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Current Diagnosis and Future 
Impact of Micrometastases  
for Therapeutic Strategies  
in Adenocarcinoma of the  
Esophagus, Gastric Cardia,  
and Upper Gastric Third

Asad Kutup, Emre F. Yekebas, and Jakob R. Izbicki

Abstract  Esophageal and gastric cancers are 
aggressive neoplasms with a poor prognosis. 
Although postoperative mortality has declined 
and rates of complete resection have improved 
considerably, 5 year survival rates are still very 
low. Early metastatic relapse after complete 
resection of an apparently localized primary 
lesion indicates that disseminated tumor cells, 
undetectable by current methods, may already 
have been present at the time of surgery, even in 
patients with seemingly early tumor stages. 
Occult residual tumor disease is suggested when 
either bone marrow or lymph nodes from which 
tumor relapse may originate are affected by 
micrometastatic lesions undetectable by con-
ventional histopathology. The presence of sin-
gle tumor cells detected by immunohistological 
methods is increasingly regarded as a clinically 
relevant prognostic factor. The use of antibod-
ies against tumor-associated targets enables 
detection of individual epithelial tumor cells in 
lymph nodes and in bone marrow in various 

tumor entities. The potential role and benefit of 
an antibody-based treatment as a therapeutic 
target would be of particular interest in tumors 
with a notoriously poor prognosis such as 
esophageal cancer and cardia cancer.

10.1   
Introduction

In recent decades, the incidence of esophageal 
adenocarcinoma in the United States and Western 
Europe has risen at a more rapid rate than any 
other malignant neoplasm (Blot et  al. 1991; 
Devesa et al. 1998; Bytzer et al. 1999; Vizcaino 
et  al. 2002; Botterweck et  al. 2000; Blot and 
McLaughlin 1999; Trivers et al. 2008).

Gastric cancer is the second most common 
malignancy worldwide (Parkin et al. 2001; Parkin 
2004), and surgical treatment remains the only 
curative management option (Sano et al. 2004).

The incidence of gastric cardia cancer has 
increased recently in the West, and this trend is 
in contrast with a decrease in more distal cancer 
(Jeon et al. 2006; Orengo et al. 2006; Walther 
et al. 2001).

According to the prevailing classification, 
three types of esophagogastric cancer are dif-
ferentiated: type I is defined as adenocarcinoma 
in Barrett’s esophagus as long as it develops 
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10 within 1–5 cm proximal to the Z-Line. Type II 
is the “true” carcinoma of the cardia originating 
from the cardial mucosa. Type III is the subcar-
dial or fundic carcinoma of the stomach infil-
trating into the mucosa or submucosa of the 
distal esophagus (Siewert et al. 1987).

Barrett’s dysplasia of the distal esophagus 
may be causative particularly in type I but may 
also exist concomitantly in the other types. The 
term “wanderer between two worlds” reflects 
the topographic pattern of cardia cancer between 
the thoracic and abdominal cavity.

Surgical treatment is controversial and varies 
widely as to the extent of esophageal and gastric 
resection. Treatment options therefore encom-
pass esophagectomy, limited resection of the 
esophagogastric junction, esophagogastrectomy, 
and extended gastrectomy, hereby resulting in 
different levels of lymphatic clearance.

The importance of lymph node yield and ratio 
of afflicted lymph nodes with its prognostic rel-
evance and stage migration of the tumors influ-
enced by the surgical approach (transhiatal vs. 
thoracoabdominal) has been previously des
cribed by our own group (Bogoevski et al. 2008). 
The operative procedure depends on stage, exact 
localization of the primary tumor, and the 
patient’s general condition.

Although surgical techniques have improved, 
the overall prognosis for patients remains poor 
primarily due to local recurrence and the devel-
opment of distant metastases.

Stage, grade, and status of resection margins 
are currently accepted as the most accurate 
pathologic variables predicting survival.

However, even in patients with seemingly 
early tumors (T1, N0), tumor relapse may occur. 
This reflects the shortcomings of the current 
pathologic staging system to sufficiently discrimi-
nate patients with a high risk to develop tumor 
recurrence from those who carry a lower risk. 
Thus, effort continues to identify new prognosti-
cators of tumor relapse that indicate the need for 
adjuvant therapy.

Occult residual tumor disease is suggested 
when either bone marrow or lymph nodes from 

which tumor relapse may originate are affected 
by micrometastatic lesions undetectable by con-
ventional histopathology (Pantel and Braken
hoff 2004).

The use of antibodies against tumor-associ-
ated targets enables detection of individual epi-
thelial tumor cells both in lymph nodes (Byrne 
et al. 1987; Passlick et al. 1994; Raymond and 
Leong 1989) and in bone marrow in various 
tumor entities (pancreas, breast etc) (Latza et al. 
1990).

These immunohistochemical analyses have 
been accepted as an addendum in the last UICC 
classification for pancreatic, nonsmall lung, and 
esophageal cancer (Hermanek et al. 1999).

Nonetheless, the clinical significance of imm
unohistochemical assessment of nodal microme-
tastases (Izbicki et al. 1997; Hosch et al. 2001; 
Komukai et  al. 2002; Waterman et al. 2004) is 
still controversial (Momburg et al. 1987; Pantel 
et al. 1994; Z’Graggen et al. 2001; Kasper et al. 
1987; Bogoevski et al. 2004), e.g., due to puta-
tive sampling errors (Hermanek et al. 1999).

10.2 
Incidence of Nodal Micrometastases

Results of current studies have shown that in 
patients with adenocarcinoma of the esophagus 
and esophagogastric junction, tumor cells can be 
detected by immunohistochemistry at a rela-
tively high frequency in regional lymph nodes 
that have been judged to be “tumor-free” by rou-
tine histopathological methods.

Mueller et al. (2000) have shown that 42% of 
the patients with pN0 staged type II/III-tumors 
had detectable tumor cells in the regional lymph 
nodes by immunohistochemistry. Similar stud-
ies have been done in patients with gastric carci-
noma, with rates from 23.5% in early gastric 
carcinoma to over 90% in more advanced stages 
(Maehara et al. 1996; Siewert et al. 1996).

Our group showed a 49% incidence of nodal 
microinvolvement in lymph nodes classified to 
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be “tumor-free” in conventional histopathology 
in patients with an adenocarcinoma of the esoph-
agogastric junction (Schurr et al. 2006).

According to histopathology, lower mediasti-
nal lymph node metastases were found in 24% of 
type I tumors and 10% of type II tumors. When 
positive disseminated tumor cells were addition-
ally considered, mediastinal lymph node involve-
ment increased to 40% in type I patients and 33% 
in type II patients. Similarly, in the paracardial 
and upper abdominal lymph node compartment a 
higher frequency of lymph node involvement 
was found by immunohistochemical staining.

The prevalence of nodal microinvolvement 
in esophageal cancer was first evaluated in both 
squamous cell carcinoma and adenocarcinoma 
by our group (Izbicki et al. 1997).

A total of 399 lymph nodes obtained from  
68 patients were found to be free of tumor by 
routine histopathological analysis and were 
studied further for isolated tumor cells by 
immunohistochemical analysis with the mono-
clonal antiepithelial-cell antibody Ber-EP4. Of 
the 399 “tumor free” lymph nodes, 67 (17%), 
obtained from 42 of the 68 patients, contained 
Ber-EP4–positive tumor cells.

The incidence of nodal microinvolvement in 
patients with adenocarcinoma of the esophagus 
was higher in later (pT2/3 = 36%) than in earlier 
tumor stages (pT1 = 11%) (Koenig et al. 2009).

An important counter-argument challenging 
the reliability of immunohistochemical assays 
is that of sampling error.

Factors which might influence this are the 
number of lymph nodes dissected during the 
course of resection, the number of lymph nodes 
assessed by immunohistochemistry, the num-
ber of lymph node sections, and the level of 
these sections within the lymph nodes. Pre
viously, several authors have suggested that the 
ratio of positive lymph nodes detected by con-
ventional histopathology should be used for a 
refined pN staging in esophageal and gastric 
cancer (Koenig et al. 2009).

Apart from staging accuracy, the surgical 
impetus of radical lymphadenectomy is to remove 

the surrounding loco-regional soft and lymphatic 
tissue in the vicinity of the tumor. The importance 
of lymph node yield and ratio and its influence on 
stage migration, and therefore as a strong inde-
pendent prognostic factor on survival, was previ-
ously described by our group (Bogoevski et al. 
2008). It is not only that the global presence or 
absence of nodal involvement may serve as a tool 
for the differentiation of “high-risk” from “low-
risk” patients, but also the ratio of immunohis-
tochemically affected lymph nodes to the total 
number of lymph nodes seems to enable improved 
risk stratification of cancer patients.

However, extensive removal of the lym-
phatic tissue carries the ability to uncover the 
correct pN-status, and immunohistochemistry is 
a helpful tool to refine the risk stratification in 
these solid pathologies.

Neoadjuvant treatment modalities were devel-
oped to improve local tumor control as well as to 
reduce lymph node metastases and distant metas-
tases. Prenzel et al. (2007) previously evaluated 
the influence of neoadjuvant chemoradiation on 
nodal microinvolvement. A total of 1,186 lymph 
nodes of 52 patients of both adenocarcinoma and 
squamous cell carcinoma were diagnosed as neg-
ative for metastases in routine histopathology.  
A major histopathologic response (<10% vital 
residual tumor cells) was shown by 42.3%, 
whereas in 30 tumors, only a minor response 
(>10% vital residual cells) was present. Major 
response was shown by 19 of 32 patients (59.4%) 
with pN0-status. Of these, only four patients had 
a nodal microinvolvement which was signifi-
cantly reduced compared to those with minor 
response (9 of 13 patients). Due to the small 
number of patients in this setting, future studies 
will show whether this can be further confirmed.

10.3 
Mode of Spread

Schurr et al. investigated the role of the medi-
astinal lymphadenectomy in carcinomas of the 
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esophagogastric junction. Frequency, location, 
and prognostic significance of lymph node 
metastases detected both histopathologically 
and immunohistochemically were analyzed in 
patients with an adenocarcinoma of the esoph-
agogastric junction. The differences of histo-
pathological lymph node involvement between 
type I and II cancer are shown in Table 10.1.

Immunostaining showed that in type I carci-
noma, nodal microinvolvement occurred to 
mediastinal in 40%, to paracardial in 38%, and 
to upper abdominal nodes in 29%, whereas in 
type II carcinoma, nodal microinvolvement cor-
responded to 33% to the mediastinal, 88% to the 
paracardial, and 43% to the upper abdominal 
compartment. Combined assessment of lymph 
nodes by histopathology and immunohistochem-
istry raised the numbers of positive patients in 
the three compartments. Remarkably, in type II 
carcinoma, an overlap of nodal involvement was 
detected by conventional histopathology and 
immunostaining in the mediastinal lymph node 
compartment. This resulted in nodal involve-
ment detected either by conventional histopa-
thology or immunohistochemistry in a total of 
33% of patients with type II carcinoma.

Potential metastatic spread to the lymph 
nodes of the abdominal and mediastinal com-
partments indicate that cardia carcinoma 
behaves like a “wanderer between two worlds” 
(Schurr et al. 2006).

In esophageal carcinoma, the frequency of 
metastasis in certain lymph node groups is influ-
enced by the location of the primary tumor. 
Akiyama published data on 236 patients about this 
aspect of metastatic spread (Akiyama et al. 1994).

Patients with carcinoma of the upper esopha-
gus had metastases in the neck lymph nodes in 
44.1%, upper mediastinum in 50.0%, middle 
mediastinum in 20.6%, and lower mediastinum 
in 5.9%. Remarkably, 14.7% of the cases pre-
sented with metastases in the upper gastric area.

Carcinoma of the mid-esophagus was associ-
ated with metastasis in the neck in 32.9%, the 
upper mediastinum in 38.1%, the mid-mediasti-
num 41.0%, the lower mediastinum 20.2%, and in 
the upper gastric region in 42.5%. Carcinoma of 
the lower esophagus was associated with 29.4% 
positive lymph nodes in the neck and 30.9% in the 
upper mediastinum, 48.5% had metastases in 
the middle mediastinum, 35.3% in the lower 
mediastinum, and 69.1% in the upper gastric area.

Table 10.1  Positive Lymph Nodes in Histopathology (Hematoxylin and Eosin staining) and immunohis-
tochemistry (Ber-Ep4þ cells) in the Mediastinal, Paracardial, and Upper Abdominal Lymph Nodes

pN0/pN1 No. of patients (%) (n=45 for Type I and n=40 for Type II)

Type I Type II

Mediastinal
Histopathology 11 (24%) 4 (10%)
Histopathology and  
Ber-Ep4þ cells

18 (40%) 13 (33%)

Paracardial
Histopathology 15 (33%) 21 (53%)
Histopathology and  
Ber-Ep4þ cells

17 (38%) 35 (88%)

Upper abdominal
Histopathology 8 (17%) 16 (40%)
Histopathology and  
Ber-Ep4þ cells

13 (29%) 17 (43%)
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In summary, the incidence of metastases in the 
superior mediastinum is high, even in patients 
with primary tumors located in the lower esopha-
gus. These data underline the importance of exten-
sive lymph node sampling for correct staging.

10.4 
Effect of Nodal Microinvolvement on Survival

Immunohistochemistry neither is a clinical rou-
tine nor is its use universal because the results  
of previous studies have been inconclusive. In 
esophageal carcinoma and cardia carcinoma, 
previous studies that evaluated the value of nodal 
microinvolvement with respect to improved risk 
stratification provide inconsistent data (Siewert 
and Stein 1998; Casson et al. 1994).

Mueller et al. showed that micrometastases in 
“tumor-free” lymph nodes have a prognostic 
impact. In this study, the presence of micrometas-
tases in the lymph nodes of the tumors of the 
esophagogastric junction (type I, II, III) has 
shown different rates of tumor cell detection by 
immunohistochemistry according to the location 

of the tumor. In comparison, the rate of microme-
tastases was significantly higher in type II/III 
tumors compared with type I tumors. Patients 
with pN0 status and no micrometastases had a 
mean survival time of 85.8 months, whereas pN0-
patients with immunohistochemically detected 
micrometastases 45.5 months, which was similar 
to patients with a pN1-status (45.2 months).

Schurr et  al. described that after a median 
observation time of 27 months, the presence of 
nodal microinvolvement was associated with 
significantly reduced disease-specific survival. 
The Kaplan-Meyer-Analysis showed a signifi-
cant survival benefit for patients negative in 
immunohistochemistry (Fig. 10.1).

The median disease-specific survival was 
87 months for patients without nodal microin-
volvement, and 16.8 months for patients with 
microinvolvement. The estimated 2 and 5-year 
survival rates were 77 and 39% for patients 
without and 62 and 21% for those with nodal 
microinvolvement.

Additionally, micrometastases to mediastinal 
lymph nodes for type II carcinoma and abdomi-
nal micrometastases for type I carcinoma 
strongly predicted the outcome, thus elucidating 
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10 the role of micrometastases “crossing” the dia-
phragmatic border. These results show that 
“proximal” cardia carcinoma located mainly in 
the distal esophagus may spread “downwards” 
to the upper abdominal lymph node compart-
ment as may “true” junctional cardia carcinoma, 
located mainly in the Z-line, metastasize 
“upwards” to the lower mediastinal lymph nodes. 
The presence of nodal microinvolvement both in 
type I and type II carcinoma had a highly signifi-
cant, independent impact on survival regardless 
of pT-stage and grading. Patients who had, apart 
from overt lymph node metastases, additional, 
occult tumor cells in lymph nodes classified to 
be “tumor-free” by conventional histopathology, 
showed significantly shorter disease-specific 
survival as compared with pN1-patients without 
such cells. On the other hand, pN0 patients who 
had Ber-Ep4+ cells in their lymph nodes showed 
impaired survival (Fig. 10.2).

The median survival was 65 months (95%-
CI: 2–113) vs. a median not reached for the 
presence/absence of the Ber-Ep4+ cells. The 
prognostic effect of Ber-Ep4+ cells was con-
firmed by the finding that disease-specific sur-
vival of pN0 Ber-Ep4+ patients was similar to 
pN1-patients (Fig. 10.3).

Disease-specific survival revealed a 2.77 
higher independent risk for patients who had 
nodal microinvolvement (Schurr et al. 2006).

The conclusion of these results is that it is 
highly suggestive that even single, occult tumor 
cells in lymph nodes of patients with cardia car-
cinoma have a strong malignant potential and 
may contribute to metastatic relapse whether or 
not overt lymph nodes metastases are assessed 
by conventional histopathology.

Therefore, transdiaphragmatic removal of 
both lymph node compartments seems to be 
mandatory with respect to oncological require-
ments. Moreover, these results indicate that 
complementary immunohistochemical analysis 
of lymph nodes in addition to conventional his-
topathology yields a distinct increase of staging 
accuracy, thereby providing a potential tool to 
identify “at risk” patients who will not be cured 
by surgery alone.

In patients with esophageal carcinoma, 
isolated tumor cells in lymph nodes by immuno-
histochemical analysis are strong prognostica-
tors. Izbicki et al. had shown that Ber-EP4–positive 
cells found in “tumor free” nodes were indepen-
dently predictive of significantly reduced 
relapse-free survival and overall survival. They 

1,0

,9

,8

,7

,6

,5

,4

D
is

ea
se

-s
p

ec
if

ic
 s

u
rv

iv
al

Months after surgery

3
0

9
29 19 18 18 9 6 4 4 3 2

6 6 5 5 4 3 2 2 0

12 24 36 48 60 72 84 96 108 120

Ber-Ep4−

Ber-Ep4−

Ber-Ep4+

Ber-Ep4+

p = 0.05

No at risk
Fig. 10.2  Effect of nodal 
microinvolvement on disease-
specific survival (type I and II 
carcinomas)



10  Current Diagnosis and Future Impact of Micrometastases	 121

predicted relapse both in patients without nodal 
metastases and in those with regional lymphnode 
involvement (Izbicki et al. 1997).

Koenig et al. (2009) described that in patients 
with adenocarcinoma survival was associated 
with a worse median overall survival (20 months 
vs. 28 months; p = 0.029). The 5 year survival 
probability accounted for 65% in patients with-
out nodal microinvolvement, whereas that in 
patients with immunohistochemically detect-
able tumor cells was 0%.

Furthermore, in this study, multivariate anal-
ysis showed that micrometastatic lymph node 
ratio was the most powerful predictive variable 
for overall survival in patients with esophageal 
carcinoma irrespective of histopathological 
tumor type, followed by pT-stage and substrati-
fication of patients according to conventional 
nodal staging (pN0 vs. pN1).

10.5 
Current and Future Perspectives

The potential role of an antibody-based treat-
ment as a therapeutic target has been intensely 
evaluated in numerous types of human cancer. 

HER-2 gene amplification and protein overex-
pression occurs in about 20% of breast cancers 
(Zhang et al. 2003) and is routinely used as the 
target of an antibody-based therapy (trastu-
zumab) in metastatic HER-2-positive breast 
cancer (Baselga et  al. 1999; Leyland-Jones 
2002; Tripathy et al. 2004).

More recently, adjuvant trastuzumab appli-
cation was also shown to be dramatically effec-
tive in HER-2-positive breast cancer patients 
(Tuma 2005).

The potential benefit of trastuzumab in other 
tumor entities is largely unknown. HER-2 posi-
tivity has been described in most human tumor 
types but with a highly variable frequency 
(Ross and McKenna 2001; Allgayer et al. 2000; 
Safran et al. 2001).

This especially applies for immunohis-
tochemical studies where different reagents and 
definitions of positivity resulted in an extremely 
wide range of HER-2 positivity in almost all 
tumor types.

Despite this, there is evidence for a possible 
response of HER-2-positive nonbreast cancers to 
trastuzumab (Langer et al. 2004; Kollmannsberger 
et al. 1999; Locati et al. 2005).

Applying trastuzumab as additional treat-
ment option would be of particular interest in 
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10 tumors with a notoriously poor prognosis such 
as esophageal cancer and cardia cancer.

Several studies indeed suggested that HER-2 
amplification/overexpression may be relevant 
for these tumor entities. HER-2 overexpression 
was reported in 0–83% of esophageal cancer, 
with a tendency towards higher rates of positiv-
ity in adenocarcinoma (10–83%) (al-Kasspooles 
et al. 1993; Geddert et al. 2002; Walch et al. 2001; 
Jankowski et al. 1992; Flejou et al. 1994; Nakamura 
et  al. 1994; Hardwick et  al. 1995, 1997; Kim 
et al. 1997; Polkowski et al. 1999; Sauter et al. 
1993; Duhaylongsod et  al. 1995; Friess et al. 
1999; Trudgill et al. 2003; Safran et al. 2004) 
compared to squamous cell carcinomas (0–56%) 
(Friess et  al. 1999; Hardwick et  al. 1997; 
Mimura et al. 2005; Akamatsu et al. 2003; Lam 
et al. 1998; Suo et al. 1992, 1995; Suwanagool 
et al. 1993). A similar variability was observed 
in amplification analyses. Different methods for 
analysis (Southern blot or FISH) and definitions 
of amplification have resulted in amplification 
frequencies ranging from 15 to 100% in adeno-
carcinomas (al-Kasspooles et al. 1993; Geddert 
et  al. 2002; Walch et  al. 2000a, b, 2001; 
Jankowski et al. 1992; Persons et al. 1998; Brien 
et al. 2000) and from 0 to 25% in squamous cell 
carcinomas of the esophagus (Friess et al. 1999; 
Mimura et al. 2005; Suo et al. 1995; Ikeda et al. 
1996; Tanaka et al. 1997). In a phase I/II study 
by Safran et al. (2007), trastuzumab was weekly 
used in combination with paclitaxel, cisplatin, 
and radiation for advanced esophagogastric 
junction adenocarcinoma. This combination 
was well tolerated without an increased inci-
dence of cardiotoxicity or esophagitis when the 
full dose of trastuzumab was used. HER-2 was 
overexpressed in 33% (similar to the rates in 
breast cancer) of the patients. But only those 
patients with advanced loco-regional and dis-
tant adenopathy were included, and therefore, 
these cases did not receive surgical resection 
after chemoradiotherapy. Hence, endoscopic 
responses were used to assess. Five of ten 
patients in the trastuzumab arm and 10 of 13 

patients in the control arm had no tumor on 
postchemoradiation endoscopic biopsy. However, 
it should be noted that the negative predictive 
value of a postchemoradiotherapy endoscopic 
biopsy is low. A randomized study of patients 
receiving chemoradiation with and without tras-
tuzumab is needed.

Considering the encouraging results of clini-
cal trials in breast cancer, it could be speculated 
that trastuzumab might also represent a possible 
option for HER-2 amplified esophageal adeno-
carcinomas or cardiacacinoma of the esophago-
gastric junction after resection of the primary 
tumor.

Clinical trials investigating the response of 
HER-2 amplified in these cancer types to trastu-
zumab are needed.
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