from a pathologist 

Non-dysplastic BE Low-grade dysplasia High-grade dysplasia

2nd pathologist’s opinion2nd pathologist’s opinion

Confirmed Confirmed

Repeat endoscopy
at 1 year

Negative for LGD

Repeat endoscopy
at 6 months

Ablation or resection

Repeat endoscopy
at 5 years

Negative LGD HGD

Repeat endoscopy at
6/12-month intervals

Negative for LGD

Persistent LGD

Continue follow-up
at 1-year intervals

Presence of risk factors
(diffuse LGD, long BE segment)

Diagnosis of BE

Fig. 3.1  Proposal for surveillance in non-dysplastic and dysplastic BE [35]
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expert in upper gastrointestinal diseases. If LGD 
is confirmed, the patient should undergo repeat 
endoscopy after 6 months and, in the event of 
other risk factors (such as a long BE segment, 
long-standing GERD, or obesity), ablation of the 
BE segment is recommended [39].

3.8	 �High-Grade Dysplasia

HGD has been found associated with both a high 
risk of concomitant carcinoma and a high inci-
dence of progression to invasive carcinoma. A 
meta-analysis of four studies found that 63/236 
HGD patients (30 %) progressed to cancer within 5 
years [24]. In recent longitudinal studies on the 
incidence of EA, HGD was considered an end 
point “per se,” making no difference vis-à-vis inva-
sive adenocarcinoma. A reliable diagnosis of HGD 
prompts more aggressive therapies with curative 
intent, such as mucosectomy, esophageal mucosa 
resection, radiofrequency ablation, or even esopha-
geal resection [41], if the patient is fit for surgery 
and endoscopic therapies are not feasible.
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Ablation Techniques for Barrett’s 
Esophagus and Dysplasia

Prashanthi N. Thota

4.1	 �Introduction

Since the recognition of Barrett’s esophagus as a 
precancerous condition, efforts have focused on 
its eradication. Aggressive acid suppression with 
medical or surgical anti-reflux therapy led to 
inconsistent results in regression of Barrett’s epi-
thelium. It has been observed that Barrett’s can 
revert to normal squamous epithelium when it is 
ablated and maximal acid suppression is main-
tained. This has led to initial reports of ablation 
of non-dysplastic Barrett’s using endoscopic 
laser therapy [1]. Subsequent efforts were focused 
on endoscopic therapy in Barrett’s patients with 
high-grade dysplasia (HGD) who were poor sur-
gical candidates as they are at highest risk of pro-
gression to cancer. Since then, ablative therapies 
have evolved and have become the mainstay of 
therapy for Barrett’s associated neoplasia.

Removal of dysplastic areas only without 
complete eradication of entire Barrett’s segment 
is associated with high risk of developing meta-
chronous neoplasia [2]. Hence, the current stan-
dard of management for Barrett’s includes 
endoscopic mucosal resection (EMR) of visible 
abnormalities followed by ablation to eradicate 

remaining Barrett’s epithelium with ongoing sur-
veillance. Although endoscopic therapy cannot 
cure neoplasms that have metastasized to regional 
lymph nodes, such nodal involvement is present 
in only 1–2 % of patients with intramucosal ade-
nocarcinoma in Barrett’s esophagus and there-
fore is useful in selected cases of intramucosal 
cancers. Currently, endoscopic therapy is recom-
mended in patients with HGD and intramucosal 
cancer and is considered in confirmed cases of 
low-grade dysplasia (LGD) as there is a higher 
risk of progression. In addition, there have been 
recent case series describing the use of endo-
scopic therapy in early submucosal cancers.

4.2	 �Ablative Techniques

The various available ablative therapies include 
radiofrequency ablation (RFA), photodynamic 
therapy (PDT), cryotherapy, argon plasma coag-
ulation (APC), and multipolar electrocoagulation 
(MPEC). What are the criteria of an ideal abla-
tion technique in Barrett’s esophagus? As 
described by Bergman et al. [3], firstly it should 
remove all dysplasia and intestinal metaplasia. 
Secondly, the neosquamous mucosa that devel-
ops after ablation should be free of oncogenetic 
abnormalities such as those present in the pre-
treatment metaplastic mucosa, and no residual 
areas of metaplastic columnar mucosa should 
remain hidden underneath it (“buried Barrett’s”). 
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Thirdly, it should be very precisely targeted at the 
mucosa without damaging the deeper layers, 
thereby minimizing complications and preserv-
ing the normal functional characteristics of the 
esophagus. Finally, it should be quick and easy, 
removing all Barrett’s mucosa, preferentially in 
one procedure. No such ideal ablation technique 
exists, but RFA has demonstrated efficacy, dura-
bility, and safety in multiple clinical trials mak-
ing it the preferred technique of ablation.

4.3	 �Radiofrequency Ablation

The most widely used ablation technique for 
Barrett’s dysplasia is RFA using HALO system 
first developed in 2000. Well designed, random-
ized controlled trials and subsequent experience 
have demonstrated its superior efficacy and 
safety profile in ablation of dysplastic Barrett’s. 
RFA is performed using the Barrx FLEX system 
(previously HALO FLEX system), which is com-
prised of two distinct types of ablation catheters: 
the circumferential ablation catheter or Barrx 360 
for primary ablation and focal ablation catheters 
which include Barrx 90, Barrx 90 ULTRA, and 
Barrx 60 and through the scope Channel RFA 
device. The FLEX generator is used for both cir-
cumferential and focal RFA (Fig. 4.1).

4.3.1	 �Technique

Circumferential ablation: The Barrx 360 ablation 
catheter consists of a 165-cm-long shaft with a 
balloon at its distal end that contains a 3-cm-long 
bipolar electrode. The electrode array encircles 
the balloon through which radiofrequency energy 
is applied, ablating the Barrett’s mucosa. The 
ablation catheter is available in five outer diame-
ters (18, 22, 25, 28, and 31 mm once inflated). 
After careful determination of landmarks and 
exam for visible abnormalities in the Barrett’s 
segment, the esophagus is cleaned by washing 
with 1 % acetylcysteine or water. Then, the diam-
eter of esophageal lumen at different levels is 
assessed by passing a sizing catheter over a 
guidewire. Based on the size of lumen, a Barrx 

360 catheter of appropriate size is selected and 
advanced over a guidewire. Under endoscopic 
visualization, the catheter is placed 1 cm above 
the most proximal extent of the BE and inflated 
after which radiofrequency energy is applied. 
Then, the catheter is moved distally and radiofre-
quency energy is delivered sequentially. Then, 
the ablation catheter is removed, and the coagu-
lum is scraped off with a cap attached to the tip of 
the endoscope. Subsequently, a second series of 
ablation is performed. Recently, a 4-cm-long cir-
cumferential 360 Express RFA Balloon catheter 
is developed which bypasses the need for sizing. 
Eight to twelve weeks after the first circumferen-
tial ablation treatment, patients undergo addi-
tional therapy with either Barrx 360 or Barrx 90 
depending on the extent of residual Barrett’s.

Focal ablation: Barrx 90 consists of 
20 × 13-mm-sized electrode mounted on the tip of 
endoscope and placed at the 12 o’clock position in 
the endoscopic video image. Then, the endoscope 
is passed, and radiofrequency energy (at 12 J/cm2 
in the United States and 15  J/cm2 in Europe) is 
applied twice after the endoscope is deflected and 
electrode is closely applied to the esophageal wall. 
Then, the coagulated tissue is scraped off with the 
catheter and ablation is repeated as described 
before. Simplified regimens without a cleaning 
phase in between have also been described. Barrx 
90 Ultra has a larger surface area and has potential 
application in patients with dilated and tortuous 
esophagus when close opposition with Barrx 360 
is not feasible. Barrx 60 and Channel catheter can 
be used in patients with esophageal strictures or 
tight upper esophageal sphincter.

After ablation, patients are on high-dose twice 
daily proton pump inhibitor therapy along with 
liquid sucralfate 4 times a day for 10–14 days. 
They stay on liquid diet for a day and advance to 
solid food as tolerated. Then, the procedure is 
repeated again in 2–3 months.

4.3.2	 �Efficacy

RFA is highly efficacious in eradication of 
metaplasia (71–93 %) and dysplasia (91–100 %). 
The most compelling evidence for the use of RFA 
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Fig. 4.1  Radiofrequency ablation equipment. (a) Generator. (b) Catheters. (c) Before ablation. (d) After ablation
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in BE with dysplasia comes from AIM dysplasia 
trial [4], a US multicenter randomized sham-
controlled trial of 127 patients. At 1-year follow-
up, 81 % in HGD and 90 % in LGD had eradication 
of dysplasia. The effect seems to be durable with 
eradication of dysplasia persisting in more than 
85 % of patients at the end of 3 years [5]. Another 
study demonstrating efficacy of RFA comes from 
SURF trial, a randomized controlled trial of 136 
patients with confirmed LGD.  At the end of 2 
years, RFA reduced risk of progression to HGD or 
cancer (1.5 % in RFA group vs. 26.5 %, in surveil-
lance arm p < 0.001) [6].

4.3.3	 �Complications

RFA is a safe procedure with few adverse events. 
The most commonly reported in order of decreas-
ing frequency are strictures (5  %), chest pain 
(3 %), and bleeding (1 %).

4.4	 �Cryotherapy

Cryotherapy is based on the principle of ablating 
Barrett’s tissue by application of a cryogen lead-
ing to extremely cold temperatures. Repeated 
cycles of rapid freezing followed by slow thaw-
ing lead to cell membrane rupture. Delayed 
injury includes tissue anoxia due to the loss of 

microcirculation and immune-related processes. 
There are two types of cryotherapy devices com-
mercially available: one is cryospray (CSA 
Medical) which uses liquid nitrogen delivered at 
−196 C (Fig. 4.2), and the other is Polar Wand 
(GI supply) which utilizes carbon dioxide gas 
cooled to −78 C. A recently developed simplified 
through the scope focal cryoballoon system (C2 
Therapeutics) is being studied for Barrett’s abla-
tion. Since cryoablation does not require any 
contact, it is useful for patients with tortuous 
esophagus and nodular uneven mucosal surface.

4.4.1	 �Technique

Cryotherapy is performed by passing the catheter 
through the accessory channel of an endoscope, 
and the tip of the catheter is held 5–10 mm away 
from the target tissue. The foot pedal is depressed, 
which triggers the release of the cryogen. The 
cryogen is sprayed onto the target tissue until it 
turns white, which means that freezing has taken 
place. This generally occurs after 10–15  s of 
application. Thawing usually takes place within 
10–30 s. The same area is typically subjected to 
the freezing–thawing cycle 3 or 4 times to achieve 
ablation. In cryospray system, a decompression 
tube is used to evacuate the excess gas from the 
stomach, whereas in Polar Wand system, suction 
catheter is attached to the tip of the endoscope.

Cryospray Tank CryotherapyCryotherapy Catheter

a b c

Fig. 4.2  (a) Cryospray tank. (b) Cryotherapy catheter. (c) Cryotherapy
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4.4.2	 �Efficacy

The evidence of efficacy comes from retrospec-
tive studies. In a study of 60 Barrett’s patients 
with HGD who underwent cryospray therapy, 
87 % had complete eradication of all dysplasia 
with persistent non-dysplastic intestinal metapla-
sia, and 57  % had complete eradication of all 
intestinal metaplasia during a mean follow-up of 
10.5 months [7]. The effect seems to be durable 
as reported by a retrospective study of 32 patients 
with HGD with a mean follow-up of 37 months 
where HGD was eradicated in 97 % and eradica-
tion of intestinal metaplasia was observed in 
81 % [8]. Recurrent HGD was found in 6 (18 %) 
which was treated by cryotherapy. In another 
study of 49 patients with esophageal cancer (46 
with adenocarcinoma), complete response was 
seen in 75 % with intramucosal cancer during a 
mean follow-up of 10.6  months [9]. In a small 
study of 39 patients published in abstract form, 
cryotherapy with carbon dioxide was effective in 
complete eradication of dysplasia in 80.6 % and 
eradication of metaplasia in 42 % [10].

4.4.3	 �Complications

Cryotherapy is generally well tolerated, with few 
side effects and rare complications reported. 
Common side effects include chest pain (17.6 %), 
dysphagia (13.3 %), and odynophagia (12.1 %) 
[11]. One case of gastric perforation occurred in 
a patient with Marfan syndrome, and another 
patient developed a lip ulcer, as a result of cold 
injury from contact with the endoscope, which 
resolved in 4 days without specific treatment 
[12]. Esophageal stricture noted in 3–13 % of the 
patients that responded to balloon dilation ther-
apy [8, 9].

4.5	 �Photodynamic 
Therapy (PDT)

PDT was one of the most widely studied abla-
tive therapies used in the treatment of Barrett’s 
esophagus prior to advent of RFA.  It was ini-
tially used for palliation of advanced esophageal 

cancer but subsequently found to be useful in 
management of patients with Barrett’s and HGD 
and early esophageal cancer who are poor surgi-
cal candidates.

4.5.1	 �Technique

Photodynamic therapy is based on the principle 
of cell destruction induced by photosensitizers 
when stimulated by light. In the United States, 
porfimer sodium (Photofrin, Pinnacle Biologics 
Inc) at a dose of 2 mg/kg of body weight is given 
as an intravenous bolus over 3–5 min. Two days 
later, visible red light at approximately 630 nm 
is transmitted by an optical fiber passed through 
accessory channel of endoscope or a balloon dif-
fusing fiber. For treatment of Barrett’s with HGD, 
the light dose recommended is 130–200 J/cm fiber. 
A second endoscopy is performed 2–3 days later 
to repeat the treatment if necessary. In Europe, 
other photosensitizers such as 5-aminolevulinic 
acid (5-ALA) and m-tetrahydroxyphenyl chlorin 
(mTHPC) are also used. ALA can be adminis-
tered orally, has shorter duration of skin photo-
sensitivity (24–48  h), and reduced incidence of 
strictures.

4.5.2	 �Efficacy

PDT is the first ablation technique proven to be 
effective and durable in a randomized controlled 
trial. In this trial of 208 patients with HGD ran-
domized to either porfimer sodium PDT plus 
omeprazole versus omeprazole alone, complete 
ablation of HGD was achieved in 77 % of PDT 
group compared with 39 % in the control group 
(p < .0001) on mean follow-up of 24 months [13]. 
Complete eradication of metaplasia was seen in 
52 % of patients in the PDT group compared with 
7 % in the omeprazole group (p < .0001). There 
was also a significant difference in progression to 
cancer, with 13 % of patients in the PDT group 
developing cancer compared with 28  % in the 
omeprazole group. Eradication of HGD at 5-year 
follow-up was achieved in 77 % of those treated 
with PDT plus omeprazole and 39  % of those 
treated with omeprazole alone. Progression to 
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esophageal cancer at 5-year follow-up was 15 % 
in the PDT group and 29 % in the omeprazole-
only arm [14]. PDT can also be used for eradica-
tion of Barrett’s after EMR of intramucosal 
cancer. In a study of 17 patients who underwent 
PDT following EMR, 94 % remained in remis-
sion at 13 months [15]. Comparative retrospec-
tive data of patients undergoing PDT vs. surgical 
esophagectomy for BE HGD at a high-volume 
expert center demonstrated comparable overall 
survival over 5 years of median follow-up (83 % 
in patients treated with EMR only or EMR fol-
lowed by PDT versus 95  % IN patients who 
underwent esophagectomy for intramucosal can-
cer [16]. These data established porfimer sodium 
PDT as a viable alternative to esophagectomy, 
particularly among individuals – whether due to 
advanced age, comorbid illness, or preference 
against surgical esophagectomy.

4.5.3	 �Complications

The most common adverse events reported with 
porfimer sodium use were photosensitivity reac-
tions (69 %), esophageal strictures (36 %), vom-
iting (32  %), noncardiac chest pain (20  %), 
pyrexia (20  %), and dysphagia (19  %) [13]. 
5-aminolevulinic acid has less frequent side 
effects but not widely used in the United States.

4.6	 �Argon Plasma 
Coagulation (APC)

APC is a noncontact technique wherein ionized 
argon gas is delivered at energy settings of 
40–90 W to ablate Barrett’s. It was used for eradi-
cation of non-dysplastic Barrett’s and LGD but 
incomplete eradication is common. Buried glands 
were reported in up to 40 % of patients [17]. APC 
was also described in ablation of Barrett’s with 
HGD. In a study of 32 patients with HGD, 78 % 
had eradication of HGD and 69 % had eradication 
of Barrett’s. However, there was 13 % progression 
to EAC in a mean follow-up period of 34 months 
[18]. Another potential role is in palliative treat-
ment of advanced cancer causing dysphagia or 

bleeding [19]. Complications include strictures, 
fever, bleeding, and, rarely, perforation.

4.7	 �MPEC

Ablation of Barrett’s using multipolar electroco-
agulation (MPEC) is a fairly simple technique. A 
10 French MPEC probe is passed through a ther-
apeutic endoscope, and thermal energy is applied 
at 15–20 W setting till a white coagulum appears. 
Treatment is continued in a circumferential fash-
ion at intervals of few weeks till entire Barrett’s is 
ablated. It has been mainly studied in non-
dysplastic Barrett’s [20], few cases of LGD [21], 
and a small case series of intramucosal cancer in 
combination with laser [22]. Eradication rate is 
about 78  % with subsquamous intestinal meta-
plasia (SSIM) observed in about 5–27 % [20, 21]. 
Since it is time-consuming to treat large areas of 
Barrett’s with this technique, it is best reserved 
for treating small areas of residual Barrett’s after 
prior ablative therapy with different technique.

4.8	 �Endoscopic Therapy 
Versus Esophagectomy

The traditional treatment for Barrett’s with HGD 
and intramucosal cancer had been esophagec-
tomy. The advantage of esophagectomy is that it 
not only removes the neoplasia but also the at-
risk mucosa thereby eliminating the risk of 
recurrence and also the periesophageal lymph 
nodes to allow accurate staging. However, it is 
associated with high rate of morbidity in a range 
of 30–50 % and a small but definite risk of mor-
tality in even high-volume centers. There are no 
randomized controlled trials comparing endo-
scopic therapy to esophagectomy, but a number 
of studies show comparable long-term outcomes 
and much fewer complications with added 
advantage of preserving the esophagus. A 
recently published meta-analysis of 870 patients 
with early esophageal neoplasia [23] showed 
that there was no significant difference between 
endotherapy and esophagectomy in the neopla-
sia remission rate (relative risk [RR], 0.96; 95 % 
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CI, 0.91–1.01). The remission rate varied from 
97 to 100 % in patients with esophagectomy and 
84 to 97  % in patients with endoscopic treat-
ment. In addition, there was no difference in 
overall survival rate at 5 years (RR 1.00). The 
cumulative death rate was 11.4 % in the endo-
therapy group and 8.7  % in the surgery group 
during follow-up. Most patients died of baseline 
comorbidities including cardiovascular disease, 
pulmonary disease, diabetes, and prior malig-
nancy. The neoplasia-related mortality was 
0.2 % in the endotherapy group and 0.3 % in the 
surgery group. Patients undergoing endotherapy 
had a higher neoplasia recurrence rate (RR 9.50) 
and fewer major adverse events (RR 0.38). Most 
patients (77.8–100 %) with neoplasia recurrence 
underwent endoscopic retreatment and got neo-
plasia remission again or had stable disease.

4.9	 �Postablation Surveillance

There are two issues which need to be taken into 
consideration after successful eradication of 
Barrett’s which make postablation surveillance 
mandatory: first is the subsquamous intestinal 
metaplasia (SSIM or buried Barrett’s), and sec-
ond is the postablation recurrences after success-
ful eradication of Barrett’s.

4.10	 �Subsquamous Intestinal 
Metaplasia (SSIM)

SSIM or “buried Barrett’s” is the presence of 
intestinal metaplasia in the lamina propria 
beneath overlying squamous mucosa. This is not 
visible by endoscopic inspection and is detected 
either by histological sampling or enhanced 
imaging techniques. Theoretically, SSIM may 
have a lower neoplastic potential due to lack of 
exposure to gastric acid and bile, but there are 
numerous reports of HGD or cancer developing 
from SSIM [24]. SSIM is known to exist both 
prior to and after ablation. The origins are uncer-
tain but thought to be from neosquamous over-
growth over intestinal metaplasia in biopsy sites 
or as a consequence of ablation. The reported 

prevalence of SSIM varies from 0 to 28 % [25], 
but this may not be a true estimate as most of the 
endoscopic biopsies are not adequate to include 
subepithelial lamina propria [26]. Studies on 
SSIM in EMR specimens reported a prevalence 
of 28–98 % prior to any ablation therapy [27, 28]. 
The effect of ablation on prevalence of SSIM is 
not clear but may decrease following RFA.  A 
recent systematic review on SSIM after endo-
scopic ablation procedures found SSIM in 14.2 % 
of patients treated with PDT and in 0.9  % of 
patients after RFA [29]. In view of this uncer-
tainty, patients need to stay in surveillance pro-
gram even after complete eradication of surface 
metaplasia.

4.11	 �Recurrences and Predictors 
of Recurrence

Recurrences are common and range from 20 to 
33 % in up to a 3-year follow-up period. In a mul-
ticenter consortium of 448 patients who under-
went RFA, 56  % had complete remission of 
which 33  % had disease recurrence within the 
next 2 years [29]. Most recurrences were non-
dysplastic and endoscopically manageable, but 
continued surveillance after RFA is essential. 
Among 5521 patients in the US RFA registry 
[30], 85  % achieved complete eradication of 
intestinal metaplasia. In a mean follow-up of 
2.4 years after complete eradication, metaplasia 
recurred 20 % and was non-dysplastic or indefi-
nite for dysplasia in 86 % of patients. In Kaplan–
Meier analysis, more advanced pretreatment 
histology was associated with an increased yearly 
recurrence rate. Compared with patients without 
recurrence, patients with recurrence were more 
likely to be older, have longer BE segments, be 
non-Caucasian, have dysplastic Barrett’s before 
treatment, and require more treatment sessions. 
The treatment strategy for recurrent dysplasia is 
similar to primary dysplasia. EMR is performed 
for any visible abnormalities for treatment and 
staging purposes followed by ablative therapy for 
recurrent flat areas. If resistant to one modality, 
switching to a different mucosal ablation tech-
nique should be considered.
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4.12	 �Follow-Up Intervals

Continued endoscopic surveillance following 
endotherapy is recommended, with intervals 
guided by prior grade of dysplasia and response 
to treatment. Currently, there is no consensus on 
the frequency of surveillance or biopsy protocol 
in postablation patients. As per recently pub-
lished British guidelines [31], in patients treated 
for HGD, endoscopic follow-up is recommended 
every 3 months for 1 year and yearly thereafter. 
This should include biopsies at the cardia and 
within the previous extent of the Barrett’s epithe-
lium. For patients with LGD, annual surveillance 
is recommended.

4.13	 �Patient Selection 
and Technical Considerations

Patients referred for endoscopic therapy should 
have a detailed white light exam with a high-
definition endoscope to identify landmarks and 
any visible abnormalities. Four quadrant surveil-
lance biopsies should be performed every 1 cm 
along with endoscopic resection of suspicious 
areas. Diagnoses of dysplasia need to be con-
firmed by an expert gastrointestinal pathologist. 

In cases of HGD and intramucosal cancer with 
low risk of lymph node metastases such as lesion 
size less than 2 cm, well-differentiated histology, 
and absence of lymphovascular invasion, endo-
scopic therapy is preferred over esophagectomy. 
After EMR of visible lesions, residual Barrett’s 
needs to be ablated in view of high risk of meta-
chronous neoplasia. In the absence of visible 
lesions, ablative therapy is the treatment of 
choice. In view of risk of recurrence, patients 
need to be on ongoing surveillance with treat-
ment of recurrences endoscopically.

Due to the lack of head-to-head randomized 
controlled trials comparing different ablative 
therapies, no one ablation modality suits all 
patients. A comparison of different ablation 
techniques is presented in Table 4.1. In patients 
with long-segment Barrett’s where large surface 
areas need to be treated, RFA is the treatment 
modality of choice. Other options include PDT 
and cryotherapy. For small areas of residual 
Barrett’s, APC and MPEC may be cost-effective 
modalities. For patients with nodular disease 
where close apposition with RFA is not possible, 
options are cryotherapy, PDT, and stepwise radi-
cal EMR.  In patients with persistent areas of 
Barrett’s in spite of repeated ablation, EMR can 
be used.

Table 4.1  Comparison of different ablative techniques

Ablative technique
Dysplasia 
eradication (%)

Metaplasia 
eradication (%) Strengths Limitations

RFA 91–100 71–93 RCT available
High response rate
Low complication rate

High costs

Cryotherapy 87–97 42–81 Good safety profile
Useful for nodular 
areas

Small studies (no RCTs)
No long-term follow-up 
data

PDT 40–77 52 RCT available
Treatment of nodular 
areas

High stricture rate
Photosensitivity
Buried Barrett’s

APC 67–86 69 Widely available
Inexpensive

Feasible for short segments 
only
Buried Barrett’s

MPEC – 75–100 Widely available
Inexpensive

Feasible for short segments 
only
Buried Barrett’s

RCT randomized controlled trial, RFA radiofrequency ablation, PDT photodynamic therapy, APC argon plasma coagu-
lation, MPEC multipolar electrocoagulation
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Endoscopic Resection for Barrett’s 
Esophagus to Dysplasia

Filippo Catalano

5.1	 �Evidence on Barrett’s

Barrett’s esophagus (BE) was first described in 
1950 as a probable complication of chronic 
gastroesophageal reflux disease (GERD) in 
both symptomatic and asymptomatic individu-
als. In BE squamous cells of the lower organ 
have changed from normally flat to a rectangu-
lar type of epithelial cell called columnar cell 
(intestinal metaplasia): we are therefore faced 
with a situation of cellular rehash where these 
new cells can grow abnormally and the less 
normal they look, the higher is the grade of 
dysplasia. In other words precancerous cells 
can appear in Barrett’s tissue. The risk of pro-
gression from low-grade dysplasia to either 
high-grade dysplasia or adenocarcinoma 
remains controversial, based in large part on 
the difficulty in distinguishing dysplasia from 
non-dysplastic Barrett’s esophagus and deter-
mining with reproducible accuracy the degree 
of dysplasia. Because dysplasia progresses to 
cancer in a manner that lacks definitive mark-
ers of progression, there are no well-defined 

cutoff points that separate low-grade from 
high-grade dysplasia at this time [1]

People with BE are more likely to develop a 
type of cancer called esophageal adenocarci-
noma (BAD, Barrett’s adenocarcinoma). The 
annual incidence of BAD is 0.12–0.50 %. The 
increase in the incidence of BE has led to a four-
fold increase in the incidence of BAD in the 
West but not in the East. However, in the near 
future, an increase is also expected in East Asia 
because of a decrease in Helicobacter pylori 
infection rates and the westernization of the 
diet, both of which are thought to promote 
GERD.

BE may be present for many years before can-
cer develops. The risk of cancer appears to vary 
with the extent of BE. Patients with long-segment 
disease may have a higher incidence of BAD 
than those with shortsegment BE.

Actually the best surveillance for patients is 
an upper gastrointestinal endoscopy with biopsy 
monitoring of Barrett’s tissue, watching sign of 
cancer development. Rigorous and systematic 
biopsy protocol improves detection of dysplasia 
end early cancer [2]. In Western countries, endo-
scopic surveillance once every 2 or 3 years is rec-
ommended when there is no dysplasia, twice 
yearly in cases of low dysplasia, and every 3 
months in case of high-grade dysplasia. The cri-
terion standard is random endoscopic biopsies 
from four directions at 2 cm intervals (1 cm inter-
vals if dysplasia is present).
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5.2	 �Diagnosis

Today it is possible to allow very close examination 
of this precancerous condition by the high-
resolution endoscopic instruments. 
Chromoendoscopy with indigo carmine at 2  % 
concentration and acetic acid at 1 % helps a better 
visualization of entire BE and highlights irregular 
area. Some endoscopes provide narrow band imag-
ing (NBI), a noninvasive optical technique that uses 
reflected light to visualize the superficial structure 
of the organ surface. It is used to visualize morpho-
logic changes in the structure of esophageal lesions 
because it allows detailed high-resolution and 
high-contrast imaging of the vascular and mucosal 
patterns within the BE segment.

Thanks to the advances in endoscopic technol-
ogies, in the last years, the incidence of superficial 
BAD has increased steadily in Western countries.

5.3	 �Endoscopic Treatment

Surgery is the standard treatment for neoplasms 
located at the esophagogastric junction, but it is 
associated with a reported mortality rate ranging 
between 3.0 and 12.2 % [3] and high postopera-
tive morbidity (20–47 %).

BAD survival rates correlate with the stage. 
Locally advanced disease show a 5-year survival 
rate of approximately 20 %, the reason why sur-
veillance and early detection of BAD has become 
a critical issue.

The morbidity and mortality and low rates of 
metastases associated with early cancer have led 
to less invasive therapies as alternatives to 
esophagectomy.

Early stage of this cancer makes possible a 
minimally invasive endoscopic treatment.

Studies of esophagectomy specimens show 
low risk of metastases, from 0.0 to 1.3 % for T1m 
BAD and 18 to 22  % for T1 sm. Low rates of 
positive lymph nodes in T1  m has provided a 
rationale for endoscopic treatment.

Best staging of the disease is done on the 
acquiring tissue, so endoscopic resection is the 
best modality against other endoscopic treatments 
as radiofrequency or argon plasma ablation.

Endoscopic resection (ER) in the form of 
EMR (endoscopic mucosa resection) and ESD 
(endoscopic submucosal dissection) has been 
accepted and widely used as a standard treatment 
for differentiated gastric adenocarcinoma with-
out ulceration and with a diameter of ≤2  cm 
(Fig. 5.1).

In East Asia expanded indications were sug-
gested allowing many patients to undergo ESD 
rather than surgery. Many Japanese and Korean 
reports have shown excellent results in patients 
with gastric cancer that fulfilled expanded crite-
ria. Western endoscopists still have not a wide 
experience and skills in ESD procedures. Lower 
incidence of early stage do not suggest to use 
expanded criteria but only in high-volume center 
in selected study.

In the last decade, many authors have clearly 
demonstrated in exhaustive way the clear superi-
ority of the ESD regarding the EMR in terms of 
curability. Excellent en bloc resection rates and 
curative resection and low rates of major compli-
cations (<5  % for bleeding and perforation, 
respectively) confirm the outstanding role of this 
procedure for the treatment of EGC. EMR has a 
too high incidence of locally recurrent EGC. ESD 
is safe and efficacious for obtaining en bloc 
resection and for the definitive oncological treat-
ment allowing precise histological staging of 
EGC patients with higher percentage compared 
with EMR procedure (Fig. 5.2).

Esophagogastric junction and lower esopha-
gus are difficult locations for ER because of its 
narrow lumen and sharp angle affecting complete 
resection and curative resection. Major complica-
tions of ESD such as postoperative bleeding and 
perforation may be influenced by the difficulty of 
the procedure.

It is important to stress a stricter ESD indi-
cation for early esophageal cancer than for gas-
tric one, and such indications adopt if the 
tumor purely at the cardia has not been fully 
evaluated.

While ESD indications for superficial esopha-
geal cancer include differentiated mucosal cancer 
of <20 mm in diameter without lymphovascular, 
ESD indications for EGJ Early cancer should fol-
low those accepted for EGC.
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For early BAD, if submucosal invasion is 
found, the patients have to undergo surgical 
resection because of a substantial risk of metasta-
sis. When the lesion invades the muscularis 
mucosae, a substantial risk of metastasis exits, 
and additional surgical resection is to be consid-
ered based on the patient’s condition. If the accu-
rate evaluation of the specimen after complete en 
bloc resection confirms a tumor confined to the 
mucosa with negative lateral margins and with-
out lymphovascular invasion, endoscopic resec-
tion can be curative because of the very low-risk 
positive lymph nodes.

Actually few reports exist regarding ESD for 
superficial BAD [4, 5].

Submucosal dissection is a very difficult 
and long procedure. The majority of Western 

endoscopists still prefer EMR for the treatment 
of the visible dysplastic lesions in Barrett’s 
esophagus. Most times it is necessary to carry 
out multifragment resection because of several 
foci of dysplasia. EMR of early neoplasia in 
BE is associated with recurrence of metachro-
nous neoplasia in remaining Barrett’s mucosa 
in up to 30 % of cases [6]. The more recently 
introduced technique of multiband mucosec-
tomy (MBM) appears to be even safer, with 
perforation rates reported in the range of 
0–1.2  %. Recently a Dutch meta-analysis [7] 
compares 16 studies (EMR techniques versus 
ESD) concluding that MBM technique for 
EMR appears as effective as ESD when com-
paring important outcome parameters on the 
eradication of early Barrett’s or EGJ neoplasia. 

a b

c d

Fig. 5.1  HGD of 23 mm in diameter at the esophagogas-
tric junction highlights by indigo carmine staining (a). 
Patient has been treated with ESD.  Early results of the 

procedure are showed in b (anterograde vision) and c (ret-
rograde vision). (d) Specimen analyzed by expert pathol-
ogist confirms a high-grade dysplasia

5  Endoscopic Resection for Barrett’s Esophagus to Dysplasia
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They support the non-inferiority in oncological 
treatment in the short term, but further studies 
that comprehend randomized and controlled 
trials with the MBM technique compared to 
ESD in early Barrett’s or EGJ neoplasia need 
to be performed to substantiate these results 
(Fig. 5.3).

Till now endoscopic resection treatment seems 
a promising technique to treat early BAD and 
early EGJ cancer. ESD should be preferred over 
EMR because large lesions can be resected en 

bloc, allowing for accurate histological assess-
ment. Our experience [8] shows that on 65 gastric 
lesions, we have witnessed very good long-term 
results, as the Japanese ones (data not published), 
but in two cases (one perforation and one proce-
dure abandoned for the difficulty), difficulties 
were such as to confirm that EGJ is a very dan-
gerous location for a very experienced endosco-
pist as well. Experiences are still too few, and it 
will be necessary to understand long-term prog-
nosis after ESD on EGJ early cancer.

Fig. 5.2  Indigo carmine can help to clarify lateral margin 
of the lesion before making marking dots (a, b). 
Sometimes at the end of the procedure of ESD, on the 
residual ulcer, it is necessary to apply some clips where 

the dissection has gone too much in depth (c). (d) 
Specimen must be fixed on a support to facilitate histo-
logical evaluation

F. Catalano
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Fig. 5.3  Patient is 41 years old and is HIV+ with a long 
Barrett’s. He had developed an intramucosal adenocarci-
noma with unclear margin (a, c). EUS confirmed a T1 m 
(b). We have performed a nearly circumferential ESD (d). 
Specimen confirms a curative resection with negative lat-

eral margins and without lymphovascular infiltration (e). 
Six months later, patient needs a dilation for severe steno-
sis of the esophageal lumen. Two sessions of mechanic 
dilations were enough to resolve any symptom (f)
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7th Edition AJCC/UICC Staging: 
Esophagus and Esophagogastric 
Junction

Thomas W. Rice

The concept of TNM cancer staging describing 
the anatomic extent of a cancer was developed by 
Pierre Denoix at the Cancer Institute Gustave-
Roussy between 1943 and 1952. It is based on the 
principle that as size of an untreated primary can-
cer (T) increases, regional lymph node metasta-
ses (N) and then distant metastases (M) become 
more prevalent. Although introduced in 1953, it 
was not until 1968 that the first Cancer Staging 
Manual was published by the International Union 
Against Cancer (UICC).

Cancer staging is an evolutionary process. 
Initially, TNM esophageal cancer staging 
quickly developed but unfortunately soon 
stagnated for decades. T classifications for 
thoracic esophageal cancer were last changed 
in 1988, N classifications in 1977, and M clas-
sifications in 1997. A hindrance to its evolu-
tion has been the long held concept that stage 
groupings of esophageal cancer be based, 
incorrectly, on a simple, orderly arrangement 
of increasing anatomic T, then N, then M clas-
sifications. This assumption was neither con-
sistent with cancer biology nor survival data. 

Worldwide collaboration [1] has provided data 
for a unique, modern machine-learning analy-
sis [2] that has produced data-driven staging 
for cancer of the esophagus and esophagogas-
tric junction [3]. This new system is the basis 
for the 7th editions of the AJCC and UICC 
Cancer Staging Manuals [4, 5]. It is more rep-
resentative of and consistent with the survival 
following esophagectomy of patients with 
esophageal cancer. Changes address problems 
of empiric stage grouping and prior dishar-
mony with stomach cancer staging. In addi-
tion, TNM classifications have been reviewed 
and revised were data, analysis, and consensus 
demonstrated a need for change. For the first 
time, nonanatomic cancer characteristics pri-
mary cancer site (location), histologic grade 
(grade), and histopathologic type (cell type) 
are incorporated in esophageal cancer 
staging.

6.1	 �The Data

At the request of the AJCC, the Worldwide 
Esophageal Cancer Collaboration (WECC) was 
inaugurated in 2006. Thirteen institutions from 
five countries and three continents (Asia, Europe, 
and North America) submitted deidentified data 
by July 2007. A database of 4627 esophagectomy 
patients who had no induction or adjuvant ther-
apy was created [1].
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6.2	 �The Analysis

Multiple previously proposed revisions of esoph-
ageal cancer staging have examined goodness of 
fit or P values to test for a statistically significant 
effect of stage on survival. Instead, staging for the 
7th edition used random forest (RF) analysis, a 
machine-learning technique that focuses on pre-
dictiveness for future patients [2]. RF analysis 
makes no a priori assumptions about patient sur-
vival, is able to identify complex interactions 
among variables, and accounts for nonlinear 
effects. It may be viewed as a “backward” analy-
sis which determines the anatomic classifications 
(TNM) and nonanatomic cancer characteristics 
which are associated with specific survival groups.

RF analysis first isolated cancer characteris-
tics of interest from other factors influencing sur-
vival by generating risk-adjusted survival curves 
for each patient. Unlike previous approaches that 
began by placing cancer characteristics into  

proposed groups, RF analysis produced distinct 
groups with monotonically decreasing risk-
adjusted survival without regard to cancer char-
acteristics. Then, anatomic and nonanatomic 
cancer characteristics important for stage group 
composition were identified within these groups. 
Finally, homogeneity within groups guided both 
amalgamation and segmentation of cancer char-
acteristics between adjacent groups to arrive at 
the final stage groups [3–5].

6.3	 �7th Edition TNM 
Classifications: Changes 
and Additions

Primary tumor (T) classification has been 
changed for Tis and T4 cancers (Fig.  6.1, 
Table 6.1). Tis is now defined as high-grade dys-
plasia and includes all noninvasive neoplastic 
epithelium that was previously called carcinoma 

Aorta

Epithelium
Basement membrane

Muscularis mucosae

Lamina propria

Submucosa

Muscularis
propria

T4a

Tis (HGD) T1
T2

N0

T3 T4b

Periesophageal
tissue

Pleura

M1

N1
N2
N3

1 or 2
3 to 6
7 or more CCF

©2007

Fig. 6.1  7th edition TNM classifications. T is classified 
as Tis, high-grade dysplasia; T1, cancer invades lamina 
propria, muscularis mucosae, or submucosa; T2, cancer 
invades muscularis propria; T3, cancer invades adventitia; 
T4a, resectable cancer invades adjacent structures such as 
pleura, pericardium, or diaphragm; and T4b, unresectable 
cancer invades other adjacent structures, such as aorta, 

vertebral body, or trachea. N is classified as N0, no 
regional lymph node metastasis; N1, regional lymph node 
metastases involving 1–2 nodes; N2, regional lymph node 
metastases involving 3–6 nodes; and N3, regional lymph 
node metastases involving 7 or more nodes. M is classi-
fied as M0, no distant metastasis, and M1, distant 
metastasis

T.W. Rice
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in situ. T4, tumors invading local structures, has 
been subclassified as T4a and T4b; T4a tumors 
are resectable cancers invading adjacent struc-
tures such as pleura, pericardium, or diaphragm. 
T4b are unresectable cancers invading other 
adjacent structures, such as aorta, vertebral body, 
or trachea. Otherwise, T classifications are 
unchanged (Fig. 6.1, Table 6.1).

A regional lymph node has been redefined to 
include any paraesophageal lymph node extend-
ing from cervical nodes to celiac nodes 
(Table  6.1). Lymph nodes outside the “bed” of 
the esophagus are classified as distant metastases. 
Data analyses support convenient coarse group-
ings of number of cancer-positive nodes [2–4]. 
Regional lymph node (N) classification com-
prises N0 (no cancer-positive nodes), N1 (1 or 2), 
N2 (3–6), and N3 (7 or more). N classifications 
for cancers of the esophagus and esophagogastric 
junction are identical to stomach cancer N 
classifications.

The subclassifications M1a and M1b have 
been eliminated, as has MX (Table 6.1). Distant 
metastases are simply designated M0, no distant 
metastasis, and M1, distant metastasis.

6.4	 �7th Edition: Nonanatomic 
Cancer Characteristics

Nonanatomic classifications identified as impor-
tant for stage grouping (Table 6.1) are histopath-
ologic cell type, histologic grade, and tumor 
location (Fig.  6.2). The difference in survival 
between adenocarcinoma and squamous cell car-
cinoma is best managed by separate stage group-
ings for stages I and II.  Increasing histologic 
grade is associated with incrementally decreasing 
survival for early-stage cancers. For adenocarci-
noma, distinguishing G1 and G2 (well and mod-
erately differentiated) from G3 (poorly 
differentiated) is important for stage I and stage 
IIA cancers. For squamous cell carcinoma, dis-
tinguishing G1 from G2 and G3 is important for 
stage I and II cancers. Tumor location (upper and 
middle thoracic versus lower thoracic) is impor-
tant for grouping T2-3N0M0 squamous cell 
cancers.

Table 6.1  2010 7th Edition AJCC/UICC TNM 
classifications

Primary tumor (T)

TX	 Primary tumor cannot be assessed
T0	 No evidence of primary tumor
Tis	 High-grade dysplasiaa

T1	� Tumor invades lamina propria, muscularis 
mucosae, or submucosa

	� T1a	� Tumor invades lamina propria or muscularis 
mucosae

	� T1b	 Tumor invades submucosa
T2	 Tumor invades muscularis propria
T3	 Tumor invades adventitia
T4	 Tumor invades adjacent structures
	� T4a	� Resectable tumor invading pleura, 

pericardium, or diaphragm
	� T4b	� Unresectable tumor invading other adjacent 

structures, such as aorta, vertebral body, 
trachea, etc.

Regional lymph nodes (N)b

NX	 Regional lymph nodes cannot be assessed
N0	 No regional lymph node metastasis
N1	� Regional lymph node metastases involving 1–2 

nodes
N2	� Regional lymph node metastases involving 3–6 

nodes
N3	� Regional lymph node metastases involving 7 or 

more nodes
Distant metastasis (M)

M0	 No distant metastasis
M1	 Distant metastasis
Histopathologic type

Squamous cell carcinoma
Adenocarcinoma
Histologic grade (G)

GX	 Grade cannot be assessed—stage grouping as G1
G1	 Well differentiated
G2	 Moderately differentiated
G3	 Poorly differentiated
G4	� Undifferentiated—stage grouping as G3 

squamous
Locationc

Upper or middle—cancers above lower border of 
inferior pulmonary vein
Lower—below inferior pulmonary vein

Notes
aIncludes all noninvasive neoplastic epithelium that was 
previously called carcinoma in situ. Cancers stated to be 
noninvasive or in situ are classified as Tis
bNumber must be recorded for total number of regional 
nodes sampled and total number of reported nodes with 
metastases
cLocation (primary cancer site) is defined by position of 
upper (proximal) edge of tumor in esophagus

6  7th Edition AJCC/UICC Staging: Esophagus and Esophagogastric Junction
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6.5	 �7th Edition Stage Groupings

Stages 0 and IV are by definition (not data driven) 
TisN0M0 and T any N any M1, respectively. 
Stage groupings for M0 adenocarcinoma are 
shown in Fig.  6.3. For T1N0M0 and T2N0M0 
adenocarcinoma, subgrouping is by histologic 
grade: not G3 (G1 and G2) versus G3.

Stage groupings for M0 squamous cell carci-
noma are shown in Fig. 6.4. For T1N0M0 squa-
mous cell carcinoma, subgrouping is by histologic 
grade: G1 versus not G1 (G2 and G3) (Fig. 6.4a). 
For T2N0M0 and T3N0M0 squamous cell carci-
noma, stage grouping is by histologic grade and 
location (Fig. 6.4a). The four combinations range 
from G1 lower thoracic squamous cell carcinoma 

(stage IB), which has the best survival, to G2 to 
G4 upper and middle thoracic squamous cell car-
cinomas (stage IIB), which have the worst. G2 to 
G4 lower thoracic squamous cell carcinomas and 
G1 upper and middle thoracic squamous cell car-
cinomas are grouped together (stage IIA), with 
intermediate survival.

Stage 0, III, and IV adenocarcinoma (Fig. 6.3) 
and squamous cell carcinoma (Fig.  6.4b) are 
identically stage grouped. Adenosquamous carci-
nomas are staged as squamous cell carcinoma.

6.6	 �Esophagogastric Junction 
Cancers

Besides being data driven, the 7th edition of the 
Cancer Staging Manual harmonizes staging of 
cancer across the esophagogastric junction. 
Previous staging editions produced different 
stage groupings for these cancers depending on 
use of either esophageal or stomach stage group-
ings. The 7th edition staging is for cancers of the 
esophagus and esophagogastric junction and 
includes cancer within the first 5 cm of the stom-
ach that invades the esophagogastric junction.

6.7	 �The Future: 8th Edition 
and Beyond

The 7th edition heralded the era of data-driven 
cancer staging and will serve as the foundation 
for future staging [6]. However, this edition was 

Fig. 6.2  Cancer location. Cervical esophagus, bounded 
superiorly by the cricopharyngeus and inferiorly by the 
sternal notch, is typically 15–20  cm from the incisors at 
esophagoscopy. Upper thoracic esophagus, bounded supe-
riorly by the sternal notch and inferiorly by the azygos arch, 
is typically >20–25 cm from the incisors at esophagoscopy. 
Middle thoracic esophagus, bounded superiorly by the azy-
gos arch and inferiorly by the inferior pulmonary vein, is 
typically >25–30 cm from the incisors at esophagoscopy. 
Lower thoracic esophagus, bounded superiorly by the infe-
rior pulmonary vein and inferiorly by the lower esophageal 
sphincter, is typically >30–40  cm from the incisors at 
esophagoscopy; it includes cancers whose epicenter is 
within the proximal 5 cm of the stomach that extend into 
the esophagogastric junction or lower thoracic esophagus

Fig. 6.3  Stage groupings for M0 adenocarcinoma by T 
and N classification and histologic grade (G)
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based on only esophagectomy data, an obvious 
shortcoming. Improvements in the next iterations 
of esophageal cancer staging will require:

	1.	 Obtaining better homogeneity of stage 0 and 
stage IV. This requires abandoning restrictive 
definitions of these stage groupings and 
changing composition of adjacent stage IA 
and stage IIIC (Figs. 6.5 and 6.6).

	2.	 Improving homogeneity of stage IIB adeno-
carcinoma (Fig.  6.5) and stage IIA and IIB 
squamous cell cancer (Fig. 6.6). This requires 
expanding the WECC database of these less 
common cancers.

	3.	 Adding clinical (cStage), post-induction clini-
cal and post-definitive nonsurgical clinical 
(ycStage), and post-induction pathologic 
(ypStage) staging recommendations. This 
requires expanding the WECC database and 
analysis.

	4.	 Assessing other nonanatomic tumor charac-
teristics that affect survival. This requires 
addition of data elements beyond histopatho-
logic cell type, histologic grade, and cancer 
location.

	5.	 Adding non-esophagectomy survival data, 
endoscopic treatment in stage 0 and stage IA, 
and palliative therapy for stage IV.  This 
requires partnering with nonsurgical special-
ties and professional associations and groups.

	6.	 Adding cancer of the cervical esophagus. This 
requires partnering and harmonizing with the 

head and neck task force, mirroring the pro-
cess used with the gastric cancer task force for 
the 7th edition.
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Fig. 6.4  Stage groupings for M0 squamous cell carci-
noma. (a) Stage groupings for T1N0M0 and T2-3N0M0 
squamous cell carcinomas by histologic grade (G) and 

cancer location. Stage groupings for M0 squamous cell 
carcinoma. (b) Stage groupings for all other M0 squa-
mous cell carcinomas
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Acquisition of multicenter, international data 
through WECC is key to this effort [1]. Innovative 
and improved machine-learning techniques will 
again be used for analysis [2]. Analytic strategies 
for integration of clinical (cTNM), pathologic 
(pTNM), and post-induction pathologic staging 
(ypTNM) are being developed.

6.8	 �Beyond Anatomic Staging

Differences in the focus and goals of the AJCC 
and UICC in cancer staging may be obviated by 
extinction of the printed manual and develop-
ment of an Internet cancer staging site. This will 
eliminate the need for a blanket change to all 
organ systems every 6–7 years, permitting ongo-
ing changes to each organ system when adjust-
ments are indicated and necessary.

The use of patient and treatment factors will 
be expanded in future analyses that will focus on 
the individual patient. Patient-specific prognosis 
requires more than risk adjustment of these fac-
tors (used in the 7th edition); it necessitates their 
addition as variables in the analyses. The analy-
ses will provide two models: a decision model 
based on clinical staging and additional patient 
factors that will assist in treatment decisions and 
a prognostic model based on pathologic staging, 
patient factors, and treatment delivered that will 
facilitate prognostication. Smartphone applica-
tions or their equivalent are envisioned for patient 
and physician use.

�Conclusions

The concept of TNM cancer staging describ-
ing the anatomic extent of a cancer was devel-
oped in the mid-twentieth century. However, 
it was not uniformly applied to esophageal 
cancer until 1977. The faithful adherences to 
the empiric staging process that was based on 
the stepwise progression of increasing local 
cancer invasion (T), followed by metasta-
ses to regional lymph nodes (N), and finally 

metastases to distant sites (M) dominated 
esophageal cancer staging for more than 30 
years, through six editions.

The 7th edition staging recommendations 
for cancer of the esophagus and esophagogas-
tric junction are data driven and harmonized 
with stomach cancer. This required changes in 
TNM definitions and addition of nonanatomic 
cancer characteristics. For cancers of the 
esophagus and esophagogastric junction, 
stage 0, III, and IV are identical for both ade-
nocarcinoma and squamous cell carcinoma. 
However, stage groupings differ for stage I 
and II cancers based on histopathologic cell 
type, histologic grade, and cancer location.

Improving cancer staging requires a release 
from the strict TNM description of anatomic 
staging. The inclusion of TNM variables with 
others (to be identified) will allow a more 
complete definition of the esophageal cancer 
and aid in treatment decisions and facilitate 
prognostication.
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Siewert Classification 
of Adenocarcinoma 
of the Esophagogastric Junction: 
Still In or Already Out?

Paul M. Schneider and Stefan P. Mönig

The classification and definition of adenocarci-
nomas of the esophagogastric junction (AEGJ) 
have not yet been definitively standardized, and 
the choice of the appropriate surgical procedure 
is still a subject of controversy. As confusion 
reigned in the area of the cardia in the 1980s, 
Siewert and colleagues proposed a classification 
for these tumors with the intention to put an 
order into a complex disease and suggest the 
appropriate surgical strategy [1]. These tumors 
are nowadays of particular interest, as in con-
trast to the decreasing frequency of gastric can-
cer; a number of studies from various Western 
industrialized nations have reported an increased 
incidence of adenocarcinomas of the esophagus 
and cardia in the last 30 years. Studies from 
population-based cancer registries in the United 
States, the United Kingdom, and Switzerland 

have indicated a rapid increase of the incidence 
of adenocarcinoma of the esophagogastric junc-
tion [2–5]. The reasons for this increase remain 
unclear, and a number of causes are being dis-
cussed, such as the malignant potential of 
Barrett’s mucosa and etiologic factors, such as 
obesity, dietary factors, alcohol, pharmaceutical 
agents, and tobacco use [2].

Within this chapter, we try to summarize our 
current understanding of how to classify these 
tumors in this confusing region of the esophago-
gastric junction with an attempt to summarize 
the  pros and cons of the most frequently used 
classification of AEGJ, the so-called Siewert 
classification.

7.1	 �The Esophagogastric 
Junction

7.1.1	 �Definition

Because of the lack of a clear definition and clas-
sification, cancer of the esophagogastric junction 
has been considered and treated sometimes as 
distal esophageal cancer, sometimes as proximal 
gastric cancer, and sometimes as an entity sepa-
rate from both esophageal and gastric cancers [1]. 
The confusion may be in part due to the imprecise 
definition of the gastric cardia. It is so called, as it 
is that part of the stomach close to the heart which 
is called “kardia” in the old Greek language [6]. 
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Even though anatomists describe the cardia as 
that zone of the stomach adjacent to the orifice of 
the tubular esophagus, the orifice can also be 
defined as the esophagogastric junction (EGJ), 
and the primary problem lies in the precise iden-
tification of this very junction. The EGJ is local-
ized at the level of the angle of His that is the 
point at which the tubular esophagus joins to the 
saccular stomach, which is not clinically applica-
ble in the preoperative setting. The EGJ is defined 
differently by anatomists, physiologists, endosco-
pists, and pathologists. Physiologists define the 
EGJ as the distal border of the lower esophageal 
sphincter as determined by manometry. 
Endoscopically, the EGJ is defined as the proxi-
mal margin of the longitudinal gastric mucosal 
folds [7]. For the distal margin of the cardia, there 
is no anatomical landmark. The squamocolumnar 
junction (Z-line) is the endoscopically visible line 
formed by the juxtaposition of squamous and 
columnar epithelia, which has been reported to be 
located 3–10  mm proximal of the anatomically 
defined EGJ [8–10]. Chandrasoma and coworkers 
define the esophagogastric junction histologically 
as the proximal limit of the oxyntic (gastric fun-
dus) mucosa [11]. The maximal length of the car-
diac mucosa and oxyntocardiac mucosa, where 
the cardiac glands are distributed, is reported to 
average 3–15 mm [9, 12, 13], and the maximal 
length of the squamous epithelium under which 
the cardiac glands are distributed has been 
described to average 1–5 mm [9, 12]. The use of 
the end of the tubular esophagus or proximal limit 
of the rugal gastric folds to define the esophago-
gastric junction places it at a point that can be 
more than 2 cm proximal to the true esophago-
gastric junction [14]. Therefore, DeMeester and 
coworkers describe adenocarcinomas of the distal 
esophagus and “gastric cardia” predominantly as 
esophageal carcinomas [11].

7.1.2	 �Different Classification 
Systems

Most population-based studies of carcinomas of 
the esophagus and stomach are based on data col-
lected by cancer registries, which currently use 

the ICD-O subsite classification [15]. ICD-O 
classifies carcinomas of the esophagogastric 
junction as esophageal, subsite “lower third,” if 
the majority of the lesion is in the esophagus, and 
as gastric, subsite “cardia” if the lesion is cen-
tered on or just distal to the esophagogastric junc-
tion. The fact that the distal extent of the cardia is 
not defined and the lack of an accurate definition 
of the cardia itself has resulted in the misclassifi-
cation of up to 15 % of these cancers [16]. The 
TNM classification of the International Union 
Against Cancer (UICC) and the American Joint 
Committee on Cancer (AJCC) differentiated only 
between esophageal and stomach cancer up to 
the sixth edition and did not separately classify 
adenocarcinoma of the EG junction [17, 18]. 
This has changed in the actual seventh editions. 
From this new esophageal classification for 
AEGJ, cancers whose epicenter is in the esopha-
gogastric junction (EGJ) or within 5  cm of the 
stomach that extend into the EGJ or esophagus 
are considered as esophageal cancer, and all other 
cancers with epicenter in the stomach that is 
greater than 5 cm distal to the EGJ or within 5 cm 
of the EGJ but not extending into the cardia are 
considered as gastric cancer [19].

The definition of the cardia commonly 
employed in Japan is the area within 2 cm above 
and below the EGJ [9, 20], and tumors whose 
center is in this area are considered to be cancer 
of the cardia; such tumors are distinguished from 
upper gastric cancers.

The Liverpool classification of the esophago-
gastric junction was proposed in 1999 based on 
the clinico-epidemiological features of over 
15,000 carcinomas of the esophagus and stomach 
[16]. In this classification, the site of the esopha-
gogastric junction is represented by the proximal 
extent of the gastric rugae [21], and carcinomas 
involving the EG junction are classified as esopha-
geal carcinomas, subsite esophagogastric junction. 
Carcinomas located exclusively in the esophagus 
and not involving the junction are classified as 
esophageal, subsite lower third. Carcinomas in the 
region of the stomach close to the esophagus and 
not involving the junction are classified as stom-
ach, subsite proximal. Carcinomas which involve 
the proximal and distal subsites of the stomach 
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are classified as overlapping, even if they extend 
to the junction.

A topographical classification of these carci-
nomas was proposed by Ellis and coworkers [22–
24]. Carcinomas of the cardia in this classification 
system are defined as a tumor arising in the upper 
third of the stomach and involving the esophago-
gastric junction and the lower esophagus. 
Adenocarcinomas in Barrett’s esophagus are not 
included even though they may involve the EG 
junction.

To the present day, none of these different 
classification systems are internationally 
accepted.

7.2	 �The Siewert Classification 
of Adenocarcinoma 
of the EGJ

In order to clarify the definition of cancer of the 
esophagogastric junction and design the thera-
peutic strategy, Siewert and colleagues published 
a topographic-anatomic subclassification of ade-
nocarcinomas of the EGJ in 1987 [25]. This clas-
sification was approved at the consensus meetings 
of the International Society of Diseases of the 
Esophagus in 1995 and the International Gastric 
Cancer Association in 1997 [26].

7.2.1	 �Definition and Topographical 
Classification

The Siewert classification is purely based on the 
anatomic localization of the tumor center, which 
can be defined by endoscopy using the proximal 
end of the longitudinal gastric mucosa folds as a 
pragmatic reference for the endoscopic cardia 
(zero point). The AEGJ includes all tumors 5 cm 
proximal (+5 cm) and distal (−5 cm) of the endo-
scopic cardia (point zero). Adenocarcinomas of 
the distal esophagus and subcardial gastric carci-
nomas are only included if they infiltrate the ana-
tomical cardia. Based on this definition, 
carcinomas of the esophagogastric junction can 
be classified as three different types according to 
their location (Fig. 7.1).

Type I tumor (Fig. 7.2)
An adenocarcinoma of the distal esophagus (cen-

ter >1 cm to +5 cm), which usually arises from 
an area of specialized intestinal metaplasia 
(Barrett’s esophagus) is classified as a type I 
cancer.

Type II tumor (Fig. 7.3)
A true carcinoma of the cardia is a type II cancer 

(center +1 cm to −−2 cm) that develops imme-
diately at the esophagogastric junction. It can 
arise from the cardiac mucosa or from short 
segments with intestinal metaplasia at the 
esophagogastric junction.

Type III tumor (Fig. 7.4)
A type III cancer (center −2 cm to −5 cm) is a 

subcardial gastric carcinoma that infiltrates 
the esophagogastric junction or the distal 
esophagus from below. The difference to a 
“pure” proximal gastric cancer is the infiltra-
tion of the cardia ± distal esophagus.

7.2.2	 �Diagnosis

Since the assignment of these tumors to the three 
different types is morphological, based on the 
anatomic localization of the tumor center, the 

Fig. 7.1  Siewert classification of adenocarcinomas of the 
esophagogastric junction. Type I: tumor center 1 cm above 
to 5 cm above the cardia (zero point). Type II: tumor cen-
ter 1 cm above to 2 cm below the cardia (zero point). Type 
III: tumor center 5  cm below to 2  cm below the cardia 
(zero point)
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best way to assign adenocarcinomas of the EG 
junction to one of these three types is based on a 
combination of endoscopical and radiological 
examinations. Esophagogastroscopy must be per-
formed in the prograde as well as retrograde view 
to localize the major part of the tumor. Modern 
CT scans can also be helpful for the assignment 
of the tumor type, whereas contrast radiography 
as also suggested by the authors is nowadays 
practically not performed to answer this question 

[26, 27]. The stringent classification of AEGJ 
poses some problems. Particularly locally 
advanced tumors obliterate the EGJ, making it 
difficult to tell whether they originated above or 
below the junction. For these cases, Siewert sug-
gests to use the location of the major tumor mass. 
After all, the final assignment to one of the three 
types must be reconfirmed intraoperatively and 
on the resected specimen, and if necessary, the 
preoperative assignment has to be revised.

Fig. 7.2  Macroscopic 
appearance of type I 
adenocarcinoma of the 
esophagogastric junction

Fig. 7.3  Macroscopic appearance of type II adenocarcinoma of the esophagogastric junction
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7.2.3	 �Epidemiological, 
Morphological, and Biological 
Differences

Although all AEGJ share a number of common 
epidemiological and morphological features, a 
series of observations in the literature following 
the introduction of the Siewert classification may 
provide arguments for a biological justification a 
posteriori [26].

Epidemiological data from surgical studies 
using Siewert’s classification show marked dif-
ferences in sex distribution, presence of intestinal 
metaplasia (Barrett’s mucosa), Laurén’s type, 
and degree of differentiation (WHO grading) 
between types I–III [28].

In a series of 1346 patients with AEGJ, a pre-
ponderance of male patients with type I tumors 
compared to type II or III carcinomas was detected 
[29, 30]. The presence of intestinal metaplasia 
(Barrett’s epithelium) adjacent to the tumor could 
be demonstrated in 77 % of type I tumors but only 
in 10 % of type II and 2 % of type III tumors. More 
than 80 % of type I carcinomas showed a so-called 
intestinal growth pattern according to the Laurén 
classification, whereas more than 60 % of type III 
cancers had a diffuse growth pattern, and more 
than 70 % of these type III tumors were also undif-
ferentiated G3/G4 types [28].

The proportion of HER2/neu positivity in type 
II tumors has recently been shown to be higher 
than in type I or III tumors [31].

7.2.4	 �Lymphatic Drainage 
and Metastases

One major aspect of the current discussion con-
cerning the choice of the surgical procedure in 
patients with AEGJ is the adequate extent of 
lymphadenectomy. Lymph node dissection 
should be based on the knowledge of the lym-
phatic system draining these regions, the actual 
incidence of lymph node metastases, and the 
effect on survival.

In a microscopic analysis of AEGJ, Siewert et al. 
reported that invasion of lymph nodes by type I 
tumors was less frequent than in type II and III 
tumors and was associated with prognosis [28, 32]. 
This difference in lymph vessel involvement 
between type I and type II/III carcinomas led to the 
hypothesis that a chronic inflammatory process in 
type I tumors leads to a degeneration/obliteration of 
lymphatic vessels over time, and therefore lymphatic 
spread is reduced or delayed in type I compared to 
type II/III tumors. However, these comparisons have 
not been shown for the different T categories but 
only for the type I compared to type II/III entities.

Fig. 7.4  Macroscopic 
appearance of type III 
adenocarcinoma of the 
esophagogastric junction
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Akiyama et al. showed that in squamous cell 
esophageal cancer, the distribution of lymph 
node metastases is widespread in the area 
between the superior mediastinum and the celiac 
region and therefore proposed lymph node dis-
section of the whole length of the posterior medi-
astinum, superior gastric region, and celiac region 
[33]. Aikou et  al., however, reported a low fre-
quency of 6.6 % in lymph node metastases above 
the tracheal bifurcation in type I and 0 % in type 
II tumors [34]. Griffin et al. found a low incidence 
of cervical recurrence after radical esophagec-
tomy with two-field lymphadenectomy in patients 
with adenocarcinoma of the esophagus [35].

These results are challenged by two groups 
applying extensive 3-field lymphadenectomy of 
the abdominal, mediastinal, and cervical nodes. 
Altorki found metastases in the cervical lymph 
nodes in 27 % of patients with adenocarcinoma 
of the lower esophagus after three-field lymph-
adenectomy [36]. Lerut et al. reported lymphatic 
spread to cervical nodes in 26 % of patients with 
adenocarcinoma of the lower esophagus and 
18 % of patients with adenocarcinoma of the 
esophagogastric junction (Siewert type I and II) 
after three-field lymphadenectomy [37, 38]. 
These results indicate that tumor cells of type I 
and II tumors can spread to the mediastinal and 
even cervical lymph nodes as well as toward the 
abdominal stations. Contrary to type I carcino-
mas, type II and type III carcinomas showed 
lower rates of lymphatic spread to the mediasti-
num and higher rates to abdominal compart-
ments I and II [39]. Lymphoscintigraphic studies 
are in favor of the latter study [40]. Tachimori 

et al. found lymph node involvement in the lower 
mediastinum in 19 % of patients with adenocar-
cinoma of the cardia involving the esophagus 
(type II), and Wang et al. reported lymph node 
metastases of the inferior paraesophageal region 
in 18 % of patients with cardia carcinoma [41, 
42]. In our Cologne series [43], the incidence of 
lower mediastinal lymph node metastases in 
type II and III carcinomas was 11 %, respec-
tively, 13 % and similar to the 10 % reported by 
Aikou and Shimazu [34]. In summary, type I 
cancer appears to display more frequent lymph 
node involvement at the area of the tracheal 
bifurcation and in the upper mediastinum com-
pared to types II and III. On the other hand, in 
type II and III carcinomas, lymph node metasta-
ses are more frequently found in the lower medi-
astinum and in the area of the celiac trunk. Thus, 
there appear to be differences in the distribution 
pattern of lymph node metastases between type I 
and type II/III tumors, whereas this is similar in 
types II and III.

7.2.5	 �Differences in Prognosis

Long-term survival analysis (Fig. 7.5) showed a 
markedly better prognosis for patients with type 
I carcinoma than patients with type II and III 
carcinomas, with type III showing the worst 
prognosis [28]. Siewert explains the particular 
poor prognosis for type III tumors with the high 
prevalence of diffuse type according to Laurén 
and poor differentiation (G3/G4) and the fre-
quent presence of lymphatic spread in type III 
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cancers. In contrast, Yuasa et  al. from Japan 
described higher rate of lymph node metastases, 
an increased risk of hepatic recurrence, and a 
lower 5-year survival in type II compared with 
type III tumors [45]. These comparisons were, 
however, not performed between T categories 
but only between the tumor entities. The group 
from the Seoul National University reviewed 
497 AEGJ Siewert type II/III and 4027 gastric 
cancers (GC) treated from 2003–2009 and dem-
onstrated that the prognosis of AEGJ was simi-
lar to that of GC.  There was no difference in 
clinicopathologic features between AEGJ II and 
III.  Even though AEJ extending into the EGJ 
(AEJe) showed more advanced pathologic fea-
tures than AEJ not extending into the EGJ 
(AEJg), the prognosis of AEJe and AEJg was 
not significantly different when stratified by T 
stage. Compared with the classification of gas-
tric cancer applied for AEGJ, esophageal clas-
sification for AEGJ from the seventh AJCC 
TNM classification showed a loss of distinctive-
ness at each TNM stage. The authors conclude 
that AEGJ II and III tumors should be consid-
ered a part of gastric cancer staging in the future 
irrespective of EGJ involvement [46].

7.2.6	 �Therapeutic Consequences 
of Siewert’s Classification

The Siewert classification of AEGJ was intro-
duced as a “therapeutically relevant classifica-
tion.” This topic will be also dealt within in chap. 
14 about treatment options and indications. The 
aim of the surgical therapy of AEGJ is the com-
plete resection (R0-resection) of the primary 
tumor and an adequate lymphadenectomy. A type 
I adenocarcinoma clearly represents a distal 
esophageal cancer and is consequently best 
treated by an abdomino-thoracic en bloc esopha-
gectomy with 2-field lymphadenectomy. A ran-
domized controlled Dutch trial has demonstrated 
that transthoracic esophagectomy leads to better 
overall survival than the transhiatal approach for 
type I tumors. This survival difference is signifi-
cant, if ≤ 8 lymph node metastases are present 
[47, 48]. In a subgroup analysis based on the 

Siewert classification, the advantage in 5-year 
overall survival with the transthoracic approach 
versus the transhiatal approach was as large as 
14 % for type I patients (n = 90) and 4 % for type 
II patients (n = 115) [48]. Due to an inadequate 
sample size, this study could not show any statis-
tically significant differences, but the results 
strongly suggest that thorough mediastinal dis-
section via a right thoracotomy is necessary for 
Siewert type I but not for type II tumors. However, 
significant debate is still ongoing about the best 
surgical approach for type II.

A randomized trial from the Japan Clinical 
Oncology Group showed that there was no sur-
vival benefit for the left thoracoabdominal 
approach (LTA) for type II/III carcinomas com-
pared to the transhiatal extended gastrectomy 
(TH) approach. Subgroup analysis showed no 
survival benefit for Siewert type II patients with 
the transthoracic approach. The transhiatal 
approach, however, was associated with a better 
survival than the transthoracic approach for type 
III tumors. This trial was closed after the first 
interim analysis, and the authors concluded that 
LTA does not improve survival compared to TH 
and leads to increased morbidity in patients with 
cancer of the cardia or subcardia. Therefore, LTA 
cannot be justified to treat these tumors [49, 50]. 
Yamashita et al. [50] retrospectively analyzed the 
optimal extent of lymph node dissection in 225 
Siewert type II cancers. Their data suggest that 
extensive mediastinal lymph node dissection via 
thoracotomy offers no survival benefit over peri-
esophageal node clearance alone by the transhia-
tal approach. In addition, nodal recurrence was 
most frequently observed in the para-aortic nodes 
and less frequent in the mediastinal nodes in their 
series. This is in line with the anatomical location 
of type II and III tumors since there are associ-
ated retroperitoneal lymphatics, which drain to 
the supra- and infrapancreatic nodes and nodes at 
the left renal vein [51]. Furthermore, type II EGJ 
carcinomas show a different biological behavior 
from gastric carcinomas and are strongly associ-
ated with microscopic hematogenous dissemina-
tion of the tumor [50].

Similar results were obtained in a multicenter 
trial in France [52] showing that for type II carci-
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noma, extended total gastrectomy was superior to 
esophagectomy.

All current evidence suggests that type III 
tumors are best treated by transhiatal extended 
gastrectomy with distal esophageal resection [51] 
and should be staged as gastric cancers [46]. The 
transhiatal approach can sometimes lead to diffi-
culties in obtaining sufficient margins if the 
tumor has invaded the distal esophagus 3 cm or 
more beyond the EGJ [53]. This situation is 
aggravated if a diffuse-type tumor is present and 
for those rare cases esophagogastrectomy is the 
procedure of choice.

7.2.7	 �Criticism

Despite the recommendation of this classification 
by the International Society for Diseases of the 
Esophagus in 1995 and International Gastric 
Cancer Association in 1997, there is an ongoing 
scientific debate. Some of this recurring criticism 
must be taken seriously. The “zero reference 
point” somehow changed over time as the end of 
the longitudinal gastric folds as a pragmatic ref-
erence point to define the cardia (zero point) was 
not mentioned in the 1987 inaugural publication 
[25] but was later added in 1998 [26]. One of the 
serious issues with respect to this classification is 
the lack of a formal validation process which 
cannot be replaced by expert consensus commis-
sions. Grotenhuis et al. [54] have demonstrated 
that the overall accuracy in predicting tumor 
location according to the Siewert classification 
was 70 % for endoscopy/endoscopic ultrasound 
(EUS) and 72 % for CT. Preoperative data could 
not be compared with the pathologic assessment 
in 22 %, as large tumors obscured the landmark 
of the gastric folds. The authors conclude that 
given the frequent discrepancy between the endo-
scopic and pathologic location of the EGJ and the 
common problem of advanced tumors obscuring 
the landmarks used in the assessment of the 
Siewert classification, its usefulness is limited.

This is further aggravated as there are no pro-
spective validation studies available with respect 
to the stability of the classification system before 
and after neoadjuvant chemotherapy or chemora-
diation therapy which is meanwhile standard of 

care for locally advanced tumors. Furthermore, 
as Siewert and colleagues pointed out, the preop-
erative classification has to be reevaluated and 
confirmed intraoperatively and finally by histo-
pathology. With the increasing use of hybrid and 
completely minimally invasive procedures, the 
surgical treatment strategy has to be defined 
before and not intraoperatively as in open surgery 
where a change from a transhiatal approach 
to  an  abdomino-thoracic approach is possible. 
Furthermore, the “biological justification” a 
posteriori of this pragmatic surgical classification 
is somehow arbitrary, and differences as claimed 
by Siewert and colleagues have been challenged. 
In a recent Korean study, there were no clinical or 
histopathologic differences between AEGJ 
Siewert types II and III observed, and after strati-
fication for the T-category, no survival differ-
ences were present [46].

�Conclusions

In summary, the Siewert classification of ade-
nocarcinoma of the EG junction originally 
proposed in 1987 is still the most frequently 
used classification system both in the Western 
and Eastern hemispheres. Whereas the sug-
gested types I and III are generally accepted 
with respect to their different biology and 
therapeutic approach, the type II is a matter of 
ongoing debate. Despite serious and justified 
criticism, the Siewert classification enor-
mously stimulated the scientific discussion in 
our common goal for the best therapeutic 
approach in AEGJ and will surely be around 
until replaced by a better classification system 
which is yet to be defined.
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Preoperative Work-Up: 
Conventional Radiology, CT Scan, 
Ultrasonography, and MRI

Angela M. Riddell

8.1	 �Conventional Radiology

Barium Swallow
The initial investigation of choice for patients 
with dysphagia or suspected gastroesophageal 
reflux disease is upper gastrointestinal endoscopy 
as it offers an opportunity for biopsy and a defini-
tive diagnosis at the time of investigation, either 
by demonstrating the presence of esophagitis or 
providing specific pathologic identification of the 
obstructive lesion. Fluoroscopy in the form of a 
barium swallow is still frequently performed as 
part of the initial investigation for patients with 
upper gastrointestinal (GI) symptoms of dyspha-
gia, dyspepsia, and heartburn. The investigation 
identifies most anatomic causes of dysphagia and 
some motor disorders and is better than endos-
copy at identifying extrinsic esophageal com-
pression and intramural lesions not involving the 
esophageal mucosa. The demonstration of a stric-
ture within the esophagus should trigger further 
investigation with endoscopy for both diagnostic 
and therapeutic purposes. Malignant strictures 
tend to be longer and irregular in contour with 
“shouldering” at the superior and inferior mar-
gins (Fig. 8.1). Smooth tapering strictures at the 
distal end of the esophagus are characteristic of 

achalasia. More subtle changes such as mucosal 
irregularity or nodularity are somewhat nonspe-
cific but may be associated with Barrett’s esopha-
gus or superficial spreading tumors. 
Complications related to locally advanced tumors 
such as tracheoesophageal fistula can be readily 
demonstrated on a barium study.

Technique: The optimum technique is the 
double-contrast technique where the esophagus 
is coated with barium and then distended to dem-
onstrate regions of luminal narrowing. The vol-
ume of barium solution given varies but is 
generally 100–300 ml. This is given in combina-
tion with an effervescent agent. A smooth muscle 
relaxant such as scopolamine butylbromide 
(20 mg, via intramuscular injection) can also be 
administered to help maintain gastric distension. 
This however affects gastric motility and may 
hamper diagnosis of motility disorders so should 
not be used routinely.

8.2	 �Multi-detector Computed 
Tomography (MDCT)

Multi-detector computed tomography (MDCT) 
is the cornerstone for the initial staging of esoph-
ageal cancer. It enables assessment of the extent 
of local disease and detects the presence of 
regional lymph nodes and metastatic disease. 
Thus, it offers a robust method for stratifying 
patients into those who are potentially suitable 
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for radical therapy with curative intent or those 
who have advanced disease and are appropriate 
for palliative therapy.

Technique: With multi-detector scanning 
technology, it is possible to achieve high spatial 
resolution. This generates isotropic voxels 
enabling post-processing in multiple planes. As a 
consequence, the relationship of the tumor to sur-
rounding structures within the posterior mediasti-
num can be fully evaluated. A standard protocol 
for staging will position the patient supine and 
include imaging from the lower cervical region 
(including the supraclavicular lymph nodes) to 
the iliac crests. CT of the pelvis is often included 
in a staging protocol, but research has shown that 
it does not alter tumor staging [1]. Imaging is per-
formed following the administration of intrave-

nous iodinated contrast medium with the scan 
acquisition timed to obtain imaging of the liver 
during the portal venous phase to optimize the 
identification of liver metastases. Water as a neg-
ative oral contrast is also used to help distend the 
stomach, aiding visualization of the gastroesoph-
ageal junction.

A standard MDCT protocol should generate 
reconstructions of the source data with a slice 
thickness of 3–5 mm in multiple planes. The cra-
niocaudal extent of tumor can be best appreciated 
and measured on a sagittal reformat, and coronal 
imaging is often useful for evaluation of tumors 
at the gastroesophageal junction, demonstrating 
the extent of the disease located above and below 
the diaphragmatic hiatus.

T Staging
The value of computed tomography (CT) lies 
mainly in the exclusion of metastatic disease and 
the detection of locally advanced cancer, deter-
mined by the extent of infiltration of tumor 
beyond the esophageal wall (T3 disease) or inva-
sion of surrounding structures (T4 disease). Due 
to the lack of inherent soft tissue contrast, tumor 
confined to the esophageal wall cannot be distin-
guished from surrounding normal tissue, prevent-
ing accurate staging of early disease. T staging is 
determined by surrogate measures, namely, the 
thickness of the wall of the distended esophagus, 
the appearance of the outer margin of the wall, 
and the extent of any contact between the wall of 
the diseased esophagus and surrounding struc-
tures. The thickness of the normal esophageal 
wall when the esophagus is mildly distended 
should not exceed 3 mm. The T staging accord-
ing to wall thickness and appearance of the outer 
wall is given in Table 8.1.

Some studies have shown that the addition 
of dual phase CT scanning, both in the arterial 

Fig. 8.1  This image from a double-contrast barium swal-
low shows an irregular malignant appearing stricture 
within the lower esophagus

Table 8.1  MDCT T staging stratified by the thickness 
and appearance of the esophageal wall

T stage Wall thickness Wall contour

T1/T2 >3 mm, <5 mm Smooth
T3 5–15 mm Irregular
T4 >15 mm Contact with adjacent 

structure
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and portal venous phase, enables identification 
of early tumors confined to the inner layers of 
the esophageal wall. The tumor appears as a 
region of increased contrast enhancement on 
the arterial phase series [2]. This technique 
may help to differentiate T1 from T2 tumors. 
However, if a standard single portal venous 
phase study is used, it is not possible to reli-
ably differentiate between these early disease 
stages. For tumors confined within the muscu-

laris propria layer (up to T2 disease), the outer 
margin of the esophageal wall will remain 
smooth (Fig. 8.2). Any irregularity of the outer 
margin indicates that the tumor has spread 
beyond the muscularis propria into the peri-
esophageal fat, indicating T3 disease (Fig. 8.3). 
The fat planes with surrounding structures 
should be preserved, but the extent of peri-
esophageal fat varies between patients, depend-
ing upon body habitus.

a b

Fig. 8.2  (a) Axial and (b) sagittal CT image of a pT2N0 
tumor. The polypoidal tumor mass (dashed arrows) arises 
from the posterior wall of the esophagus. The outer mar-
gin of the wall is smooth with no evidence of extension 

beyond the muscularis propria on axial or sagittal imaging 
(solid arrows). Fluid is located within the esophageal 
lumen superior to the tumor (*)

a b

Fig. 8.3  (a) Axial and (b) coronal CT images showing a 
T3 tumor with tumor extending beyond the esophageal 
wall into the periesophageal tissues (dashed arrows). 
There is an involved (>10  mm) periesophageal lymph 

node demonstrated on both the axial and coronal images 
(arrowhead). A further involved lymph node is demon-
strated on the coronal image in the superior mediastinum 
(Solid arrow)

8  Preoperative Work-Up: Conventional Radiology, CT Scan, Ultrasonography, and MRI
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On MDCT, it remains challenging to differen-
tiate tumor abutting an adjacent structure (T3 dis-
ease) and direct invasion (T4 disease). Positioning 
the patient prone or in the decubitus position can 
result in displacement of the lower esophagus 
away from the diaphragmatic crura or aorta help-
ing differentiate simple contact between these 
structures, which can occur when the patient is 
lying supine, from direct invasion. There are 
established criteria which predict for invasion 
into surrounding structures:

•	 An arc of contact of greater than 90° of the 
circumference of the descending thoracic 
aorta is considered to represent invasion of the 
aortic adventitia (Fig. 8.4) [3].

•	 Loss of the triangular fat plane between the 
esophagus, aorta, and spine also indicates aor-
tic invasion [4].

•	 Tumor contact resulting in inward distortion/
displacement of the posterior wall of the left 
main bronchus or trachea is also considered to 
represent T4 disease [5].

The identification of soft tissue extending into 
the tracheal lumen is strong evidence of direct 
invasion, as is the presence of a tracheoesopha-
geal fistula. Pericardial invasion is suspected if 
there is focal thickening of the pericardium or a 
pericardial effusion.

Using these criteria, the sensitivity and speci-
ficity for detecting T4 disease has been shown to 

be between 88–100 % and 85–100 % respectively 
[3, 6]. Overall, despite the multiplanar capability 
of MDCT to improve the delineation of extramu-
ral disease spread, particularly at the gastro-
esophageal junction, the lack of inherent soft 
tissue contrast prevents confident differentiation 
of tumor from normal surrounding soft tissue. 
Therefore, in spite of the advances in CT technol-
ogy, the primary function of CT remains the 
exclusion of metastatic disease.

N Staging
The criteria for nodal involvement on CT are 
based on size. The majority of published litera-
ture uses a short axis diameter of 10 mm as the 
upper limit for a normal lymph node within the 
mediastinum (5  mm for the supraclavicular 
region) (Fig. 8.3). Although many studies use the 
same cutoff for subdiaphragmatic lymph nodes, 
other studies use a cutoff of 6–8 mm in the peri-
gastric territories. Using the threshold of 10 mm, 
CT has a high specificity (60–80 %) but low sen-
sitivity, as micrometastases can be present within 
lymph nodes below this size. Reactive lymph 
nodes can also become enlarged to greater than 
10  mm. The overall accuracy for nodal staging 
using CT is 68 % [7].

M Staging
It is crucial that metastatic disease is identified at 
the earliest opportunity, to prevent patients being 
inappropriately referred for radical treatment, 
such as surgery, in the presence of disseminated 
disease. Distant metastases are present at the time 
of initial presentation in 20–30 % of patients [8]. 
MDCT has a high sensitivity and specificity for 
detecting both liver and pulmonary metastases 
[9]. The identification of peritoneal disease on 
CT is more variable. In the presence of ascites, 
the sensitivity and specificity is 51 % and 97 % 
respectively [9]. In the absence of ascites, the 
sensitivity falls to just 30 % [10]. Laparoscopy is 
still advocated for all patients with tumor 
extending below the diaphragm who are being 
considered for radical therapy, as a consequence 
of this variability in detection of peritoneal dis-
ease on CT.

Fig. 8.4  Axial CT image of a bulky, circumferential 
lower esophageal tumor (dashed arrow). The arc of con-
tact with the thoracic aorta (A) is almost 180° (solid 
arrows), indicating T4 disease
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8.3	 �Ultrasound

Both conventional ultrasound and endoscopic 
ultrasound (EUS) are used in the evaluation of 
patients with esophageal cancer. Conventional 
ultrasound is used for targeted problem-solving 
and for biopsy or needle puncture of equivocal 
lesions identified on other imaging modalities. 
EUS plays an important part in refining the local 
staging for patients considered potentially oper-
able by MDCT.

8.3.1	 �Conventional Ultrasound

Linear probes 9–16  MHz can be used for the 
assessment of cervical lymph nodes. Involved 
nodes are round rather than elliptical and lose 
their internal echogenic fatty hilum. These are 
amenable to fine needle aspiration (FNA) sam-
pling under ultrasound guidance. Studies have 
shown that with FNA, the test is highly sensitive 
and specific (100 % and 96 % respectively) [11]. 
In centers not routinely using PET-CT for pri-
mary staging, the addition of cervical ultrasound 
has been shown to be a cost-effective addition to 
MDCT for primary staging [12]. Even if PET-CT 
is performed, ultrasound and FNA sampling 
under ultrasound guidance has been shown to 
improve staging by identifying false-positive or - 
negative PET-CT findings [13, 14].

Ultrasound can also be used in the targeted 
characterization of focal liver lesions identified 
on MDCT. However, liver MRI is more sensitive 
and specific both in terms of lesion detection and 
characterization and is generally the preferred 
modality for this purpose.

8.3.2	 �Endoscopic Ultrasound

This technique offers the optimum method for 
staging tumors confined within the wall of the 
esophagus. Using this technique, three to five 
layers of the esophageal wall can be identified 
which represent interfaces of ultrasound reflec-
tivity [15].

Technique: A side-viewing endoscope is used 
with a sonographic transducer at its tip. The 
ultrasound frequencies range from 7.5 to 12 MHz, 
giving a maximum depth of view of 7 and 3 cm 
respectively. The probes provide a 240–360° 
field of view orthogonal to the plane of the endo-
scope. It is possible using specific ultrasound 
probes (curved linear array) to obtain fine needle 
aspiration (FNA) samples from suspicious lymph 
nodes, which helps improve the accuracy of 
nodal staging. In addition, higher-frequency 
mini-probes are available, which can be used for 
the evaluation of stenotic tumors, otherwise 
impossible to pass with a conventional echoendo-
scope. The mini-probes consist of a cable with a 
mechanical transducer at its end. The majority of 
mini-probes use a radial transducer with a fre-
quency range of between 12 and 30  MHz 
(2.9–1 cm depth of view).

T Staging
The extent of the tumor identified on EUS is clas-
sified according to the TNM classification sys-
tem, dependent upon the depth of tumor invasion 
into the layers of the esophageal wall (Fig. 8.5). 
The most recent evaluation of T staging using 
EUS showed an accuracy of 60 % using the mini-
probe [16]. The figures quoted in the literature 
range from 60 to 91  % for echoendoscopes 
[7,  17]. The accuracy is acknowledged to fall 
below these levels following neoadjuvant chemo-
therapy as it is not possible to differentiate post-
treatment fibrosis from residual tumor [18].

N Staging
The morphology of lymph nodes is used for N 
stage classification. Hyperechoic, heteroge-
neous, flat, or oval lymph nodes are considered 
benign; malignant lymph nodes are round, 
hypoechoic, homogeneous, masses which are 
more clearly defined than benign nodes [19]. 
Using specific endoscopic ultrasound probes 
(curved linear array), it is possible to obtain fine 
needle aspiration (FNA) samples from suspi-
cious lymph nodes. The procedure however is 
time-consuming, and the ultrasound probe used 
is regarded as being less suited to staging than 
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the conventional echoendoscopes with radial 
ultrasound probes. Therefore patients require an 
initial staging EUS with a radial probe and a 
repeat EUS using a linear array probe for the 
FNA, adding time and complexity to the proce-
dure. This technique is also limited to nodes 
more distant from the primary tumor, to prevent 
sample contamination if the needle passes 
through the primary tumor prior to needle punc-
ture of the lymph node. The accuracy for N stag-
ing varies in the literature but is in the order of 
74 % [16].

M Staging
EUS has limited value in the assessment of dis-
tant metastases. The left lateral segment of the 
liver and part of the upper retroperitoneum may 
be evaluated, but the value of the technique lies in 
its capability for local staging.

8.4	 �Magnetic Resonance 
Imaging (MRI)

Magnetic resonance imaging (MRI) currently has a 
limited role in the staging of esophageal cancer, 
namely, in the characterization of focal liver lesions 

identified on MDCT and considered suspicious for 
metastatic disease. There is an emerging role in the 
local staging of esophageal cancer.

Technique: A standard protocol is applied for 
the characterization of liver lesions, including 
unenhanced T1- and T2-weighted sequences 
together with diffusion-weighted imaging (DWI). 
These are supplemented with dynamic and 
delayed imaging following the administration of 
intravenous contrast (Fig. 8.6).

For local staging, an external surface coil is 
used, and high-resolution (thin slice, small field 
of view) T2-weighted images are acquired which, 
with the superior soft tissue contrast of MRI, 
enables demonstration of the individual layers of 
the esophageal wall. Tumor returns intermediate 
signal intensity, and the extent of invasion 
through and beyond the wall can be demonstrated 
using this technique (Fig. 8.7) [20, 21]. A sagittal 
sequence through the esophagus is performed to 
plan axial images, which are acquired perpen-
dicular to the plane of the esophagus. These 
oblique axial images enable accurate evaluation 
of the extent of infiltration of tumor through the 
wall and also the relationship of extramural dis-
ease to surrounding structures within the poste-
rior mediastinum.

a b

Fig. 8.5  (a) EUS image of a T1 tumor (solid arrow) con-
fined to the submucosa; the muscularis propria layer (dot-
ted arrow) is intact over the outer margin of the tumor. (b) 
A T3 tumor extending through all layers of the esophageal 

wall, mainly on the anterior and right lateral side (solid 
arrows); note two small reactive lymph nodes marked 
with calipers
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Current research protocols include diffusion-
weighted imaging. This sequence has been shown 
to delineate the tumors, and in early studies, the 
calculated apparent diffusion coefficient (ADC) 
has been shown to be of value for assessing 
response to neoadjuvant chemotherapy [22]. The 
soft tissue contrast provides information regard-
ing the morphology of the tumor. As imaging 
technology advances, this technique is likely to 
become more established for both primary stag-
ing and in assessment of treatment response.

MRI has also been used for functional eval-
uation of esophageal motility disorders. 
Patients undergo MRI during swallowing of 
clear liquid. The MRI techniques employed 
use very short acquisition times and a good 
signal-to-noise ratio (SNR), with strong signal 
from fluid-filled structures. Studies have 
shown that using these techniques enables 
the  diagnosis of conditions such as achalasia 
with a similar accuracy to that of manometry 
[23, 24].

a

c

e f

d

b

Fig. 8.6  The staging CT (a) did not show any focal liver 
lesions. The PET-CT (b) showed a possible lesion in seg-
ment VII of the liver (arrow). The T2-weighted MRI (c) 
confirmed a focal lesion at this position (arrow), which 

demonstrated restricted diffusion on the b500 sequence 
(d). Post-gadolinium, the lesion showed arterial rim 
enhancement (arrow). (e) and low signal on the portal 
venous phase (arrow) (f) consistent with a metastasis

8  Preoperative Work-Up: Conventional Radiology, CT Scan, Ultrasonography, and MRI
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9.1	 �Introduction

Carcinoma of the esophagogastric junction (EGJ) 
is an extremely aggressive malignancy and 
patients often face a poor prognosis [1, 2].

Even if surgery is still considered the main 
treatment in patients with EGJ cancer, neoadju-
vant chemotherapy or chemoradiation has 
become an accepted choice for reducing the inci-
dence of local recurrence and improving overall 
survival rate [3].

However, currently there is no definite stan-
dardized imaging method to determine tumor 
response to chemoradiation. The ideal imaging 
modality would be able to detect the presence of 
cancer with high sensitivity and specificity and 
assess the effect of chemoradiation on tumor bur-
den. It would serve to facilitate the “real-time” 
evaluation of therapeutic effectiveness with serial 

scanning, potentially eliminate the need for sur-
gery in complete responders, improve the quality 
of palliation by stopping chemoradiation in those 
who progress with therapy, improve prognostica-
tion based in tumor response, facilitate the evalu-
ation of new therapies, and enhance the quality of 
clinical trials [4].

As a matter of fact, for patients who do not 
respond, the prognosis after neoadjuvant chemo-
therapy or chemoradiation might be worse than 
that of a primarily surgical approach. Additionally, 
inefficient neoadjuvant treatment leads to adverse 
events, allows tumor progression during therapy, 
costs time, and increases health expenses. The 
poor response of tumors (in terms of pathological 
response and survival) to chemotherapy or 
chemoradiation suggests the need to predict or 
identify responders to neoadjuvant therapy at an 
early stage [5, 6].

Today’s stage-dependent treatment relies on 
modern diagnostic tools such as multidetector 
helical computed tomography (CT), high-
frequency endoscopic ultrasound (EUS), posi-
tron emission tomography (PET), image fusion 
techniques, and magnetic resonance imaging 
(MRI). Specialists cooperate on multidisciplinary 
tumor boards that follow transparent decision 
trees based on the newest evidence [7]. While 
EUS and CT are of relatively limited value, fluo-
rodeoxyglucose (FDG)-PET (CT) and MRI have 
demonstrated a potential role in assessing tumor 
response.
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9.2	 �PET/CT

Since several years fluorodeoxyglucose (FDG)-
PET has become part of the standard of care in 
staging and restaging of a variety of malignant 
diseases, focusing on the detection of malignant 
lesions at early stages and early detection of 
recurrence and metastatic spread [2, 8].

Metabolic changes measured by PET have been 
shown to be more sensitive in detecting response 
early in the course of chemotherapy or chemoradi-
ation as compared with both conventional imaging 
techniques (EUS and CT) and endoscopy [6].

PET images’ metabolic activity, via the distri-
bution of positron emitting tracers that are incor-
porated into metabolic processes, offers the 
potential to determine response to treatment for 
EGJ at an early stage, after only two weeks of 
induction therapy, because metabolic changes 
often precede structural changes associated with 
any given disease (Fig. 9.1) [1, 6].

PET/CT has some limits to determinate the T 
staging, although tumor invasion into adjacent 
organs (T4) can sometimes be detected. Another 
limit of PET, with or without CT, is to recognize 

locoregional lymph node status: FDG uptake 
within periesophageal nodes close to the primary 
tumor is difficult to differentiate from uptake 
within the esophageal tumor itself due to the lim-
ited spatial resolution of PET.  Further limiting 
the interpretation of nodes is the observation that 
FDG uptake can occur in benign disease such as 
granulomatous inflammation (e.g., sarcoidosis), 
aspiration pneumonitis, or other inflammatory/
infectious conditions.

A meta-analysis of 12 publications reported a 
pooled sensitivity and specificity for FDG-PET 
in determination of N classification of 59 % and 
81 %, respectively [9, 10].

However, PET has emerged as an important, 
increasingly common staging tool, particularly 
for the detection of distant metastases (Figs. 9.2 
and 9.3) [10].

As PET/CT is a whole body imaging tech-
nique, we also should keep in mind that it could 
allow the recognition of other pathological hyper-
metabolism captation, correlated to the presence 
of another neoplasm, synchronous or metachro-
nous with EGJ (Fig. 9.4). This could change the 
choice of treatment for the patient.

Fig. 9.1  PET/CT staging and re-staging during and after 
CRT. Case of complete response to CRT in EGJ cancer.  
(a) Staging before treatment. EGJ cancer is well demon-
strated with SUVmax 18. No pathologic lymph nodes nor 
distant metastases are highlighted. (b) PET/CT performed 
the first day after first cycle of induction chemotherapy 

shows a significant decrease in SUVmax 11.5 (-36%). (c) 
After 3 weeks of chemotherapy an almost complete 
response to treatment is observed with SUVmax 5,2 
(-71%). (d) Re-staging 6 week after the end of CRT dem-
onstrates a diffuse increase in metabolic processes due to 
inflammatory reaction, with SUV max 7.5
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Fig. 9.2  EGJ cancer with metastatic disease. Evidence of 
metastatic liver disease at initial staging. At CT scan (a) a 
small hypodensity is seen on liver’s IV segment. PET/CT 

images in different planes (b, c) show an increase metabo-
lism inside the lesion which stands for a metastatic lesion

a b

c

d

Fig. 9.3  Advanced EGJ cancer with multiple bone metas-
tases. Different multiple bone metastatic lesions are dem-
onstrated at PET images: on right proximal homerus, 
cervical and lumbar vertebra, right iliac bone and left hip. 

Lesion become visible only evaluating the increase of SUV, 
as no lytic lesion is still evident on CT images. In the same 
patient it is also highlighted a pathological node on right 
para-esophageal space in the upper mediastinum (a–c)
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Furthermore, many studies show that PET/
CT is useful for planning radiotherapy (RT) 
treatment. As a matter of fact, Drudi et  al. 
(2002) found that the lengths of esophageal 
carcinoma measured by CT scan and esopha-
gogram corresponded to the lengths of surgical 
specimens in only 32  % and 59  % of cases, 
respectively [11]. The union of the metabolic 
information to RT treatment plan allows a more 
accurate delineation of tumor volume, by 
reducing the toxicity to tissues and contiguous 
geographic missing and permitting to include 
in the field of radiation possible hypermeta-
bolic lymph nodes not evident on CT.  Ki Ho 
Seol and Jeong Eun Lee (2014) confirm that 
PET/CT during chemotherapy or chemoradia-
tion can provide additional information on 
radiotherapy planning in esophageal cancer 
due to its greater sensitivity, specificity, and 
accuracy than CT [12]. In a prospective trial of 
PET for radiotherapy planning in esophageal 
cancer, Leong et  al. (2006) demonstrated that 
PET has a significant impact on gross tumor 
volume (GTV) and often helps avoid geo-
graphic misses by identifying unsuspected 
lymph node involvement [13]. Moureau-
Zabotto et al. (2005) focused on the additional 
role of PET/CT for RT planning and high-
lighted as it altered GTV values in 19 of 34 
patients (56  %); GTV was reduced in 12 and 
increased in 7 (21 %) patients [14]. In another 
study, Muijs et  al. (2009) reported that the 
additional use of PET led to the modification 

of CT-based RT planning in 57 % of esopha-
geal cancer patients [15].

9.2.1	 �Evaluation During 
Neoadjuvant Therapy 
for Prognostication

The early detection of response to neoadjuvant 
chemotherapy or chemoradiation is the main 
point to change the therapeutic strategy, that is, 
either to continue treatment or to proceed with 
surgery. Early response evaluation is defined as 
the assessment of response during treatment, 
whereas late evaluation is performed after the 
completion of induction therapy. So only 
responding patients would complete treatment, 
while nonresponding patients would avoid poten-
tially harmful treatments (Fig. 9.1) [16].

Various studies have demonstrated that 
18FDG-PET, measuring early changes in tumor 
glucose uptake after only two weeks of induction 
therapy, is a promising tool in the prediction of 
clinical and histopathologic response as well as 
prognosis to neoadjuvant treatment in adenocar-
cinomas of the EGJ type I and II [1, 10, 17].

Available evidence suggests that metabolic 
response might be a useful predictive marker for 
the early identification of nonresponding patients 
(Fig. 9.5).

The MUNICON-I trial prospectively showed 
that early metabolic assessment with therapy 
stratification after only 2 weeks helps to select 

Fig. 9.4  Early EGJ cancer 
with incidentally 
demonstration of a focal area 
of increased methabolism at 
sigmoid tract. While the EGJ 
cancer is not demonstrated at 
PET/CT (b), probably as a 
consequence of the small 
volume of the tumor, the 
lesion located at the sigmoid 
tract is well demonstrated (a) 
and it was proven to by a 
polipoid cancer at 
colonoscopy
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a

c d e

f g h

b

Fig. 9.5  EGJ cancer before (a, c–e) and after CRT (b, f–
h). MIP whole-body PET (a–b) as well as PET/CT images 
(c–h) before and after CRT demonstrate a complete 
response to treatment in perigastric lymph nodes and EGJ 

cancer. Anyway, at the end of CRT a left supraclavear 
node becomes evident (arrow in f) with significant 
increase in SUV: that stands for lymph node progression 
of disease

nonresponding patients with EGJ I and II, who 
are not benefiting from neoadjuvant chemother-
apy and can therefore avoid ineffective and toxic 
therapy [6, 18]. In this trial, a PET scan was per-
formed in 119 patients before the start and after 2 
weeks of platinum and fluorouracil-based induc-
tion chemotherapy. Patients with a predefined 
decrease in standardized uptake value (SUV) of 
≥35  %, compared with baseline FDG-PET/CT, 

were defined as metabolic responders. Responders 
continued to receive neoadjuvant chemotherapy 
for 12 weeks (15–100 days) and then proceeded 
to surgery [8]. In metabolic PET-nonresponders, 
chemotherapy was discontinued after the two-
week evaluation period, and these patients pro-
ceeded to chemoradiation, as recommended by 
the HICON trial [6], with surgical resection 28–42 
days after the end of the chemoradiation [17].
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9.2.2	 �Evaluation After Neoadjuvant 
Therapy for Restaging

Only 40–50 % of the patients respond to neoadju-
vant chemotherapy or chemoradiation. Quality of 
life and survival must be balanced against the 
toxicity of the neoadjuvant treatment as well as 
the surgical mortality and morbidity [5, 19].

The same staging modalities used for clinical 
staging are available for restaging. However, 
effective therapy reduces clinical restaging accu-
racy and makes response (downstaging) predic-
tion difficult [9].

Many studies have found various measures, 
including change in maximal standardized uptake 
value, metabolic cancer length, metabolic cancer 
volume, and total lesion glycolysis, to be useful in 
assessing response to therapy [9, 20, 21]. On the 
other hand, it should be taken in mind that a nega-
tive PET/CT cannot distinguish small-volume 
residual disease from complete response to treat-
ment [22, 23]. A possible limit of the PET/CT for 
the evaluation of the tumor at the end of RT is 
given by the radiation-induced inflammatory alter-
ations that may cause an increased uptake tissue 
not distinguishable from a possible persistence of 
the disease. This increased uptake post-actinic is 
poorly predictable, depends in part on the type of 
treatment, and can last several months.

The main role of FDG-PET in restaging fol-
lowing neoadjuvant chemotherapy or chemora-
diation remains the identification of distant 
metastases before performing surgery (interval 
metastases) (Fig.  9.5), as shown in the recent 
study of Schollaert et al. (2014) [19].

However, PET shouldn’t be used routinely to 
assess the response after chemotherapy or chemo-
radiation for guiding subsequent therapy [10].

9.2.3	 �Evaluation After Neoadjuvant 
Therapy for Prognostication

Only pathological staging of a surgical specimen 
seems to be a good predictor of survival.

Recent studies suggested that the quantitative 
decrease in FDG uptake seen after neoadjuvant 
chemotherapy or chemoradiation correlates with 

pathologic response to therapy and patient sur-
vival [5, 9, 24].

The study of Lordick et  al. (2006) confirms 
that early metabolic response measured by PET 
identifies patients with EGJ type 1 and EGJ type 
2 who have a high chance of achieving major his-
tological responses after neoadjuvant treatment 
and, therefore, have a favorable prognosis. PET 
helps select patients who are benefiting from che-
motherapy. Additionally, PET-response-guided 
treatment helped avoid the administration of inef-
ficient chemotherapy to patients with no meta-
bolic response [24].

The study of Ott et  al. (2006) found that a 
decrease of tumor metabolic activity by more 
than 35  % after 2 weeks of therapy predicts a 
high histopathologic response rate (53 %) and is 
associated with a favorable prognosis (median 
survival, >50 months) [25].

Both trials demonstrated that patients who 
respond to neoadjuvant chemotherapy who are 
identified by early metabolic imaging have a favor-
able prognosis, and this is especially true for meta-
bolic responders who also achieve a major 
histopathological response. However, patients who 
do not achieve a histological response, despite pre-
vious metabolic response, prognosis remains dis-
mal. Therefore, histological response remains an 
important prognosticator that seems to be stronger 
and more robust than early metabolic response 
(Figs. 9.1 and 9.6). The important effect of meta-
bolic imaging in this context is that PET can predict 
histological response earlier and with higher accu-
racy than any other clinical assessment [24, 26, 27].

9.3	 �MRI

The role of MRI in the diagnosis and staging of 
EGJ has not been thoroughly evaluated, so that 
evidence of a distinct advantage over traditional 
imaging modalities has not been yet established 
[28, 29]. However, recent advances in MRI tech-
nology have improved the achievable signal-to-
noise ratio, thus improving performance in terms 
of spatial and temporal resolution. This has 
opened new possibilities in the local staging of 
EGJ. It is well known that MRI, like CT, can suc-
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cessfully be used in the evaluation of mediastinal 
involvement, adjacent lymphadenopathy, and 
distant spread, with contrast resolution higher 
than CT, while it offers a better contrast resolu-
tion than CT, permitting the exact evaluation of 
the different layers of the wall that results in a 
potential better definition of T stage [30, 31]. 
MRI is feasible in patients with esophageal can-
cer, and the application of an ECG-trigger 
reduces pulsation artifact and allows the assess-
ment of kinetic parameters in tumors near the 
aorta and the beating heart [32].

Recent studies have developed imaging crite-
ria for the local staging of EGJ using high-
resolution T2-weighted imaging and have shown 
diffusion-weighted magnetic resonance imaging 
(DWI) may be an attractive alternative to 18FDG-
PET (Fig. 9.7); MRI-reported advantages are no 

need to fast before the examination, no radiation 
used, no exogenous contrast material, and a 
shortened acquisition time [33, 34].

Another possible advantage of MRI over 
PET/CT might be the capability to demonstrate 
small-volume residual disease from complete 
response to chemoradiation by combining 
T2-weighted morphological imaging with func-
tional technique, such as DWI and perfusion 
(DCE) (Fig. 9.8). Multiparametric MRI has been 
tested in other different types of neoplasms, such 
as rectal, breast, or prostatic cancers, and pre-
liminary results are extremely promising.

DWI is based on the degree of mobility of 
water protons, quantifiable by the apparent diffu-
sion coefficient (ADC). The ADC measures the 
degree of free diffusion of water molecules 
within tissues, which is mainly influenced by the 

Fig. 9.6  Complete response to CRT. CT and PET/CT 
images before (a, d), during (b, e) and after (c, f) treat-
ment. At pre-treatment images EGJ cancer is a large lesion 
with initial SUVmax 14 (a, d). After inductive chemother-
apy (b, e) there is only a small decrease in volume, but a 

significant reduction in SUV max 7.2 (–49%). At the end 
of CRT SUV max is 4.2 (–70%), suggestive of a complete 
methabolic response, which was proven at definite histol-
ogy after surgery

9  Role of PET/CT and MRI in the Prediction of Response to Neoadjuvant Treatment



74

cell organization, size, and density. Cell death 
leads to a loss of cell membrane integrity and 
density, which determines an increase in ADC 
values. This explains why the ADC has recently 
emerged as a potential biomarker of the response 
to cancer therapy (Fig.  9.9) [35]. Although the 
application of DWI to predict and monitor treat-
ment response has been investigated in different 
types of neoplasms, few data in the literature 
have reported the correlation between ADC mod-
ifications and objective histological parameters 
of treatment response. Furthermore, to date there 

are no established protocols for performing DWI 
in EGJ: improvements to MRI scanner hardware 
could change the resolution of MRI images, 
which may further improve reproducibility of 
tumor ADC value measurements.

Also dynamic contrast-enhancement MRI 
(DCE-MRI) provides functional information 
and may be used for the detection and character-
ization of primary malignant tumors on the basis 
of their altered vascular integrity, which may 
result from pathologic angiogenesis and metas-
tases [4, 36]. In DCE-MRI altered vascularity 

a

d e f

b c

Fig. 9.7  EGJ cancer T3N2: pre-treatment local staging. 
On T2 weighted images (a–b) a large neoplastic lesion 
envolves EGJ site (open arrow); the lesion is slightly 
hyperintense and envolves all the wall’s layers, with irreg-
ular margins and small dictations into the perigastric fat.  

Enlarged lymph nodes (arrows) at the origin of celiac 
trunk are demonstrated, with a round shape, suggestive for 
metastatic nodes (c). At DWI images at b 1000 (d-f) the 
EGJ cancer is highly hyperintense, as well as the patho-
logical nodes

Fig. 9.8  Multiparametric MRI approach in the evaluation 
of EGJ cancer before (a–d) and after CRT (e–h). A huge 
EGJ cancer (star) is demonstrated at T2 weighted image 
(a) before treatment, responsible of substenosis of esoph-
ago-gastric junction. The lesion envolves ¾ of the circum-
ference of the esophagus and causes almost obstruction of 
the lumen. The tumour is hyperintense on DWI image at b 
1000 (b) and shows low ADC values, with a significant 
hypointensity on ADC’s map image (c). At DCE (d) a rep-
resentative region of interest (ROI) is placed over the 
tumor and signal intensity time curve (white curve) is 
obtained compared to the arterial input function (pink 
curve). In the EGJ cancer we observe a rapid initial signal 

intensity increase, followed by a plateau and a gradual 
decrease. After neoadjuvant treatment (e–h), a moderate 
decrease in volume and signal of neoplastic tissue is seen 
at T2 weighted image (e), while there is the evidence of 
significant loss of intensity on DWI (f) and an increase on 
ADC values. At ADC’s map only a slight hypointensity is 
demonstrated (g). Furthermore, at DCE signal intensity 
time curve (h) is changed with a slow progressive signal 
intensity increase, as well as a decrease in the mean signal 
intensity. All these results are related to a complete 
response to CRT, which was confirmed at hystopathologi-
cal exam after surgery
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and/or vascular permeability of malignancies 
are detected by measurement of subsequent 
changes in signal intensity during contrast agent 
passage [31]. The analysis Ktrans is a pseudo 
first-order rate constant measuring the circula-
tion rate between intravascular space and the 
interstitial one in the tissue of interest. 
Preliminary experiences found a decrease in 
contrast agent exchange across the vascular wall 
after chemotherapy or chemoradiation [4, 32].

9.3.1	 �Evaluation of Treatment 
Response for Restaging

The identification after chemotherapy or chemora-
diation of patients who had a good response and 
thus may benefit from surgery is an important 
objective, with a strong impact on treatment choices.

In the early response, a short time after the 
start of treatment, tumor responsiveness is evalu-
ated and nonresponding patients are identified 

(Fig.  9.9). In the late response, several weeks 
after the completion of induction therapy, the 
extent of downstaging of the primary tumor is 
determined (Figs. 9.10 and 9.11).

As diffusion within tumors is impeded by the 
presence of cellular membranes and macromo-
lecular structures, treatment with chemotherapy 
and radiation therapy can result in the loss of cell 
membrane integrity, which can be detected as an 
increase in mean tumor ADC [32].

To date, there are only few published studies 
investigating the clinical value of DWI-MRI in 
evaluating esophageal cancer [31]. An initial 
study by Sakurada et  al. in 24 patients showed 
that DWI only has a limited role in detecting 
esophageal cancer and nodal staging. However, 
results were obtained without combining DWI 
with cardiac triggering: it might increase 
detection of small lesions although the expense 
of elongation of acquisition time [36]. Aoyagi 
et al. (2011) showed that tumors with lower ADC 
values had more stromal collagen and higher 

Fig. 9.10  EGJ cancer: re-staging after CRT (same patient 
of figure 7). On T2 weighted images (a, b) there is the 
evidence of a focal thickness of walls of EGJ site (open 
arrow), with a slight hyperintensity related the inflamma-
tory edema. We observe the complete disappearance of 
previously enlarged lymph nodes at the origin of celiac 
trunk: nowadays, there is only the evidence of small 

hypointense nodes with a decrease in signal intensity, 
which stands for complete response (c). At DWI images at 
b 1000 (d–f) there is no evidence of significant hyperin-
tensity both in the EGJ lesion, as well as no demonstration 
of lymph nodes.  The images are suggestive of complete 
response to neoadjuvant therapy, as demonstrated at hys-
topathological exam after surgery

9  Role of PET/CT and MRI in the Prediction of Response to Neoadjuvant Treatment
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Fig. 9.11  EGJ cancer T3 N2 before (a–d) and after-CRT 
(e–h): local re-staging at MRI. At initial MRI staging a 
large mass, slightly hyperintense on T2 weighted TSE 
images (a, c), is demonstrated at the esophagogastric 
junction (open arrow) which envolves all the esophago-
gastric wall’s layers and widespreads into the peri-esoph-
ageal fat tissue. Some small pathologic lymph nodes on 
the left side of AEG cancer (arrowheads) are demon-
strated (a). DWI images at b 1000 (b, d) the EGJ cancer 

before CRT is highly hyperintense, as a consequence of 
restricted diffusion inside the neoplastic lesion (open 
arrow). After CRT, a decrease in tumor volume is demon-
strated and the lesion appears less hyperintense on T2 
weighted images (open arrow), as a consequence of tumor 
regression and fibrotic changes. At DWI images (f, h) 
there is no significant hyperintensity, which stands for 
complete response to neoadjuvant therapy

amount of vascular endothelial growth receptor 
expression (a marker for tumor neoangiogenesis) 
[37]. In another study in 123 patients with esoph-
ageal cancer, the same research group highlighted 
that ADC values of primary tumors were lower as 
clinical T and N stages were more advanced [38].

The study of Weber et al (2013) in 15 patients 
investigated the correlation of ADC and SUV 
changes with histological regression under neoad-
juvant treatment. Concordance of ADC increase 
and PET response was observed in 73.3 % of all 
patients, with a reported significantly higher 
increase in ADC tumor in PET responders than in 
PET nonresponders [17]. Also De Cobelli et  al. 
(2013) in 32 patients evaluated changes in volume 
and ADC before and after treatment and corre-
lated those with histological tumor regression: 
while no differences in tumor volume values and 
changes were found between responders and non-
responders, significant differences were observed 
evaluating ADC, with a significant increase after 
treatment in responder group [35]. On the other 
hand, in the study of Kwee et  al. (2014) in 11 
patients with esophageal cancer, no significant 
difference was seen in mean tumor ADC increase 
after chemotherapy or chemoradiation between 
responders and nonresponders, suggesting that 
ADC changes do not correlate to tumor response. 
Further studies should be encouraged in a larger 
population investigating DWI as a tool for 
response evaluation [33].

Also DCE-MRI, particularly changes in 
Ktrans, might be promising in gauging response 
to treatment, providing useful information that 
would be clinically helpful before esophagec-
tomy. Oberholzer et  al. (2008) reported a sig-
nificant decrease of the contrast agent exchange 
rate and a moderate increase of the amplitude in 

12 patients with carcinoma before and after 
treatment [32]. Chang et  al. (2008) demon-
strated that motion-corrected region of interest 
(ROI) data of Ktrans is greater in esophageal can-
cer than in the normal tissue [4]. Anyway fur-
ther studies are necessary to correlate kinetic 
parameters prior and after neoadjuvant treat-
ment with histopathological response and to 
better investigate the prediction of response.

9.3.2	 �Evaluation of Treatment 
Response for Prognostication

Accurate preoperative staging is mandatory for 
appropriate patient management. It has been 
reported that nonresponsiveness to neoadjuvant 
therapy is associated to a worse prognosis [39], 
so that accurate staging after the end of chemo-
therapy or chemoradiation may prove to be of 
clinical value for individual prognostication. In 
particular, preoperative determination of nodal 
status is important, since the presence and num-
ber of lymph node metastases are significant 
independent predictors for the likelihood of 
developing systemic disease and long-term sur-
vival, and the presence of lymph node metasta-
ses may require neoadjuvant chemotherapy or 
chemoradiotherapy [37, 40]. DWI may be used 
for the detection and characterization of primary 
malignant tumors and nodal metastases 
(Figs.  9.9 and 9.11) [33, 41]. Normal lymph 
nodes have a relatively restricted diffusion 
because of their high cellular density, while 
metastatic lymph nodes may have an even more 
restricted diffusion because of increased cellu-
lar density, and this may allow discrimination 
between both groups using DWI [36]. Many 
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studies report an insufficient detection of locore-
gional lymph node metastases by PET and MRI 
[17, 31, 42]; in particular, micrometastases may 
not be detected. Additionally, the continuation 
of either chemotherapy or even radio-chemo-
therapy strongly influences the post-therapeutic 
lymph node involvement. Responders are 
known to have a significantly lower rate of 
lymph node metastases [43] and the addition of 
radiotherapy might increase the histopathologi-
cal response of initially metabolically nonre-
sponding patients. Of note, endosonography is 
the method of choice for T and local N staging, 
but in 30–50  % of all esophageal cancers the 
tumor stenosis cannot be passed by the endo-
scope, which makes MRI and PET/CT in these 
cases very important to give precise information 
on both T and N stage (Fig. 9.10) [17, 44]. The 
study of Weber et al. (2013) reported a concor-
dance of PET/CT and MRI in 100 % cases, but 
only in 60  % of cases, there was concordance 
between the sincere classification of local lymph 
node metastases by imaging and histopathology, 
so that neither ADC changes nor PET response 
was correlated to the clinical prognosis [17]. 
Sun et  al. (2011) assessed tumor ADC values 
before and after radiotherapy in 12 patients and 
demonstrated a longer overall survival in those 
patients with a higher increase in ADC values 
[45]. In another study, Aoyagi et al. (2011) in 80 
patients with esophageal carcinoma, who were 
treated with chemotherapy or chemoradiation, 
demonstrated that higher mean pretreatment 
tumor ADC values were associated with a lon-
ger overall survival [37]. Anyway, it is worth 
noticing that De Cobelli et  al. (2013) stated 
apparent opposite results: they observed a sig-
nificant lower pretreatment ADC value among 
responder than nonresponders, suggesting that 
patients with lower pretreatment ADC value 
have a greater chance to respond to neoadjuvant 
treatment. Anyway, pretreatment ADC value 
alone is a poor predictor of response in single 
patient [35].

Also in our experience among 35 patients 
with EGJ cancer, we observed a longer overall 
survival in those patients with a higher increase 
in ADC values after chemotherapy or chemora-

diation; anyway we did not observed any signifi-
cant correlation between pretreatment ADC 
value and prediction of response to neoadjuvant 
treatment.

So despite MRI appear promising in assessing 
tumor regression, according to our experience, as 
well as the results reported in literature, we think 
that we need prospective larger trials, to exactly 
define its role in the prediction of response to 
neoadjuvant treatment.

9.4	 �Tumor Recurrence

Long-term survival after cancer of the esophagus 
or the EGJ remains poor despite significant 
improvements in surgical techniques and postop-
erative management. Even after curative surgery, 
recurrence is the main cause of death within two 
years after surgery [46].

In detection of tumor recurrence, imaging 
modalities are important in many regards. First of 
all, the imaging modality must be suitable, cost-
effective, and able to detect the pathology in early 
stage. After esophagectomy and gastric excision, 
the anatomy of the posterior mediastinum is 
markedly changed. This makes the assessments 
of the possible local tumor recurrence difficult; 
for example, CT-scanning is often inconclusive 
in the search for local recurrence disease. Wall 
thickening or adjacent mass and suspicious 
lymph nodes are highly predictive for recurrent 
disease [46].

The role of FDG-PET in restaging is still being 
defined. It may not differentiate anastomosis 
recurrence from stricture. However, it is valuable 
in detecting regional and distant recurrences [9].

Siersema et  al. (2007) demonstrated that 
metabolic response was the only factor pre-
dicting recurrence in patients after resection 
[47]. Roedl et  al. (2008) showed that the 
reduction of tumor length, as demonstrated by 
PET-CT before and after treatment, was a bet-
ter prediction of time to recurrence than the 
decrease in SUV. PET-CT has a sensitivity of 
91 % and a specificity of 81 % in identifying 
sites of tumor recurrence [48]. For the identi-
fication of metastasis, many studies have 
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shown that the combination of CT and FDG-
PET would be superior to each test considered 
singularly [4, 9].

Evaluation for direct invasion by EGJ into 
adjacent vital structures by MRI is based on two 
criteria: mass effect and loss of fat planes. MRI is 
accurate in detecting masses following esopha-
geal surgery but is not tissue specific. However 
an enhanced mass with Gd-DTPA should be sus-
pected for tumor recurrence when there is the 
evidence of a thickened wall at least after one 
year postoperative or radiation therapy. Before 
one year, inflammatory changes are very similar 
to neoplastic recurrence at morphological imag-
ing. So early postoperative cases with possible 
inflammatory reaction or early postradiation 
fibrosis especially must be interpreted with 
caution.

Moreover, MRI is useful in the detection of 
abdominal lymph node enlargement, intralumi-
nal mass, liver metastasis, and pleural and peri-
cardial effusion [29, 49].

�Conclusions

The current literature on treatment and 
response prediction of EGJ cancer is still quite 
limited. A potential role of PET/CT in early 
evaluation of response would avoid unneces-
sary chemotherapy or chemoradiation and a 
delay in surgery. However, RT may induce 
inflammatory alterations, difficult to differen-
tiate from persistent disease.

Furthermore, there is some evidence that 
PET/CT might provide valuable information 
for diagnosis of recurrent disease.

Also MRI has a great potential to impact 
the treatment of EGJ adenocarcinoma. It may 
improve the clinician’s ability to stage patients 
and to determine the most appropriate treat-
ment. In patients who undergo chemotherapy 
or chemoradiation, it may provide a tool to 
gauge therapeutic response, a function that no 
other modality has been able to demonstrate, 
through a multiparametric approach that com-
bine morphological and functional informa-
tion about the cancer. Thus, cross-sectional 
imaging and its further optimization for this 
issue are mandatory.
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Despite the global incidence of upper gastroin-
testinal tract cancers which has significantly 
declined over the past three decades, the inci-
dence of adenocarcinoma of the esophagogastric 
junction (EGJ) is continuously and rapidly rising 
in the Western countries, representing a major 
health problem [1, 2].

The adenocarcinoma of the EGJ, defined as the 
cancer arising within 5-cm proximal or distal to 
the point of transition from esophageal squamous 
epithelium to gastric mucosa, has been widely 
recognized as a distinct clinic-pathological entity 

from either squamous cell esophageal cancer or 
“non-cardia” adenocarcinoma of the stomach for 
its different epidemiology, biological behavior, 
and sensitivity to treatments [3]. Given the modest 
improvements in patient outcomes achieved by 
recent therapeutic progresses, the prognosis of 
this disease remains dismal with 5-year survival 
rates rarely exceeding 30–40 % [1, 4].

While very early-stage (T1N0) tumors can be 
cured by surgery alone, even submucosal 
involvement greatly increases the risk of margin-
positive resection, locoregional relapse, and  
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distant recurrence [5], requiring the integration of 
surgery with systemic strategies. Thus, the multi-
modal approach, consisting of either preoperative 
combined chemoradiotherapy followed by sur-
gery [6] or perioperative chemotherapy [7], has 
become the standard of care for resectable locally 
advanced (T2 or greater; nodal involvement) 
esophageal and EGJ cancers as a whole [8].

Many evidences indicate that the histopatho-
logical response to preoperative chemotherapy or 
chemoradiotherapy is considerably variable 
among adenocarcinomas of the EGJ, with only 
approximately 20  % of patients neoadjuvant 
treated achieving a complete response (CR) [9] 
and another 20 % of cases defined as “extremely 
resistant,” corresponding to the presence of more 
than 50 % of residual cancer in the surgical speci-
men [10]. Moreover, the histopathological 
response to neoadjuvant treatments identifies 
patients who are more likely to derive a survival 
benefit, as it is positively correlated with overall 
survival (OS) duration, with responder patients 
having statistically significant superior OS rates 
than nonresponders (3-ys OS 70 % vs 35 %) ([9, 
11, 12]. In this regard, a very recent retrospective 
analysis involving 400 patients with resectable 
adenocarcinoma of the esophagus and EGJ who 
received preoperative chemotherapy demon-
strated that local downstaging after preoperative 
chemotherapy was the strongest independent pre-
dictor of survival in this clinical setting and that 
tumor stage after preoperative chemotherapy was 
more relevant for prognosis than initial stage at 
diagnosis [13].

These clinical evidences provide a strong 
argument for the urgent development of molecu-
lar biomarkers able to predict primary resistance 
to preoperative chemoradiotherapy in esophageal 
and esophagogastric junction adenocarcinoma, in 
order to avoid this preoperative treatment in those 
patients unlikely to benefit.

A number of molecular pathways and genetic 
mutations likely to be involved in the carcinogen-
esis of adenocarcinoma of the EGJ have been 
investigated either as putative markers of resis-
tance to standard treatments and novel biologic 
agents or as potential therapeutic targets. The 
most relevant included growth factor receptors, 

tumor suppressor genes, apoptosis-related and 
chemotherapy metabolism-related genes, and 
genomic signatures [4, 14, 15].

10.1	 �Growth Factor Receptors

10.1.1	 �Epidermal Growth Factor 
Receptor

The expression of the epidermal growth factor 
receptor (EGFR) and the EGFR gene amplifica-
tion have been reported in, respectively, 30–60 % 
and 8–31 % of adenocarcinomas of the EGJ and 
distal esophagus [16–18]. Whereas an associa-
tion between EGFR overexpression or EGFR 
gene amplification and worse prognosis has been 
demonstrated in primarily resected patients [16, 
19], the correlation of these aberrations with his-
topathological response and survival in patients 
receiving neadjuvant treatments has not been 
defined yet.

Pretreatment tumor specimens from 54 
patients with locally advanced esophageal can-
cers receiving neoadjuvant chemotherapy with 
5-flurouracil plus cisplatin and concurrent radio-
therapy were assessed for a panel of putative pre-
dictive biomarkers, including EGFR protein 
expression, by immunohistochemistry [20]. The 
vast majority of patients in this series had an ade-
nocarcinoma of distal esophagus or EGJ.  The 
distinction between high and low EGFR expres-
sion levels was based on an immunoreactive 
score (IRS) ranging between 0 and 12, which 
takes into account both the intensity of staining 
and the percentage of positive cells. Interestingly, 
EGFR overexpression (IRS > 9) was found to sig-
nificantly correlate with poorer OS [p = 0.009], 
and at the multivariate analysis, EGFR overex-
pression resulted in an independent predictor for 
OS.  However, whether EGFR overexpression 
had a predictive rather than a prognostic role was 
not addressed.

Recently, two cohorts of patients with locally 
advanced esophageal adenocarcinomas either 
treated with preoperative cisplatin-based chemo-
therapy followed by surgery or with surgical 
resection alone were evaluated for EGFR protein 
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expression and gene copy number [21]. A strong 
positive correlation between EGFR expression 
and gene copy number [p < 0.01] was found in 
both cohorts. The group of patients receiving 
neoadjuvant treatment was stratified into 
responder and nonresponder patients. Among 
responders, EGFR expression levels significantly 
correlated with disease-free survival (DFS) and 
OS, with those patients with low expression lev-
els surviving significantly longer than those with 
high expression levels [DFS, p = 0.0015; OS, 
p = 0.0032]. However, no correlations between 
EGFR expression and survival outcomes were 
observed among nonresponder patients. In the 
multivariate Cox regression analysis, EGFR 
overexpression resulted in an independent 
adverse predictor for both DFS and OS in patients 
who respond to neoadjuvant chemotherapy and 
in patients who were primarily resected, suggest-
ing a negative prognostic role for 
EGFR. Moreover, in the case that either EGFR 
expression levels or gene copy number was low, 
patients responding to chemotherapy had a sig-
nificantly longer DFS [low EGFR expression lev-
els, p = 0.0152; low EGFR gene copy number, 
p = 0.005] and OS [low EGFR expression levels, 
p = 0.0036; low EGFR gene copy number, 
p = 0.0032] than nonresponders. Conversely, 
when either EGFR expression levels or gene 
copy number was high, there were no differences 
in survival duration according to the response to 
neoadjuvant chemotherapy. These findings sug-
gested that EGFR could have a negative prognos-
tic value; however, they do not provide enough 
evidence for sustaining its predictive potential.

10.1.2	 �Human Epidermal Growth 
Factor Receptor−2

The human epidermal growth factor receptor 
(HER)-2 is a key driver in the tumorigenesis of a 
portion of esophageal and gastric adenocarcino-
mas, with HER-2 overexpression or gene ampli-
fication being reported in up to 30  % of cases 
[22–25]. The prognostic significance of HER-2 
upregulation in the adenocarcinoma of the esoph-
agus and EGJ is still unclear, since data in this 

regard are conflicting [26–28], likely because of 
the heterogeneity of the studies and of HER-2 
scoring methods. HER-2 status can be deter-
mined in pathological samples using immunohis-
tochemistry (IHC) and in situ hybridization, 
either by fluorescence (FISH) or by colorimetry 
(CISH). HER-2 positivity is commonly defined 
as 3+ in IHC or 2+ in IHC with amplification in 
ISH [22].

In locally advanced unresectable/metastatic 
adenocarcinomas of the stomach and of the EGJ, 
HER-2 positivity is a well-validated predictor of 
response to anti-HER-2 systemic therapies. In the 
phase III ToGA trial, HER-2-positive patients 
derived a statistically significant DFS and OS 
advantage when the anti-HER-2 monoclonal 
antibody trastuzumab was added to standard flu-
oropyrimidines/cisplatin-based chemotherapy 
[29]. Basing on the results in the advanced/meta-
static setting, the predictive potential of HER-2 
has been explored also in the resectable stage 
disease.

A biomarker analysis was performed on pre-
treatment and surgical resection specimens of 
gastric and EGJ adenocarcinomas from 415 out 
of 503 patients (82.5 %) enrolled in the phase III 
MAGIC trial comparing perioperative 
epirubicin/5-fluorouracil/cisplatin chemotherapy 
with surgery alone [26]. In this series the overall 
HER-2 positivity rate was 10  % in both arms. 
Among HER-2-positive patients, there was not a 
statistically significant trend toward improved 
OS in favor of those treated with preoperative 
chemotherapy compared to those treated with 
surgery alone [HR 0.74 (95  % CI 0.14–3.77)]. 
The lack of statistical significance was likely due 
to the small number of this subgroup of patients. 
A statistically significant OS advantage was 
observed in favor of preoperative chemotherapy 
in the HER-2-negative subgroup [HR 0.58 (95 % 
CI 0.41–0.82)]. However, there was no differen-
tial effect between treatment arms according to 
HER-2 status (heterogeneity p = 0.7). Moreover, 
no differences were observed in terms of OS 
between HER-2-positive and HER-2-negative 
patients neither among patients receiving preop-
erative chemotherapy or primarily resected 
patients.
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In a retrospective series of 228 patients with 
esophageal and gastric adenocarcinomas treated 
either with neoadjuvant chemotherapy followed 
by surgery or surgery alone, HER-2 status was 
assessed in both pretreatment biopsies and surgi-
cal specimens and correlated with clinical out-
comes [30]. HER-2-positive tumors were 
significantly more frequently proximal [p = 0.02], 
intestinal type according to Lauren’s classifica-
tion [p = 0.002], and well differentiated 
[p < 0.0001] compared with HER-2-negative 
tumors. Among patients treated with neoadjuvant 
chemotherapy, an increase in the relative rate of 
HER-2 positivity of 23.5 % was seen among sur-
gical specimens of those achieving histopatho-
logical response compared with the corresponding 
pretreatment biopsies [p not reported]. Moreover, 
eight patients receiving neoadjuvant chemother-
apy presented discordant results between surgical 
specimen and pretreatment biopsy, with four pos-
itive and four negative shifts. Among the four 
tumors that showed negative shifts, three of them 
presented major histological response, and one 
presented minor histological response. The four 
positive shifts were all detected in patients with 
no histological response. These findings as a 
whole suggest a lack of predictive as well as 
prognostic significance for HER-2  in patients 
with resectable adenocarcinoma of the stomach 
and EGJ.

10.2	 �Chemotherapy Metabolism-
Related Biomarkers

Disregulations in the activity of the enzymes 
involved in the metabolism of fluoropyrimidines 
and platinum derivates have been correlated with 
response to neoadjuvant treatments in resectable 
esophageal and EGJ cancers [14]. In a series of 
38 pretreatment bioptic specimens from patients 
affected by locally advanced esophageal adeno-
carcinoma treated with neoadjuvant fluorouracil/
cisplatin chemotherapy with or without pacli-
taxel followed by surgery, mRNA expression lev-
els of a panel of fluoropyrimidine 
metabolism-related enzymes were determined 
and correlated with clinical outcomes [31]. 

Tumors from patients responding to neoadjuvant 
chemotherapy had significantly higher mRNA 
expression levels of methylenetetrahydrofolate 
reductase (MTHFR) [p = 0.012], caldesmon 
[p = 0.016], and multidrug resistance gene 1 
(MRP1) [p = 0.007]. Moreover, higher mRNA 
expression levels of MTHFR and MRP1 corre-
lated with longer survival after surgery [p = 0.013 
and p = 0.015, respectively].

In another small series of 21 patients with 
locally advanced esophageal adenocarcinoma 
receiving a preoperative fluorouracil/cisplatin-
based chemotherapy regimen and subsequent 
surgery, both pretreatment biopsies and surgical 
tumor specimens were investigated for mRNA 
expression levels of several genes associated with 
chemotherapy metabolism [32]. This study dem-
onstrated a significant posttreatment decrease in 
mRNA expression levels of MRP1 [p = 0.006] 
and thymidine phosphorylase (TP) [p = 0.028]. 
More interestingly, downregulation of posttreat-
ment mRNA expression of MRP1 and thymidylate 
synthase (TYMS) significantly correlated with 
response to neoadjuvant chemotherapy [p = 0.041 
and p = 0.028, respectively].

TYMS protein expression (total, free, bound) 
was quantified in both pre- and posttreatment 
tumor specimens from 22 patients with locally 
advanced gastric and EGJ adenocarcinoma treated 
with neoadjuvant fluorouracil-based chemother-
apy followed by surgery within a phase II pro-
spective trial, and it was correlated with response 
to preoperative treatments [33]. Pretreatment total 
TYMS expression levels resulted significantly 
higher in nonresponder patients than in respond-
ers. Moreover, after exposure to chemotherapy, 
levels of free TYMS were significantly lower, and 
those of bound TYMS were significantly higher 
in responder patients than in nonresponders. 
These preliminary findings suggest that response 
to neoadjuvant fluorouracil-based chemotherapy 
might be associated with lower levels of total 
TYMS in pretreatment specimens and with 
decreased free TYMS levels in posttreatment sur-
gical specimens.

In a cohort of 99 patients with locally advanced 
esophageal cancers treated with concurrent cis-
platin/fluorouracil-based chemotherapy plus 
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radiotherapy and subsequent surgery, pretreat-
ment biopsies were analyzed to determine mRNA 
expression levels of chemotherapy metabolism-
associated biomarkers [34]. The most of patients 
had an adenocarcinoma histotype. Interestingly, 
an inverse correlation was observed between 
mRNA expression levels of TYMS and response 
to preoperative treatments [p < 0.001]. Moreover, 
at multivariate analysis, higher RMN expression 
levels of TYMS, excision cross-complementing 
gene 1 (ERCC1), and glutathione S-transferase 
(GSTP1) were statistically significant predictors 
of decreased OS.

10.3	 �Apoptosis-Related 
Biomarkers

10.3.1	 �p53

Abnormalities of the oncosuppressor protein p53 
are the most frequently detected in human malig-
nancies, as they considerably contribute to carci-
nogenesis through the impairment of DNA damage 
sensing, cell cycle arrest, and apoptosis [35, 36]. 
However, studies on the correlation between p53 
mutation and either survival outcomes or response 
to systemic treatments in esophagogastric cancers 
have provided inconsistent results [37, 38].

A retrospective analysis on pretreatment tumor 
specimens from 54 locally advanced distal esoph-
ageal adenocarcinomas treated with neoadjuvant 
chemoradiation followed by surgery showed a 
significant correlation between p53 positivity and 
better OS, although with borderline statistical sig-
nificance [p = 0.051] [20]. On the contrary, in 
another series including both squamous cell and 
adenocarcinoma histotypes, the presence of p53 
mutation in pretreatment specimens was associ-
ated with significantly worse DFS [14.1 vs 38 
months; p = 0.0004] and OS [21.6 vs 40 months; 
p = 0.0038] after neoadjuvant chemoradiation and 
surgical resection [39].

In a series of 48 patients with either adenocar-
cinoma or squamous cell carcinoma of the esoph-
agus preoperatively treated with concurrent 
chemoradiation, p53-positive patients resulted 
more likely to not achieve pathological complete 

response (pCR) after chemoradiation than those 
p53-negative patients [40]. In a further study on 
30 pretreatment bioptic specimens from patients 
with locally advanced esophageal adenocarcino-
mas receiving neoadjuvant chemoradiation fol-
lowed by surgery, no correlation was found 
between p53 expression assessed by IHC and 
response to neoadjuvant treatments. However, the 
shift from p53 positivity in pretreatment bioptic 
specimens to p53 negativity in the surgical speci-
mens correlated with better response to preopera-
tive therapies and longer survival [p = 0.036] [41].

10.3.2	 �Nuclear Factor Kappa B 
(NF-kB)

The nuclear factor kappa B (NF-kB) is a tran-
scription factor with critical biologic functions in 
the regulation of cell survival, proliferation, and 
migration. Aberrant NF-kB activation has been 
widely associated to inflammatory disorders and 
cancers [42].

The expression of NF-kB protein was ana-
lyzed by IHC on pre- and posttreatment tumor 
specimens from 43 patients with locally advanced 
esophageal cancers who received preoperative 
chemoradiation within a clinical prospective trial 
[43]. The 98  % of the whole population have 
adenocarcinomas, and the 23 % have arisen from 
the EGJ.  NF-kB positivity significantly corre-
lated with lack of response to preoperative treat-
ments [p < 0.001], and it was associated with 
more aggressive biologic features and worse 
prognosis, with a higher proportion of patients 
who died at the date cutoff [48  % vs 5  %, 
p = 0.0013]. Moreover, in the multivariate analy-
sis, NF-kB resulted in an independent predictor 
of DFS [p = 0.01] and OS [p = 0.015].

In a different study [44], patients with locally 
advanced esophageal NF-kB-positive tumors dis-
played a lack of pCR after neoadjuvant chemora-
diation [p = 0.006], and NF-kB expression 
resulted in an only independent adverse predictor 
of DFS [p = 0.01] and OS [p = 0.007] in the multi-
variate analysis. Interestingly, in this series 
almost half of patients had a cancer of the EGJ, 
and the vast majority had adenocarcinoma.
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10.3.3	 �Baculoviral Inhibitor 
of Apoptosis Repeat-
Containing 3 Gene

Baculoviral inhibitor of apoptosis (IAP) repeat-
containing (BIRC)3 gene encodes for the cellular 
IAP (cIAP)-2 protein [45], a member of the IAP 
family that inhibits apoptosis by directly inhibit-
ing caspase cascade [46, 47]. A sequence analy-
sis of the BIRC3 promoter revealed two critical 
nuclear factor kB (NF-kB) and two potential acti-
vator protein-1 (AP-1)-binding sites [48]. 
Transforming growth factor (TGF)-β-activated 
kinase 1 (TAK1, also called MAP3K7) is a ser-
ine/threonine kinase with a critical role in the 
inflammatory responses and cell survival control 
by integrating signals from various cytokines  – 
including interleukin-1 (IL-1), TGF-β, and 
TNFα – and controlling, in turn, the activation of 
different transcription factors, including AP-1 
and NF-kB [49]. Our group demonstrated that 
suppressing the expression of BIRC3 through the 
genetic silencing or the pharmacological inhibi-
tion of TAK1 dramatically reverted the intrinsic 
chemoresistance of pancreatic cancer [50]. More 
recently, we hypothesized that the TAK1-
regulated expression of BIRC3 might be respon-
sible for the resistance of distal esophageal and 
esophagogastric junction carcinoma to the pro-
apoptotic effect of chemoradiotherapeutic treat-
ments [51]. We demonstrated that the suppression 
of the expression of the antiapoptotic gene BIRC3 
regulated by TAK1 significantly increases the 
sensitivity of esophageal adenocarcinoma cells to 
the chemotherapy and radiotherapy-induced cell 
death. More importantly, we measured the 
expression levels of BIRC3 mRNA in pretreat-
ment biopsies from 32 patients with adenocarci-
noma and 33 patients with squamous cell 
carcinoma treated with a preoperative schedule 
including weekly docetaxel and cisplatin, con-
tinuous infusion of 5-fluorouracil, and concomi-
tant radiotherapy. Initially, we demonstrated a 
significantly lower expression of BIRC3  in the 
more sensitive population of patients affected by 
squamous cell carcinoma than in those affected 
by adenocarcinoma. Next, we performed ROC 
analyses to validate the potential usefulness of 

BIRC3 tumor expression as a biomarker to pre-
dict response to preoperative chemoradiotherapy. 
Whereas tumor expression levels of BIRC3 could 
not distinguish between sensitive or resistant 
esophageal squamous cell carcinoma, it signifi-
cantly discriminated patients with sensitive or 
resistant adenocarcinoma, with AUC values of 
0.7773 or 0.8074 by using the SPR or TRG clas-
sifications, respectively. Taken together, these 
results candidate BIRC3 as a useful predictive 
marker for discriminating patients with esopha-
geal and esophagogastric junction adenocarci-
noma who will most likely benefit from 
preoperative chemoradiotherapy.

10.4	 �Leptin

Leptin is an adipose tissue-secreted hormone, 
also referred to as adipocytokine, which plays a 
key role in the control of food intake and energy 
expenditure by regulating appetite at hypotha-
lamic appetite centers [52, 53]. A strong relation-
ship between overweight and increased risk of 
development of esophageal and EGJ cancers has 
been extensively demonstrated, and it has been 
corroborated by the emerging evidence on the 
carcinogenic properties of adipocytokines [54, 
55]. Moreover, there are preclinical evidences 
supporting the role of leptin in stimulating cell 
proliferation and inhibiting cell death in gastric 
and EGJ carcinoma cell lines [56], and leptin 
receptors were found overexpressed in gastric 
cancer epithelia [57].

In a recent study investigating novel potential 
predictive biomarkers of response to chemo-
therapy in esophagogastric cancers [58], gene 
expression profiling was performed in an explor-
atory cohort of pretreatment tumor biopsies 
from 14 patients with stage I–IV esophagogas-
tric adenocarcinoma receiving cisplatin-based 
chemotherapy, in order to identify those genes 
that were differentially expressed between 
radiological responder and nonresponder 
patients. They found 520 genes with statistically 
significant differential expression according to 
response to chemotherapy [p < 0.02]. Subsequent 
gene enrichment analysis indicated six signal-
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ing pathways, including adipocytokine pathway, 
as the most likely to be involved in chemoresis-
tance. Thereafter, they investigated the correla-
tion between IHC expression of leptin protein 
and the histopathological response to preopera-
tive chemotherapy and survival outcomes in an 
independent series of 154 patients with esopha-
gogastric adenocarcinomas treated either with 
surgery alone (n = 90) or with neoadjuvant cispl-
atin-based chemotherapy followed by surgery 
(n = 64). Interestingly, among neoadjuvantly 
treated patients high expression levels of leptin 
protein were found to significantly correlate 
with lack of histopathological response 
[p = 0.007], whereas there was no correlation 
between expression levels of leptin protein and 
survival. On the contrary, among primarily 
resected patients high expression levels of leptin 
protein were significantly associated with better 
survival [p = 0.021]. Stratifying patients accord-
ing to IHC expression levels of leptin protein, 
they found that in the subgroup with high leptin 
expression there were no differences in survival 
outcomes between those primarily resected and 
those receiving neoadjuvant chemotherapy, 
whereas in the subgroup with low leptin expres-
sion, those receiving neoadjuvant chemotherapy 
had significantly better survival [p for interac-
tion = 0.038], consistently with the previous evi-
dence supporting the role of leptin in mediating 
chemoresistance.

These findings as a whole suggest that leptin 
might be a negative predictor of response to neo-
adjuvant chemotherapy and a treatment-
independent favorable prognostic factor.

10.5	 �Aldehyde Dehydrogenase

Aldehyde dehydrogenase (ALDH)-1 is a marker 
of cancer stem cells (CSCs), which are a popula-
tion of chemoresistant cells with self-renewal 
properties. ALDH-1 has been found highly 
expressed in various cancers, including those 
arising from the gastrointestinal tract, and it has 
been correlated with worse prognosis and lack of 
response to chemotherapy in many preclinical 
tumor models [59, 60].

In a series of 167 potentially resectable esopha-
geal and EGJ adenocarcinomas treated with 
chemoradiation and subsequent surgery, pretreat-
ment tumor specimens were investigated for 
ALDH-1 expression by IHC [61]. Consistently 
with data from previous studies [9, 10], the 24 % of 
patients had a pathological complete response 
(CR), and the 16  % had a “extremely resistant” 
cancer. Interestingly, a significant association was 
found between pathological CR and lower ALDH-1 
expression levels [odds ratio 0.432, p < 0.001] and 
between extremely resistant to chemoradiation and 
higher ALDH-1 expression levels [odds ratio 
3.782, p < 0.001]. Moreover, assays performed on 
human esophageal adenocarcinoma cell lines con-
firmed the correlation between ALDH-1 overex-
pression and both resistance to chemotherapy and 
aggressiveness of phenotypes and showed upregu-
lation of ALDH-1 in those cell lines with acquired 
chemoresistance. The results of this study indicate 
a role for ALDH-1 as a negative predictor of 
response to neoadjuvant systemic therapy and, 
thus, as a biomarker of chemoresistance.

10.6	 �Genomic Signatures

Genomic processing has become a promising and 
widely applied instrument for the study of molec-
ular mechanisms driving the response to cyto-
toxic treatments in many diseases, including 
locally advanced esophagogastric adenocarcino-
mas [62, 63].

Pretreatment endoscopic specimens from 19 
patients with localized esophageal cancers who 
had received preoperative chemoradiation were 
investigated by performing gene expression 
profiling, in order to identify the key molecular 
pathways involved in the mediation of response 
to neoadjuvant treatments [64]. The most of 
the patients had an adenocarcinoma of distal 
esophagus or of the EGJ (14/19). Unsupervised 
hierarchical cluster analysis identified two dis-
tinct molecular subtypes, each consisting of 
nine and ten cancer patients, respectively. 
Approximately 400 genes were found differen-
tially expressed between these two subtypes. 
Seven out of nine patients in the molecular sub-
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type I were adenocarcinomas, while only one ade-
nocarcinoma was included in the subtype 
II.  Moreover, five out of six patients achieving 
pathological complete response (pCR) clustered 
into subtype I, whereas the most of patients who 
displayed less than pCR clustered into subtype 
II. Interestingly, the molecular subtype II portended 
shorter DFS [22.42 vs 28.55 months, p not reported] 
and OS [23 vs 27.3 months, p not reported] than the 
subtype I and displayed more downregulation of 
the genes associated with apoptosis, calcium 
homeostasis, stress response, and proliferation. 
Moreover, among genes with lower expression in 
the subtype II compared to the subtype I, those 
encoding the TP53 effector related to peripheral 
myelin protein 22 (PERP); the calcium-binding 
protein S100A2 and the small proline-rich protein 
(SPRR)3 were able to discriminate between pCR 
and less than pCR with high sensitivity and speci-
ficity [86 % and 85 %, respectively]. This genomic 
dichotomization could become a useful tool for 
patient selection, avoiding unnecessary toxic treat-
ments to those not expected to respond to neoadju-
vant chemoradiation.

�Conclusions

The discovery of predictive biomarkers of 
response to neoadjuvant chemotherapy and 
radiotherapy for locally advanced resectable 
adenocarcinoma of the distal esophagus and 
the EGJ has become an urgent need, as current 
therapeutic options still provide only modest 
improvements in survival outcomes and, thus, 
required to be optimized through a better 
selection of patients most likely to benefit, as 
well as through the development of novel tai-
lored approaches able to overcome chemo- 
and radioresistance.

A number of studies have indicated molecu-
lar and genetic markers as potential predictors 
of response to preoperative cytotoxic treatments 
and survival; however, none of them has been 
validated to date for use in clinical practice. This 
is likely because data come from retrospective 
and small series and frequently do not allow a 
clear discrimination between the predictive and 
prognostic significance of the biomarker inves-
tigated. In addition, these studies are extremely 

heterogeneous in terms of histotypes (adenocar-
cinoma vs squamous cell carcinoma), sites of 
origin (the stomach vs esophagus vs EGJ), and 
treatment arms (neoadjuvant chemotherapy vs 
chemoradiotherapy), not allowing to draw uni-
form conclusions.

The most promising insights come from 
studies evaluating the predictive potential of 
EGFR, TAK1/BIRC3, leptin, and ALDH-1. 
However, their results need to be confirmed in 
larger and prospective series in which patients 
will be stratified according to the value of the 
biomarker investigated and randomized to 
receive or not preoperative treatments.

Genomic signatures represent another 
potentially useful tool for discriminating 
patients expected to benefit from preoperative 
chemotherapy and/or radiotherapy; however, 
they are still at an early phase of investigation.
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Pathological Response 
to Neoadjuvant Treatment: More 
Questions Than Answers

Andrea Zanoni, Simone Giacopuzzi, 
Anna Tomezzoli, Maria Bencivenga, 
and Giovanni de Manzoni

11.1	 �Introduction

Multimodal therapy (As described in Chap. 14) is 
currently the standard of care for EGJ cancer. In 
particular, induction chemoradiation is widely 
accepted as the standard in Siewert I and II can-
cers, while perioperative or induction chemother-
apy is the preferred approach in Siewert III. 
Patients’ survival is strictly related to the grade of 
response to preoperative therapy; indeed, it is 
well known that patients with pathological com-
plete response show a higher survival rate com-
pared to nonresponders.

Anyway, between these two extremes, there is a 
group of patients who respond to neoadjuvant 
therapy but who still have residual disease; the 
prognosis of this group of patients is more difficult 
to predict. A staging system able to stratify patients 

after preoperative therapy according to long-term 
prognosis is needed. In this chapter, we are going 
to discuss in detail this topic.

11.2	 �TNM Staging System

As described in Chap. 6, last TNM has intro-
duced many changes in the classification of EGJ 
tumors; it, also, has identified specific rules to 
define them as esophageal or gastric tumors. The 
TNM staging system after neoadjuvant therapy 
reflects the same rules of TNM as regards depth 
of invasion, nodal involvement, and metastatic 
disease. The addition of “yp” prefix underlines 
that it’s the post-induction TNM stage. The 
ypTNM classification is easily applicable and 
very confident for pathologists and clinicians. 
The main merit of the 7th TNM version is the 
data-driven processing [1]. The group of patient 
used for statistical analysis had surgery alone 
with no added chemotherapy or radiotherapy; the 
elaboration of TNM, therefore, had not taken into 
account the relationship between stage and sur-
vival in patients receiving neoadjuvant chemo or 
chemoradiation. The application of the prefix 
“yp” is only supported by the simplicity of use 
and not by data. Mehta [2] and coworkers com-
pared 6th and 7th TNM in a cohort of patients 
treated with chemotherapy followed by surgery: 
no significant survival difference between T cat-
egories in both staging systems was reported 
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except for ypT4 compared with ypT3. More 
effective was N stratification but only comparing 
ypN2 with ypN3. In multivariate analysis using 
the TNM 7th edition, only ypN was an indepen-
dent prognostic predictor of survival.

Some conflicting results were reported more 
recently; indeed, Schmidt et al. [3] reported the 
ypT and the ypN stages to be independent prog-
nostic factors in the multivariable analysis. 
Anyway, based on the available data, the prog-
nostic role of the ypTNM staging system is 
questionable.

Furthermore, there are some main limits of 
ypTNM classification; these could, at least par-
tially, explain its low prognostic accuracy.

First, ypTNM stage grouping is not applicable 
to some patients because some new groups cre-
ated by multimodal therapy such as ypT0N1–
ypT0N3 are not considered in the pTNM.

Moreover it cannot give any information about 
the rate of response to the therapy that is a well 
know independent prognostic factor: the ypTNM 
may classify as identical, two malignancies, one 
arising from a downstaging and the other by a 
progression of the disease.

In conclusion, TNM, probably, cannot provide 
reliable informations on the level of response to 
therapy, the long-term survival, or risk of relapse; 
it is only a snapshot of the disease in the particu-
lar case.

11.3	 �Histopathological Response 
in Siewert I and II

Mandard [4] and coworkers in the 1990s noticed 
that TNM was unsuccessful to describe progno-
sis after induction treatments and thus were the 
first to propose a classification of response to 
chemoradiotherapy for esophageal carcinoma, 
which was published in 1994. In their classifica-
tion, they created five classes of response on pri-
mary site, named tumor regression grades (TRG): 
TRG1, no residual cancer; TRG2, rare residual 
cancer cells; TRG3, an increased number of 
residual cells, with fibrosis outgrowing residual 
cancer; TRG4, residual cancer outgrowing fibro-
sis; and TRG5, absence of regression. Authors 

could detect that in multivariate analysis, tumor 
regression (TRG1-3 versus TRG4-5) was the 
only significant predictor of survival (P < 0.001) 
and suggested to consider tumor regression grade 
when evaluating treatment results.

Although the creation of this classification 
was an invaluable intuition, it has a number of 
drawbacks. First, TRG is a qualitative evaluation, 
which can be affected by pathologist’s expertise 
and training. Moreover, while it is pretty easy to 
define TRG1 cases, which do not show residual 
cancer, and TRG4-5, where absent or nearly 
absent response to treatment is present, the defi-
nition of partial responders is by no means objec-
tive, and, in a preliminary survey proposed to our 
pathologists, agreement in differentiating TRG2 
and TRG3 was poor.

Secondly, TRG has been reported to provide 
good prognostic definition irrespective of node 
(N) category, but the role of nodal metastases on 
prognosis of EGJ cancer is renowned. We previ-
ously used Mandard classification on a cohort of 
our patients [5] and demonstrated that when N 
category was considered, the impact of TRG on 
survival was impaired: although TRG retained its 
prognostic significance in N0 patients, survival in 
N+ patients was poor, irrespective of Mandard 
grade.

After Mandard classification was published, 
other authors created their own classification of 
response to induction treatments for esophageal 
and, with lesser extent, gastric cancer. So far, 
many classifications have been proposed, but 
none is currently widely accepted.

In contrast to Mandard, who considered only 
response on T, other authors [6–8] correctly con-
sidered response both on T and N. However, 
some authors [7, 8] coupled patients without 
residual cancer both on primary site and nodal 
level (ypT0N0), with patients with up to 10 % of 
residual cancer cells. Although probably survival 
differences are difficult to detect when residual 
cancer is marginal, we strongly believe that cou-
pling patients without residual cancer and 
patients with residual cancer is deeply incorrect 
from a theoretical point of view.

All studies, despite differences in definition of 
classes, demonstrated that response to treatment 
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is a key prognostic determinant and that patients 
with better response show significant survival 
advantage [6–8].

We also previously created a classification of 
response for esophageal and EGJ cancer [5] and 
demonstrated that pathological complete 
responders (pCR) have the best prognosis, while 
ypN+ patients the worse. In our classification, 
named size-based pathological response (SPR) 
classification, tumor regression was divided into 
four classes: SPR1, pathological complete 
response (pCR) (ypT0N0); SPR2, minimal resid-
ual disease (MRD) (residual foci ≤1 cm, ypN0); 
SPR3, nonresponse (residual foci >1 cm, ypN0); 
and SPR4, node-positive cases (ypN+). SPR3 
had low survival, similar to ypN+, while SPR2 
showed an intermediate prognosis between SPR1 
and SPR3–SPR4 (Fig. 11.1). The fact of consid-
ering nodal involvement and the possibility to 
objectively measure residual cancer, improving 
agreement among pathologists, are the main 
advantages of this classification. Furthermore, 
the class of partial responders (SPR2) seems to 
have prognostic differences compared with all 
the other classes of response and deserves 
recognition.

The best possible result of induction treat-
ments is then pathological complete response: we 
previously reported a 94 % 5-year disease-related 
survival for adenocarcinoma Siewert I and II pCR 
patients [9]. Hence every effort should be made to 
increase the number of pCR patients, which in our 
experience can exceed 40 % of cases.

If primary tumor can downstage and even disap-
pear, the same might happen to lymph nodes. 
Hence we can take a little step forward and con-
sider tumor regression on lymph nodes. We postu-
lated that natural N0 patients, those who were both 
cN0 and ypN0, might have a better survival than 
those who downstaged to ypN0 after induction 
treatments and that however the latter group might 
have a better survival than ypN+. In our results 
after induction CRT (manuscript under revision), 
we found that 5-year disease-related survival was 
almost 80  % in natural N0 and around 40  % in 
downstaged N0, while no ypN+ patient was alive at 
5 years (P < 0.05). Hence, although the best prog-
nosis can actually be found in natural N0 patients, 
in case of nodal downstaging survival significantly 
improves compared with ypN+ patient.

All these results have clinical implications: 
while response on T is a prognostic determinant 
and hence all locally advanced cancers deserve 
multimodal treatments, also nodal downstaging 
gives a significant survival advantage, and multi-
modal treatments, especially induction CRT in 
Siewert I and II cancers, should be offered to all 
cN+ patients. Thus, a pathological classification 
after neoadjuvant treatment should evaluate the 
regression grade of both the primary tumor and the 
lymph nodes in order to correctly predict the prog-
nosis of patients treated with multimodal therapy.

11.4	 �Histopathological Response 
in Siewert III

Siewert III cancers are normally considered gas-
tric cancers and are staged accordingly. There are 
no dedicated studies specifically on response to 
treatment in Siewert III, hence they are consid-
ered together with gastric cancers.

In 2003, Becker [10] and coworkers published 
a study on histopathological changes of gastric 
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cancer after neoadjuvant chemotherapy. The 
authors described three grades of response to 
chemotherapy in the primary tumor bed: grade 
1a, complete tumor regression (0  % residual 
tumor) and grade 1b, subtotal tumor regression 
(<10 % residual tumor per tumor bed); grade 2, 
partial tumor regression (10–50 % residual tumor 
per tumor bed); and grade 3, minimal or no tumor 
regression (>50 % residual tumor per tumor bed). 
In 2011 [11], the authors validated their classifi-
cation in a series of about 500 patients (p < 0.001), 
and they noted a strong correlation between 
tumor regression and pathological ypTNM; how-
ever, there were no differences in survival 
between patients with complete pathological 
response (ypT0N0) and patients with subtotal 
tumor regression probably because only 3.3 % of 
patients had a complete tumor regression. The 
multivariable analysis revealed that tumor regres-
sion and ypN were independent prognostic fac-
tors for survival. A similar classification was 
proposed by the Japanese Gastric Cancer 
Association [12]: in the 3rd english edition of 
Japanese classification of gastric carcinoma, they 
subdivided response to neoadjuvant therapy in 
four grades: grade 0, no evidence of effect; grade 
1, divided in two subgroups (grade 1a, very slight 
effect with viable tumor cells occupying more 
than 2/3 of the tumorous area (>67  % residual 
tumor per tumor bed) and grade 1b, slight effect 
with viable tumor cells occupying more than 1/3 
but less than 2/3 of the tumorous area (33–67 % 
residual tumor per tumor bed); grade 2, consid-
erable effect (<30  % of tumor per tumor bed); 
and grade 3, complete response (confirmed on 
additional sectioning). Both classification sys-
tems are based on the same principle: the rela-
tionship between fibrosis and neoplastic cells, but 
assuming different cutoff. The classification pro-
posed by Becker is more commonly used in the 
West as the Japanese classification is most preva-
lent in Eastern countries, making it difficult to 
compare different case studies. Recently 
Nakamura and coworkers [13] considered the per-
centage of residual tumor as a continuous vari-
able, in an attempt to identify which definition  
of the cutoff is the most accurate for predicting 
survival: they define 10 % cutoff the best in terms 

of the hazard ratio of overall survival. In sub-
group analysis, the other cutoffs (33  %, 50  %, 
and 67 %) predict survival well except for linitis 
plastica probably because the percentage of 
residual tumor may not be as accurate as in not 
linitis tumors. They suggested using the 10  % 
cutoff as the global standard cutoff except for 
Bormann type 4 tumors.

Although the use of this rule can solve some 
controversies, it has a number of disadvantages. 
First, only less than 5 % of gastric cancer has a 
pathological complete response, and only 
20–25 % [9, 13] shows a subtotal tumor regres-
sion (<10 % of residual tumor) after neoadjuvant 
chemotherapy; therefore only for less than 1/4 of 
cases, it is possible to predict the survival. 
Secondly, ypN parameter is not considered and 
near 70 % of patient are N+ after therapy [14]. 
Starting from the impact that ypN has on progno-
sis, Becker [15] has developed a multifactorial 
prognostic score (PRSC) to stratify gastric cancer 
patients with different outcomes after chemother-
apy; this score takes in consideration in addition 
to ypN also ypT and the degree of regression of 
the neoplasm. Interestingly PRSC showed a sig-
nificant value for the prediction on survival espe-
cially in proximal gastric cancer; probably, it can 
be a useful tool in Siewert III cancer but it must 
be validated on multicentric series.

In conclusion, in the era of multimodal treat-
ment, we need a classification of response to 
treatment that can be more descriptive than TNM 
and that can provide clear prognostic informa-
tion. A key feature of the “perfect” classification 
will be to consider regression both on primary 
tumor and at nodal level.
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Hospital Volume 
and Centralization in EGJ Cancer

Riccardo Rosati and Uberto Fumagalli Romario

Cancer of the esophagus has a dismal prognosis 
[1]. Surgical resection, either primarily or after 
neoadjuvant treatment, is considered in case of 
local disease. However, the mortality rate for this 
intervention is high notwithstanding the signifi-
cant progresses made in perioperative care and 
surgical technique [2]; postoperative and in-
hospital mortality rate after this operation remain 
among the highest of all cancer resections [3, 4], 
and tumor prognosis remains poor with a cumula-
tive 5-year survival in the range of 20–30 % [2, 5].

Among factors considered to have an impact 
on postoperative mortality rate and on late sur-
vival after surgical treatment of cancer of the 
esophagus, hospital and surgeon volume seem to 
be important parameters.

In 1979 Luft et  al. [6] described that for 
selected procedures, a hospital volume–outcome 
relationship was evident and this was the first 
report supporting this evidence. Since then, there 
have been many papers in the medical literature 
suggesting that procedural volume is an important 

determinant of outcome in cancer surgery: this 
relationship is especially evident for high-risk 
procedures, such as esophagectomy and pancre-
atectomy [7–9].

Studies examining the volume–outcome rela-
tionship for esophagectomy suggest that high-
volume institutions with a larger caseload and 
appropriate infrastructure are better prepared to 
deliver high-quality care at all individual levels 
[9–11]; therefore, some authors believe that high-
risk procedures such as esophagectomy should 
be performed only in high-volume centers in 
order to improve clinical outcome [10].

Two recent systematic reviews and meta-
analyses of the literature on the relation between 
procedural volume and outcome further con-
firmed that there is a strong evidence for hospital 
volume as an important outcome determinant in 
esophageal cancer surgery [8, 9]. In Makar’s 
review [9], the overall in-hospital mortality was 
8.48 % in the low-volume group compared with 
2.82 % in the high-volume group. Furthermore, 
pooled analysis of the selected trials revealed a 
significantly increased incidence of in-hospital 
mortality associated with surgery in the low-
volume group (pooled odds ratio = 0.29; 95  % 
C.I. = 0.16–0.53; P < 0.0001). Hospital volume 
also has a strong inverse relation with late mortal-
ity, and patients operated on in high-volume cen-
ters have better survival.

Another recent meta-analysis [12] addressed 
the relation between hospital and single-surgeon 
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volume to long-term survival after esophagec-
tomy: the study demonstrated an improved long-
term survival when the esophagectomy is 
conducted at high-volume hospitals by high-
volume surgeons, since individual surgeon vol-
ume influences the risk of tumor recurrence.

The results of the existing literature thus sup-
port the centralization of esophageal resections in 
high-volume centers, with operations performed 
by high-volume surgeons [13–15] in order to 
obtain better results in terms of low postoperative 
mortality and longer survival rates.

We recently published our analysis regarding 
the impact of hospital volume on postoperative 
mortality after esophageal resections in 
Lombardy during the period 2005–2011 [16]: 
43  % of resections were made in low-volume 
hospitals (<7 procedures/year), with only 32.6 % 
or resections being performed in four high-
volume hospitals (>21 procedures/year). In our 
study we could confirm the inverse relation 
between hospital volume and postoperative 
30-day mortality rate. A significant reduction of 
mortality rate after resections was found when 
comparing high-volume with intermediate- and 
low-volume centers: the 30-day mortality rate 
was 5.7 %, 2.6 %, and 1.7 % in low-, intermedi-
ate-, and high-volume hospitals, respectively. 
The odds ratio of 30-day mortality (corrected in a 
logistic model for age, sex, and comorbidity 
index) was 0.47 (95  % CI 0.28–0.78) for 
intermediate-volume hospitals and 0.36 (95 % CI 
0.20–0.53) for high-volume hospitals 
(p < 0.0001).

In our analysis, the median postoperative 
length of stay was 20 days in high-volume hospi-
tals as compared to more than 25 days in low- 
and intermediate-volume hospitals, even if 

patients cured at high-volume centers had more 
comorbidities, suggesting a significantly more 
efficient process of care in these centers.

However, there are some aspects of the rela-
tionship hospital volume/mortality which are 
unclear: among them the cutoff values to define 
high- and low-volume centers are variously 
defined, with criteria that are not objective [17]; 
moreover, a high-volume center for esophagec-
tomy in the West would be considered a low-
volume center in the East where the general 
number of esophagectomies is definitely higher 
(Table 12.1).

Moreover, as far as the surgeon–outcome rela-
tionship is concerned, it has been demonstrated 
that among high-volume surgeons for esophagec-
tomy, there are significant differences in terms of 
parameters such as blood loss and major compli-
cations, making some authors questioning the 
effect of the previous relationship [23] and 
returning to the old concept of craftsmanship 
based on surgical attitude and ability of the single 
operators. In fact, there are studies that have 
failed to demonstrate an improvement in clinical 
outcome associated with surgery in high-volume 
centers [24, 25]: in 2009 Wright analyzed more 
than 2300 esophagectomies from the database of 
the Society of Thoracic Surgeons and identified 
several predictors of major morbidity and mortal-
ity for this operation without finding a significant 
volume–outcome relationship.

One solid data consists of the lower postoper-
ative mortality observed in high-volume versus 
low-volume centers, with a comparable early 
morbidity. This evidence suggests that the main 
determinant for a low in-hospital mortality is the 
timely recognition and effective management of 
postoperative complications after major cancer 

Table 12.1  Classification of low- and high-volume hospitals for a number of esophagectomy/year

Author Country Publ. year Low volume High volume

Begg [18] USA 1998 <5 >11
Birkmeyer [19] USA 2002 <2 >19
Lin [20] Taiwan 2006 <78 >346
Wouters [15] Netherlands 2009 <9 >9
Fujita [21] Japan 2010 <4 >80
Munasinghe [22] USA 2014 >26.4
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surgery [26], thus underlining the importance of 
the hospital context in which this high-risk opera-
tion is performed. High-volume hospitals can 
offer trained multidisciplinary teams, effective 
diagnostics, treatment, and care, beyond sur-
geons’ experience and expertise. The postopera-
tive mortality rate may thus be reduced, thanks to 
the presence of various professional experts aim-
ing at the same goal: the patient outcome. The 
concomitance of experienced anesthetists 
(including ICU staff), nursing and surgical teams, 
physiotherapists, and nutritionists, the availabil-
ity of expert endoscopists who are very active in 
endoscopic management of anastomotic compli-
cations, and the presence of specific periopera-
tive care pathways can all contribute to improve 
the results in high-volume hospitals. The out-
come of these very complex surgical procedures 
such as esophagectomy thus directly depends on 
the “supporting cast” of the hospital [27, 28] and 
not only on surgeon and case volume.

Notwithstanding some conflicting results, it 
still appears that the concentration of these pro-
cedures in high-volume centers could lead to bet-
ter short-term results and decreased mortality [9, 
10], and basing on the differences in outcomes 
that have been reported [19, 29] between high-
volume and low-volume providers, some 
European countries have started programs of 
regionalization of upper gastrointestinal surgery 
[10, 30–32].

In the UK, in 2001, the NHS started a process 
of centralizing cancer of the foregut in services 
with a target of at least 40 esophagectomies and 60 
gastrectomies each year [30]. By 2008 and 2009, 
82 % of esophageal cancer resections were done in 
the 41 designated centers, with 63 % of esopha-
gectomies being performed in high-volume cen-
ters (at least 50 resections per year) [33]. The 
centralization of esophageal resections in England 
has led to a consistent improvement in periopera-
tive mortality [31, 34]. In other recent experiences, 
the process of regionalization of major thoracic 
surgery [35] proved feasible but uneffective in 
reducing the mortality rate for esophagectomy.

In 2006 the Netherlands started a program of 
centralization of esophageal surgery with a 

minimum annual volume of ten per year [36]; 
this volume was increased to 20 per year in 
2011.

In Denmark the majority of esophagectomies 
are performed in hospitals with a volume of over 
40 per year.

In a recent publication, the results of esopha-
gectomy in England after the centralization pro-
cess had been introduced and were compared 
with the results of the same operation in the 
United States with no centralization of care [22]. 
The data from the United States were collected 
from the National Inpatient Sample (NIS); they 
were representative of 20 % of all the US hospi-
tals. The results of this retrospective analysis, 
considering esophagectomies performed between 
2005 and 2010, showed that being operated in the 
United States compared with England was an 
independent predictor of mortality. However, if 
the centers performing esophagectomy were 
divided into high- and low-volume centers using 
as a cutoff value of the upper quartile threshold of 
case volume for English hospitals (26.4 resec-
tions per year), the unadjusted in-hospital mortal-
ity rate among the high-volume hospitals was 
higher in England than in the United States 
(3.5  % vs 2.1  %, P = 0.02). With this analysis 
being operated in England was identified as sig-
nificant predictors of mortality, therefore again 
suggesting the existence of the hospital volume/
mortality inverse relationship. Among the high-
volume centers in the United States, there was 
also a significant reduction in length of stay from 
12 to 10 days (P < 0.001), which may be a surro-
gate for the potential cost efficiencies that may be 
achieved within high-volume centers.

It appears then that a policy of centralization 
of care for upper gastrointestinal surgery on a 
regional level in dedicated surgical units of high-
volume referral hospitals might be beneficial for 
care of these patients, even if procedural volume 
should not be the only quality criteria. Beyond 
that it must be considered that the process of 
regionalization of major surgical procedures car-
ries also some potential problems such as the 
travel costs for patients living at distance from 
high-volume centers and for their family.
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Patient Selection and Tailored 
Treatment Principles

Francesco Casella, Andrea Zanoni, 
Simone Giacopuzzi, Andrea Sansonetti, 
and Giovanni de Manzoni

13.1	 �Introduction

The curative treatment of esophagogastric junction 
(EGJ) cancers requires major surgical procedures 
often along with multimodal treatments. Surgery is 
always very demanding also for otherwise healthy 
patients, and issues increase when adding chemo- 
and radiotherapy. The best chance of cure is 
obtained using all the weapons we have, such as the 
combination of different treatments, as described in 
Chaps. 14 and 19. Unfortunately, chance of cure 
decreases with increasing comorbidities, which 
limit the possibilities to benefit from the best treat-
ment options. Indeed, despite technical advances 
and improvements in perioperative care, the proce-
dure is complex and physiologically demanding 
and requires careful perioperative management for 
optimal results.

Moreover, in this era of tailoring treatment, 
the best approach is not only based on cancer 
stage but also on patients’ characteristics.

Therefore, it is important to select the best tai-
lored treatment for each patient to provide the 
best chance of cure and prolonged survival.

13.2	 �Predictors of Morbidity 
and Mortality

Modern management of EGJ cancers requires a 
multidisciplinary approach. To ensure favorable 
outcomes, proper patient selection, by means of 
accurate staging and preoperative risk assess-
ment, must be undertaken [1, 2].

Consequently, there has been considerable 
interest in identifying specific factors that con-
tribute to complications or death after surgical 
resection for esophagogastric cancer.

An accurate and individualized operative risk 
stratification can help physicians to choose the 
proper extent of surgery and to identify high-risk 
patients, who should be referred to a high-volume 
center.

Nomograms based on preoperative data can 
facilitate the design of treatment strategies, but 
require a large volume of data, from multiple 
centers, to be created.

One of the first predictive models was the 
Charlson comorbidity index (CCI), developed in 
1987 to predict 10-year mortality for any type of 
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major surgery [3]. Later, Copeland et  al. [4] 
designed the Physiological and Operative 
Severity Score for the Enumeration of Mortality 
and Morbidity (POSSUM) algorithm to predict 
the risk of morbidity and mortality for any surgi-
cal procedure. This initial algorithm often over-
predicted mortality risk for a given procedure, 
which led to the development of a second-
generation algorithm, the Portsmouth modifica-
tion (P-POSSUM). This P-POSSUM algorithm 
was designed primarily to assess risk of periop-
erative mortality rather than for complications or 
morbidity, including physiological parameters 
(age, cardiac and respiratory signs, blood pres-
sure, pulse rate, GCS, Hb and WBC levels, elec-
trocardiography, urea, potassium and sodium 
levels) and operative parameters (operative sever-
ity, multiple procedures, total blood loss, perito-
neal soiling, cancer, and mode of surgery).

Since the development of the P-POSSUM 
algorithm, several specialty-specific models have 
been developed, with the esophagogastric model 
(O-POSSUM) designed for gastric and esopha-
geal surgery [5]. The initial study of 538 patients 
undergoing either a gastric or an esophageal 
resection highlighted that multiple risk factors 
contributed to mortality [6]. Urgency of surgery, 
preoperative stage, type of surgery, and preopera-
tive POSSUM score were the factors used to cal-
culate risk. The O-POSSUM provided an accurate 
risk-adjusted prediction of death from esopha-
geal and gastric surgery for individual patients, 
and this model may be used in practice for peri-
operative counseling of patients and their care.

Bosch et al. [7] recently compared five risk-
prediction models (P-POSSUM, O-POSSUM 
modification, Charlson comorbidity index, 
Charlson age-adjusted score, and American 
Society of Anesthesiologists) for esophagectomy-
related morbidity and mortality. O-POSSUM 
was the most accurate in predicting perioperative 
risk for EGJ cancer.

Using a less complex approach, Dhungel et al. 
[2] used the National Surgical Quality 
Improvement Program database of the American 
College of Surgeons (ACS-NSQIP) to assess 
perioperative risk factors to predict postoperative 
complications. These values were subdivided 

based on each specific complication: the highest 
risks for morbidity and mortality were related to 
diabetes mellitus, advanced age, preoperative 
weight loss, and pulmonary disease.

Recently, Takeuchi et al. [8] reported the first 
risk stratification esophagectomy study based on 
a Japanese nationwide web-based database. 
Postoperative mortality in this study population 
was 3.4 %, relatively lower than that of previous 
reports. Authors concluded that these scoring 
systems seem suitable for patients undergoing 
esophagectomy, but further studies are needed 
for creation of a novel scoring system.

These nomograms have been proposed to 
score the risk of morbidity and mortality for both 
major surgical procedures and for EGJ cancers in 
particular, but their use in clinical practice is still 
limited. Anyway, these studies highlighted the 
most important features related to complications 
to surgery, in particular advanced age, poor pre-
operative performance, pulmonary conditions, 
cardiovascular status, and nutritional status.

13.3	 �Patients’ Characteristics

The abovementioned studies focused on risk fac-
tors for complications after esophagogastrec-
tomy, in order to construct reliable predictive 
models. These models identified advanced age, 
poor preoperative performance, pulmonary con-
ditions, cardiovascular status, nutritional status, 
and neoadjuvant chemotherapy/radiotherapy as 
potential risk factors for poor outcome [1, 2, 9].

However, few studies have examined the 
effect of specific patient factors on postopera-
tive morbidity and mortality. We will here try 
to describe these main features separately, in 
order to determine their role in predicting 
complications.

13.3.1	 �Body Mass Index

It has been well demonstrated that obesity is 
associated with several medical comorbidities, 
such as diabetes, hypertension, and coronary 
artery disease. Likewise, obesity is a recognized 
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risk factor for adenocarcinoma of the distal 
esophagus and esophagogastric junction, due to 
its association with gastroesophageal reflux and 
Barrett’s esophagus [10–12]. In the USA there is 
a strong association between esophageal adeno-
carcinoma and obesity, whereas this association 
occurs less frequently in Europe.

Furthermore, overweight affects surgery and 
perioperative outcomes, because of excessive 
adipose tissue (gastric, omental and perigastric 
fat) and comorbidities. The most relevant issue in 
overweight patients is the amount of adipose tis-
sue, which could result in longer operation time, 
increased intraoperative blood loss, caused by 
technical difficulties accessing and dissecting 
lymph nodes deeply embedded in fatty tissues 
around major abdominal vessels, and more fre-
quent postoperative complications [13].

Extensive lymph node dissections on over-
weight patients have often been reported as 
unsuccessful with number of retrieved lymph 
nodes (an indicator of adequacy of lymphadenec-
tomy) significantly smaller for obese patients 
than for normal-weight patients [14].

The presence of excessive subcutaneous fat 
predisposes the obese to impaired wound healing 
and thus wound infections [15]. Another factor 
linked to higher postoperative complication rates 
is the increased presence of comorbidities in 
obese patients, such as hypertension, diabetes 
mellitus, coronary heart disease, and respiratory 
dysfunction [13]. Interestingly, trans-hiatal 
esophagectomy is performed more frequently in 
obese patients theoretically in order to reduce 
pulmonary complications.

Zhang et al. [16] analyzed the prognostic value 
of BMI on short- and long-term outcomes in 
patients who had undergone resection for esopha-
geal cancer. Obese patients more frequently expe-
rienced severe complications, and the rate of 
anastomotic leaks and cardiovascular diseases 
was double than that seen in normal-weight and 
underweight patients. However, overall morbid-
ity, mortality, and reoperation rates did not differ 
among normal-weight, underweight, and obese 
patients. Hence, although with increased risk, 
obese patients eligible for esophagogastrectomy 
should not be denied surgery just on the basis of 

their BMI.  Similar findings were reported by 
other authors [17–19].

Interestingly, in their population-based study, 
Sundelof et al. [20] reported better prognosis for 
obese patients (BMI ≥30) compared to patients 
with a normal weight (BMI 22–24.9), and so did 
a Canadian surgical series [21]. These findings 
were confirmed also by other studies [22–25].

Indeed, some surgical series [17–19, 23] and a 
meta-analysis [26] found that obesity (preopera-
tive BMI ≥30) did not independently influence 
survival for esophageal adenocarcinoma.

Although obese patients often suffer from 
more comorbidities than normal-weight patients 
and surgeons are scared by more difficult and 
awkward surgical procedures, BMI itself seems 
not independently related to worst outcome, and 
probably the reported better outcomes from some 
studies might be related to both early diagnosis in 
patients with known gastroesophageal reflux and 
to the reduced weight loss that these patients suf-
fer. More dedicated studies are needed in order to 
draw more reliable conclusions, but obese 
patients without significant comorbidities should 
not be denied the best treatment options just in 
consideration of their BMI.

13.3.2	 �Age

Population aging makes it inevitable that more 
elderly patients will present with EGJ malignan-
cies. It is increasingly important to assess the 
effect of age on treatment decisions and 
outcomes.

Greater medical comorbidities may result in 
denial of best surgical approach or multimodal 
treatments in some elderly patients with resect-
able EGJ tumors.

The effect of age on short- and long-term out-
comes of esophagogastrectomy has been exam-
ined, often setting a cutoff of 70 years of age, but 
cutoff can widely vary from 70 to 85 years. In 
our experience patients with age ≥70  years 
undergoing surgery represent about a quarter of 
all cases (24  %), while the octogenarians are 
about 5  %; hence almost one-third of all our 
patients is older than 70.

13  Patient Selection and Tailored Treatment Principles
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Individual studies have suggested that elderly 
patients encounter more complications and expe-
rience a poorer short- and long-term outcomes 
following esophagectomy [27, 28]. Adverse out-
comes following esophagectomy in patients over 
70 have been reported with an increased opera-
tive and in-hospital mortality as well as decreased 
5-year overall survival [29, 30]. In addition, a 
previous research has demonstrated that patients 
over 80 have an increased risk of perioperative 
and postoperative mortality, independent of 
comorbidities [31].

In the majority of the studies, elderly patients 
had an increased incidence of preoperative car-
diac, respiratory, and renal comorbidities. Several 
risk scores have identified the importance of pre-
existing cardiac and respiratory diseases in pre-
dicting adverse outcome following 
esophagectomy. Thus, the increased cardiac and 
pulmonary complications and in-hospital mortal-
ity seen in the elderly may be due to these preex-
isting medical comorbidities [32–34].

Furthermore, risk associated with surgery in 
the elderly is also caused by frailty and cognitive 
impairment.

A recent review [35] found that elderly 
patients undergoing surgical resections for 
esophagogastric malignancies present with more 
medical comorbidities, undergo less neoadjuvant 
therapy, and have increased incidence of cardiac 
and pulmonary complications, in-hospital mor-
tality, and reduced 5-year overall survival.

On the contrary, some studies have demon-
strated that elderly patients with less or well-
controlled medical comorbidities can tolerate 
neoadjuvant chemoradiotherapy and have out-
comes comparable to younger patients [36–38].

Moreover, some other studies have demon-
strated that esophagectomy can be performed 
safely in octogenarians, who have good underly-
ing cardiac and lung function [27]. Further 
reports have concluded that patients aged over 70 
must not be presumed unsuitable for major can-
cer operations, including esophagectomy, if med-
ical comorbidities can be identified and well 
controlled during the perioperative period [39].

All these studies are burdened with significant 
bias. First, age cutoff values are widely different, 

and results may be difficult to compare. Second, 
many patients aged less than 75–80 have good 
performance status; consequently a cutoff value 
of 70 years is no more applicable in our daily 
practice. Third, it is easily comprehensible that 
long-term overall survival is shorter in the elderly, 
but this should not imply that only palliation 
should be proposed. Hence, heterogeneity in age 
classification, comorbidities, and physiological 
fitness of elderly patients among studies may 
have significantly impaired the possibility of cor-
rect comparisons.

We think that, although more studies are 
needed to better define the role of age in EGJ can-
cer, old age itself should not preclude correct 
oncological indications, and comorbidities 
should be taken into account more than age itself.

Multimodal treatments in elderly patients are 
often feasible, and outcomes are similar to 
younger patients.

Surgical resection should be offered routinely 
as the standard treatment for EGJ adenocarci-
noma in elderly patients with good performance 
status and low comorbidities, as it is in younger 
patients [28, 40].

We suggest, as we do in our current practice, 
to offer multimodal treatments to all fit patients 
aged 75 or less, while upfront surgery should be 
proposed for older patients with potentially cur-
able disease and good performance status.

13.3.3	 �Pulmonary Condition

Pulmonary complications are the most common 
cause of postoperative morbidity and mortality 
after esophagogastrectomy.

These complications can range from atelecta-
sis to pneumonia to respiratory insufficiency 
requiring prolonged ventilatory support. 
Preoperative status can significantly affect post-
operative recovery, and preoperative pulmonary 
function tests are recommended for any patient 
undergoing esophagogastrectomy with thorax 
opening [41, 42].

Pulmonary dysfunction was classified into 
two major categories based on the results of pre-
operative spirometry. Restrictive pulmonary 
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dysfunction was defined as a predicted vital 
capacity (VC) of less than 80  %, and chronic 
obstructive pulmonary disease (COPD) was 
defined as an FEV1/FVC (forced expiratory vol-
ume in 1 s/forced vital capacity) ratio, also called 
Tiffeneau-Pinelli index, of less than 70 %.

FEV1 is an easy and available measure of pul-
monary function. Indeed, it has been demon-
strated that a decrease in FEV1 independently 
predicts postoperative complications after esoph-
agectomy [2, 34]. An FEV1 value of <60  % is 
considered the threshold at which overall and 
pulmonary complication rates increase insomuch 
as surgery should be avoided [1, 2].

Preoperative impaired pulmonary function 
has also been associated with prolonged mechan-
ical ventilation and prolonged hospital stay [41].

The American College of Physicians guide-
lines [43] recommend obtaining pulmonary func-
tion tests at least in high-risk patients: patients 
older than 60 years, patients with history of 
tobacco smoking, or patients with signs/symp-
toms of pulmonary disease.

Those with FEV1 between 60 and 70 % could 
benefit from intense pulmonary rehabilitation to 
strengthen respiratory muscles before surgery. 
This rehabilitation may reduce risks of postoper-
ative pulmonary complications [44, 45].

Smoking history presents a significant chal-
lenge in the perioperative management of patients 
undergoing esophagogastrectomy. In addition to 
chronically reduced pulmonary function, these 
patients have significant issues with bronchor-
rhea, sputum retention, atelectasis, and pneumo-
nia. Smokers should be counseled regarding 
smoking cessation at the time of diagnosis.

In an American study [2], most patients who 
were current smokers at the time of surgery 
developed pulmonary complications that required 
prolonged mechanical ventilatory support.

Respiratory comorbidities are particularly rel-
evant in elderly patients. Cijs et  al. [30] and 
Elsayed et al. [46] reported that COPD is an inde-
pendent predictor of postoperative mortality in 
patients older than 70 years. In patients with 
severe respiratory comorbidities, the use of 
induction CT or CRT should be carefully weighed 
due to the potentially adverse effect of chemo-

therapy and particularly radiotherapy on the 
lungs.

Thorax opening predisposes to pulmonary 
complications. A trans-hiatal approach, rather 
than a trans-thoracic approach, should be consid-
ered in high-risk patients with important respira-
tory comorbidities, because it seems to reduce 
the risk of such complications. Theoretically, 
minimally invasive surgery (MIS) could reduce 
the impact of associated pulmonary comorbidity, 
though no clear benefit has been demonstrated to 
date. According to Decker et al. [47], MIS is fea-
sible for EGJ cancer patients with mild or moder-
ate COPD, and their results were similar to 
patients with COPD treated with an open proce-
dure and to those with normal pulmonary func-
tion undergoing MIS.  However, these results 
should be considered with caution and need fur-
ther evaluation.

In summary, the risk of morbi-mortality due 
to pulmonary complications is so high in patients 
with FEV1 < 60  % that these patients are poor 
surgical candidates, especially if a trans-thoracic 
approach is considered. Patients with 
FEV1 > 70  % are good candidates for multi-
modal treatments and radical surgery. For 
patients with reduced FEV1 (between 60 and 
70 %), the best therapeutic approach should not 
be denied, but careful preventative measures 
should be taken to reduce risks of respiratory 
complications: perioperative respiratory physio-
therapy, smoking cessation, and probably a min-
imally invasive approach.

13.3.4	 �Cardiovascular Status

The presence of cardiovascular comorbidities did 
not seem to significantly influence postoperative 
mortality rates [2, 23, 34]. The reported incidence 
of myocardial infarction after esophagectomy is 
low (1–2  %), while atrial fibrillation, the most 
common postoperative cardiac complication in 
patients with EGJ cancer, occurs in about 20 % of 
the cases [48, 49].

However, these data should be considered 
with caution, since patients with severe cardio-
vascular comorbidities may have been excluded 
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from surgical resection and neoadjuvant treat-
ments in some studies.

According to the American College of 
Cardiology (ACC)/American Heart Association 
(AHA) guidelines [50], an adequate preoperative 
cardiac workup is warranted if risk factors are 
present, such as family history of cardiac prob-
lems, smoking history, hypertension, diabetes, 
angina symptoms, symptoms of congestive heart 
failure, significant arrhythmia, severe valvular 
disease, and history of myocardial infarction.

There is no clear evidence for routine stress 
testing before surgery for patients undergoing 
esophagogastrectomy if no risk factors or symp-
toms are present. Forshaw and colleagues [51] 
evaluated the usefulness of routine preoperative 
cardiopulmonary exercise testing in 78 consecu-
tive patients before esophagectomy. Routine car-
diopulmonary exercise testing was a poor 
predictor of postoperative morbidity. More 
research is needed to discover if preoperative car-
diac tests are useful in daily practice for non-
high-risk patients and to evaluate the optimal 
method of cardiac stress testing in patients under-
going esophagogastrectomy.

There is currently no clear benefit for routine 
use of perioperative beta-blockers for prevention 
of cardiovascular outcomes in patients undergo-
ing non-cardiac surgery. The benefits of periop-
erative beta-blockers depend primarily on 
magnitude of the operation, medical comorbidi-
ties, and patient’s current use of beta-blockers 
[50]. Esophagectomy is considered at intermedi-
ate risk for cardiac complications. Hence, while 
beta-blockers should not be stopped in current 
users, beta-blockers introduction should be con-
sidered only for patients who are also at interme-
diate risk for medical comorbidities, such as 
diabetes, prior myocardial infarction, compen-
sated heart failure, and renal insufficiency [50].

Statins have been shown to decrease mortality 
after non-cardiac surgery, probably secondary to 
their anti-inflammatory and plaque-stabilizing 
effects. A recent meta-analysis evaluating the 
benefits of perioperative statin use included 
patients undergoing cardiac and non-cardiac sur-
gery. Analysis of the pooled results showed that 

perioperative statin use decreased the risk of 
myocardial infarction also in non-cardiac surgery 
[52]. Although no study evaluated specifically 
patients undergoing esophagogastrectomy, it can 
be extrapolated from these results that statins 
may be beneficial and should be restarted soon 
after esophagogastrectomy in current users.

It has been demonstrated [50] that aspirin sus-
pension before surgery is contraindicated, since 
the risk of ischemia far outweighs the risk of 
bleeding due to aspirin assumption.

Regarding neoadjuvant treatments, radiother-
apy as well as some chemotherapeutic agents, 
such as 5-FU, may induce short- and long-term 
complications involving the cardiovascular sys-
tem. The most common symptom associated 
with 5-FU cardiotoxicity is angina-like chest 
pain. Myocardial infarction, arrhythmias, heart 
failure, cardiogenic shock, and sudden death 
have also been reported. The incidence of cardio-
toxicity associated with 5-FU varies in the cur-
rent literature, ranging from 1 to 68  %. Risk 
factors have not been firmly established, but high 
doses (800 mg/m2) and continuous infusions, his-
tory of preexisting cardiovascular disease, prior 
mediastinal radiation, and concurrent use of other 
chemotherapeutics have been linked to higher 
cardiotoxicity rates. Patients with history of car-
diac comorbidities deserve careful evaluation 
before the beginning of chemotherapy.

No advantage has been reported for a trans-
hiatal approach in patients with cardiovascular 
comorbidities, and thus a trans-thoracic approach 
should not be precluded to these patients [53].

In conclusion, patients without cardiovascular 
risk do not need cardiovascular tests before sur-
gery or chemo-/chemoradiation, while those with 
cardiovascular comorbidities certainly require 
preoperative investigations. Surgical approach, 
anyway, should not be modified based on cardio-
vascular state.

13.3.5	 �Hepatic Dysfunction

In patients undergoing major surgical procedures, 
liver cirrhosis increases significantly the risk of 
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postoperative complications. This is especially 
true for esophagogastrectomy, where technically 
demanding surgery couples with high surgical 
stress.

Specific studies for esophagogastrectomy in 
cirrhotic patients are scanty. The most important 
and recent review [54] reported a morbidity rate 
of 83–87 % and a mortality rate of 17–30 %. The 
main postoperative complications (pulmonary 
complications and anastomotic leaks) are equally 
frequent in cirrhotic and non-cirrhotic patients, 
but their impact on survival is even stronger.

The most common specific complication is 
ascitic effusion, related to interruption of the 
peri-cardia vascular collaterals and extensive 
lymphadenectomy, and this condition is respon-
sible for about one-third of postoperative deaths. 
Moreover, bleeding occurs with a higher fre-
quency in cirrhotic patients and is an important 
cause of morbidity and mortality. Finally, acute 
liver failure, portal thrombosis, and hepatorenal 
syndrome are other fatal specific complications. 
For all these reasons, accurate hemostasis, nutri-
tional support, water and sodium restriction, the 
use of albumin, and fresh frozen plasma infu-
sions are deemed essential in the perioperative 
period.

Risk of complications is related to the degree 
of hepatic decompensation. The most commonly 
used classification in clinical practice is Child-
Pugh score. However, if portal hypertension is 
present, the risk of perioperative morbidity is 
increased, even in patients with Child class A cir-
rhosis [55]. For instance, in a Taiwanese trial on 
esophagectomy [56], surgical mortality was 10 % 
for patients with Child A cirrhosis, 50 % in those 
with Child B, and 100  % for Child C patients. 
These results are consistent with other reports in 
the current literature [54, 55, 57].

However, in terms of survival, prognosis of 
cirrhotic patients after the perioperative period is 
similar to that of non-cirrhotic patients. Indeed, if 
well managed, these patients have a comparable 
long-term survival [54, 57].

Child A patients without portal hypertension 
are the “ideal” candidates for upfront surgery, 
although perioperative risks are increased and 

chemotherapy usually not possible. Patients with 
Child A and portal hypertension have instead a 
higher probability of venous flow congestion in 
the gastric tube and a consequently increased risk 
of anastomotic leak. Preoperative use of transjug-
ular intrahepatic portosystemic shunt (TIPSS), as 
a bridge to esophagectomy, can reduce hyperten-
sion and has shown promising results, allowing 
patients to more safely undergo surgery [56, 58].

Several experiences on abdominal surgery 
with colectomy and cholecystectomy demon-
strated that morbi-mortality is unacceptably high 
in Child B and C patients [59, 60].

Since the extremely high risk of fatal compli-
cations in Child B and C cases, surgery is contra-
indicated for these patients, and palliative 
therapies, such as radiotherapy, are standardly 
proposed. The role of chemotherapy in patients 
with liver disease is debated, and in most cases 
chemotherapy is not indicated. Conversely, endo-
scopic resection can be a valid hypothesis for 
patients with early cancer and Child B and C, but 
risk of bleeding is still relevant [61].

Early or compensated cirrhotic liver disease 
may escape preoperative detection and be discov-
ered at the time of surgery. Intraoperative liver 
biopsy may help determine the degree of fibrosis 
and guide the surgeon in the decision whether to 
proceed with resection.

In summary, cirrhotic patients requiring 
esophagogastrectomy must be carefully selected, 
and more intense attention in perioperative period 
is always deemed essential to achieve a good sur-
vival probability in these fragile patients.

Upfront surgery is the mainstay of treatment 
in Child A cases, since chemotherapy is rarely 
possible in patients with liver disease. The proce-
dure is feasible and should be carried out, since 
long-term survival after radical surgery is similar 
to that of non-cirrhotic patients treated with 
upfront surgery. If portal hypertension is present 
in Child A patients, preoperative use of TIPSS, 
about one month before esophagogastrectomy, 
can reduce hypertension, thus allowing the surgi-
cal procedure.

Conversely, surgery is not appropriate in Child 
B and C patients.
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13.4	 �Tailored Treatment 
Principles

Tailoring treatment means creating a custom-
made therapy that perfectly fits each patient. So 
far, patients were included in closed groups based 
on stage, and the only discriminating factor was 
the presence of comorbidities that precluded the 
best treatment choice.

In the near future, this will be no longer 
accepted, since different multimodal treatments 
can provide alternative approaches with accept-
able results that, although not perfectly identical 
in greater groups of cases, may be effective on a 
particular patient. This all means that it will no 
longer be the patient who fits a treatment, but the 
treatment that fits the patient. It may seem only 
speculation, but it is a turning point in oncologi-
cal therapy. A patient can be young or old and can 
have comorbidities, and his/her cancer has a site, 
a stage, and a histology. Moreover when induc-
tion treatments are used, the patient can show a 
good or a bad response to treatment. The need for 
an operation and subsequent treatments is still 
based on a pretreatment strategy, but when a tai-
lored treatment is created, strategy may change 
based on evolution of the disease and on response 
to treatment. Surgery on demand, as we previ-
ously postulated [62], is part of this concept. We 
believe that multimodal treatments should be 
proposed to all patients, whose comorbidities 
allow their use. In patients with excellent 
response to treatment and low risk of recurrence, 
follow-up without surgery might be considered. 
We previously demonstrated that Siewert types  
I and II with pathological complete response 
have excellent prognosis and rarely develop 
relapse, which was always systemic in our study. 
Along with these data, we discovered that patients 
without nodal involvement at clinical staging 
have better survival than those who downstaged 
from cN+ to ypN0 after induction chemoradia-
tion and that however the latter have better sur-
vival than ypN+. Combining these results, we 
may speculate that a patient with Siewert I or II 
with cN0 and a good response to induction CRT 
might be a good candidate to avoid surgery. On 
the contrary, a patient with cN+, even after good 
response to treatment, should undergo surgery to 

improve survival. These are only two simple 
examples of different approaches to patients that 
are presently treated with a standard strategy. 
Unfortunately preoperative diagnostic tools are 
still not enough sophisticated, and more studies 
are needed to better discriminate patients who 
will be candidates to surgery on demand. 
However, we believe that nomograms comprising 
comorbidities assessment, clinical stage, type of 
multimodal treatment, surgical approach, and 
response to treatment will in a near future allow 
us to tailor a custom-made therapy for each 
patient, offering the best chance of cancer cure.
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14.1	 �Introduction

Esophagogastric junction (EGJ) adenocarcinoma 
has been differently classified over time. In 1996, 
Siewert and coworkers introduced a classification 
(AEG classification or Siewert classification) for 
this cancer, which has been adopted by the ISDE 
Congress in 1997, and it was used without modi-
fications ever since. It is undoubtedly the most 
used classification for EGJ cancer worldwide and 
it is described thoroughly in Chap. 7.

Surgery with lymphadenectomy has always 
been considered the standard approach to EGJ 
cancer, with some differences due to Siewert 
type. Aims of surgery are reaching a curative R0 
resection and good survival. If this is possible for 
superficial cancers, especially for T1m, where 

also endoscopic resections are now widespread, 
the high risk of non-curative resections and the 
low survival achieved with surgery alone 
in  locally advanced and N+ cases prompted the 
search for multimodal treatments to both increase 
the rate of R0 and to improve long-term out-
comes. The initial multimodal approaches and 
comparative studies are now dated and many 
meta-analyses [1, 2] of the randomized trials and 
a recent Cochrane review [3] clearly reported a 
survival advantage, together with an increased 
rate of curative resections, after multimodal 
approaches compared to surgery alone.

These results have clinical implications, with 
consensus conferences [4] and international 
guidelines [5–7] recommending multimodal 
approaches in all fit patients with locally 
advanced cancers and/or nodal involvement.

Whether to prefer perioperative chemotherapy 
(CT) or induction chemoradiotherapy (CRT) is 
still a matter of debate. Radiotherapy alone is not 
supported as a viable treatment choice, for no 
trial demonstrated any advantage in rate of cura-
tive resections and survival [1, 2]. Also adjuvant 
CT is to proscribe, because it failed to demon-
strate any survival benefit and moreover it is dif-
ficult to apply to patients already treated with 
prostrating surgery [8].

The type of multimodal treatment is related to 
Siewert type. For Siewert type I cancers, the most 
used approach consists in induction chemoradio-
therapy. According to the recent CROSS trial [9], 
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induction CRT showed significantly improved 
survival as compared with surgery alone. Only 
two studies compared induction CT and 
CRT. Their results and a subsequent meta-analyses 
reported best results with CRT [1, 10, 11]. Hence, 
the preferred approach for Siewert I is induction 
CRT, according to consensus conferences [4], 
national guidelines [5], and the experience of 
many high-volume dedicated centers like ours. 
The use of perioperative CT might be considered 
a valid alternative according to German and UK 
guidelines [6, 7], but evidence for type I is weaker 
than for CRT, and thus CRT remains the recom-
mended approach for Siewert I.

Siewert type II can be defined differently: if it 
is considered as an esophageal cancer, then its 
treatment is assimilated to Siewert I, while if it is 
considered more similar to a gastric cancer, then 
perioperative CT is preferred. While many centers 
prefer CRT, UK guidelines, which are based on 
MAGIC trial [12], suggest perioperative CT for 
all esophageal and gastric cancers. Indeed, some 
type II cancers tend to invade mainly downward 
into the stomach and, although categorized as 
type II, resemble more a type III cancer: thus, 
perioperative CT might be taken into account. 
Nevertheless, many reasons prompts the use of 
induction CRT for most Siewert II patients: the 
good response rate to CRT reported for Siewert II; 
the improved survival after CRT; and the high risk 
of non-completion of postoperative cycles in case 
of perioperative CT, as reported in MAGIC trial.

The ongoing ICORG 10–14 trial is a phase III 
randomized clinical trial of perioperative chemo-
therapy (modified MAGIC regimen) versus neo-
adjuvant chemoradiation (CROSS protocol) for 
adenocarcinoma of the esophagus and esophago-
gastric junction (cT2-3, N0-3, M0 Siewert types 
I, II, and III). This study might give us important 
information about the best approach. We think 
that if supposedly CRT is better for type I and, as 
discussed below, CT is indicated for type III, 
information provided by this trial will shade light 
especially on Siewert II.

Siewert III cancers do not have a homogenous 
treatment, have very few dedicated studies, and are 
often excluded from study protocols. Nonetheless, 
it represents around 40 % of EGJ cancer and is the 
one with worst prognosis [13–15]. Siewert type III 

is considered a gastric cancer invading the esopha-
gus. The consensus conference of St. Gallen and 
NCCN guidelines [4, 5] clearly state that Siewert 
III is a gastric cancer and should be treated as such. 
As in gastric cancer, then, the role of radiotherapy 
is uncertain and it is not proposed in the setting of 
induction and perioperative treatments. As above-
mentioned, there are no dedicated studies for 
Siewert III, and it is either explicitly excluded 
from trials on gastric or esophageal cancers or 
included in trials like MAGIC, which include all 
esophagogastric cancers together. The type of 
multimodal protocol then might be a perioperative 
CT or an induction CT. Perioperative is more fre-
quently used, after MAGIC triplet has become the 
standard of care for gastric cancer in many Western 
countries. Nonetheless, postoperative cycles are 
completed in less than 50 % of the cases, leading 
to a suboptimal only preoperative CT. Siewert III 
patients undergo even more complicated proce-
dures than patients with distal gastric cancer, with 
anastomosis in the mediastinum, mediastinal 
nodal dissection, and sometimes thorax opening. 
We believe that an induction CT protocol, without 
postoperative cycles, would better fit Siewert III 
patients, but no study has been published yet, and 
data are scanty. Anyway, a multimodal approach, 
with CT and surgery, is now considered the stan-
dard of care also for locally advanced Siewert III 
patients.

Surgical approach principles remain valid also 
after induction treatments. The decision about the 
type of surgery is taken at diagnosis; hence, it will 
not change even in case of excellent clinical 
response to chemotherapy or chemoradiation. 
Although it is renown that in particular cancers, 
like upper cervical esophageal cancer or rectal 
cancer, many centers modify the surgical strategy 
based on the response to induction treatment to 
spare organs and improve quality of life, this is not 
the case of EGJ cancer, where larger resections do 
not imply sacrifice of organs that will impact on 
the quality of life, and no changes of surgical strat-
egy are required based on response to treatment.

Surgical choices are based on neoplastic diffu-
sion, which differs based on cancer site. Mucosal 
cancers, anyway, are similar for all Siewert types 
and will be considered together in the next 
paragraph.

A. Zanoni et al.
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14.2	 �T1m

Endoscopic resections are gaining interest in the 
treatment of upper G.  I. malignancies, since 
they are safe, effective, and significantly less 
invasive than esophagectomy and can be per-
formed with limited hospital stay, sometimes 
even on outpatient basis. The main technical 
drawbacks are the risk of incomplete resections 
and the incorrect staging in case of piecemeal 
dissections, together with the risks of bleeding 
and perforation.

Mucosal and submucosal dissections are tech-
nically feasible and deserve implementation. But, 
while technically feasible, the question is if they 
are also oncologically correct. Endoscopic dis-
sections can remove cancers located in mucosa 
and submucosa, but of course lymphadenectomy 
is not possible. Endoscopic resections are ade-
quate only if the risk of nodal metastases is absent 
or at least lower than the risk of mortality due to 
surgery. The risk of nodal involvement is pretty 
high in case of submucosal involvement, and all 
patients with T1sm cancers need surgery and 
lymphadenectomy.

For mucosal cancer, instead, the risk of 
nodal involvement is reasonably low and 
endoscopic dissections should be considered, 
bearing in mind that upfront surgery still 
remains the standard curative approach. 
Lymphadenectomy, although not mandatory, 
is normally performed during surgery and 
guarantees correct staging.

The type of endoscopic dissection is beyond 
the scopes of this chapter (see Chap. 5), but the 
preferred technique is the one that offers the best 

chance of complete one-piece resection, allowing 
correct staging and reducing the risk of local 
recurrence. With endoscopic submucosal dissec-
tion (ESD), the chance of a one-piece resection is 
higher than with endoscopic mucosal resection 
(EMR) [16].

We strongly believe that the standard criteria 
for endoscopic resection in gastric cancer, i.e., 
mucosal cancers up to 2 cm, well differentiated 
(G1) and not ulcerated, should be applied also to 
EGJ adenocarcinoma.

In the Eastern experience on esophageal car-
cinoma [17], mucosa is further divided into three 
layers: m1 indicates the involvement of the epi-
thelium, m2 the invasion of the lamina propria, 
and m3 the invasion of muscularis mucosae 
(Fig. 14.1). These layers can be defined precisely 
only at pathological examination, but they can be 
suspected with endosonography. Data on the risk 
of nodal involvement in mucosal adenocarci-
noma are limited in the current literature, and 
little is known about specific risk of nodal 
involvement of m3 cancers, which seems at 
higher risk. A recent meta-analysis [18] on type 
I cancers reported that 5  % of m3 patients are 
N+, although in 90 % of the cases only one node 
is involved. This percentage is not negligible, 
and in case of other risk factors, surgery and 
lymphadenectomy might be considered also in 
m3 cases. According to another recent review on 
Siewert I [19], features at risk of nodal involve-
ment in T1m are moderately or poorly differenti-
ated cancers (G2-3) and lymphovascular 
invasion.

Lymphovascular invasion seems to correlate 
with the risk of nodal involvement [16]; hence, 
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Fig. 14.1  Layers of tumor invasion in superficial cancers (Reproduced with permission from [17])
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probably those patients with lymphovascular 
invasion should be considered for surgery and 
lymphadenectomy.

Siewert type I is the EGJ cancer with more 
extensive data, since surveillance of Barrett’s 
esophagus leads to early detection and diagnosis. 
In this regard, together with the treatment of the 
visible lesion, also treatment of Barrett’s esopha-
gus should be accomplished (for a complete dis-
sertation on this topic, please see Chaps. 4–5).

According to studies comparing endoscopic 
resection and surgery [20–22], endoscopic resec-
tion is appropriate for all Siewert type I T1m can-
cers whenever possible.

Data on Siewert II are really scanty. Most stud-
ies are either about cancer on Barrett’s esophagus, 
i.e., Siewert I, or on gastric cancer. Most Siewert 
II cancers might be considered together with type 
I, and indications are similar [16, 23, 24].

Data on Siewert III are even more rare. Siewert 
III cancers resemble strictly gastric cancers of the 
upper third, but they are difficult to discover. 
First, superficial type III cancers are rarely diag-
nosed, since they tend to manifest only in 
advanced stage. Second, by Siewert’s definition, 
a type III cancer must have its epicenter at least 
2 cm below the “Z line” and must infiltrate the 
esophagus. According to this definition, there is 
no way to have a small cancer defined as type 
III. Hence, those early cancers are defined either 
as type II or gastric cancers. If this might seem 
mere speculation, it accounts for the virtual 
impossibility to have data about early Siewert 
III. Anyway, endoscopic rules are the same.

In summary, endoscopic resection is indicated 
for T1m cancers of all three Siewert types in 
expert and dedicated centers, where a one-piece 
radical dissection can be carried out. Indications 
are dimension of the lesion up to 2 cm, well dif-
ferentiated (G1) and not ulcerated. If there is 
absolute consensus about the indication for 
endoscopy in m1, m2, and m3 without lympho-
vascular invasion, doubts persist on m3 cases 
with lymphovascular invasion. In these patients, 
a surgical resection with lymphadenectomy could 
be considered. Anyway, if a dedicated endo-
scopic center is not available, surgery remains the 
standard curative approach to all T1m patients.

14.3	 �≥T1sm

T1sm cancers, although superficial, are not can-
didates to endoscopic resection, due to the high 
risk of nodal involvement, and all patients with 
T1sm cancers need surgery and lymphadenec-
tomy. Upfront surgery is generally indicated in 
all T1sm cancers, independent of nodal staging. 
Although this topic is still debated, in case of 
high suspicion of nodal involvement at clinical 
staging, induction treatments might be offered 
also to T1sm patients.

Advanced cases (T2-T4) are now considered 
candidates to multimodal treatments, whenever 
possible.

Surgery, both if upfront and after chemother-
apy or chemoradiation, aims at achieving a cura-
tive resection. Curative R0 surgery is defined as 
resection of the primary tumor without any resid-
ual disease; otherwise, the resection is non-
curative: R1 or R2, respectively, for microscopic 
or macroscopic residual cancer. To achieve this 
aim, surgery is guided by neoplastic diffusion 
both on primary site and on lymph nodes. In this 
regard, the key factors are resection margins and 
lymphadenectomy.

14.3.1	 �Resection Margins

14.3.1.1	 �Longitudinal Margins
Outcome after non-curative resections is report-
edly poor in the current literature [25], and 
achieving an R0 surgery is the mainstay of cancer 
treatment. The effect of positive margins on 
locoregional recurrences and survival is hence 
highly detrimental, mining the results of an oth-
erwise correct surgical procedure and lymphade-
nectomy. Avoiding positive margins is a key step 
also in the treatment of EGJ cancer.

Margins that can be involved are both longitu-
dinal (proximal and distal) and circumferential.

The tendency of esophageal cancer to spread 
intramurally is renown, but few reports specific 
on adenocarcinoma of the EGJ exist. Intramural 
metastases are those lesions that form cancer 
nests beneath the regular epithelium separate 
from the primary tumor, while subepithelial 
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extension is the direct extension of a primary 
neoplasm. While direct extension does not exceed 
2–2.5 cm, intramural metastases can be found at 
greater distance.

In 1980, Papachristou et al. [26] reported that 
to achieve a safe proximal margin in gastric and 
EGJ cancer, a resection of at least 12  cm of 
esophagus was necessary. If theoretically this can 
be accepted, the need of such extended esopha-
geal resections was hardly applicable in current 
practice, especially for more distal EGJ cancers. 
Hence, some authors tried to demonstrate that 
reduced margins were sufficiently safe and com-
patible with clinical practice. Gao et  al. [27] 
reported that 24 % of a cohort of Siewert II and 
III patients without induction treatments had pos-
itive proximal margin, although a 5 cm proximal 
clear in vivo margin was achieved. Interestingly, 
56  % of the R+ patients had infiltration of the 
submucosa without infiltration of the mucosa. 
Szanto and colleagues [28], considering all three 
Siewert types, reported that intramural metasta-
ses were present in 4 % of their patients. Although 
the case series was really small, all lesions were 
located between 2 and 5 cm above the proximal 
edge of cancer in vivo, and 50 % of the lesions 
were roofed by intact mucosa. These data seem 
to indicate that also in EGJ cancer intramural 
metastases are present and an adequate longitudi-
nal resection margin is important.

The definition of longitudinal margins and 
mainly proximal margin is complicated by the 
shrinkage of the specimen after resection. 
Hence, it is mandatory to know what is the 
in  vivo or in situ length of margin, which is 
more applicable in clinical practice during sur-
gery than ex vivo margin after resection. Some 
authors [29–31] reported that shrinkage of 
esophageal specimen ranges from 10 to 45 % of 
the in  vivo length. Shrinkage begins immedi-
ately after resection, but this phenomenon can 
be reduced if the specimen is measured fresh, 
stretched, and pinned onto a corkboard. In a 
recent interesting although with very small sam-
ple size study, Khoshnevis et  al. [32] reported 
that after immersion in 10 % buffered formalin, 
shrinkage continues through at least 72 h. Main 
shrinkage occurs after 24 h and is around 27 % 

but reaches 33 % and 38 % after 48 and 72 h, 
respectively. Hence, a reduction of around one 
third of in vivo length has to be acknowledged 
in formalin-fixated specimens.

The main issue in longitudinal margins is the 
risk of involvement conducting to a non-curative 
resection. Most studies focused then on defining 
correct proximal and distal margins to theoreti-
cally avoid R+, but with the least destructive sur-
gical procedure.

Considering proximal margin, Barbour et  al. 
[33] reported that resection margins greater than 
3.8 cm ex vivo in the esophagus (corresponding 
to around 5  cm in vivo) are associated with 
improved outcome for patients with Siewert 
types I, II, and III cancer. Mariette and colleagues 
[34] claimed that, in their series of type I and II 
patients, there were no positive proximal margins 
beyond 7 cm, and thus an 8 cm in vivo proximal 
margin could be considered the safest. All mea-
surements used in this study were taken from 
fresh contracted gross specimen, because it was 
not always possible to measure the in vivo length 
before dividing the esophagus. To obviate the 
problem of shrinkage, authors multiplied by two 
all measurements of length of proximal resection 
margin used in the study. This probably overesti-
mated shrinkage, which is less than 50  %, and 
then probably a less long margin of around 
5–6 cm would be adequate. Considering types II 
and III, Ito et al. [35] did not find positive proxi-
mal margins with a 6 cm wide resection, defining 
lengths of resection margins as the distance from 
the gross tumor to the edge of the freshly resected 
specimen measured before fixation. More 
recently, Mine et  al. [36] reported that a gross 
proximal margin (measured on resected speci-
men stretched maximally on a board) of more 
than 20 mm (approximately corresponding to at 
least 28 mm in vivo) was an independent prog-
nostic factor for patients with Siewert types II 
and III. R+ was recorded in 1.4 % of the patients 
and only in those with less than 20  mm gross 
proximal margin. Greater margins did not show 
statistically significant impact on survival. Shen 
and coworkers [37] reported an 11 % R+ on prox-
imal margin in Siewert III patients with a 5 cm 
in vivo margin, but this study was not focused on 
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length of proximal margins and errors in measur-
ing the margin might have occurred.

A 5 cm wide in vivo proximal margin is then 
probably adequate in all Siewert types and com-
patible with clinical practice.

A distal in vivo margin of 4–6 cm is reported 
as safe for all Siewert types by several authors 
[35, 38, 39].

In summary, 5 cm in vivo margins both proxi-
mally and distally seem appropriate for all 
Siewert types. In Siewert I cancers and probably 
in type II, a wider proximal margin is advisable 
and normally easy achievable. In Siewert III can-
cers, a wider proximal margin is probably unnec-
essary, and thus, if a 5 cm proximal margin can 
be obtained from the abdomen, a thoracic 
approach would not be required.

14.3.1.2	 �CRM
The concept of circumferential resection margin 
(CRM) comes from rectal cancer surgery. A 
CRM < 1 mm is related to high local recurrence 
rate and dismal survival [40]. The same concept 
has been proposed for esophageal cancer, and 
two main different classifications have been 
described [41]. The Royal College of Pathologists 
(RCP) considers the CRM as positive if cancer is 
found within 1  mm of the surgical margin, 
whereas the College of American Pathologists 
(CAP) considers the CRM as positive only if can-
cer involves the margin.

CRM that is directly involved indicates clearly 
an R+ resection. According to RCP classification 
anyway, also patients without infiltration of the 
CRM but with cancer found within 1 mm of the 
margin are considered R+. Considerable debate 
exists on which classification is better.

It must be highlighted that CRM must be con-
sidered only for pT3 cancers [40, 42, 43], because 
a circumferential positive margin in pT1 and pT2 
cancers implies inadequate surgery, with esopha-
geal wall involved by cancer left in situ (corre-
sponding to an R2 resection), and CRM is always 
involved in pT4 cancers.

Circumferential margins are studied for ade-
nocarcinoma of the EGJ only for Siewert types I 
and II, since this margin is of no use in gastric 
cancer, and circumferential margin is considered 

only in the portion of esophagus of the specimen. 
However, in type III we could consider serosal 
infiltration and positive peritoneal cytology as a 
sort of circumferential resection margin. Indeed, 
positive peritoneal cytology and serosal infiltra-
tion are indicative of poor prognosis [44], and in 
TNM 7th edition positive peritoneal cytology is 
considered a metastatic disease [45].

A number of studies have been carried out 
about circumferential resection margin and 
allowed the execution of two recently published 
meta-analyses [46, 47]. The first [46] considered 
14 trials, eight of which compared RCP and CAP 
criteria. Interestingly, CAP was considered more 
informative on prognosis in four studies and RCP 
in the other four studies, not allowing drawing 
definitive conclusions. Altogether R+ was 15 % 
with CAP criteria and 36 % with RCP criteria. In 
both groups survival was worse in case of CRM 
positivity, but hazard ratio of mortality was 
higher for CRM+ patients according to CAP cri-
teria. Although methodologically incorrect, in 
some studies all patients and not only T3 patients 
were considered. However, comparable results 
were achieved when only T3 patients were con-
templated. Interestingly, when comparing cancer 
within 1 mm (0.1–1 mm) from CRM and > 1 mm, 
survival was lower for the former after upfront 
surgery but not after induction chemoradiother-
apy. After chemoradiation indeed all studies 
showed that CAP criteria worked better. Authors 
concluded that CRM+ patients had worse prog-
nosis than CRM- patients with both CAP and 
RCP criteria. Despite these results that clearly do 
not allow drawing definitive conclusions, authors 
stated that RCP was more informative than CAP.

The second meta-analysis [47] considered 19 
trials, nine of which compared RCP and CAP crite-
ria. Results were comparable to the other meta-
analysis, with R+ in 17  % of the patients using 
CAP criteria and 40  % using RCP criteria. 
According to these authors, CRM positivity main-
tains its significance after neoadjuvant treatments, 
although they did not separate chemotherapy and 
chemoradiotherapy. Interestingly, even though 
prognosis was worse for CRM+ patients compared 
with CRM- patients with both CAP and RCP crite-
ria, authors considered CAP as more informative.
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From the opposite conclusions drawn by two 
different groups obtaining similar results, we can 
deduce that we are far from consensus about 
what classification is to be used.

CRM positivity in CAP describes patients at 
higher risk of death due to infiltrated margin, 
although excludes patients with probably reduced 
survival (CRM 0.1–1  mm). On the contrary, 
CRM positivity in RCP considers together 
patients of two classes of probably different 
prognosis, i.e., patients with clearly involved 
CRM and patients with free margin but cancer 
within 1 mm of the CRM.

We believe that more studies are needed to 
discover what classification is better, and we 
think that a subdivision into three classes (CRM 
involved, cancer 0.1–1 mm from CRM, and can-
cer > 1 mm form CRM) would probably be useful 
to avoid defining as R+ patients without infiltra-
tion of the margin but with probably worse prog-
nosis than patients with wider CRM.

Probably, CAP criteria are more useful after 
chemoradiation, since the effect of induction 
therapy could mitigate the significance of unin-
volved but close CRM (0.1–1 mm).

Only few studies considered CRM and nodal 
status; hence, definitive data regarding CRM as 
independent factor are still pending.

While waiting for definitive conclusions, we 
strongly recommend to describe CRM in all 
patients with both surgery alone and after induc-
tion treatments, using both classifications and 
reporting exactly the distance from the margin. 
Moreover, and this is especially true for upfront 
surgery, where no modifications of esophageal 
anatomy might have occurred, it is important to 
highlight that CRM has to be considered only in 
pT3 patients.

14.3.2	 �Type of Lymphadenectomy

14.3.2.1	 �General Issues 
on Lymphadenectomy

Number of Positive Nodes. The importance of 
the number of positive nodes has been studied 
extensively. Some studies have also tried to deter-
mine the efficacy of lymph node ratio (LNR) in 

estimating prognosis. LNR is defined as the ratio 
between involved and total resected nodes.

The main issues in the research for cutoffs for 
both number of positive nodes and LNR consist 
in the nonhomogeneous characteristics of the 
published trials. First, often SCC and adenocarci-
noma are considered together; second, type of 
lymphadenectomy may vary from 3-field lymph-
adenectomy to trans-hiatal esophagectomy with-
out formal lymphadenectomy; third, the study 
populations can be as small as less than 100 
patients or as big as more than 1000; and finally, 
neoadjuvant treatments can be included or explic-
itly excluded. This all makes definitions hard to 
create. Anyway, all studies described signifi-
cantly decreased survival and/or a higher risk of 
death when number of involved nodes or LNR 
increased [48–50]. The cutoff for the number of 
metastatic nodes varied between three and eight 
positive nodes, and LNR cutoff was 20  % in 
almost all trials. According to Peyre et al. [48], 
the involvement of eight or more nodes means 
almost 100  % probability of systemic disease, 
thus making radical surgery not indicated. This is 
in line with other trials [51, 52], where no sur-
vival benefit from surgery was detected when > 8 
lymph nodes were involved.

The number of involved nodes and LRN seem 
to retain their role also after neoadjuvant treat-
ments [49, 53]. By subdividing patients in ade-
quately staged (≥ 15 nodes harvested) and 
inadequately staged (< 15 nodes analyzed), 
Mariette and coworkers [49] found that, in 
patients with adequately staged disease, the num-
ber of involved nodes better correlated with sur-
vival, whereas in inadequately staged disease the 
ratio was more important. According to the 
German study [53], ypN2 and ypN3 had similar 
prognosis, and thus probably after neoadjuvant 
treatments, the main prognostic difference is 
between patients with limited nodal involvement 
and patients with more than two metastatic nodes.

While the number of involved nodes is pretty 
objective and comprehensible as a prognostic 
factor, LNR might be confounding. LNR is a 
quotient measuring nodal metastasis potential 
and lymphadenectomy competence, thus mixing 
cancer biology with surgical technique. As 
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reported by Rice and Blackstone [54], the prob-
lem with quotients is that larger denominators 
produce smaller fractions. This means that a sim-
ilar LNR of 25 % can result from 1 positive node 
of 4 resected, 4 of 16, or 10 of 40. If the LNR is 
the same, it is pretty obvious that those patients 
will have different prognosis. Hence, the risk of 
using LNR is to compare surgical adequacy and 
not to compare metastatic potential, with an 
intrinsic methodological error. Hence LNR 
should be used with caution.

Total Number of Resected Nodes  Total num-
ber of resected nodes is a good marker of lymph-
adenectomy adequacy. While the number of 
involved nodes depends on cancer biology, the 
total number of harvested nodes depends on the 
surgeon. The ability of the surgeon to remove 
lymph nodes is, together with the ability to reach 
an R0 resection, what makes surgery the main-
stay of treatment of esophageal cancer.

Besides, more nodes harvested mean more 
precise staging. Reducing stage migration, thus 
obtaining a real picture of a particular cancer in a 
particular patient, will give the most accurate sur-
vival information. Indeed, when a sufficient num-
ber of nodes are resected, patients will be located 
in the correct stages, allowing almost perfect sur-
vival analyses. However, extended lymphadenec-
tomy would not be justified if the only advantage 
were to obtain better staging. Conversely, if 
increasing the number of resected nodes corre-
lated to better survival, extended lymphadenec-
tomy would be instead justified. Many trials 
investigated the topic [55–58]. Most of these 
studies had very large study populations for both 
SCC and adenocarcinoma, most comprising 
more than 1000 patients. A 5-year overall sur-
vival advantage and/or a reduced hazard of death 
were found in all these studies when more nodes 
were removed. The cutoff of number of harvested 
nodes leading to a survival advantage ranged 
from ≥6 to ≥30. Rizk et  al. [55] proposed to 
resect at least 10, 20, and 30 nodes, respectively, 
for T1, T2, and T3. Stiles and associates [59] 
claimed that these recommendations should be 
applied also following neoadjuvant treatment and 
particularly with patients without downstaging 

and those with persistent nodal metastases. 
Altorki et  al. [56] claimed that 16 nodes are 
enough for staging and to obtain a survival bene-
fit for N+ patients, while for N0 patients some 
advantage is obtained when more than 40 nodes 
are resected. Groth et al. [57] affirmed that maxi-
mum survival advantage is obtained with 30 or 
more harvested nodes, but the probability of find-
ing a positive node does not increase when more 
than 15 nodes are removed; hence, the accuracy 
of nodal staging probably is not increased by 
more extensive lymphadenectomy.

As abovementioned, the use of neoadjuvant 
treatments does not cancel the need of a correct 
lymphadenectomy [57, 59, 60]. Probably after 
neoadjuvant treatments and especially chemora-
diation, the size of metastatic nodes reduces, 
making harvesting by the pathologist harder. 
Although nodes are harder to detect, according to 
a German trial [61], their number seems not 
influenced by the treatment.

The reason why increasing the number of 
resected nodes reflects on survival is not fully 
understood. However, a possible explanation is the 
elimination of micrometastases. The main point is 
that the presence of micrometastases in supposed 
node-negative patients could explain the improved 
survival after extended lymphadenectomy in path-
ological N0 patients. Actually, in an Irish meta-
analysis on micrometastases [62], the hazard ratio 
for disease relapse in patients with micrometasta-
ses was threefold higher compared with negative 
patients. Hence, the probability to eliminate 
micrometastases could explain the survival advan-
tage with extended lymphadenectomy.

Conclusions  In summary, the number of 
involved nodes is a main prognostic determinant, 
and probably prognosis decreases progressively 
with the increasing of this number, to such an 
extent that with more than eight involved nodes, 
prognosis is no more influenced by surgical treat-
ment. In inadequately staged patients, hence in 
patients with few nodes removed, LNR might be 
used, even if with caution, to differentiate between 
N+ patients.

Extended lymphadenectomy increases the 
number of total nodes removed and this corre-
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lates with improved survival. The correct cutoff 
number of nodes to remove remains controver-
sial, but probably at least 15 nodes need to be 
resected, and the number required seems to 
increase with increasing T stage. Hence, we 
believe that 30 nodes removed are the target to 
define a fully satisfactory lymphadenectomy. The 
daily increase in the use of multimodal treat-
ments does not reduce nor modify the indication 
to perform a correct lymphadenectomy with ade-
quate number of nodes removed.

14.3.2.2	 �Nodal Involvement by T
Although nodal spread is strictly dependent on 
site of cancer (Siewert type), the incidence of 
nodal metastasis is related to the depth of tumor 
invasion (pT). Nodal involvement indeed varies 
markedly going from superficial to advanced 
cancers. As shown in Table 14.1 [23, 63–70], the 
median incidence of nodal metastases in T1sm 
cancers is around 20 % but peaks up to 78 % in 
some reports. In advanced cancers, the incidence 
of N+ progressively increases from T2 to T4, 
with medians of nodal involvement of 61, 83, and 
90 % for T2, T3, and T4, respectively.

14.3.2.3	 �Nodal Spread by Site

Siewert I
Lymphatic flow in Siewert type I cancer is mainly 
toward the abdomen. Indeed virtually all patients 
with node metastases have abdominal nodes 

involved. Data from important recent studies of 
nodal diffusion are reported in Table 14.2 [66, 68, 
71–73]. Although normally accompanying 
abdominal involvement, mediastinal nodes are 
extremely frequently affected, accounting for 
around 45  % (17–77  %) of cases. In all these 
studies, a transthoracic esophagectomy with at 
least standard mediastinal lymphadenectomy 
was carried out.

Most trials considering the pattern of lymphatic 
diffusion name nodal stations according to the 
Japanese Gastric Cancer Association (JGCA) 
[17]. Paracardial (stations 1 and 2), lesser curva-
ture (station 3), and left gastric artery nodes (sta-
tion 7) were the most frequently involved 
abdominal stations, while mid- and lower medias-
tinal (stations 108 and 110, respectively) were the 
main thoracic stations. Celiac trunk and splenic 
artery nodes (stations 9 and 11) can be also 
involved; thus, they should be removed when per-
forming lymphadenectomy. Some authors pro-
posed a three-field lymphadenectomy even for 
EGJ adenocarcinoma. Both Lerut et al. [74] and 
Altorki et al. [75], although with relatively small 
sample sizes of patients with adenocarcinoma 
treated with three-field dissection, reported a rele-
vant prevalence of cervical nodal involvement in 
EGJ cancer. Lerut described the presence of cervi-
cal metastatic nodes in 26 % of Siewert type I can-
cers, while Altorki reported a 37 % involvement of 
cervicothoracic nodes (cervical and recurrent 
nerve nodes). Although possible, anyway, the 

Table 14.1  Incidence of nodal metastasis according to the depth of tumor invasion (pT)

Gertler 
et al. [63]

Barbour 
et al. [64]

Westerterp 
et al. [23]

Bollschweiler 
et al. [65]

Pedrazzani 
et al. [66]

Zhang 
et al. [67]

Meier 
et al. [68]

Feith 
et al. [69]

Leers 
et al. [70]

T 1 sm 18 20 66 78 – 22 17 22 3
T 2 – – – – 61 33 78 77 21
T 3 – – – – 88 74 86 83 50
T 4 – – – – 100 86 90 96 87

Table 14.2  Sites of nodal diffusion in Siewert I

Pedrazzani et al. 
[66]

Dresner et al. 
[71]

Monig et al. 
[72]

Kakeji et al. 
[73]

Meier et al. 
[68]

Abdomen and chest 46 % 77 % 24 % 17 % 55 %
Only abdomen 54 % 15 % 76 % 83 % 45 %
Only chest – 8 % – – –
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interest of cervical nodes is not common or at least 
not commonly studied in Siewert type I cancer.

In summary, Siewert type I cancers diffuse 
mainly to abdominal and thoracic nodes in the 
vicinity of the primary tumor at both sides of the 
diaphragm. Abdominal stations (stations 1, 2, 3, 7) 
are virtually always involved, but almost half of 
the patients with N+ have also mid-lower thoracic 
nodes affected.

Siewert II
Nodal spread in Siewert type II is mainly toward 
the abdomen. Table 14.3 shows the different diffu-
sion in abdomen and chest [66, 68, 71–73, 76, 77]. 
Mediastinal nodes are never affected alone, while 
abdominal stations are the only metastatic sites in 
64–95 % of the patients. A simultaneous interest 
of both mediastinal and abdominal nodal stations 
is reported in 5–30 % of the patients.

The mainly interested nodal stations are para-
cardial (stations 1 and 2), lesser curvature (sta-
tion 3), and left gastric artery nodes (station 7) in 
the abdomen and mid- and lower mediastinal 
(stations 108 and 110, respectively) in mediasti-
num. Celiac trunk and splenic artery nodes (sta-
tions 9 and 11) are also frequently involved. 
Lerut et al. [74] and Kakeji et al. [73] performed 
a three-field lymphadenectomy also for some 30 
and 60 patients, respectively, with type II cancer. 
Lerut reported an impressive 18 % involvement 
of cervical nodes and Kakeji a 2 %. Studies about 
three-field dissection in Siewert type II are scanty 
and prevent from drawing any conclusion.

Also splenic hilar nodes and para-aortic nodes 
are frequently involved and this raises the prob-
lem of splenectomy and para-aortic dissection. 
For instance, Mine et  al. [78] reported a 17  % 
involvement of para-aortic nodes around the left 
renal vein (station 16A2lat) in  locally advanced 
Siewert II patients.

In a previous experience in Siewert II patients 
in our department (data not published), patients 
with greater invasion of the esophagus had 
increased involvement of mid-lower mediastinal 
nodes and decreased involvement of para-aortic 
nodes compared with cases with main gastric 
invasion. This is in line with the current litera-
ture. Kakeji and associates [73] reported an 
increased incidence of mediastinal N+ when 
invasion of the esophagus was more than 1 cm. 
Hosokawa et  al. [79] and Nunobe et  al. [80] 
reported a markedly increased risk of inferior 
mediastinal nodal metastases in case of esopha-
geal invasion ≥2 cm. Meier and colleagues [68] 
referred that mediastinal nodal disease was 16 % 
if esophageal invasion was <15  mm, compared 
with 47 % if tumor invaded beyond 15 mm of the 
esophagus. Furthermore, Kurokawa et  al. [81] 
reported that upper and middle mediastinal nodes 
were significantly more probably affected when 
esophageal invasion was >3  cm, and inferior 
mediastinal nodes were significantly more 
probably affected when esophageal invasion was 
>2 cm.

In summary, virtually all patients with N+ 
have abdominal nodal stations involved; hence, 
the lymphatic spread is mainly toward the abdo-
men with also a non-negligible interest of splenic 
hilar nodes and para-aortic nodes. Mid-lower 
mediastinal stations are frequently involved and 
the risk increases with the increase of esophageal 
invasion.

Siewert III
Diffusion of Siewert type III is mainly toward the 
abdomen. As shown in Table 14.4 [66, 68, 72, 73, 
76, 77], abdominal stations are involved in practi-
cally all N+ patients, with around 10 % of them 
having mediastinal nodes involved simultane-
ously. While only lower mediastinal nodes are 

Table 14.3  Sites of nodal diffusion in Siewert II

Pedrazzani 
et al. [66]

Dresner 
et al. [71]

Monig 
et al. [72]

Nakamura 
et al. [76]

Kakeji 
et al. [73]

Meier 
et al. [68]

Yuasa 
et al. [77]

Abdomen and chest 30 % 6 % 11 % 10 % 5 % 18 % 13 %
Only abdomen 70 % 64 % 89 % 90 % 95 % 82 % 87 %
Only chest – – – – – – –
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reported as metastatic sites in the mediastinum 
(station 110), paracardial (stations 1 and 2), lesser 
curvature (station 3), and left gastric artery nodes 
(station 7) are the most frequently affected 
abdominal stations in N+ patients. Celiac trunk, 
common hepatic artery, splenic artery, and infra-
pyloric nodes (stations 9, 8a, 11, and 6) are also 
frequently involved. Noteworthy, non-first-tier 
nodes are involved in around half of all locally 
advanced patients; hence, abdominal diffusion is 
similar to gastric cancer patients. Para-aortic 
nodes are reported in around 30  % of locally 
advanced patients in a previous study of our 
group [66]. Normally, the para-aortic nodes 
removed are those around the left renal vein (sta-
tion 16A2lat). Both Hasegawa et  al. [82] and 
Nunobe et al. [80] reported a 20 % involvement 
of station 16A2lat in type III cancers. In Japan it 
is still very popular the use of an index of esti-
mated benefit from lymph node dissection 
(IEBLD), proposed by Sasako in 1995 [83], to 
compute the usefulness and priority of dissection 
of nodal stations. This IEBLD is calculated as the 
frequency of metastasis in the node station x 
5-year survival rate of metastatic cases/100. With 
this index, both authors reported a survival bene-
fit from dissection of para-aortic nodes similar to 
that obtained from second-tier nodes like celiac 
trunk station (station 9). According to the IEBLD, 
both authors considered also lower mediastinal 
nodes (station 110) as a high priority station. 
Moreover, Hosokawa et  al. [79] reported for 
locally advanced cancers an increased risk of 
inferior mediastinal nodal metastases by 21 times 
in case of esophageal invasion ≥2 cm.

Splenic hilum nodes are involved in 15–20 % 
of cases [80, 82, 84].

In summary, Siewert type III diffuses toward 
abdominal nodal stations in all N+ patients. The 
frequent interest of distant nodal stations like 

para-aortic and splenic hilar nodes raises the 
issue of extent of lymphadenectomy. Lower 
mediastinal node metastases are not negligible 
and should be taken into account when perform-
ing lymphadenectomy.

14.3.2.4	 �Extent of Lymphadenectomy
The role of lymphadenectomy in EGJ cancer is 
now widely accepted and considered part of a 
standard approach to this disease. The reasons to 
perform lymphadenectomy are multiple. First, 
survival increases with increasing the number of 
resected nodes; second, patients with limited 
number of nodes involved treated with transtho-
racic lymphadenectomy demonstrated a survival 
advantage compared with patients treated with 
limited lymphadenectomy with a trans-hiatal 
approach [52]; third, the high incidence of nodal 
involvement since T1sm cancers would limit the 
role of any treatment, if we decide that no treat-
ment can be useful in case of N+, and this is not 
in line with the recent improvement in prognosis 
of patients with EGJ cancer.

At the 1995 Consensus Conference of the 
International Society for Diseases of the 
Esophagus (ISDE), the terms and types of lymph-
adenectomy for esophageal and esophagogastric 
junction cancer were defined [85] and are still in 
use. Lymphadenectomy area was divided into 
three fields: the abdomen (field I), thorax (field 
II), and neck (field III) (Fig.  14.2). Japanese 
guidelines for abdominal lymphadenectomy [17] 
were used for abdominal nodal dissection; while, 
nodal dissections for the chest were subdivided 
into three classes: “standard” lymphadenectomy 
included mid- and lower mediastinal nodal dis-
section; “extended,” comprised also the upper 
mediastinum on the right side; and “complete” or 
“total,” encompassed bilateral upper mediastinal 
dissection. Two-field lymphadenectomy include 

Table 14.4  Sites of nodal diffusion in Siewert III

Pedrazzani  
et al. [66]

Monig  
et al. [72]

Nakamura  
et al. [76]

Kakeji  
et al. [73]

Meier  
et al. [68]

Yuasa  
et al. [77]

Abdomen and chest 7 % 13 % 10 % 2 % 18 % 2 %
Only abdomen 91 % 87 % 90 % 88 % 82 % 98 %
Only chest 2 % – – – – –
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an abdominal and a thoracic dissection, while in 
three-field lymphadenectomy also neck nodes are 
dissected.

The concept of en bloc resection was pro-
posed by Logan and later reintroduced by 
Skinner, especially for adenocarcinoma of the 
esophagogastric junction in the 1960s. The aim 
is to maximize local tumor control by removing 
the esophagus together with an envelope of sur-
rounding tissue. In particular, the tumor-bear-
ing esophagus is resected with both pleural 
surfaces laterally, pericardium anteriorly, and 
all tissues between the esophagus and aorta or 
vertebral bodies, i.e., thoracic duct, azygos 
vein, and segments of intercostal arteries and 
veins. In minor modifications, intercostal ves-
sels and trunk of the azygos vein or thoracic 
duct can be spared. If necessary, a cuff of dia-
phragm is dissected with the esophagus. Even if 
two-field lymphadenectomy and en bloc resec-
tion are not synonymous, normally, in en bloc 

esophagectomy, a standard mediastinal node 
dissection along with an abdominal dissection 
is carried out. A possible role of en bloc esoph-
agectomy is in the better determination of cir-
cumferential margins. Whether en bloc 
esophagectomy has any use after induction 
chemoradiation (CRT) remains a matter of 
debate. However, CRT offers good local con-
trol, which may reduce the utility of this 
demanding technique. Thus, two-field lymph-
adenectomy without en bloc resection seems a 
valid alternative, especially after CRT.

Three-field lymphadenectomy, developed by 
Japanese surgeons in the 1980s for SCC, has 
been proposed by some authors also for adeno-
carcinoma Siewert type I and II, in which cervi-
cal nodal involvement, even if rare, is sometimes 
reported. Actually, the “third field” consists not 
only of the cervical nodes but also a continuous, 
anatomically inseparable chain of nodes from the 
superior mediastinum (recurrent nerve nodes) to 

a b c

Fig. 14.2  Extent of lymphadenectomy according to the ISDE classification (1995) [85]: standard (a), extended (b), and 
complete (c) mediastinal lymphadenectomy (Reproduced with permission from [85])
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the lower neck. These nodes can be referred to as 
the cervicothoracic nodes [75]. Three-field dis-
section would be justified only if it had a prog-
nostic impact. If its role in SCC is debated, in 
adenocarcinoma there is general consensus that 
its risks far outweigh the benefits, and three-field 
dissection is generally not performed.

The use of multimodal treatments does not pre-
clude the necessity of correct nodal dissection.

The extent of lymphadenectomy in Siewert 
type I depends on the nodal stations potentially 
involved and on the risk of nodal involvement. 
The risk of nodal involvement for T1sm is rele-
vant. At least one of four patients has nodal 
metastases, but some reports indicate that nodal 
involvement might be more. Hence, lymphade-
nectomy is important for T1sm. The incidence of 
nodal metastases is so high in advanced cancers 
(T2-4) that lymphadenectomy is mandatory.

The fields to dissect are those with frequent 
involvement. Abdominal paracardial nodes (sta-
tions 1 and 2), together with lesser curvature (sta-
tion 3) and left gastric artery nodes (station 7), 
should always be included in the field of dissec-
tion, followed by celiac trunk nodes (stations 9). 
Hence, a D1+ abdominal dissection is indicated.

Mid- and lower mediastinal nodes (stations 
108 and 110, respectively) are frequently 
involved; therefore, a standard mediastinal dis-
section is indicated. These indications are in 
line with recent reviews and consensus confer-
ences [4, 86].

The risk of nodal metastases in Siewert type II 
is similar to type I. Abdominal paracardial nodes 
(stations 1 and 2), together with lesser curvature 
(station 3), left gastric artery nodes (station 7), 
celiac trunk (station 9), and splenic artery nodes 
(station 11) should always be included in the field 
of dissection. Hence, a D2 abdominal dissection 
is recommended.

Mid- and lower mediastinal nodes (stations 
108 and 110, respectively) are frequently 
involved; therefore, a standard mediastinal dis-
section is in our opinion indicated.

The incidence of para-aortic nodes metastases 
is not negligible in Siewert II, mainly in those 
with principal gastric involvement, and according 
to Japanese authors [78, 80], the estimate benefits 

of the dissection of para-aortic nodes are similar 
to second-tier nodes, like celiac nodes. 
Nevertheless, in western countries dissection of 
para-aortic nodes is hardly performed even in 
gastric cancer; hence, a D3 abdominal dissection 
is not recommended, but it could be considered in 
advanced cases.

Another hot topic is the need of splenectomy 
to carry on a complete D2 dissection. Actually, 
data from both eastern and western centers 
[86, 87] do not recommend splenectomy to carry 
out a D2 dissection but indicate the value of sple-
nectomy to obtain an R0 in case of infiltration.

The diffusion of Siewert type III is mainly 
toward the abdomen. As abovementioned, 
abdominal stations are involved in practically all 
N+ patients, with around 10 % of them having 
mediastinal nodes involved simultaneously.

Only inferior mediastinal nodes are reported 
as metastatic sites in the chest (station 110), and 
the risk of nodal involvement increases with 
increasing the esophageal invasion [79, 80]. 
There is general consensus that inferior mediasti-
nal nodal dissection should be performed along 
with abdominal lymphadenectomy.

Paracardial (stations 1 and 2), lesser curvature 
(station 3), left gastric artery nodes (station 7), 
celiac trunk, common hepatic artery, splenic 
artery, and infrapyloric nodes (stations 9, 8a, 11, 
and 6) are frequently involved. Noteworthy, non-
first-tier nodes are involved in around half of all 
advanced patients, similarly to gastric cancer 
patients, while the incidence of non-first-tier 
nodes seems lower for T1sm, but data are scanty 
to draw conclusions. Anyway a D2 abdominal 
lymphadenectomy is recommended for all 
Siewert type III patients.

Para-aortic nodes are reported in around 
20–30  % of advanced patients in both Western 
and Eastern center experiences. Like for type II, 
a D3 lymphadenectomy might be proposed for 
advanced cases.

Like in Siewert II, splenic hilar nodes might 
be involved, but no survival advantage is reported 
adding splenectomy to carry out a D2 lymphad-
enectomy. Hence, reviews and consensus confer-
ences [4, 86] are concordant to propose 
splenectomy only to achieve an R0 resection.

14  How to Treat EGJ Cancer: Indications and Treatment Strategy
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14.3.3	 �Treatment Strategy

14.3.3.1	 �Siewert I
Siewert I cancers are esophageal cancers and two 
surgical approaches have been proposed: trans-
thoracic esophagectomy (TTE) and trans-hiatal 
esophagectomy (THE). Both approaches can 
obtain the requested 5 cm clear proximal margins 
and for this purpose are equally effective. 
Nonetheless, THE does not allow a complete 
removal of surrounding tissues, increasing the 
risk of CRM involvement [88], and moreover 
lymphadenectomy in the mediastinum is limited 
and suboptimal at most. The topic is so hot that 
since the late 1990s various authors tried to deter-
mine if TTE was superior to THE in terms of 
morbi-mortality, extent of lymphadenectomy and 
survival. A recent meta-analysis [89] considered 
52 comparative studies for a total of almost 6000 
patients for both squamous cell carcinoma and 
adenocarcinoma of all Siewert types together. As 
reported by the authors, most studies were pretty 
old and burdened with low methodological and 
surgical quality. THE showed reduced pulmo-
nary complications and postoperative mortality, 
but TTE had fewer anastomotic leaks and fewer 
vocal cord palsies. Although survival did not dif-
fer, THE was significantly more frequently used 
in earlier stage cancers and lymphadenectomy 
was seldom reported. When reported, lymph 
node retrieval was significantly higher with 
TTE. The results of this meta-analysis are par-
ticularly interesting, since they underline the fact 
that even with evident selection bias, such as 
higher rate of advanced cancers treated with TTE 
and suboptimal lymphadenectomy, TTE and 
THE had comparable survival. So, we might 
speculate that with really comparable groups, 
TTE might be superior to THE.

In another meta-analysis [90], authors con-
sidered only EGJ cancer. Results were similar 
to those reported by the abovementioned 
meta-analysis.

In a very recent cohort study on Siewert I and 
II, Davies and coworkers [91] reported that with 
TTE more nodes were retrieved, CRM was less 
frequently involved in T3 cancers, and R0 resec-
tion was significantly more frequent.

One of the most cited randomized trials was 
carried out by Omloo et al. [52] on Siewert I and II 
patients. Authors reported that more nodes were 
retrieved with TTE and that survival was better 
with a transthoracic approach when up to eight 
nodes were involved. In subgroup analysis, TTE 
for type I showed a trend toward better survival.

We believe that all these studies, although 
interpretation is debated among researchers, indi-
cate that a transthoracic approach provides better 
lymphadenectomy and reduced risk of CRM 
involvement, with probable impact on survival. 
We strongly believe that a transthoracic approach 
with mediastinal nodal dissection is paramount in 
the treatment of Siewert I cancer.

Hence, for T1sm and more advanced cancers, 
a transthoracic approach is indicated with 5 cm of 
clear proximal margin and a two-field nodal dis-
section with D1+ abdominal and standard medi-
astinal lymphadenectomy. Clear 5  cm distal 
margins can be obtained sparing great part of the 
stomach, which can be used, entire or tubular-
ized, for reconstruction.

A curative resection (R0) can be easily 
obtained in T1sm cases and this is the reason for 
upfront surgery as the standard treatment. 
Although R0 and complete lymphadenectomy 
can be easily obtained with upfront surgery, 
nodal involvement is non-negligible in T1sm 
patients. Since prognosis is strictly related to 
nodal involvement, also cT1smN+ patients 
should be considered for multimodal treatments.

Similarly, it is debated if induction treatments 
are needed in cT2N0 patients. If preoperative 
stage is correct, good survival might be achieved 
with surgery and lymphadenectomy alone. 
Unfortunately the risk of nodal involvement in 
T2 patients is pretty high and, as reported by 
Stiles et al. [92] for esophageal and EGJ cancer, 
55 % of the patients defined as cT2N0 were actu-
ally pN+ and showed reduced survival. We then 
believe that cT2 patients should undergo some 
kind of multimodal treatment, in accordance also 
with some national guidelines [5].

Induction CT or better CRT is then indicated 
in all locally advanced and node-positive Siewert 
I patients and surgical principles remain 
unaltered.
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A particular case is that of T4 cancers, those 
invading surrounding adjacent organs: T4a are 
those invading resectable organs (pleura, pericar-
dium, diaphragm), while T4b are those infiltrat-
ing unresectable organs (aorta, vertebral bodies, 
and trachea). T4a cancers deserve induction 
treatments and surgery similarly to all other 
advanced cancers. Instead, for T4b cancers often 
only palliative CT or CRT is proposed. 
Nonetheless, we think that multimodal treat-
ments should be offered to all fit patients, and an 
attempt to achieve a radical resection should be 
made in case of good response to treatment.

14.3.3.2	 �Siewert II
Siewert type II cancer has a borderline position, 
being considered variably as either an esophageal 
or a gastric cancer by researchers. TNM 7th edi-
tion considers Siewert II as an esophageal cancer, 
partially solving the problem. Preoperative defi-
nition of Siewert type is not always easy, and 
actually some type II cancers resemble more 
esophageal cancers, while others are more simi-
lar to type III. To increase the difficulty, there is 
always the East vs. West different perspective. In 
Eastern countries, where Barrett’s esophagus and 
Siewert I are rare and Siewert III very common, 
Siewert II resembles Siewert III, and probably 
the origin is the same [93, 94]. In the USA, where 
obesity and reflux are more common, Siewert II 
shares the pathological pattern with Siewert I. In 
Europe, probably both pathological patterns 
exist, with some Siewert II originating from an 
ultrashort Barrett’s esophagus, and some present-
ing a strong association with H. pylori infection 
like type III [95].

However, Siewert II cancers often show sig-
nificant esophageal invasion, so long longitudinal 
margins are needed. For this reason, also for 
Siewert II, both transthoracic esophagectomy 
(TTE) and trans-hiatal esophagectomy (THE) 
have been proposed. Both approaches can obtain 
the requested 5  cm clear proximal margins and 
for this purpose are equally effective. Although 
TTE allows better lymphadenectomy and reduced 
risk of CRM involvement, no study so far could 
show an increased survival in Siewert II patients 
treated with a transthoracic approach. Also a total 

gastrectomy with distal esophagectomy via a 
solo abdominal approach is considered possible 
in the current literature [4, 86]. Siewert et al. [96] 
in 2005 reported better survival for Siewert II 
with gastrectomy, but authors stressed the impor-
tance of clear proximal margins and stated also 
that an adequate lymphadenectomy can be 
achieved even without total gastrectomy, admit-
ting the use of a transthoracic esophagectomy 
without total gastrectomy in these patients. 
Indeed, in Siewert II patients, the incidence of 
nodal involvement on stations along the greater 
curve is marginal [66, 82].

Recently, Parry and coworkers [97] focused 
their trial on Siewert II and reported a trend to bet-
ter survival with esophagectomy, with reduced risk 
of CRM involvement and more complete mediasti-
nal nodal dissection, but equal morbi-mortality and 
disease recurrence compared with gastrectomy.

Moreover, most Siewert II cancers show huge 
similarities with type I in many regards, such as 
nodal diffusion and response to CRT.

However, some type II cancers have limited 
esophageal invasion. When esophageal invasion 
is limited, as reported in the paragraph on nodal 
spread in Siewert type II, the risk of mediastinal-
positive nodes is reduced at both middle and 
inferior mediastinal stations. Indeed, when the 
esophagus is infiltrated for 2 cm or less, a solo 
abdominal approach may provide both adequate 
margins and correct lymphadenectomy in infe-
rior mediastinal and abdominal nodes. In these 
cases, lymphadenectomy should focus on 
abdominal nodes, and, although not mandatory, 
a total gastrectomy might provide a more exten-
sive nodal dissection. This is in line with a pre-
vious Japanese randomized study [98], which 
did not show any survival advantage with left 
thoraco-abdominal (LTA) approach compared 
with a trans-hiatal approach, which consisted of 
total gastrectomy via laparotomy and lower 
esophagectomy accessed trans-hiatally, in 
Siewert II and III patients, when esophageal 
invasion was limited (3  cm or less). This was 
also confirmed by the results of the 10-year fol-
low-up study by the same group [99].

Since in case of esophageal infiltration of more 
than 2 cm the risk of mediastinal nodal involvement 
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is relevant and a solo abdominal approach would be 
detrimental, we must be reasonably sure of the 
degree of infiltration before planning the surgical 
strategy. Gastroscopy and endoscopic ultrasonogra-
phy (EUS) can determine with good sensitivity and 
specificity if esophageal infiltration is less than 
2 cm [100]. This can help plan the correct approach 
to Siewert II cancers.

The clear proximal margin required is 5 cm. In 
patients with significant esophageal invasion, a 
transthoracic approach provides adequate margins, 
both proximal and circumferential, and allows a 
two-field nodal dissection, with D2 abdominal and 
standard mediastinal lymphadenectomy. Clear 
5 cm distal margins can be obtained sparing great 
part of the stomach, which can be used, entire or 
tubularized, for reconstruction. When esophageal 
invasion is ≤2  cm, total gastrectomy and distal 
esophagectomy via a solo abdominal approach is 
the preferred approach, and reconstruction of the 
digestive tract can be accomplished with a Roux-
en-y esophagojejunal anastomosis.

Indications for multimodal treatments are the 
same as for Siewert I: induction CT or CRT are 
indicated in all locally advanced and node-positive 
Siewert II patients, and surgical principles remain 
unaltered after induction treatment. T4a cancers 
merit induction treatments and surgery like all 
other advanced cancers. Instead, for T4b cancers, 
like for Siewert I, we think that multimodal treat-
ments should be offered to all fit patients, and an 
attempt to achieve a radical resection should be 
made in case of good response to treatment.

14.3.3.3	 �Siewert III
Siewert type III cancer was defined by TNM 7th 
edition as an esophageal cancer. If the statistical 
model seems to fit this type of cancer, clinicians 
do not seem to adapt to that model. Consensus 
conferences [4] and American guidelines [5] are 
pretty categorical in defining Siewert III as a gas-
tric cancer. Certainly some characteristics must 
be taken into account: biology of cancer is differ-
ent from type I and probably from type II, nodal 
diffusion is mainly toward the abdomen, and 
response to CRT is really poor.

The typical surgical approach consists of total 
gastrectomy and distal esophagectomy with, if 

necessary, resection of nearby organs to achieve 
an R0 resection.

According to a meta-analysis comparing 
transthoracic and trans-hiatal approach to EGJ 
cancer [90], there was a potential trend toward 
better survival with trans-hiatal approach in 
Siewert III.  In Japanese experience, a left 
thoraco-abdominal (LTA) approach for Siewert 
II and III with esophageal infiltration limited to 
3 cm did not show any survival advantage com-
pared to total gastrectomy and distal esophagec-
tomy from a solo abdominal approach, both at 
the initial randomized trial [98] and after a 
10-year follow-up [99].

For T1sm and more advanced cancers, the 
correct approach requires 5 cm of clear proxi-
mal margin. A solo abdominal approach is pos-
sible only if the invasion of the esophagus is 
not superior to 2  cm. In case of esophageal 
invasion >2  cm, adequate margins cannot be 
achieved via a solo abdominal approach, and 
the risk of inferior mediastinal nodal metasta-
ses increases markedly, as previously reported 
[79, 80]. Thus, a transthoracic approach 
becomes necessary.

Clear 5 cm distal margins are required and so 
a total gastrectomy is needed. Furthermore, a 
total gastrectomy is necessary to obtain a com-
plete abdominal lymphadenectomy. Splenectomy 
is recommended only to obtain an R0 resection 
and not to carry out lymphadenectomy.

Hence, a total gastrectomy and distal esopha-
gectomy, with 5 cm of clear proximal margin and a 
D2 abdominal and inferior mediastinal lymphade-
nectomy, is indicated. D3 lymphadenectomy might 
be considered in advanced cases, like reported on 
paragraph about extent of lymphadenectomy. 
Reconstruction of the digestive tract can be 
achieved with a Roux-en-y esophagojejunal anas-
tomosis, which can be performed via a solo abdom-
inal approach if esophageal invasion is inferior to 
2 cm or otherwise with a transthoracic approach.

Multimodal treatments are indicated in all 
locally advanced and node-positive Siewert III 
patients, and surgical principles remain unaltered 
after multimodal treatments.

A particular case is that of T4b cancers, those 
invading surrounding adjacent organs. Although 
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often only palliative CT or CRT is proposed, we 
think that surgical resection of the infiltrated 
organ should be attempted in order to obtain an 
R0 resection. Multimodal treatments should be 
offered to all fit patients, since they might 
increase the probability of a curative resection.

�Conclusions

In conclusion, we can draw a flowchart of the 
suggested approach to EGJ cancers (Fig. 14.3): 
T1m cancers should be treated with endo-
scopic resection. If the involvement of cancer 
is limited to the mucosa (m1-m3), follow-up is 
sufficient, but cases at higher risk of nodal 
involvement, like m3 cases with lymphovas-
cular invasion, might be considered for sur-
gery or stricter follow-up. In all patients where 
T1sm is suspected clinically or diagnosed 
after endoscopic resection, upfront surgery 
with lymphadenectomy is mandatory. 
Multimodal treatments should be considered 
in case of clinical N+. For T2, T3, T4a, and 

T4b, multimodal treatments are indicated in 
all fit patients. For Siewert type I and most 
cases of type II, induction chemoradiation is 
indicated, while for type III and type II cases 
with limited esophageal invasion, periopera-
tive or induction chemotherapy is preferred.

For Siewert I and II T4b cancers, CRT is the 
preferred option, with possible surgical resec-
tion considered in cases with good response to 
treatment, while for Siewert III T4b cancers, 
resection of nearby organs is indicated to obtain 
an R0 resection, possibly after chemotherapy.
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Chemotherapy 
in Oesophagogastric Junctional 
Cancer

Paul M. Wilkerson, Stephen T. Hornby, 
and William H. Allum

15.1	 �Introduction

The role of chemotherapy in the management of 
oesophagogastric junctional (EGJ) cancers has 
evolved rapidly over the last three decades. From 
single-agent therapies in the palliative setting 
with response rates (RR) of 10–25 % [1], a range 
of multi-agent regimens is now used in neoadju-
vant, perioperative and palliative settings as well 
as in combination with radiotherapy. More 
recently in the era of targeted medicine, novel 
agents targeting specific pathways have been 
introduced in EGJ cancer.

In this chapter we will discuss the roles of 
chemotherapy in EGJ cancer and present the 
data that has established these roles. We will 
show the evidence behind the current gold stan-
dard regimens and describe likely future 
developments

15.2	 �Neoadjuvant Chemotherapy

In the UK the recommended treatment for T2 and 
T3 oesophageal cancer with or without nodal 
involvement is neoadjuvant chemotherapy fol-
lowed by surgical resection [2]. This practice is 
informed by the OE02 study. Overseen by the 
Medical Research Council Oesophageal Cancer 
Working Group, OE02 was a large multicentre 
randomized trial that compared neoadjuvant che-
motherapy to surgery alone. 802 patients were 
randomized to either a course of 2 × 4 day cycles 
of cisplatin 80 mg/m2 over 4 h, plus 5-fluorouracil 
1000 mg/m2 (5-FU) daily for 4 days followed by 
surgery (n = 400), or surgical resection alone 
(n = 402).

The initial results showed a survival advan-
tage for the patients who had undergone chemo-
therapy (hazard ratio 0.79, 95 % CI, 0.67–0.93, 
p = 0.004). The chemotherapy group had an 
increase in median survival of 107 days and an 
increase in 2-year survival of 9 % (43 vs 34 %). 
There was no increased risk of postoperative 
complications in the chemotherapy arm, and the 
majority (n = 350) of patients were able to toler-
ate both cycles of neoadjuvant treatment [3].

The long-term results of this study were pub-
lished in 2009. There was a continued survival 
benefit for the chemotherapy group, but this was 
more modest (23 vs 17 %) (Fig. 15.1).

The study highlighted the importance of com-
plete resection of the surgical specimen with very 
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poor survival observed in both groups when mac-
roscopic tumour tissue was left behind or no resec-
tion had been performed. There was, however, the 
observation that unresectability was significantly 
more common in the patients who had progressed 
straight to surgery than in the neoadjuvant arm. 
This suggests that the chemotherapy exerts an 
early influence locally to enable resection [4].

In contrast the US Intergroup-0113 trial 
showed no difference in overall survival with the 
addition of preoperative chemotherapy [5]. In 
this study 467 patients with oesophageal and EGJ 
cancers were randomized to surgery alone or to 
three cycles of cisplatin and 5-FU. The respond-
ers also received the same combination for three 
cycles postoperatively. There are differences 
between OE02 and Intergroup-0113 in that there 
was greater treatment toxicity and a longer delay 
in timing of definitive surgery, which have been 
implicated in the Intergroup trial outcomes.

In 2007 the Australian Gastrointestinal Trials 
Group published a meta-analysis of eight random-
ized trials with a pooled analysis of 1600 patients, 
which favoured survival in the chemotherapy 
patients (HR 0.90, 95 % CI, 0.81–1.00) [6]. This 
meta-analysis is heavily influenced by the OE02 
trial, which contributed over half of the patients to 
the pooled results. The group then updated the 
analysis in 2011 adding two further trials and 400 
more patients. The effect of chemotherapy on 
overall survival remained similar (HR 0.87, 95 % 

CI, 0.79–0.96) (Fig. 15.2). In a subgroup analysis, 
the effect on survival was not observed in squa-
mous cell carcinoma of the oesophagus as it was 
in adenocarcinoma [7].

The successor trial to OE02 is the OE05 trial 
[8] which has randomized 842 patients with oper-
able oesophageal adenocarcinoma to receive 
either the OE02 regimen of chemotherapy fol-
lowed by surgery or a course of epirubicin, cis-
platin and capecitabine (ECX) and then surgery. 
It should be noted that this study was designed 
after the MAGIC era [9], in which ECF became 
the reference regimen, and after the REAL-2 
study [10], which demonstrated that oral 
capecitabine was not inferior to infusional 
5-FU. The aim of OE05 was to determine a sur-
vival benefit with the modified regime, with sec-
ondary endpoints including any decreased 
toxicity from treatment and improvements in 
patient quality of life. The results of OEO5 have 
been presented in abstract form and showed no 
difference in survival between the treatment 
groups despite an apparent benefit in progression 
free and disease free survival for ECX [11].

15.3	 �Perioperative Chemotherapy

Although the 5-FU/cisplatin doublet has been the 
reference regimen in many trials of oesophageal and 
EGJ cancer since the 1980s, key trials in the late 
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1990s changed this paradigm. The inclusion of the 
anthracycline epirubicin in the ECF regimen 
together with a lower dose of cisplatin and 5-FU 
than the CF regimen with prolonged infusion of 
5-FU as opposed to bolus resulted in a prolonged 
disease-free interval in advanced disease [12]. In 
comparison with a triplet incorporating 5-FU/doxo-
rubicin/methotrexate (FAMTX) [13], the response 
rates (RRs) in the ECF arm were higher (45 vs 21 %) 
coupled with a significant increase in overall sur-

vival (OS) (8.9 vs 5.7 months). An improvement in 
quality of life at 24 weeks was also noted, and as a 
result ECF became the reference regimen in the UK.

In 2006, the seminal MAGIC trial was pub-
lished, which has set the standard of care for peri-
operative chemotherapy in gastric and EGJ 
cancers throughout the UK and most of Europe 
[9]. This study randomized 503 patients from 
four continents with gastric or EGJ cancer 
(75/25 % split) to receive either perioperative 
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ECF (3 cycles before and after surgery) or sur-
gery alone. The primary endpoint for this phase 
III RCT was OS, with secondary endpoints of 
progression-free survival (PFS) and evidence of 
downstaging (tumour size and TNM stage). This 
regimen was found to be associated with a sig-
nificant improvement in 5-year OS (36 vs 23 %). 
In a subgroup analysis the greatest effect on sur-
vival was seen in the EGJ cancers although the 
numbers were small (Fig. 15.3).

In 2011, the French FFCD group published 
the similar ACCORD trial [14]. In this trial, 224 
patients from 28 French centres were randomized 
to receive perioperative CF (2 or 3 before and 3 
or 4 cycles after surgery) or surgery alone. The 
study population included a higher proportion of 
EGJ to gastric cancers (75/25 % split). This regi-
men found a similar improvement in 5-year OS 
(38 vs 24 %). A similar finding to MAGIC was 
noted in this trial with the largest effect in the 
EGJ subgroup (Fig. 15.3).

While they have together highlighted the ben-
efit of chemotherapy for EGJ cancer, these trials 
have both been criticized over various aspects of 
the trial methodology. Cited concerns include 
issues with patient selection, changes in proto-
col, homogeneity of subjects and surgical qual-
ity. For example, in both trials, the protocol was 
amended during the trial to expand the inclusion 
criteria. While in the case of the MAGIC trial, 
the authors explained that the inclusion of EGJ 
cancers was to reflect changes in the patterns of 
disease; no explanation was provided by the 
FFCD group. The result of this inclusion was 
that patient cohorts in each trial were heteroge-
neous particularly since the prognosis of oesoph-
ageal, EGJ and gastric cancers is not identical 
[15, 16]. The study populations in each study 
were approximately 60 years of age, which does 
not reflect the average age of patients with distal 
oesophageal and gastric cancers [17]. There 
were also concerns with regard to quality control 
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(QC) of the surgical aspects of treatment, with 
only 42.5 % of the chemotherapy arm of the 
MAGIC trial receiving a standard D2 lymphad-
enectomy (compared with 40.4 % of the surgery 
arm), partly reflecting the trial including patients 
treated by 129 surgeons on 4 continents. Finally, 
in the MAGIC and ACCORD trials, only 41.6 
and 50 % of patients completed the protocol 
planned postoperative chemotherapy.

It is appropriate to include in this discussion 
the smaller EORTC 40954 trial [18] which com-
pared neoadjuvant treatment with two cycles of 
cisplatin, 5-FU infusion and leucovorin, to sur-
gery alone in gastric cancer. This study did not 
identify a significant increase in 5-year OS with 
neoadjuvant chemotherapy, but the survival in 
both groups was above average at 48 % (median 
survival 36 months). This may have reflected a 
more consistent approach to surgery with 
reported D2 lymphadenectomy rates of >90 %. 
There was however a significant increase in 
resectability (81.9 vs 66.7 %) in the chemother-
apy group. This suggests that the more radical 
surgery may have not only contributed to the 
improved survival but also blunted the trial’s 
power to detect a smaller difference in survival 
related of the trial with chemotherapy in this con-
text [19]. Unfortunately this study halted early 
due to poor recruitment.

Recently a meta-analysis of 5-FU-based neo-
adjuvant regimens in  locally advanced gastric 
and EGJ cancers has confirmed improved overall 
survival (HR 1.40, 95 % CI, 1.11–1.76) as well as 
downstaging and an increase in R0 resection with 
chemotherapy [20].

Although perioperative chemotherapy trials 
have reported improved OS, the benefits of this 
strategy include treatment of micrometastases as 
well as local downstaging facilitating surgically 
complete resection  – the EORTC trial [18] 
reported dramatic increases in R0 resection rate 
from 67 to 87 % [21, 22].

In a recent retrospective cohort study of 584 
patients treated at two UK centres [23], 400 
patients who received either neoadjuvant CF or 
ECF were stratified according to their response 
to chemotherapy by comparing their pretreat-
ment radiological stage with their pathological 

postoperative stage. As part of a validation of 
the staging process, 185 patients who were 
treated with primary surgery also had their 
pre- and postoperative stage compared, showing 
a staging accuracy of 78 %  – only 6 % were 
over-staged, making this an unlikely confound-
ing factor. When comparing the responders with 
nonresponders, the R0 rate was higher (74 vs 
40 %) and incidence of isolated locoregional 
recurrence was lower (6 vs 13 %). However, 
there was also a significant reduction in sys-
temic relapse rates, either alone (19 vs 29 %) or 
in combination with locoregional recurrence (30 
vs 48 %). This tumour downstaging effect on 
survival was still significant in a multivariable 
adjusted Cox regression analysis (HR 0.49, CI 
0.35–0.68). In fact, patients with cT3/4  N+ 
tumours with response to chemotherapy had 
survival rates equivalent to stage matched early 
cancers (Fig.  15.4). This study highlights the 
importance of selecting patients for treatment in 
a more tailored way, though there are currently 
no predictive biomarkers for response to chemo-
therapy. Furthermore, conventional investiga-
tions are poor at determining response 
accurately, though diffusion-weighted MRI 
(DW-MRI) and PET-CT are gaining favour in 
this field [24].

Interestingly, in both this observational cohort 
and in the MAGIC and ACCORD trials, sys-
temic relapse even in treated patients still 
occurred at rates approaching 30 %. Even 
patients achieving pathological complete 
response (pCR) following chemoradiotherapy 
(CRT) demonstrate a significant rate of systemic 
relapse. In the CROSS trial, 29 % of patients 
receiving CRT had systemic relapse [25]. This 
becomes important when one considers the effect 
of chemotherapy on systemic control, beyond the 
local downstaging effect [22]. Proponents of 
CRT cite higher rates of pCR and R0 resection 
[26, 27]. However, when used as radiosensitizing 
agents, to reduce toxicities, chemotherapy dose 
is reduced, and it is not clear if equivalent sys-
temic control can be achieved with these regi-
mens. Therefore, there is still an urgent need for 
robust biomarkers for prediction of response to 
neoadjuvant chemotherapy and a consideration 
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of the role of radiotherapy in the setting of 
patients at high risk of systemic relapse.

15.4	 �Inoperable and Metastatic 
EGJ Cancer

Although there is limited evidence for chemo-
therapy in inoperable locally advanced or meta-
static EGJ cancer alone, many studies have 
included EGJ cancer with gastric cancer. There is 
a clear benefit for chemotherapy over best sup-
portive care, and the selection of patients is 
largely dependent on their performance status. A 
Cochrane review of 35 trials and 5726 patients 
favoured chemotherapy over best supportive care 
with a hazard ratio (HR) of 0.37 and 95 % confi-
dence intervals (CI) 0.24–0.55 (184 participants). 
This pooled analysis also found in favour of com-
bination therapies over single regimes (HR 0.82, 
95 % CI, 0.74–0.90, 1914 participants) [28].

Current regimens include fluoropyrimidines, 
platinums, taxanes, topoisomerase inhibitors and 
anthracyclines in combinations designed for best 

efficacy and minimal toxicity. The standard of 
ECF has been developed with an alternative plati-
num, oxaliplatin and an oral fluoropyrimidine 
capecitabine. The REAL-2 trial [10] confirmed 
non-inferiority when capecitabine substituted for 
5-FU.  Substituting cisplatin with oxaliplatin 
resulted in a longer median survival. In addition 
capecitabine has been shown in a meta-analysis 
to be superior to infusional 5-FU when included 
in doublet and triplet combinations [29].

Taxanes have been included in regimens 
because of concern about the cardiotoxicity of 
anthracyclines. The combination of docetaxel, 
cisplatin and 5-FU has shown increased activity 
but have increased rates of neutropaenia. The 
current German studies combining docetaxel 
with 5-FU, leucovorin and oxaliplatin (FLOT) 
are promising with downstaging disease to enable 
resection [30]. There is also potential for second-
line therapies in those with good performance 
status. Docetaxel has also been shown to be of 
some benefit as a second-line treatment to plati-
num refractory cancer in a phase III COUGAR-02 
randomized controlled trial [31].
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15.5	 �Targeted Agents

Targeted agents have been developed in attempts 
to personalize treatment strategies. The identifica-
tion of molecular targets specific for EGJ cancer 
has evaluated a variety of extra- and intracellular 
pathways and mechanisms. These have identified 
targets for a spectrum of monoclonal antibodies, 
which have undergone clinical evaluation. In 
many cases this has not been only in EGJ cancer 
but has included proximal gastric cancer.

15.5.1	 �HER2-Targeting Agents

While HER2 amplification appears to be an early 
event in gastric and EGJ cancers, intra-tumour 
heterogeneity and differences in staining patterns 
on immunohistochemistry have created problems 
in defining a standardized scoring method for 
HER2, which has impacted on the consistency of 
published data [32].

Initial preclinical studies and early clinical 
evaluations demonstrated a benefit in advanced 
disease with the addition of trastuzumab to cispl-
atin monotherapy [33]. The phase III open-label 
ToGA trial [34] randomized 585 patients with 
HER2+ve inoperable, recurrent or metastatic gas-
tric or EGJ tumours to receive CF (or capecitabine 
instead of 5-FU) with or without trastuzumab. In 
an intention to treat analysis, the trastuzumab arm 
had a significantly higher median survival (13.8 
vs 11.1  months, HR 0.74, CI 0.6–0.91). Those 
with the strongest HER2 expression pattern had 
the most impressive effect, with median survival 
of 17.9 months. Although it might be considered 
that the CF doublet was not the most effective 
basis for trastuzumab, this was a pragmatic deci-
sion, given the predicted increased cardiotoxicity 
of combining trastuzumab with an epirubicin-
containing regimen [35]. A number of trials are 
currently investigating the combination of trastu-
zumab with other chemotherapy doublets, e.g. 
taxanes and oxaliplatin [32].

There are other novel HER2-targeting agents 
available, though these are not yet in widespread 
use in gastric and EGJ cancer. Pertuzumab is a 

monoclonal antibody targeting domain II of HER2 
which inhibits dimerization with HER3 (the most 
mitogenic dimerization partner for HER2). A 
phase II study investigating the addition of pertu-
zumab to capecitabine/cisplatin/trastuzumab is 
underway in advanced gastric cancer.

Lapatinib, an orally active small molecule 
inhibitor of the HER2 tyrosine kinase, has shown 
limited efficacy as monotherapy [36, 37]. There are 
however a number of ongoing studies assessing the 
effectiveness of lapatinib with combination chemo-
therapy, both in the inoperable disease setting (e.g. 
LOGIC trial, testing CAPOX ± lapatinib) and the 
inoperable disease setting (as in the amended ST03 
trial) [32]. Although HER2 is amplified in only 
15–25 % of patients with gastric or EGJ cancers, it 
is hoped that the efforts to develop targeted agents 
for this molecular aberration will form a template 
for future drug development as other novel molecu-
lar features are detected in EGJ cancers.

15.5.2	 �Anti-angiogenesis Agents

Recognition that vascular endothelial growth fac-
tor (VEGF) receptors are pro-angiogenic and 
expressed in malignant cells in gastrointestinal 
cancers is well established with associated poor 
prognosis in EGJ cancers [38].

Bevacizumab is a monoclonal antibody target-
ing VEGF-A, preventing binding to VEGF recep-
tors 1 and 2, whose activity has been established 
in several clinical settings. A series of phase II 
studies in advanced gastric and EGJ cancers has 
demonstrated an acceptable safety profile with 
modest responses (RRs ~65 % with median OS 
10.8–16.8 months [39–42]). Two phase III trials 
(AVAGAST [43] and AVATAR [44] trials) did not 
show a statistically significant survival advantage 
when bevacizumab was given in combination 
with capecitabine and cisplatin although there 
was at trend for prolonged progression-free sur-
vival. The addition of bevacizumab to ECX in the 
perioperative setting has been evaluated in the 
UK ST03 trial. The results which have recently 
been presented show that the addition of bevaci-
zumab did not improve survival [45].
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Ramucirumab is a monoclonal antibody target-
ing the VEGF receptor 2 extracellular domain. 
Following promising data from two phase II trials, 
the global phase III REGARD trial [46] random-
ized 355 chemoresistant gastric cancer patients to 
ramucirumab or placebo. This led to a significant 
improvement in OS (5.2 vs 3.8  months, HR 
0.776). These data were recently corroborated by 
the RAINBOW trial [47] investigating the addi-
tion of ramucirumab to paclitaxel. While these tri-
als were promising in the refractory setting, trials 
investigating ramucirumab in the first-line setting 
have been less convincing [38]. Based on the posi-
tive results of the REGARD trial, ramucirumab 
has achieved FDA approval as a second-line treat-
ment for inoperable gastric and EGJ cancers.

�Conclusions

Chemotherapy is now considered one of the 
standard approaches to EGJ cancer and the 
preferred one in UK and other countries. The 
most important benefit of chemotherapy is 
systemic control. We will also see an expan-
sion in the repertoire of available targeted 
agents either alone or in combination with 
cytotoxic agents. There is an urgent need for 
validated predictive biomarkers for response 
to chemotherapy as well as the available tar-
geted agents, including strategies to deal with 
resistance to therapy.
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and Jan J.B. van Lanschot

16.1	 �Introduction

For decades, primary surgery and radiotherapy 
(RT) alone were two treatment options for poten-
tially curable esophageal cancer. Outcomes were 
poor, with most patients developing recurrent 
disease with associated morbidity and mortality. 
Both treatment options evolved over time as a 
result of better staging [1–3] and improved surgi-
cal [4–6] and radiation techniques [7, 8]. 
Furthermore, the addition of chemotherapy (CT) 
to RT and the combination of surgical and non-
surgical approaches were important develop-
ments in the treatment of esophageal cancer. 
However, due to a lack of high-quality evidence, 
treatment of choice for esophageal cancer still 
remains controversial. Institutional preferences 
and clinical opinions still dominate the applied 
treatments. In this chapter, we give an overview 

of the role of chemoradiotherapy (CRT) in the 
treatment of adenocarcinomas (AC) of the distal 
esophagus and esophagogastric junction (EGJ).

16.1.1	 �Classification of Junctional 
Tumors

In 1997, the Siewert classification was introduced 
for the classification of ACs of the esophagus and 
EGJ (see Chap. 7). Using the Siewert classification, 
three different tumor entities (esophageal, cardiac, 
and subcardiac) are distinguished, based on spe-
cific anatomical landmarks [9]. Because advanced 
tumors often obscure these landmarks and frequent 
discrepancy is encountered between endoscopic, 
radiologic, peroperative, and pathologic localiza-
tion, its usefulness and applicability were shown to 
be limited [10]. Some studies on neoadjuvant ther-
apies selected patients based on histology type (AC 
or squamous cell carcinoma (SCC)) irrespective of 
location; others classified patients according to the 
location of the tumor (e.g., lower/upper esophagus, 
EGJ) irrespective of histology. Most studies 
included all patients with esophageal or junctional 
tumors, regardless of the histology type. As a con-
sequence, the majority of studies on esophageal 
cancer are only to a limited extent applicable for 
patients with ACs of the EGJ. In this chapter, we 
focus on studies in patients with ACs originating in 
a Barrett segment or with cardiac carcinomas sub-
stantially invading the distal esophagus.
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16.1.2	 �Rationale for Combination 
of Chemotherapy 
and Radiotherapy

Studies have tested the safety and efficacy of 
combining CT and RT.  Theoretically, both 
modalities may be active against different tumor 
cell populations (additive effect). CT may be 
effective against distant micrometastases while 
radiation acts locoregionally (spatial coopera-
tion). Furthermore, CT increases the effect of 
radiation by inhibiting the repair of sublethal 
radiation damage, may synchronize cells to a 
specific cell-cycle phase that has increased sensi-
tivity to RT, may decrease repopulation after RT, 
and, by shrinking the tumor, may enhance reoxy-
genation, which is advantageous for RT (syner-
gistic effect) [11–13].

16.2	 �Definitive 
Chemoradiotherapy

16.2.1	 �Definitive 
Chemoradiotherapy 
Versus Definitive 
Radiotherapy Alone

Earliest references to the treatment of esophageal 
cancer with RT alone date back to the beginning 
of the twentieth century. Outcomes were gener-
ally very disappointing with 5-year overall sur-
vival rates ranging from 0 to 5 % [14]. With the 
advent of more potent chemotherapeutic agents, 
combined CRT became a more effective treat-
ment option. Due to the observed synergistic 
effect of the combination of CT and RT, defini-
tive CRT in patients with potentially curable 
esophageal cancer was further explored.

Addition of CT to RT in patients with esoph-
ageal cancer was studied in a stratified phase III 
trial performed by the Radiation Therapy 
Oncology Group (RTOG 85-01 trial) [15]. 
Patients (n = 121) with potentially curable ACs 
or SCCs of the esophagus were randomized 
between RT alone (64 Gy in 32  fractions) and 
CRT (two courses of 5-fluoruracil (5-FU) and 
cisplatin combined with 50 Gy RT, followed by 

two courses 5-FU and cisplatin). Interim analy-
sis showed a significant difference in median 
survival between the RT (8.9 months) and com-
bined therapy group (12.5  months, p < 0.001). 
This led to an early closure of the trial. Of all 
analyzed patients, only 15 (12 %) had ACs and 
37 (31  %) had a primary tumor located in the 
lower esophagus. The remaining patients had 
SCC, mainly located in the mid-esophagus. No 
subgroup analysis based on histology or loca-
tion was presented [15]. Therefore, it remains 
unclear to what extent these results are applica-
ble to ACs of the EGJ. Interestingly, long-term 
results did not show any survival difference 
related to histology in patients treated with CRT, 
but separate results based on tumor location 
were still not presented. In line with the medium-
term results, 5-year overall survival was 
improved in the combined modality group, as 
compared to patients treated with RT alone: 
26 % (95 % confidence interval (CI) 15–37 %) 
versus 0 %, respectively [16].

16.2.2	 �Dose of Radiotherapy 
in Definitive 
Chemoradiotherapy

Although the combination of CT and RT 
improved results compared to RT alone, the 
incidence of locoregional residual or recurrent 
disease remained high (e.g., 47 % in the RTOG 
85-01 trial) [16]. In an attempt to improve 
locoregional control and overall survival, the 
subsequent RTOG 94-05 (intergroup 0123) 
phase III trial intensified RT dose [17]. This trial 
compared the same CRT regimen as was used in 
the RTOG 85-01 trial (50  Gy) with a higher 
dose of RT (64.8) combined with the standard 
CT dose. After interim analysis, the RTOG 
94-05 trial was closed prematurely because of a 
high number of treatment-related deaths in the 
high-dose radiotherapy group, albeit that some 
of these deaths occurred before the end of study 
treatment. There was no significant difference 
in  locoregional control or long-term survival 
between the two arms. This study included 31 
(14 %) patients with ACs. Patients whose tumors 
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extended to within 2.0  cm of the EGJ were 
excluded because of the concern that the stom-
ach could not tolerate 64.8  Gy. No subgroup 
analyses were performed [17]. Hence, these 
results cannot be translated directly to EGJ 
tumors but suggest that higher radiation dose is 
not favorable. However, recent improvements in 
RT techniques using conformal multiple field 
techniques or intensity-modulated radiotherapy  
will reduce doses to the normal tissues (espe-
cially the heart, anterior mediastinum, and lung) 
and might lead to improved tolerability of 
increased radiation dose in an attempt to 
improve locoregional control.

16.2.3	 �Sequential Versus Concurrent 
Chemoradiotherapy

The effects of sequential versus concurrent CRT 
were studied in a Cochrane meta-analysis by 
Wong et al. Eight studies including 857 patients 
on sequential CRT were analyzed. No clinical 
benefit in terms of mortality (hazard ratio (HR) 
0.87, 95 % CI 0.74–1.02) and local control was 
found, as compared to the RT alone group. 
Moreover, patients in the sequential CRT group 
experienced significant toxicities. Concurrent 
CRT was shown to improve overall survival sig-
nificantly, compared to RT alone (HR 0.73, 95 % 
CI 0.64–0.84). This analysis on concurrent CRT 
was based on eleven studies including 998 
patients (Table  16.1). In these meta-analyses, 
patients with AC and SCC were pooled and no 
subgroup analysis on tumor location was pre-
sented [18].

Due to the superior effects of concurrent CRT 
over a sequential regimen, subsequent studies 
mainly focused on concurrent CRT.  Taken 
together, these studies suggest that concurrent 
CRT should be recommended over RT alone or 
sequential CRT as a nonsurgical therapy for 
potentially curable ACs of the distal esophagus 
and EGJ. A high dose of RT (64 vs. 50 Gy) com-
bined with CT increases toxicity rates with no 
difference in survival, but more sophisticated 
radiation techniques might change this viewpoint 
in the future.

16.2.4	 �Salvage Surgery

Although organ preservation is a notable advan-
tage of the nonoperative strategy of CRT, this 
approach is associated with a high rate (up to 
40 %) of recurrent or persistent locoregional dis-
ease [16]. Selective surgical resection is a treat-
ment option in patients after failed definitive 
CRT with curative intent. This so-called salvage 
surgery is more demanding than primary esopha-
gectomy. Due to improvements in patient selec-
tion, perioperative management, surgical 
technique, and centralization of care, periopera-
tive morbidity and mortality are nowadays sub-
stantially lower [19]. Furthermore, the increased 
use of neoadjuvant CRT in addition to surgery for 
esophageal cancer familiarized surgeons with the 
resection of an irradiated esophagus.

Results of surgical salvage after failed defini-
tive CRT were presented in a non-randomized 
phase II trial [20]. Forty-three patients, of whom 
41 were eligible for analysis, were treated with 
definitive CRT.  This consisted of induction CT 
(5-FU, cisplatin, and paclitaxel) followed by con-
current CRT (50.4 Gy with 5-FU and cisplatin). 
Esophagogastroscopy with biopsies, endoscopic 
ultrasound (EUS), CT scans of the chest and 
abdomen, and positron emission tomography 
(PET, optional but encouraged) were performed 
after completion of CRT and serially thereafter. 
Seventeen patients with residual or recurrent dis-
ease, but without distant metastases, underwent 
salvage esophagectomy. During follow-up, 
esophageal resection was performed in three 
additional patients because of clinical suspicion 
of recurrent disease. Tumor cells were found in 
all these resected specimens. One-year overall 
survival rate was 71  % (95  % CI  54 –82  %). 
However, since the intended predefined 1-year 
survival rate of 77.5 % was not achieved, a subse-
quent phase III trial was not initiated. It should be 
noted that the preset 1-year survival rate of 
77.5  % is deducted from the RTOG database, 
which consists mainly of SCC patients, whereas 
the proportion of patients with ACs in this trial 
was 73 %. Moreover, a total of three CRT-related 
deaths were reported. As suggested by the 
authors, elimination of induction CT from the 
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regimen might lead to less treatment-related tox-
icity and perhaps achievement of the target 1-year 
survival rate [20].

Also in this study, patients with AC were not 
analyzed separately. Given the high proportion of 
patients with ACs in the study population and the 
possibly more positive effect of surgical salvage 
that might be feasible than was achieved by the 
authors of the study, salvage surgery in addition to 
definitive CRT in patients with ACs of the distal 
esophagus and EGJ is an interesting topic, which 
remains to be investigated more extensively.

16.2.5	 �Definitive 
Chemoradiotherapy 
Versus Surgery Alone

Historically, primary surgical resection was con-
sidered as the only curative treatment for esopha-

geal cancer [21]. With more effective and less 
toxic chemotherapeutic agents and more sophis-
ticated radiotherapeutic techniques, curative 
treatment of esophageal cancer with definitive 
CRT is now also potentially feasible. But is defin-
itive CRT preferred over surgery alone? High-
quality evidence on this subject is absent.

Two randomized trials comparing definitive 
CRT with curative intent to primary esophagec-
tomy have been conducted. Results of the CURE 
(Chinese University Research Group for 
Esophageal Cancer) trial were reported by Chiu 
et al. in 2005 [22]. The CRT regimen consisted of 
5-FU and cisplatin CT, combined with concurrent 
50–60  Gy RT.  In case of incomplete clinical 
response or recurrence without systemic disease, 
salvage surgery was performed. No significant dif-
ference in 2-year overall survival between the CRT 
group (n = 36) and the surgery group (n = 45) was 
found (relative risk 0.89, 95  % CI  0.37–2.17, 

Table 16.1  Randomized controlled trials: definitive concurrent CRT versus definitive RT

First author Year Period N Tumor CRT/RT

Survival, HR 
(95 % CI) (RT 
vs CRT)

Andersen et al. [55] 1984 1977–1981 82 SCC CRT: Ble + 55 Gy
RT: 63 Gy

0.94 
(0.59–1.50)

Araujo et al. [56] 1991 1982–1985 59 SCC CRT: 5-FU, Ble, 
Mit + 50 Gy
RT: 50 Gy

0.64 
(0.36–1.14)

Cooper et al. [16] 1999 1985–1990 123 SCC/AC CRT: 5-FU + 50 Gy
RT: 64 Gy

0.59 
(0.45–0.77)

Earle et al. [57] 1980 N/A 77 SCC CRT: Ble + 50–60 Gy
RT: 50–60 Gy

1.43 
(0.81–2.54)

Gao et al. [58] 2002 N/A 81 SCC CRT: Cis + 60 Gy
RT: 60 Gy

0.79 
(0.46–1.37)

Kaneta et al. [59] 1997 1994–1996 24 SCC CRT: Cis + 70–72 Gy
RT: 70–72 Gy

0.75 
(0.23–2.40)

Li et al. [60] 2000 N/A 96 SCC/AC CRT: Cis, 5-FU + 50–60 Gy
RT: 60–70 Gy

0.65 
(0.43–1.00)

Roussel et al. [61] 1994 N/A 221 SCC CRT: Cis + 40 Gy
RT: 40 Gy

0.82 
(0.62–1.09)

Slabber et al. [62] 1998 1991–1995 70 SCC CRT: Cis, 5-FU + 40 Gy
RT: 40 Gy

0.83 
(0.50–1.40)

Zhang et al. [63] 1984 N/A 99 N/A CRT: Ble + 39-73 Gy
RT: 39–73 Gy

0.63 
(0.39–1.01)

Zhu et al. [64] 2000 N/A 66 SCC CRT: Car + 60 Gy
RT: 60 Gy

0.62 
(0.36–1.06)

Reprinted with permission and adapted from Wong et al. [18]
5-FU 5-fluorouracil, AC adenocarcinoma, Ble bleomycin, Car carboplatin, CI confidence interval, Cis cisplatin, CRT 
chemoradiotherapy, Gy gray (J/kg), HR hazard ratio, Mit mitomycin, N/A not available, N number of patients, RT radio-

therapy, SCC squamous cell carcinoma
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p = 0.45) [22]. Given the higher incidence of SCC 
in the East, this study only included SCC patients; 
thus, results are not necessarily applicable to 
patients with EGJ cancer. In 2007, results of a the 
second trial comparing definitive CRT (64 Gy and 
three courses of cisplatin and 5-FU) to surgery 
alone were published as abstract by Carstens et al. 
Patients (n = 91) with both AC (50  %) and SCC 
(50 %) were included. There was no significant dif-
ference in survival between the two treatment arms. 
Unfortunately, detailed information about study 
design and results is not available, because so far 
the trial has not been published as a full paper [23].

16.3	 �Neoadjuvant Chemo- and/or 
Radiotherapy Plus Surgery

16.3.1	 �Neoadjuvant Radiotherapy 
Plus Surgery

The earliest reports on neoadjuvant RT plus 
surgery date back to the early 1970s [24]. These 
reports all consist of uncontrolled case series, 
often from single institutions. In those days, the 
majority of esophageal cancers were SCC and 
treatment consisted of either surgery or RT, 
depending on patient and tumor characteristics 
and individual and institutional preferences. 
Due to disappointing long-term locoregional 
control after primary surgery, interest devel-
oped in the addition of preoperative RT to sur-
gery as a possible means of downstaging the 
primary tumor. The rationale was that tumor 
downstaging might increase the radical resect-
ability rate, thereby reducing locoregional 
recurrence rate and  – possibly  – improving 
long-term survival.

A Cochrane meta-analysis from 2005 by 
Arnott et al. reviewed the effects of the addition 
of preoperative RT to surgery as compared to sur-
gery alone [25]. This review was based on five 
randomized controlled trials, published between 
1981 and 1992, totaling 1147 patients (Table 16.2) 
[26–30]. The majority of patients were men 
(78 %), younger than 65 years (80 %) with SCCs 
(89  %). The planned total dose of RT ranged 
from 20 to 40 Gy given in 10–20 fractions over a 
period of 1–4 weeks, with the delay from end of 
RT to surgery ranging from 1 to 4 weeks. Median 
follow-up time was 9  years. In patients that 
received neoadjuvant RT, the risk of death was 
reduced by 11  %, HR of 0.89 (95  % CI  0.78–
1.01), and absolute survival at 2 and 5  years 
improved (nonsignificantly) from 30 to 34 % and 
15 to 18  %, respectively. Radical resectability 
rates were reported as not significantly different 
between the groups. A subgroup analysis did not 
show a difference in benefit from preoperative 
RT for patients with tumors located at the upper/
middle esophagus compared to patients with a 
tumor of the lower esophagus. Due to the high 
number of patients with SCC, the authors consid-
ered analysis by histology as uninformative.

The authors of this meta-analysis concluded 
that, based on the existing randomized data, there 
is no clear evidence that preoperative RT alone 
improves the survival of patients with potentially 
resectable esophageal cancer.

16.3.2	 �Neoadjuvant Chemotherapy 
Plus Surgery

With the advent of more effective and less toxic 
chemotherapeutic regimens, similar interest 

Table 16.2  Randomized controlled trials: neoadjuvant RT plus surgery versus surgery alone

First author Year Period N Tumor RT Survival (RT + S vs S alone)

Launois et al. [26] 1981 1973–1976 107 SCC 40 Gy/8–12d 1.01 (0.67–1.53)
Gignoux et al. [27] 1988 1976–1982 229 SCC 33 Gy/10 frc/28d 1.02 (0.78–1.33)
Wang et al. [28] 1989 1977–1988 418 SCC 40 Gy/10 frc/12d 0.81 (0.65–1.01)
Arnott et al. [29] 1992 1979–1983 176 SCC/AC 20 Gy/10 frc/14d 1.19 (0.87–1.62)
Nygaard et al. [30] 1992 1983–1988 108 SCC 35 Gy/20 frc/28d 0.60 (0.40–0.91)

Reprinted with permission and adapted from Arnott et al. [25]
AC adenocarcinoma, d days, frc fractions, Gy gray (J/kg), N number of patients, RT radiotherapy, S surgery, SCC squa-
mous cell carcinoma
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developed in the addition of neoadjuvant CT to 
surgery as a means of reducing locoregional 
tumor burden, thereby potentially increasing 
locoregional resectability. Moreover, systemic 
therapy might be able to eradicate distant micro-
metastatic disease. It is often concluded that 
compared to historical controls, the outcome 
improves after treatment with preoperative CT 
[31]. In summary, results of the individual trials 
and a recent update of an earlier published meta-
analysis indicate that preoperative CT plus sur-
gery offers a slight survival advantage (HR for 
all-cause mortality 0.87, 95  % CI  0.79–0.96, 
p = 0.005) as compared to surgery alone for 
resectable thoracic esophageal cancer of any his-
tological type [32]. For detailed information on 
neoadjuvant CT combined with surgery, we refer 
to Chap. 18.

16.3.3	 �Neoadjuvant 
Chemoradiotherapy 
Plus Surgery

In their meta-analysis, Sjoquist et al. [32] identi-
fied 13 randomized trials comparing neoadjuvant 
CRT plus surgery to surgery alone [30, 33–44], 
published between 1992 and 2012, totaling 1932 
patients (Table  16.3). Two trials, by Mariette 
et al. and Van der Gaast et al., were only available 
as abstracts at the time of this meta-analysis but 
have now been completed and fully reported [45, 
46]. The largest of these trials, the CROSS trial 
[45], will be discussed separately in more detail 
below.

Sample sizes of included trials ranged from 56 
to 364 patients. Seven trials included only SCCs 
[30, 33–35, 37, 39, 42], five trials included both 
SCC and ACs [38, 40, 41, 45, 47], and one trial 
included ACs only [36]. Various CT and RT regi-
mens were used. The pooled HR for all-cause 
mortality in these included trials, when compar-
ing neoadjuvant CRT plus surgery with surgery 
alone, was 0.78 (95 % CI 0.70–0.88, p < 0.0001). 
This corresponds to an absolute survival benefit 
of 8.7 % at 2 years. The survival benefit for neo-
adjuvant CRT was similar for AC and SCC.  In 
AC, the HR was 0.75 (95  % CI  0.59–0.95, 

p = 0.02) and in SCC the HR was 0.80 (95  % 
CI  0.68–0.93, p = 0.004). Assessment of the 
effects of neoadjuvant CRT on survival by tumor 
site was not possible, because this information 
was not provided in most included trials.

The conclusion of this meta-analysis was that 
there is a significant survival benefit for preoper-
ative CRT in patients with AC or SCC of the 
esophagus.

16.3.4	 �CROSS Trial

The recently completed CROSS trial was a mul-
ticenter, randomized phase III trial [45]. The 
study included and analyzed 366 patients during 
a 5-year period. It included patients from five 
academic and two nonacademic high-volume 
teaching hospitals in the Netherlands. Most 
patients (75 %) had an AC and most tumors were 
located at the EGJ (24 %) or in the distal esopha-
gus (58  %). The study compared neoadjuvant 
CRT followed by surgery with surgery alone in 
patients with potentially curable esophageal can-
cer (cT2-3N0-1M0 and cT1N1M0), with a 
planned inclusion of 175 patients per arm. The 
neoadjuvant regimen consisted of carboplatin 
(AUC = 2) and paclitaxel (50  mg/m2) given by 
intravenous infusion on days 1, 8, 15, 22, and 29, 
combined with concurrent radiation therapy 
using a multiple field technique. A total dose of 
41.4  Gy was given in 23 fractions of 1.8  Gy, 
5 fractions per week, starting on the first day of 
the first cycle of CT. The aim of this trial was to 
compare overall survival between patients treated 
with neoadjuvant CRT followed by surgery and 
patients treated with surgery alone for potentially 
curable, esophageal AC or SCC.

Neoadjuvant treatment was well tolerated, 
with >90  % of all patients receiving full treat-
ment. The most common toxic effects in the CRT 
followed by surgery group were leukopenia 
(6 %), anorexia (5 %), fatigue (3 %), and neutro-
penia (2 %). One patient died of major bleeding 
while awaiting surgery, probably due to an 
esophago-aortic fistula. Median overall survival 
of patients who received neoadjuvant CRT plus 
surgery was 49 months, compared to 24 months 
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for those who underwent surgery alone. With a 
median follow-up of 32 months, 70 patients had 
died in the neoadjuvant CRT group versus 97 in 
the surgery alone group. Three-year overall sur-
vival was superior in the neoadjuvant CRT arm 
(HR 0.66, 95 % CI 0.50–0.87, p = 0.003). Patients 
with an AC had a significant survival advantage 
(p = 0.049). No subgroup analysis based on loca-
tion of the tumor was provided.

In conclusion, results from the CROSS trial 
show that the addition of neoadjuvant CRT (car-
boplatin, paclitaxel, and 41.4  Gy of concurrent 
RT) to surgery significantly increases survival as 
compared to surgery alone in patients with poten-
tially curable AC and SCC of the esophagus or 
EGJ. Therefore, neoadjuvant CRT plus surgery is 

now considered the therapy of first choice in the 
Netherlands and several other countries for 
potentially curable esophageal cancer (cT2-
3N0-1M0 and cT1N1M0) in patients fit to 
undergo this treatment.

The improvement of survival after neoadju-
vant CRT as found in the CROSS trial was not 
demonstrated in the recent FFCD9901 study by 
Mariette et  al. This group randomized 195 
patients with stage I or II (cT1-2N0-1M0 and 
T3N0M0) esophageal cancer between neoadju-
vant CRT (45 Gy with concurrent 5-FU and cis-
platin) and surgery alone. Of all included 
patients only 29 % had an AC. Tumor location 
was separated in above (9  %) or below the 
carina. The difference in outcome as compared 

Table 16.3  Randomized controlled trials: neoadjuvant CRT plus surgery versus surgery alone

First author Year Period N Tumor CRT (days) pCR

Survival, HR 
(95 % CI) 
(CRT + S vs S)

Walsh et al. [35] 1990 N/A 61 SCC CT: Cis, 5-FU
RT: 40 Gy/ 15 frc/21

Con 0.74 
(0.46–1.18)

Nygaard et al. 
[30]

1992 1983–1988 106 SCC CT: Cis, Ble
RT: 35 Gy/20 frc/28

Seq 0.76 
(0.45–1.28)

Apinop et al. 
[33]

1994 1986–1992 69 SCC CT: Cis, 5-FU
RT: 40 Gy/20 frc/28

Con 0.80 
(0.48–1.34)

Le Prise et al. 
[34]

1994 1988–1991 86 SCC CT: Cis, 5-FU
RT: 20 Gy/10 frc/10

Seq 9.8 % 0.85 
(0.50–1.46)

Walsh et al. [36] 1996 1990–1995 113 AC CT: Cis, 5-FU
RT: 40 Gy/ 15 frc/21

Con 25 % 0.58 
(0.38–0.88)

Bosset et al. [37] 1997 1989–1995 293 SCC CT: Cis
RT: 37 Gy/10 frc/14

Seq 21 % 0.96 
(0.73–1.27)

Urba et al. [38] 2001 1989–1994 100 SCC/AC CT: Cis, 5-FU, Vinb
RT: 45 Gy/30 frc/21

Con 28 % 0.74 
(048–1.12)

Lee et al. [39] 2004 1999–2002 101 SCC/AC CT: Cis, 5-FU
RT: 45.6 Gy/38 frc/28

Con 43 % 0.88 
(0.48–1.62)

Burmeister et al. 
[40]

2005 1994–2000 256 SCC/AC CT: Cis, 5-FU
RT: 35 Gy/15 frc/21

Con 16 % 0.94 
(0.70–1.26)

Tepper et al. [41] 2008 1997–2000 56 SCC CT: Cis, 5-FU
RT: 50.4 Gy/28 frc/35

Con 40 % 0.40 
(0.18–0.87)

Lv et al. [42] 2010 2000–2009 160 SCC CT: Cis, Pac
RT: 40 Gy/20 frc/28

Con 0.55 
(0.36–0.84)

Van Hagen et al. 
[45]

2012 2004–2008 366 SCC/AC CT: Cis, Pac
RT: 41.4 Gy/23 frc/35

Con 29 % 0.66 
(0.50–0.87)

Mariette et al. 
[46]

2014 2000–2009 195 SCC/AC CT: Cis, 5-FU
RT: 45 Gy/25 frc/35

Con 33.3 % 0.92 
(0.63–1.34)

Reprinted with permission and adapted from Sjoquist et al. [32]
5-FU 5-fluorouracil, AC adenocarcinoma, Ble bleomycin, CI confidence interval, Cis cisplatin, Con concurrent, CRT 
chemoradiotherapy, CT chemotherapy, frc fractions, Gy gray (J/kg), HR hazard ratio, N number of patients, Pac pacli-
taxel, S surgery, pCR pathologically complete response, RT radiotherapy, SCC squamous cell carcinoma, seq sequential, 
Vinb vinblastine
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to the CROSS trial might be explained by a 
more toxic CT regimen and a lower tumor stage 
in the French trial. A majority of patients in the 
French trial had middle-third SCC, whereas the 
CROSS trial consisted of mostly lower-third 
ACs. Since SCCs tend to be more radiosensitive 
than ACs, the absence of improvement of sur-
vival after neoadjuvant CRT in this study is sur-
prising. Furthermore, a postoperative mortality 
rate of 11.1 % in the multimodality group was 
reported, versus 3.4 % in the surgery only group. 
The CROSS study reported an inhospital mor-
tality of 4 % in both groups. In the French trial, 
86  % of the neoadjuvant CRT patients under-
went surgery compared to 92 % in the CROSS 
study, which could be the result of the more 
toxic chemotherapy regimen and is expected to 
have a negative influence on survival. Another 
important point is that the 195 included patients 
were recruited from 30 centers during a period 
of 9  years, corresponding with less than one 
inclusion per center per year. It is well known 
that high volume is associated with improved 
survival [48]. Despite this limitation, state-of-
the-art results were achieved in the surgery 
alone group. Finally, increased radiation dose as 
compared to the CROSS trial (45 Gy vs. 41.4 Gy, 
respectively), or differences in radiation tech-
nique (conventional APPA-technique vs. more 
sophisticated conformal four-field radiation), 
might be responsible for the relatively high mor-
tality rate.

16.3.5	 �Neoadjuvant Chemotherapy 
Versus Neoadjuvant 
Chemoradiotherapy

Although results on neoadjuvant RT or neoadju-
vant CT did not show convincing improvement 
of survival, the additive effect of both modali-
ties led to studies on neoadjuvant CRT.  The 
addition of RT to neoadjuvant CT was compared 
to neoadjuvant CT alone by Stahl et  al. and 
Burmeister et  al. [49, 50]. The first group 
included 126 patients with locally advanced 
(T3-4NxM0) EGJ ACs (Siewert type 1–3), of 
whom 119 eligible patients were randomized in 

their POET (preoperative chemotherapy or 
radiochemotherapy in esophagogastric adeno-
carcinoma trial). The neoadjuvant CT regimen 
consisted of cisplatin, 5-FU, and leucovorin fol-
lowed by esophagectomy. Patients in the CRT 
group received the same induction CT, followed 
by concurrent CRT (cisplatin and etoposide 
combined with 30Gy). The trial was closed pre-
maturely due to poor accrual. Although not sig-
nificantly, preoperative CRT improved 3-year 
survival with 20 % (47.4 % compared to 27.7 % 
in the neoadjuvant CT group, p = 0.07). 
Furthermore, patients in the CRT arm had a sig-
nificantly higher probability of showing tumor-
free lymph nodes (64.4 % vs. 36.7 %, p = 0.01) 
and pathologically complete response (15.6  % 
vs. 2.0  %, p = 0.03) at resection. A few com-
ments can be made. First, postoperative mortal-
ity in the CRT group was more than doubled 
(10.2 % vs. 3.8 %). Given the low total radiation 
dose applied, it seems likely that other factors 
than radiation therapy were responsible for this 
relatively high mortality rate. If these deaths 
could have been prevented, significantly 
improved 3-year survival might have been 
achieved. For comparison, in the CROSS trial, 
postoperative mortality in the neoadjuvant CRT 
group was 3.8 % [45]. Second, the low radiation 
dose might have contributed to a relatively low 
pathologically complete response (pCR) rate 
(15.6 % vs. 23 % in the CROSS trial) but still 
significantly higher than after CT (2 %, p = 0.03). 
Increased radiation dose, as used in the CROSS 
study, might have led to increased pCR rates, 
which are known to be associated with increased 
survival. Third, the trial closed prematurely and 
was consequently underpowered. Significant 
results might have been achieved if more 
patients were included. Taken together, these 
considerations suggest a more positive conclu-
sion than was made by the authors of the trial 
and seem to point to superiority of neoadjuvant 
CRT over neoadjuvant CT [49].

In 2011, Burmeister et al. published the results 
of a phase II trial that randomized patients with 
ACs of the esophagus and EGJ to preoperative 
CT or preoperative CRT. The regimen consisted 
of cisplatin and 5-FU with or without concurrent 
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radiation therapy (35Gy). Seventy-five patients 
were included, of whom 66 proceeded to resec-
tion. Median overall survival did not differ sig-
nificantly between the neoadjuvant CT group and 
the neoadjuvant CRT group (29  months and 
32 months, respectively, p = 0.83). Nevertheless, 
R0 resection rate (100 % in the neoadjuvant CRT 
group, 86 % in the neoadjuvant CT group) and 
histopathological response rate (< 10  % viable 
cells, 31 % in neoadjuvant CRT group, and 8 % 
in the neoadjuvant CT group, p = 0.01) favored 
those receiving neoadjuvant CRT.  Toxicity and 
surgical morbidity were not increased by the 
addition of RT to neoadjuvant CT. An explana-
tion for the absence of improved survival in the 
neoadjuvant CRT group, despite improvement of 
two well-known prognostic indicators, might be 
the restricted size of the cohort. Furthermore, 
increased dose of RT might have led to further 
improvement of survival rates. This study only 
included patients with ACs but did not distin-
guish between patients based on location of the 
tumor [47].

A significant advantage of both neoadjuvant 
CRT and neoadjuvant CT was found in the 
meta-analysis by Sjoquist et al. To quantify the 
relative survival benefits of neoadjuvant CRT 
compared to neoadjuvant CT, treatment arms of 
different trials were compared. This indirect 
comparison showed a trend in favor of neoadju-
vant CRT (HR for all-cause mortality for neoad-
juvant CRT vs. neoadjuvant CT 0.88, 95  % 
CI  0.76–1.01, p = 0.07) [32]. A recent meta-
analysis of perioperative mortality and postop-
erative morbidity in 23 studies on neoadjuvant 
CT and neoadjuvant CRT in esophageal carci-
noma did not find a difference in mortality or 
morbidity between both modalities. 
Furthermore, no increase in mortality or mor-
bidity attributable to neoadjuvant therapy as 
compared to surgery alone was found. Subgroup 
analysis of neoadjuvant CRT in patients with 
SCC suggested an increased risk of treatment-
related mortality compared with surgery alone 
(RR 1.95, 95 % CI 1.06–3.60, p = 0.032) [51], 
which is in line with the increased postoperative 
mortality rate as reported in the FFCD9901 
study [46].

16.4	 �Definitive 
Chemoradiotherapy 
Versus Neoadjuvant 
Chemoradiotherapy 
Plus Surgery

In recent years, two randomized trials were 
reported in literature comparing definitive CRT 
to neoadjuvant CRT plus surgery for esophageal 
cancer. Results of both studies were mainly based 
on patients with SCC.

The first study, by Stahl et  al., included 172 
patients from 11 centers [52]. In this trial, defini-
tive CRT (without salvage surgery) was com-
pared with neoadjuvant CRT plus surgery for 
“locally advanced” (T3-4N0-1M0) SCCs of the 
upper and mid-third of the esophagus. The design 
of the study is debatable in some points, but this 
is beyond the scope of this chapter. In summary, 
no difference in overall survival was found. 
However, locoregional failure was less common, 
and treatment-related death was more common in 
the neoadjuvant CRT plus surgery group.

In 2007, Bedenne et  al. reported the second 
randomized trial (FFCD 9102) comparing defini-
tive CRT with neoadjuvant CRT plus surgery 
[53]. Patients with resectable T3N0-1M0 AC or 
SCC of the esophagus (SCC > 90  %) were 
included. All patients were treated with neoadju-
vant CT (5-FU and cisplatin) combined with 
30 Gy RT in two split courses or 46 Gy RT given 
continuously. Subsequently, clinical response 
was evaluated by abdominal ultrasonography, 
chest X-ray, esophagography, and when possible 
endoscopic ultrasonography. Of all included 
patients, 259 (58.3 %) showed an objective clini-
cal response after neoadjuvant CRT.  These 
patients were randomized between surgery and 
definitive CRT (15 Gy or 20 Gy in the split course 
regimen or the continuous regimen, respectively). 
Both concurrent and sequential CRT were used in 
the neoadjuvant CRT and definitive CRT treat-
ment strategies. The authors considered both 
treatment modalities as equivalent if there would 
be a difference in 2-year survival rate of less than 
10 % between the two treatment arms. Two-year 
survival rates for the definitive CRT arm and neo-
adjuvant CRT plus surgery arm were 39.8 % and 
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33.6  %, respectively, leading to the conclusion 
that both treatment modalities are equivalent 
(p = 0.03, representing the chance that the actual 
difference is > 10 %). Conclusions of this trial are 
limited by a few remarkable results. For example, 
survival rates are substantially lower as compared 
to survival rates as reported in other trials [45]. 
Furthermore, locoregional progression differed 
significantly between definitive CRT and neoad-
juvant CRT plus surgery (64.3  % and 40.7  %, 
respectively, p = 0.003), but this was not trans-
lated in different survival rates. Most importantly, 
the study included mainly patients with SCCs, 
and therefore, applicability for patients with EGJ 
tumors is questionable [53].

In conclusion, the role for definitive CRT in 
patients with ACs of the EGJ remains unclear. 
However, these studies have addressed an important 
topic, which is relevant in patients with EGJ cancer. 
Specifically, whether definitive CRT can replace 
neoadjuvant CRT plus surgery in patients with a 
clinically complete response on CRT. Larger studies 
comparing definitive CRT versus neoadjuvant CRT 
plus surgery in this group of patients are needed.

16.5	 �Future Perspectives

16.5.1	 �Classification by Location 
and Histology

Currently, most tumors of the esophagus, regard-
less of location and histology, are staged and 
treated similarly. However, these different tumor 
types differ in etiology, biology, and radiosensi-
tivity. Therefore, when adopting an evidence-
based approach for optimal management, it is 
important to consider the proportions of tumors 
for anatomical subsite and histological type 
enrolled in a study. The absence of proper sub-
group analyses often complicates applicability of 
results to specific groups of patients. 
Consequently, current and future trials should 
focus more on tumor location and histological 
subtype. Given the strong association between 
geographic location and histology – in the West 
the majority of the patients have AC, while in the 
East most esophageal cancers are SCC – a cur-

rent three-arm phase III trial in Japan compares 
two neoadjuvant CT regimens with neoadjuvant 
CRT in patients with SCC specifically [54]. In 
parallel with this Japanese study, the Irish Neo-
AEGIS (NEOadjuvant trial in Adenocarcinoma 
of the oEsophagus and oesophagoGastric 
Junction International Study) study investigates 
the effect of neoadjuvant CRT versus neoadju-
vant plus adjuvant CT in patients with AC only. 
These studies will hopefully lead to a more biol-
ogy-directed treatment strategy.

16.5.2	 �Dose Escalation in Definitive 
Chemoradiotherapy

Definitive concurrent CRT is the treatment of 
choice for esophageal cancer when a nonsurgical 
approach is preferred. Driven by the high rates of 
recurrent or persistent locoregional disease, current 
studies in the field of definitive CRT focus on 
improvement of locoregional control. Although 
previous studies showed increased treatment-
related toxicity and no benefit in terms of locore-
gional control, recent developments in radiation 
techniques led to the present Dutch ART DECO  
(A Randomized Trial of Dose Escalation in defini-
tive Chemoradiotherapy for patients with 
Oesophageal cancer) study. This study aims to 
improve locoregional control after definitive CRT 
for patients with potentially curable esophageal 
cancer (T1-4N0-3M0AC or SCC) using a confor-
mal multiple field radiation technique. Patients are 
randomized between standard definitive CRT (car-
boplatin and paclitaxel plus concurrent 50.4  Gy) 
and an escalated radiation dose. Patients in the 
escalated radiation dose arm receive a daily con-
comitant boost to the primary tumor leading to a 
total tumor dose of 61.6  Gy. Overall, treatment 
time and chemotherapy are similar in both arms. 
Primary endpoints in this study are local recurrence 
rate, survival, and treatment-related toxicity.

16.5.3	 �Surgery as Needed Approach

By the addition of CT and salvage surgery to 
definitive RT and the use of neoadjuvant CRT in 
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addition to primary surgery, nonoperative and 
operative treatment modalities have moved closer 
toward each other. However, the benefits of add-
ing salvage surgery to definitive CRT have never 
been proven. The high pCR rate in the CROSS 
study led to the imperative to reconsider the 
necessity of standard esophagectomy in all 
patients after neoadjuvant CRT.  Therefore, we 
propose a “surgery as needed” approach after 
completion of neoadjuvant CRT for patients with 
potentially curable esophageal cancer. In this 
approach, patients will undergo close surveil-
lance after completion of neoadjuvant CRT 
according to CROSS. Surgical resection will be 
offered only to patients in whom a locoregional 
recurrence is highly suspected or proven, without 
signs of distant metastases. Such an organ-
preserving strategy would have great advantages 
but only if long-term survival would be compa-
rable to that of the neoadjuvant chemoradiother-
apy followed by standard surgery approach. As a 
first step toward an organ-preserving strategy, we 
are currently performing the multicenter feasibil-
ity preSANO (surgery as needed approach in 
oesophageal cancer) study to determine the accu-
racy by which residual disease after neoadjuvant 
chemoradiotherapy can be detected. After the 
completion of neoadjuvant CRT, patients will 
undergo two clinical response evaluations (CRE). 
The first CRE (CRE-I) consists of endoscopy 
with (random) conventional mucosal biopsies of 
the primary tumor site and of any other suspected 
lesions in the esophagus and radial endo-
ultrasonography (EUS) for measurement of 
tumor thickness and area. Patients who are found 
to be clinically complete responders (i.e., those 
patients in whom no locoregional or dissemi-
nated disease can be proven by histology) will be 
offered a postponed surgical resection, which 
will be scheduled approximately 6  weeks after 
CRE-I (i.e., approximately 12–14  weeks after 
completion of neoadjuvant CRT). In the 2 weeks 
preceding the postponed surgical resection, a sec-
ond clinical response evaluation (CRE-II) will be 
planned, which will include a whole body 
PET-CT, plus the investigations as performed at 
CRE-I. If this preSANO study shows that resid-
ual tumor can be predicted reliably, a trial (SANO 

trial) comparing neoadjuvant chemoradiotherapy 
plus standard surgery with neoadjuvant chemora-
diotherapy plus “surgery as needed” will be 
conducted.
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Signet Ring Carcinoma in EGJ: 
What Is It?

Riccardo Piagnerelli, Daniele Marrelli, 
and Franco Roviello

17.1	 �Epidemiology

ADC of EGJ and the distal esophagus represent a 
disease that has demonstrated a fourfold increase 
in incidence in the past three decades [1]. The 
SRCc is a histological subtype of that tumor. The 
incidence of this variant ranges from 0.1 % in the 
Japanese population [2] to 8–15 % in the western 
countries [3, 4].

17.2	 �Pathology

Patients with this disease histologically demon-
strate signet ring cells (SRCs), characterized by 
the presence of abundant cytoplasmic mucin vac-
uoles that displace the nucleus to the periphery.

SRC variants of ADC are, also, found in other 
poorly differentiated neoplasms located through-
out the gastrointestinal tract, including the stom-
ach and colon.

The World Health Organization (WHO) 
defines SRCc those tumors where more than 50 % 
of the cells have SRC morphology [5] without 
distinguishing the sole presence of SRC from the 
presence of SRCs and extracellular mucin. This, 
sometime, generated a lack of uniformity in data 
colleting (Table 17.1).

It was observed that SRC is associated with 
female gender, gastric localization, and advanced 
ypT and R1/2 categories.

Several studies recently described gastric SRC 
characteristics in comparison with to non-SRCs. 
Such characteristics include their highly infiltra-
tive nature, high affinity for both lymphatic and 
peritoneal spread, and evidence of chemoresis-
tance. All these factors lead to a dismal prognosis 
and hence demand the development of a dedi-
cated oncological and surgical strategy for this 
histological subtype [6–8].

Many efforts were spent to understand the 
molecular mechanism behind the SRC [9].

One of the recent hypotheses behind the for-
mation of signet ring cell is stressed in a recent 
work of Yasuhisa Fukui [10]. He observed that in 
highly differentiated ADCs, the ErbB2/ErbB3 
complex is activated, which is followed by phos-
phatidylinositol 3-kinase (PI3K) activation. p38 
MAP kinase is activated downstream of PI3K, 
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and adherence junctions are disrupted via Rac1 
activation. This loss of adherence junctions leads 
to the disappearance of tight junctions, which 
results in a loss of intercellular interactions. 
Secretion of mucin is enhanced by activation of 
PI3K.  One of the mucins (Muc4) can activate 
ErbB2. In a physiological setting, Muc4 and 
ErbB2 are separated by tight junctions, but in sig-
net ring cells, they are able to interact, since these 
junctions have been lost. Moreover, a loop inter-
action, consisting of ERbB2/ErbB3–Muc4–
ErbB2/ErbB3, is formed. As a result, the ErbB2/
ErbB3 signaling pathway becomes constitutively 
activated, cell–cell interactions are lost, and sig-
net ring carcinomas are formed. As a result of 
constitutive activation of the ErbB2/ErbB3 com-
plex, cell growth is continuously enhanced.

In this study, the author found that some SRCcs 
carried mutations in the E-cadherin gene as well.

In a recent original work, in order to under-
stand the molecular features of gastric and EGJ 
SRC ADC, Konno-Shimizu M and colleagues 
found that cathepsin E (CTSE), a non-lysosomal 
intracellular protease, is expressed in SRC-type, 
sometimes in poorly differentiated-type, and 
rarely in tubular-type gastric cancer (GC) cell 
lines in resected specimens obtained both endo-
scopically and with a surgical approach.

In healthy tissues, CTSE is expressed in nor-
mal fundic, pyloric, and cardiac glands of the 
stomach, but rarely in part of the digestive tract. 
Analyzing dysplastic intestinal metaplasia of the 
stomach, CTSE is observed in mixed gastric-and-
intestinal type but not in pure intestinal type.

Due to the submucosal infiltrative and non-
mass-forming behavior of SRC ADC [11] and the 
need of a correct preoperative histological disease 
assessment, they suggest the use of immunostain-
ing of CTSE to detect isolated GC cells nests [12] 
and to understand the tumor’s future behavior.

17.3	 �Clinical Behavior 
and Preoperative Workup

The scientific community did not reach a consen-
sus about which diagnostic workup is the most 
reliable in esophagogastric tumors [13]. A study 

conducted by Nafteux et al. has raised an impor-
tant issue about the dismal ability of the pretreat-
ment biopsies in identifying the presence of 
SRC > 50  %, advocating the need to develop 
combined methods to identify percentage of 
SRCs and to guide the treatment since patients 
with an advanced-stage disease (i.e., SRC < 50 % 
with R0 resection) seem to have a similar behav-
ior and survival rate as similar stage ADC [14].

Several studies recently described gastric SRC 
characteristics in comparison with non-SRCs.

A recent study conducted among 924 western 
patients demonstrates the specific role of SRC 
location and its impact on prognosis [15]. The 
results of the abovementioned study lead the 
authors to consider esophagus SRC different 
from the gastric one.

Despite similar pre-therapeutic clinical stage 
and preoperative treatment, gastric tumors were 
more advanced with a tendency for more perito-
neal disease both at the time of surgical explora-
tion and recurrence. This could suggest a specific 
developing pathway of the linitis plastica form 
and may be due to the microenviroment of the 
surrounding stroma [16]. Laparoscopic explora-
tion of the abdominal cavity seems suggested 
during the pretreatment assessment of the 
disease.

They concluded that esophageal location was 
independently predictive of poor prognosis. This 
could be due to the infiltrative nature of the SRC 
and the later onset of symptoms in comparison 
with a non-SRC esophagogastric tumor.

Multislice CT (MSCT) scan besides other 
methods (i.e., DWI-MRI, endoscopic  – US, 
PET, PET–MSCT) is one of the mainstays of the 
diagnostic workup. MSCT is mandatory in stag-
ing the disease and may be useful to assess 
nodes status and to select patients in which 
para-aortic nodal dissection (PAND) or lymph 
node sampling could be omitted as well. In the 
diffuse histotype of the upper third of the stom-
ach, Marrelli et  al. described how lymph node 
sized less than 8  mm can be the site of para-
aortic metastases [17]. Those results matched 
with Lee’s, suggesting that different bidimen-
sional cutoff values may be established accord-
ing to Lauren histotype [18].
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Considering the dismal response of SRC ADC 
of EGJ to the neoadjuvant treatments, an emerg-
ing important aspect is the possibility to test 
in  vivo the chemosensitivity of the primary 
tumor. This might influence the administration 
and the regimens applied postoperatively or con-
sider the employ of an early salvage therapy in 
nonresponder patients, as the MUNICON II trial 
showed with non-SRC of EGJ. In this trial early 
was investigated whether PET nonresponders can 
benefit from a preoperative salvage neoadjuvant 
radiochemotherapy. Investigators stated that sal-
vage neoadjuvant radiochemotherapy in meta-
bolic nonresponders leads to local remissions in a 
considerable number of patients but was not able 
to change the clinical course in general [19].

As underlined before in this chapter, SRC his-
tology shows unique features in contrast with other 
GCs; one of them is the reduced glucose uptake.

Chemotherapy decreases the tumor glucose 
uptake, and positron emission tomography (PET) 
with 2-[18F]-fluoro-2-deoxy-d-glucose (FDG) 
has been widely used for detecting primary 
tumors, staging, planning treatment, assessing 
response to induction chemotherapy and after 
treatment follow-up.

FDG is transported into the intracellular space 
by glucose transporter (GLUT-1) and then phos-
phorylated to FDG-6-phosphate. Since FDG-6-
phosphate is not a substrate of the Krebs cycle, it 
accumulates within cell. In some tumors, cells 
exhibit increased FDG uptake mediated by ele-
vated levels of GLUT and hexokinase. An impor-
tant SRC feature is the non-avid behavior toward 
glucose intake due to the low expression of 
GLUT-1 on cellular membrane [20]. Thus, FDG-
PET failed to find and predict the response to 
neoadjuvant therapy in SRC.

In order to assess the response to induction 
therapy in non-avid tumors like SRC of EGJ, it 
has been proposed to employ 3′-deoxy-3′-18F-
fluorothymidine (FLT) PET [21, 22]. This seems 
to be a promising tool but needs further studies to 
be validated.

Weber et  al. proposed the employ of MRI-
DWI besides the PET scan to asses local and 
lymphatic response to adjuvant chemotherapy in 

the ADC of EGJ especially in those tumors where 
endoscopic ultrasonography is not feasible due to 
stenosis [23].

17.4	 �Neoadjuvant Therapy 
and Surgical Treatment

Several therapeutical strategies were considered 
in the neoadjuvant treatment during last decades, 
and several regimens of chemotherapy were 
employed besides huge heterogeneity of histo-
logical type; those are the bias to keep in mind 
when a retrospective work on this issue is 
analyzed.

While locally advanced esophagogastric and 
esophagus ADC could be treated with an induc-
tion of chemotherapy–radiotherapy (CHT–RT) 
followed by surgery according to several ran-
domized controlled trials [24, 25], a different 
behavior after chemotherapy is shown by SRC of 
the EGJ, both on clinical feature and on 
prognosis.

In a retrospective study, Heger et al. [26] ana-
lyzed clinical outcomes of a large series of EGJ 
ADC (723 patients, of which 235 with SRC). 
Along with other studies, SRCs were signifi-
cantly associated with female gender (p < 0001), 
gastric localization (p < 0001), advanced ypT 
(p < 0072) and R1/2 categories (p < 0001), and 
lower risk of surgical complications and anasto-
motic leakage after resection (p < 0001). SRC, 
after neoadjuvant treatment, had a significantly 
worse survival than all other WHO histopatho-
logical classifications with 26.3  months of 
median survival. Both clinical and complete his-
topathological responses are rare but, if present, 
are associated with significantly improved 
prognosis.

General exclusion of SRC from the only 
neoadjuvant chemotherapy with both plati-
num or platinum–docetaxel regimens [27] as 
hypothesized by some authors [7, 28] seems 
unjustified, at the moment, because a small sub-
group seems to profit, and no randomized study 
showing a general survival benefit for SRC after 
primary resection only exists so far.
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Better results in terms of overall survival and 
recurrence rate come from combining CHT–RT 
in a neoadjuvant setting as proved by Bekkar 
et al.[29].

They studied a subpopulation of 135 
patients affected by a stage III SRC ADC of 
the EGJ, of whom 23 underwent preoperative 
CHT–RT and 74 underwent primary surgical 
resections.

CT scan and upper gastrointestinal endoscopy 
with biopsy and endoscopic ultrasonography 
were employed in pretreatment assessment.

The overall survival was significantly better in 
the CHT–RT group then in the surgery group 
(51 % vs 21 % p < 0002). The only independent 
favorable prognostic factor in multivariable anal-
ysis was administration of neoadjuvant CHT–RT 
(p < 0.02), underlying the ability of the sole radio-
therapy in controlling local and metastatic 
spreading of the disease.

Surgical approach has been widely discussed. 
In T1–2 N0 tumors, esophagectomy with lymph-
adenectomy is the recommended treatment for 
type I EGJ ADC and gastrectomy with lymphad-
enectomy for type III EGJ ADC. For type II EGJ 
ADC, superior polar esogastrectomy or total eso-
gastrectomy is used in order to reach an R0 resec-
tion. In node-positive lesion, perioperative 
chemotherapy could be a wise approach for type 
I or II EGJ ADC; neoadjuvant CHT–RT should 
be considered in those locally advanced tumors 
developed on the esophageal side. For type III 
EGJ ADC, perioperative chemotherapy or post-
operative CHT–RT is a valid strategy.

Due to the infiltrative nature of SRC, intraop-
erative frozen sections of the surgical margins 
could be considered.

Some advantages would come from resection 
of the surroundings organs especially in  locally 
advanced cancers.

Although, according to some authors, PAND 
seems to carry an increase of postoperative com-
plications without carrying real oncological ben-
efits [30], nevertheless, according to some authors, 
the N.16 station node harvesting could increase a 
better pathological staging, especially in the dif-
fuse type of gastric and EGJ cancer [31].

17.5	 �Adjuvant Treatment

Some encouraging data comes from the use of 
hyperthermic intraoperative intraperitoneal che-
motherapy (HIPEC) in adjuvant setting. 
According to Sugarbaker et  al., a significant 
improvement in overall survival was associated 
with HIPEC alone or combined with early post-
operative intraperitoneal chemotherapy [32].

Actually, in order to define the best postopera-
tive treatment for SRC of EGJ, postoperative 
CHT–RT compared with surgery alone has been 
evaluated in the intergroup 0116 phase III trial in 
patients after gastric and EGJ tumor resection. 
The 10-year follow-up of this study, of a popula-
tion in which 20 % of tumors were EGJ ADC, 
showed that, in contrast to non-SRC ADC, SRC 
tumors do not benefit from postoperative CHT–
RT [33]. This leads the authors to underline the 
weight of chemoradiation induction therapy in 
neoadjuvant setting.

�Conclusions

SRCc of the EGJ is an uncommon histological 
subset of gastric diffuse tumor. Its rising inci-
dence in the last decades could be partially 
due to a better preoperative workup and to a 
better knowledge of its complex biology.

MSCT, MRI-DWI, FDG-PET, and EUS 
with multiple deep FNA biopsies nowadays 
remain the mainstay of diagnostic workup. 
FLT-PET seems to have promising capabili-
ties to forecast SRC responsivity to CHT–neo-
adjuvant therapy as well as the in  vitro 
chemosensitivity testing.

Due to the tumor infiltrative nature and ten-
dency of peritoneal and nodal seeding, staging 
laparoscopy should be integrated in the preop-
erative workup.

Chemoradiation seems to be the best choice 
in neoadjuvant setting.

Surgery should include station N.16 node 
harvesting and resection of the nearby organs 
in order to improve staging and to reach cir-
cumferential free margins.

Intraoperative frozen section could be con-
sidered to assess resection margins.

17  Signet Ring Carcinoma in EGJ: What Is It?
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HIPEC could be employed in those cases 
with positive intraperitoneal lavage without 
macroscopic peritoneal seeding.

Further efforts should be made to deeply 
understand tumor biology in order to set up a 
tailored approach to this histotype.
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Morbid-Mortality and Treatment 
of Complications

Jacopo Weindelmayer, Simone Giacopuzzi, 
Andrea Zanoni, and Giovanni de Manzoni

18.1	 �Introduction

Despite the growing importance of chemotherapy 
and radiotherapy, surgery is still the preferred 
curative treatment for esophageal adenocarci-
noma (EAC). Depending on the esophageal and 
gastric involvement of this tumor, a gastrectomy 
(with an exclusive abdominal approach) or an 
esophagectomy is required. The latter needs an 
abdomino-thoracic approach or a gastric pull-up, 
resulting in an increased morbidity and mortality.

Even if EAC is classified as an esophageal 
cancer together with squamous cell carcinoma 
(SCC), patients that suffer from these two can-
cers are very different. SCC patients are often 
smokers, heavy drinkers, and malnourished, 
resulting in significantly impaired pulmonary and 
hepatic functions. Conversely EAC patients often 
present a better general status, with half of 
patients suffering from obesity. This good preop-
erative performance status of EAC patients com-

pared to the SCC leads to a smaller percentage of 
postoperative complications.

In studies with large cohort of patients receiving 
esophagectomy, mortality ranged between 2.7  % 
and 9.8  % with a morbidity of 17.9–57  %. This 
high variability was due to two main factors: (1) 
these large studies are mainly conducted on patient 
data collected from national databases, where both 
high and low volume centers are included without 
any weighting in the analysis for volume or type of 
operations; (2) there is a large variability in the defi-
nition of the postoperative complications making 
impossible to compare the different clinical trials.

Morbidity can be mainly divided in medical 
and surgical, with respiratory complications being 
the most frequent medical complications, occur-
ring in 21–27 % of patients, and anastomotic leaks 
representing the main surgical complication, with 
percentages that stand between 3.7 % and 14 %. 
Other notable complications are atrial arrhythmias, 
chylothorax, and necrosis of the gastric conduit.

Complications seem to have an impact also in 
long-term patient prognosis, with a significantly 
higher risk of cancer recurrence in patients with 
complications after esophagectomy than in those 
where the operation was uneventful [1, 2]. The 
explanation for this phenomenon remains uncer-
tain, but it seems to be correlated to the systemic 
inflammatory response with release of chemo-
kines that guide the spreading of microscopic 
residual cancer using the same pathways as leu-
kocytes during inflammation [3].
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In recent years many studies have demon-
strated a reduction up to four times in postoper-
ative mortality in high volume centers, as 
discussed at length in Chap. 12. However, mor-
bidity remains significant even in these centers, 
with percentages that range between 40 and 
60 %[4, 5]. These results highlight how compli-
cations are bound to occur due to the technical 
complexity of this operation. Therefore, better 
“know-how” in managing postoperative compli-
cations can lead to a higher percentage of reso-
lutions, significantly reducing postoperative 
mortality.

Until now there is no widely accepted clas-
sification system for postoperative morbidity 
in esophageal surgery. As a consequence, it is 
difficult to compare morbidity-related out-
comes between different studies. The hetero-
geneity of classifications relates to both the 
definition and the severity ranking of compli-
cations. Blencowe published in 2012 a system-
atic review on this topic, evidencing how most 
of the published papers lack in definitions and 
descriptions of complications and how many 
different definitions of the complications have 
been proposed [6]. This is apparent even for 
the main complications in esophageal surgery: 
anastomotic leak and pneumonia. As a conse-
quence, the reported incidence in literature for 
anastomotic leak ranges between 0 % and 35 % 
and for pneumonia ranges between 1.5 % and 
38.9 %.

Clavien-Dindo and Accordion classifications 
are used worldwide to classify complications on 
the basis of resource utilization [7, 8]. They have 
been validated in esophageal surgery, but they are 
nonspecific with regard to the different types of 
complication.

Recently Low established the esophagectomy 
complications consensus group (ECCG) among 
21 high volume centers worldwide. The group is 
studying a system for defining and recording 
perioperative complications after esophagec-
tomy. This could result in a standardization of 
international data collection on morbidity, to 
facilitate the interpretation and the comparison of 
data in the literature [9].

18.2	 �Patient Selection

EAC surgery is a major operation, highly 
demanding for the patient that is often already 
strained by the disease and by neoadjuvant treat-
ments. Consequently the clinical status has to be 
analyzed when electing a patient for surgical 
resection, trying to identify patients at high risk 
before surgery in order to perform targeted peri-
operative treatments or to redirect them to other 
nonsurgical treatments.

Large cohort studies have been conducted to 
analyze the factors associated with morbidity and 
mortality after esophagectomy; in Table  18.1 
data from seven large population studies are 
reported highlighting only the factors significant 
in multivariable analysis [10–16].

As evidenced from the table, age is a significant 
factor in all the studies considered, with a cutoff 
mostly set at 75 years old. A review conducted by 
Markar and colleagues confirmed a higher risk of 
morbid-mortality in elderly people [17]. However, 

Table 18.1  Factors associated with morbidity and mor-
tality at multivariable analysis in large cohort studies

Author
Associated with 
morbidity

Associated with 
mortality

Dhungel B 
et al. [13]

Age
DM
Smoking/alcohol 
status
Transfusion

Wound infection
DM
Dyspnea

Bailey SH et al. 
[12]

Age
Dyspnea
DM
Smoking
CRT

Age
DM
Dyspnea
Liver function
CRT

Atkins et al. 
[16]

Age
Pneumonia

Age
Pneumonia

Ott K et al. [11] n.r. Age
Sauvanet A 
[10]

ASA
Age
Male gender

ASA

Wright CD 
et al. [15]

Age
Cardiopathy
DM
Smoking

Age
Cardiopathy
DM
Smoking

Zingg U et al. 
[14]

n.r. Smoking
Comorbidities

DM diabetes mellitus, CRT neoadjuvant chemoradiother-
apy, n.r. not reported
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two recent studies in high volume centers on octo-
genarians demonstrated that with a careful selec-
tion (even with a higher incidence of overall 
complications) mortality is not increased [18, 19]. 
It is probably not the age that defines an increase in 
the complications rate, rather the fact that elderly 
patients present more comorbidities that in turn 
determine a higher fragility. Surgery should there-
fore not be denied to the elderly on the basis of their 
age alone; they should instead be redirected to a 
high volume center for assessment.

When an esophagectomy has to be performed, 
pulmonary morbidities are the main complica-
tions occurring in up to 30  % of the patients. 
Preoperative impaired pulmonary function is 
associated with higher morbidity. A careful func-
tional study of the lung has to be done to properly 
decide if it is possible to perform a thoracotomy 
or if it is necessary to perform a transhiatal (THE) 
or thoracoscopic (MIE) approach. Bartels identi-
fied an increased mortality risk for patients with a 
vital capacity <90  % and a preoperative 
PaO2 < 70  mmHg [20]. Perioperative cares to 
optimize pulmonary function are described in the 
“pulmonary complication” section of this 
chapter.

Neoadjuvant treatments seem not to increase 
postoperative morbidity. Only a few studies evi-
denced a significant relation of these treatments 
with morbidity and mortality. Neither in the 
CROSS trial nor in a recent paper from the 
FREGAT group was there evidence of differ-
ences in postoperative complications between 
no-CRT and CRT group [21, 22]. Probably, even 
if neoadjuvant treatment is heavily demanding 
for the patient due to its side effects, it shrinks the 
cancer, thus improving patient’s ability to eat and 
therefore their nutritional and general status.

Some studies have tried to develop a reliable 
scoring system to rank patients for morbid-
mortality risk. The most notable work came from 
the Siewert group and was subsequently vali-
dated by Schröder et al. in 2006 [20, 23]. They 
identified four factors associated with mortality 
(Karnofsky index, aminopyrine breath test, pul-
monary vital capacity, and PaO2) and produced a 
composite risk score, based on these factors, to 
predict postoperative mortality. Nevertheless the 

results of this study are limited and widely 
accepted scoring system has not yet been made.

Admittedly, scoring systems could be useful 
tools to identify patients that are most likely to 
develop postoperative complications; however 
strict adherence to these rankings for decision-
making should be avoided, and every case should 
be evaluated on its own merit.

18.3	 �Medical Complications

The main medical complications are pulmonary 
and cardiac. These are more frequent in esopha-
gectomy than gastrectomy due to the stress on the 
lungs and heart caused by the direct violation of 
the thorax and the mediastinum during a trans-
thoracic or transhiatal approach.

18.3.1	 �Cardiac Complications

During the mediastinal dissection of the esopha-
gus, the heart is directly manipulated and pressed 
by the retractors, while vagal dissection above 
the azygos is associated with the disruption of the 
vagal cardiac nerves, both resulting in possible 
rhythm alterations. Cardiac complications post-
esophagectomy have been classified by Low 
et al. as follows [9]:

•	 Cardiac arrest
•	 Myocardial infarction
•	 Dysrhythmia atrial requiring treatment
•	 Dysrhythmia ventricular requiring treatment
•	 Congestive heart failure requiring treatment
•	 Pericarditis requiring treatment

The most frequent cardiac complication is 
atrial fibrillation (AF), which is described in 
15–25 % of patients and occurs mostly during the 
second and third postoperative day [24]. Two 
studies found an association between AF and an 
increased postoperative mortality of up to four 
times [25, 26]. Mortality was not directly related 
to AF; instead there were often more severe 
underlying complications which triggered a 
series of other complications including AF.
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A recent study by Cormack et al. on 473 SCC 
and EAC found that new onset AF occurred in 
20  % of the patients and was associated with 
older age, preoperative cardiovascular disease, 
DM, and, interestingly, neoadjuvant treatment. 
AF was associated with other complications in 
more than 80 % of these patients, mainly pulmo-
nary complications. Interestingly mortality of FA 
patients was not increased. The author explained 
the low mortality in FA patients by a close obser-
vation and early treatment of the underlying com-
plication [26].

Strategies to prevent AF are still limited and 
come from studies conducted in cardiothoracic 
surgery. Proposed strategies include intraopera-
tive fluid restriction, balancing of electrolytes, 
and cardiac nerves sparing. Many drugs have 
been studied including amiodarone, digoxin, 
b-blockers, calcium antagonist, and magnesium 
sulfate, with limited results and no indications for 
prophylactic use at present [24, 27, 28].

Concluding, care must be exercised when a 
patient has postoperative AF. Although the com-
plication is not difficult to treat properly (even at 
ward level), it may be an indirect sign of other 
underlying complications that have to be 
promptly diagnosed and treated in order to not 
increase the postoperative mortality.

18.3.2	 �Pulmonary Complications

Esophagectomy is a stressful operation for the 
lungs because of supra-mesocolic surgery, thora-
cotomy, and lung manipulation, which require an 
increase of the perioperative ventilatory demand. 
When the request exceeds the patient’s ventila-
tory capacity, there can be a ventilatory pump 
failure, resulting in an alveolar hypoventilation 
that can lead to pneumonia and respiratory 
failure.

Pulmonary complications are the most fre-
quent cause of morbidity after esophagectomy, 
ranging from 2.5 to 27 % in the different studies 
[10–16]. High variability of the results is due to a 
wide range of definitions for documenting or 
stratifying these complications, making it diffi-
cult to compare results from different papers.

A physiopathology of pulmonary complica-
tions has been recently published by Boshier 
et al., a group from London. The paper describes 
different stress mechanisms that act during and 
after esophagectomy, briefly consisting of 
ischemia-reperfusion lung injury, high fraction of 
inspired oxygen of the ventilating lung, ventilator-
induced lung injury, and pulmonary capillary 
stress failure of the ventilating lung [29].

Reported pulmonary complications are many, 
ranging from pleural effusion with atelectasis to 
pneumonia, to ALI and ARDS with possible 
respiratory failure requiring prolonged mechani-
cal ventilation [30]. Low et al. classified pulmo-
nary complications as follows [9]:

•	 Pneumonia (definition of the American 
Thoracic Society and Infectious Diseases 
Society of America [31, 32])

•	 Pleural effusion requiring drainage
•	 Pneumothorax requiring treatment
•	 Atelectasis mucous plugging requiring 

bronchoscopy
•	 Respiratory failure requiring intubation
•	 Acute respiratory distress syndrome (ARDS)
•	 Acute aspiration
•	 Tracheobronchial injury
•	 Chest tube maintenance for air leak for > 10 

days postoperatively

Of these complications pneumonia is the most 
frequent, and it has a significant impact on 
patient’s prognosis raising the mortality rate from 
3 % up to 20 % [33]. Less frequent than pneumo-
nia but more severe is ARDS that has an inci-
dence of up to 10–15 % and a mortality rate of 
about 50 %.

This data highlights the importance for pul-
monary complications of correct preoperative 
prevention and intraoperative and postoperative 
care.

Objectives of preoperative prevention include 
optimization of nutritional status and smoking 
cessation. The correction of malnutrition and 
cachexia leads to an optimization of respiratory 
muscle function and efficacy of immune system. 
To stop smoking is of primary importance, and 
the patient has to be informed of the increased 
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morbidity risk due to an active perioperative 
tobacco consuming. It is still debated on how 
long before the operation consumption has to be 
stopped in order to have the best results, but a 
period of four weeks seems to guarantee signifi-
cantly better outcomes [34]. In a recent study on 
gastrectomy, the authors evidenced statistically 
significant improvements even for a quitting 
period of two weeks or more [35]. Shorter peri-
ods, even if not harmful, do not seem to influence 
postoperative morbidity [36].

Patients should be assessed and treated by a 
physiatrist in order to optimize the preoperative 
lung function. In the literature there are limited 
studies describing the use of intensive respira-
tory training in small cohort esophagectomy 
patients. Positive results have been obtained 
with the use of IMT (inspiratory muscle train-
ing) in two recent studies, which found a signifi-
cative reduction in pulmonary complications in 
the IMT group [37, 38]. An ongoing multicenter 
RCT from the Netherlands is studying the inci-
dence of pneumonia after esophagectomy in 
patients treated with IMT is expected to provide 
further evidence on this argument in the coming 
years [39].

It has to be noted that many EAC patients are 
overweight. Even if obesity is not an absolute 
contraindication for esophageal surgery, a BMI 
>30 mg kg-2 seems to be associated with a higher 
risk of pulmonary complications [40, 41]. In 
these patients an effort should be made to opti-
mize the preoperatory respiratory function and to 
reduce the pulmonary injury during the operation 
(MIE, THE) [42].

Intra- and postoperatory management require 
fluid restriction, protective ventilation with 
reduced tidal volume and the introduction of pos-
itive end-expiratory pressure (PEEP) during one 
lung ventilation, early extubation and mobiliza-
tion, an aggressive management of secretions 
with intense physiotherapy and toilet bronchos-
copies, and an adequate analgesia [43]. All these 
strategies are part of ERAS (enhanced recovery 
after surgery) protocols that are fully described in 
Chap. 21.

The use of a transhiatal approach, without a 
direct access in the thoracic cavity, has been pro-

posed to reduce respiratory complications, at the 
cost of an incomplete mediastinal lymph node 
dissection. Results of two recent meta-analyses 
seem to confirm this benefit; both Boshier and 
Wei evidenced a statistically significant reduction 
of pulmonary complications in the pooled analy-
sis [44, 45]. THE has to be reserved to high risk 
pulmonary patients, where even a thoracoscopy 
should be avoided, because in THE the impossi-
bility of performing a correct mediastinal lymph 
nodal harvesting and a higher percentage of posi-
tive circumferential margin may affect the onco-
logical outcome of the operation.

18.4	 �Surgical Complications

Esophagectomy and total gastrectomy are chal-
lenging operations that require a great amount of 
surgical experience in the operating room and 
expertise in the postoperative treatment in order 
to reduce intraoperative and postoperative 
morbidity.

Anastomotic leak is the most frequent surgical 
complication for both esophagectomy and gas-
trectomy, while necrosis of the gastric conduit, 
chylothorax, and tracheobronchial fistulization 
belong exclusively to the esophagectomy.

18.4.1	 �Anastomotic Leak

There is still no consensus on the definition of 
anastomotic leak, and consequently the incidence 
of this complication in the literature is variable 
(from 0 % to 35 %). Leak definitions range from 
a radiological contrast swallow finding in the 
absence of symptoms up to discharge of gastroin-
testinal content through a drain. Many groups 
have proposed different leak classifications. 
Urschel et al. published a classification based on 
location and symptoms, while Schuchert et  al. 
used a classification based on direct endoscopic 
vision of the defect and the degree of intervention 
required [46, 47]. However, these classifications 
are not widely accepted, and, at present, Low 
et al. are working on an international consensus 
on standardization of complication definitions for 
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esophagectomy [9]. Low et  al.’s definition of 
anastomotic leak is a full thickness gastrointesti-
nal defect involving esophagus, anastomosis, or 
staple line irrespective of presentation or method 
of identification.

Different factors contribute to the high inci-
dence of anastomotic leakage, at both systemic 
and local level. Systemic factors include severe 
malnutrition, impaired cardiovascular and pul-
monary function, and advanced tumor stage. 
Local factors are the absence of an outer serosa 
layer and longitudinal orientation of esophageal 
muscle fibers that seem to make esophageal anas-
tomosis disadvantaged compared to other vis-
ceral anastomosis; impaired vascularization of 
the graft end due to an insufficient arterial supply 
or venous drainage; and an excessive mechanical 
tension on the anastomosis. It is still under inves-
tigation if the positioning of the esophago-gastro 
anastomosis in the neck (TTE) is associated with 
a higher incidence of anastomotic leak due to the 
necessity of performing a longer conduit, with 
consequently a microvascular insufficiency of the 
apex and a higher mechanical tension on the 
anastomosis. In a recent meta-analysis conducted 
by Markar and Al on RCT and retrospective stud-
ies, neck and thoracic anastomosis resulted in the 
same leakage rate (neck 8.8 % vs thoracic 7.8 %). 
However, if only RCT were considered, there 
was a statistically significant higher percentage 
of leak in neck anastomosis compared to thoracic 
anastomosis (13,64 % vs 2,96 %) [48]. Thoracic 
anastomosis should therefore be preferred in all 
patients fit for a thoracotomy, reserving cervical 
anastomosis to the patients with low pulmonary 
function in order to perform a THE or a thoraco-
scopic approach.

Cervical anastomosis can be performed either 
hand sewn or mechanically, depending on the 
surgeon’s preference, as the incidence of anasto-
motic leak has been found comparable in our 
experience and in two recent meta-analyses 
[48–50].

With reference to intrathoracic anastomosis, 
nowadays it is performed almost always mechan-
ically. This raises questions on the possibility of 
performing safely an intrathoracic anastomosis 
with a minimally invasive technique.

18.4.2	 �Diagnosis and Treatment

An anastomotic leak has different clinical presen-
tations according to the anastomosis location 
(neck or mediastinum) and to the entity of the 
defect. Based on this, anastomotic leak can range 
from an asymptomatic radiologic finding to a 
necrotizing infection accompanied by sepsis.

Timing in diagnosis and severity assessment 
with early proper treatment is crucial to obtain 
healing using the least invasive efforts in a frail 
patient.

There is no agreement at present on the neces-
sity of performing a postoperative upper GI study 
to assess anastomotic integrity. Many centers still 
perform a routine contrast swallow within ten 
days of the esophagectomy, before allowing the 
patient any oral intake, but the sensibility of this 
test is low (and with high variability, probably 
depending on operator experience) ranging 
between 20 % and 87 %, thus accounting for a 
large number of false-negative patients [51–53]. 
On the other hand, contrast swallow has a high 
specificity (94–100 %), so that a positive test rep-
resents almost always a leak. In our opinion rou-
tine use of contrast esophagogram is not 
recommended and has to be reserved to clinically 
suspicious patients due to its high specificity [54].

Recent studies demonstrated the safety of 
early postoperative endoscopy, pointing the 
attention to its high sensibility and specificity 
(close to 100  %) for anastomotic leak, and the 
fact that the exam also gives information about 
the condition of the gastric conduit [51, 55]. This 
tool is of great clinical interest, but it is still an 
invasive procedure and should be performed 
mainly on the basis of a clinical suspect.

At present no guidelines exist on this argu-
ment, the evidences are low, and literature is still 
at an “expert opinion” level. Below are described 
our recommendations on the diagnosis and treat-
ment of the anastomotic leaks based on anasto-
motic site and patient symptoms (as proposed by 
Urschel et al.[46]):

	1.	 Clinically silent cervical and thoracic leaks: 
They are detected using a contrast swallow 
imaging or endoscopy in asymptomatic 
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patients with no laboratory signs of infection. 
These leaks are usually small and are limited 
by surrounding tissues. In this case conserva-
tive management with avoidance of oral 
intake, nasogastric tube decompression, nutri-
tional parenteral or, preferably, enteral sup-
port (via a feeding jejunostomy placed during 
the operation or a fine-bore nasojejunal tube), 
broad spectrum antibiotics, and antifungal 
therapy provide a high success rate. Patient 
must be carefully monitored for signs of sep-
sis or leak progression in order to perform a 
more aggressive treatment (percutaneous 
drainage, endoscopic procedure) where nec-
essary. In our clinical practice, we do not per-
form a routine contrast swallow anymore, and 
consequently we cannot discover clinically 
silent leaks before resuming oral intake. 
Despite this change, we did not experience an 
increase of clinical leaks. Hence, we have 
come to conclude that clinically silent leaks 
heal without any specific treatment in the 
majority of cases.

	2.	 Clinically evident leaks:
	(a)	 Clinical cervical leaks are usually clini-

cally detectable within ten days from the 
operation by neck erythema, with a pal-
pable cavity with fluid and subcutaneous 
crepitus. Fever and laboratory sepsis 
exams reveal an ongoing infection. The 
main treatment consists in opening the 
wound to drain the leak. When the cavity 
is cleaned, the positioning of a compres-
sive medication can help the healing pro-
cess, together with fasting, nasogastric 
tube decompression, nutritional support, 
and antibiotic therapy. In some cases low 
esophago-gastro cervical anastomosis can 
drop down in the upper thorax; in these 
cases the anastomotic leak has to be man-
aged as a thoracic leak.

	(b)	 Clinical thoracic leaks usually appear at 
the 7th–10th postoperative day with fever, 
leucocytosis, high CRP levels, and a quick 
deterioration of the patient conditions 
toward a mediastinitis. If mediastinal 
drainage is in place, an increased drain 
volume, odor, and turbidity appear.  

A water-soluble contrast swallow can 
confirm the diagnosis, but a CT scan is 
mandatory to assess the entity of the tho-
raco-mediastinal fluid collections. 
Endoscopy allows to have a direct visual-
ization of the dehiscence and to perform 
endoluminal treatments, but it has to be 
done by an expert GI endoscopist to avoid 
further damage to the anastomosis.

In stable patients a conservative treatment can 
be attempted through an adequate drainage of the 
infected fluid collections (under CT scan or ultra-
sonographic guidance). Systemic measures are 
the same described in the cervical leak 
paragraph.

Endoscopic techniques for anastomotic leak 
treatment include clip placement, stent place-
ment, and vacuum therapy. We consider clip 
placement to close leaks smaller than 30  %. 
During a preliminary endoscopy, an accurate 
analysis of the defect has to be performed: the 
absence of ischemia and vital wound margins are 
necessary to try the clip placement. Normal clips 
(through-the-scope clips) can be used for small 
anastomotic defects, while the newly developed 
over-the-scope clip (OVESCO™) has been pro-
posed to close larger dehiscence with a reported 
success rate of 70 %[56, 57].

Stent placement is proposed for a >30  % 
degree dehiscence of the anastomosis [58]. An 
extractible stent is placed along the anastomosis 
in order to cover the defect and isolate the medi-
astinal space, promoting the healing of the leak 
and allowing the patient to resume oral intake 
earlier. Success rate is 70–80 % with 30–70 % of 
stent-related complications, including migration, 
bleeding, perforation, and ingrowth [59–61]. 
Stent migration is the commonest complication 
occurring in up to 30 % of cases. It is probably 
caused by the absence of a stenosis that can help 
the stent to hold the position and by the different 
diameters of the esophageal remnant and the con-
duit. This hypothesis of lumen discrepancy is 
supported by recent data that evidenced a lower 
incidence of stent migration in esophago-jejunal 
anastomosis with respect to esophago-gastro 
anastomosis, probably due to the closer diameter 
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of the two conduits [61]. Partially covered self-
expanding metal stent seems to have the better 
results than the other types of stent with a migra-
tion of 12 %[62].

Vacuum therapy has the advantage of keep-
ing clean the perianastomotic cavity, continu-
ing to remove the wound secretion and to 
improve the tissue microcirculation, thus facili-
tating anastomotic healing. Limited studies 
have been published on the topic, with a high 
closure rate (which is 83–100  %) and no sig-
nificant complications [59, 63]. These data have 
to be carefully generalized because they come 
from studies that used small populations. At the 
moment, endoscopic treatments should only be 
considered in experienced centers, as an option 
in patients with limited mediastinal or pleural 
contamination.

Surgery is indicated in case of unstable septic 
patient or after failure of conservative treatments. 
For complete anastomotic disruption or leak with 
an associated conduit necrosis, a takedown of the 
gastric conduit has to be done. Main steps are a 
thoracotomy with a toilet of the pleural and medi-
astinal cavity with the placement of a drainage, 
the takedown of the gastric conduit, a laparotomy 
with jejunostomy, and a cervicotomy with proxi-
mal esophageal diversion.

Direct repair of the defect is possible only for 
early leaks (within 48 h after the operation). As 
discussed later, early leaks are caused by a tech-
nical problem during the primary operation and 
have to be operated as soon as they are discov-
ered in order to fix the defect or redo the 
anastomosis.

In case of late leaks (>48 h) a direct repair is 
no more effective. If the leak is limited and there 
are no signs of ischemia, a combined endoscopic 
and surgical approach can be attempted. During 
the reoperation, after the toilet of the thorax, the 
endoscopist places a stent to cover the defect, 
while the surgeon fixes the stent on the esopha-
geal wall with slow-reabsorbable stitches in order 
to reduce the possibility of stent migration. With 
this treatment the anastomosis is covered and will 
heal by secondary intention. We performed this 
treatment on three patients with septic shock due 
to a thoracic leak with a defect of 80 %. In all 

cases the leak healed, and the stent was removed 
easily by the endoscopist, cutting the stitches 
before taking out the stent.

	3.	 Early clinical anastomotic leaks (within 48 h): 
They are considered a technical error, usually 
treated with a reoperation and, if technically 
feasible, a redo of the anastomosis. If a diffuse 
conduit necrosis is also associated, a take-
down of the conduit has to be performed with 
a proximal and a distal diversion.

Figure 18.1 illustrates a flowchart for the treat-
ment of anastomotic leak after transthoracic 
esophagectomy.

18.4.3	 �Conduit Necrosis

Conduit necrosis is a vascular suffering of the 
gastric/jejunal substitute due to an insufficient 
arterial blood supply or an inadequate venous 
outflow. It can be caused by systemic or local 
problems such as hypotension, the use of vaso-
pressor agents, conduit distension, vascular 
pedicle torsion, or strangulation. Its incidence 
ranges between 0 and 3 % in the different stud-
ies on the subject [64]. Historically, conduit 
necrosis was diagnosed only in case of exten-
sive and symptomatic necrosis. Today, with the 
increasing use of postoperative endoscopy, now 
considered safe even in the early postoperatory 
phase [55], a more detailed description of the 
conduit vascular suffering has been achieved. It 
has been hypothesized that an early identifica-
tion of a limited conduit ischemia can predict 
the occurrence of an anastomotic leakage; there-
fore it makes possible to perform preventive 
measures to stop the leakage development. 
However, it has to be specified that early postop-
erative endoscopy is still used only in controlled 
studies because its clinical utility is under inves-
tigation. CT scan has been proposed for the 
diagnosis of the conduit necrosis because it is 
less invasive than endoscopy, but it has demon-
strated low accuracy [65].

Conduit necrosis is classified, on endoscopic 
and treatment basis, as follows:
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	1.	 Asymptomatic focal necrosis identified endo-
scopically and requiring nonsurgical therapy

	2.	 Focal necrosis not associated with an exten-
sive anastomotic or conduit leak, requiring 
surgical therapy not involving esophageal 
diversion

	3.	 Extensive conduit necrosis requiring resection 
with esophageal diversion [9]

Treatment of asymptomatic limited necrosis 
without involvement of the anastomosis is the 
cessation of oral intake with nasoenteric decom-
pression and nutritional support. A careful moni-
toring of patient conditions and a short-term 
endoscopic reevaluation are needed to assess the 
viability of the conduit.

If a focal necrosis of the conduit close to the 
anastomosis is discovered, the treatment depends 
on the clinical conditions of the patient. These 
patients have to be treated according to the anas-
tomotic leak section.

Extensive conduit necrosis generally presents 
within 48 h with sepsis and often purulent anasto-
motic drainage. On clinical suspicion an early 
endoscopic diagnosis and reoperation are manda-
tory. Re-exploration with resection of the necrotic 
conduit, cervicostomy, and jejunostomy are often 
necessary to secure the survival of the patient.

An increased incidence of conduit necrosis 
has been evidenced after minimally invasive 
esophagectomy, reaching 3–10 %; this has been 
related to technical factors [66, 67]. The main 
ones are the impossibility in intracorporeal gas-
tric tubulization of stretching the organ during 
stapling, consequently making a shorter conduit, 
and an insufficient Kocher maneuver. To over-
come this problem, alternative techniques have 
been proposed, such as ischemic conditioning 
and the extracorporeal preparation of the gastric 
conduit [68, 69]. Ischemic conditioning of the 
conduit is not widely used as it has not demon-
strated significant advantage in reducing conduit 
necrosis and at present is not used. Extracorporeal 
preparation of the conduit requires a small lapa-
rotomy but has the theoretical advantage of per-
forming an adequate stretching of the stomach 
during stapling obtaining therefore a longer 
conduit.

18.5	 �Chylothorax

Chylothorax is an important complication after 
esophagectomy with an incidence of 0.5–4  % 
according to different reports. Historically, mor-
tality was at 50  %; nowadays, in high volume 

Anastomotic leak

Clinically evident

CT scan / contrast swallow

Septic patient
Non septic patient

Absence
of shock Conservative treatment

EGDS
Defining dehiscence degree

<10 %
<30 %

>30 %

NG tube
Clips

ovesco™

Stent
VAC

Stent+VAC

Shock

Surgery

Percutaneous
drainage

EGDSControl of
contamination

Thoracoscopy

Fig. 18.1  Proposed flowchart for the treatment of anastomotic leak in transthoracic esophagectomy. CT scan computed 
tomography scan, EGDS esophagogastroduodenoscopy, NG tube nasogastric tube, VAC vacuum-assisted closure
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centers with an early recognition and an aggres-
sive treatment, it has been decreased to 
<10  %[70,  71]. Chylothorax is defined as the 
presence of chyle in the pleural cavity and is 
caused by a damage to the thoracic duct or to one 
of its tributaries that lay close to the esophagus, 
between the aorta and the azygos vein. The duct 
has a wide anatomical variability that can be par-
tially responsible for the possible occurrence of 
this complication, despite the surgeon’s experi-
ence. Chyle loss becomes generally clinically 
apparent after 2–7 days after surgery, when oral 
or enteral intake is resumed. It presents with a 
huge pleural fluid collection that compresses the 
lung and can cause a hemodynamic impairment, 
or, if a drainage is within the thorax, with an 
increased drainage output usually with a milky 
aspect. The diagnosis is confirmed by the pres-
ence of a high concentration of chylomicrons, 
triglyceride, and leukocyte in the fluid.

Consequences of chylothorax are respiratory, 
immunological, and nutritional. Pulmonary 
impairment is directly consequent to the pleural 
effusion that causes the development of atelecta-
sis. A prolonged depletion of chyle causes a 
reduction in lymphocytes and immunoglobulins 
with consequent immunodepression. Moreover, 
the loss of chyle leads to electrolyte disturbance 
and, in the long term, depletion of fatty acids and 
proteins, causing a severe malnutrition state [72].

Optimal treatment for chylothorax is still con-
troversial, and literature is limited to small stud-
ies in high volume centers. The two main options 
are conservative treatment and surgical ligation 
of the thoracic duct. It is generally accepted that 
a conservative attempt has to be done before con-
sidering surgery, but a precise indication on how 
to decide whether to continue or abandon this 
treatment still does not exist.

Conservative treatment consists of the elimi-
nation of oral or enteral nutrition in order to 
reduce the output of the fistula, with the setup of 
an adequate total parenteral nutrition to rebalance 
the chylous loss (electrolyte and fluid balance). 
Prophylactic antibiotic therapy is not indicated, 
but these patients have to be carefully monitored 
because they are at high risk of infection. Limited 
data exists on the use of octreotide, a somatosta-

tin analogues, in the reduction of the chyle out-
put, but its use can be considered [72, 73]. An 
effective drainage of the pleural cavity has to be 
completed. If a thoracic drainage is not present, 
this has to be placed and aspiration has to be 
avoided in order not to sustain the fistula. A pre-
cise daily monitoring of the loss from the drain-
age is the main predictor of success in the 
conservative approach.

An output of less than 10 ml/kg/24 h after five 
days of conservative treatment is considered a 
predictor of success, and, on this basis, different 
flowcharts have been proposed [70–72, 74]. We 
consider it appropriate to try with a conservative 
approach for five days, with careful monitoring 
of the patient condition and reserve surgery if 
either the condition decays or if chyle output 
does not improve significantly or if after five days 
output is still >1000 ml/24 h.

Conservative management of chyle leaks has a 
success rate of 70–80 % within four weeks [5]. A 
prolonged treatment with persistent high chyle 
output can put the patient at high risk of severe 
infectious and metabolic complications. 
Therefore, we suggest to not prolong the treat-
ment over a two-week period if the chyle output 
does not considerably reduce [75, 76].

The aim of surgical management is the closure 
of the thoracic duct. Even if some studies suggest 
the possibility of closing the thoracic duct with 
an abdominal approach, we suggest the thoracic 
approach because of the wide variability of the 
abdominal lymphatic tree. Surgery can be per-
formed either via right thoracotomy or thoracos-
copy [77, 78]. We treated three cases with a 
thoracoscopic approach successfully ligating the 
duct in patients with a three-field esophagectomy, 
after five days of conservative treatment, without 
encountering many adhesions, possibly because 
of the continued “washing” of the chyle in the 
thoracic cavity.

One hour before the operation, a high fat liq-
uid (such as butter or cream) is administered 
enterally to the patient in order to stimulate chy-
lous production and facilitate the visualization of 
the leak during the operation.

The thoracic duct should be visualized and 
ligated just above the diaphragm. If the duct is 

J. Weindelmayer et al.



181

not visible, some surgeons suggest a “mass liga-
tion” of the prevertebral tissues between the azy-
gos and the aorta, in which the duct and its 
collateral should be located [72].

Lymphangiography with endovascular closure 
of the thoracic duct has been proposed as an 
alternative to surgery in different studies with 
variable success rates, but this method is complex 
and should be considered only as a second choice 
and in experienced centers [4, 79].

Concluding, surgery for EAC has a high mor-
bidity and mortality because of patient general 
status and technical difficulties. Therefore, it 
requires experienced centers with dedicated staff 
that can optimize the perioperative patient condi-
tions (nutritionist, physiatrist, physiotherapist, 
and psychologist) and adequately diagnose and 
treat the postoperative complications (anesthesi-
ologist, surgeon, and radiologist).
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Long-Term Results with Surgery 
Alone and Multimodal Treatments

Andrea Zanoni, Simone Giacopuzzi, 
Elio Treppiedi, Jacopo Weindelmayer, 
and Giovanni de Manzoni

19.1	 �Introduction

Esophagogastric junction (EGJ) adenocarci-
noma survival improved recently, thanks to the 
use of multimodal treatments. Survival with sur-
gery alone is instead still poor in all locally 
advanced and node-positive patients. Recurrence 
is still the main cause of death, and it is particu-
larly high within 24 months. In this chapter we 
will discuss the long-term results with surgery 
alone and multimodal treatments in EGJ cancer 
patients and then the characteristics and types of 
recurrence.

19.2	 �Long Term 
with Surgery Alone

Survival with surgery alone is still poor in all 
locally advanced and node-positive patients of 
the three Siewert types. Siewert III shows the 
worst prognosis and Siewert I the best, with type 
II patients showing intermediate survival. In 
comparative studies survival ranges 35–40 % in 
Siewert I, 25–35 % in Siewert II, and 20–25 % in 
Siewert III [1, 2].

The need of radical resections is paramount, 
with R+ patients showing dismal prognosis, 
ranging from 0 to 13  % [1]. Mariette et  al. [3] 
reported that non-curative resections (R1 or R2) 
are associated with high morbidity and mortality 
and have no therapeutic benefit compared with 
palliative treatments. Indeed, authors state that 
5-year overall survival for patients with R0 resec-
tion ranges from 43 to 49  %, compared with 
0–11  % for microscopically incomplete resec-
tions (R1) and 0–4 % for macroscopically incom-
plete resections (R2).

Provided that an R0 resection is obtained, 
nodal status is undoubtedly the main prognostic 
determinant; actually, in all studies, N+ patients 
have a disappointing 5-year survival, reaching 
less than 40  % at best, compared to an overall 
survival of at least 50 % in node-negative patients 
[4–8].

Survival depends also on depth of tumor inva-
sion. Patients with T1m cancers show excellent 
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survival after either surgery or endoscopic resec-
tions, reaching an 80–100  % 5-year survival 
[9,  10]. T1sm patients show decreased but still 
good survival (around 70  %) [6, 8], while sur-
vival decreases markedly for pT2, pT3, and pT4 
patients (Table 19.1 [4–8]).

Survival difference is particularly marked in 
T1sm and T2 patients, where survival is good in 
case of pN0 after upfront surgery, but absolutely 
disappointing in pN+ patients [11], making the 
debate on the best approach of these patients 
really hot.

19.3	 �Long Term with Multimodal 
Treatments

Multimodal treatments have been introduced to 
improve survival in  locally advanced patients, 
and actually improvements have been obtained, 
and this was demonstrated by the results of meta-
analyses comparing multimodal approaches and 
surgery alone in the current literature. Although 
the treatment to choose and the best protocols are 
still matter of debate, many dedicated centers and 

the most important international guidelines now 
consider multimodal treatments as the standard 
of care for locally advanced patients.

In the University of Verona, induction chemo-
radiation (CRT) followed by surgery is the stan-
dard treatment for locally advanced and N+ 
Siewert I and II patients, while induction or peri-
operative chemotherapy (CT) with a triplet of 
drugs followed by surgery is our preferred 
approach to Siewert type III. Due to the difficulty 
to complete the postoperative chemotherapy 
cycles, we believe that induction CT better fits 
Siewert III patients.

Our CRT protocol consists of 5-fluorouracil 
(5-FU) administered by protracted intravenous 
infusion (PVI) with weekly administration of i.v. 
cisplatin and docetaxel [12]. The first part of the 
treatment consists of induction chemotherapy 
alone followed by 50 Gy of concurrent chemora-
diotherapy. Surgery is planned after 6–8 weeks 
after completion of the treatment.

Pathological modifications on primary can-
cer in esophageal and gastric walls and on 
lymph nodes caused by preoperative CT and 
CRT make restaging difficult. If the problem 

Table 19.1  5-year overall survival with surgery alone

Mariette et al. [4] Talsma et al. [5] Gertler et al. [6] de Manzoni et al. [7] Barbour et al. [8]

pT1 74 % 69 % pT1a 83 % 55 % pT1a 97 %
pT1b 69 % pT1b 65 %

pT2 37 % 51 % 37 % 20 % –
pT3 50 % 23 % 19 % 20 % –
pT4 – – pT4a 10 % 0 % –

pT4b 0 % –
pN0 68 % 66 % 63 % 50 % 82 %
pN1 – 28 % 33 % 25 % 38 %
pN2 – 17 % 20 % 0 % –
pN3 – 3 % 8 % 0 % –
pN+ 27 % – – – –
Stage I a – 88 % 78 % – –
Stage I b – 73 % 53 % – –
Stage II a – 55 % 42 % – –
Stage II b – 40 % 52 % – –
Stage III a – 24 % 25 % – –
Stage III b – 12 % 20 % – –
Stage III c – 3 % 11 % – –
Stage IV – 0 6 % – –

A. Zanoni et al.



187

with clinical restaging is considerable, the main 
issue is pathological staging. After upfront sur-
gery pathology represents the exact reality and 
TNM classification perfectly fits, and this is 
particularly true with 7th edition for Siewert 
types I and II, although significant debate exists 
for Siewert III. Anyway, if TNM correctly dis-
criminates patients’ survival according to stage 
after upfront surgery, it is not as much appropri-
ate after induction treatments. Indeed, many 
centers tried to overcome the problem propos-
ing different classifications of pathological 
response that more correctly describe survival 
after induction treatments. For a complete dis-
sertation on the topic, please see Chap. 11. 
Briefly, patients with significant response to 
treatment show increased survival compared 
with patients without cancer modifications. 
Patients with partial response show instead an 
intermediate prognosis. The best possible 
response to treatment is the complete disap-
pearance of cancer both on primary site and at 
nodal level. These patients are named patho-
logical complete responders (pCR) and corre-
spond to ypT0N0. We previously created a 
classification of response to treatment, named 
size-based pathological response (SPR) classi-
fication, where pCR corresponded to SPR1 and 
showed the best prognosis with an 85 % 3-year 
disease-related survival [13] (Fig. 19.1).

Nonresponders (SPR3) were those patients 
without tumor regression on T but N0. Their 
survival was low and comparable to that of 
patients with nodal metastases (SPR4), which 
had the worst prognosis. Partial responders had 
intermediate survival. In our classification, we 
defined minimal residual disease (MRD) as the 
presence of residual tumor ≤10 mm at the pri-
mary site and no nodal metastases (SPR2). 
These SPR2 patients had almost 60  % 3-year 
disease-related survival, and so we think that 
this class of patients deserves consideration and 
deep inspection.

We believe this classification correctly 
addresses two key issues: first, it considers nodal 
involvement together with tumor regression on 
primary site; second, it defines pCR as only those 
patients without any residual cancer. Although, 

in her initial experience, Mandard et al. [14] con-
sidered only response on T, jeopardizing the 
accuracy of this classification, other authors 
[15–19] correctly considered both T and N status. 
Nevertheless, some of these authors [16, 17, 19] 
coupled pCR with patients with up to 10  % of 
residual cancer. If a certain degree of stage migra-
tion might happen when defining pCR, possibly 
accidentally including patients with minimal 
residual cancer into pCR class, and probably sur-
vival differences are difficult to detect when 
residual cancer is marginal, we strongly believe 
that considering patients without residual cancer 
together with patients with the presence of cancer 
cells is deeply incorrect from a theoretical point 
of view.

Bearing in mind that there is no consensus in 
the definition of response and often also squa-
mous cell carcinoma is included in some studies, 
we tried to summarize some trials about response 
in Table 19.2 [13, 15–18, 20]. To make Table 19.2 
more comprehensible and to harmonize the data, 
results are expressed in terms of response: com-
plete, partial, or no response. Tumor regression 
and nodal involvement are differently defined in 
the literature; hence data are difficult to compare. 
This table aims at stressing that, although differ-
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Fig. 19.1  Three-year disease-related survival curves for 
patients staged with SPR (size-based pathological 
response) classification of response (p < 0.001) 
(Reproduced with permission from Verlato et al. [13])
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ently expressed, response to treatment plays a 
relevant prognostic role.

Nonresponders demonstrated the worst prog-
nosis, while in all reported studies, partial 
response, although differently defined, showed to 
have an intermediate prognosis between that of 
complete responders and nonresponders.

Since multimodal treatments are now standard 
of care for locally advanced cases, the need of 
definition of response to treatment has become 
vital.

Nodal status is a main prognostic determinant 
even after induction treatments and N+ patients 
show the worst prognosis. Nevertheless, we think 
that being N0 since the beginning or becoming 
N0 after downstaging is not equivalent.

In an ongoing trial of our group, presented as 
an abstract at 14th ISDE Congress held in 
Vancouver in 2014, we hypothesized that natural 
ypN0 patients (N0 since the beginning) had bet-
ter prognosis than ypN0 after nodal downstaging. 
We demonstrated that survival was indeed sig-
nificantly better for natural ypN0 compared with 
downstaged ypN0 and that the latter had better 
survival than ypN+ patients. This is in line with 
other reports in the literature for esophageal can-
cer [21, 22].

The best theoretical classification of patho-
logical response to induction treatments would 
then consider nodal status along with response 
on primary site and should in particular dis-
criminate between patients without nodal 
involvement since the beginning and patients 
with tumor regression on lymph nodes. Further 
studies are needed in order to create a better 
and more suitable classification of response.

19.4	 �Recurrence

Recurrence may appear either with clinical symp-
toms or during follow-up in asymptomatic 
patients. Diagnosis is made with imaging and/or 
gastroscopy. CT scans of chest and abdomen are 
able to detect most recurrences. In case of peculiar 
symptoms leading to suspect brain injury, a cere-
bral CT scan is mandatory to rule out metastases. 
Ultrasound is the best tool to detect suspected 
nodes in the neck area. In case of diagnostic doubt, 
second-line imaging, such as PET-CT, might be 
considered, but no data are available in the litera-
ture about the standard use of PET-CT to confirm 
relapse in esophagogastric junction cancer.

Follow-up timing is debated; nevertheless, 
since its value is the early detection of recurrence, 
when treatment is still possible, it should be 
acceptably frequent. Most recurrences manifest 
within 2–3 years after surgery. Hence, in the first 
two years, frequent follow-up controls are sug-
gested. According to Abate et al. [23], >90 % of 
recurrences occur by 3 years after surgery alone 
and by 2 years following neoadjuvant therapy.

Since late recurrences are anyway present 
within 5 years, we recommend follow-up con-
trols every 6 months for the first 5 years.

A recent Japanese trial [24] compared pattern of 
recurrence of 127 patients with EGJ carcinoma 
treated with surgery alone. All patients reached an 
R0 resection and none received neoadjuvant nor 
adjuvant treatments. All Siewert types were repre-
sented, although only 5 % were Siewert type I, con-
sistently with all Eastern literature. Recurrence was 
reported in 44 % of the patients and most recurred 
within 24 months. There was no difference in 

Table 19.2  5-year survival after induction treatment and surgery according to pathologic response

Verlato et al.a 
[13]

Holscher et al. 
[17]

Meredith et al. 
[18]

Swischer et al.a 
[15]

Schneider et al. 
[16]

Reim et al. 
[20]

pCR 85 % 64 %b 52 % 69 % 92 %b 79 %b

pPR 58 % 42 % 36 % 45 % 65 % –
pNR 28 % 18 % 22 % 18 % 20 % 45 %

pCR: pathological complete response; pPR: pathological partial response; pNR: pathological non-response
a:3-year survival
b:pCR and nearly complete response with less than 10 % vital residual tumor cells

A. Zanoni et al.
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recurrence rate among Siewert types, yet pattern of 
recurrence differed:  lymphatic recurrence was 
most common in type I, hematogenous in type II, 
and peritoneal in type III. Siewert II patients, who 
represented the great majority of this study popula-
tion, had mainly hematogenous and lymphatic 
recurrences and, in this trial, resembled more a type 
I than a type III, more similarly to what was expe-
rienced in many European realities like ours. 
Indeed, mediastinal recurrences were as frequent 
as in type I, and thus authors claimed that, because 
of the pattern of recurrence, Siewert type II should 
be treated with subtotal esophagectomy and medi-
astinal lymphadenectomy like Siewert I. Moreover, 
para-aortic recurrences were the most common 
sites of lymphatic recurrence in Siewert types II 
and III, and authors hypothesized that there might 
be a direct lymphatic flow from left paracardial 
nodes (station 2) to para-aortic nodes (station 16) 
and this would be more important in EGJ cancer 
than in gastric cancer. Hence, although para-aortic 
prophylactic lymphadenectomy was denied by 
Sasako et al. for gastric cancer [25], these authors 
suggest to reconsider it for EGJ adenocarcinoma.

Previously, we published a trial on pattern of 
recurrence after surgery alone in EGJ adenocar-
cinoma [26]. In our study, Siewert I patients rep-
resented 24 % of the cases, much more frequent 
than what was reported in Eastern experiences. 
Recurrence occurred in 60 % of the patients and 
80 % of those recurrences developed within 24 
months. Time to recurrence did not differ among 
Siewert types. Hematogenous recurrences were 
the most frequent, representing more than 50 % 
of the cases, but locoregional recurrences were 
pretty frequent as well, since they developed in 
30 % of the patients. Peritoneal recurrence was 
most common for Siewert III, and no Siewert I 
patients showed peritoneal diffusion. Liver and 
lung represented the most common sites of hema-
togenous recurrence, accounting for more than 
80 % of the cases, followed by bone and distant 
nodes. Our results, although differences between 
West and East must be acknowledged, are in line 
with the abovementioned Japanese trial.

Similar results were also reported by an 
English study on Siewert types I and II [27]. 

Peritoneal recurrences were twofold more com-
mon in type II, and the most common sites of 
recurrence were liver and bone, followed by 
brain, lung, skin, and adrenal glands.

An interesting Dutch trial [28] focused on 
early adenocarcinoma. Authors reported a 15 % 
recurrence rate with a mean time to recurrence of 
16 months, with liver, lung, and bone as the main 
involved sites. It is noteworthy that when patients 
were subdivided according to mucosal and sub-
mucosal invasion, recurrence was 4  % in T1m 
and never in case of m1 (i.e., only involvement of 
the epithelium), and it was 24 % for T1sm with 
only one patient with sm1 (i.e., involvement of 
the first 500  μm of esophageal wall) showing 
recurrence.

Recurrence in surgery alone gives information 
not only about cancer biology and behavior but 
also about the ability of surgery to control and 
treat the disease. If distant recurrence is probably 
not dependent on the ability of surgeon or surgi-
cal technique, it is undoubtedly more probable 
that surgery influences the risk of locoregional 
relapse. When we consider induction treatments, 
the modifications induced by the treatment itself 
should somehow modify the pattern of recur-
rence. Theoretically both distant and locoregional 
ones should be reduced, for the sterilization of 
circulating tumor cells caused by chemotherapy 
and the effect of radiation on locoregional target.

Pattern of recurrence of patients included in 
the two arms of the randomized CROSS trial has 
been recently published [29]. In chemoradiation 
group, also patients previously involved in the 
preliminary phase II trial with CROSS protocol 
were included. The final analysis compared 213 
vs 161 patients, mainly adenocarcinoma. 
Recurrence was more common after surgery 
alone: 57 % compared with 35 % after chemora-
diation and surgery. All types of recurrence were 
less frequent after CRT, also peritoneal ones, but 
the main difference was noted in  locoregional 
relapse, which was 20 % after surgery alone and 
7 % after CRT (p < .001). Moreover, recurrence 
was only 5 % within radiation field, confirming 
the hypothesis that CRT reduces locoregional 
recurrences.

19  Long-Term Results with Surgery Alone and Multimodal Treatments
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Seventeen percent of pathological complete 
responders in this trial developed recurrence, but 
only one had locoregional recurrence. This is in 
line with what was previously reported by our 
group in a phase II trial on induction CRT in both 
squamous cell carcinoma and adenocarcinoma 
[30]. We reported a 17 % recurrence rate for pCR 
in the entire population, but a lower 11 % when 
considering only adenocarcinoma, and recur-
rence was always systemic.

Meguid et al. [31] compared pattern of recur-
rence after neoadjuvant chemoradiation and sur-
gery for esophageal cancer. They found that pCR 
had 22 % recurrence vs 35 % of patients with par-
tial or no response (p = .055). There was no differ-
ence in pattern of recurrence according to response 
to treatment, and most patients had distant recur-
rences regardless of pathological response. 
Median time to recurrence was longer for pCR.

Again, Shiozaki et  al.[32] reported a 40  % 
recurrence rate after CRT and surgery, which was 
mainly systemic. Most recurrences developed 
within 2 years and almost all within 3 years. The 
most involved sites were lung, distant nodes, 
liver, peritoneum, bone, and brain.

To summarize, recurrence is still the main 
cause of death after treatment for EGJ cancer and 
hence remains the greatest concern when dealing 
with this neoplasm. Distant metastases are the 
most common type of recurrence both after sur-
gery and multimodal treatments; however multi-
modal treatments seem to sterilize both 
hematogenous and peritoneal circulating cells, 
reducing the risk of developing recurrence. 
Radiation has a significant role in reducing 
locoregional relapse; of course it should be cou-
pled with radical surgical resection, with clear 
margins and correct lymphadenectomy.

All studies report a 35  % recurrence rate at 
best, and most are detected within 2 or 3 years 
after surgery. This pushes the need of strict fol-
low-up in these very first years; however, follow-
up should be continued at least for 5 years, since 
some patients might recur later and early recog-
nition of relapse is of utmost importance to try 
curative treatments.

In conclusion, studying pattern of recurrence 
is mandatory to discover how to treat EGJ cancer, 
and every effort should be made to improve both 

local and systemic control of disease. Multimodal 
treatments seem to provide advantages on both 
these issues and should be implemented and 
offered to all fit patients.
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Open or Minimally Invasive? 
Comparison of Early and Late 
Results

William B. Robb and Christophe Mariette

20.1	 �Introduction

Esophageal cancer’s global incidence continues to 
increase rapidly. In Western society this is reflected 
by an increasing incidence of esophageal adeno-
carcinomas, with the epidemiological shift felt to 
be related to increased obesity, gastroesophageal 
reflux disease, and Barrett’s esophagus – the domi-
nant risk factors for the development of this tumor. 
Surgical resection with radical lymphadenectomy, 
usually after the administration of neoadjuvant 
chemotherapy or chemoradiotherapy, remains the 
key component in the multimodality treatment of 
esophageal cancer. Esophagectomy is a complex 
surgical procedure for which the mortality rates 

have historically been significant [1]. In modern 
practice, in high-volume centers with appropriate 
multidisciplinary teams, the mortality rate after 
esophageal resection has been reduced signifi-
cantly [2]. Despite this, it remains an operation 
associated with substantial rates of morbidity. 
During the previous three decades, minimally 
invasive surgery has been championed as provid-
ing a means of reducing postoperative morbidity 
for a variety of oncological gastrointestinal resec-
tions. With regard to esophageal resection, it has 
been hoped that the application of minimally inva-
sive surgery may similarly reduce postoperative 
morbidity and mortality. By the early 1990s, some 
surgeons had developed and used protocols for 
thoracoscopic esophagectomy, initially restricting 
its use to T1 and T2 esophageal cancer without 
neoadjuvant chemoradiation [3, 4]. With time 
indications for minimally invasive esophageal 
resection have been expanded to include more 
advanced disease, irrespective of whether patients 
have received neoadjuvant treatments.

The techniques which have been described as 
minimally invasive approaches to esophageal 
resection vary widely. Many authors have 
described completely minimally invasive 
approaches, while others describe hybrid 
procedures where one stage of the operation is 
performed either by thoracoscopy or laparoscopy 
and the other by conventional open surgery. 
Unlike other minimally invasive procedures, 
minimally invasive esophagectomy (MIE) has 
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not been broadly adopted. No matter what 
approach is used, MIE remains a very complex 
operation with many questions remaining unan-
swered as to the real advantages of applying a 
minimally invasive technique for resection of a 
disease which is often advanced at the time of 
surgery. Mortality, morbidity, oncological radi-
cality, reproducibility of a minimally invasive 
approach, and the cost of the procedure are some 
of the topics under debate. Recent reviews [5–7] 
focusing on the role of MIE have emphasized 
that the benefits of this approach are controver-
sial. Many comparative nonrandomized and ret-
rospective studies have been conducted between 
MIE and open esophagectomy, but uncertainty 
remains about the advantages of any one tech-
nique compared to another. In the absence of 
meta-analyses of randomized controlled studies, 
this chapter appraises the available literature with 
regard to the short-term perioperative outcomes 
and longer-term oncological outcomes for 
patients undergoing minimally invasive resection 
for esophageal cancer.

20.2	 �MIE Techniques

As there has never been a consensus regarding 
the superiority of any of the various open esopha-
gectomy techniques, it is unsurprising that there 
is no agreement on what constitutes the best min-
imally invasive approach.

Completely minimally invasive approaches to 
esophageal resection attempt to replicate estab-
lished open procedures. A minimally invasive 
transhiatal technique utilizes laparoscopic abdom-
inal dissection and preparation of the gastric con-
duit followed by a cervical anastomosis created 
via a traditional open approach in the neck. 
Mediastinal dissection of periesophageal lymph 
nodes, including those in the subcarinal station, 
can be assessed through the hiatus using the light-
ing and magnification afforded by the laparo-
scopic camera. The esophageal specimen can be 
removed through the neck incision. Some sur-
geons prefer to combine the laparoscopic transhi-
atal approach with a minilaparotomy to facilitate 
gastric tube creation as well as to remove the 

specimen. Finally, the esophagus can also be 
removed from the mediastinum via an inversion 
technique with or without division of the vagus 
nerve. As with open surgery, many surgeons pre-
fer a thoracoscopic approach, typically performed 
through the right chest, with patients positioned in 
lateral decubitus or prone positions [8, 9]. 
Thoracoscopy can be used as a part of a three-
stage MIE, where the procedure begins in the 
chest and ends with laparoscopy and a cervical 
anastomosis, or as part of the two-stage Ivor-
Lewis esophagectomy where the esophagogastric 
anastomosis resides in the chest. In this procedure 
the specimen is removed through a mini-
thoracotomy, and the anastomosis is created at the 
apex of the chest.

Combinations of open and minimally invasive 
techniques (hybrid techniques) are perhaps more 
widely utilized, such as laparoscopy with thora-
cotomy or thoracoscopy with laparotomy. These 
hybrid techniques are applied for a variety of rea-
sons and may be necessitated by oncological 
considerations, prior surgery in either cavity, sur-
geon experience, and surgeon preference.

Although the goal of MIE is to perform an 
equivalent operation to the open procedure with-
out omitting any critical steps, some aspects con-
sidered as routine for open esophagectomy have 
fallen out of favor with many surgeons, such as 
performance of a pyloroplasty and jejunostomy 
placement.

20.3	 �Early Results (Tables 20.1 
and 20.2)

The primary goal of MIE is to decrease surgical 
morbidity associated with the open approach. In 
the setting of a randomized controlled trial, only 
a single direct comparison of open and minimally 
invasive approaches has been published [31] with 
the final results of the French MIRO (oesopha-
gectoMIe pour cancer paR voie conventionnelle 
ou coeliO-assistée) trial awaited [32]. At present, 
the majority of data derives from retrospective 
nonrandomized series and suggests that mortality 
rates appear equivalent with some suggestion of 
benefit in terms of overall morbidity favoring a 
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Table 20.1  Mortality and overall morbidity of minimally invasive and open esophagectomy

Authors (year) n Approaches Mortality n (%)
Overall morbidity 
n (%)

Law et al. (1997) [10] 22 MIE (TSO) 0 18 (81.8)
63 Open 0 63 (100)

Nguyen et al. (2000) [11] 18 MIE (TLSO) 0 7 (38.9)
36 Open 0 19 (52.8)

Osugi et al. (2003) [12] 77 MIE (VATS) 0 31 (40.3)
72 Open 0 32 (44.4)

Kunisaki et al. (2004) [13] 15 MIE (VATS + HALS) 0 NS
30 Open 0 NS

Van den Broek et al. (2004) [14] 25 MIE (THO) 0 14 (70)
20 Open 0 18 (72)

Bresadola et al. (2006) [15] 14 MIE (THO and TLSO) 0 8 (57.1)
14 Open 0 6 (42.9)

Bernabe et al. (2005) [16] 17 MIE (THO) 0 NS
14 Open 0 NS

Shiraishi et al. (2006) [17] 116 MIE (TLSO) 3 (2.6) NS
37 Open 3 (8.1) NS

Braghetto et al. (2006) [18] 47 MIE (VATS/LSO) 3 (6.3) 18 (38.2)
119 Open 13 (10.9) 72 (60.5)

Smithers et al. (2007) [19] 332 MIE (TLSO) 7 (2.1) 207 (62.3)
114 Open 3 (2.6) 76 (66.7)

Fabian et al. (2008) [9] 22 MIE (TLSE) 1 (4.5) 15 (68.2)
43 Open 4 (9.8) 31 (72.1)

Zingg et al. (2009) [20] 56 MIE (TLSO) 2 (3.6) 19 (34.5)
98 Open 6 (6.1) 20 (23.5)

Perry et al. (2009) [21] 21 MIE (LIO) 0 13 (62)
21 Open 1 (5) 17 (81)

Parameswaran et al. (2009) [22] 50 MIE (TLSO) 1 (2) 24 (48)
30 Open 1 (3) 15 (50)

Pham et al. (2010) [23] 44 MIE (TLSO) 3 (6.8) NS
46 Open 2 (4.3) NS

Schoppman et al. (2010) [24] 31 MIE (TLSO) 0 11 (35.5)
31 Open 0 23 (74.2)

Singh et al. (2010) [25] 33 MIE (TLSO) Values NS Values NS
31 Open p = 0.34 P = 0.06

Mamidanna et al. (2012) [26] 1155 MIE (TLSO,HMIO) 46 (4.0) NS
6347 Open 274 (4.3) NS

Ben-David et al. (2012) [27] 100 MIE (TLSO) 1 (1) NS
32 Open 2 (5) NS

Briez et al. (2012) [28] 140 MIE (HMIO) 2.1 35.7
140 Open 12.9 59.3

Xie et al. (2014) [29] 106 MIE (TLSO) 2 (1.9) 28 (26.4)
163 Open 4 (2.5) 56 (34.4)

Hsu et al. (2014) [30] 66 MIE (TLSO) 5 (7.6) NS
63 Open 5 (7.9) NS

MIE minimally invasive esophagectomy, VATS video-assisted thoracoscopic surgery esophagectomy, HMIO hybrid 
MIO, HALS hand-assisted laparoscopic oesophagectomy, TSE thoracoscopic-assisted esophagectomy, TLSE thoraco-
laparoscopic surgery esophagectomy, LIE laparoscopic inversion esophagectomy, LSE laparoscopic esophagectomy, 
NS not stated

20  Open or Minimally Invasive? Comparison of Early and Late Results
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minimally invasive approach (Tables  20.1 and 
20.2). It is likely that the benefits of MIE may be 
overshadowed by the persistent rate of significant 
morbidity which continues to occur independent 
of surgical approach. It seems conceivable that, 
in the absence of such complications, patients 
with a minimal access approach enjoy quicker 
recovery, quicker return to normal activities, and 
decreased long-term pain when compared to 
patients with similarly uncomplicated open pro-
cedures. This, however, has yet to be proven.

Results coming from three published meta-
analyses, based on nonrandomized comparative 
data, are contradictory. Two did not find signifi-
cant differences between the MIE and the open 
approaches [33, 34]. The third suggests that 
patients undergoing MIE had better operative 
and postoperative outcomes with no compro-
mise in oncological outcomes (as assessed by 
lymph node retrieval) [7]. Patients undergoing 
MIE had significantly lower blood loss and 
shorter postoperative ICU and hospital stay. 
There was a 50 % decrease in total morbidity in 
the MIE group. Subgroup analysis of comor-
bidities demonstrated significantly lower inci-
dence of respiratory complications after MIE; 
however, other postoperative outcomes such as 
anastomotic leak, anastomotic stricture, gastric 
conduit ischemia, chyle leak, vocal cord palsy, 
and 30-day mortality were comparable between 
the two techniques. The benefit of at least one 
endoscopic stage in hybrid techniques (thora-
coscopy with laparotomy or laparoscopy with 
thoracotomy) was noted. Even with only one 
phase being minimally invasive, blood loss and 
respiratory complications were still found to be 
lower, consistent with open versus totally MIE 
analysis, and highlight the purported advantages 
of applying a minimally invasive approach to 
esophagectomy.

20.4	 �Long-Term Results 
(Table 20.3)

If MIE is to become the approach of choice, 
then it must be demonstrated not to compromise 
oncological outcomes. Improved lighting and 

visibility, along with the magnification afforded 
by minimally invasive equipment, may prove 
superior for meticulous dissection and lymph 
node harvest. However, until large series report 
long-term survival by stage or results of large 
randomized trials are published, the true onco-
logic value of MIE will remain controversial. 
Table 20.3 reflects the fact that no study to date 
has shown conclusive evidence of improved 
overall survival favoring a minimally invasive 
resection. While several studies have suggested 
a benefit in terms of lymph node harvest, many 
have failed to meet the broadly accepted recom-
mendations of the number of lymph nodes 
which should be retrieved for optimum staging 
and prognosis (Table 20.3). This puts into some 
question the quality of resection in several stud-
ies and makes oncological comparisons diffi-
cult. More data is simply required in this regard 
from future randomized controlled trials.

20.5	 �Randomized Controlled 
Trials

To date, only one multicenter randomized con-
trolled trial (TIME) has been published compar-
ing the results of minimally invasive and open 
esophagectomy [31]. This trial randomly assigned 
56 patients to open esophagectomy and 59 to a 
minimally invasive operation with all patients 
receiving equivalent neoadjuvant chemotherapy 
or chemoradiotherapy regimes. Both minimally 
invasive and open surgical groups had a mixture 
of two-stage and three-stage operations with the 
majority of patients having a cervical anastomo-
sis. The primary outcome measure chosen was 
pulmonary infection within 2 weeks of surgery 
defined by clinical manifestation of pneumonia 
confirmed by radiological imaging and a positive 
sputum sample. Sixteen (29  %) patients in the 
open surgical group and 5 (9 %) patients in the 
minimally invasive group (p = 0.005) developed 
pneumonia in the first two postoperative weeks. 
Prima facie this appears to suggest a significant 
benefit in terms of respiratory complications in 
favor of the minimally invasive approach. Several 
observations and qualifications do however need 
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Table 20.3  Long-term oncological outcomes for MIE and open esophagectomy

Authors (year) N Approaches

Number of 
lymph nodes 
retrieved 
(median)

RO resection 
rate n (%) 3-year survival

Law et al. (1997) [10] 22 MIE (TSO) 7 [2–13] 10 62 % (2 years)
63 Open 13 [5–34] NS 63 % (2 years)

Nguyen et al. (2000) 
[11]

18 MIE (TLSO) 10.8 ± 8.4 18 NS
36 Open 6.6 ± 5.8 NS NS

Osugi et al. (2003) [12] 77 MIE (VATS) 33.9 ± 12 NS 70 %
72 Open 32.8 ± 14 NS 60 %

Kunisaki et al. (2004) 
[13]

15 MIE (VATS + HALS) 24.5 ± 10 NS NS
30 Open 26.6 ± 10.4 NS NS

Van den Broek et al. 
(2004) [14]

25 MIE (THO) 7 ± 4.9 21 (84) 60 % (f/u 
17 ± 11 months)

20 Open 6.5 ± 4.9 18 (90) 50 % (f/u 
54 ± 16 months)

Bresadola et al. (2005) 
[15]

14 MIE (THO/TLSO) 22.2 ± 12 NS NS
14 Open 18.6 ± 13.4 NS NS

Bernabe et al. (2005) 
[16]

17 MIE (THO) 9.8 (NS) NS NS
14 Open 8.7 (NS) NS NS

Shiraishi et al. (2006) 
[17]

116 MIE (TLSO) 31.8 (NS) NS NS
37 Open 30.1 (NS) NS NS

Braghetto et al. (2006) 
[18]

47 MIE (VATS/LSO) NS NS 45.5 %
119 Open NS NS 32.5 %

Smithers et al. (2007) 
[19]

332 MIE (TLSO) 17 [9–33] 263 42 %
114 Open 16 [1–44] 90 30 %

Fabian et al. (2008) [9] 22 MIE (TLSE) 15 ± 6 22 (100) NS
43 Open 8 ± 7 NS NS

Zingg et al. (2009) [20] 56 MIE (TLSO) 5.7 ± 0.4 NS Median 
survival – 35 
months MIE, 29 
months open

98 Open 6.7 ± 0.5 NS
Perry et al. (2009) [21] 21 MIE (LIO) 10 [4–12] NS NS

21 Open 3 [0–7] NS NS
Parameswaran et al. 
(2009) [22]

50 MIE (TLSO) 23 [7–49] NS 74 % (2-year 
survival)

30 Open 10 [2–23] NS 58 % (2-year 
survival)

Pham et al. (2010) [23] 44 MIE (TLSO) 13 [9–15] NS NS
46 Open 8 [3–14] NS NS

Schoppman et al. 
(2010) [24]

31 MIE (TLSO) 17.9 ± 7.7 29 (93.5) 64 %
31 Open 20.5 ± 12.6 30 (96.8) 46 %

Singh et al. (2010) [25] 33 MIE (TLSO) 14 (6–16) 30 55 % (2-year 
survival)

31 Open 8 (3–14) 30 32 % (2-year 
survival)

Mamidanna et al. 
(2012) [26]

1155 MIE (TLSO/HMIO) NS NS NS
6347 Open NS NS NS

Ben-David et al. (2012) 
[27]

100 MIE (TLSO) NS 99 (99) NS
32 Open NS 32 (100) NS

W.B. Robb and C. Mariette
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to be made. Intraoperative single-lung ventilation 
was practiced only for the open surgical group, 
and the open group had a very high level of recur-
rent laryngeal nerve palsy (14 %) compared to the 
minimally invasive group (2  %). Both of these 
factors clearly put the patients having an open 
operation at higher risk of postoperative respira-
tory complications. Further many non-studied 
variables  – malnutrition, previous and current 
smoking, pulmonary comorbidities, functional 
status, and clinical TNM (tumor, node, metasta-
ses) stage – have all been shown to strongly influ-
ence the primary end point of this trial. More data 
is therefore required.

There are two other multicenter randomized 
controlled trials of interest. The French multi-
center phase III MIRO trial [32] has randomized 
patients to either hybrid esophagectomy (laparo-
scopic gastric mobilization and open right thora-
cotomy) or open esophagectomy. The MIRO trial 
tests the impact of laparoscopic gastric conduit 
creation with open thoracotomy (hybrid proce-
dure) on major 30-day postoperative morbidity, 
especially on pulmonary complications. It 
hypothesizes that hybrid MIE may decrease 
major postoperative morbidity without compro-
mising oncological outcomes through an easily 
reproducible surgical procedure. Secondary 
objectives are to assess the overall 30-day mor-
bidity, 30-day mortality, disease-free and overall 
survival, quality of life, and medico-economic 

analysis. The short-term results have been 
recently presented [35]. The trial randomly 
assigned 104 patients to open esophagectomy 
and 103 to a hybrid approach group. Sixty-seven 
(64.4  %) patients in the open group had major 
postoperative morbidity compared to 37 (35.9 %) 
in the hybrid group (OR 0 · 31, 95  % CI 
0 · 18-0 · 55; p = 0 · 0001). Thirty-one (30.1  %) 
patients after an open operation had major pul-
monary complications compared to 18 (17.7 %) 
after a hybrid approach (p = 0 · 037), whereas 
30-day mortality was 5 (4.9 %) versus 5 (4.9 %), 
respectively. The MIRO results provide further 
evidence that a minimally invasive approach may 
reduce the short-term insult of esophagectomy. 
The longer-term oncological results are awaited 
with interest. In the United Kingdom, patients are 
currently being recruited into a phase II trial [36] 
comparing a totally minimally invasive opera-
tion, hybrid approach (laparoscopic gastric 
mobilization and open chest) and open esopha-
gectomy. Results for phase II of this study are not 
yet accumulated and recruitment to the planned 
phase III trial not yet commenced.

�Conclusions

MIE has been gaining in popularity, but, as 
with open surgery, no consensus has been 
reached regarding the superiority of any par-
ticular MIE adaptation. Even if some large 
comparative studies suggest a significantly 

Table 20.3  (continued)

Authors (year) N Approaches

Number of 
lymph nodes 
retrieved 
(median)

RO resection 
rate n (%) 3-year survival

Briez et al. (2012) [28] 140 MIE (HMIO) 22 [8–53] 85.7 58 % (2-year 
survival)

140 Open 22 [6–56] 87.9 57 % (2-year 
survival)

Xie et al. (2014) [29] 106 MIE (TLSO) 30.4 (±5.4) NS NS
163 Open 30.2 (±5.0) NS NS

Hsu et al. (2014) [30] 66 MIE (TLSO) 28.3 (±16.6) 64 (97.0) 70.9 %
63 Open 25.9 (±15.3) 61 (96.8) 47.6 %

MIE minimally invasive esophagectomy, VATS video-assisted thoracoscopic surgery esophagectomy, HMIO hybrid 
MIO, HALS hand-assisted laparoscopic oesophagectomy; TSE thoracoscopic-assisted esophagectomy, TLSE thoraco-
laparoscopic surgery esophagectomy, LIE laparoscopic inversion esophagectomy, LSE laparoscopic esophagectomy, 
NS not stated
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better postoperative course following MIE, 
without compromise of oncological outcomes, 
more data is needed from randomized trials. 
Randomized trials are, however, difficult due 
to the wide variety of techniques available, the 
heterogeneity in surgeons’ preferences, the 
relative low number of procedures performed, 
the complexity of such surgery, and the variety 
and definition of postoperative complications 
after esophagectomy. Certainly the positive 
results of the TIME trial and the soon to be 
published MIRO trial add credence to what 
many surgeons find intuitive – that a less inva-
sive approach can reduce morbidity after 
esophagectomy. Rates of postoperative mor-
tality have fallen in specialist centers; focus 
must turn to minimizing the traditionally high 
level of morbidity associated with this 
operation.

To date, data coming from nonrandomized 
studies do suggest MIE is safe and at least com-
parable to open resection for both surgical and 
oncological outcomes. Data from meta-analyses 
suggest that MIE may have advantages in terms 
of less blood loss, less time in intensive care, 
fewer pulmonary complications, and shorter hos-
pital stay. However, the effect of MIE on quality 
of life and return to normal activity has not been 
assessed nor have medico-economic analyses 
been performed. More large randomized con-
trolled trials are required. Results from the MIRO 
trial will soon be published and will offer a higher 
level of evidence for this highly debated 
procedure.

Conflicts of Interest  The authors declare that they have 
no competing interests.

Funding Source  None.

References

	 1.	Birkmeyer JD, Siewers AE, Finlayson EV et al (2002) 
Hospital volume and surgical mortality in the United 
States. N Engl J Med 346:1128–1137

	 2.	Low DE, Kunz S, Schembre D et  al (2007) 
Esophagectomy–it’s not just about mortality any-
more: standardized perioperative clinical pathways 
improve outcomes in patients with esophageal cancer. 
J Gastrointest Surg 11:1395–1402

	 3.	Akaishi T, Kaneda I, Higuchi N et  al (1996) 
Thoracoscopic en bloc total esophagectomy with rad-
ical mediastinal lymphadenectomy. J  Thorac 
Cardiovasc Surg 112:1533–1540

	 4.	Gossot D, Fourquier P, Celerier M (1993) 
Thoracoscopic esophagectomy: technique and initial 
results. Ann Thorac Surg 56:667–670

	 5.	Gemmill EH, McCulloch P (2007) Systematic review 
of minimally invasive resection for gastro-oesophageal 
cancer. Br J Surg 94:1461–1467

	 6.	Mariette C, Robb WB (2012) Open or minimally 
invasive resection for oesophageal cancer? Recent 
Results Cancer Res 196:155–167

	 7.	Nagpal K, Ahmed K, Vats A et al (2010) Is minimally 
invasive surgery beneficial in the management of 
esophageal cancer? A meta-analysis. Surg Endosc 
24:1621–1629

	 8.	Dapri G, Himpens J, Cadiere GB (2008) Minimally 
invasive esophagectomy for cancer: laparoscopic 
transhiatal procedure or thoracoscopy in prone posi-
tion followed by laparoscopy? Surg Endosc 
22:1060–1069

	 9.	Fabian T, Martin JT, McKelvey AA et  al (2008) 
Minimally invasive esophagectomy: a teaching 
hospital's first year experience. Dis Esophagus 21: 
220–225

	10.	Law S, Fok M, Chu KM et al (1997) Thoracoscopic 
esophagectomy for esophageal cancer. Surgery 
122:8–14

	11.	Nguyen NT, Follette DM, Wolfe BM et  al (2000) 
Comparison of minimally invasive esophagectomy 
with transthoracic and transhiatal esophagectomy. 
Arch Surg 135:920–925

	12.	Osugi H, Takemura M, Higashino M et al (2003) A 
comparison of video-assisted thoracoscopic oesopha-
gectomy and radical lymph node dissection for squa-
mous cell cancer of the oesophagus with open 
operation. Br J Surg 90:108–113

	13.	Kunisaki C, Hatori S, Imada T et  al (2004) Video-
assisted thoracoscopic esophagectomy with a voice-
controlled robot: the AESOP system. Surg Laparosc 
Endosc Percutan Tech 14:323–327

	14.	Van den Broek WT, Makay O, Berends FJ et al (2004) 
Laparoscopically assisted transhiatal resection for 
malignancies of the distal esophagus. Surg Endosc 
18:812–817

	15.	Bresadola V, Terrosu G, Cojutti A et  al (2006) 
Laparoscopic versus open gastroplasty in esophagec-
tomy for esophageal cancer: a comparative study. 
Surg Laparosc Endosc Percutan Tech 16:63–67

	16.	Bernabe KQ, Bolton JS, Richardson WS (2005) 
Laparoscopic hand-assisted versus open transhiatal 
esophagectomy: a case-control study. Surg Endosc 
19:334–337

W.B. Robb and C. Mariette



203

	17.	Shiraishi T, Kawahara K, Shirakusa T et  al (2006) 
Risk analysis in resection of thoracic esophageal can-
cer in the era of endoscopic surgery. Ann Thorac Surg 
81:1083–1089

	18.	Braghetto I, Csendes A, Cardemil G et al (2006) Open 
transthoracic or transhiatal esophagectomy versus min-
imally invasive esophagectomy in terms of morbidity, 
mortality and survival. Surg Endosc 20:1681–1686

	19.	Smithers BM, Gotley DC, Martin I et  al (2007) 
Comparison of the outcomes between open and mini-
mally invasive esophagectomy. Ann Surg 245:232–240

	20.	Zingg U, McQuinn A, DiValentino D et  al (2009) 
Minimally invasive versus open esophagectomy for 
patients with esophageal cancer. Ann Thorac Surg 
87:911–919

	21.	Perry KA, Enestvedt CK, Pham T et  al (2009) 
Comparison of laparoscopic inversion esophagectomy 
and open transhiatal esophagectomy for high-grade 
dysplasia and stage I esophageal adenocarcinoma. 
Arch Surg 144:679–684

	22.	Parameswaran R, Veeramootoo D, Krishnadas R et al 
(2009) Comparative experience of open and mini-
mally invasive esophagogastric resection. World 
J Surg 33:1868–1875

	23.	Pham TH, Perry KA, Dolan JP et al (2010) Comparison 
of perioperative outcomes after combined thoraco-
scopic-laparoscopic esophagectomy and open Ivor-
Lewis esophagectomy. Am J Surg 199:594–598

	24.	Schoppmann SF, Prager G, Langer FB et  al (2010) 
Open versus minimally invasive esophagectomy: a 
single-center case controlled study. Surg Endosc 
24:3044–3053

	25.	Singh RK, Pham TH, Diggs BS et al (2010) Minimally 
invasive esophagectomy provides equivalent onco-
logic outcomes to open esophagectomy for locally 
advanced (stage II or III) esophageal carcinoma. Arch 
Surg 146:711–714

	26.	Mamidanna R, Bottle A, Aylin P et al (2012) Short-term 
outcomes following open versus minimally invasive 
esophagectomy for cancer in England: a population-
based national study. Ann Surg 255:197–203

	27.	Ben-David K, Sarosi GA, Cendan JC et  al (2012) 
Decreasing morbidity and mortality in 100 consecu-

tive minimally invasive esophagectomies. Surg 
Endosc 26:162–167

	28.	Briez N, Piessen G, Torres F et al (2012) Effects of 
hybrid minimally invasive oesophagectomy on major 
postoperative pulmonary complications. Br J  Surg 
99:1547–1553

	29.	Xie MR, Liu CQ, Guo MF et  al (2014) Short-term 
outcomes of minimally invasive Ivor-Lewis esopha-
gectomy for esophageal cancer. Ann Thorac Surg 
97:1721–1727

	30.	Hsu PK, Huang CS, Wu YC et al (2014) Open versus 
thoracoscopic esophagectomy in patients with esoph-
ageal squamous cell carcinoma. World J  Surg 
38:402–409

	31.	Biere SS, van Berge Henegouwen MI, Maas KW et al 
(2012) Minimally invasive versus open oesophagec-
tomy for patients with oesophageal cancer: a multi-
centre, open-label, randomised controlled trial. Lancet 
379:1887–1892

	32.	Briez N, Piessen G, Bonnetain F et  al (2011) Open 
versus laparoscopically-assisted oesophagectomy for 
cancer: a multicentre randomised controlled phase III 
trial – the MIRO trial. BMC Cancer 11:310

	33.	Biere SS, Cuesta MA, van der Peet DL (2009) 
Minimally invasive versus open esophagectomy for 
cancer: a systematic review and meta-analysis. 
Minerva Chir 64:121–133

	34.	Sgourakis G, Gockel I, Radtke A et al (2010) Minimally 
invasive versus open esophagectomy: meta-analysis of 
outcomes. Dig Dis Sci 55:3031–3040

	35.	Mariette C, Meunier B, Pezet D et al (2014) Hybrid 
minimally invasive versus open oesophagectomy for 
patients with oesophageal cancer: a multicentre, 
open-label, randomised phase III controlled trial, the 
MIRO trial. Paper presented at the American society 
of clinical oncology gastrointestinal cancers sympo-
sium, San Francisco, 15–17 Jan 2015

	36.	Avery KN, Metcalfe C, Berrisford R et al (2014) The 
feasibility of a randomized controlled trial of esopha-
gectomy for esophageal cancer–the ROMIO 
(Randomized Oesophagectomy: Minimally Invasive 
or Open) study: protocol for a randomized controlled 
trial. Trials 15:200

20  Open or Minimally Invasive? Comparison of Early and Late Results



205© Springer International Publishing Switzerland 2017 
S. Giacopuzzi et al. (eds.), Adenocarcinoma of the Esophagogastric Junction:  
From Barrett’s Esophagus to Cancer, DOI 10.1007/978-3-319-28776-8_21

Enhanced Recovery After Surgery 
(ERAS) and Nutritional Aspects

Christopher J. Grocock, Fiona M.S. Huddy, 
and Shaun R. Preston

21.1	 �Introduction

Enhanced recovery after surgery (ERAS) is a 
multimodal, perioperative care pathway designed 
to facilitate the recovery of patients undergoing 
major surgery. The principles are directed at 
reducing surgical stress and supporting basic 
bodily functions with the aim of improving out-
comes, shortening inpatient stay, and reducing 
the costs associated with major surgery. The 
ERAS principles have resulted in the reevalua-
tion of traditional practice and highlighted mul-
tiple areas, which, if targeted by evidence-based 
best practice, can lead to improved outcomes 
throughout the entire patient journey.

Until recently the majority of the publica-
tions on ERAS in gastrointestinal surgery came 
from work in colorectal surgery. An increasing 

number of esophageal cancer centers are now 
using ERAS principles in reproducible, 
evidence-based, management protocols for all 
patients undergoing esophageal resection. The 
aim is to optimize the overall outcome of sur-
gery, while minimizing associated morbidity 
and mortality. Defined steps in management are 
sequenced by time, or achievement of goals, 
with interventions dependent on specific targets 
or outcomes. The exact components of each 
center’s protocol may vary depending on local 
priorities and circumstances as evidenced by 
those published to date [1–11].

A successful ERAS pathway involves all 
members of the wider multidisciplinary team 
who must support the core ERAS objectives out-
lined in Fig.  21.1. These include appropriate 
patient selection and preparation for surgery 
combined with optimized decision-making 
throughout the perioperative period to minimize 
pain and the stress response to surgery. The anes-
thetist has a key role in ensuring appropriate and 
effective analgesia and fluid replacement therapy. 
The wide variety of allied health professionals 
within the upper gastrointestinal multidisci-
plinary team (upper GI MDT) also has a major 
impact upon patient recovery. Physiotherapists 
facilitate early mobilization and reduce respira-
tory complications; dietitians assess nutritional 
status and optimize nutritional delivery; nurses, 
as the most regular contact with the patient, pro-
vide ward-based care and work with occupational 
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therapists to minimize avoidable delays in dis-
charge. In UK practice, liaison between the 
involved professionals and both patient and fam-
ily is optimized by the active involvement of a 
dedicated clinical nurse specialist (CNS).

21.2	 �Evolution of ERAS 
After Esophagectomy

The origin of ERAS is indelibly associated with the 
seminal work performed by Professor Henrik 
Kehlet in the early 1990s [14]. The concept of a 
standardized clinical pathway has however been 
around even longer. In the mid 1980s Karen Zander 
and Kathleen Bower, working at the New England 
Medical Center, Boston, USA, translated the prin-
ciples of standard operating procedures from indus-
try into case management plans and later clinical 
pathways [15, 16]. These principles were first 
applied to esophageal resection by the thoracic sur-
gery team at The Johns Hopkins Hospital Baltimore 
in 1994 [1]. This pathway included many of the 

principles which would now be regarded as ele-
ments of an ERAS system (Fig. 21.1), such as early 
removal of lines, drains, and urinary catheter along 
with early enteral feeding. The implementation of 
this pathway resulted in a significant reduction in 
length of stay (LOS) and cost [1]. In 2003 [17] and 
2004 [2], two further teams from the USA reported 
the beneficial impact of clinical pathways on recov-
ery following esophagectomy. The first from 
Virginia Mason in Seattle published a case series 
(1999–2000) where standardized multimodal man-
agement and intraoperative fluid restriction had 
been implemented [17]. The second from University 
of Alabama published a 4-year case series on “Fast 
Tracking After Ivor Lewis Esophagogastrectomy” 
utilizing an algorithm to guide postoperative care 
[2]. Review of both pathways again demonstrated 
them to revolve around what are now regarded as 
ERAS principles.

The steady reduction in the mortality and 
improved survivorship associated with esopha-
geal resection encouraged the belief that clini-
cal pathways and ERAS principles could be 

Pre –Op

Post –OpIntra –Op

Selection & planning
Counselling & education
Nutritional opitmisation
Carbohydrate loading

Appropriate fasting
Prophylactic antibiotics

VTE prophylaxis

Functioning epidural
Mobilisation & chest physio
Avoidance of fluid overload

Early enteral nutrition
Protocolised drain removal

Audit of outcomes

Mid-thoracic epidural
Goal directed fluid

Short-acting anaesthesia
Maintain normothermia

Appropriate incision & drains
Minimise blood loss

Enhanced
Recovery (ERAS)

Fig. 21.1  A schematic summary of the pre-, intra-, and 
postoperative aspects of a successful ERAS pathway. 
Enhanced recovery is a multimodal process requiring 
inputs from all members of the wider upper GI multidisci-

plinary team if the process is to be a success. While the 
difference made by each individual component is difficult 
to prove statistically, these combine synergistically to 
deliver a definite improvement in outcomes [12, 13]
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applied to such major surgery. The subsequent 
publication by the team from Virginia Mason in 
2007 “It’s Not Just About Mortality Anymore: 
Standardized Perioperative Clinical Pathways 
Improve Outcomes in Patients with Esophageal 
Cancer” [3] reported a series of 340 consecu-
tive patients from 1991 to 2006 with a 30-day 
mortality of 0.3 % and a mean stay of 11.5 days. 
This appears to have triggered an explosion of 
interest in the potential clinical benefit of stan-
dardized pathways and ERAS in esophagec-
tomy with nine full papers published between 
2009 and 2014. The papers were almost exclu-
sively comparative and case-controlled studies, 
with a single small randomized controlled trial 
from a Chinese center [11]. The relevant data 
have been assessed in detail in two recent sys-
tematic reviews [12, 13]. The Findlay paper 
[12] assessed the evidence base for both the 
overall process and its constituent parts and 
issued clinical guidelines where possible. The 
Markar systematic review [13] demonstrated 
the benefits afforded by ERAS pathways in 
terms of fewer leaks, pulmonary complications, 
and a shorter hospital stay, with no significant 
difference in terms of mortality or readmission 
[13]. These reviews are supportive of the pro-
cess, but there is a lack of randomized trials on 
ERAS pathways and esophageal resection. The 
series from Virginia Mason has recently been 
updated [18] and reported the results of 595 
patients over 4 sequential time periods between 
1991 and 2012. The overall in-hospital mortal-
ity rate remained at 0.3  %, with the median 
LOS in the most recent 6-year time period 
being 8 (range 5–115) days. A summary of the 
papers on ERAS pathways selected for the 
Markar et  al. [13] and/or Findlay et  al. [12] 
reviews is summarized in Table 21.1.

21.3	 �The Core Components 
of ERAS 
After Esophagectomy

The published post-esophagectomy ERAS 
pathways share core components in the pre-, 
intra-, and postoperative periods (Fig. 21.1).

21.3.1	 �Preoperative

21.3.1.1	 �Focussed Counseling and 
Psychological Preparation

Focussed preoperative patient counseling has 
been shown to be an independent predictor of a 
successful ERAS pathway in colorectal surgery 
[20, 21]. Most surgeons use the outpatient clinic 
as the forum to outline the management plan and 
procedure proposed. This may be supplemented 
by anesthetic assessment and further discussion 
with the CNS.  The provision of supplementary 
written information outlining the daily goals 
should also be offered as both reference and rein-
forcement. A good relationship with family 
members should be fostered and they should be 
encouraged to attend. The early engagement of 
relatives to support patients in achieving daily 
targets and to plan for their role within the pri-
mary support structure following discharge is 
essential. Discharge planning should therefore be 
considered at this point and discussed with both 
patient and family. A preoperative home visit by 
an occupational therapist may be required, and in 
units where a feeding jejunostomy is placed at 
time of resection, pump training can be initiated 
preoperatively to reduce postoperative delays. 
Some patients find it helpful to be partnered with 
a “buddy” who has already experienced the sur-
gery or to attend a support group. A hospital visit 
to the theater complex, ITU, and ward may also 
benefit.

21.3.1.2	 �Physical Preparation 
for Esophagectomy

Fitter patients and those with less comorbidity are 
better placed to cope with the stresses placed on 
them by major surgery. Most patients however 
have significant comorbid conditions that may 
impact upon surgery. All patients due to undergo 
esophageal resection should be assessed preoper-
atively by a consultant anesthetist with an interest 
in esophageal surgery and a discussion of analge-
sic options and their associated potential compli-
cations conducted. The traditional methods for 
evaluating preoperative fitness for major surgery 
may be supplemented by risk stratification 
tools such as P-POSSUM [22] and O-POSSUM 
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Table 21.1  A summary of the original literature published on ERAS after esophagectomy

Author Year Design
Total n number 
(ERAS group)

Primary outcomes
Conventional vs ERAS 
groups

Zehr [1] 1998 Retrospective case control 152 (96) Complications: not reported
Mortality reduced: 3.6–0 %
Length of stay reduced: 
13.6–9.5 days
Readmissions: not reported
Costs reduced: 
$22,000–$18,000

Cerfolio [2] 2004 Retrospective 
observational

90 Complications: 17.7 % 
(major only)
Mortality: 4.4 %
Length of stay: 7 days
Readmissions: 4.4 %
Compliance with protocol: 
76 %

Low [3] 2007 Retrospective 
observational

340 Complications: 45 %
Mortality: 0.3 %
Length of stay: 12 days
Readmissions: not reported

Jiang [4] 2009 Retrospective 
observational

114 Complications: 29.8 %
Mortality: 2.6 %
Length of stay: 7 days
Readmissions: 4 %

Munitiz [5] 2010 Retrospective case control 148 (74) Complications reduced: 
38–31 %
Mortality reduced: 5–1 %
Length of stay reduced: 
13–9 days
Readmissions reduced: 
1.4–0 %
Compliance with protocol: 
69 %

Tomaszek [19] 2010 Retrospective case control 386 (110) Complications: 42.8 % (all 
patients)
Mortality: 3.6 % (all 
patients)
Length of stay reduced: 
9–7 days
Readmissions reduced: 
27–25 %

Li [6] 2012 Retrospective case control 106 (59) Complications unchanged: 
32 % (major only)
Mortality increased: 0–2 %
Length of stay reduced: 
10–8 days
Readmissions reduced: 
6–5 %

Preston [7] 2012 Retrospective case control 36 (12) Complications reduced: 
75–33 % (12 pts)
Mortality unchanged: 0 %
Length of stay reduced: 
17–7 days
Readmissions: not reported
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scoring [23] or by objective assessment utilizing 
cardiopulmonary exercise testing [24, 25]. All 
patients are likely to benefit from taking exercise 
in the run up to surgery, but a subset may be 
selected for formal preoperative inspiratory mus-
cle training (IMT). High-intensity IMT improves 
respiratory muscle function and may reduce post-
operative pulmonary complications following 
esophageal surgery [26] and is currently undergo-
ing further evaluation as a multicenter random-
ized controlled trial (PREPARE Study) [27]. 

Anemia should be corrected prior to esophagec-
tomy as it is associated with an increased risk of 
transfusion, morbidity, and mortality. The time 
interval required for the staging and neoadjuvant 
treatment commonly involved with esophageal 
surgery means that oral iron or iron transfusion is 
suitable agent in iron deficiency anemia. 
Nutritional assessment and support from a spe-
cialist dietitian should also be performed with 
optimization of nutritional status by oral or enteral 
supplementation when required.

Table 21.1  (continued)

Author Year Design
Total n number 
(ERAS group)

Primary outcomes
Conventional vs ERAS 
groups

Blom [8] 2013 Retrospective case control 181 (103) Complications increased: 
68–71 %
Mortality increased: 1–4 %
Length of stay reduced: 
15–14 days
Readmissions reduced: 
10.3–9.7 %

Cao [9] 2013 Retrospective case control 112 (55) Complications reduced: 
47–29 %
Mortality reduced: 
5.3–1.8 %
Length of stay reduced: 
14.8–7.7 days
Readmissions reduced: 
5.3–2.6 %

Tang [10] 2013 Retrospective case control 63 (36) Complications reduced: 
25.9–16.7 %
Mortality increased: 
3.7–5.6 %
Length of stay reduced: 
14.5–11 days
Readmissions increased: 
14.8–19.4 %

Zhao [11] 2014 Randomized controlled 
trial

68 (34) Complications reduced: 
11.7–5.9 %
Mortality unchanged: 0 %
Length of stay reduced: 
12.5–7.2 days
Readmissions increased: 
0–2.9 %
Costs reduced 40,000–
32,000 renminbi

These papers were of sufficient methodological quality to meet the inclusion criteria for the two recently published 
systematic reviews on ERAS after esophagectomy [12, 13]. Only one RCT has been performed, but when the findings 
were combined in the systematic reviews, significant benefits were demonstrated. Some series had no control group 
(observational); others compared results following introduction of an ERAS pathway to an earlier pre-ERAS group, 
almost always at the same institution (case control). The numbers in parentheses in column 4 are for the ERAS group. 
All outcome data in the final column are for the ERAS group in the observational studies and both groups (where pub-
lished) in the case-control studies
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21.3.2	 �Intraoperative

21.3.2.1	 �Surgical Management
The majority of surgical decision-making is 
made preoperatively based upon the staging of 
the disease but is also influenced by patient-
specific factors such as physiology, body mass 
index, previous surgery, and conduit availability. 
These all impact on the choices made with respect 
to the procedure, incision, and anticipated recon-
struction. The preoperative plan should aim to 
minimize the surgical stress response, while still 
giving the patient the best possible chance of 
long-term cure. Intraoperative technique may 
however influence blood loss which should be 
minimized. The number of drains inserted is 
often dictated by the procedure performed but 
should be kept to a minimum. Local practice var-
ies regarding use of nasogastric drainage tubes 
and performing a gastric drainage procedure, 
with the literature remaining too heterogeneous 
to give exact recommendations [12].

There remains ongoing interest in minimally 
invasive esophagectomy (MIO). This is techni-
cally demanding and time consuming and has a 
marginal impact on length of stay [28]. Many 
centers have tried fully minimally invasive and 
hybrid techniques in an attempt to minimize the 
surgical stress response. These techniques are 
fully consistent with the principles of ERAS and 
oncological outcomes appear comparable [29]. 
The one RCT published to date [30] of open ver-
sus minimally invasive techniques showed bene-
fit in terms of reduced complications, length of 
stay, and blood loss, with no significant differ-
ence in terms of oncological outcome [30].

21.3.2.2	 �Anesthetic Management
Whenever possible the patient should be safely 
extubated immediately following esophagec-
tomy. This requires a functioning mode of anal-
gesia (usually mid-thoracic epidural) adequate 
warming and fluid resuscitation. With long, 
complex procedures such as esophagectomy, 
this process may be facilitated by ensuring a 
prompt start (and end) to surgery. All of these 
measures facilitate the ability to commence the 
patient recovery on the day of surgery. While 

the surgeon’s focus is on delivering the best pos-
sible oncological procedure while minimizing 
associated blood loss, the anesthetist has to 
address the majority of the other intraoperative 
aspects shown in Fig. 21.1. The analgesic plan 
is of primary importance to the patient. A well-
placed and functioning thoracic epidural can 
have a significant impact on patient pain, ability 
to mobilize, and respiratory complications [31]. 
It may be possible to deliver the same level of 
analgesia using paravertebral blocks and/or 
wound catheters, but it is the degree of analgesia 
rather than the manner it is achieved which is 
the key to minimizing respiratory complications 
and promoting early postoperative mobilization. 
Fluid therapy is an evolving science. Too much 
or too little fluid both have deleterious effects. 
Judicious fluid resuscitation, rather than a lib-
eral approach is favored, with 1500–2500 milli-
liters (ml) during surgery usually considered an 
appropriate target. Goal-directed fluid resuscita-
tion at time of surgery may be beneficial, with 
the aim of achieving neutral fluid balance there-
after. As long as the patient is not dehydrated, 
judicious use of vasopressors rather than exces-
sive fluid resuscitation benefits, rather than 
risks, the conduit and anastomosis. The mean 
arterial pressure should be no lower than 
70 mmHg. Whether goal-directed fluid therapy 
is better than more simple methods of keeping 
the patient’s fluid balance neutral remains 
unproven, and, once again, practice varies 
between centers. The other aims of maintaining 
temperature, administration of prophylactic 
antibiotics, and minimizing the thromboembolic 
risk are not contentious. There is good evidence 
for combined mechanical and pharmacological 
thrombo-prophylaxis, and fractionated heparin 
should be continued for 30  days from day of 
surgery [32].

21.3.3	 �Postoperative

Most esophagectomy patients will be managed 
in the immediate postoperative period in a criti-
cal care or step-down care environment. Here 
the professions allied to medicine take on a 
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leading role, and all members of the wider upper 
GI MDT must support the process if it is to suc-
ceed. The physiotherapy and nursing teams are 
key. The central tenet of the postoperative aspect 
of an ERAS pathway is early mobilization. The 
use of a profiling bed ensures that the patient’s 
position can be controlled from the time they 
first arrive on the high dependency unit. Sitting 
patients up on the day of surgery and maintain-
ing a head-up position at all times facilitate sit-
ting up and out of bed, then walking the day 
after (or sometimes on the day of) surgery. The 
frequency and distance walked increase pro-
gressively each day. Pumps and drains should be 
on a single drip stand to aid mobility. Optimum 
analgesia and regular chest physiotherapy help 
minimize respiratory complications. The cur-
rent literature demonstrates that the implemen-
tation of the ERAS principles results in a 
significant reduction in respiratory complica-
tions (Fig. 21.2) [13].

Practice varies between centers and the litera-
ture too heterogeneous to give exact recommen-
dations on drainage tube output and when they 
can safely be removed. In general terms, the 
ERAS principle of removal as early as is safe 
holds true. At the author’s center, the nasogastric 
tube is removed on the second post-op day if the 
output is less than 300 ml over the previous 24 h. 
Basal chest drains are removed from third post-
operative day provided the output is less than 
250 ml. The apical chest drain, which lies adja-
cent to the anastomosis, is removed once the 
patient has progressed to a pureed diet.

Many units use a feeding jejunostomy to meet 
nutritional requirements. At discharge, ERAS 
patients will frequently be taking only liquids 
and pureed diet, and the majority will struggle to 
meet their nutritional requirements without sup-
plementary feeding.

Medication should be optimized for each 
patient. Patients’ exact requirements will vary 
with their comorbidities, but all will require regu-
lar analgesia. In addition to the epidural, the 
author’s center uses regular paracetamol from 
time of surgery with rectal diclofenac started on 
the third postoperative day, provided that there 
are no concerns regarding renal function. 

A proton-pump inhibitor or H2-receptor antago-
nist is usually utilized to reduce the risk of stress 
ulceration and bleeding.

The 2013 UK National Oesophago-Gastric 
Cancer Audit shows that overall median LOS is 
13 days for an esophagectomy [28]. In the papers 
used in the systematic reviews, introduction of an 
ERAS pathway reduced LOS from a median of 
17–13 days. In Virginia Mason, the median stay 
in their most recent 6-year block is 8 (range, 
5–115) days [18]. There are obvious clinical ben-
efits for the patient and potential cost savings for 
treating hospital.

Fig. 21.2  A patient mobilizing on the first postoperative 
day after an open two-phase esophagogastrectomy with 
radical two-field lymph node dissection. To mobilize on 
the evening of surgery or the first postoperative day, the 
patient needs to have adequate analgesia, normally pro-
vided by a functioning mid-thoracic epidural. The profil-
ing bed is used to keep the patient head up while sleeping 
and in a chair position when awake, to maintain barocep-
tor function. All drains and pumps need to be placed on a 
single drip stand, and the patient should wear nonslip 
socks. Assistance is provided by physiotherapy and nurs-
ing staff and tailored to patient needs
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21.3.4	 �Nutrition

Patients undergoing esophagectomy are a high-risk 
group from a nutritional point of view with the inci-
dence of malnutrition estimated at 79 % [33]. The 
nature of the disease means that patients frequently 
present after weeks or months of a combination of 
progressive dysphagia, odynophagia, obstructive 
regurgitation, and epigastric or retrosternal pain. 
The resultant poor intake and associated weight 
loss may also be affected by the side effects of neo-
adjuvant treatment. Traditionally, this was further 
compounded by the surgical practice of limited 
preoperative nutritional support, prolonged preop-
erative fasting, and delays recommencing nutrition. 
ERAS has brought a renewed emphasis on the 
importance of nutrition as centers strive to further 
improve outcomes. The assessment of nutritional 
status and rigorous correction of nutritional defi-
ciencies is an integral component of an effective 
enhanced recovery pathway.

21.3.4.1	 �Preoperative Assessment 
and Optimization

The first step in optimizing nutrition involves the 
completion of a comprehensive nutritional 
assessment. This should be performed by a spe-
cialist upper GI dietitian as a core member of the 
MDT. Once the nutritional risk has been evalu-
ated, preoperative goals should be set to provide 
caloric and nitrogenous support. The aim is to 
meet the patient’s specific nutritional require-
ments, avoid excessive loss of lean body mass, 
attenuate the hypermetabolic response to surgery, 
and provide micro- and macronutrients to opti-
mize healing and recovery. Perioperative mainte-
nance of normoglycemia improves surgical 
outcomes and may be the single most important 
factor in the prevention of surgical site infection. 
Symptoms associated with esophageal cancer 
may increase the difficulty in achieving this.

Techniques to optimize oral intake include tex-
ture modification, food fortification, and oral 
nutritional supplements (sip feeds). While oral 
intake may be improved by insertion of self-
expanding metal stents (SEMS), their role in the 
preoperative setting remains controversial. Several 
trials have shown that if oral supplementation 

remains insufficient, patients with dysphagia or 
severe anorexia may benefit from preoperative 
enteral nutrition support via a naso-jejunal feeding 
tube or a feeding jejunostomy. European guide-
lines recommend that patients with severe nutri-
tional risk receive nutritional support, preferably 
using the enteral route for 10–14  days prior to 
major surgery, even if surgery has to be delayed 
[34]. Many centers now place a feeding jejunos-
tomy during the staging laparoscopy that can then 
be used for nutrition supplementation during neo-
adjuvant treatment, in the lead up to and after 
esophagectomy [35]. This has the advantage of 
enabling the patient to work toward nutritional 
goals during neoadjuvant treatment, ensures that 
patients are nutritionally optimized before resec-
tion, and removes a further step from the post-
resection discharge process.

Preoperative vitamin and mineral require-
ments remain understudied and relatively contro-
versial. Little data exist on preoperative 
supplementation. Local practice is to encourage a 
varied diet, where possible including a wide 
range of fruit and vegetables. Nutritionally com-
plete sip feeds can be used to support those with 
obstructive dysphagia with an associated 
restricted intake.

21.3.4.2	 �Perioperative Nutritional 
Care

Historically, oral nutrition is withheld from mid-
night on the night before surgery in an effort to 
minimize the aspiration risk during anesthesia. 
Fasting promotes insulin resistance, hyperglyce-
mia, and muscle breakdown. Patients should be 
starved for no longer than 6 h for solids and 2 h 
for clear fluids prior to surgery [36]. Carbohydrate 
loading has been studied extensively in the devel-
opment of enhanced recovery pathways, 
particularly in colorectal surgery. Its administra-
tion in the preoperative period aims to minimize 
the catabolic influence and insulin resistance 
associated with postoperative stress [37], 
although the most recent meta-analysis showed 
no reduction in in-hospital complication rates 
[38]. There are no specific data on carbohydrate 
loading in esophagectomy patients nor in patients 
with diabetes.
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Aspects of Perioperative Feeding
Parenteral nutrition was traditionally the cho-
sen route for the perioperative period following 
esophagectomy. It is now accepted that enteral 
nutritional support is safer and more efficacious 
whenever possible, with data including several 
studies of early enteral nutrition (jejunostomy) 
following major upper GI resection [39, 40]. 
Jejunostomy tubes are now routinely placed at 
the time of esophagectomy at most UK centers. 
They are associated with a low, but not insig-
nificant, level of morbidity [41], and meticu-
lous surgical technique is important to minimize 
this. An appropriate feeding device designed 
for jejunal placement should be used. Local 
practice is to place a percutaneous nine French 
Freka feeding tubes into the jejunum either at 
staging laparoscopy (in those predicted to 
require preoperative feeding) or at time of 
esophagectomy.

Feeding regimens can be commenced safely 
from the first postoperative day. Whole protein, 
low fiber, 1  kcal/ml feeds are most commonly 
used. These are usually delivered at a low rate 
through a pump with the feeding rate increasing 
gradually over several days. Caloric delivery is 
not the prime objective with early postoperative 
feeding, rather the maintenance of the gut muco-
sal barrier and stimulation of gut function. 
When enteral nutrition tolerance is established 
and oral intake commenced, patients can be 
transitioned to supplementary nocturnal feeding 
cycles.

Immuno-nutrition
Immune-modulating nutrition products are 
hydrolyzed peptide-based high-protein formulas 
that include a combination of fish oils, including 
eicosapentaenoic acid (EPA) and docosahexae-
noic acid (DHA), arginine, nucleic acids, and 
antioxidants. Studies in non-esophageal patients 
have shown that immuno-nutrition reduces 
infections and wound complications, but ran-
domized controlled trials in esophageal and 
stomach cancer patients did not reproduce these 
results [42–44]. There is currently insufficient 
evidence to support routine administration in 
esophageal cancer surgery.

Reintroduction of Oral Intake
Dietary reintroduction programs differ widely. 
Patients tend to move from sips of water through 
clear and then free fluids before building up to 
soft diet with a small but frequent meal pattern. 
Esophagectomy requires a significant change to 
long-established dietary habits and behaviors, 
and postoperative nutrition-related complaints 
are common. In a recent study from Sweden, 
patients frequently reported early satiety, post-
prandial dumping, inhibited passage due to high 
viscosity, reflux of food and/or fluids, and 
absence of hunger [45]. One study demonstrated 
an insufficient oral intake at time of hospital dis-
charge following esophagectomy in 60  % of 
patients [46].

21.3.4.3	 �Postoperative Nutrition 
Support

Malnutrition continues to be a concern following 
surgery with 64 % of patients losing 10 % of their 
body weight in the first 6 months following sur-
gery [47]. Hypermetabolism can last for weeks or 
months after major surgery, entailing significant 
protein losses of lean body mass. Most patients 
will benefit from continued enteral nutrition sup-
port via a jejunostomy after discharge. This 
ensures success in the majority of patients rather 
than allowing a significant proportion to fail to 
achieve adequate nutritional input and potentially 
require readmission. As oral intake improves, 
patients can decrease their reliance on tube feed-
ing. It is prudent to leave the feeding jejunostomy 
in situ until the completion of any planned adju-
vant treatment. The optimal time to remove a 
feeding tube will vary between patients with 
removal being a joint decision between the surgi-
cal and dietetic team.

21.3.5	 �Discussion

The use of ERAS pathways after esophagectomy 
appears to offer significant benefit with very little 
associated risk. The series from the Virginia 
Mason Medical Center [18] are among the best in 
the world, and the principles and processes appear 
to be transferable to other centers and across dif-
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fering health-care systems [7]. Establishing a 
post-esophagectomy, ERAS pathway requires a 
significant investment of time but only requires 
resources and services that already exist in almost 
all cancer centers. The greatest challenge lies in 
achieving a change in mind-set and practice 
beliefs. The lack of randomized controlled trials 
is noted; however, it would be difficult to random-
ize patients to non-ERAS care in an institution 
where the mind-set and practice change have 
already occurred. It may also prove difficult to 
obtain ethical approval to randomize patients to a 
“traditional management” arm in a cancer center 
offering enhanced recovery to others.

The use of protocols and pathways frequently 
meets resistance for fear that protocols under-
mine the skill required for medical decision mak-
ing in patient management. However, as William 
Edwards Deming, Professor of statistics at 
New  York and Colombia University graduate 
schools of business, stated “uncontrolled varia-
tion is the enemy of quality.” The ERAS princi-
ples combined with standardized clinical 
pathways are a means of applying evidence-
based practice in a structured, reproducible man-
ner and thereby improvements in quality. Desire 
to adhere to a protocol or pathway should not 
stop clinical evaluation and reactive management 
but should provide a scaffold around which the 
individual’s recovery is built.

21.4	 �Summary

The use of standardized clinical pathways and 
ERAS principles in esophagectomy results in 
reduced LOS and complication rates along with 
associated cost savings [1, 11, 48] with no 
increase in mortality or readmission [13]. 
Nutrition is a core part of any pathway and spe-
cialist upper GI dietetic input is essential in 
assessment, delivery, and post-discharge moni-
toring. It is likely that the principles and pro-
cesses outlined above will spread across the 
upper GI cancer community and act as a base for 
future improvements in care.
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Unresectable and Metastatic 
Cancer

Felice Pasini, Anna Paola Fraccon, 
and Yasmina Modena

22.1	 �Chemotherapy 
for Metastatic/Unresectable 
Cancer

The principal guidelines uniformly agree on the 
importance of decision-making process by multi-
disciplinary teams, in locally advanced unresect-
able gastroesophageal junction adenocarcinoma 
(GEJ AD).

NCCN guidelines version 3.2015, for unre-
sectable, medically fit GEJ AD patients, indicate 
that concomitant chemoradiation, radiotherapy, 
or chemotherapy are all possible treatment 
options; however, it does not detail the criteria for 
selecting the most appropriate one. ESMO 2013 
guidelines did not even take into account the sub-
set of unresectable tumors.

In metastatic disease, chemotherapy has been 
accepted for long as the keystone treatment.

In the past decades, survival improvement 
was overall modest, due to the lack of effective 

chemotherapy agents. 5-FU- and cisplatin are 
the backbone traditional chemotherapy, resulting 
in a 25–35 % response rate (RR).

Taxanes (paclitaxel, docetaxel), new fluoropy-
rimidines (S1  in Asian patients, capecitabine), 
and oxaliplatin have been variously combined 
and tested in numerous phase II and III trials. RR 
was reported to be about 40 % (range 26–57 %), 
but median OS remained in the magnitude of 
9  months (range 6.4–18). In adenocarcinoma 
(AD) patients with a good general condition, trip-
let regimen, such as ECF, ECX (epirubicin/
cisplatin/5-FU/capecitabine), EOF, EOX (epiru-
bicin/oxaliplatin/5-FU/capecitabine), or DCF/
DCX (docetaxel/cisplatin/5-FU/capecitabine), were 
more effective in terms of response rate at a price, 
however, of an increased toxicity.

Furthermore, the peak age of esophageal can-
cer patients is 65–70  years, an age correlated 
with the presence of clinical comorbidities [1].

Presently, phase III randomized trials devoted 
to GEJ AD are lacking, and historically, GEJ AD 
have been included in gastric cancer trials; how-
ever, these studies were not statistically powered 
to examine separately the two entities. GEJ AD 
represented the 13–29 % of the study population, 
and the 2-year survival rate did not exceed the 
20 % [2].

Recently, a German database reported the data 
of GEJ AD and gastric cancer over the years 
2006–2009; consistently with other reports, 
median age was 67 years with male preponderance 
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(64  %). Older or less fit patients were treated 
preferably with monotherapy or doublets, while 
in younger patients, the use of triplets was twice 
as frequent (21 % vs. 40  %). This interesting 
analysis reflects the transfer of study data into 
clinical practice, but, because the database lacks 
of outcome data, the actual impact on survival 
cannot be stated [3].

Given the disappointing survival after conven-
tional treatments, a large effort has been made 
over the last decade to test innovative approaches.

22.2	 �Targeted Therapies Anti 
Epidermal Growth Factor 
Family

The epidermal growth factor receptor (EGFR) is a 
member of the ErbB family receptors, which is 
composed of four closely related receptor tyrosine 
kinases (TK): EGFR (EGFR/ErbB-1), Her 2 
(HER2/c-neu, ErbB-2), Her 3 (ErbB-3), and Her 4 
(ErbB-4). Epidermal growth factor receptors are 
receptor TK proteins located in the cell membrane; 
physiological function is to transduce signals pro-
moting cell proliferation and survival. Growth fac-
tor receptors (GFR) signaling can be deregulated in 
cancer by various mechanisms including aberrantly 
increased receptor expression, autocrine or para-
crine ligand secretion, and somatic mutations.

Some pharmacologic strategies have been 
developed to target GFR in gastrointestinal 
cancers:

	(i)	 Monoclonal antibodies (moAbs) which bind 
epitopes of the extracellular domain of 
EGFR

	(ii)	 Small molecules that interfere with the intra-
cellular enzymatic function of receptor TK 
or intracellular signaling molecules to inhibit 
aberrant signal transduction

22.2.1	 �moAbs Binding Epitopes 
of the Extracellular Domain 
of EGFR

EGFR is approximately expressed by immuno-
histochemistry (IHC) in 30–70 % of esophageal 

AD and may correlate with a dismal survival [4]. 
EGFR inhibition was attempted using moAbs 
cetuximab, panitumumab and matuzumab and 
results were reported in several phase I–II studies 
[5–11].

In metastatic first line after cetuximab or 
matuzumab and chemotherapy, RR was 31–62 %, 
PFS 5–9 months, OS 7.6–12 months. In second 
line, RR was about 3  % and median OS 
3–4 months with cetuximab alone. GEJ AD rep-
resented the 18–60 % of the patients. Therefore, 
cetuximab and matuzumab provided modest, if 
any, survival benefit, either as a single agent or in 
association to standard therapy.

Cetuximab and panitumumab were also evalu-
ated in two large phase III randomized trials: 
panitumumab in the REAL-3 study [12] and 
cetuximab in the EXPAND trial [13]. Both trials 
failed to meet their primary end point (Table 22.1).

The panitumumab arm was even detrimental in 
terms of OS; however, in an exploratory analysis, 
the development of rash due to panitumumab was 
significantly associated with improved OS (10.3 
vs. 4.3 months) and PFS (6.8 vs. 3.7 months).

The Her 2 receptor is another member of the 
EGFR family; activation plays a key role in cell 
proliferation and survival. Her 2 overexpression 
in esophagogastric tumors is distinct from that in 
breast tumors; it is therefore important to utilize 
new disease-specific criteria for interpreting Her 
2 expression by immunohistochemistry (HIC). It 
is generally agreed that GEJ AD patients show-
ing strong Her 2 expression (IHC 3+), or weak-
moderate Her 2 expression (IHC 2+) with gene 
amplification as measured by fluorescence in situ 
hybridization (FISH), are candidates for therapy 
including the moAb trastuzumab.

The clinical role of Her 2 overexpression has 
been evaluated in the ToGA international phase III 
trial [14]. The study compared cisplatin/fluoropy-
rimidine chemotherapy alone or with trastuzumab 
with OS as the primary end point. All patients had 
immunohistochemical overexpression of Her 2 or 
gene amplification by FISH. Among the screened 
tumors, Her 2 overexpression was positive in 21 % 
of gastric carcinomas and in 33 % of GEJ AD. The 
cohort receiving trastuzumab had a significant 
improvement in OS, PFS, and response rate. An 
explorative analysis showed that patients with 
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strongly Her 2-positive tumors derived the greatest 
OS benefit with the addition of trastuzumab (16.0 
vs. 11.8 months). Based on these data, trastuzumab 
was approved, in combination with cisplatin and a 
fluoropyrimidine, for first-line treatment of meta-
static Her 2-overexpressing gastric or GEJ adeno-
carcinoma (Table 22.2).

Lapatinib ditosylate is a dual anti-EGFR and 
anti-Her 2 TK. This oral drug was investigated in 
the LOGIC phase III randomized trial [15]. The 
primary efficacy population (PEP) comprised 
subjects with centrally confirmed FISH amplifi-
cation. Patients were randomized to chemother-
apy with or without lapatinib. The study failed to 
meet its primary end point (i.e., OS of PEP).

Pre-specified subgroup analyses showed sig-
nificant improvements in OS in the Asian 

patients and those under 60 years. There was no 
association between IHC and OS. Toxicity pro-
file shows that lapatinib increased diarrhea and 
skin toxicity.

Given these negative results, lapatinib is not 
recommended outside clinical trials.

22.2.2	 �Small Molecules: Tyrosine 
Kinase Inhibitors

Erlotinib and gefitinib, tyrosine kinase inhibitors 
(TKI), were also tested as single agent or in com-
bination with chemotherapy [16–20].

Response rate and stable disease were in the 
magnitude of 10  %; PFS and OS were in the 
range of few months only. One trial suggested 

Table 22.1  Phase III studies with anti-EGFR moAbs

Study and 
year Patients Setting

Primary 
end point Population Therapy Outcome

REAL-3 
(2013) [12]

553 Metastatic 
first line

OS Gastric and 
GEJ AD 
(34 %)

Panitumumab + mEOX vs. 
standard EOX

RR = 42 vs. 46 %
mPFS = 6 vs. 
7.4 months
p = 0.068
mOS = 8.8 vs. 
11 months
p = 0.01

EXPAND 
(2010) [13]

904 Metastatic 
first line

PFS Gastric and 
GEJ AD 
(16 %)

Cetuximab ± capecitabine/
cisplatin

RR = 30 vs. 29 %
mPFS = 4.4 vs. 
5.9 months
mOS = 9.4 vs. 
10.7 months

mOS median overall survival, mPFS median progression-free survival, GEJ gastroesophageal junction, AD adenocarci-
noma, RR response rare, mEOX modified Epirubicin, Oxaliplatin, Capecitabine

Table 22.2  Phase III randomized trials targeting HER2

Study and 
year Patients Setting

Primary 
end 
point Population Therapy Outcome

ToGA 
(2010) [14]

594 Metastatic 
first line

OS Gastric and 
GEJ AD 
(18 %)

Trastuzumab ± 
fluoropyrimidine/cisplatin

RR = 47 vs. 
35 %
mPFS = 6.7 vs. 
5.5 months
mOS = 13.8 vs. 
11.1 months

LOGIC 
(2013) [15]

545 Metastatic 
first line

OS Gastric and 
GEJ AD 
(9 %)

Lapatinib ± capecitabine/
oxaliplatin

RR = 53 vs. 
40 %
mPFS = 6 vs. 
5.4 months
mOS = 12.2 vs. 
10.5 months
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that GEJ AD were more likely to respond to 
erlotinib than gastric cancers [19].

A possible explanation is that KRAS and 
EGFR mutations are uncommon and thus not 
predictive of response to TKI in esophageal can-
cer. In conclusion in the metastatic setting, results 
were very modest at best for these agents.

22.3	 �Targeted Therapies 
Antiangiogenesis

Aberrant tumor angiogenesis has been consid-
ered a potential target in cancer therapy.

Strategies have been developed to modulate 
angiogenic signaling:

	 (i)	 Depletion of proangiogenic factors with 
MoAbs (i.e., by the anti-VEGF MoAb 
bevacizumab)

	(ii)	 Targeting angiogenic receptors with MoAbs 
(i.e., by the moAb ramucirumab)

	(iii)	 Targeting angiogenic receptors with TKI 
(i.e., sunitinib, sorafenib).

22.3.1	 �Targeting Proangiogenic 
Factors with moAbs

Bevacizumab is a anti-VEGF-A moAb, a protein 
playing a significant role in angiogenesis. The 
antitumor role of the drug was tested in the 
AVAGAST phase III trial [21] that enrolled 774 
patients (14 % GEJ AD) and compared the com-
bination of cisplatin capecitabine (or fluoroura-
cil) with and without bevacizumab in first-line 
treatment. The trial failed to meet the primary 
end point (OS); subgroup analysis for GEJ AD 
was also consistent with the overall result of the 
study.

Median OS was 10.1 and 12.1 months in the 
control and bevacizumab arms, respectively; on 
the other hand, there was a significant improve-
ment in PFS (5.3 vs. 6.7 months) and ORR (37 % 
vs. 46  %). Bevacizumab safety profile was as 
expected, with increased rates of hypertension 
(6.2 % vs. 0.5 %) and gastrointestinal perforation 
(2.3 % vs. 0.3 %).

22.3.2	 �Targeting Angiogenic 
Receptors with moAbs

Ramucirumab is an anti-VEGF receptor-2 
moAb. The REGARD [22] and RAINBOW [23] 
randomized phase III clinical trials tested the 
efficacy of ramucirumab in advanced/metastatic 
pretreated gastric or GEJ AD patients with 
ECOG PS≤1. The primary end point (OS) was 
met in both studies.

In the REGARD trial, 355 pretreated patients 
(25 % GEJ AD) were randomized (2:1) to receive 
ramucirumab or placebo.

In the ramucirumab arm, mOS was 5.2 vs. 
3.8  months (p = 0.047), mPFS was 2.1 vs. 
1.3 months (p < 0.0001), and disease control rate 
was 49 % vs. 23 % (p < 0.0001).

In the subgroup analysis for GEJ AD, signifi-
cance was maintained only for PFS (HR 0.39) 
and not for OS.

Hypertension, an adverse event associated 
with most antiangiogenic treatments was doubled 
in the ramucirumab arm (16 % vs. 8 %).

Ramucirumab has been approved by FDA as 
a single agent for the treatment of patients with 
advanced or metastatic gastric, or GEJ adenocar-
cinoma with disease progression on or after 
prior  fluoropyrimidine- or platinum-containing 
chemotherapy.

In the RAINBOW study, 665 patients were 
randomized (1:1) to paclitaxel with or without 
ramucirumab. In the ramucirumab arm, mOS was 
9.6 vs. 7.4 months (p = 0.017), mPFS was 4.4 vs. 
2.9 months (p < 0.0001), and ORR 28 % vs. 16 % 
(p = 0.0001) (Table 22.3).

22.3.3	 �Targeting Angiogenic 
Receptors with TKI

Sorafenib and sunitinib are multitargeted TKI 
that inhibit angiogenesis by targeting different 
signaling pathways. Phase II studies have been 
conducted mostly in second line, but, at pres-
ent, only was shown modest activity and further 
development is unlike. OS was about 7 months 
and PFS in the range of 1.3–3.6  months 
[24–28].
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22.4	 �Targeted Therapies Anti-
MET (Hepatocyte Growth 
Factor Receptor)

The overexpression and amplification of MET 
pathway induces proliferation and antiapoptotic 
signals. Approximately 10  % of gastric cancers 
exhibit MET amplification and 20–30  % MET 
overexpression; both amplification and overexpres-
sion have been associated with poor prognosis. 
However, quantification of MET overexpression is 
flawed by the different evaluation criteria used by 
individual authors; pathologist training and inter-
laboratory quality control are needed for standard-
ization of the results [29].

A phase II randomized study evaluated anti-
HGF moAb rilotumumab with or without che-
motherapy in 121 non-MET selected naïve 
patients. Rilotumumab improved OS (11.1 vs. 
5.7 months, p = 0.01) in MET-high tumors [30].

Onartuzumab and rilotumumab are presently 
under evaluation in phase III trials. The TKi 
crizotinib, tivantinib, and foretinib failed to dem-
onstrate significant antitumor activity.

22.5	 �Targeted Therapies: 
The Mammalian Target 
of Rapamycin (mTOR) 
Complex

mTOR is an intracellular serine/threonine kinase 
that acts in two protein complexes, TORC1 and 
TORC2, the mammalian target of rapamycin 
complex. mTOR is involved in multiple path-
ways regulating cell survival, motility, metabo-
lism, and protein synthesis, frequently 
deregulated in cancer. Everolimus is an oral drug 
inhibiting mTOR pathway.

A phase II study in chemotherapy-pretreated 
patients reported a disease control rate of 56 % 
after everolimus; mOS was 10 months and mPFS 
2.7 months. Mild pneumonitis (G1-2) related to 
everolimus was observed in 15 % of the patients 
[31].

Based on these data, everolimus was evaluated 
in the GRANITE-1, a placebo-controlled phase 
III trial. mPFS and mOS were 1.7 and 5.4 months, 

respectively, in the intervention arm, and disease 
control rate was 43 %; the primary end point (i.e., 
OS) was not met. Pneumonitis occurred in 3 % of 
the patients [32].

The ability of everolimus to enhance the activ-
ity of second-line treatment with paclitaxel is 
currently investigated in another randomized 
phase III trial.

�Conclusions

In unresectable and metastatic GEJ AD, che-
motherapy has produced a modest impact on 
overall survival.

The availability of new drugs, such as tar-
geted agents, gives new hope to the patients; 
to date, however, the survival improvement 
has been overall unsatisfactory.

Nevertheless, the various targeted drugs 
tested in clinical trials appear promising and 
shine new light on the difficult steep path of 
cure of this aggressive tumor.

Two other major points has to be taken into 
account: clinical results must be balanced 
against the high cost of these treatments, and 
treatment options should primarily take into 
account the quality of life and quality-adjusted 
survival of patients.
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Recurrence: Treatment or Just 
Palliation?

Daniele Marrelli, Alessandro Neri, 
Costantino Voglino, and Franco Roviello

23.1	 �Timing and Patterns 
of Recurrence

Gastroesophageal adenocarcinoma has a poor 
prognosis despite aggressive treatment. Recurrent 
cancer is one of the main causes of death in patients 
undergoing surgery. The pattern of recurrence is 
determined by the complex anatomic features of 
this region. In fact the direct tumor extension could 
explain local recurrence, and the spread through 
the rich submucosal lymphatic or vascular struc-
tures could justify lymph-nodal failure and recur-
rence at distant sites; finally transcoelomic spread 
could lead to peritoneal recurrence. Only few 
reports have analyzed time and site of recurrence 
in gastroesophageal cancer patients. Furthermore, 
the data available in literature are often not compa-
rable for radicality of resection, tumor location 
according to the Siewert classification, histology, 
and preoperative chemoradiotherapy (Table 23.1).

Blomjous et  al. in a study published in the 
early 1990s investigated the rate and site of 
recurrence in 93 patients that underwent resec-
tive surgery for adenocarcinoma of gastric cardia 
(12 patients had positive resection margin) [1]. 
At a mean follow-up of 24 months, 57 % of these 
patients had a recurrence of disease with cumu-
lative recurrence rate of 69 % at 5 years. Positive 
resection margin was significantly related to 
locoregional failure. The 5-year rates for locore-
gional and distant recurrence were 36  % and 
64 %, respectively. Distant metastases occurred 
more frequently in the liver, peritoneum, and 
lungs. Similar results were reported by Mattioli 
et al. in a retrospective analysis of 126 patients 
surgically treated for adenocarcinoma of the car-
dia [2]. At a median follow-up of 33  months, 
they reported a recurrence rate of 48.28 %. Some 
15 patients (26 %) had local recurrence, while 44 
patients (74  %) had distant recurrence. The 
median disease-free survival for local failure and 
distant recurrence was 26 and 19 months, respec-
tively. Another interesting analysis of recurrence 
after resection for adenocarcinoma of gastric 
cardia was performed by Stassen with a retro-
spective, single institution 10-year study [3]. 
The author identified 184 patients operated on 
for gastric cardia cancer with 102 recurrences of 
disease (55.43  %) at a mean follow-up of 
26 months. Metastatic lymph nodes were signifi-
cantly related to recurrence at multivariate anal-
ysis. Wayman and colleagues compared the 
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Table 23.1  Patterns of recurrence of gastroesophageal cancer

Authors Year
Resection 
margin Cohort size

Percentage 
of recurrence

Median 
follow-up 
(months)

Tumor 
location Pattern of relapse

Blomjous [1] 1991 R0 + R1 53/93 57 24 Cardia Distant (HE + 
peritoneal) 64 %
LR 36 %

Mattioli [2] 2000 R0 + R1 59/116 48.28 33 Cardia Distant (HE + 
supraclavicular 
lymph nodes) 74 %
LR 26 %

Stassen [3] 2000 R0 + R1 + 
R2

102/184 55.43 26 Cardia Unknown

Waymann [4] 2002 R0 + R1 103/169 60.95 75.3 Siewert I
Siewert II

Similar between 
type I and type II
 � HE 54.5 % vs 

54.2 %
 � L 32.7 % vs 

29.2 %
 � LN 18.2 % vs 

25 %
 � PE 7.3 % vs 

14.6 %
De Manzoni 
[6]

2003 R0 55/92 55.78 58.5 Siewert I
Siewert II
Siewert III

Different patterns of 
recurrence between 
type I vs II vs III
 � LR 27.3 % vs 

36.8 % vs 32 %
 � HE 45.5 % vs 

47.4 % vs 32 %
 � HE + L 27.3 % vs 

5.3 % vs 4 %
 � PE 0 % vs 10.5 % 

vs 32 %
Wang [5] 2013 R0 147/299 49.16 25 GEJ PE 35.4 %

HE 32.7 %
LR 28.6 %
Extra-abdominal 
3.4 %

Hosakawa [7] 2014 R0 56/127 44.1 48.9 Siewert I
Siewert II
Siewert III

Different patterns of 
recurrence between 
type I vs II vs III
 � HE 0 % vs 50 % 

vs 31.3 %
 � LN 50 % vs 

33.3 % vs 25 %
 � PE + PL 25 % vs 

30.6 % vs 
43.8 %

 � L 25 % vs 5.6 % 
vs 0 %
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pattern of dissemination and recurrence in 
patients with Siewert I and Siewert II adenocar-
cinomas of esophagogastric junction [4]. The 
median follow-up of patients was 75.3 months. 
Of the 169 patients that underwent surgery, 103 
patients (60.95  %) developed recurrent disease 
(58.51  % among Siewert I and 64  % among 
Siewert II type). Type I and type II cancers 
showed similar time to recurrence (23.3 and 
20.5  months, respectively). The patterns of 
recurrence were similar; the most common type 
of recurrence was hematogenous, followed by 
local and lymph-nodal failure, and finally perito-
neal dissemination. The median time to relapse 
for hematogenous, lymphatic, local, and perito-
neal recurrence was 12, 18.2, 12, and 5 months, 
respectively. In a multivariate analysis, lymph 
node status and histological evidence of lym-
phatic invasion were correlated with disease-free 
survival. In a recent report, enrolling 147 patients 
with evidence of recurrent disease, Wang et al. 
tried to identify the risk factors associated with 
early relapse (within 1  year) [5]. The median 
follow-up was 25 months. At multivariate analy-
sis, the degree of differentiation and vascular 
tumor thrombi resulted in independent risk fac-
tors for early recurrence. The mean time to 
recurrence was 16.3 months, and the recurrence 
rate within 1 year was 48.3 %.

Only two studies have investigated the pattern 
and the timing of recurrence according to the 
Siewert classification, in R0 surgery and in 
patients not receiving neoadjuvant therapy [6, 7]. 
Interestingly, different types of cancer showed 
different patterns of recurrence. Type III tumors 
showed a pattern of peritoneal dissemination 
comparable to that of gastric cancer, while perito-
neal recurrence was less common in subtype II 
and rare in subtype I. The most frequent pattern 
of spreading in Siewert I and Siewert II adenocar-
cinomas was hematogenous spread. In both stud-
ies, the median time to relapse was not different 
for different Siewert subtypes. As reported in 
published papers by other authors, the only risk 

factor for recurrence was the number of meta-
static lymph nodes [1, 3].

In a series of 326 consecutive patients with 
Siewert type II and III carcinomas from the 
Italian Research Group for Gastric Cancer 
(GIRCG) database, the 10-year cumulative risk 
of recurrence (± standard error, SE) was 64 ± 3 % 
(Fig. 23.1). Most recurrences (84 %) occurred in 
the first 2 years after surgery. Figure 23.2 reports 
the cumulative risk of recurrence in the GIRCG 
series, according to the pattern of recurrence 
(local vs. distant). The cumulative 10-year risk of 
recurrence was higher for distant recurrences 
(42 ± 4 %) than locoregional failures (28 ± 4 %), 
and the median time to recurrence was slightly 
shorter (median 11 vs. 12 months after surgery). 
Survival after recurrence was also evaluated in 
the GIRCG database (Fig. 23.3). The median sur-
vival was higher in  locoregional than distant 
recurrence (6 vs. 3  months). However, it is of 
note that no survival probability at 30  months 
was observed after diagnosis of recurrence in 
both groups. As such, these data indicate that 
treatment of recurrence of esophagogastric junc-
tion cancer should be considered within pallia-
tion perspectives.

Which is the influence of neoadjuvant chemo-
therapy and/or radiotherapy on the patterns of 
recurrence? Even if different randomized trials 
have shown contrasting results about the overall 
survival, the role of neoadjuvant therapy in local 
control is clear [8–14]. Patterns of failure analy-
ses in these trials strongly suggest a significant 
decrease of locoregional recurrence. Smit et al. in 
a nonrandomized study showed a marked 
improvement of locoregional control in the 
chemoradiotherapy + surgery (CRS) arm primar-
ily due to a significant decrease in nodal recur-
rences of the paraesophageal basin [15]. No 
differences were found in distant recurrence 
rates. However, a subgroup analysis revealed a 
statistically significant difference in skeletal 
recurrences, occurring in 12 % of surgery-alone 
group vs 1 % in the CRS group (P = 0.009).
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The CROSS trial reported that the majority of 
locoregional recurrences occur within 2 years of 
follow-up [15]. Interestingly, in this study, the 
CRS group of patients had a lower rate of recur-
rences either at the anastomosis and mediastinal 
lymph nodes or on the peritoneal surface and dis-
tant sites as well. No differences between both 
arms were reported in the recurrence rates at the 
supraclavicular and paraortic lymph nodes and at 
celiac axis. Only 5  % of recurrences occurred 
into irradiated field volume.

Fields et  al. investigated recurrences after 
pathologic complete response (pCR) to preopera-
tive therapy followed by surgery in gastric or gas-
troesophageal (Siewert II–Siewert III) 
adenocarcinoma patients [16]. They showed that 
patients who achieved a pCR after preoperative 
therapy (chemoterapy ± radiotherapy) main-
tained a significant risk of recurrence. The 5-year 
probability of recurrence in non-pCR patients 
and pCR patients was 51 % and 27 %, respec-
tively. The distribution of local/regional vs dis-
tant recurrence in the pCR and non-pCR arms 

was similar. However, there is a significantly 
higher incidence of symptomatic central nervous 
system first recurrences in pCR patients.

23.2	 �Treatment or Just Palliation?

Local failures of gastroesophageal cancers without 
distant metastasis occur in about 3–5 % of patients 
with relapsing disease. Treatment options of this 
condition are limited, and the common manage-
ment strategy usually includes palliative methods 
to alleviate dysphagia. Different palliative treat-
ment modalities have been reported in the litera-
ture with the aim to relieve symptoms, ensure 
nutrition, and improve patient’s quality of life. The 
palliation in terms of lumen obstruction may be 
achieved with different strategies: surgical bypass, 
stent placement, external radiation, brachytherapy, 
chemotherapy, intratumoral injection of absolute 
alcohol, balloon dilation, laser ablation (thermal 
Nd: YAG or photodynamic), or percutaneous 
endoscopic gastrostomy.
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23.2.1	 �Surgery

Only patients with local failure (surgical anasto-
mosis, esophageal or gastric remnants) are pos-
sible candidates for tumor re-resection, and a 
possible survival improvement for these patients 
has been supposed. The literature is rather sparse 
on this subject; indeed, only few reports exist 
with small numbers of patients or case reports. 
Another important limitation of these studies is 
the lack of informations about the site of primary 
cancer according to Siewert classification. Also, 
the inclusion criteria of patients are anecdotal 
because the cohorts analyzed in such studies 
include either patients with primary esophageal 
cancer (squamous cell carcinoma or adenocarci-
noma) or patients with primary gastroesophageal 
junction cancer or gastric cancer.

Schipper et al. published the largest series of 
patients submitted to re-resection for recurrent 
esophageal carcinoma. It’s a retrospective, single 
institutional study based on a 30-year period 
[17]. They identified 27 patients with recurrent 
esophageal or gastroesophageal cancers (24 ade-
nocarcinomas with 16 gastroesophageal junction 
tumors); 19 cases underwent a re-resection (15 
R0, 4 R1), while 8 received a biopsy only for 
intraoperative evidence of unresectable disease. 
One-, three-, and five-year survival for R0 
patients was 62 %, 44 %, and 35 %, respectively. 
Survival for incomplete resection was 27  % at 
1 year, 18 % at 2 years, and null at 3 years. The 
authors reported that these surgical procedures 
were associated with significant morbidity that 
occurred in 16 patients (59  %); reoperation to 
treat a complication was necessary in 10 patients 
(37 %).

Another interesting study by Badgwell et al. 
reported 60 consecutive patients who under-
went attempted resection for recurrent gastric 
or gastroesophageal adenocarcinoma [18]. 
Only 29 patients, including 10 primary cancers 
of the gastroesophageal junction, underwent a 
complete re-resection (23 with isolated local 
recurrence), while 31 patients (52  %) were 
classified as unresectable at exploratory lapa-

rotomy. One-, three-, and five-year OS rates 
were 72 %, 38 %, and 28 %, respectively, for 
patients who underwent re-resection, and 36 %, 
6 %, and 0, respectively, for patients who had 
unresectable disease. The morbidity of second 
respective surgery was high, with 52  % of 
patients presenting complications (Fig. 23.4).

In conclusion, re-resection should be consid-
ered in highly selected patients with no evidence 
of disseminate disease. The significant morbidity 
and mortality procedure related may be justified 
by prolonged survival.

23.2.2	 �Stents

To date, endoscopic self-expanded stent is the 
most frequently adopted method worldwide to 
relief dysphagia because it is a minimally inva-
sive and technically easy approach (Figs.  23.5 
and 23.6).

Prior to 1990, the lumen obstruction was 
treated by rigid plastic devices. These stents were 
characterized by fixed diameter and were diffi-
cult to place. Furthermore, they were associated 
with unacceptable high complication rates. With 
the introduction of self-expanding metal stents 
(SEMSs), rigid stents have disappeared. The 
main advantages of SEMS, developed in early 
1990s, are the easy placement, due to stent flexi-
bility, and the rapid improvement of dysphagia. 
However, there are some disadvantages like high 
cost, chest pain, risk of stent migration, visceral 
perforation, hemorrhage, and intractable reflux in 
distal stents that lay across the gastroesophageal 
junction.

Newer stents that include an antireflux mecha-
nism should theoretically reduce this complica-
tion. However, according to a recent 
meta-analysis, conventional self-expanding 
stents and antireflux stents are equally effective 
for the relief of reflux [19].

The recurrence of dysphagia varies between 
6.4 and 52 % [20, 21] and may occur as a conse-
quence of tumor ingrowth, tissue overgrowth, 
stent migration, impacted food, or spontaneous 
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Fig. 23.4  Results of surgical resection after recurrence of gastroesophageal cancer [17, 18]

Fig. 23.5  Locoregional failure after total gastrectomy for Siewert III cancer. Palliation with a self-expanding metallic 
stent the radiograph indicates successful placement of stent (white arrow)
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stent fracture with collapse. To solve the problem 
of tumor ingrowth, several companies covered 
the stents with plastic membrane. SEMS can be 
partially or fully covered with semipermeable 
membranes; tissue overgrowth at the uncovered 
ends allows better anchoring but renders difficult 
their removal. Fully covered stents can be 
removed, but the reverse procedure is associated 
with higher risk of migration [22]. The most 
recent stents are self-expanding plastic stents 
(SEPSs). SEPS are larger and less flexible than 
SEMS; therefore, insertion is technically more 
difficult. Verschuur et al. [23] reported high risk 
of failure of stent placement (17 %). Furthmore, 
Conio et al. [21], in a randomized study, revealed 
significantly higher rates of complications and 
recurrent dysphagia.

To date, there are no differences between 
different stents in terms of efficacy and safety 
for the palliative treatment of malignant 

obstruction. Each type of the stents has its own 
merit and demerit relatively.

23.2.3	 �Photodynamic Therapy

Photodynamic therapy (PDT) is a non-thermal 
tumor ablative treatment. The rationale for the use 
of PDT in oncology is based on the toxic effect on 
malignant cells of photosensitizing agents after 
light stimulation. A hematoporphyrin derivative is 
generally used in clinical practice. After intrave-
nous injection, the photosensitizing agent prefer-
entially accumulates in malignant tissues and 
adsorbs photons emitted by the light source. This 
results in the conversion into an excited electronic 
state with transferral of energy to the surrounding 
oxygen and production of reactive oxygen species. 
The reactive oxygen species determine microvas-
culature damage and subsequent ischemia of the 

Fig. 23.6  Local failure after distal esophagectomy and proximal gastrectomy for Siewert I cancer. Self-expanding stent 
in place the radiograph indicates successful placement of stent (white arrow)
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tumor. This reaction results in an endoluminal 
superficial tumor necrosis [24].

One PDT course is defined as an injection of 
the photosensitizing agent followed by two ses-
sions of laser exposure. After 24–48-h from the 
injection, patients undergo to endoscopic appli-
cation of monochromatic laser light (red dye 
laser wavelength 630 nm). A second session, to 
administer additional laser therapy, can be 
repeated 24–48 h later.

PDT is a technically easy procedure to relief 
malignant dysphagia in the palliative treatment of 
esophageal cancer. According to Litle et al., sig-
nificant dysphagia relief was achieved in up to 
85 % of the patients with a mean dysphagia-free 
interval of 9 weeks [25]. Lightdale, in a random-
ized multicenter trial involving 236 patients, 
compared PDT to Nd-YAG laser ablation. PDT 
and Nd-YAG laser therapy had similar overall 
efficacy in terms of dysphagia relief. Perforations 
occurred in 7 % of the Nd-YAG patients but in 
only 1 % of the patients treated by PDT [26].

Yano et al. report their experience of esophageal 
cancer patients treated with salvage PDT for local 
failure after completion of definitive CRT [27]. The 
study included uT1 or uT2 cancers without evi-
dence of pathological lymph nodes or distant metas-
tases. A complete response was achieved in 62 % of 
the patients. The main disadvantages of this proce-
dure included chest pain, posttreatment esophagitis, 
and skin photosensitivity persisting for 4–6 weeks 
after treatment. In summary salvage PDT represents 
a potentially new and promising treatment option.

23.2.4	 �Nd-YAG Laser

Another endoscopic approach to relieve malig-
nant dysphagia is the neodymium yttrium alu-
minium garnet (Nd-YAG) laser, which causes 
heating and vaporization of tumor tissue through 
the delivery of an intense beam of laser light. 
This causes a burn deep enough to reconstitute 
the patency of the esophageal lumen, with a rapid 
improvement of patient’s ability to swallow. This 
laser therapy can coagulate up to 6 mm in depth 
and can obliterate vessels up to 4 mm in diameter. 
Endoscopic Nd-YAG laser therapy is suitable for 

patients with exophytic tumors, while infiltrating 
tumors should not be treated by this approach for 
increasing risk of perforation.

23.2.5	 �Radiation Therapy 
and Brachytherapy

The feasibility and effectiveness of radiotherapy 
(RT) for postoperative recurrent gastroesopha-
geal cancer are still unknown. In literature, few 
data exist about the effectiveness of RT for symp-
tom palliation in recurrent esophageal cancers. 
Furthermore, the majority of these studies involve 
patients with proved primary squamous cell 
carcinoma.

Fakhrian et al., in a recent retrospective report, 
analyzed 54 patients (37 squamous cell carcino-
mas and 17 adenocarcinomas) with recurrent 
local or locoregional esophageal cancer.

They reported a poor survival with only 19 % 
of patients surviving beyond 3 years; a symptom 
improvement was present in 67  % of patients 
with acceptable procedure-related acute and late 
toxicities [28].

In 2009, Baxi et al. retrospectively assessed 14 
patients treated with salvage chemoradiotherapy 
after primary surgery. Ten patients had esopha-
geal adenocarcinoma and four esophageal squa-
mous cell carcinoma. The median overall survival 
for these patients was 16 months with only one 
patient alive after 2 years. The authors reported a 
toxicity of salvage therapy acceptable [29].

Some authors suggest, for patients with a life 
expectancy of more than 3 months, the combi-
nation of RT and esophageal stent placement as 
a multimodal approach to relief dysphagia [30]. 
Brachytherapy is another therapeutic option to 
alleviate dysphagia. The improvement of dys-
phagia ranges between 26.5 and 73  %, while 
recurrent dysphagia occurs frequently (7–43 %) 
[31, 32]. In the literature, there are some ran-
domized trials comparing brachytherapy with 
metal stent placement for the palliation of dys-
phagia [33, 34]. The SIREC trial involved 209 
patients with a mean age 69 years old, recruited 
in 9 hospitals in the Netherlands. According to 
this study, dysphagia improves more rapidly 
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after stent placement than after single-dose 
brachytherapy, but long-term relief of dysphagia 
is better after brachytherapy. Complications 
occurred more frequently in the stent placement 
arm. They concluded that stent placement was 
not preferable to single-dose brachytherapy as 
palliation treatment for inoperable esophageal 
cancer patients with dysphagia.

23.2.6	 �Chemotherapy

A phase II trial investigated the feasibility and 
safety of gefitinib in patients with recurrent or 
metastatic cancer of the esophagus or gastro-
esophageal junction [ClinicalTrials.gov 
Identifier: NCT00268346]. The primary outcome 
was the response rate in a cohort of 58 patients, 
while the secondary end point was the drug-
related toxicity. The authors reported a response 
rate of 6.9 %. Serious adverse events occurred in 
8/58 patients (13.8 %) with a difference between 
patients that have not received previous systemic 
therapy and patients who previously received 
systemic treatments (22.2 % vs. 10 %).

23.3	 �Conclusions

Recurrence of esophagogastric junction cancer is 
a frequent event even after potentially curative 
R0 resection. Most recurrences occur in the first 
2  years from surgery. Treatment approach to 
recurrent esophagogastric junction carcinoma 
offers very low probability of cure and should be 
considered within palliative perspectives. 
Strategies to prevent recurrence should be imple-
mented in clinical practice.
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Follow-Up and Quality of Life

Gian Luca Baiocchi, Guido A.M. Tiberio, 
Alfredo Berruti, Nazario Portolani, 
and Stefano M. Giulini

24.1	 �Follow-Up for Upper 
Gastrointestinal Cancers

One of the main debated points in the clinical 
path of patients with gastric and esophagus–gas-
tric junction (EGJ) cancer concerns the practice 
of follow-up after radical surgery. At present, 
there is no incontrovertible evidence about the 
role of routine controls, and albeit many retro-
spective series, both from the Eastern [1–3] and 
Western centers [4–6] and a systematic review 
[7], have clearly demonstrated that diagnosis of 
tumor recurrence in the asymptomatic phase has 
not resulted in an improvement in survival com-
pared to late diagnosis which is generally conse-
quent to the appearance of symptoms, the clinical 
practice guidelines in many high-volume centers 
imply that patients are submitted to scheduled 
clinical and instrumental checks, with the aim to 

minimize the nutritional sequelae of gastrectomy 
and to timely diagnose tumor recurrence.

On one hand, a number of considerations 
adverse to follow-up have been raised. Finding 
recurrence in the asymptomatic phase is unable 
to improve survival and, in certain instances, 
worsens the patients’ quality of life from the 
psychological point of view, by anticipating by 
some months the diagnosis of death. Some 
authors pointed out, comparing patients with 
symptomatic and asymptomatic recurrence, that 
symptomatic cases are inherently aggressive and 
are characterized by a lower overall survival, 
from which the identification of such patients in 
the asymptomatic phase cannot lead to a better 
prognosis, though it may be relevant to the thera-
peutic decision [5]. Others authors, while 
acknowledging that a diagnosis of recurrence in 
the asymptomatic phase prolongs survival after 
diagnosis of recurrence, clarify that the delayed 
diagnosis in the group with symptomatic relapse 
makes no difference in overall survival [2]. 
Finally, the cost of follow-up programs is clear. 
An assessment made by the Tokyo Cancer Center 
estimates that a surgical department with a 
medium volume of gastric cancer surgery  – 
about 50 radical resections for gastric cancer a 
year – must bear the weight of 150 patients in 
follow-up every year in the fifth year and 200 in 
the tenth year; these figures are even higher in 
Eastern centers with high volume and high 
percentage of early gastric cancers [7].
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On the other hand, in the absence of scientific 
data providing evidence-based indications on this 
topic, it may prove to be worthwhile to come back 
to surgeons’ personal feeling and experience; 
thus, it may be useful to note how do centers with 
high volume of gastric cancer activity and high-
quality care behave. According to a recent national 
survey in Korea [8] and to the official position of 
the Italian Research Group for Gastric Cancer [9], 
there are some merely theoretical remarks accord-
ing to which patients need to be regularly fol-
lowed after gastrectomy: first of all, the hope that 
biomedical research will offer in the future thera-
peutic weapons for the metastatic and/or relapsed 
patients, with results similar to those currently 
available for patients with colorectal cancer [10]. 
Moreover, the process of improving the standard 
of quality in surgical oncology cannot be sepa-
rated from a daily evaluation of the results of 
therapies, by comparing these results between dif-
ferent surgical schools and different patterns of 
complementary therapies, and this evaluation is 
made possible only by reliable data on recurrence 
and survival. Finally, it has been demonstrated 
(and we have the distinct feeling) that being sub-
jected to seriated scheduled checks does not rep-
resent a source of stress for most patients but this 
has rather the potential of reassuring them [11].

Thus, it is certainly needed that follow-up 
schedules are based on a more solid evidence, by 

identifying tests and examinations with the best 
reliability and sensitivity and by limiting them to 
a period of time when recurrence is likely and 
concentrating clinical efforts and expenses on 
those recurrences whose diagnosis shows a nota-
ble impact on survival and quality of life [12]. 
Randomized controlled trials (RCTs) are consid-
ered as the most rigorous tool for determining 
whether a cause–effect relationship exists 
between one intervention and its outcome; never-
theless, RCTs are unlikely to be rewarding in this 
peculiar field, since excessively large sample 
sizes and huge amount of money and time would 
be needed to clearly demonstrate the efficacy of 
follow-up. Another means of dealing with con-
flicting or scarce scientific evidence relies in con-
sensus methods. The focus of consensus lays 
where unanimity of opinion does not exist owing 
to a lack of scientific evidence or when there is 
contradictory evidence on an issue. Consensus 
methods overcome some of the disadvantages 
normally found with decision-making in groups 
or committees, which are commonly dominated 
by one individual or by coalitions [13].

In January 2012, more than 1 year before the 
10th International Gastric Cancer Congress, a 
Web table entitled “Rationale and limits of onco-
logical follow-up after gastrectomy for cancer” 
was launched [14]; at first, five questions have 
been proposed (Fig.  24.1), and a further “open 

Fig. 24.1  Preliminary questions of the Web round table “Rationale and limits of oncological follow-up after gastrec-
tomy for cancer”
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discussion” tool was made available for the par-
ticipants. Authors having specific expertise have 
been invited commenting their previous publica-
tions, and an open debate has been developed in 
the Web. During a 3-month discussion, 32 authors 
from 12 countries participated; overall, 107 com-
ments were posted and 2299 people visited the 
dedicated Web page until January 2013 (they 
became 4732 on 24 October 2013). Substantial 
differences emerged between the participants: 
authors from Japan, Korea, Italy, Brazil, Germany, 
and France are currently engaged in the instru-
mental follow-up, while authors from Eastern 
Europe, Peru, and India never do; British and 
American surgeons instead practice it in a rather 
limited manner (e.g., only with the clinical evalu-
ation) or in the context of experimental studies. 
Although all the authors recognize that contrast-
enhanced CT scan is the method of choice to 
detect recurrence, many limit follow-up to clinical 
and biochemical examinations; endoscopy is con-
sidered by most authors still useful [14].

In the following months, owing to the great 
success of this Web round table, the more ambi-
tious project of an International Consensus 
Conference was launched [15], whose process of 
construction started in December 2012 by estab-
lishing a restricted working group (RWG): the 
RWG reviewed the literature, formulated seven 
unresolved issues (Fig. 24.2), shared a proposal 
statement for each of them, and submitted to the 
Scientific Committee of 10th IGCC a list of inter-
national experts including surgeons, oncologists, 
radiation oncologists, gastroenterologists, statis-
ticians, and methodologists with a geographical 
distribution reflecting different health cultures 
worldwide, therefore from “emerging” and 

highly developed countries. Forty-eight of these 
experts have agreed to participate in an enlarged 
working group (EWG) which – according to the 
dictates of the Delphi method – worked blindly to 
create an online preliminary consensus on the 
seven statements. On 22 June 2013, in Verona 
(Italy), during the 10th International Gastric 
Cancer Congress (IGCC) of the International 
Gastric Cancer Association (IGCA) organized by 
the Italian Research Group for Gastric Cancer, a 
consensus meeting entitled “Rationale of onco-
logical follow-up after gastrectomy for cancer” 
was held, with the ultimate purpose to produce a 
charter. The aim of this Charter Scaligero was to 
lay the foundations for articulating a common 
universal vision, implementing global standards 
of effectiveness and efficiency in the struggle 
against the effects of gastric cancer, with the ulti-
mate scope of ameliorating the quality of life of 
people affected by the disease. In this context, the 
topic of follow-up was chosen as the main and 
only clinical point of the charter, with the goal of 
presenting an ideal prototype of follow-up after 
gastrectomy for cancer, based on shared experi-
ences, and also taking into account the need to 
rationalize the diagnostic course and not to lose 
the chance to catch a recurrence at its earliest 
stage. Other factors taken into account were the 
need of reliable data on surgical outcome, the 
patients’ desire not to be abandoned, the psycho-
logical stress induced by unuseful controls, the 
cost–benefit ratio of instrumental examinations, 
the side effects of invasive diagnostic procedures, 
and the possibility of causing a premature “diag-
nosis of death.” Therefore, one out of 15 articles 
of the Charter Scaligero on Gastric Cancer 
has  been devoted to “Rationale and Limits of 

Fig. 24.2  Questions to be answered at the beginning of the International Web-based Consensus Conference “Rationale 
of oncological follow-up after gastrectomy for cancer”
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Oncological Follow-up after Gastrectomy for 
Cancer” and reads as follows:

Art. 13 – The role of the “follow up” in the 
management of Gastric Cancer

The appropriate management of the disease is fun-
damental not only for improving the patients’ qual-
ity of life but also in order to decrease unnecessary 
costs for the health systems. A panel of experts 
who participated in the 10th IGCC have elaborated 
a vision and reached a consensus on a number of 
statements that are intended as a guide of princi-
ples that would be of help to better manage the fol-
low up of the disease after surgery. The Institutions 
and Professionals who endorsed this Charter and 
the “statements on the follow up” commit them-
selves to implement methodologies that will be 
reviewed, on the bases of evidence, in future con-
gresses with the scope to come in the future to 
common approaches. The statements are attached 
to this charter and available to all the scientific 
community.

The approved and signed statements were 
published in the Annex 1 of the Charter Scaligero 
on Gastric Cancer:

Statement #1
There is no evidence that routine follow-up after 
curative treatment of gastric cancer (R0 resection 
with or without adjuvant therapy) is associated 
with improved long-term survival. However, rou-
tine follow-up should be offered to all patients 
for the following reasons: oncological (detection 
and management of cancer recurrence), gastro-
enterological (endoscopic surveillance and man-
agement of postgastrectomy symptoms), research 
(collection of data on treatment toxicity, time to 
and site of recurrence, survival, and cost–benefit 
analyses), and pastoral (psychological and emo-
tional support). Follow-up should include life-
time monitoring of the nutritional sequelae 
of  gastrectomy, including, but not limited to, 
adequate vitamin B12, iron, and calcium 
replacement.

Statement #2
Follow-up should be offered by members of the 
multidisciplinary team who managed the initial 
diagnosis, staging, and treatment, including the 
gastroenterologist, the surgeon, the medical and 
radiation oncologists, and the general practitioner.

Statement #3
Follow-up of patients following curative treatment 
of gastric cancer should be tailored to the individ-
ual patient, to the stage of their disease, and to the 
treatment options available in the event that recur-
rence is detected.

Statement #4
Physical examination rarely detects asymptomatic 
recurrence of gastric cancer. A follow-up program 
intended to detect asymptomatic recurrence should 
be based on cross-sectional imaging. There is no 
evidence that intensive cross-sectional imaging 
surveillance of gastric patients is associated with 
improved long-term survival. However, as a matter 
of clinical care following curative treatment of gas-
tric cancer, it is reasonable to prescribe periodic 
imaging at a frequency consistent with recurrence 
risk. The incremental value of screening for ele-
vated biochemical markers in addition to cross-
sectional imaging remains undefined.

Statement #5
Upper GI endoscopy may be used to detect local 
recurrence or metachronous primary gastric cancer 
in patients that have undergone a subtotal gastrec-
tomy. True local recurrence is uncommon but if 
present may be considered for resection with cura-
tive intent, especially in patients who initially pre-
sented with early stage disease. The cost–benefit 
ratio of endoscopic surveillance of the anastomosis 
and/or gastric remnant remains undefined.

Statement #6
Routine screening for asymptomatic recurrence of 
gastric cancer may be discontinued after 5 years, as 
recurrence beyond that interval is very rare.

The board of experts recognized that follow-up 
is good clinical practice and should be offered to 
all patients for the reasons already mentioned. 
Follow-up should be individualized and appropri-
ate to the patient and the health-care setting. The 
GIRCG proposed a tailored follow-up based upon 
a validated prognostic score [9] (Fig. 24.3). High-
risk patients will probably recur within few 
months after surgery, and these patients should be 
strictly followed up in this period, although we 
could not expect any significant survival benefit. 
Follow-up should be mild in low-risk patients, but 
it should be prolonged (late recurrences are more 
frequently locoregional) and also considering the 
risk of second primaries (particularly in EGC). In 
the intermediate group, we believe that a further 
selection of patients and follow-up schedule 
according to nonconventional factors (biologi-
cal?) may be necessary. It may be not a case that 
most of the few curatively treated patients 
belonged to this group. Instead, it appears very 
difficult to establish what diagnostic tools are 
better characterized by a favorable cost–benefit 
ratio. Guidelines actually provide only “complete 
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history and physical examination (investigations 
are recommended as clinically Indicated by 
symptoms)” (NCCN) and “symptom-driven visits 
(directed investigations only in patients who are 
candidates for further treatment)” (ESMO) [16]; 
at the other end, in the current clinical practice of 
many centers around the world, patterns of fol-
low-up are very complex. According to the results 
of the Charter Scaligero suggestions, follow-up 
should consist of clinical review and cross-sec-
tional imaging ± upper GI endoscopy and should 
be discontinued after 5 years. But the most impor-
tant point of discussion is the fate of patients to 
whom asymptomatic recurrence of GC is diag-
nosed. Indeed, very few papers demonstrate that 
recurrence is still subject to some kind of treat-
ment. Kodera reported a series in which the diag-
nosis of recurrence at an earlier stage allowed a 
greater proportion of patients to be treated with 
chemotherapy; a possible explanation is related to 
the fact that the performance status was higher in 
this subgroup of patients [2]. In addition, a recent 

small series was published by Villarreal Garza, in 
which the percentage of curative redo-resections 
and chemotherapy was significantly higher in 
patients whose recurrence was detected in asymp-
tomatic phase than in patients who were not sub-
mitted to regular follow-up (14.3 % versus 1.3 % 
and 70.5 % versus 42.9 %, respectively). However, 
the actual numbers in this series are really very 
low [17]. We should also mention another brief 
series of 26 patients who underwent exploratory 
laparotomy for suspected recurrence and a radical 
resection was possible in 50 % of the cases [18] 
and the series of 11 liver resections for metachro-
nous liver metastasis presented by the GIRCG in 
2009 [19].

24.2	 �Quality of Life

While routine follow-up may be unable to pro-
long survival, it may certainly improve the 
health-related quality of life (HRQL) after 

Fig. 24.3  Follow-up protocols proposed by the IRGGC, 
on the basis of recurrence risk and patients’ compliance 
with follow-up. The model to calculate the IRGGC prog-

nostic score can be downloaded from the website: www.
gircg.it (Reproduced with permission from Marrelli et al. 
[9])
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demolitive surgery. On this point, the vast major-
ity of participants to the abovementioned Web 
round table and consensus meeting unanimously 
stated that one of the most important reasons to 
follow over time patients undergoing surgery for 
upper GI cancer is precisely to diagnose and cor-
rect any nutritional deficiency. The effects of 
resection surgery are both predictable (i.e., 
weight loss) and unpredictable (i.e., dumping). It 
is therefore useful that patients are seen regularly 
after surgery to provide support and advice, par-
ticularly regarding nutrition. The first months 
after the intervention need a close monitoring of 
diet; the oral intake is often slow and requires a 
change of patient habits. The same is in the 
medium term: in a Swedish series of 87 patients 
having undergone esophagectomy for cancer, 
those alive at 3 years reported significantly poorer 
role and social function and significantly more 
problems with fatigue, diarrhea, appetite loss, 
nausea, and vomiting, than in the reference popu-
lation [20].

In general, careful evaluation of weight and, 
later, of hemoglobin, iron, and electrolytes is use-
ful; in some cases, nutritional supplements such 
as vitamin B12, iron, and folates should be given. 
Clearly, there is a difference between patients 
according to age, total gastrectomy versus esoph-
agectomy, and method of reconstruction; total 
gastrectomy in elderly patients is the most risky 
clinical scenario for nutritional deficits. Pancreatic 
enzymes could theoretically help patients who 
have lived for over 6  months after surgery, feel 
hunger, and can eat a relatively large amount yet 
do not begin to gain weight. Finally, new and ade-
quate habits of oral intake after gastrectomy could 
best be taught by nutricians and other co-medicals 
rather than by surgeons. While stoma therapists 
seem to have a lot of roles at the outpatient clinic 
after colorectal operations, unfortunately no 
health professionals seem to help upper GI sur-
geons. Indeed, nutritional status of resected 
patients would not improve simply by regular vis-
its to the hospital unless interventions such as 
enteral or parenteral feeding are conducted.

The first step toward an effective treatment of 
postoperative complaints is the search for a 

diagnostic tool for HRQL evaluation, having 
specific interest to impaired nutritional status. 
Recognizing a worsened quality of food intake 
and absorption may be quite difficult in the con-
text of postoperative checks, when physicians 
usually focus the attention most specifically on 
the oncological features and patients themselves 
don’t clearly report most symptoms. The 
European Organization for Research and 
Treatment of Cancer developed and validated 
the EORTC QLQ-C30 questionnaire designed 
to assess the quality of life of cancer patients 
[21]. Disease-specific aspects of the question-
naire provide detailed information about the 
patients’ perception of their health. EORTC 
questionnaires were combined for assessing 
HRQL for esophageal (QLQ-OES18) and stom-
ach cancer (QLQ-STO22), into a single ques-
tionnaire for tumors of the esophagus, 
esophagogastric junction, or stomach, named 
QLQ-OG25. QLQ-OG25 has six scales: dys-
phagia, eating restrictions, reflux, odynophagia, 
pain, and anxiety. The QLQ-OG25 is recom-
mended to supplement the EORTC QLQ-C30 
when assessing HRQL in patients with esopha-
geal, junctional, or gastric cancer.

The next step should be the identification of 
patients mostly at risk for postoperative wors-
ened HRQL, which is the object of a number of 
papers. In a Swedish nationwide population-
based study, collected prospectively between 
2001 and 2005 and including 355 patients under-
going esophagectomy, age, sex, and BMI showed 
no associations with HRQL 6 months after sur-
gery, but patients with comorbidity, a more 
advanced tumor stage (III to IV), or a tumor 
located in the middle or upper esophagus had an 
increased risk of poor HRQL. Patients with ade-
nocarcinoma had a lower risk of poor HRQL than 
patients with squamous cell carcinoma [22]. 
Another relevant study on prognostic factors for 
HRQL was published by McKernan and Coll, 
including 152 Scottish patients who received 
either potentially curative surgery or palliative 
treatment between 1997 and 2002; in this study, 
tumor site was not associated with major differ-
ences in EORTC QLQ-C30, while there were 
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major differences in quality of life and symptom 
scores with increasing stage of disease. In 
particular, social functioning, fatigue, appetite 
loss, and global quality of life were all impaired 
with increasing tumor stage [23]. Surprisingly, 
the hospital volume was investigated by another 
paper, having as object the abovementioned 
Swedish series and reporting no HRQL advan-
tages of being treated at high-volume hospitals or 
by high-volume surgeons [24].

Once patients at risk are identified, surgeons 
should be aware of the impact of their technical 
choices on HRQL. A recent study published by 
Barbour and Coll. compared the functional 
results of transthoracic esophagectomy (TTO) 
and abdominal-only total gastrectomy (TG) in a 
series of 63 consecutive cases. Patients were sim-
ilar with respect to disease stage, treatment-
related mortality, and survival, but those selected 
for TTO were younger and with less comorbidity 
than those undergoing TG.  So, baseline HRQL 
scores were better in patients selected for 
TTO. Six months after surgery, however, HRQL 
showed a greater deterioration after TTO than 
after TG in terms of role and social function, 
global quality of life, and fatigue. Symptom 
scores for pain and diarrhea increased in both 
groups [25]. However, these results are not con-
firmed by the abovementioned population-based 
Swedish network of esophageal cancer surgery, 
in which extensive surgery (transthoracic 
approach, more extensive lymphadenectomy, 
wider resection margins, and a longer duration of 
operation) was not associated with worse HRQL 
measures than less extensive operations [26]. 
Other factors influencing postoperative HRQL 
after upper GI cancer resection have been 
sparsely studied. In the series by Rutegard, for 
instance, dysphagia was similar in patients who 
had hand-sewn and stapled anastomoses, and sur-
gical complications had significant deleterious 
effects on several aspects of HRQL. The occur-
rence of surgery-related complications was the 
main predictor of reduced global quality of life 
6 months after surgery (p for trend = 0.03) even in 
the series published by Viklund and Coll [27]. In 
another study, focusing on a series of patients 

treated by proximal gastrectomy for Siewert type 
II and III cardia cancer, patients with gastric tube 
reconstruction had better quality of life than 
patients undergoing traditional direct anastomo-
sis (anastomosis between gastric remnant and 
esophagus) with respect to global health status, 
emotional function, cognitive function, nausea 
and vomiting, reflux, and anxiety scales at 1-year 
post-surgery [28]. It is actually unclear if mini-
mally invasive surgery improves medium-term 
and long-term HRQL; a recent, uncontrolled 
series of 56 cases in which EORTC QLQ-C30 
and QLQ-OES18 were administered before sur-
gery and at 6 weeks, 3, 6, and 12 months after 
surgery demonstrated a postoperative (6 weeks) 
deterioration in functional aspects of HRQL and 
more symptoms than at baseline but a rapid resto-
ration (most patients improved by 3 months and 
had returned to baseline levels by 6 months, and 
after 1 year, 85 % of patients recovered in more 
than 50% of the HRQL domains). Unfortunately, 
this study has not a control arm of open surgery 
[29]. A more recent comparative series of 175 
patients undergoing minimally invasive esopha-
gectomy (MIE) versus open esophagectomy  
(OE) for early esophageal and gastroesophageal 
junction carcinoma revealed that gastrointestinal 
complications (p = 0.005), particularly gastropa-
resis (p = 0.004), were more frequent in MIE, 
while at 3  months, postoperative fatigue, pain 
(general), and gastrointestinal pain were less in 
MIE (p = 0.09, 0.05, and 0.01, respectively) [30].

All the efforts should be made for improving 
HRQL results. Indeed, in a study of 121 patients 
undergoing surgery for esophageal and gastric 
cancer, preoperative HRQL scores were not asso-
ciated with major morbidity but were signifi-
cantly related to survival status at 6 months after 
adjusting for known clinical risk factors [31]. 
Measures of self-reported health predict also 
long-term survival, as it was shown in the study 
by McKernan, in which on multivariate survival 
analysis, tumor stage (P < 0.0001), treatment 
(P < 0.001), and appetite loss (P < 0.0001) were 
significant independent predictors of cancer-
specific survival. This was confirmed by many 
studies investigating gastroesophageal cancers.
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25.1	 �General Anatomy

25.1.1	 �Esophagus

The adult human esophagus is a flattened muscu-
lar tube that connects the pharynx to the stomach. 
Depending on the height of the individual, its 
length is 25–30  cm, ranging from 19 to 25  cm 
(median 22 cm) in men and 18–22 cm (median 
21  cm) in women. It begins in the neck, at the 
pharyngoesophageal junction, which is normally 
located at the inferior border of the cricoid carti-
lage (interspace between the fifth and the sixth 
cervical vertebra), and descends anteriorly to the 
vertebral column through the superior and poste-
rior mediastinum. After passing the diaphragm at 
the diaphragmatic hiatus at the level of the tenth 
thoracic vertebra, the esophagus ends at the car-
dia orifice of the stomach (11th-12th thoracic 

vertebral level). Although essentially a midline 
structure, the esophagus deviates slightly to the 
left in the neck at the first thoracic vertebral level 
and to the right in the thorax at the sixth thoracic 
vertebral level. It then curves to the left again as 
it passes through the hiatus in the diaphragm at 
the level of the tenth thoracic vertebral body 
(Fig.  25.1). It also presents an anteroposterior 
flexure, corresponding to the curvature of the cer-
vical and thoracic portions of the spine [1–3].

The tube remains under permanent tension 
and is proximally secured by the upper esopha-
geal sphincter (UES) and distally by the lower 
esophageal sphincter (LES), which create two 
high-pressure zones. The UES closure prevents 
esophageal air insufflation during negative intra-
thoracic pressure events (inspiration) and pre-
vents esophagopharyngeal/laryngeal reflux 
during esophageal peristalsis. The LES function 
is to create a barrier against reflux of gastric juice 
into the esophagus. The presence of a submuco-
sal venous plexus optimizes the closure function 
of these two sphincters [1, 4, 5].

The esophagus has three areas of normal nar-
rowing of its lumen: the cricopharyngeal (pha-
ryngoesophageal) constriction at the cricoid 
cartilage, the bronchoaortic constriction, and the 
diaphragmatic constriction at the diaphragmatic 
hiatus. The bronchoaortic constriction is anatom-
ically constituted by the aortic and the left main 
bronchial constrictions, at the level of the fourth 
and the fifth thoracic vertebras [1, 6].
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25.1.2	 �Esophagogastric Junction

The esophagus joins the stomach at the esopha-
gogastric junction (EGJ), which lies in the abdo-
men just below the diaphragm. Therefore, the 
term “esophagogastric junction” implies a transi-
tion from the esophagus to the stomach 
(Fig. 25.2). Although this term is understandable, 
controversy continues today about the precise 
location of the EGJ. Indeed, EGJ is a complex of 
structures, which may be defined differently by 

the surgeon, the anatomist, the radiologist, and 
the endoscopist [1].

The surgeon identifies the EGJ just below the 
diaphragm at the upper border of the peritoneal 
reflection from the stomach to the distal 
esophagus.

The gross anatomist considers EGJ the termi-
nation of the tubular esophagus and the saccular 
stomach. The criteria used by microscopic anato-
mist to define EGJ are the distal extent of the 
esophageal squamous epithelium, the proximal 
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extent of gastric oxyntic mucosa, the point 
beyond which no submucosal esophageal glands 
are found, and the change in the muscularis pro-
pria from a circular and longitudinal layer in the 
esophagus to a less defined muscularis propria of 
the stomach with a third oblique layer.

The EGJ of the radiologist is the imaginary 
line of the gastric sling from the acute angle of 
His to the middle of the junctional mucosa at the 
lesser curvature, where longitudinal mucosal 
folds of the esophagus change to transverse folds 
of the stomach.

The endoscopist defines the EGJ as the junc-
tion of the pale pink esophageal mucosa with the 
bright red gastric mucosa (Z line), but also con-
siders the distal end of esophageal longitudinal 
mucosal veins (palisade vessels) and the proximal 
end of gastric longitudinal mucosal folds [7]. 
Moreover, the muscular structure of the EGJ, 
forming the LES, can be evaluated by physiologic 
manometric methods, and EGJ can be defined as 
the manometric distal end of the LES [8].

Therefore, several criteria are used to define 
the EGJ. Some are anatomic or histologic cri-

teria, some endoscopic, some physiologic, and 
some surgical, but as all these approaches are 
rarely available simultaneously, their correla-
tion remains ambiguous. The external EGJ can 
be described as the point at which the esopha-
geal tube becomes the gastric pouch and lies in 
the abdomen at the level of the 11th or 12th 
thoracic vertebra. Internally, the junction is 
marked by an irregular boundary between 
stratified squamous esophageal epithelium and 
columnar gastric epithelium, but this boundary 
may lie as far as 1–2  cm above the external 
junction. The columnar epithelium below the 
internal junction contains mucus-secreting 
glands (the cardiac glands of the histologists), 
and lacks the chief and parietal cells that char-
acterize the true gastric glands of the body of 
the stomach. The term “junctional epithelium” 
was proposed for this area by Hayward [9]. 
The external and internal junctions do not 
coincide. In addition, the loose submucosal 
connective tissue permits considerable sliding 
of the mucosa on the muscularis propria, 
changing the relation between them as the 
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stomach fills with food. Furthermore, with 
damage to the distal esophagus from gastro-
esophageal reflux and development of a hiatal 
hernia, the landmarks and relationships of 
structures around the junction become altered, 
and the identification of the precise EGJ 
becomes even more difficult [10].

25.1.3	 �Structure 
of the Esophageal Wall

The esophageal wall contains four layers: 
mucosa, submucosa, muscularis propria, and 
tunica adventitia. Unlike other areas of the gas-
trointestinal tract, it does not have a serosal layer 
[1, 2, 4].

The mucosa membrane is made up of three 
sublayers: epithelium, lamina propria, and mus-
cularis mucosae. The epithelium is stratified, 
nonkeratinized squamous epithelium, bordered 
inferiorly by the basement membrane. It covers 
the entire inner surface of the esophagus, except 
for the esophagogastric junction, where both 
squamous and columnar epithelium coexist in a 
sharp transition called Z line. The epithelium 
overlies the lamina propria, a thin layer of con-
nective tissue, and the muscularis mucosae, con-
taining a small layer of mainly longitudinal 
smooth muscle fibers, which separates the 
mucosa from the submucosa.

The submucosa is a thick, loose fibrous layer 
connecting the mucosa to the muscularis pro-
pria. This is the strongest layer of the esopha-
geal wall, since it contains elastic and fibrous 
tissue. It contains mucous and tubular glands 
and arterial, venous, and lymphatic vessels. The 
esophageal veins run longitudinally in the sub-
mucosa, where they have a truncal structure, 
consisting of a few large columns. At the EGJ, 
the veins penetrate the muscularis mucosae and 
become superficial, forming the longitudinal 
palisade vessels, which are absent in the stom-
ach. Histologically, in esophageal transverse 
sections, the palisade vessels are large veins 
exceeding 100 μm in diameter observed in the 
lamina propria, which are also visible endo-
scopically. Mucosa and submucosa together 

form long longitudinal folds, which disappear 
upon distention. These folds explain why a cross 
section of the esophagus is star-shaped [10].

The muscularis propria is composed of an 
inner circular and an outer longitudinal layer of 
fibers. Both muscle layers are wound around and 
along the tube, but the inner one has a very tight 
spiral, so that the windings are virtually circular, 
whereas the outer one has a so slowly unwinding 
spiral that is virtually longitudinal. In the upper 
esophageal third, musculature consists of skeletal 
(striated) muscle. In the middle third, the skeletal 
muscle dominates, but smooth muscle fibers are 
blended. In the lower third, esophageal muscula-
ture consists of smooth muscle alone. The UES is 
composed of the cricopharyngeus muscle along 
with fibers from the esophageal wall and the infe-
rior constrictors of the pharynx. The LES is not a 
distinct anatomic structure but is a physiologic 
region of intrinsic high pressure identifiable 
using manometry [8].

The tunica adventitia is the outermost layer of 
the esophageal wall and is composed of loose 
fibrous tissue that connects the esophagus with 
neighboring structures. It contains small vessels, 
lymphatic channel, and nerve fibers.

25.1.4	 �Upper Esophageal 
Sphincter (UES)

The UES is a high-pressure zone, which is located 
between the pharynx and the cervical esophagus, 
and has a vertical length of 2–4 cm. The UES is a 
musculocartilaginous structure composed of the 
posterior surface of the thyroid and cricoid carti-
lage, the hyoid bone, and three muscles: thyro-
pharyngeus, cricopharyngeus, and musculature 
of the cervical esophagus. These three muscles 
spread from anteriorly to posteriorly, where they 
insert into the esophageal submucosa after cross-
ing the muscle bundles of the opposite side 
(Fig. 25.1).

The thyropharyngeus (cranially) and the cri-
copharyngeus (caudally) are the two parts of the 
inferior pharyngeal constrictor muscle; the fibers 
of the thyropharyngeus are obliquely oriented 
(pars obliques), whereas the cricopharyngeus 
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muscle is transversely oriented (pars profundus) 
to form the UES.  Between these two muscles, 
there is a V-shape area, with its apex directed 
superiorly in the midline, of sparse musculature, 
the “Killian’s triangle or dehiscence,” from which 
Zenker’s diverticulum might emerge. The thyro-
pharyngeus muscle arises from an oblique line on 
the thyroid ala and a fibrous arch between the 
thyroid and cricoid cartilages. Its upper fibers 
overlap the superior and middle constrictors, and 
the lower fibers lie edge to edge with the crico-
pharyngeus muscle. It is the thickest of the three 
UES muscles and contains a thick external layer 
of predominantly fast-twitch fibers and a thin 
inner layer of predominantly slow-twitch fibers 
which most likely contribute to the tonic contrac-
tions of the UES. The cricopharyngeus muscle is 
a striated muscle attached to the cricoid cartilage 
and is 1 cm in width. It originates from the cri-
coid cartilage, loops around the pharynx in a 
“C-shape” or “horseshoe shape” manner, and is 
inserted back into the cricoid cartilage (unique 
muscle in the entire body that has origin and 
insertion into the same structure). This muscular 
band produces maximum tension in the antero-
posterior direction and less tension in lateral 
direction. Structurally, it is different from the sur-
rounding pharyngeal and esophageal muscles; 
indeed it is composed of a mixture of fast-twitch 
and slow-twitch fibers, with the slow fibers being 
predominant. Therefore, the cricopharyngeus can 
maintain constant basal tone but also have a rapid 
response during swallowing, belching, and vom-
iting. The cricopharyngeus is suspended between 
the cricoid processes, surrounds the narrowest 
part of pharynx, and extends caudally where it 
blends with the circular muscle of the cervical 
esophagus.

The cervical esophagus contains predomi-
nantly striated muscle fibers, but occasionally 
smooth fibers are found in the center of the mus-
cle. As it contains predominantly slow-twitch 
fibers, it is similar to the cricopharyngeus. The 
muscle fibers are arranged in an outer layer con-
taining longitudinal fibers and an inner layer con-
taining circular or transversely arranged fibers. 
The former blends superiorly with the cricopha-
ryngeus muscle. The outer layer, however, diverges 

at the upper end, forming two bands that swing 
laterally and anteriorly around the esophagus to 
attach to a common tendon behind the cricoid car-
tilage. The posterior esophageal wall between 
these divergent bands is therefore covered with a 
single layer of circular fibers, which forms a sec-
ond potentially weak V-shape area, with its apex 
directed inferiorly in the midline, known as 
“Laimer’s triangle” or “Laimer-Haeckermann 
area.” A third triangle of weakness, known as 
“Killian-Jamieson triangle,” is located inferiorly to 
the cricopharyngeus on both sides of this muscle’s 
insertion into the cricoid cartilage, in the anterolat-
eral wall of the proximal cervical esophagus. This 
muscle gap is the weak region just inferior to the 
adhesion area of the cricopharyngeus with cricoid 
cartilage and is lateral to the esophagus suspensor 
ligament, which is attached to the posterior aspect 
of the cricoid cartilage and is also a part of the 
fascial sheath that is common to the hyoid, thy-
roid, and cricoid. It was initially described by 
Killian as the site where the recurrent laryngeal 
nerve inserts into the pharynx. Jamieson confirmed 
such finding, and thus this area was named Killian-
Jamieson triangle. Both Laimer’s and Killian-
Jamieson triangles may rarely become the site of 
acquired pulsion diverticula. Moreover, the 
Killian’s and the Laimer’s triangles may be the site 
of possible perforation by an endoscope [1–5, 
11–13].

25.1.5	 �Lower Esophageal 
Sphincter (LES)

The LES is a high-pressure zone located in the 
distal esophagus at the level of the esophagogas-
tric junction, which plays an important role in 
protecting the esophagus against reflux of acid. 
This sphincter is a functional unit composed of 
an intrinsic and an extrinsic component.

The intrinsic component of the LES consists of 
2–4 cm long tonically contracted segment, with a 
resting pressure of 15–25 mmHg above intragas-
tric pressure. In normal individuals, the terminal 
esophagus passes the diaphragmatic hiatus, and 
therefore the LES has both a 1–2 cm long thoracic 
and a 1–2  cm abdominal part. The total length, 
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abdominal length, and resting pressure of the LES 
work together to create a barrier against retrograde 
flow of gastric contents into the negative pressure 
environment of the thoracic esophagus. The intrin-
sic component is composed of inner circular mus-
cular layer of the esophagus, which is thicker than 
adjacent esophagus, and spread out onto the gas-
tric cardia. In the cardiac region, the inner muscu-
lar layer of the esophagus changes into clasp-like 
semicircular smooth muscle fibers on the right 
side, along the lesser curvature, and into sling-like 
oblique gastric muscle fibers on the left side, along 
the greater curvature and the angle of His 
(Fig.  25.3). Three-dimensional manometric 
assessment of the LES shows a marked radial and 
longitudinal asymmetry of the pressure profiles, 
with the highest pressure in the left posterior direc-
tion. This high-pressure zone seems to coincide 
with asymmetric thickening of the muscular layer 
at the esophagogastric junction, which corre-
sponds to the gastric sling-like and to the semicir-
cular clasp-like fibers.

The extrinsic component of the LES consists 
of the left and the right crus of diaphragm. The 
right and the left diaphragm crura are composed 
of muscular fibers which arise as tendinous 
bands from the anterolateral surface of the first-
fourth lumbar vertebras. The two crura together 

constitute a tether for muscular contraction, the 
crural diaphragm, which forms the esophageal 
hiatus and represents a channel through which 
the esophagus enters into the abdomen. The 
esophageal hiatus is formed normally by the 
right crus, but there are anatomic variations, 
and in approximately 20  % of cases, the left 
crus also contributes partially to its formation. 
The fibers of the crus are oriented in the cranio-
caudal direction. The esophageal hiatus is a 
two-staged canal; the upper part is fully muscu-
lar and measures 2.5 cm in length, but the lower 
part forms a gutter that is open anteriorly and 
surrounded by the muscles of the right crus on 
the posterior and lateral aspects. The central 
fibers have a relatively circular arrangement, 
but the peripheral fibers are oriented in a cra-
niocaudal direction. The unique arrangement of 
its muscle fibers results in two different types 
of actions on the esophagus when it contracts: a 
vertical or craniocaudal motion and a circum-
ferential squeeze. The crural diaphragm encir-
cles the proximal 2–4  cm of the LES and 
determines inspiratory increases in LES pres-
sure. During quiet inspiration, the LES pressure 
increases by 10–20  mmHg, but it can rise as 
much as 100–150  mmHg with maximal dia-
phragmatic contraction. The end-expiratory 
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LES pressure is due to tonic contraction of the 
intrinsic component of the LES [1–5, 8, 14].

25.2	 �Topographical Anatomy

The esophagus passes through three anatomical 
regions: neck, chest, and abdomen. Therefore, it 
is divided into cervical, thoracic, and abdominal 
esophagus.

25.2.1	 �Cervical Esophagus

The cervical portion of the esophagus is about 
5–6 cm long and extends from the cricopharyn-
geus (sixth cervical vertebra) to the thoracic inlet 
at the level of suprasternal notch (interspace 
between the first and the second thoracic verte-
bras). The carotid tubercle (Chassaignac tuber-
cle), which is the palpable anterior tuberosity of 
the transverse process of sixth cervical vertebra, 
is a useful landmark for the upper limit of the 
esophagus. The cervical esophagus is preverte-
bral, between the deep and the middle cervical 
fascia, and its course deviates slightly to the left. 
It is bordered anteriorly by the larynx and tra-
chea, posteriorly by the longissimus cervicis 
muscle under prevertebral fascia, and anterolater-
ally on each side, from the periphery inward, by 
carotid sheaths, inferior thyroid arteries, and thy-
roid gland. The trachea (membranous part) is 
connected to the esophagus by a loose connective 
tissue, and in a groove between the two organs, 
recurrent nerves ascend on each side to the lar-
ynx. Posteriorly, cervical esophagus is related to 
the visceral layer (buccopharyngeal fascia) of the 
middle cervical fascia, which encloses pharynx, 
trachea, esophagus, and thyroid. This thin fibrous 
layer extends inferiorly onto the posterior wall of 
the esophagus and laterally to the carotid sheaths 
and forms the anterior border of the retroesopha-
geal (retropharyngeal) and the paraesophageal 
(parapharyngeal) spaces. Bounded posteriorly by 
the alar fascia (the anterior lamina of the deep 
cervical fascia), the retroesophageal space 
extends superiorly to the base of the skull and 
inferiorly to the mediastinum at the level of the 

tracheal bifurcation. Between the alar fascia and 
the prevertebral fascia (the posterior lamina of 
the deep cervical fascia), in close proximity to the 
retroesophageal space, there is the so-called 
danger space, which extends down the mediasti-
num to the level of the diaphragm. The two 
potential spaces (retroesophageal and danger 
space) may be important for infection spread to 
the mediastinum, leading to potentially fatal 
mediastinitis. Bilaterally, the carotid sheath con-
tains common carotid arteries, internal jugular 
veins, and vagal nerves. The lower poles of the 
lateral lobes of the thyroid gland are located 
between the esophagus and the carotid arteries on 
both sides. Also related to the distal cervical 
esophagus is the thoracic duct, which ascends for 
a short distance along the left side of the esopha-
gus before arriving to the left confluence of sub-
clavian and internal jugular veins [1–5, 15].

25.2.2	 �Thoracic Esophagus

The thoracic segment of the esophagus is about 
20  cm long and extends from the level of the 
first-second to the tenth-eleventh thoracic verte-
bras (Fig. 25.4). Thoracic esophagus is located 
in the superior and posterior mediastinum. It 
lies between the trachea and vertebral column in 
the superior mediastinum, where it is attached 
to the left main bronchus, and then it descends 
behind the aortic arch and turns slightly to the 
right to enter the posterior mediastinum at the 
level of the interspace between the fourth and 
the fifth thoracic vertebras. The thoracic aorta 
gives rise to branches which directly supply 
blood to the thoracic portion of the esophagus. 
Anteriorly, from the thoracic inlet to the tra-
cheal bifurcation, the esophagus is related to the 
trachea (membranous part) and the left main 
bronchus. Afterwards, it descends and is related 
to subcarinal lymph nodes, right pulmonary 
artery, pericardium of the adjacent left atrium, 
and diaphragm hiatus. Below tracheal bifurca-
tion (interspace between the fourth and the fifth 
thoracic vertebras), the esophageal wall is sur-
rounded by a vagal plexus, which gives rise to 
an anterior and a posterior vagal trunk at the 
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level of the diaphragm hiatus. Posteriorly, the 
thoracic esophagus remains in contact with the 
vertebral column, and it is related to right poste-
rior intercostal arteries and the thoracic duct 
until the eighth thoracic vertebra. At this level, 
the thoracic aorta crosses behind the esophagus 
and enters through the aortic hiatus into the 
abdomen. On the right, the lateral surface of the 
thoracic part of the esophagus is covered by the 
right mediastinal pleura. At the level of the right 
main bronchus, the azygos vein ascends from a 
paravertebral right position anteriorly to the 
superior mediastinum to drain into the superior 
vena cava, crossing over the esophagus on its 
way. The sympathetic chain and ganglia run 
vertically, parallel and lateral to the azygos vein, 
crossing over the intercostal vessels. Below the 
inferior pulmonary vein, the esophagus lies 
between the heart and descending aorta that is 
behind and on the left of the esophagus. The 
right pleura is in contact with the lower one-

third of the esophagus, almost up to the dia-
phragmatic hiatus. This proximity of the right 
pleura to the hiatus introduces the risk of pneu-
mothorax during abdominal operations on the 
hiatus. On the left side, in the superior mediasti-
num, the lateral surface of thoracic esophagus is 
covered proximally by the last part of the aortic 
arch with the left subclavian artery and by the 
left mediastinal pleura. Further to the left, there 
is the thoracic duct, which passes superiorly and 
to the left, at the level of the fifth thoracic verte-
bra, behind the esophagus, and then it ascends 
on the left side of the esophagus into the supe-
rior mediastinum. Caudally, in the posterior 
mediastinum, left side of the esophagus is cov-
ered by the descending thoracic aorta until the 
level of the eight thoracic vertebra and then only 
by the left mediastinal pleura. Hence, there are 
two triangles within which the esophagus, cov-
ered by the mediastinal pleura, can be encoun-
tered from the left side. In the superior 
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mediastinum, the esophageal triangle is formed 
by the descending aorta, the subclavian artery, 
and the vertebral column. In the posterior medi-
astinum, the Truesdale’s triangle is bounded 
inferiorly by the diaphragm, anteriorly by the 
pericardium, and posteriorly by the descending 
aorta (Fig. 25.5). Behind and lateral to the aorta, 
hemiazygos vein runs the anterolateral aspect of 
the vertebral bodies, receiving the left intercostal 
veins. It crosses behind the thoracic esophagus 
to join the azygos vein on the right at the level of 
the eight thoracic vertebra. The anatomy of the 
sympathetic chain on the left is similar to that on 
the right. The tubular thoracic esophagus pro-
gresses inferiorly, bounded in the lower thorax 
by pericardium anteriorly, aorta posteriorly, and 
pleurae laterally. Two to three centimeters above 
the hiatus of the diaphragm, it is anchored at its 
lower end by the insertion of a tough, skirtlike 
prolongation of the endoabdominal fascia from 
the undersurface of the diaphragm, the ascend-

ing leaf of the phrenoesophageal ligament. This 
inserts into the esophagus and is attached to the 
submucosa and intermuscular septa of the esoph-
ageal wall by fascicles of fibroelastic tissue. The 
posterior approximation of the right and the left 
mediastinal pleurae between the thoracic esoph-
agus and the descending aorta forms the so-
called meso-esophagus [1–6, 15].

25.2.3	 �Abdominal Esophagus 
and Esophagogastric Junction

The length of abdominal esophagus ranges from 
0.5 to 4  cm, but occasionally it is as long as 
7  cm. It begins once the tube transits the dia-
phragm hiatus (tenth thoracic vertebra level) 
and ends at the cardia of the stomach along the 
high lesser curvature (11th–12th thoracic verte-
bral level). This portion of the esophagus is par-
tially covered by peritoneum in front and on its 
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left side. The anterior vagal trunk runs on the 
anterior surface of the esophagus, partially 
embedded in the musculature, while the poste-
rior vagal trunk is placed on the posterior sur-
face. Its bifurcation is usually hidden in the 
gastroesophageal fat pad. About 12 % of patients 
exhibit variations of typical anatomy, usually 
consisting of extension of esophageal plexus 
into the abdomen or early bifurcation of the two 
trunks above the diaphragm. Anteriorly, the 
abdominal esophagus is in close contact with 
the left lobe of the liver that forms an esopha-
geal groove. Its right border continues evenly 
into the lesser curvature, whereas the left border 
is separated from the fundus of the stomach by 
the angle of His. Posteriorly, the esophagus is 
related to the right or both crura of the dia-
phragm, left inferior phrenic artery, and abdom-
inal aorta. Abdominal aorta lies anterior to the 
vertebral bodies and directly posterior to the 
esophageal hiatus. The hiatus and the abdomi-
nal esophagus are covered by the phrenoesoph-
ageal membrane of Laimer-Bertelli, which 
arises primarily from the endoabdominal (trans-
versalis, subdiaphragmatic) fascia. At the lower 
margin of the esophageal hiatus, it decussates 
into an upper and a lower leaf or ligament. The 
upper leaf extends through the hiatus into the 
thorax to insert into the esophagus 2–3 cm above 
it. The lower leaf, which exists as a loosely 
defined collection of fibroelastic fibers, descends 
to insert into the abdominal esophagus, blend-
ing into the adventitial coat, and may also insert 
onto the gastric fundus. The upper leaf, consist-
ing of pleura and the subpleural fascia, has the 
character of a strong, well-defined membrane 
rather than a ligament, despite its name. The 
two leaves of the membrane are separated by 
loose alveolar tissue, which allow for greater 
mobility of the distal esophagus through the hia-
tus. Five ligaments are related to abdominal 
esophagus and esophagogastric junction: left 
triangular ligament, left portion of the posterior 
layer of coronary ligament, hepatogastric (gas-
trohepatic) ligament, gastrosplenic (gastroli-
enal) ligament, and gastrophrenic ligament. A 
section of the left triangular ligament and left 

portion of the posterior layer of the coronary 
ligament is necessary to approach the abdomi-
nal esophagus and the gastroesophageal junc-
tion. The abdominal esophagus lies between the 
two layers of the hepatogastric ligament, which 
extends from the porta hepatis to the lesser cur-
vature of the stomach, and separates the lesser 
sac from the rest of the peritoneal cavity. This 
ligament contains the left gastric vessels, hepatic 
division of the left vagus nerve, and lymph 
nodes and may also contain the left hepatic 
artery, when it arises from the left gastric artery. 
On the right, the hepatogastric ligament divides 
to enclose the stomach, and its peritoneal leaves 
rejoin on the left to form the gastrosplenic liga-
ment. At the level of the abdominal esophagus, 
as the posterior leaf does not reach the gastro-
esophageal junction, the hepatogastric ligament 
is formed only by its anterior leaf. Therefore, a 
small bare area is left on the posterior wall of 
the stomach, which lies over the left crus of the 
diaphragm. The gastrosplenic ligament contains 
short gastric vessels, and lymph nodes into its 
upper portion, left gastroepiploic vessels, lymph 
nodes, and terminal branches of the splenic 
artery into its lower portion. Gastrophrenic liga-
ment arises from the greater curvature, at the 
level of the gastric fundus, and extends upward 
to the diaphragm. Its upper part is avascular and 
continuous with the posterior layer of the coro-
nary ligament on the left, whereas its lower part 
contains some short gastric vessels and lymph 
nodes and is continuous with the gastrosplenic 
ligament [1–6, 15–18].

25.3	 �Vessels and Nerves

25.3.1	 �Arterial Blood Supply

UES and cervical esophagus are supplied by 
branches of the right and left inferior thyroid arter-
ies, which arise from the thyrocervical trunk of the 
subclavian artery. Inferior thyroid arteries give off 
branches 2–3  cm long called tracheoesophageal 
arteries. These travel caudal and medial on each 
side toward the tracheoesophageal groove. Vessels 
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of both sides are joined by anastomotic twigs along 
the trachea and divide into three to four tracheal 
branches with two to three branches to the esopha-
gus. These, in turn, subdivide within the periesoph-
ageal tissue into vessels of less than 0.5 mm luminal 
diameter before they enter the esophageal wall. 
Rare variants, such as direct esophageal branches 
from subclavian artery, superior thyroid artery, thy-
roidea ima artery, and common carotid artery, are 
rather insignificant [4, 5, 15, 19, 20].

Proximal thoracic portion is supplied by 1–4 
unpaired tracheobronchial arteries, originating 
from the concavity of the arch and upper descend-
ing aorta, and bronchoesophageal artery. 
Tracheobronchial arteries give off several small 
branches to the esophagus which subdivide 
within the periesophageal tissue into vessels of 
less than 0.5  mm in diameter. Frequently, one 
bronchoesophageal artery originates 1–3 cm cau-
dal to the vascular bundle from the anterolateral 
aspect of descending aorta. In this area, which 
relates to the tracheal bifurcation, all vessels are 
straight and short (<1.5 cm) and form a firm con-
nection between aorta, trachea, and esophagus. 
Variants, if any, such as branches from intercostal 
arteries, seem to be insignificant for the blood 
supply of the human esophagus. Caudally, 1–2 
unpaired proper esophageal arteries rise directly 
from the anterior aspect of thoracic aorta. When 
present, these vessels descend obliquely toward 
the esophagus within the mediastinum to divide 
into recurrent ascending and descending 
branches. Both subdivide into several periesoph-
ageal vessels of less than 0.5  mm in diameter 
before entering esophageal wall [4, 5, 15, 
19–23].

Abdominal esophagus and EGJ are supplied 
by branches of left gastric, left phrenic, and 
splenic arteries. The left gastric artery mainly 
supplies the anterior and right lateral aspects of 
the esophageal wall with its ascending branches, 
which run on the lateral side of the EGJ following 
the longitudinal axis of the esophagus. The dorsal 
wall of abdominal esophagus is supplied by 
branches of left inferior phrenic and splenic arter-
ies. The splenic artery primarily supports the pos-
terior and left lateral aspects (cardiac notch) by 

either one or two direct branches or by vessels of 
the gastric fundus, including connections with 
short gastric arteries. Branches from both stem 
vessels give rise to minute branches which sur-
round the circumference to communicate with 
the opposite side. Moreover, they extend straight 
upward 4–6  cm within periesophageal tissue 
across the diaphragmatic hiatus forming a longi-
tudinal network. At variable distances small trib-
utaries of less than 0.5  mm internal diameter 
emerge before the main vessels pierce the esoph-
ageal wall [4, 5, 15, 19–23].

Arterial branches supplying cervical, thoracic, 
and abdominal esophagus are connected alto-
gether. Indeed, except 1–2 proper esophageal 
arteries of direct aortic origin, the vascular pat-
tern derives from the larger stem vessels needed 
for the supply of different organs. Hence, the 
arterial blood supply of the esophagus depends 
on a shared vasculature. Before entering into the 
esophageal wall, repetitive branching of the 
already small esophageal vessels gives rise to 
very small vessels in the periesophageal tissue, 
which can undergo contractile hemostasis when 
torn. Moreover, having penetrated muscular wall, 
arteries supplying the esophagus end in an exten-
sive, dense network and form the submucosal 
plexus. In the submucosa, most of the fine vessels 
run parallel each other in longitudinal orienta-
tion, and the others form circumferential vessels. 
This submucosal network connects all the extra-
mural vessels. Therefore, the esophagus has no 
poorly supplied or avascular zone. This copious 
blood supply permits the placement of anastomo-
ses at any level and may explain the rarity of the 
esophageal infarction [5, 21, 24].

25.3.2	 �Venous Drainage

Within the lamina propria, the subepithelial 
plexus receives venous blood from the adjacent 
capillaries and drains into the submucosal plexus. 
From this extensive plexus, venous blood drains 
into the periesophageal plexus, which is 
longitudinally oriented. Esophageal veins arise 
from this plexus and drain in a segmental way 
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similar to the arterial supply. In the neck, veins 
from cervical esophagus drain into inferior thy-
roid veins, which finally drain into brachioce-
phalic veins. In the thorax, veins from thoracic 
esophagus drain into azygos, hemiazygos, inter-
costal, and bronchial veins. Caudally, periesoph-
ageal venous plexus of the abdominal esophagus 
drains into left gastric and left phrenic veins. 
Hence, as the left gastric vein is a tributary of the 
portal system, the submucosal plexus of the low-
est portion of the esophagus connects the caval 
and the portal venous systems [4, 5, 15].

25.3.3	 �Lymphatic Drainage

Lymph capillaries originate as a network of endo-
thelial channels or as blind endothelial saccula-
tions in the space between the lower border of 
mucosa and submucosa. Within the submucosa, 
abundant lymphatics form a dense submucosal 
plexus, where lymph runs longitudinally. In the 
upper two-thirds of the esophagus, the lymph 
flows mainly cranially and caudally in the lower 
third. Efferent vessels from the cervical part drain 
into the paraesophageal and the retropharyngeal 
lymph nodes. The former lymph nodes are 
located laterally to the esophagus and the retro-
pharyngeal lymph nodes behind the pharynx on 
the prevertebral fascia. From these lymph nodes, 
lymph flows into the internal jugular, supracla-
vicular, and upper paratracheal nodes. Lymphatic 
vessels from the thoracic esophagus drain into 
the posterior mediastinal nodes. Lymph from the 
upper thoracic third flows into the superior para-
esophageal lymph nodes, laterally attached to the 
esophagus, and caudally into the prevertebral 
lymph nodes. Lymphatic drainage from the mid-
dle thoracic third goes into the medial paraesoph-
ageal lymph nodes and into the paratracheal, 
tracheobronchial, and bronchopulmonary lymph 
nodes. Nevertheless, some lymphatic vessels 
may pass directly to the thoracic duct and to the 
lymph nodes of the cranial or caudal compart-
ment. Lymphatic flow from the lower thoracic 
third drains into the inferior paraesophageal, pre-
vertebral, and superior diaphragmatic lymph 
nodes. Lymphatic flow from the abdominal 

esophagus and esophagogastric junction empties 
into the perigastric lymph nodes, along the lesser 
and the greater curvature, and into the left gastric 
and celiac lymph nodes [3–5, 15].

The thoracic duct arises from the cisterna 
chyli, which lies in the abdomen to the right of the 
aorta at the level of the first-second lumbar verte-
bra. The duct passes from the abdomen into the 
thorax through the aortic hiatus and travels in the 
posterior mediastinum to the right of the midline 
between the esophagus and azygos vein. In this 
region, behind the duct, there are the vertebral 
column, the right intercostal arteries, and the 
hemiazygos veins as they cross the midline to 
open into the azygos vein; diaphragm, esophagus, 
and pericardium lie in front of the duct, which is 
separated from pericardium by a recess of the 
right pleural cavity. Although often a single chan-
nel, in the thorax, about 30–40 % of people have 
multiple (two or more) thoracic ducts. At the level 
of the fifth or sixth thoracic vertebra, it crosses 
behind the esophagus to the left and enters the 
superior mediastinal cavity. Here it ascends 
behind the aortic arch and the thoracic part of the 
left subclavian artery, between the left side of the 
esophagus and left pleura, to the base of the neck. 
There it ascends 2–3  cm above the left clavicle 
before curving to the right and caudad to drain 
into the lymphovenous junction. In two-thirds of 
people, the duct passes posterior to internal jugu-
lar vein and common carotid artery. As it arches to 
descend, the thoracic duct passes anterior to sub-
clavian artery, vertebral artery and vein, and thy-
rocervical trunk or its branches. It also passes in 
front of the phrenic nerve and the medial border 
of the scalenus anterior, but is separated from 
these two structures by prevertebral fascia. Left 
common carotid artery, vagus nerve, and internal 
jugular vein are in front of it. The duct commonly 
drains in the left internal jugular vein within 2 cm 
of the jugulovenous angle; less frequently it drains 
into the junction of the left subclavian vein with 
the left internal jugular vein (jugulovenous angle) 
or into the left subclavian vein. The thoracic duct 
terminates into the venous system either as a sin-
gle channel or as multiple channels; in nearly 
three-quarters of cases, it ends as a single channel, 
even if the duct may initially divide into two or 
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more channels, up to 5  cm from the lympho-
venous junction, before merging back into a sin-
gle duct [5, 25].

25.3.4	 �Innervation

The nerve supply of the esophagus has two 
sources, which exert mutually antagonistic actions 
(extrinsic innervation): sympathetic (vasoconstric-
tion, contraction of sphincters, and relaxation of 
the muscular wall) and parasympathetic (increase 
of glandular and peristaltic activity). Similar to the 
other gastrointestinal tracts, within the esophageal 
wall, there are two nervous plexuses (intrinsic 
innervation), which have different actions: the 
Meissner’s plexus in the submucosa regulates 
mucosal secretion and contraction of the muscula-
ris mucosae, and the Auerbach’s plexus between 
the longitudinal and circular muscle layers regu-
lates the peristaltic contraction of the muscularis 
propria [3–5].

The sympathetic supply of pharynx, larynx, 
and proximal esophagus comes from both right 
and left branches of the superior and inferior cer-
vical ganglia and from the upper thoracic gan-
glia. The sympathetic nerves supply the distal 
esophagus and the esophagogastric junction 
through branches from the greater and sometimes 
the lesser splanchnic nerves and through branches 
from the plexuses on the left gastric and inferior 
phrenic vessels, which come from the celiac 
plexus. Commonly, the sympathetic branches run 
with the arterial vessels and are interlaced with 
fibers of the parasympathetic cervical and tho-
racic plexuses [3–5, 26].

The parasympathetic supply comes from laryn-
geal nerves and esophageal plexus arising from the 
vagal nerves (tenth pair of cranial nerves). The 
vagal trunks run along either side of the neck until 
they reach the thoracic esophagus, where they 
form an extensive plexus. At the level of tracheal 
bifurcation, behind the lung hilum, the vagal 
nerves form the pulmonary and esophageal plexus. 
The left vagus contributes primarily to the anterior 
and the right vagus to the posterior esophageal 
plexus (LARP = left anterior, right posterior). 
Above the diaphragm they coalesce once more 

into two trunks. The left trunk courses more ante-
rior and the right trunk posterior as they pass 
through the esophageal hiatus. Then, the anterior 
trunk divides into the hepatic branch and the ante-
rior nerve of Latarjet, while the posterior trunk 
divides into the celiac branch and the posterior 
nerve of Latarjet. This latter branch runs in the 
gastrohepatic ligament about 1 cm from the lesser 
curvature of the stomach, parallel but deeper than 
the anterior nerve of Latarjet. The innervation of 
the musculature and mucosa of pharynx, larynx, 
UES, and upper half of the esophagus is formed by 
the bilateral superior laryngeal nerves and/or infe-
rior laryngeal (recurrent) nerves. Close to the 
nodose ganglion, the superior laryngeal nerve 
arises from the vagal trunk. It runs down in the 
neck adjacent to the pharynx, medial to the carotid 
sheath, and divides into the internal and external 
branches approximately 2–3 cm above the supe-
rior pole of the thyroid. The external branch is 
motor and supplies the cricothyroid muscle and 
the cricopharyngeus portion of the inferior pha-
ryngeal constrictor (UES). The internal laryngeal 
nerve, containing parasympathetic and sensory 
fibers, supplies the laryngeal mucosa above the 
vocal folds and the region of the piriform fossae. 
The inferior laryngeal nerve originates on the right 
side from the vagus nerve, at the level of T1–T2 or 
more inferiorly, in front of the subclavian artery, 
turns backward around the artery, and ascends 
obliquely to the right lateral aspect of the trachea, 
slightly anterior to the tracheoesophageal groove, 
before coursing between the trachea and the thy-
roid. On the left, the inferior laryngeal nerve arises 
from the left vagus nerve in the thorax, in front of 
the aortic arch. It travels inferior and, after looping 
around the aortic arch, posterior to the arch behind 
the ligamentum arteriosum and ascends obliquely 
to the left of the trachea. It travels cranially into the 
neck to the left side of the trachea, slightly anterior 
to the tracheoesophageal groove, but closer to it 
than the right. An aberrant nonrecurrent pathway 
for the inferior laryngeal nerve is rare (<1 %) on 
the right side and exceptional (<0.1 %) on the left. 
Three conditions are usually required for this 
anomaly to exist: the right aortic arch, the retro-
esophageal left subclavian artery, and the right 
arterial ligament on the right side. Although the 
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triple anomaly is very rare, an aberrant nonrecur-
rent pathway for the inferior laryngeal nerve repre-
sents a major surgical risk. Along their course, 
both inferior laryngeal nerves give an equal num-
ber of nerve fibers to the trachea and esophagus 
(from 8 to 14 branches). Reaching the pharyngo-
esophageal junction, they gain close proximity to 
the esophagus, the left side usually closer than the 
right. Near the lower pole of the thyroid gland, 
both nerves are always intimately related to the 
gland and often pass between branches of the infe-
rior thyroid vessels. The ends of both inferior 
laryngeal nerves pass superiorly, deep to the infe-
rior border of the inferior pharyngeal constrictor 
muscle, just posterior to the cricothyroid joint to 
supply the interarytenoid, posterior cricoaryte-
noid, and lateral cricoarytenoid muscles. 
Occasionally the major terminal branch communi-
cates with the superior laryngeal nerve. As the 
inferior and superior laryngeal nerves supply the 
same laryngeal muscles and mucosa, this double 
innervation may compensate for some sequelae of 
inferior laryngeal nerve injury [27–32].
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Surgical Technique: Open 
Procedures

Simone Giacopuzzi, Andrea Zanoni, 
and Giovanni de Manzoni

26.1	 �Introduction

The choice of surgical excision in adenocarci-
noma of the cardia and the type of reconstruction 
depend directly on the oncological principles, 
especially in terms of the extent of visceral resec-
tion (stomach and esophagus) and in terms of the 
choice of lymphadenectomy (see Chap. 14).

The classification of Siewert, as previously 
described, helps in the surgical choice. It should 
also be considered, for a correct definition of the 
surgical planning, that the morbidity and postop-
erative mortality are influenced both by the 
choice of the organ and by the position of the 
anastomosis.

We can simply assert that Siewert I requires a 
subtotal esophagectomy with reconstruction of 
the digestive route through the use of a gastric 
conduit. The choice to reconstruct using transtho-
racic approach is widely shared by many authors, 
but the choice of a transhiatal esophagectomy 
remains an option, as published in recent interna-
tional case studies. In cases of type III of Siewert, 

the choice falls on total gastrectomy with distal 
esophagectomy and reconstruction through intra-
mediastinal esophagojejunal anastomosis.

The Siewert II requires a decision: esophagec-
tomy with esophagogastric anastomosis (as in 
Siewert I), gastrectomy and distal esophagectomy 
with intramediastinal esophagojejunal anastomo-
sis or subtotal esophagectomy with total gastrec-
tomy, and reconstruction by esophagojejunal 
anastomosis. On the basis of what previously 
described in Siewert type II tumors, we choose an 
esophagectomy in the case of tumor which extend 
in the esophagus for more than 2 cm; otherwise, 
we do a total gastrectomy with distal esophagec-
tomy and intramediastinal anastomosis.

The location and type of anastomosis are parts 
of the surgical choice. We do not believe that it is 
a valid systematic resort to cervical anastomosis, 
there being neither advantage in terms of control 
of the tumor nor of postoperative morbidity; we 
reserve the choice of cervical anastomosis only 
for patients who can not receive a thoracotomy. 
The type of anastomosis is considerably contro-
versial; literature is unable to have sufficient evi-
dence to determine the best option (Chap. 20). 
We favor the use of mechanical anastomosis for 
the greater degree of standardization that this 
guarantees.

We describe the surgical techniques most fre-
quently used, according to our personal practice 
based on the clinical experience, analysis of per-
sonal results, and comparison with literature.
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26.2	 �Transthoracic 
Esophagectomy

26.2.1	 �Abdominal Stage

26.2.1.1  �Positioning
The patient is positioned on the operating table in 
the supine position with legs closed and with a 
dorsal rolled sheet to improve access to the 
cardia. The arms are adducted to the median axis 
along the sides of the patient. The surgeon stands 
on the patient’s right side, opposite to the first 
assistant. The second assistant stands on the 
surgeon’s left side.

26.2.1.2  �Incision
The common approach to the abdominal cavity is 
the median xifo-umbilical laparotomy; sometimes 
it is necessary to extend the incision below the 
umbilicus, especially in obese patients.

Superiorly you can extend the incision to the 
left of the xiphoid process to make more evident 
the esophageal hiatus. After the peritoneal cavity 
has been opened, retractors with lateral traction 
and costal self-retaining retractors are positioned 
to better approach the subcostal region.

26.2.1.3  �Exploration
The first exploration phase provides visualization 
and palpation of the liver surface and the 
inspection of the parietal peritoneum, the greater 
omentum, and the diaphragmatic peritoneum in 
order to exclude metastases and peritoneal 
implants.

The exploratory stage provides the peritoneal 
lavage cytology; about 200  ml of saline is intro-
duced into the peritoneal cavity for about 2  min, 
taking a sample of at least 50 ml for assessment of 
circulating cancer cells. It is important to perform 
this procedure at the beginning, before the gastric 
mobilization in order to avoid a nondiagnostic 
cytology for the excessive amount of red blood 
cells. It may be indicated, if the disease involves the 
posterior gastric wall, the dissection of the lesser 
omentum to perform a peritoneal lavage in the 
lesser sac. The exploration of the area of the dia-
phragmatic crura, to confirm the extent of the 

disease, requires the separation of the left triangular 
ligament of the liver; the operator with the right 
hand pulls down the left lateral segment of the liver 
facilitating the section of the ligament with the elec-
tric scalpel.

The section must be performed in a laterome-
dial direction until the falciform ligament, obtain-
ing a complete mobilization of the left hepatic 
lobe, which can be partially dislocated to the 
right, completely exposing the anterior surface of 
the cardia.

26.2.1.4  �Mobilization of the Stomach
The greater omentum is separated from the 
stomach from right to left about 5 cm from the 
pylorus to facilitate the visualization of the gas-
troepiploic arch. The assistant pulls the colon 
caudally while the operator with the left hand 
raises the greater omentum and pulls it crani-
ally. This maneuver makes more evident the 
avascular plane of dissection between the leaf-
lets of the greater omentum, the colic surface, 
and the upper surface of the transverse mesoco-
lon. Detachment of the greater omentum from 
the tranverse colon provides access to the lesser 
sac. To facilitate the completion of this time, 
the lesser omentum can be opened and the gas-
tric body suspended on tape (Fig. 26.1) that will 
be drawn by an assistant. The dissection contin-
ues to the left, up to the lower pole of the spleen. 
It is important to pay attention to cut spleo-
omental adhesions, in order to avoid, during the 
traction on the omentum, the tearing of the 
splenic capsule. The operator pulls to the right 
the grater curvature of the stomach, while the 
assistant moves the colon caudally stretching 
the left gastroepiploic vessels, which are 
divided at the origin to preserve any vascular 
supply to the conduit. The mobilization of the 
fundus of the stomach continues ligating and 
dividing selectively short gastric vessels and 
gastrosplenic ligament, until the identification 
of the left diaphragmatic crura.

Coloepiploic detachment is completed to the 
right, in the direction of the duodenum. To facilitate 
this step can be useful the mobilization of the 
hepatic flexure, thereby exposing the surface of the 
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duodenum; at this point it will be easier to identify 
the position of the right gastroepiploic vein, follow-
ing the middle colic vein along its route that joins, 
in about half the cases, the right gastroepiploic vein 
to form the venous trunk of Henle. The right gas-
troepiploic vein will be partially freed from the sur-
rounding structures to make the stomach more 
movable, taking care not to damage the vein.

The assistant pulls the stomach cau-
dally, stretching above the pylorus the fold, 
corresponding to the right gastric artery. The 
artery must be ligated and divided near the ori-
gin of the proper hepatic artery. The identifica-
tion and the section of the pyloric vein allow the 
complete liberation of the superior antropyloric 
region, and suprapyloric lymph node dissection 
will be completed (lymph nodes # 5).

The completion of the section of the lesser 
omentum occurs caudal-cranial to the diaphrag-
matic crura near the lower edge of the liver. The 
operator is preparing the opening of the Laimer-
Bertelli membrane and the esophagus is freed 
with a digital maneuver.

The first assistant moves medially and 
upward the stomach to release the posterior wall 
by loose adhesions of gastropancreatic liga-
ment. At this point the two tapes, gastric and 
esophageal, are pulled to the left, making evi-
dent the gastropancreatic fold and then the left 
gastric vessels inside. The first assistant is posi-
tioned with the right hand on the lesser curve, 
raising with two fingers the gastropancreatic 

fold; with his left hand, he pushes through a 
gauze the pancreatic body toward the spine. In 
this way it becomes evident the left gastric vein 
that must be ligated and divided at the origin. 
The next step is to identify the left gastric artery 
that is ligated and divided close to the celiac 
trunk, taking care to remove all the lymph nodes 
along the artery and around the celiac trunk 
(lymph nodes # 7 and 9). Lymphadenectomy 
should be completed on the suprapancreatic 
region and along the anterior hepatoduodenal 
ligament (D2 lymphadenectomy).

The stomach is now released from the vascu-
lar axis (with the exception of the left gastroepi-
ploic vessels) and from the peritoneal ligaments. 
To make the stomach more mobile, Kocher’s 
maneuver can be performed.

26.2.1.5  �Tubulization
By a linear stapler, the esophagus is divided 
from the stomach. If the lesion extends below 
the cardia, it will be crucial to dissect at the 
gastric level, starting from the greater curvature 
of the stomach in the direction of the lesser cur-
vature, about 5  cm from the margin of the 
lesion. The stomach, completely mobilized, is 
rotated caudally taking care not to stretch the 
vascular axis. The omentum is dissected at 
about 3  cm from the gastroepiploic arcade 
which is vital to maintain its integrity. An Allis 
clamp is placed at the cranial extreme of the 
greater curve, which corresponds to the apex of 
the conduit that we’re going to model. From 
this point, the surgeon performs a section paral-
lel to the greater curve, by means of a linear 
stapler, at a distance of about 3–4 cm (diameter 
of the gastric tube) for a length of about 5–6 cm. 
The section is then performed in the direction 
of the lesser curve. Starting from the lesser 
curve, 2 cm above the pylorus, the stomach is 
sectioned parallel to the greater curve up to 
approximately 4–5 cm from the previous suture 
line. This results in an access pouch that will be 
used during thoracic stage for entry of the cir-
cular stapler (Fig.  26.2). The suture lines are 
fully covered by means of a running suture with 
4–0 absorbable monofilament.

Liver

Pancreas

Stomach

Fig. 26.1  Opening of the lesser omentum and the traction 
of the gastric body on tape
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26.2.1.6  �Abdominal and Mediastinal 
Dissection of the Esophagus

The esophageal stump is pulled caudally to 
expose the diaphragmatic hiatus. With digital 
maneuver, the pericardium is dissected by the 
diaphragm, and the surgeon performs an anterior 
phrenotomy of about 2 cm to access more easily 
to the lower mediastinum. Placing a retractor to 
the diaphragmatic crura, the operator dissects 
upward the mediastinal esophagus. The use of 
ultrasonic or radio frequency scalpel makes 
these steps easier. Normally the dissection 

started posteriorly, sliding on the surface of the 
aorta, and then continues on both sides making 
sure to fully remove the periesophageal tissue 
which are contained in the lower periesophageal 
and diaphragmatic lymph nodes. (lymph nodes # 
110–111) (Fig. 26.3).

The accidental opening of the left pleura 
does not need necessarily thoracic drainage but 
will be monitored in the postoperative period, 
the possible appearance and growth of pneumo-
thorax and pleural collections. The opening of 
the right pleura will facilitate proper dissection 
of the esophagus.

Attention should be paid to the anterior dis-
section that we recommend performing only by 
blunt maneuvers. Completed the esophageal lib-
eration, the conduit is anchored with two sutures 
to the stump of the esophagus. The abdominal 
stage is now completed.

26.2.2	 �Thoracic Stage

26.2.2.1  �Positioning and Thoracotomy
The patient is positioned on the surgical table in 
the left lateral decubitus with the right arm raised 
and fixed to an arm board. The left leg is flexed. 
A chest roll is positioned at the apex of the left 
scapula to expand the intercostal space.

Access to the chest is carried out through a 
right anterolateral thoracotomy in correspon-
dence of the fifth intercostal space. The skin inci-
sion along the body of the sixth rib usually does 
not exceed 15 cm in length from the anterior bor-
der of the latissimus dorsi muscle to the lateral 
margin of the pectoralis major muscle.

Later the latissimus dorsi muscle is separated 
from the surface of the serratus. The fibers of the 
latter are separated and opened out to expose the 
costal plane. It is then accessed through the inter-
costal space to the thoracic cavity, extending the 
section of the intercostal muscles, posteriorly 
below the posterior muscles of the chest.

26.2.2.2  �Esophagectomy
After exploring the pleural cavity, the mediastinal 
pleura is divided at the level of the upper and lower 
margins of the azygos vein. The vein is surrounded 
with Finocchietto forceps, being careful not to 

Stomach

Fig. 26.2  Gastric conduit preparation: an access pouch is 
created to facilitate entry of the circular stapler
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damage the right bronchial artery, which possibly 
may be cut. The azygos vein is ligated and divided. 
The mediastinal pleura is then sectioned from the 
top downward in correspondence with the anterior 
edge of the esophagus and posteriorly along the 
course of the azygous vein. Esophageal dissection 
begins below the carina, clipping or coagulating 
the esophageal vessels. The esophagus is sur-
rounded with a Penrose drain and draws upward 
by the first assistant. The surgeon can thus com-
plete the dissection of the esophagus along its 
entire length, taking care to remove en bloc the 
middle and lower periesophageal lymph nodes and 
lower mediastinal lymph nodes (# 108–110–112). 
Cranially, care must be taken to remove the esoph-
agus from the membranous part of the trachea by 
blunt dissection. The anastomosis is performed 
above the azygos vein, but if necessary, we can 
extend the resection to the apex of the chest. The 
tubularized stomach is then pulled into the chest.

26.2.2.3  �Preparation  
of the Anastomosis  
and Lymphadenectomy

There are different anastomoses that can be per-
formed to restore the esophagogastric continuity. 
Our choice falls on end-to-end mechanical anasto-
moses by a 25 circular stapler, for the standardiza-
tion that this allows and for the relative ease of 

execution; freed the esophageal stump above the 
tracheal carina, the operator places a purse forceps, 
about 2  cm above the azygos vein to run a purse 
string. The esophagus is dissected above the forceps 
with a curve scissor and the clamp is removed. The 
integrity of the purse sting should be evaluated pay-
ing attention that the mucosa is involved in the 
suture. Using two Allis clamps, the operator inserts 
the anvil of the circular stapler within the stump and 
closes the purse string. The mediastinum is now 
completely free and is easy to remove the lymph 
nodes of the carina (# 107), for dissection should 
start at the lower edge of the right bronchus; in this 
position the right vagus nerve can be identified with 
its bronchial and cardiac branches that must be 
respected, interrupting selectively esophageal 
branches. If previously preserved, the bronchial 
artery can be identified and is raised on vascular tape 
during maneuvers of lymph node dissection, to 
avoid damage. The dissection is done through bipo-
lar dissector, first in caudal-cranial direction at the 
margin of the right bronchus and then in cranio-cau-
dal direction along the left bronchus.

26.2.2.4  �Anastomosis
To complete the gastric conduit for the esophagogas-
tric anastomosis, the apex of the conduit is dissected 
with a linear stapler beginning from the previous 
sutured line toward the greater curve (Fig. 26.4).

Phrenotomy (cut)

Diaphragm

Lymph node

Esophagus

Retractor

Allis clamps

Fig. 26.3  After an ante-
rior phrenotomy of about 
2 cm, the operator dissects 
upward mediastinal esoph-
agus placing a retractor to 
the diaphragmatic crura
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The achievement of an adequate vascularization 
and a tension-free anastomosis should be consid-
ered in choosing the section level of the conduit.

The conduit should be not too long, because a 
long conduit cannot be entirely placed in the pos-
terior mediastinum, but it would be running in the 
free-thoracic cavity, suffering a greater pressure 
gradient between the abdomen and the thorax, 
with a delayed conduit emptying and an increased 
reflux.

Then, the access pouch is pulled up by using 
two Ellis clamps and it is laterally opened. The 
circular stapler is introduced through the gas-
trostomy and then advanced throughout the gas-
tric conduit. The spike of the stapler holes the 
conduit close to the suture line (Fig. 26.5). Thus, 
the anvil of the stapler is positioned in the esoph-
agus and the cartridge in the gastric conduit. 
Therefore, the stapler is closed, and checking 
that the stomach and the esophagus are aligned 
properly, the stapler is fired. It is important that 
there is just a cross corner between the clips of 
the linear suture and the circular stapler as to 
limit the weak point of the anastomosis. The 
access pouch is closed by a TA 60 suture stapler 
(Fig. 26.6). Then, the stapled lines are oversewn 
with a running suture.

Considerations on technical aspects:

	1.	 Conduit width: gastric conduit diameter should 
be not greater than 4 cm; in this way, the con-
duit is less influenced by the pressure gradient 
between abdomen and thorax, because just a 
small portion of the antrum remains under the 

diaphragm and also because the whole conduit 
can be placed in the posterior mediastinum. 
Moreover a smaller diameter ensures a better 
vascularization of the organ.

Gastric conduit

Fig. 26.4  Completion of gastric conduit

Lung

Retractor

Circular
stapler

Gastric
conduit

Fig. 26.5  Introduction of the circular stapler through the 
gastrostomy on the access pouch

Esophagus

Gastric conduit

Fig. 26.6  The access pouch is closed by a TA 60 suture 
stapler
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	2.	 Pyloroplasty: pyloromyotomy is not neces-
sary; we have just completed a trial dealing 
with patients treated by this technique, and the 
results do not show significant differences 
about the solid and liquid discharges and the 
reflux (data not published).

	3.	 End-to-end anastomosis: our technique pro-
vides an end-to-end anastomosis with the 
advantage of a proper vascularization that sur-
rounds the anastomosis, without ischemic areas.

26.2.3	 �Transhiatal Esophagectomy 
Without Thoracotomy 
(Orringer Procedure)

26.2.3.1  �Positioning
The patient is positioned on the operating table in 
the supine position with arms adducted and head 
hyperextended and turned on the right. A small 
rolled sheet is placed under the shoulder blades, 
just to extend the head and expose the neck.

26.2.3.2  �Abdominal Step
The beginning of this step is similar to the explor-
ative phase and to the gastric mobilization time 
described in the transthoracic esophagectomy. 
We prefer to divide the stomach before starting 
with the dissection maneuvers of the mediastinic 
and thoracic esophagus. It is not necessary to per-
form an introducing pocket to the circular stapler. 
Starting from the top at the angle of His, the 
stomach is divided for the entire length parallel to 
the greater curvature, using multiple serial firings 
of a linear stapler. The stapled line stops 2  cm 
proximally to the pylorus, on the lesser curvature, 
decreasing the antrum size. The stapled line of 
the gastric conduit is oversewn with running 
absorbable monofilament suture.

26.2.3.3  �Cervical Step
This stage can be performed by a second surgical 
team at the same time of the previous step.

The incision is made along the anterior edge 
of the left sternocleidomastoid muscle, for about 
6–7 cm length. If it is necessary, the incision can 
be extended 2 cm above the jugulum.

After the dissection of the platysma muscle, 
the sternal edge of the sternocleidomastoid 

muscle is identified, retracted, and gently dis-
sected laterally, after section of the superficial 
cervical fascia. The omohyoid muscle is dis-
sected by electrocautery at the level of the 
medial tendon, and the medium cervical fascia 
is opened to expose the main vessels of the 
neck. Usually, we prefer dissecting some sterno-
hyoid muscle fibers to the distal side of the inci-
sion, just to increase the surgical field.

The first assistant, placed on the right of the 
patient, dislocates gently the left lobe of the thy-
roid to the right with two fingers. The inferior 
thyroid artery, such as the thyroid veins, often 
crosses the surgical field and it has to be ligated 
and transected. The dissection continues toward 
the prevertebral fascia. By a blunt finger dissec-
tion, along the preverterbral fascia, it is possible 
to release posteriorly the esophagus in its cervi-
cal tract, continuing distally in its superior medi-
astinic tract. The soft tissue between the 
esophagus and the trachea is dissected by  bunt 
dissection.

The cervical esophagus is partially surrounded 
by a finger, retracted laterally with a right-angled 
clamp and suspended with a cotton umbilical 
tape. With digital maneuver, it is possible to 
release totally the esophagus in its mediastinic 
tract up to the tracheal carina.

26.2.3.4  �Mediastinic Step
At the same time of the cervical dissection, it is 
possible to perform the dissection at the inferior 
mediastinic level. The esophagus edge is retracted 
by the operator that dissects the pericardium from 
the diaphragm with blunt finger dissection. It is 
useful to perform an anterior phrenotomy for 
about 2 cm. The dissection of the esophagus con-
tinues to the top under vision until it is possible, 
retracting the diaphragmatic pillars. Then, blind-
fold, the dissection keeps on introducing the right 
hand into the diaphragmatic hiatus, posteriorly to 
the esophagus in traction. In this way the esopha-
gus is separated from the prevertebral fascia.

At the same time, from the neck, the same 
maneuver is performed with a surgical swab on 
a forester clamp. When the esophagus is 
entirely released on the back, it is possible to 
continue with the front paying attention to the 
medium mediastinal structures. The fixity ele-
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ments of the esophagus (arteries or the esopha-
geal branches form the vagus) can be surrounded 
with a right-angled clamp and then dissected 
through a radio-frequency scalpel. When the 
entire thoracic esophagus is mobilized, the gas-
tric conduit is ligated to the lower esophagus 
that it is pulled up and removed from the cervi-
cal incision. The gastric conduit is then trans-
posed to the neck.

26.2.3.5  �Cervical Anastomosis
We have different options for the cervical anasto-
mosis and the choice depends on the size of the 
esophagus and the length of the gastric conduit. 
We prefer to reserve the manual anastomosis just 
to the cervicothoracic squamous carcinomas to 
ensure a proper dissection margin; in the case of 
adenocarcinoma, the choice is a mechanical 
anastomosis.

End-to side stapled anastomosis with the 21 
circular stapler anvil placed in the esophageal 
stump: a gastrostomy is performed to the apex of 
the conduit from which the circular stapler is 
introduced. Stapler is advanced throughout the 
gastric conduit for 4–5 cm and the tip comes out 
from the posterior wall of gastric tube. The anas-
tomosis is created, taking care not to include the 
omentum in the suture line. The gastrostomy is 
closed using a linear stapler. All the suture lines 
are oversewn (Fig. 26.7).

Side-to-side stapled anastomosis: posterior 
wall of the esophagus and posterior wall of gas-
tric conduit are joined with a seromuscular run-
ning suture, for a length of 5  cm, at their side 
margins. After creating two small symmetrical 
holes in both organs, linear stapler is inserted and 
fired. Common entry hole is closed using a linear 
stapler. All the suture lines are oversewn 
(Fig. 26.8).

26.3	 �Total Gastrectomy

26.3.1	 �Gastrectomy

The first target of the procedure is to achieve a 
correct exposition of the cardio-fundal region. 
The left lateral segment of the liver is mobilized 

dividing the left triangular ligament. Then, it is 
necessary to disconnect the greater omentum 
from the transverse colon, where it is easier to 
reach an avascular dissection plane. The omen-
tum has to be released on the right and then on 
the left, with the dissection of the peritoneum 
overlying the cephalad portion of the transverse 
mesocolon, continuing on the pancreatic head 
and the pancreatic body (bursectomy). After the 
complete release of the omentum, surgery goes 
on with the mobilization of the right colic flexure 
by transecting the phreno-colic and the hepato-
colic ligaments and on the left colic flexure, by 
transecting the spleno-colic and the phreno-colic 
ligaments. After opening the lesser omentum, a 
cotton umbilical tape is placed around the gastric 
body. The first assistant puts on traction the right 
flexure of the colon and the transverse colon, 

Esophagus

Circular stapler

Gastric conduit

Fig. 26.7  End-to side stapled anastomosis with the 21 
circular

Gastric
conduit

Esophagus

Fig. 26.8  Side-to-side stapled anastomosis
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while the second assistant pulls on the stomach 
with an umbilical tape. Once the omentum and 
the right colic flexure are mobilized, the right 
gastroepiploic vessels and the infrapyloric lymph 
nodes are identified. After mobilization of the 
inferior pancreatic edge, the right gastroepiploic 
vein is identified and ligated at its origin at the 
level of superior anterior pancreaticoduodenal 
vein; the right gastroepiploic artery is ligated 
and divided at its origin from the gastroduodenal 
artery; the surrounding infrapyloric lymph nodes 
are dissected. Thus, the right short gastric ves-
sels are isolated and ligated as the right gastric 
artery at the origin from the hepatic artery. 
Therefore, the suprapyloric lymph nodes are 
removed (#5). At this point, it is possible to 
achieve the whole mobilization of the antrum 
and the first portion of the duodenum that it is 
transected with a stapling device just 1–2 cm dis-
tal to the pylorus. The staple line is oversewn 
with a row of running adsorbable monofilament 
suture. The release of the stomach is completed 
with the transection of the lesser omentum close 
to inferior edge of the liver. An aberrant or acces-
sory left hepatic artery may originate from the 
left gastric artery and reside in the lesser omen-
tum. Usually, this artery is isolated and ligated 
without a hepatic function loss. Therefore, the 
gastropancreatic ligament, the short gastric ves-
sels at the origin of the splenic hilum, and the 
gastroepiploic vessels are transected. The stom-
ach is pulled on, so left gastric vessels are 
exposed, isolated and sectioned to the origin of 
the celiac trunk, paying attention to the dissec-
tion of the surrounding fatty tissue with lymph 
nodes (station #7). The Laimer-Bertelli mem-
brane is dissected and the cardia and abdominal 
esophagus are released en bloc with right and 
left cardial lymph node station (#1,2). The stom-
ach is stretched cranially and the esophagus is 
encircled with the forefinger removing the con-
nective tissue adherent to the posterior wall of 
the esophagus. A bilateral troncular vagotomy is 
necessary to allow the esophagus to be more 
stretched caudally. The next step involves sec-
tioning of the diaphragmatic fiber, in vertical 
direction from the hiatus for 2–3 cm. In this way, 
the diaphragm can be released from the pericar-

dium by blunt dissection and the abdominal and 
mediastinic esophagus is released for 5–6 cm.

The diaphragm is retracted with special retrac-
tors and the esophagus is divided 4–5 cm proxi-
mal to the cardiac after preparing a purse string.

The distal esophagus, the stomach, the 
omentum, and the perivisceral fatty tissue are 
removed en bloc, with all the perigastric lymph 
node stations.

26.3.2	 �Reconstruction

Our choice fell on a Roux-en-Y reconstruction. It 
is necessary to check the first jejunal loops from 
the angle of Treitz and their vascularization. The 
first and the second jejunal arteries should not be 
used for the transposition of the loop due to the 
individual anatomical varieties. Usually, the mes-
entery and the jejunal loop are sectioned between 
the second and the third vascular arcade, at the ori-
gin of the jejunal artery. The jejunal loop may be 
brought up through a mesocolic opening, to ensure 
the adequate length of the jejunal interposition. 
The first step of the reconstruction is the jejuno-
jejunostomy that may be manual or mechanical.

In manual anastomosis, the reconstruction is 
achieved with two layers of interrupted synthetic 
absorbable 4/0 monofilament suture. In the 
mechanical one, a circular stapler (usually 
21  mm) is introduced through the proximal 
jejunal section edge and moved into the loop for 
30–40 cm. Here, the spike is pushed out.

Through a purse forceps, a purse string is set 
up on the jejunal loop at the base of the Roux-
en-Y loop and the anvil is inserted. After the 
connection of the stapler with the anvil, a side-to-
end anastomosis is realized, taking care of 
disposing the mesentery on the same horizontal 
level. The anastomosis is completed with a 
running synthetic absorbable monofilament 
suture. Then, the esophagus-jejunal end-to-side 
anastomosis is performed, resecting 5–6  cm of 
the jejunal and saving the mesentery, so as to 
realize a well-vascularized and tension-free 
anastomosis. On the esophageal stump, a purse 
string is performed with a purse forceps or 
manually, and the anvil of circular stapler (usually 
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n°25) is introduced. The anastomosis is realized 
introducing the stapler through the proximal edge 
of the interposed loop. The jejunal edge is 
transected with a linear stapler and the stapled 
line is oversewn with a running absorbable 4/0 
monofilament suture. To conclude, the 
mechanical esophagus jejunostomy is oversewn 
with running suture.
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Surgical Technique: Minimally 
Invasive Procedures

Simone Giacopuzzi, Andrea Zanoni, 
Maria Bencivenga, and Giovanni de Manzoni

27.1	 �Laparoscopic Subtotal 
Esophagectomy

The patient is in the supine position with arms 
and legs abducted. We use the five-port tech-
nique. The camera port is inserted at the umbili-
cus; the other four ports are placed in a V-shaped 
line: one 5 mm port at the right hypochondriac 
region and one 10  mm port in the middle of a 
slightly curved line between the two ports. The 
other two are positioned specularly with the lat-
eral of 10 mm and medial of 5 mm (Fig. 27.1). 
The surgeon stands at the right side of the patient, 
camera operator between the patient’s legs, and 
the assistant at the left side.

After the 12-mmHg pneumoperitoneum is 
created, we insert a Penrose drain to lift the left 
lobe of the liver: three sutures are attached to 
the drainage, approximately 5  cm from each 
other. We create a small hole between the dia-
phragm and the liver, in the triangular ligament, 
close to the falciform. Through the hole, we 
pass the suture placed in the center of the 
Penrose (from below to above the liver) that is 

pulled out from the abdomen with an Endo 
CloseTM (Covidien, Mansfield, MA, USA) 
near the xiphoid process. Second suture is pull 
out from the abdomen at the right side of the 
triangular ligament and the third at the left of 
the xiphoid process. The three sutures are 
pulled at the same time to lift the liver.

The dissection starts at the gastrocolic liga-
ment, 3 cm from the gastroepiploic arcade. The 
vascular arcade must be carefully preserved to 
ensure the vascularization of gastric conduit. 
The assistant raises the body of the stomach with 
his right hand (not on grater curve to not injure 
it) while his left hand pulls the greater omentum 
caudally and to the left side. The surgeon with 
his left hand pulls the greater omentum caudally 
to the right, thereby creating a triangle (which 
must be maintained at all stages of omental dis-
section) that makes evident the dissection area of 
the omentum. Usually we use the ultrasonic scal-
pel for the section of the omentum. Left gastro-
epiploic vessels are identified and divided. The 
short gastric vessels and gastrophrenic ligament 
are divided up to the esophageal hiatus. The 
most delicate step is the section of the right side 
of the omentum where it can disguise the origin 
of the right gastroepiploic vein; especially in 
obese patient, the vein can be damaged, if you do 
not put adequate attention. In these cases, for 
better orientation, it may be useful to identify 
and follow the middle colic vessels. The lesser 
omentum is dissected. The assistant elevates the 
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gastropancreatic fold with the right surgical for-
ceps, and the left lowers and rotates with gauze 
the pancreas. The roots of the left gastric vein 
and artery are easily detectable. Vein is then 
ligated with clips and divided. Common hepatic 
artery’s lymph nodes (#8a) are lift up, and the 
dissection plan over the nerves around the artery 
is easily detectable. Taking this plan, the lymph 
node dissection continues toward the left gastric 
artery. Soft tissue on the left and right sides of 
the artery can be separate and dissection is com-
plete imagining “U” shape line on the right side 
and the “V” shape line on the left side. In this 
way common hepatic, celiac, and proximal 
splenic arteries (#8, 9 and 11p) are dissected and 
left gastric artery can be divided (Fig. 27.2). The 
completion of lymphadenectomy occurs with 
lymph node dissection of the common hepatic 
and distal splenic artery. The right diaphragm 
crus is freed. By pulling the stomach down, the 
phrenoesophageal membrane of Laimer-Bertelli 
is open and the esophagus is freed and surrounded 

by a Penrose drain. With an Endo-GIA entered 
by the left side port, stomach is dissected below 
the cardia. We usually perform a small section of 
the diaphragm crura on the left side. The assis-
tant pulls caudally the esophagus and the surgeon 
continues mediastinal esophageal dissection for 
4–5 cm.

The stomach is pulled out from the peritoneal 
cavity through a transverse incision in line with 
the projection of the pylorus on the abdominal 
wall. The gastric conduit is created as in the open 
procedure. Reinserted in the abdomen, the con-
duit is connected with two stitches to the esopha-
geal stump. The patient is placed in the left lateral 
decubitus position and thoracic stage continues 
as described above for open surgery. We do not 
think there is an indication to perform an intra-
thoracic anastomosis in minimally invasive sur-
gery for the high technical difficulty and the risk 
of dehiscence. We reserve totally minimally inva-
sive surgery in three-field esophagectomy in 
cases of squamous cell carcinoma.

First
assistant

40
 m

m

5 mm 12 mm

12 mm 5 mm

12 mm

Scopist

Operator

Fig. 27.1  Port placement 
and operators’ position
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27.2	 �Laparoscopic Total 
Gastrectomy (LTG)

In our technique, the operator’s position is on the 
right side and the first assistant’s position is on 
the left side.

For LTG, we usually use five trocars. The tro-
car placement follows a V-shaped line having its 
apex on the umbilicus: we first insert the umbili-
cal trocar through an open approach, and then we 
insert two right side trocars and two left side tro-
cars under the scope vision. On the right, the 
upper trocar is just 1 cm below the end of the last 
cost and the lower trocar is halfway between the 
upper one and the umbilicus. On the left, the 
position of the trocar is almost the same but the 
upper one is at about 3 cm from the costal arch.

The umbilical and the right lower ones are 
12 mm trocars, and all the others are 5 mm tro-
cars. An additional 5 mm trocar in the epigastric 
region can be added for liver retraction.

Considering that currently we adopt the lapa-
roscopic approach only in case of early gastric 
cancers, a partial omentectomy is our usual first 
step in case of LTG.

In this step, while the assistant lifts up the 
anterior wall of the stomach with his right hand 
and pulls down the colon side of the greater 
omentum with his left hand, the operator starts 
dissecting the greater omentum about 4–5  cm 
from the greater curvature of the stomach and 
enters the bursa. Then, the dissection continues to 
the left side up to the left gastroepiploic vein and 
artery, dividing the latter distal to the feeding 
artery to the lower pole of the spleen. To ease this 
part of the procedure, the patient should be posi-
tioned in the Trendelenburg position tilted to the 
right. At this step, lymph nodes of stations No. 
4sb and 4d are removed.

Next, we dissect the short gastric vessels and 
detach the greater curvature of the stomach from 
the spleen up to the left side of cardia region.

Pancreas

Splenic artery

“V” shape

“U” shape

Left gastric
artery

Left gastric vein
ligated

Gauze

Lymph node

Fig. 27.2  Suprapancreatic 
lymph node dissection 
following a “U” shape line 
on the right side and the 
“V” shape line on the  
left side
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Then, we continue the partial omentectomy  
to the right side dissecting the fusion plane 
between the transverse mesocolon and the omen-
tum from the head of the pancreas to the descend-
ing part of the duodenum. In this step, the assistant 
is lifting upward and to the left side the posterior 
wall of gastric antrum and is pushing downward 
and medially the transverse mesocolon.

While carefully dissecting this fusion plane, 
the root of the right gastroepiploic vein and artery 
will be exposed, and then both of them are ligated 
and divided at level of pancreatic head border. All 
the soft tissue of this area cranially to the anterior-
superior pancreaticoduodenal vein should be 
removed for a proper dissection of the nodes at 
station No. 6.

Next step is the dissection between the medial 
wall of the proximal duodenum and the pancre-
atic head exposing the gastroduodenal artery. 
Then we continue dissection along the cranial 
border of the pancreas, carefully developing the 
plane between the pancreas and the common 
hepatic artery and exposing the right gastric 
artery. At this point, we flip to work from the 
anterior side of the stomach.

While the assistant’s left hand pushes down-
ward the anterior wall of the stomach and the 
assistant right hand lifts up the lesser omentum, 
the operator carefully follows the cranial margin 
of the duodenum and distal stomach to enter the 
previously dissected space, making sure not to 
injure the right gastric artery that is isolated and 
dissected with the removal of suprapyloric (No.5) 
lymph nodes. At this point, the duodenum is tran-
sected and then the stomach is lifted upward and 
to the left side.

Next, we continue with the suprapancreatic dis-
section by carefully lifting the lymphatic tissue 
and dividing along the natural plane, medially and 
dorsally bordered by the proper hepatic artery and 
portal vein, caudally by common hepatic artery, 
and laterally by the celiac trunk. During this dis-
section, the coronary vein will be exposed, usually 
cranial or caudal to the common hepatic artery, to 
the right of the celiac trunk, and then we divide it 
and continue the dissection, releasing the lym-
phatic tissue from its adhesions along the aorta and 
the proximal celiac trunk to the right crus. We fur-
ther continue dissection along the cranial border of 

the pancreas, taking all the lymphatic tissue along 
the splenic artery and vein and the left adrenal 
gland toward the splenic hilum. At this point by 
dissecting the left side of the celiac trunk, we visu-
alize the root of the left gastric artery which is iso-
lated and divided. During the suprapancreatic 
dissection, nodes at stations No. 8a, 9, 11p, and 7 
are sequentially removed.

At this point, we start the clearance of the 
lesser curvature starting from the right side of the 
cardiac region (lymph nodes at station No. 1 and 
3), and then we isolate the esophagus dividing the 
anterior and posterior vagal nerves.

At this point, if we want to perform a hand-
assisted anastomosis, we make a 5–6 cm midline 
laparotomy and proceed making a Roux-en-Y 
anastomosis like in the open total gastrectomy.

If we want to perform an intracorporeal anas-
tomosis, we usually use a linear stapler. After 
cutting the esophagus with a linear stapler, we 
proceed to the extraction of the specimen through 
the umbilical port site slightly widening the inci-
sion. Then, through this same incision, we can 
prepare the jejunal limb and perform the side-to-
side jejuno-jejunal anastomosis. At this point, we 
make an insertion hole in both the left distal 
esophagus and the jejunal limb through which we 
insert the linear stapler and complete the anasto-
mosis between the lateral wall of the esophagus 
and the jejunum. The insertion hole is closed by 
and hand-sewn suture (Fig. 27.3).

Fig. 27.3  Side-to-side intracorporeal esophagojejunostomy

S. Giacopuzzi et al.



275

Suggested Reading

	 1.	de Manzoni G (2012) Treatment of esophageal and 
hypopharyngeal squamous cell carcinoma. Springer, 
Milan, pp 257–270

	 2.	 Inaba K, Satoh S, Ishida I et al (2010) Overlap method: 
novel intracorporeal esophagojejunostomy after lapa-
roscopic total gastrectomy. J  Am Coll Surg 211(6): 
e25–e29. doi:10.1016/j.jamcollsurg.2010.09.005

	 3.	Kitaino S, Yang HK (2012) Laparoscopic gastrec-
tomy for cancer: standard techniques and clinical evi-
dences. Springer, Tokyo/London

	 4.	Shinohara T, Kanaya S, Yoshimura F et  al (2011) 
A protective technique for retraction of the liver dur-
ing laparoscopic gastrectomy for gastric adenocarci-
noma: using a Penrose drain. J Gastrointest Surg 15: 
1043–1048. doi:10.1007/s11605-010-1301-0

27  Surgical Technique: Minimally Invasive Procedures

http://dx.doi.org/10.1016/j.jamcollsurg.2010.09.005
http://dx.doi.org/10.1007/s11605-010-1301-0


277© Springer International Publishing Switzerland 2017 
S. Giacopuzzi et al. (eds.), Adenocarcinoma of the Esophagogastric Junction:  
From Barrett’s Esophagus to Cancer, DOI 10.1007/978-3-319-28776-8

A
Abdominal and thoracic nodes, 126
Abdomino-thoracic en bloc esophagectomy, 53
Ablation, 25–32
Additive effect, 150, 156
Adenocarcinoma of the esophagogastric junction, 47–54
Adenocarcinomas in Barrett’s esophagus, 49
Advanced cases (T2-T4), 120
Age, 108–110
Aldehyde dehydrogenase (ALDH)-1, 91, 92
American Joint Committee on Cancer (AJCC), 48, 53
Anastomosis, 261, 265–270
Anastomotic leak, 171, 172, 175–179
Angle of His, 48, 247, 250, 254
Apparent diffusion coefficient (ADC), 63
A randomized trial of dose escalation in definitive 

chemoradiotherapy for patients with oesophageal 
cancer (ART DECO), 158

Argon plasma coagulation (APC), 25, 30, 32
Aspirin, 112
Aspirin and endoscopy, 12, 14–15

B
Baculoviral inhibitor of apoptosis (IAP) repeatcontaining 

(BIRC)3, 90
Barium swallow, 57, 58
Barrett’s adenocarcinoma, 35
Barrett’s epithelium, 51
Barrett’s esophagus (BE), 11–15, 17–22, 25–32, 35–39
Barrx 90, 26, 27
Barrx 360, 26, 27
Becker, K., 97, 98
Beta-blockers, 112
Biology-directed treatment strategy, 158
Biomarkers, 12, 13
Body mass index (BMI), 108–109
Bronchoaortic constriction, 245
Buried Barrett’s, 31, 32

C
Cancer, 237–243
Cancer risk, 17, 20

Carboplatin, 154, 155, 158
Cardiac glands, 48
Cardiac mucosa, 48, 49
Cardiac workup, 112
Cardias, 243
Carotid tubercle (Chassaignac tubercle), 251
Cervical lymph nodes, 52
Chemoradiation, 109, 186, 189
Chemoradiotherapy (CRT), 149–159
Chemotherapy (CT), 139–145, 186, 188, 189, 217–219, 

222
Child-Pugh score, 113
Chinese University Research Group for Esophageal 

Cancer (CURE) trial, 152
Chronic obstructive pulmonary disease (COPD), 111
Chylothorax, 171, 175, 179–181
Circumferential resection margin (CRM), 122–123, 130, 

131
Cirrhosis, 112–113
Clinically complete responders, 159
Clinical response evaluations (CRE), 159
Complete, 127, 128
Complications, 171–181
Computed tomography (CT), 67–81
Concurrent CRT, 151, 152, 156, 158
Conduit necrosis, 178–179
Conformal multiple field radiation technique, 158
Conformal multiple field techniques, 151
Cricopharyngeal (pharyngoesophageal) constriction, 245
CROSS trial, 117–118, 154–156
Cryotherapy, 25, 28, 29, 32
Curative and palliative, 139

D
Danger space, 251
Data-driven, 41, 44, 46
Definitive chemoradiotherapy, 150–153, 157–158
Definitive radiotherapy, 150
Degree of differentiation, 51
Diaphragmatic constriction, 245
Diaphragmatic hiatus, 245, 249, 252, 255
Distal esophageal cancer, 47, 53
Distal in vivo margin, 122

Index



278

Dose escalation, 158
Downstaged N0, 97
Downstaged ypN0, 188
Dysplasia, 35–39

E
Early cancer, 35, 36, 38
Early leaks, 178
EGJ adenocarcinoma, 1–3, 5–7
Elderly, 109–111
En bloc resection, 128
Endoscopic cardia, 49
Endoscopic mucosal resection (EMR), 25, 30–32
Endoscopic resections, 117, 119, 120, 133
Endoscopic submucosal dissection, 36
Endoscopic surveillance, 17, 21
Endoscopic therapy, 25, 30–32
Endoscopic treatment, 36–39
Endoscopic ultrasound, 61
Epidemiology, 1–7
Epidermal growth factor receptor (EGFR), 86–87, 92
Esophageal adenocarcinoma, 17
Esophageal cancer, 12–15, 101, 103, 193, 194
Esophageal motility, 63
Esophageal triangle, 253
Esophagectomy, 101–103, 261–268, 271–273
Esophago-gastric cancer, 139–145
Esophagogastric junction (EGJ) cancer , 47–50, 53,  

54, 67–71, 73–77, 79–81, 246–250, 253–254,  
256, 257

Esophagogastroscopy, 50
Evaluation treatment response, 77–80
Extended, 127, 128
Extrinsic innervation, 257

F
FEV1, 111
FFCD 9102, 157
FFCD9901 study, 155, 157
Fine needle aspiration (FNA), 61, 62
Follow-up, 188, 190, 237–273
Frailty, 110
Function tests, 110, 113

G
Gastrectomy, 261, 268–270
Gastric cancer, 47–49, 53, 54
Gastric cardia, 47, 48
Geographic variability, 2

H
High-grade dysplasia (HGD), 25, 28–32
Histologic grade, 41, 43–46
Histopathologic cell type, 43, 45, 46

Hospital volume, 101–103
Human epidermal growth factor receptor-2 (HER-2), 

87–88

I
ICORG 10–14 trial, 118
Inferior laryngeal (recurrent) nerves, 257
Inferior pharyngeal constrictor muscle, 246, 248, 258
Intensity-modulated radiotherapy, 151
Intestinal metaplasia, 49, 51
Intrinsic innervation, 257
In vivo, 121, 122

J
Japanese Gastric Cancer Association, 98

K
Killian-Jamieson triangle, 249
Killian’s triangle, 249

L
Laimer’s triangle, 249
Laparoscopic, 271–273
Laparoscopic total gastrectomy (LTG), 273–274
Laurén classification, 51
Laurén’s type, 51
Left thoracoabdominal approach (LTA), 53
Leptin, 90–92
Liverpool classification, 48
Location, 41, 43–46
Longitudinal gastric mucosal folds, 48
Longitudinal margins, 120–122, 131
Lower esophageal sphincter (LES), 48, 245, 247–251
Lower mediastinal node, 126, 127, 129
Lymph node dissection, 51–53
Lymph node metastases, 51–53
Lymphovascular invasion, 119–120, 133

M
M, 41, 43, 46
MAGIC trial, 118
Magnetic resonance imaging (MRI), 62–64, 67–81
Mandard, A.M., 96
Mediastinal lymph node dissection, 53
Metastatic gastroesophageal junction adenocarcinoma, 

217
Minimally invasive surgery, 193
Minimal residual disease (MRD), 187
Miniprobe, 61
Morbidity and mortality, 107–108, 110, 113
Mucosa membrane, 248
Multidetector computed tomography (MDCT),  

57–62

Index



279

Multimodal treatments, 117, 120, 125, 129–133, 
185–190

Multipolar electrocoagulation (MPEC), 25, 30, 32
Muscularis propria, 247, 248, 257

N
N, 41–44, 46
Natural N0, 97
Natural ypN0 patients, 188
Neoadjuvant, 139–143
Neoadjuvant chemoradiotherapy, 154, 156–159
Neoadjuvant chemotherapy, 153–154, 156–157
Neoadjuvant CRT, 151, 154–159
Neoadjuvant CT, 154, 156–158
Neoadjuvant radiotherapy, 153
NEOadjuvant trial in Adenocarcinoma of the oEsophagus 

and oesophagoGastric Junction International Study 
(Neo-AEGIS), 158

Nomograms, 107, 108, 114
Non-curative resections, 185
N+ patients, 96, 97
N0 patients, 96, 97
Nuclear factor kappa B (NF-κB), 89, 90
Number of positive nodes, 123–124

O
Obesity, 108–109
Oesophagus, 243
O-POSSUM, 108
Oxyntic (gastric fundus) mucosa, 48
Oxyntocardiac mucosa, 48

P
p53, 89, 92
Paclitaxel, 151, 154, 155, 158
Palisade vessels, 247, 248
Para-aortic, 126, 127, 129
Para-aortic nodes, 53
Pathologically complete response (pCR), 97, 155, 156, 

159, 187, 188, 190
Patient selection, 107–114
Performance status, 110
Perioperative, 139, 141–143, 145
Photodynamic therapy (PDT), 25, 29–32
Phrenoesophageal ligament, 247, 253
Phrenoesophageal membrane of Laimer-Bertelli, 254
Positron emission tomography (PET), 67–81
Postablation surveillance, 31
P-POSSUM, 108
Preoperative chemotherapy/radiochemotherapy in 

esophagogastric adenocarcinoma trial (POET), 156
Prognosis, 237
Proper esophageal arteries, 255
Proximal gastric cancer, 47, 49
Proximal margin, 121, 122, 130–132

Q
Quality of life, 237–243

R
R+, 185
Radiofrequency ablation (RFA), 25–29, 31, 32
Radiotherapy, 149–151
Randomized trials, 199
Recurrences, 30–32, 185, 188–190
Recurrent/persistent locoregional disease,  

151, 158
Resection margins, 120–123
Response to treatment, 187, 188, 190
Restaging after neoadjuvant treatment, 72
Retroesophageal space, 251
Review, 194
Risk factors, 1–7
Risk of progression, 17, 19–21
R0 surgery, 120
RTOG 94-05 (intergroup 0123) phase III trial, 150
RTOG 85-01 trial, 150
Rugal gastric folds, 48

S
Salvage surgery, 151–152, 157–159
SANO trial, 159
Sequential CRT, 151, 157
Siewert classification, 47–54, 117, 149
Signet ring carcinoma (SRC)
Size-based pathological response (SPR), 97, 187
Smoking, 111, 112
Spatial cooperation, 150
Splenic hilar nodes, 126, 127, 129
Squamocolumnar junction (Z-line), 48
Squamous epithelium, 48
Stage grouping, 41, 43–46
Staging, 57–63
Standard lymphadenectomy, 127
Statins, 112
Stomac, 242
Subcardial gastric carcinomas, 49
Subepithelial plexus, 255
Submucosa, 248, 253
Submucosal plexus, 255, 256
Subsquamous intestinal metaplasia (SSIM),  

30, 31
Superior laryngeal nerves, 257, 258
Supra-and infrapancreatic nodes, 53
Surgery, 193, 194, 199, 201, 202
Surgery alone, 152–157
Surgery as needed approach, 158–159
Surgery as needed approach in oesophageal cancer 

(preSANO), 159
Surgery on demand, 114
Survival, 5, 7
Synergistic effect, 150

Index



280

T
T, 41–44, 46
Tailored treatment, 107–114
Targeted therapy, 218
Thoracic duct, 251–253, 256
Three-field lymphadenectomies, 52
Thymidylate synthase (TYMS), 88, 89
Time trend, 3–5
T1m, 117, 119–120, 133
TNM, 95–96
TNM classification, 48, 53
Total number of resected nodes, 124
Tracheal bifurcation, 52
Transforming growth factor (TGF)-β-activated kinase 1 

(TAK1), 90
Transhiatal approach, 53, 54
Trans-hiatal esophagectomy (THE), 123, 130, 131
Transhiatal extended gastrectomy (TH), 53, 54
Transthoracic esophagectomy (TTE), 53, 125, 130, 131
Truesdale’s triangle, 253
T1sm, 119, 120, 125, 127, 129, 130, 132, 133
Tubular esophagus, 48
Tumor center, 49

Tumor downstaging, 153
Tumor regression grades (TRG), 96
Tunica adventitia, 248
Two-field lymphadenectomy, 52
Type III tumor, 49
Type II tumor, 49
Type I tumor, 49

U
Upper esophageal sphincter (UES),  

245, 248–249
Upper mediastinum, 52
“U” shape, 272, 273

V
Vagal nerves, 251, 257
“V” shape, 272, 273

Z
Z line, 247, 248

Index


	Preface
	Contents
	Contributors
	1: Epidemiology and Risk Factors
	1.1	 Methodological Issues
	1.2	 General Overview of Cancers from the Upper Gastrointestinal Tract
	1.3	 Incidence of EGJ Adenocarcinoma
	1.3.1	 Geographic Variability
	1.3.2	 Age and Sex Distribution
	1.3.3	 Proportion of Gastric Cancer Arising from the Cardia
	1.3.4	 Trends in Cardia Cancer

	1.4	 Stage and Survival
	1.5	 Risk Factors
	1.5.1	 Genetic Factors

	References

	2: Barrett’s Esophagus: Pathogenesis and Prevention
	2.1	 Pathogenesis
	2.2	 Prevention
	References

	3: Surveillance in Barrett’s Esophagus and Dysplasia
	3.1	 Clinical Features
	3.2	 Endoscopic Features
	3.2.1	 Length of the BE Segment
	3.2.2	 Nodularity, Ulcers, or Endoscopically Visible Abnormalities

	3.3	 Pathological Features
	3.4	 Risk of Progression in  Non-­dysplastic Barrett’s Esophagus
	3.5	 Risk of Progression and Management of BE Indefinite for Dysplasia
	3.6	 Risk of Progression in Low-­Grade Dysplasia
	3.7	 LGD Management
	3.8	 High-Grade Dysplasia
	References

	4: Ablation Techniques for Barrett’s Esophagus and Dysplasia
	4.1	 Introduction
	4.2	 Ablative Techniques
	4.3	 Radiofrequency Ablation
	4.3.1	 Technique
	4.3.2	 Efficacy
	4.3.3	 Complications

	4.4	 Cryotherapy
	4.4.1	 Technique
	4.4.2	 Efficacy
	4.4.3	 Complications

	4.5	 Photodynamic Therapy (PDT)
	4.5.1	 Technique
	4.5.2	 Efficacy
	4.5.3	 Complications

	4.6	 Argon Plasma Coagulation (APC)
	4.7	 MPEC
	4.8	 Endoscopic Therapy Versus Esophagectomy
	4.9	 Postablation Surveillance
	4.10	 Subsquamous Intestinal Metaplasia (SSIM)
	4.11	 Recurrences and Predictors of Recurrence
	4.12	 Follow-Up Intervals
	4.13	 Patient Selection and Technical Considerations
	References

	5: Endoscopic Resection for Barrett’s Esophagus to Dysplasia
	5.1	 Evidence on Barrett’s
	5.2	 Diagnosis
	5.3	 Endoscopic Treatment
	References

	6: 7th Edition AJCC/UICC Staging: Esophagus and Esophagogastric Junction
	6.1	 The Data
	6.2	 The Analysis
	6.3	 7th Edition TNM Classifications: Changes and Additions
	6.4	 7th Edition: Nonanatomic Cancer Characteristics
	6.5	 7th Edition Stage Groupings
	6.6	 Esophagogastric Junction Cancers
	6.7	 The Future: 8th Edition and Beyond
	6.8	 Beyond Anatomic Staging
	References

	7: Siewert Classification of Adenocarcinoma of the Esophagogastric Junction: Still In or Already Out?
	7.1	 The Esophagogastric Junction
	7.1.1	 Definition
	7.1.2	 Different Classification Systems

	7.2	 The Siewert Classification of Adenocarcinoma of the EGJ
	7.2.1	 Definition and Topographical Classification
	7.2.2	 Diagnosis
	7.2.3	 Epidemiological, Morphological, and Biological Differences
	7.2.4	 Lymphatic Drainage and Metastases
	7.2.5	 Differences in Prognosis
	7.2.6	 Therapeutic Consequences of Siewert’s Classification
	7.2.7	 Criticism

	References

	8: Preoperative Work-Up: Conventional Radiology, CT Scan, Ultrasonography, and MRI
	8.1	 Conventional Radiology
	8.2	 Multi-detector Computed Tomography (MDCT)
	8.3	 Ultrasound
	8.3.1	 Conventional Ultrasound
	8.3.2	 Endoscopic Ultrasound

	8.4	 Magnetic Resonance Imaging (MRI)
	References

	9: Role of PET/CT and MRI in the Prediction of Response to Neoadjuvant Treatment
	9.1	 Introduction
	9.2	 PET/CT
	9.2.1	 Evaluation During Neoadjuvant Therapy for Prognostication
	9.2.2	 Evaluation After Neoadjuvant Therapy for Restaging
	9.2.3	 Evaluation After Neoadjuvant Therapy for Prognostication

	9.3	 MRI
	9.3.1	 Evaluation of Treatment Response for Restaging
	9.3.2	 Evaluation of Treatment Response for Prognostication

	9.4	 Tumor Recurrence
	References

	10: Molecular Markers in the Prediction of Response to Neoadjuvant Treatments in Esophagogastric Junction Adenocarcinoma
	10.1	 Growth Factor Receptors
	10.1.1	 Epidermal Growth Factor Receptor
	10.1.2	 Human Epidermal Growth Factor Receptor−2

	10.2	 Chemotherapy Metabolism-�Related Biomarkers
	10.3	 Apoptosis-Related Biomarkers
	10.3.1	 p53
	10.3.2	 Nuclear Factor Kappa B (NF-kB)
	10.3.3	 Baculoviral Inhibitor of Apoptosis Repeat-­Containing 3 Gene

	10.4	 Leptin
	10.5	 Aldehyde Dehydrogenase
	10.6	 Genomic Signatures
	References

	11: Pathological Response to Neoadjuvant Treatment: More Questions Than Answers
	11.1	 Introduction
	11.2	 TNM Staging System
	11.3	 Histopathological Response in Siewert I and II
	11.4	 Histopathological Response in Siewert III
	References

	12: Hospital Volume and Centralization in EGJ Cancer
	References

	13: Patient Selection and Tailored Treatment Principles
	13.1	 Introduction
	13.2	 Predictors of Morbidity and Mortality
	13.3	 Patients’ Characteristics
	13.3.1	 Body Mass Index
	13.3.2	 Age
	13.3.3	 Pulmonary Condition
	13.3.4	 Cardiovascular Status
	13.3.5	 Hepatic Dysfunction

	13.4	 Tailored Treatment Principles
	References

	14: How to Treat EGJ Cancer: Indications and Treatment Strategy
	14.1	 Introduction
	14.2	 T1m
	14.3	 ≥T1sm
	14.3.1	 Resection Margins
	14.3.1.1	 Longitudinal Margins
	14.3.1.2	 CRM

	14.3.2	 Type of Lymphadenectomy
	14.3.2.1	 General Issues on Lymphadenectomy
	14.3.2.2	 Nodal Involvement by T
	14.3.2.3	 Nodal Spread by Site
	Siewert I
	Siewert II
	Siewert III

	14.3.2.4	 Extent of Lymphadenectomy

	14.3.3	 Treatment Strategy
	14.3.3.1	 Siewert I
	14.3.3.2	 Siewert II
	14.3.3.3	 Siewert III


	References

	15: Chemotherapy in Oesophagogastric Junctional Cancer
	15.1	 Introduction
	15.2	 Neoadjuvant Chemotherapy
	15.3	 Perioperative Chemotherapy
	15.4	 Inoperable and Metastatic EGJ Cancer
	15.5	 Targeted Agents
	15.5.1	 HER2-Targeting Agents
	15.5.2	 Anti-angiogenesis Agents

	References

	16: Chemoradiation in Esophagogastric Junction Cancer
	16.1	 Introduction
	16.1.1	 Classification of Junctional Tumors
	16.1.2	 Rationale for Combination of Chemotherapy and Radiotherapy

	16.2	 Definitive Chemoradiotherapy
	16.2.1	 Definitive Chemoradiotherapy Versus Definitive Radiotherapy Alone
	16.2.2	 Dose of Radiotherapy in Definitive Chemoradiotherapy
	16.2.3	 Sequential Versus Concurrent Chemoradiotherapy
	16.2.4	 Salvage Surgery
	16.2.5	 Definitive Chemoradiotherapy Versus Surgery Alone

	16.3	 Neoadjuvant Chemo- and/or Radiotherapy Plus Surgery
	16.3.1	 Neoadjuvant Radiotherapy Plus Surgery
	16.3.2	 Neoadjuvant Chemotherapy Plus Surgery
	16.3.3	 Neoadjuvant Chemoradiotherapy Plus Surgery
	16.3.4	 CROSS Trial
	16.3.5	 Neoadjuvant Chemotherapy Versus Neoadjuvant Chemoradiotherapy

	16.4	 Definitive Chemoradiotherapy Versus Neoadjuvant Chemoradiotherapy Plus Surgery
	16.5	 Future Perspectives
	16.5.1	 Classification by Location and Histology
	16.5.2	 Dose Escalation in Definitive Chemoradiotherapy
	16.5.3	 Surgery as Needed Approach

	References

	17: Signet Ring Carcinoma in EGJ: What Is It?
	17.1	 Epidemiology
	17.2	 Pathology
	17.3	 Clinical Behavior and Preoperative Workup
	17.4	 Neoadjuvant Therapy and Surgical Treatment
	17.5	 Adjuvant Treatment
	References

	18: Morbid-Mortality and Treatment of Complications
	18.1	 Introduction
	18.2	 Patient Selection
	18.3	 Medical Complications
	18.3.1	 Cardiac Complications
	18.3.2	 Pulmonary Complications

	18.4	 Surgical Complications
	18.4.1	 Anastomotic Leak
	18.4.2	 Diagnosis and Treatment
	18.4.3	 Conduit Necrosis

	18.5	 Chylothorax
	References

	19: Long-Term Results with Surgery Alone and Multimodal Treatments
	19.1	 Introduction
	19.2	 Long Term with Surgery Alone
	19.3	 Long Term with Multimodal Treatments
	19.4	 Recurrence
	References

	20: Open or Minimally Invasive? Comparison of Early and Late Results
	20.1	 Introduction
	20.2	 MIE Techniques
	20.3	 Early Results (Tables 20.1 and 20.2)
	20.4	 Long-Term Results (Table 20.3)
	20.5	 Randomized Controlled Trials
	References

	21: Enhanced Recovery After Surgery (ERAS) and Nutritional Aspects
	21.1	 Introduction
	21.2	 Evolution of ERAS After Esophagectomy
	21.3	 The Core Components of ERAS After Esophagectomy
	21.3.1	 Preoperative
	21.3.1.1	 Focussed Counseling and Psychological Preparation
	21.3.1.2	 Physical Preparation for Esophagectomy

	21.3.2	 Intraoperative
	21.3.2.1	 Surgical Management
	21.3.2.2	 Anesthetic Management

	21.3.3	 Postoperative
	21.3.4	 Nutrition
	21.3.4.1	 Preoperative Assessment and Optimization
	21.3.4.2	 Perioperative Nutritional Care
	Aspects of Perioperative Feeding
	Immuno-nutrition
	Reintroduction of Oral Intake

	21.3.4.3	 Postoperative Nutrition Support

	21.3.5	 Discussion

	21.4	 Summary
	References

	22: Unresectable and Metastatic Cancer
	22.1	 Chemotherapy for Metastatic/Unresectable Cancer
	22.2	 Targeted Therapies Anti Epidermal Growth Factor Family
	22.2.1	 moAbs Binding Epitopes of the Extracellular Domain of EGFR
	22.2.2	 Small Molecules: Tyrosine Kinase Inhibitors

	22.3	 Targeted Therapies Antiangiogenesis
	22.3.1	 Targeting Proangiogenic Factors with moAbs
	22.3.2	 Targeting Angiogenic Receptors with moAbs
	22.3.3	 Targeting Angiogenic Receptors with TKI

	22.4	 Targeted Therapies Anti-�MET (Hepatocyte Growth Factor Receptor)
	22.5	 Targeted Therapies: The Mammalian Target of Rapamycin (mTOR) Complex
	References

	23: Recurrence: Treatment or Just Palliation?
	23.1	 Timing and Patterns of Recurrence
	23.2	 Treatment or Just Palliation?
	23.2.1	 Surgery
	23.2.2	 Stents
	23.2.3	 Photodynamic Therapy
	23.2.4	 Nd-YAG Laser
	23.2.5	 Radiation Therapy and Brachytherapy
	23.2.6	 Chemotherapy

	23.3	 Conclusions
	References

	24: Follow-Up and Quality of Life
	24.1	 Follow-Up for Upper Gastrointestinal Cancers
	24.2	 Quality of Life
	References

	25: Surgical Anatomy of the Esophagus and Esophagogastric Junction
	25.1	 General Anatomy
	25.1.1	 Esophagus
	25.1.2	 Esophagogastric Junction
	25.1.3	 Structure of the Esophageal Wall
	25.1.4	 Upper Esophageal Sphincter (UES)
	25.1.5	 Lower Esophageal Sphincter (LES)

	25.2	 Topographical Anatomy
	25.2.1	 Cervical Esophagus
	25.2.2	 Thoracic Esophagus
	25.2.3	 Abdominal Esophagus and Esophagogastric Junction

	25.3	 Vessels and Nerves
	25.3.1	 Arterial Blood Supply
	25.3.2	 Venous Drainage
	25.3.3	 Lymphatic Drainage
	25.3.4	 Innervation

	References

	26: Surgical Technique: Open Procedures
	26.1	 Introduction
	26.2	 Transthoracic Esophagectomy
	26.2.1	 Abdominal Stage
	26.2.1.1 Positioning
	26.2.1.2 Incision
	26.2.1.3 Exploration
	26.2.1.4 Mobilization of the Stomach
	26.2.1.5 Tubulization
	26.2.1.6 Abdominal and Mediastinal Dissection of the Esophagus

	26.2.2	 Thoracic Stage
	26.2.2.1 Positioning and Thoracotomy
	26.2.2.2 Esophagectomy
	26.2.2.3 Preparation of the Anastomosis and Lymphadenectomy
	26.2.2.4 Anastomosis

	26.2.3	 Transhiatal Esophagectomy Without Thoracotomy (Orringer Procedure)
	26.2.3.1 Positioning
	26.2.3.2 Abdominal Step
	26.2.3.3 Cervical Step
	26.2.3.4 Mediastinic Step
	26.2.3.5 Cervical Anastomosis


	26.3	 Total Gastrectomy
	26.3.1	 Gastrectomy
	26.3.2	 Reconstruction

	Suggested Reading

	27: Surgical Technique: Minimally Invasive Procedures
	27.1	 Laparoscopic Subtotal Esophagectomy
	27.2	 Laparoscopic Total Gastrectomy (LTG)
	Suggested Reading

	Index

