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General introduction 

Esophageal cancer
World wide, esophageal cancer is sixth on the list of cancer related mortalities1. It is an 

aggressive disease with early lymphatic and hematogenous dissemination. The incidence 

of cancer of the esophagus is rapidly rising in Western Europe and North America, mainly 

due to the increase in adenocarcinomas around the gastro-esophageal junction in the past 

decades2.

Surgery is currently seen as the best curative treatment option. However, in the Netherlands 

approximately 40% of the 1500 patients that present annually can not undergo surgery 

due to distant metastasis or local irresectability. Despite comprehensive preoperative staging 

to select patients for potentially curative surgery, many patients present with recurrences 

within two years after surgery and even in specialized high volume centers, 5-year survival 

rates rarely exceed 40%3-6.   

Individualized treatment of patients with esophageal cancer
The treatment of patients with cancer of the esophagus and gastroesophageal junction is 

highly complex and needs an interdisciplinary approach. In recent years the treatment of 

patients with esophageal cancer became more and more tailored to the individual patient7. 

Recent advances in endoscopy have changed the indications for surgical treatment in patient 

with lesions which are limited to the mucosa. These lesions can now be diagnosed and treated 

with endoscopic resection (ER) in experienced centers8-10. In selected patients lesions can be 

removed by ER with a low rate of severe complications8-10. The role of surgery in patients 

with locally advanced esophageal carcinoma has also evolved. Recent research indicated that 

patients with an adenocarcinoma located in the (distal) esophagus might have a survival 

advantage when they undergo more extensive surgery (transthoracic esophagectomy with 

extended lymphadectomy)11. Patients with tumors located at the junction might be better off 

with a transhiatal resection since they do not have a survival benefit after a more extensive 

procedure, while a transhiatal approach is associated with less morbidity4,11.  

Despite comprehensive preoperative staging to select patients for potentially curative 

surgery, many have unrecognized metastatic disease at the time of first presentation and 

later present with locoregional, hematogenous and pleural / peritoneal recurrences within 

two years after potentially curative surgery12-15. Novel diagnostic modalities, such as FDG-

PET have been used to enhance patient selection for curative esophagectomy. However, the 

diagnostic yield of FDG-PET is limited after extensive state-of-the-art conventional staging16. 

In future, treatment will probably become more individualized. It is important to focus on 

distinctive clinical and biological characteristics of patients with esophageal cancer with the 

aim of increasing efficacy of treatment and decreasing harms.
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Staging of esophageal cancer
Esophageal cancer is generally staged according to the TNM-staging system17,18. For the 

esophagus, the staging system originally designed for squamous cell carcinoma is now 

also applied for adenocarcinoma, despite their potentially different biological behavior. For 

adenocarcinoma of the GEJ, staging systems for cancer of both the esophagus and the 

stomach are used17,18. The T-stage represents the depth of tumor ingrowth, the N-stage 

stands for the presence (N1) or absence (N0) of regional lymph node metastases, while the 

M-stage describes the presence (M1) or absence (M0) of distant metastases (lymphatic and 

hematogenous). However, this classification is poorly predictive for the individual patient19-21. 

Tumors with comparable type and stage show a large heterogeneity in clinical outcome. 

Throughout the years, many additional factors have been described which may have an 

important prognostic impact such as the number of positive lymph nodes and the radicality of 

resection6,19,22,23. Inclusion of these factors is recommended, but definitive useful solutions 

are not available. Surgical staging according to findings in the resection specimen are seen 

as the gold standard. The preoperative staging of esophageal cancer remains difficult 

because errors in predicting T, N and M stage frequently occur with the current imaging 

techniques, especially in low-volume centers for EUS24,25. Better surgical staging based on 

findings in the resection specimen can be clinically helpful to guide the development or to 

guide the improvement of preoperative diagnostic modalities. Furthermore, it is helpful to 

supply tailored follow-up schedules, to target novel adjuvant strategies and to supply more 

reliable prognostic information for the individual patient. Finally, it might even have a future 

role in comparing hospitals.

Molecular biology of esophageal cancer
Compared to other cancers of the gastrointestinal tract, lymphatic and hematogenous 

dissemination occurs relatively early during the development of esophageal cancer26. It has 

been suggested that this early lymphatic dissemination is due to the extensive lymphatic 

network in the submucosa of the esophagus, which is less developed elsewhere in the 

digestive tract26. However, the potential for lymphatic and hematogenous dissemination 

greatly varies between tumors with comparable stages. These differences in biological 

behavior of esophageal adenocarcinomas have been explained by the role of molecular 

tumor biology and patient genetics. 

So far, the molecular analysis of esophageal cancer has mainly focused on the prognostic 

significance of alterations in single candidate genes like COX-2 and HER-2/neu27-30. These 

single candidate genes do not have sufficient prognostic power in the clinical setting to 

justify clinical implementation for staging purposes, however these factors may offer new 

individually tailored therapeutic options, such as selective COX-2 inhibitors (e.g. celecoxib) 

and selective inhibitors of HER2 (e.g. herceptin)31,32. 

The completion of the sequencing of the human genome in 2003 marked the dawn of 

a new era of human biology and medicine33. With the development of DNA microarray 

technologies it has been made possible to analyze the expression of thousands of genes 
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simultaneously34. The principle of a microarray experiment is illustrated in Figure 1. mRNA 

from one condition (e.g. mRNA of an esophageal adenocarcinoma of a patient who died from 

hematogenous dissemination) is labeled with a fluorescent dye and mixed with the same 

amount of mRNA from another condition (e.g. mRNA of an esophageal adenocarcinoma 

of a patient who survived), labeled with a reverse-color dye. Next, the fluorescently labeled 

mRNA is hybridized on an oligonucleotide microarray. The hybridization intensities of each 

spot can be measured and analyzed which results in an mRNA profile. 

The broad analysis of gene expression in esophageal adenocarcinoma may have several 

advantages: genes with a previously unknown role in carcinogenesis may be recognized, 

relationships between genes may be characterized and patterns for prognosis may be 

identified. In several cancers, (e.g. breast and colon cancer) genomic profiling was able to 

predict survival34-36. In esophageal adenocarcinoma only limited data are available and so 

far microarray research mainly focused on the progression of Barrett’s esophagus into early 

cancers37-39.

Prediction of the risk for complications
Surgery is currently the best curative treatment option for esophageal cancer. However, 

esophagectomy is accompanied by a high operative risk. Advances in surgical techniques 

together with improvements in perioperative care have reduced the operative morbidity- 

and mortality risk and in most high-volume centers in-hospital mortality is below 5%4-6,40. 

The crude operative mortality rate is an objective and robust measure of outcome that can 

be used to inform patients and to compare quality of care between hospitals, but does not 

correct for risk factors of individual patients.  Risk-adjusted models have been developed to 

correct for the so-called case mix (age, general health and comorbidity), but in esophageal 

cancer surgery, these models have never been externally validated and/or have a low 

discriminative value41,42. 

Figure 1: Schematic design of a 
microarray experiment
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While in-hospital mortality in high-volume centers has steadily decreased to an acceptable 

level, esophagectomy is still associated with significant morbidity. Early postoperative 

complication rates vary between 40 and 80%, depending on the applied criteria3,43. As 

is the case with in-hospital mortality, the risk of developing complications in the early 

postoperative period is probably dependent on patient related risk factors. Predictive 

models for complications that were previously developed, mainly focused on the presence of 

complications per se (without any grading of severity) and appeared to lack any predictive 

power in esophageal surgery44-46. Recently a classification system was developed to 

grade the severity of complications. This classification system is based on the therapeutic 

consequences of complications and is significantly correlated with length of hospital stay47.  

With use of this model it might be possible to predict the severity of complications in patients 

who undergo esophagectomy for cancer. 

Informing patients about prognosis
In line with current notions about autonomy, patients should be adequately informed about 

their disease status and prognosis. Improving individualized prognostication of survival 

is a challenge. However, another challenge is to inform patients about their (often poor) 

individual prognosis. After potentially curative esophagectomy (which is often accompanied 

by substantial morbidity and impact on quality of life) it may be difficult to discuss ‘poor’ 

prognoses with sensitivity and honesty3,43,48. In developed countries, cancer patients 

increasingly express a preference for more detailed information and involvement concerning 

their disease. The majority of patients seek full information regarding their diagnosis, 

treatment options and side effects of treatment. Evidence for the preferences concerning 

disclosure of prognosis, though, is limited to breast cancer patients and cancer patients 

with metastatic disease49-51. The clear majority of these patients want information regarding 

their prognosis. However, information preferences concerning prognosis in patients after 

potentially major surgical treatment, such as esophagectomy are unknown. It is not clear 

which patients want detailed information and which patients want more general information. 

Moreover, it is unknown which (medical and psychological) factors are associated with 

certain preferences. 

Outline of the thesis

The studies in this thesis address issues concerning prognostication in esophageal cancer, 

and focus on those patients who received potentially curative treatment. The thesis is divided 

into three parts, PART I - Prognostication of survival focuses on possible improvement of 

staging after potentially curative surgery for adenocarcinoma of the esophagus and 

gastroesophageal junction. Attention is paid to standard clinicopathological factors and 

novel molecular factors. PART II - Prognostication of complications focuses on morbidity after 
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esophagectomy and the identification of patients who have a higher risk for complications 

after surgery for malignant disease. Finally, PART III - Preferences for prognostic information 

focuses on the preferences of patients in the communication of prognosis. 

PART I – Prognostication of survival

TNM cancer staging systems predict survival on the basis of the anatomic extent of the 

tumor. However, numerous other prognostic factors have been described, but are not 

included in this system. Chapter 1 reviews established pathological determinants found 

in the resection specimen, aspects of operative technique, response to preoperative 

chemoradiation therapy and the occurrence of complications and their prognostic impact. 

Furthermore, this chapter reviews different proposed adaptations of esophageal cancer 

staging to improve postoperative staging in patients with adenocarcinoma of the esophagus 

and gastroesophageal junction.

One of the pathological determinants which is often overlooked in patients with 

adenocarcinoma of the esophagus and gastroesophageal junction is the presence of 

extracapsular lymph node involvement. In Chapter 2, the incidence of extracapsular 

lymph node involvement and its relation with other pathological parameters is evaluated. 

Furthermore, its prognostic impact in patients with adenocarcinoma of the esophagus and 

gastroesophageal junction is evaluated.

In Chapter 3 patients are described with an adenocarcinoma of the cardia and lymph node 

metastases in the proximal field of the chest. The incidence of these relatively distant lymph 

node metastases and their prognostic significance are evaluated. 

The accuracy of the TNM system is questioned repeatedly. More accurate estimates of survival 

for individual patients may be possible by using a different approach, such as nomograms. 

The development of a nomogram for patients with adenocarcinoma of the esophagus 

or gastroesophageal junction is described in Chapter 4. Nomograms are easy to use in 

clinical practice and can predict survival at different time-points with better accuracy than 

conventional TNM-staging. Nomograms taking into account diverse pathological parameters 

make it possible to predict individual prognosis. To test generalizability, Chapter 5 describes 

the validation of the prognostic nomogram in an independent series of patients treated in a 

Belgian high volume center. 

The above mentioned chapters all describe prognostic factors which can be found with 

routine pathology and do not need specific immunohistochemical staining, nor genetic 

analyses. However, molecular pathology has revealed an overwhelming number of genes 

and molecules, which are related to tumor invasion and dissemination. Many of these genes 

and molecules have prognostic impact. Chapter 6 reviews the recent advances in our 

understanding of genetic and molecular changes related to adenocarcinoma of the distal 
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esophagus and GEJ with special emphasis on their specific prognostic value and possibilities 

for (future) targeted therapy in the clinical setting. 

The hepatocyte growth factor receptor, C-Met, is related with COX-2 expression in 

esophageal cancer and has oncogenic properties. In Chapter 7 the prognostic value of 

C-Met is determined. Furthermore, its relation with other important proteins involved in 

cancer progression is described. 

Although the presence and extent of lymphatic dissemination is one of the most important 

predictors of survival in patients with adenocarcinoma of the esophagus, it remains difficult 

to determine preoperatively, because errors frequently occur with the current diagnostic 

modalities. Also, the molecular analysis of esophageal cancer has mainly focused on the 

prognostic significance of alterations in single candidate genes and these genes have limited 

additional power. In Chapter 8 the gene expression of the entire human genome is analyzed 

to identify a specific genetic signature for the development of lymphatic dissemination.

Despite comprehensive preoperative staging to select patients for potentially curative surgery, 

many have unrecognized metastatic disease at the time of first presentation and later present 

with recurrent disease after esophagectomy. The gene expression profiles of patients with 

and without hematogenous dissemination are analyzed with use of the microarray technique 

in Chapter 9. The prognostic impact of genetic signatures and the relation of genetic 

pathways in the development of hematogenous dissemination are described. 

PART II – Prognostication of complications 

After esophagectomy for adenocarcinoma of the distal esophagus, the majority of patients 

develops an early recurrence and dies within two years. It has been suggested that potent 

immunosurveillance is of pivotal importance to eradicate microscopic residual disease after 

surgery. Esophagectomy is frequently accompanied by substantial complications with 

secondary disturbance of the immune system. These complications might have a negative 

impact on immunosurveillance and thus on the time interval until tumor recurrence. The 

effect of complications on the time interval until death due to recurrence is described in 

Chapter 10. 

The operative mortality rate is an objective and robust measure of outcome that can be 

used to inform patients and to compare quality of care between hospitals. However, direct 

comparison of mortality rates between hospitals can be misleading. Crude rates do not take 

into account the differences in physiological condition (age, general health and comorbidity) 

between patients of the patient population. The O-POSSUM score predicts in-hospital 

mortality based on a combination of patient related parameters. In Chapter 11 the external 

validation of the O-POSSUM score is described. It is analyzed how well the model, originally 

developed in the United Kingdom, fits on the patients operated on in a high volume center 

for esophageal surgery.

16



The severity of complications was never taken into account in predictive models. Previously 

developed predictive models include also peroperative findings such as blood loss and 

operation time or focus only on in-hospital mortality. In Chapter 12 a new model is described 

to predict the severity of complications with use of conventional and widely available 

preoperative risk factors for patients who underwent potentially curative esophagectomy 

for cancer. To enhance clinical applicability of a model with more than two outcomes, a 

nomogram is developed.

PART III – Preferences for prognostic information 

It is a challenge to accurately estimate individual prognosis, but it is another challenge to 

inform patients about their prognosis. In Western countries, cancer patients increasingly 

express a preference for more detailed information concerning their disease. The preferences 

of esophageal cancer patients for content, style and format of prognostic information are 

analyzed in Chapter 13. Also, diverse clinico-pathological predictors of these preferences 

are studied.  

Apart from clinico-pathological factors, probably also psychological factors are associated 

with certain preferences for information. In Chapter 14 the relation of various psychological 

predictors for preferences regarding prognostic information are explored. 
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Abstract

The incidence of adenocarcinoma of the esophagus is rising rapidly in Western Europe 

and North America. It is an aggressive disease with early lymphatic and hematogenous 

dissemination. TNM cancer staging systems predict survival on the basis of the anatomic 

extent of the tumor. However, the adequacy of the current TNM staging system for 

adenocarcinoma of the esophagus or gastroesophageal junction (GEJ) is questioned 

repeatedly. Numerous prognostic factors have been described, but are not included in the 

TNM system.

This review describes clinical parameters, aspects of operative technique, response 

to preoperative chemoradiation therapy, complications and established pathological 

determinants found in the resection specimen that have a prognostic impact. Furthermore, 

their potential application in the clinical setting in patients with adenocarcinoma of the 

esophagus or GEJ is discussed. Future directions to improve staging systems are given.
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Introduction

Adenocarcinomas are predominantly located in the distal esophagus and at the 

gastroesophageal junction (GEJ)1-7. Adenocarcinoma is an aggressive disease with early 

lymphatic and hematogenous dissemination. Surgery is the best curative treatment 

option, but is accompanied by a high morbidity and substantial mortality rate. Advances 

in surgical techniques together with improvements in perioperative care have reduced risks 

to an acceptable level. Despite comprehensive preoperative staging to select patients for 

potentially curative surgery, many patients present with recurrences within two years after 

esophagectomy8-10 and 5-year survival rates rarely exceed 25%11-14. Recently, better long-

term survival results after esophagectomy have been presented12,15-18. It is suggested that 

large hospital volume, early detection, improved patient selection based on novel staging 

modalities, but also increased use of preoperative neoadjuvant therapy, might be responsible 

for this15-22. 

Well-known prognostic factors of esophageal and GEJ adenocarcinomas form the basis of 

the prognosis-orientated TNM-staging systems. However, for the esophagus, the staging 

system originally based on squamous cell carcinoma is now also applied for adenocarcinoma, 

despite their potentially different biological behavior. For adenocarcinoma of the GEJ, 

staging systems for cancer of both the esophagus and the stomach are used. To improve 

the currently available staging systems, additional clinical and pathological factors have been 

suggested. 

This review describes clinical parameters, aspects of operative technique, response to 

preoperative chemoradiation therapy, complications and established pathologic determinants 

found in the resection specimen, which have a prognostic effect. Furthermore, their potential 

clinical application in staging patients is discussed. The prognostic value of specific gene and 

protein expressions will not be discussed in this review. Future directions to improve staging 

systems are given.

Methods

A review of the recent English-language literature (January 1990 through July 2005) 

concerning esophageal adenocarcinoma was performed. This review is focusing on clinical, 

surgical, neoadjuvant and pathological factors with prognostic power to predict survival.  
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Clinical prognostic factors (Table 1)

Age and sex
Several studies did not show any prognostic significance for age. In case of comparable 

therapy, survival was similar in all age groups23-27. Only two studies have reported a 

survival benefit for female compared with male patients with adenocarcinoma of the 

esophagus28,29. 

Barrett’s mucosa
A clear relationship between gastroesophageal reflux disease, Barrett’s mucosa, and 

esophageal adenocarcinoma has been identified. GEJ tumors without associated Barrett’s 

mucosa might represent a different tumor type that originates from the cardia. Patients with 

Barrett’s mucosa seem to have a better survival, because tumors with a Barrett’s segment 

are more differentiated, have a smaller diameter and are detected earlier30-32. This suggests 

that tumors without a Barrett’s segment are not of a different origin, but are rather more 

advanced tumors that may have overgrown areas of preexisting Barrett’s mucosa24,33. 

This theory is further supported by the fact that Barrett’s mucosa was unmasked by 

neoadjuvant chemotherapy in 23% of patients, who did not have a Barrett’s segment at 

initial presentation34.

Tumor location
Tumors are mostly classified according to location: type I (adenocarcinoma of the distal 

esophagus), type II (true carcinoma of the cardia) and type III (subcardial gastric carcinoma 

that infiltrates the GEJ). Although this classification has some limitations, it has been 

Table 1: Clinical and surgical prognostic factors in adenocarcinoma of the esophagus or 
gastroesophagal junction

Clinical factor Prognostic 
impact

Favoring survival 
benefit

References

age none - 23-27,69

sex dubious female 28,29

Barrett’s mucosa minor Barrett’s mucosa present 24,30-32

tumor location minor location in esophagus 7,12,35

dysphagia at presentation minor dysphagia absent 10,133,134

weight loss considerable weight loss absent 40-42

type of operation* minor extended esophagectomy 12,44,46-49

surgical complications dubious complications absent 18,51,52

NOTE: Prognostic impact in clinical factors is scored as none (no evidence), dubious (conflicting 
evidence), minor (only evidence from univariate analysis), considerable (evidence from uni- and 
multivariate analysis) and strong (evidence of prognostic value in several multivariate analyses).
* The prognostic impact of this therapeutic intervention is scored as minor since only one subgroup 
analysis of a randomized trial showed a survival benefit. 
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suggested that there is a relation between tumor localization and long-term outcome 

irrespective of type of operation7,12,35. It is possible that cancer is earlier detected in the 

esophagus due to surveillance. Moreover, cancer in the relatively narrow esophagus presents 

earlier with dysphagia than tumors arising around the cardia. 

Dysphagia and weight loss at initial presentation
The majority of patients present with dysphagia36-39, which might reflect relatively advanced 

disease. If the presenting symptom is not dysphagia but, for example, anemia or hematemesis, 

the patient might have a smaller tumor and a better T-stage. Only one study described its 

prognostic effect in univariate analysis, but this effect was not confirmed in multivariate 

analysis10. Also weight loss can be a reflection of advanced disease. In several studies 

weight loss prior to treatment was a prognostic factor in both univariate and multivariate 

analysis40-42. 

Surgical prognostic factors (Table 1)

Type of operation
It is uniformly accepted that patients with type I tumors should undergo esophagectomy. 

However, there is controversy about the extent of surgical resection11. Some authors state 

that survival is comparable after extended surgery as compared with limited resection, 

whereas morbidity is higher. To minimize surgical trauma a transhiatal resection is therefore 

preferred43. Others believe that the course of the disease can be influenced positively by 

aggressive surgery. Proponents advocate an extended two- or three field en bloc resection. 

Obviously, for staging purposes an extended lymphadenectomy is superior44 and can affect 

TNM-staging. This so-called stage migration happens if positive nodes in the extended fields 

change N-stage or M-stage (in case of positive truncal or cervical nodes)44-46. However, the 

prognostic effect of the extended resection per se seems only limited. In a subgroup analysis 

of a randomized study comparing limited transhiatal esophagectomy with transthoracic 

esophagectomy with extended lymph node dissection, the long-term benefit for a 

transthoracic resection could be attributed to patients with type I tumors. The effect was 

marginal in patients with type II tumors12,44,46-49. Other data suggest that extended total 

gastrectomy (with lower morbidity rates compared with transhiatal resection) is sufficient 

in these patients7. However, debate remains open and these procedures need randomized 

evaluation50. Type III tumors are seen as gastric cancer by most authors and an extended 

total gastrectomy is performed50.

Surgical complications
A prognostic relation between technical complications after esophagectomy and overall 

survival has been hypothesized18,51, possibly explained by a weakened immune function 
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enabling cancer recurrence. Alternatively, unrecognized (micro-) metastatic disease might 

make the patient more susceptible for complications. However, no effect of complications 

was described on tumor-specific survival, and thus the prognostic impact of complications 

is yet unclear. A study focusing solely on anastomotic leakage did not find a survival effect 

resulting from this complication52. 

Table 2: Pathologic prognostic factors in adenocarcinoma of the esophagus or gastroesophagal 
junction

Pathologic factor Prognostic 
impact

Favoring survival 
benefit

References

TNM-staging systems strong early stage 8,10,43,53-60

T-stage strong early stage 8,10,43,49,56,
62,64

N-stage strong N0 7,27,56,57,
60,64,66-69

micrometastases in lymph nodes* considerable micrometastases absent 70-80

No. of positive nodes and ratio strong fewer positive nodes 7,13,49,55,60,62,6
8,69,81,83-86

extracapsular lymph node involvement strong extracapsular LNI absent 82,88

location of positive nodes† minor regional lymph nodes 8,55,57,69,81,
83,86,93

micrometastases in bone marrow dubious micrometastases absent 74,94-101

differentiation grade minor good differentiation 60,67,104

radicality strong R0 resection 7,9,16,57,62,67,
81,105-113

tumor size strong small tumor 27,69

lymphatic vessel invasion considerable no invasion 60,114

blood vessel invasion minor no invasion 60,67,102

perineural invasion minor no invasion 60,67,102,112

response to chemoradiation therapy minor complete pathologic 
response

119-121

NOTE: Prognostic impact in clinical factors is scored as none (no evidence), dubious (conflicting 
evidence), minor (only evidence from univariate analysis), considerable (evidence from uni- and 
multivariate analysis) and strong (evidence of prognostic value in several multivariate analyses).
Abbreviations: LNI, lymph node involvement; R0, microscopically radical resection
# = staging systems according to AJCC (American Joint Committee on Cancer) and the UICC (Union 
Internationale Contre le Cancer) 53,54

* = only in patients with conventionally staged negative lymph nodes, LNI = Lymph Node 
Involvement
† = certain distant positive lymph nodes are considered as M-stage disease in TNM classifications, 
R0 = microscopically radical resection
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Pathological prognostic factors (Table 2)

Pathological staging systems
The current staging systems (AJCC = American Joint Committee on Cancer and UICC = 

Union Internationale Contre le Cancer), for adenocarcinoma of the esophagus and GEJ are 

TNM based53,54. Obviously stage groupings are strong independent prognostic parameters 

in several studies, with a higher stage implying more advanced disease8,43,55. 

Usually adenocarcinoma of the distal esophagus is staged as esophageal cancer. However, 

the UICC suggests classifying adenocarcinoma of the GEJ as esophageal carcinoma if more 

than 50% of the tumor mass involves the esophagus and as gastric carcinoma if more than 

50% involves the stomach. There are clear differences between these classifications (Table 

3). Classification problems obviously arise for junctional tumors because of the borderline 

location. These junctional tumors are staged as esophageal cancer by some authors55-59 and 

as gastric cancer by others8,10,60. 

Table 3: Staging systems according to AJCC (American Joint Committee on Cancer) and the UICC 
(Union International Contre le Cancer)53,54

TNM esophagus* stage 0 Tis N0 M0

stage I T1 N0 M0

stage IIa T2-3 N0 M0

stage IIb T1-2 N1 M0

stage III T3 N1 M0  M1a = metastasis in celiac lymph nodes

T4 N0-1 M0 M1b = other distant metastasis

stage IVa T1-4 N0-1 M1a 

stage IVb T1-4 N0-1 M1b   

TNM stomach† stage 0 Tis N0 M0

stage Ia T1 N0 M0

stage Ib T1 N1 M0

T2 N0 M0     N1 = metastasis in 1 to 6 regional nodes

stage II T1 N2 M0 N2 = metastasis in 7 to 15 regional nodes

T2 N1 M0 N3 = metastasis > 15 regional nodes 

T3 N0 M0 M1 = distant metastasis

stage IIIa T2 N2 M0

T3 N1 M0

T4 N0 M0

stage IIIb T3 N2 M0

stage IV T4 N1-3 M0

T1-4 N3 M0

T1-4 N1-3 M1

NOTE: Adenocarcinoma of the GEJ is staged as esophageal cancer if >50% of the mass is located 
in the esophagus. *  = mediastinal resection specimen should contain at leat six lymph nodes, † = 
resection specimen contains at least 15 lymph nodes 
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T-stage
Increasing depth of tumor invasion is associated with the presence of lymphatic dissemina-

tion27,27,61-63 and is a known important independent prognostic parameter8,10,43,49,56,62,64. 

N-stage
Adenocarcinoma of the esophagus and GEJ is known for its early lymphatic dissemination. 

Already 30% of the T1b tumors have positive lymph nodes and 5-year survival of these 

patients is only 33%63. This can be explained by the presence of extensive lymphatics in the 

submucosa. As soon as the cancer breaches the muscularis mucosae, it invades encountered 

lymphatics, which drain into regional lymph nodes, but also directly into the thoracic duct27,65. 

In many studies the presence of lymphatic dissemination is the most important independent 

prognostic factor7,27,56,57,60,64,66-69. 

Micrometastases in lymph nodes
Routine histopathologic examination of lymph nodes will underestimate the prevalence of 

lymph node metastasis. Micrometastases can be revealed when tumor mRNA is detected 

with use of immunohistochemistry and/or polymerase chain reaction. Studies indicate that 

1 to 17% of conventionally negative lymph nodes and 11 to 50% of pN0 patients have 

nodal metastases that are missed by routine pathological evaluation70-80. All but one76 of the 

studies with clinical follow-up show a significant correlation of micrometastasis in routinely 

lymph node negative patients with a poor outcome70-75,77-79. In some studies, the presence 

of micrometastasis in lymph node negative patients is an independent prognosticator70,74.

Number of positive nodes and lymph node ratio
As in gastric cancer53,54, the number of metastatic lymph nodes is an important independent 

prognostic factor in adenocarcinoma of the esophagus and GEJ; as a higher number indicates 

further progression of disease49,55,56,60,62,68,69,81-85.  Some prefer to use the lymph node 

ratio, which is the ratio between number of involved to resected nodes7,13,62,69,85,86. The 

chance of identifying involved nodes increases with the number of resected (and identified) 

lymph nodes and can be markedly influenced by the extent of lymph node dissection47,49,85. 

It has been suggested that the total number of resected and identified nodes should exceed 

15 nodes87. It is reported that patients who have at least four involved lymph nodes (reported 

range 3-649,55,60,68,69,81,83-85) have a worse prognosis. Patients with a lymph node ratio less 

than 0.2 have a better prognosis7,13,62,85,86 (reported range 0.10-0.30)62,69,81.

Extracapsular lymph node involvement
Extracapsular lymph node involvement is the extension of cancer beyond the lymph node 

capsule. In adenocarcinoma of the esophagus and GEJ, reports are limited82,88 but the 

presence of extracapsular lymph node involvement was an independent prognostic indicator 

in both studies.
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Location of positive lymph nodes
The extensive lymphatic plexus of the esophagus fosters a pattern of bidirectional metastatic 

dissemination81,89,90.  Involvement of distant lymph nodes is unpredictable because of the 

high incidence of skip metastasis49,91. In adenocarcinomas of the esophagus, as many as 

26-30% of the patients had positive nodes in the cervical field46,92. The prognostic effect of 

these nodes is still unclear, because only 6% of the patients who underwent esophagectomy 

without cervical node dissection experienced cervical recurrence9. 

Lymphatic dissemination beyond the regional nodes is considered as M1 disease in the TNM 

classification. However, long-term survival is still possible for some of these patients; e.g. 

tumor positive lymph nodes near the celiac trunc are considered distant metastatic disease in 

the TNM-classification of the esophagus, but the presence of resectable positive peritruncal 

nodes did not have a prognostic effect93. Some studies described no prognostic effect at 

all for distant positive lymph nodes57,81,86, whereas others described only a small prognostic 

effect. The presence of distant lymph node metastasis was not fatal for all patients8,55,69,83. 

 

M-stage
Patients with presence of visceral organ dissemination, are not curable by surgery. Its 

prognostic effect will not be discussed. In the TNM-classification certain distant positive 

lymph nodes are classified as M1 (see location of positive lymph nodes). 

Micrometastases in bone marrow
Although the skeleton is not a preferred site for overt dissemination in patients with 

adenocarcinoma of the esophagus or GEJ, the detection of tumor cells in bone marrow 

might be considered as metastatic disease and is seen in 17 to 89% of the patients74,94-99. 

Its prognostic impact has been shown in one study99 and needs further investigation98.  

It remains unclear which percentage of these cells can escape from their dormant state 

and which percentage can effectively be eradicated by immunosurveillance95,96. Moreover, 

recent evidence suggests that these (pseudo-) epithelial cells can be identified in almost 

half of the patients with a benign disorder of the colon100, and in about one third of the 

patients who undergo cardiac surgery and are not known to have cancer101. This suggests 

an immense proportion of false positivity.

Differentiation grade
Microscopically, adenocarcinomas are graded as well-, moderately or poorly differentiated. 

The majority of tumors are well or moderately differentiated67,102. Tumors can show 

variation in grade within the same tumor and the highest (i.e. poorest) grade is usually 

recorded for prognostic purposes103. Although grade is routinely reported in pathologic 

reports, its prognostic impact remains to be elucidated. Lack of differentiation increases 

the risk on lymphatic dissemination27 and has a negative effect on survival in univariate 

analysis60,67,104. 
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Radicality
A consistent determinant of long-term survival after potentially curative resection of the 

esophagus is the completeness of surgical resection7,9,16,57,62,67,81,105 The completeness of 

resection can be described with respect to the proximal, distal and circumferential resection 

margin. 

Microscopic spread of esophageal cancer is usually far more extensive than the macroscopic 

boundaries of the tumor. Most studies have evaluated the proximal resection margin for 

squamous cell carcinoma106,107. In one study it was reported that 9% of the patients had 

tumor infiltration at the proximal resection margin109. In uni- and multivariate analysis their 

survival was significantly worse. The influence of tumor infiltration at the distal resection 

margin has been described in one study110. It was shown that survival of patients with 

tumor cells at the distal resection margin had a significantly worse survival. Recently, the 

prognostic significance of the presence of tumor cells at the circumferential margin has 

been investigated110-113. In a prospective study, the presence of tumor cells within 1mm of 

the circumferential margin following potentially curative resection of the esophagus was an 

independent prognostic variable for survival104,110. However, in a large retrospective analysis 

no difference in survival was found, not even in prognostic subgroups111,112.

Tumor size
Longitudinal tumor growth indirectly reflects increasing depth of tumor invasion. In one 

study, it was shown that tumor length independently worsened survival, and was more 

important than T-stage69. It is thought that longitudinal tumor growth in the lymphatic 

plexus results in regional lymph node metastases27. 

Lymphatic vessel invasion
Lymphatic vessel invasion is defined as tumor cell growth into lymphatic vessels. Lymphatic 

vessel invasion has prognostic significance in adenocarcinoma of the esophagus60,114. It is 

associated with more advanced disease and precedes or coincidently occurs with lymph 

node metastasis. The presence and extent of lymph vessel invasion are associated with a 

decreased survival and are independent prognostic factors.   

Blood vessel invasion
The prognostic impact of vascular invasion remains to be elucidated. In most studies it is 

significant in univariate analysis, but not in multivariate analysis60,67,102.

Perineural invasion
Perineural invasion (or involvement) refers to growth of tumor along the nerve branches 

present within the esophagus. The tumor can easily grow along the plane of least resistance 

(i.e. the path created by the preexisting nerve). This mechanism of spread has shown its 

prognostic significance in a few studies in univariate analysis60,67,102, but not in all112.
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Response on chemoradiation therapy
The main goal of neoadjuvant chemoradiation therapy is improvement of loco-regional 

control. Despite its large-scale use there is only limited evidence for its effectiveness22,115-118. 

The single most important prognostic factor is probably the pathological response on 

therapy, since patients with a complete pathological response demonstrated a significant 

improvement in survival in multiple studies in univariate analysis119-121. However, the more 

favorable prognosis of responders compared to nonresponders might be independent of 

the applied neoadjuvant chemotherapy, because it might simply reflect a more favorable 

biological behavior of the responding tumors per se119. Final evidence for the effectiveness 

of neoadjuvant chemoradiation can only come from randomized trials. So far, these trials 

have shown contradictory results22,115,116,121.

Proposed revision of staging systems 
The purpose of a conventional cancer staging system is to predict survival on the basis of 

the anatomic extent of the tumor. This information can be used to estimate prognosis (post-

treatment) of the patient and to direct tailored therapy (mainly pre-treatment). The current 

TNM based staging systems for esophageal carcinoma are based primarily on patients 

with squamous cell carcinoma of the cervical and thoracic esophagus. The adequacy of 

the current staging systems is questioned repeatedly, and many authors propose a revision 

of these systems47,55,57,68,83,91,104,122,123. This has many reasons. First, adenocarcinomas 

are of a different histological subtype. Second, the staging system does not adequately 

consider GEJ tumors, which are difficult to interpret due to their borderline location between 

stomach and esophagus. Third, lymph node involvement outside regional nodes is seen as 

M1 disease. Finally, it does not take into account other important prognostic variables (e.g. 

the number of involved lymph nodes, of which its importance has been shown in staging 

of gastric cancer). Different adaptations have been suggested (Table 4). Some authors 

consider adenocarcinoma of the esophagus and GEJ as one clinical entity and propose one 

classification system for both types57,91,122,124, while others prefer two different staging 

systems based on the location of the tumor7,125. Many studies propose to include the 

number of positive lymph nodes55,62,83,91,122 or the presence of distant positive nodes as a 

separate N-category in a new system55,57,91. Additional clinicopathological factors have been 

proposed to be incorporated in TNM-staging69,104.

Future

Simplicity is one of the reasons why TNM has been applied for such a long time. The three 

factors of classification can be remembered easily by clinicians. However, the biological 

diversity is high in patients with adenocarcinomas of the distal esophagus or GEJ, and 

many feel that additional factors can improve staging. Staging systems should be dynamic, 
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reflecting the increasing knowledge of cancer, its treatment and prognostic factors. To 

develop better staging systems, other modalities such as nomograms and artificial neural 

networks (ANN) have been designed. Nomograms are based on a Cox regression model 

and incorporate factors included in any staging system, but can also add other clinical and 

pathological factors known to have an impact on outcome126. ANNs are highly complex 

computational methodologies that perform multifactorial analyses, inspired by networks of 

biological neurons. An ANN can correlate different predicting factors, find hidden interactions 

among variables, predict an outcome for an individual patient or for groups of patients and 

classify patients in risk groups127.

Nomograms and artificial networks are more complex and can include nonanatomic factors 

such as weight loss and age, but also gene expression data (not discussed in this review). 

These models have been proven to predict disease outcome better than TNM-based staging 

in several other gastrointestinal malignancies including squamous cell carcinoma of the 

esophagus128-132. The rising problem is that the more variables a model contains, the less 

practical it becomes. However, with the wide-spread use of computer programs and Web-

based engines this problem might be easily overcome. 

It is a challenge to develop a new staging system that includes diverse variables with a 

prognostic impact. Furthermore, staging systems should be more dynamic and should be 

able to add new knowledge of cancer easily. With use of computer programs, these goals 

should be feasible. Possibly adenocarcinoma of the distal esophagus and GEJ is especially 

suitable for this because it is mainly a disease of the West, where the use of computers is 

getting more and more integrated in daily clinical practice. 

Table 4: Adaptations of staging systems as proposed in the literature

Author Tumor 
type

Location Number Proposal

Lerut et al 47,57,91 both yes no positive cervical nodes stages as N2

Korst et al 55 both yes no distant nodal location staged as N2

de Manzoni et al 68 GEJ yes yes including No. and location of positive nodes

Killinger et al 123 esophagus no no N0 disease must be stratified by T-stage; for N1 
disease no further stratification by T-stage

Rice et al 83 esophagus no yes T1 reclassified in T1a and T1b, number of 
positive nodes N1 (1 or 2 ) N2 (>2)

Dickson et al 104 both yes no location of nodes, radicality, grade included

Ellis et al 122 both no yes No. of positive nodes N1 (1-4) and N2 (>4)

Wijnhoven et al 124 both yes no all positive nodes seen as N1 disease

Siewert et al 7 both - - classified as separate disease

Eloubeidi et al 83 esophagus no yes No. of positive nodes, tumor length

NOTE: Proposals are tabulated according to the tumor type for which recommendations have been 
given. Furthermore, it is specified whether location and number of nodal metastasis are included in 
the proposa
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New proposal for postsurgery pathologic staging of esophageal or gastroesophageal 

Junction adenocarcinoma: Why Bother?
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Department of Gastrointestinal Medical Oncology, The University of Texas M.D. Anderson 

Cancer Center, Houston, TX 

To the Editor: 
Lagarde et al1 should be commended for an extensive and painstaking review of the 

prognostic factors of esophageal or gastroesophageal adenocarcinoma. Their article 

serves as a useful reference for those interested in this disease process. They point out 

that the current classification of these tumors is outdated. For a long time, various groups 

have expressed considerable dissatisfaction with the current staging system. A variety of 

modifications have been proposed, but no group has provided a solution that is acceptable 

to all others. The authors have very clearly pointed out that surgery as primary therapy 

(most frequently diagnosed cancer is stage II or III) results in a dismal outcome (< 25% 

5-year survival rate) and the results of randomized trials of preoperative chemoradiotherapy 

trials have been equivocal. The goal of preoperative chemoradiotherapy is not just to 

improve local control, but all such trials strived to improve overall survival (the primary end 

point) of the patients. Contrary to the authors’ assertion that response to preoperative 

chemoradiotherapy has a minor prognostic impact on prognosis, the pathologic stage after 

preoperative chemoradiotherapy remains the most important independent prognostic factor 

in a multivariate analysis of patients undergoing preoperative chemoradiotherapy2 and similar 

findings have been reported by other major institutions3,4. The authors do not point out that 

clinical stage (cT or cN) does not predict patient outcome whether surgery is used as primary 

therapy or not and certainly not in the setting of preoperative chemoradiotherapy2-4.

The authors go on to propose that a sophisticated postoperative staging system for localized 

esophageal and gastroesophageal junction adenocarcinoma should be developed. Such a 

new system may be of some academic interest, however, its value should be questioned, 

particularly when we consider the future approaches to improve the outcome of such 

patients. Should we continue to offer surgery as the primary therapy for clinical stage II 

or III esophageal or gastroesophageal junction cancer? No, not based on the utterly 

disappointing results. The 5-year survival rate of patients with postsurgery pathologic stage 

IIA after surgery as primary therapy is less than 35% and those with any stage higher than 

IIA results in a less than 20% 5-year survival rate5. What is to be accomplished by a new 

staging system with such poor results? The future improvements in the outcome are hardly 

likely from subjecting more and more patients with stage II or III cancer to surgery first and 
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developing a new postsurgery pathologic classification, as proposed. That would be just 

too simplistic and without considerations to failure of the current approaches in patients 

with localized carcinoma of the esophagus and esophageal junction. Moreover, the use of 

preoperative therapy (particularly chemoradiotherapy) has increased in North America and in 

Europe6,7. This trend is not likely to subside and further reduces the value of a postoperative 

classification after surgery as primary therapy.

Clearly, obvious solutions are lacking, but the future is in confronting the bigger picture of 

the diversity in clinical biology of these tumors (that is to say that not all patients within a 

given clinical or postsurgical stage are the same after receiving the same therapy [surgery 

in this case]) and the true drivers of this clinical biologic diversity are the molecular biology 

of the cancer and patient genetics. We are just scratching the surface of our understanding 

that the considerable heterogeneity in molecular biology and patient genetics is the true 

determinant of patient outcome and gross pretreatment or postsurgical parameters have 

much less impact8-12. Currently, we do not know what to do with such information, and 

much work needs to be done. I am hoping we would be diverting more resources to develop 

strategies in identifying biomarkers for individualization of therapy (molecular staging as a 

dominant component to clinical/pathologic parameters) and in the development of new 

therapeutic targets. Hopefully, that will lead to improved patient outcome and reduced 

complications.
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It Is Time for a Proper Staging System for 
Adenocarcinoma of the Gastroesophageal 
Junction

Corrado PedrazzanI, Giovanni de Manzoni, Daniele Marrelli, Franco Roviello 

Department of Human Pathology and Oncology, University of Siena, Italy and Department 

of General Surgery, University of Verona, Italy 

To the Editor: 
We read with great interest the article by Lagarde and colleagues entitled “Prognostic Factors 

in Adenocarcinoma of the Esophagus or Gastroesophageal Junction”1. 

As stated by the authors themselves, gastroesophageal junction (GEJ) adenocarcinoma is 

considered as a distinct clinical entity by the majority of authors, and the adequacy of the 

current TNM staging system has been questioned repeatedly; nonetheless, so far it has 

not been considered as a specific neoplasm in the International Union Against Cancer and 

American Joint Committee on Cancer guidelines2. According to the present TNM staging 

system, adenocarcinomas of the GEJ are classified as esophageal if more than 50% 

of the tumor mass involves the esophagus and as gastric if more than 50% involves the 

stomach2. While staging of tumors with the center clearly located in the distal esophagus 

or in the subcardial region is undemanding, classification problems arise for true junctional 

tumors because of their borderline location. Furthermore, many differences exist between 

subcardial gastric adenocarcinoma and stomach cancer as well as between adenocarcinoma 

of the distal esophagus and tumors of the thoracic esophagus. Siewert et al3 proposed an 

anatomotopographic classification for adenocarcinomas involving the GEJ which considers 

three types of tumors that, as already reported by Lagarde et al, did not show prognostic 

significance per se. 

The authors analyzed a great number of prognostic factors and concluded that although 

TNM parameters have the advantage of the simplicity, they do not seem to completely 

reflect the biologic diversity of GEJ adenocarcinoma and that additional factors can improve 

staging. 

In accordance with Lagarde et al and with many other authors, we firmly believe that GEJ 

adenocarcinoma needs a peculiar classification that differs both from esophageal and gastric 

staging systems. But, it is our own idea that, at the moment, depth of tumor invasion (pT), 

nodal involvement (pN), and presence of distant metastasis (M) together with residual tumor 

(R) are the main prognostic factors in gastrointestinal tumors and that TNM staging system 

certainly remains the most valid tool to stage esophageal as well as gastric carcinoma; 

particularly, no clinical, histopathologic, or biologic markers have been yet identified to have 

a comparable prognostic value. While the article by Lagarde et al openly highlighted the 

unquestionable importance of R-category, it is our idea that the necessity of considering 

GEJ adenocarcinoma separately from esophageal and gastric carcinoma in International 
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Union Against Cancer and American Joint Committee on Cancer guidelines should have 

been stressed more strongly. In addition, we believe that some peculiar issues on staging of 

this neoplasia should be considered: (1) depth of tumor invasion; several articles reported a 

similar prognosis between pT2 and pT3 subsets4,5. This result seems to be due to the lack 

of the serosa in the GEJ region. Accordingly, some authors proposed to classify tumors 

with transmural growth and invasion of perigastric fat as pT2b and group this subset with 

pT3 tumors. (2) Nodal involvement; considering univariate survival analysis, both pT and pN 

classes usually result to be strong predictor of survival, otherwise, limiting the analysis to 

paper offering multivariate analysis, nodal involvement results to overweight the importance 

of pT class5-8. In our series, Cox regression analysis showed lymph node involvement to be 

significantly the most important prognostic factor5,9. (3) Number of nodal metastasis; as well 

described in the article by Lagarde et al, the number of metastatic nodes is a strong and an 

independent predictor of survival. Among the analyzed studies, an unfavorable prognosis 

has been reported for patients with more than three to six affected nodes7-10. Gastric cancer 

pN staging system already considers the number of involved nodes, whihe a number-based 

revision of esophageal pN staging system has been proposed by several authors11-13. (4) 

Site of nodal metastasis; celiac nodes are regarded as metastatic by TNM staging system 

for esophageal cancer. The review by Lagarde et al refers to the site of nodal metastasis as 

a minor prognostic factor. No study considered in the article analyzing the importance of 

location of positive nodes reports a lack of prognostic effect for nonregional lymph nodes. 

Particularly, the reported findings showed that patients with nodal metastasis outside 

the regional nodes had a poorer prognosis with respect to patients with regional node 

metastasis, even though better with respect to cases with systemic involvement13,14. To our 

knowledge, no study except ours, has been published specifically correlating a number- and 

a site-based classification in GEJ adenocarcinoma9. In our series, even among patients with 

a similar number of involved lymph nodes, the site of metastasis was found to be a strong 

and independent predictor of survival. Furthermore, we recently published our experience 

demonstrating that virtually no chance of survival is observed for patients with involvement 

of lymph nodes other than perivisceral15. We demonstrated that patients with more than six 

metastatic nodes or involvement of second-tier nodes or beyond have little chance of survival 

and that the influence on survival showed by the Japanese Gastric Cancer Association as 

well as by the TNM staging systems was adequately represented after combining the two 

classifications. Consequently, the classes of the above mentioned classifications were joined 

together to build up a new pN classification which considers four categories: pN0, patients 

with fewer than seven metastatic nodes located within the first tier, patients with more than 

six involved nodes or involvement of second tier or beyond, and M1a15. 

Finally, we would sincerely congratulate with Lagarde and colleagues for their great 

contribution to a better knowledge of this extremely aggressive disease in addition to 

advocate the refining of a proper staging system for GEJ adenocarcinoma.
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In Reply
We appreciate the comments of Dr Ajani on our review concerning prognostic factors 

in adenocarcinoma of the esophagus and gastroesophageal junction. He questions the 

relevance of postsurgery pathological staging now that many centers apply preoperative 

chemo- and/or radiotherapy (CRT) to improve local control and overall survival. 

Unfortunately, the randomized trials published so far on the value of neoadjuvant CRT 

have shown equivocal results1. In our opinion preoperative CRT should still be considered 

experimental and should only be applied in the context of a clinical trial. We currently 

participate in a randomized multicenter Dutch trial comparing CRT plus surgery (41.4 Gy in 

23 fractions of 1.8 Gy plus paclitaxel 50 mg/m2 and carboplatin area under the curve = 2 on 

days 1, 8, 15, 22, and 29) to surgery alone. The recently published favorable results of the 

British MAGIC trial2, which compared perioperative chemotherapy and surgery versus surgery 

alone in gastric cancer, have changed the clinical management of (distal) gastric cancer, but 

in our view, these results are not applicable to esophageal and junctional cancer. The trial 

was originally designed specifically for gastric cancer patients. Only later during the course 

of the trial esophageal cancer patients also were allowed to enter the study because of the 

disappointing accrual, for which the trial was almost stopped. This afterthought should be 

considered as a major methodologic flaw. 

Although the impact of currently available preoperative CRT on survival is unproven, we 

agree with Dr Ajani that patients who have a complete pathologic response have a better 

survival, also in multivariate analysis as recent research indicated3. 

Outside clinical trials, surgery is presently still offered as the primary therapy of first choice, 

to which all alternative (combinations of) therapies should be compared. The conventional 

postsurgery pathological TNM system is widely applied, but its prognostic accuracy is limited 

and can be substantially increased by simple, generally available pathologic parameters, such 

as lymph node ratio and extracapsular lymph node involvement4. 

The impact of neoadjuvant CRT on pathologic factors as described in our review remains 

unknown5. A recent study showed that the number of positive lymph nodes remained an 

independent prognostic factor in patients with residual adenocarcinoma of the esophagus 

after preoperative chemoradiotherapy6. This might indicate that, in patients who do not 

have a complete response, strong predictive factors may hold their prognostic value. 

The genetic signature both of the tumor and of the patient play a pivotal role in the ultimate 

outcome of the patient. Until recently, most genetic studies focused on one or only a few 

molecular factors7,8. Recently, microarray technology has become available, enabling whole 

genome analysis. This will supply detailed molecular insight into complex processes such as 

hematogenous and lymphatic dissemination9. The original enthusiasm about the prognostic 

potential of this new technology has somewhat silenced because its bioinformatic analysis 

appears to be much more complicated and demanding than originally thought10-12. But 

indeed individual tumor biology will ultimately be unraveled and thus (at least partly) replace 

TNM classification. 

46



We are also grateful for the comments of Dr Pedrazzani et al on our review. They propose a 

separate classification system for gastroesophageal junction adenocarcinomas. There is an 

ongoing discussion about the classification of tumors originating at the gastroesophageal 

junction, mainly due to their borderline location between distal esophagus and cardia13. 

While some investigators classify all these tumors as esophageal, others consider them to be 

gastric carcinomas and others (including the authors of the letter) regard them as separate 

entities. One factor contributing to this controversy is the precise identification of the 

gastroesophageal junction. The normal gastroesophageal junction is defined differently by 

anatomists (peritoneal reflection, muscle bundles), physiologists (lower esophageal sphincter), 

endoscopists (upper border of gastric folds), and pathologists (transition of squamous into 

columnar epithelium, presence of esophageal glands). Even bigger definition problems 

arise, when a Barrett’s esophagus or a sliding hernia is present13. Also gastroesophageal 

junction cancers have been classified in three different subtypes by Siewert et al14,15. One 

limitation is that in their original article, the gastroesophageal junction was defined as 

the Z-line16. However, this reference point can move proximally into the esophagus when 

Barrett’s metaplasia develops. In addition, they claim that preoperative diagnostic tests can 

correctly classify gastroesophageal junction cancers in 95% of cases, but this has never 

been properly and independently evaluated17. Clearly, the classification of tumors arising at 

the gastroesophageal junction elicits substantial problems. Until these problems have been 

solved, the separate classification of gastroesophageal junction adenocarcinomas can hardly 

be recommended. 

Staging systems should be dynamic, and increased knowledge of cancers will definitely 

change staging systems in the future. A large number of prognostic factors have already 

been described. Therefore, our aim was to supply a review of these factors. It can be used 

as a guideline for which factors to include in multivariate analysis when new prognostic 

factors are investigated. It is well possible that a single new factor, when compared with the 

conventional TNM system of the esophagus, has significant prognostic power in multivariate 

analysis. However, when additional factors (for example, the number of positive nodes and 

the presence of extracapsular lymph node involvement) are also included in the analysis, 

this new factor may lose its significance in multivariate analysis. In this respect, the site of 

nodal metastasis remains a controversial issue. Pedrazzani et al have shown that patients 

with involvement of second tier nodes or beyond have a very poor survival. However, it has 

been shown by others that patients with distal esophageal cancers and cervical lymph node 

metastasis still have a reasonable chance for survival18,19. We also found that patients with 

cardiac cancer and relatively distant mediastinal nodes have a poor prognosis because it is 

a reflection of advanced disease20. We look forward to the publication of the results of the 

new pN classification of Pedrazzani et al and hope that their classification system will show 

additional value when independently validated. 
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Abstract

Introduction
In adenocarcinoma of the esophagus or gastroesophageal junction, little attention has been 

paid to the biological significance of extracapsular lymph node involvement (LNI). 

Patients and Methods
In the present study, a consecutive series of 251 patients with lymph node dissemination 

were reviewed. All patients underwent esophagectomy for adenocarcinoma and were 

prospectively followed. 

Results
A total of 1562 positive lymph nodes were reexamined. Extracapsular LNI was identified in 

456 lymph nodes (29%) in 166 patients (66%). Extracapsular LNI was confined to one lymph 

node in 63 patients (38%). The occurrence of extracapsular LNI increased significantly with 

the depth of invasion, presence of positive resectable truncal nodes, number of resected 

nodes, number of positive nodes, and lymph node ratio. The median potential follow-up 

period was 58 months (range 12-143). In this period, 178 patients died due to recurrent 

disease. The pattern of recurrence was comparable between patients with and without 

extracapsular LNI (p=0.938). The median survival in patients with extracapsular LNI was 

15 months (95% confidence interval, 12 to 18) compared to 41 months (95% confidence 

interval 19 to 64) in those without extracapsular LNI (p< 0.001).  Median survival of patients 

with 2 or more lymph nodes was 12 months (95% confidence interval 8-15 months). 

Multivariate analysis demonstrated that T-stage, extracapsular LNI and lymph node ratio 

were independent prognostic factors. 

Conclusions
The presence of extracapsular LNI identifies a subgroup with a significantly worse long-term 

survival. Together with the T-stage and the lymph node ratio extracapsular LNI reflects a 

particularly aggressive biologic behavior and has significant prognostic potential. 
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Introduction

The presence and extent of lymphatic dissemination is one of the most important predictors 

of survival in patients with adenocarcinoma of the esophagus and/or gastroesophageal 

junction 1-4. The location of tumor-positive lymph nodes can also give important prognostic 

information. 

The impact of extracapsular lymph node involvement (LNI) has been studied for several 

malignancies, including gastric and head/ neck cancer 5-7. In adenocarcinoma of the 

esophagus and gastroesophageal junction, little attention has been paid to its biological 

significance. One recent study identified a significant correlation with survival 8. 

The ability of cancer cells, in an immunologically hostile environment, to spread through 

the lymph node capsule, probably reflects the invasiveness and thus aggressiveness of 

the primary tumor 9,10. However, it is unknown if the presence of extracapsular LNI is an 

early or late event in cancer progression and if it is associated with local or hematogenous 

recurrence.

Therefore, the aim of this study was to assess the incidence and extent of extracapsular LNI in 

a consecutive series of patients with adenocarcinoma of the esophagus or gastroesophageal 

junction. Furthermore, its relation to the depth of invasion and to the number and anatomic 

location of positive nodes was described. Finally, its prognostic significance in relation to the 

type of recurrence was analyzed

Patients and Methods

Between January 1993 and January 2004, a consecutive series of 667 patients underwent 

esophagectomy for a malignancy of the esophagus or gastroesophageal junction. A total of 

385 patients had adenocarcinoma of the distal esophagus or gastroesophageal junction of 

whom 266 patients (69%) had positive lymph nodes. Patients did not receive preoperative 

chemotherapy and/or radiation therapy. Clinicopathological data from all operated patients 

were permanently collected in a prospective database. 

Surgery was performed/supervised by one of three experienced surgeons at the Academic 

Medical Center at the University of Amsterdam (ORCB, HO, JJBvL), a tertiary centre with a 

wide experience in esophageal surgery. Operations were performed with curative intent, 

i.e. in the absence of local irresectability and/or distant metastases (such as tumor positive 

cervical lymph nodes or irresectable celiac nodes).

Operations were performed via the transhiatal or transthoracic approach. During transhiatal 

esophagectomy, the esophagus was dissected under direct vision through the widened hiatus 

of the diaphragm. The tumor and its adjacent lymph nodes were dissected en bloc. During 

transthoracic esophagectomy, a right-sided posterolateral thoracotomy was performed and 
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the esophagus was resected en bloc with all (peri-) esophageal tissue in the mediastinum 

including the thoracic duct, azygos vein, ipsilateral mediastinal pleura, and lymph nodes. 

The origin of the left gastric artery and the subcarinal nodes were marked in the resection 

specimen. The surgeon marked separate lymph nodes by location and these nodes were 

analyzed separately by the pathologist. The operation specimen was carefully palpated by the 

pathologist and palpable lymph nodes were resected and evaluated. Pathologic findings were 

described in a standardized format. The pTNM-stage, differentiation grade, radicality, total 

number of resected lymph nodes and total number of positive lymph nodes, including their 

location were recorded. Larger lymph nodes were cut in two and routine hematoxylin & eosin 

staining was performed using a standardized protocol. No additional immunohistochemical 

staining techniques to detect micrometastases were used. An experienced pathologist (FJWtK) 

reexamined all positive lymph nodes to assess extracapsular LNI. Extracapsular LNI was defined 

as metastatic adenocarcinoma extending through the nodal capsule into the perinodal fatty 

tissue. Deposits of metastatic adenocarcinoma without a recognizable lymph node were 

considered as extracapsular LNI unless these deposits were associated with perineural and/

or vessel involvement. Extracapsular LNI is often associated with a desmoplastic reaction. 

Sometimes this reaction is so extensive that the presence or absence of extracapsular LNI can 

be difficult to interpret. If that was the case, an imaginary line that represents the preexisting 

capsule was drawn to facilitate this interpretation (Figures 1 and 2). 

Figure 1: Intracapsular lymph node involvement accompanied by an extensive perinodal desmoplastic 
reaction. An imaginary line that represents the pre-existing capsule is drawn to facilitate the 
interpretation if extracapsular growth is present. 
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Follow-up
All patients were seen at the outpatient clinic at three- to four-month intervals during the 

first two years and every six months thereafter for three years. After five years, follow-up 

was obtained by telephone from the patient or the patient’s general practitioner. Follow-

up extended until January 2005, ensuring a minimal potential follow-up of 12 months. 

Recurrence of disease was diagnosed on clinical grounds. When recurrence was suspected, 

further investigations were performed. Recurrences were classified as hematogenous 

recurrence, locoregional recurrence (including all lymphatic recurrence), and peritoneal/ 

pleural recurrence. Simultaneous locoregional and hematogenous disease was classified as 

hematogenous recurrence.

Death irrespective of cause was regarded as a negative outcome in all cases. Overall survival 

rates were calculated from the date of operation until death or until the time of the last visit 

in the outpatient clinic.

Statistics
Statistical calculations were performed using SPSS® version 12.0 (Statistical Package for the 

Social Sciences, Chicago, IL, USA). To compare categorical data, the Chi-square or Fisher 

Figure 2: Extracapsular lymph node involvement. Adenocarcinoma extends through the capsule 
into the perinodal tissue. An imaginary line that represents the pre-existing capsule is drawn to 
facilitate the interpretation if extracapsular growth is present. 
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exact test was used. The Mann-Whitney U test was used to compare continuous variables. 

Survival rates were calculated on an actuarial basis with the Kaplan-Meier method, using the 

log-rank test for comparison. Multivariate Cox regression analysis was carried out to identify 

independent prognostic factors. All significant factors from a univariate analysis were entered in 

this multivariate analysis. P-values < 0.05 (two-sided) were considered statistically significant.

Results

Between January 1993 and January 2004, a consecutive series of 667 patients underwent 

esophagectomy for a malignancy of the esophagus or gastroesophageal junction. A total of 

385 patients had adenocarcinoma of the distal esophagus or gastroesophageal junction. A 

total of 266 patients had positive lymph nodes (69%). In the present study, 251 patients were 

included. Fifteen patients (5.5%) were excluded from further analysis. In six patients (2.0%) 

tumor was left behind macroscopically and nine patients (3.5 %) died from postoperative 

complications. 

In 251 patients, a total number of 5321 lymph nodes was resected and identified. Metastasis 

was detected in 1562 lymph nodes. All these positive nodes were reexamined for the 

presence of extracapsular LNI. Tumor growth beyond the lymph node capsule was identified 

in a total of 456 lymph nodes (29% of the positive nodes) in 166 of 251 lymph node positive 

patients (66%). Extracapsular LNI was confined to only one lymph node in 63 of these 

patients (38%). 

The clinicopathologic characteristics of 85 patients (34%) with only intracapsular LNI and 

166 patients (66%) with extracapsular LNI are summarized in Table 1. Significantly more 

patients who underwent a transthoracic esophagectomy had extracapsular LNI. The 

occurrence of extracapsular LNI increased significantly with the pT-stage. Extracapsular LNI 

was seen more often if the number of resected and identified nodes, the number of positive 

nodes, and the lymph node ratio were higher. Patients with positive resectable truncal nodes 

had more chance for extracapsular LNI. Age, sex, differentiation grade, and the presence 

of a Barrett’s segment were comparable between patients with and without extracapsular 

LNI. The number of lymph nodes with extracapsular involvement was significantly (p<0.001) 

correlated with the number of positive nodes (Figure 3, R=0.310)

The median potential follow-up period was 58 months (range 12-143). Death irrespective 

of cause was regarded as a negative outcome in all cases. In the follow-up period 189 

patients died; 11 (6%) patients died due to unrelated causes, and 178 patients (94%) due to 

recurrent disease. Of the 178 patients who died due to recurrent disease 99 (56%) patients 

had hematogenous recurrence, 56 (31%) patients had locoregional recurrence and 23 (13%) 

patients had peritoneal or pleural recurrence. The pattern of recurrence was comparable 

between patients with and without extracapsular LNI (p=0.938).
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Table 1: Clinicopathologic characteristics of patients with adenocarcinoma of the distal esophagus 
or gastroesophageal junction and lymph node metastasis. Patients are divided in groups with and 
without extracapsular LNI. Patients who underwent macroscopically irradical resection or who died 
due to postoperative complications were excluded. Values are given as numbers (%) or median 
(range)

Only intracapsular LNI Extracapsular LNI P- value†

number of patients 85 (34%) 166 (66%)

age* 64 (10) 63 (10) 0.470

male/ female ratio 74/ 11 142/ 24 0.848

operative approach

- transhiatal 67 (79%) 105 (63%) 0.012

- transthoracic 18 (21%) 61 (37%)

distal resection plane

- R0 82 (96%) 159 (96%) 1.000

- R1 3 (  4%) 7 (  4%)

dissection plane

- R0 73 (86%) 131 (79%) 0.181

- R1 12 (14%) 35 (21%)

pT stage

- T1 13 (16%) 6 (4%) <0.001

- T2 13 (15%) 12 (7%)

- T3 57 (67%) 135 (81%)

- T4 2 (2%) 13 (8%)

resected nodes 15 (3-57) 20 (2-79) 0.002

positive nodes 3 (1-27) 6 (1-32) <0.001

lymph node ratio 0.17 (0.03-0.86) 0.33 (0.03-1.0) <0.001

pos. truncal nodes 18 (21%) 58 (35%) 0.025

differentiation

- good 4 (5%) 2 (1%) 0.146

- moderate 28 (33%) 67 (40%)

- poor 53 (62%) 97 (58%)

Barrett’s segment 43 (51%) 82 (49%) 0.368

* Values depicted are mean (SD). 
† Fisher’s exact test, χ2 test, Mann-Whitney U test
R0 = microscopically radical resection; R1 microscopically tumor left behind 
R1 = microscopically tumor left behind 
LNI = lymph node involvement

The median survival in patients with extracapsular LNI was 15 months (95% confidence 

interval, 12 to 18 months) in comparison to 41 months (95% confidence interval, 19 to 64 

months) for those who had only intracapsular LNI (p< 0.001, Table 2, Figure 4).  Patients with 

only one positive lymph node had a significantly better survival if the tumor did not extend 

beyond the lymph node capsule (p=0.002, Figure 5). Patients who had 2 or more lymph 

nodes with extracapsular LNI, had a median survival of 12 months (95% confidence interval, 
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Table 2: Univariate analysis of prognostic factors in lymph node positive patients with adenocarcinoma 
of the distal esophagus or gastroesophageal junction. Patients who underwent macroscopically 
irradical resection or who died due to postoperative complications were excluded from this survival 
analysis. 

Median survival 95% Confidence Interval P- value†

age

- <65 17 13-22 0.740

- ≥65 21 16-27

sex

- male 19 15-22 0.720

- female 20 12-29

operative approach

- transhiatal 20 16-24 0.719

- transthoracic 17 10-23

pT stage

- T1 44 22-66 <0.001

- T2 35 29-41

- T3 17 14-20

- T4 8 3-13

Barrett’s segment

- no 19 14-24 0.431

- yes 19 15-23

extracapsular LNI

- no 41 19-64 <0.001

- yes 15 12-18

lymph node ratio

- <20% 44 24-64 <0.001

- ≥20% 15 12-18

positive truncal nodes

- negative 21 17-25 0.215

- positive 15 13-18

distal resection plane

- R0 20 16-23 0.006

- R1 10 2-19

dissection plane

- R0 21 17-26 <0.001

- R1 15 8-21

differentiation

- good/moderate 26 15-33 0.002

- poor 16 13-19

# R0 = microscopically radical resection; R1 microscopically tumor left behind; †  Log rank test
LNI = lymph node involvement
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Figure 3: Correlation between 
the number of positive nodes 
and the number of nodes with 
extracapsular LNI (p<0.001, R = 
0.310). 

The solid red line represents 
linear regression with its 95% 
confidence interval (dotted 
lines).

Figure 4: Overall survival in 
patients with adenocarcinoma 
of the distal esophagus or 
gastroesophageal junction 
with positive lymph nodes. 
Patients are divided in groups 
with and without extracapsular 
lymph node involvement 
(LNI) (p<0.001). Patients who 
underwent macroscopically 
irradical resection or who 
died due to postoperative 
complications were excluded 
from this survival analysis. 
Numbers of patients surviving 
are indicated at the bottom.

Figure 5: Overall survival in 
patients with only 1 positive 
node. Patients are divided 
in groups with and without 
extracapsular lymph node 
involvement (LNI)(p= 0.016). 
Patients who underwent 
macroscopically irradical 
resection or who died due to 
postoperative complications 
were excluded from this survival 
analysis. Numbers of patients 
surviving are indicated at the 
bottom.
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8-15 months) compared with 21 months (95% confidence interval, 13-28) in patients who 

had only one lymph node with extracapsular LNI (Figure 6). Only one (1%) of the patients 

102 patients with two or more lymph nodes with extracapsular LNI survived for more than 

five years.

Univariate analysis revealed that pT-stage, extracapsular LNI, lymph node ratio, radicality 

of the distal resection plane and circumferential dissection plane and differentiation 

grade were all significant prognostic indicators for survival (Table 2).  Multivariate analysis 

demonstrated that, among these variables pT-stage, extracapsular LNI and lymph node ratio 

were independent prognostic factors (Table 3).

Table 3: Multivariate analysis of prognostic factors in lymph node positive patients with 
adenocarcinoma of the distal esophagus or gastroesophageal junction. Patients who underwent 
macroscopically irradical resection or who died due to postoperative complications were excluded 
from this survival analysis.

Hazard ratio 95% Confidence Interval P- value

pT-stage 1.60 1.20-2.12 0.001

extracapsular LNI 2.06 1.45-2.93 <0.001

lymph node ratio >20% 2.36 1.66-3.35 <0.001

LNI = lymph node involvement

Figure 6: Overall survival in patients with only intracapsular lymph node involvement  (LNI), 
patients with 1 lymph node with extracapsular LNI and patients with two or more lymph nodes 
with extracapsular LNI (p= 0.001). Patients who underwent macroscopically irradical resection or 
who died due to postoperative complications were excluded from this survival analysis. Numbers of 
patients surviving are indicated at the bottom.
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Discussion

Lymphatic dissemination is the most important predictor for survival in patients with 

adenocarcinoma of the esophagus or gastroesophageal junction 11-13. The chance of lymphatic 

dissemination increases with the depth of the primary tumor. Around 80% of transmural 

adenocarcinomas show lymphatic dissemination 12,14. Moreover, it has been demonstrated 

that the number of positive nodes, the lymph node ratio and, possibly, the localization of the 

positive lymph nodes give important prognostic information 13,15-19. In the present study, it is 

demonstrated that extracapsular involvement together with lymph node ratio and pT-stage 

are independent prognostic parameters for survival in lymph node-positive patients. 

Extracapsular extension of nodal metastasis is a well-known prognostic factor for carcinomas 

of other organs, including gastric and colon cancer 5-8,20-23. For breast cancer, extracapsular 

spread is such an important factor that it has been taken into account in the TNM classification 

as a specified subcategory 19. In adenocarcinoma the esophagus, only one report exists to 

our knowledge. Lerut et al. included patients with a T3 adenocarcinoma of the esophagus or 

gastroesophageal junction 8. Within this relatively uniform group of patients, extracapsular 

LNI was an independent prognostic indicator. Tachikawa et al. analyzed an inhomogeneous 

cohort of patients with squamous cell carcinoma 24. Patients were treated with surgery and 

different chemotherapeutic regimens or no adjuvant therapy at all. They concluded that 

prognosis was significantly worse in patients with extracapsular disease, irrespective of other 

pathologic factors.

The present study comprised a consecutive series of lymph node-positive patients with 

adenocarcinoma of the distal esophagus or gastroesophageal junction. There was a higher 

chance for extracapsular nodal disease with increased depth of invasion of the primary tumor. 

There was a correlation between the number of positive nodes resected and the number of 

lymph nodes with extracapsular involvement; the more positive lymph nodes, the higher the 

number of nodes with extracapsular LNI. However, a specific guideline for the minimal number 

of lymph nodes that needs to be retrieved to score positive nodes with extracapsular LNI can 

not be given. The presence of extracapsular LNI was related with the type of resection. 

All patients underwent a transhiatal or right-sided transthoracic esophagectomy. Extracapsular 

LNI was seen more often in patients who underwent a transthoracic resection. This can be 

explained by the fact that in this procedure more lymph nodes were resected than with a 

transhiatal resection. A subgroup analysis of patients who underwent a transthoracic resection 

(data not shown) showed that the number of resected lymph nodes was comparable between 

the patients with and without extracapsular LNI, whereas the number of positive nodes was 

associated with a higher chance for extracapsular nodal disease.

In the present study, it is shown that extracapsular LNI is an independent prognostic 

parameter. The importance of this parameter is underlined by the fact that patients with only 

one positive node identified have a significantly worse survival if the tumor extends beyond 

the lymph node capsule compared with patients in whom the tumor is confined within the 

lymph node. 
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Furthermore, it is shown that the progression from one node with extracapsular involvement 

to two or more lymph nodes with extracapsular involvement has important prognostic 

impact. Patients with two or more lymph nodes with extracapsular disease have a very limited 

chance for definite cure after surgical therapy. This suggests that extracapsular LNI reflects 

a highly lethal biological behavior of the tumor. A theoretical explanation might be that 

extracapsular disease can generate new hematogenous metastases (so-called “metastases 

of metastases”). However, this seems unlikely because in this study there was no correlation 

between extracapsular LNI and recurrence pattern. Patients with extracapsular LNI present 

with comparable rates of hematogenous or locoregional recurrence as compared to patients 

without extracapsular disease.

Detection and quantification of extracapsular LNI in the surgical resection specimen might 

be helpful to individualize postoperative therapeutic strategies in the adjuvant setting. To 

facilitate a tailored approach in the neoadjuvant setting, it would be necessary to discriminate 

preoperatively between positive nodes with and without extracapsular LNI. In this respect, 

the diagnostic accuracy of endosonography, computer tomography, and magnetic resonance 

imaging has only be tested in small studies, without convincing results so far 25-27. The effect 

of preoperative chemoradiation therapy on the presence and extent of extracapsular LNI 

remains unclear because this study did not include patients who received such therapy. 

It has been proposed to design a new or revised staging system for cancers of the esophagus 

or gastroesophageal junction 13,28-29. The results from the present study suggest that, in 

such revised staging system not only the number of positive nodes and the lymph node ratio, 

but also the presence and number of lymph nodes with extracapsular LNI should be taken 

into account. 

In summary, extracapsular LNI identifies a subgroup of patients with a significantly worse 

long-term survival. Pathologists should be aware of this clinically important feature and report 

its presence and extent upon histological examination of adenocarcinomas of the distal 

esophagus and gastroesophageal junction. In parallel with the pT-stage and lymph node 

ratio, extracapsular LNI is an independent negative prognostic factor, reflects a particularly 

aggressive biologic behavior and has valuable prognostic potential. 
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Abstract 

Introduction
The extent to which adenocarcinoma of the cardia with lymph node metastasis in the upper 

mediastinum is amenable to cure by radical surgery is open to debate. It remains unclear 

whether these relatively distant metastases have an effect on long-term survival. The aim 

of this study was to identify the incidence of these nodes and to evaluate their prognostic 

significance. 

Patients and Methods
Some 50 patients with adenocarcinoma of the gastric cardia and substantial invasion of the 

esophagus (junctional type II), who underwent an extended transthoracic esophagectomy 

as part of a randomized trial between 1994 and 2000 were studied. 

Results
Eleven patients (22 per cent) had lymph node metastasis in the proximal field of the chest. 

These patients had more positive nodes overall (p = 0.020) and a shorter median survival (p 

= 0.009) than those without such metastasis. Multivariate analysis identified positive nodes 

in the proximal field as an independent predictor of poor survival.

Conclusions
Lymph node metastasis in the proximal field of the chest is common phenomenon and is an 

indicator of poor prognosis in patients with adenocarcinoma of the cardia. 
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Introduction

Although some authors regard adenocarcinoma of the distal esophagus and gastric cardia 

as a single clinical entity, others have suggested that these carcinomas should be considered 

separately1,2. In the Academic Medical Center at the University of Amsterdam a transhiatal 

esophagectomy is preferred in patients with adenocarcinoma of the cardia substantially 

invading the distal esophagus (type II3, 4), since long-term survival benefit has not been 

proven for patients who were treated with an extended transthoracic esophagectomy5, 6. 

Subcarinal, paratracheal, and aortopulmonary window lymph nodes in the proximal field can 

not, however, be resected by the transhiatal route, necessitating a transthoracic operation to 

remove these nodal groups.

In the current tumor node metastasis (TNM) staging system, tumor positive nodes at the 

celiac axis in patients with adenocarcinoma of the esophagus or gastric cardia are associated 

with poor prognosis and classified as M1a7. Lymphatic dissemination in the proximal field of 

the chest in patients does not alter TNM classification. The incidence and impact of these 

proximal nodes on long-term survival remains unclear8,9. 

The aim of this study was to establish the incidence and prognostic significance of lymph 

node metastasis in the proximal field of the chest in patients who underwent a transthoracic 

esophagectomy for adenocarcinoma of the cardia.

Patients and Methods

Patients undergoing right-sided transthoracic esophagectomy with extended en bloc lymph 

node dissection for adenocarcinoma of the gastric cardia with substantial invasion of the 

esophagus (junctional type II) were included. These patients participated in a randomized 

trial comparing transhiatal esophagectomy with transthoracic esophagectomy including 

extended en bloc lymph node dissection for adenocarcinoma of the distal esophagus or 

gastric cardia5. Surgery was performed or supervised by one of three experienced surgeons at 

the Academic Medical Center, University of Amsterdam (HO, JJBvL) and the Erasmus Medical 

Center Rotterdam (HWT), both centers with a wide experience in esophageal surgery. 

Operations were performed with curative intent. Patients with irresectable local disease and/

or distant metastasis (including tumor positive cervical lymph nodes or irresectable celiac 

nodes) did not undergo surgery. None of the patients underwent (neo-) adjuvant chemo- 

and/or radiotherapy

All patients underwent a cervicothoracoabdominal subtotal esophageal resection with 

dissection of the right-sided paratracheal, aorta pulmonary window, subcarinal, lower 

mediastinal, and upper abdominal lymph nodes. No formal lymphadenectomy was 

performed in the neck. Paratracheal, aorta pulmonary window and subcarinal lymph nodes 
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were considered as proximal lymph nodes in the chest because these nodes can not be 

resected adequately by transhiatal esophagectomy.

Adenocarcinoma of the gastric cardia was diagnosed after operation by examination of the 

resected specimen. The tumor bulk was located in the gastric cardia or at the esophagogastric 

junction. Tumors arising in a Barrett’s segment or from the fundus or corpus of the stomach 

that infiltrated the gastric cardia were excluded. Adenocarcinoma of the cardia (Type II) was 

staged according to the TNM classification for esophageal cancer. 

The origin of the left gastric artery and the subcarinal nodes was marked on the resected 

specimen. Separate lymph nodes, labeled by location, were submitted in separate bottles. 

Lymph nodes were cut in two and routine haematoxylin and eosin staining was performed 

using a standardized protocol. No additional immuno-histochemical staining technique 

was used to detect micro-metastases. An experienced pathologist evaluated the resected 

specimens. Pathologic findings were described on a standardized form. The pTNM-stage, 

differentiation grade, radicality, total number of resected lymph nodes and total number of 

positive lymph nodes, including their location were recorded.

 

Follow-up
All patients were seen at the outpatient clinic at three to four months intervals during the 

first two years and every six months thereafter for three years. After five years, follow-up 

was obtained by telephone from the patient or the patient’s family practitioner. Recurrence 

of disease, specified as loco-regional and/or distant metastases, was diagnosed on clinical 

grounds. Further investigations were performed, when recurrence was suspected. Death 

irrespective of cause was regarded as a negative outcome in all cases. Survival rates were 

calculated from the date of operation until death or the time of the last visit in the outpatient 

clinic.

Statistics
Statistical calculations were performed using SPSS® version 12.0 (Statistical Package for the 

Social Sciences, Chicago, IL, USA). To compare categorical data, the Chi-square or Fisher 

exact test was used. The Mann-Whitney test was used to compare continuous variables. 

Survival rates were calculated on an actuarial basis with the Kaplan-Meier method, using the 

log-rank test for comparison of the curves. Multivariate Cox regression analysis was carried 

out to identify independent prognostic factors. P-values < 0.05 were considered statistically 

significant.

Results

Between 1994 and 2000 a transthoracic esophagectomy for adenocarcinoma of the cardia 

was performed in 50 patients. Clinicopathologic characteristics of the 11 patients (22%) with 
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lymph node metastasis in the proximal field of the chest and the 39 patients without such 

metastasis are given in Table 1. 

The total number of resected and identified lymph nodes was 1652 with a mean of 34 

(range 6-78) per patient. The mean number of positive nodes was 7 (range 0-22). No positive 

lymph nodes were identified (pN0) in 4 (8%) of the 50 patients. Although the number of 

resected and identified nodes was comparable between both groups, patients with lymph 

node metastasis in the proximal field had significantly more positive nodes in the resected 

specimen and thus tended (p= 0.055) to have a less favorable lymph node ratio (Table 1). 

Table 1: Clinicopathologic characteristics of patients who underwent a transthoracic esophagectomy 
for adenocarcinoma of the cardia, substantially invading the distal esophagus (type II). Patients are 
divided in groups with and without nodal metastasis in the proximal field of the chest.

proximal field + proximal field - p-value†

number of patients 11 (22%) 39 (78%)

age* 62 (45-72) 61 (40-78) 0.615

male/ female ratio 11/ 0 34/ 5 0.211

pT stage

- pT1 0 1 (3%) 1.000

- pT2 2 (18%) 4 (10%) 0.651

- pT3 9 (82%) 34 (87%) 0.651

pN stage

- N0 0 4 (10%) 0.563

- N1 11 35 (90%)

resected nodes* 38 (20-78) 32 (6-56) 0.557

positive nodes* 10 (2-19) 6 (0-22) 0.020

lymph node ratio* 0.31 (0.08-0.67) 0.19 (0-0.63) 0.055

pos. truncal nodes 5 (45%) 20 (51%) 0.848

pTNM stage (esophagus)

- stage I 0 1 (3%) 1.000

- stage IIa 0 3 (8%) 1.000

- stage IIb 0 2 (5%) 1.000

- stage III 5 (45%) 13 (33%) 0.459

- stage IVa 6 (55%) 20 (51%) 0.848

R0/ R1 8/ 3 27/ 12 0.823

differentiation

- good 0 1 (3%) 1.000

- moderate 3 (27%) 22 (56%) 0.171

- poor 8 (73%) 16 (41%) 0.063

R0 = microscopically radical resection; R1=microscopically tumor left behind
* Values depicted are mean (range). 
† Fisher`s excact test, χ2 test, Mann-Whitney U test
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Of patients with positive proximal field lymph nodes, the subcarinal nodes were involved 

in seven, paratracheal nodes in two, aortopulmonary window lymph nodes in one and 

paratracheal plus subcarinal nodes in one patient. The incidence of positive resectable celiac 

nodes was similar in patients with and without involvement of the proximal field lymph 

nodes, as was the distribution of pTNM stages. There was a trend towards poorer tumor 

differentiation in patients with lymph node metastasis in the proximal field.

Two patients died in hospital from postoperative complications (sepsis and respiratory 

insufficiency), neither of whom had nodal metastasis in the proximal field. These two patients 

were excluded from further analysis of long-term prognosis. Follow-up continued until July 

2003, ensuring a minimal potential follow-up of 3.5 years. The mean follow-up period was 

30 (range 1-96) months. Thirty-four patients died during follow-up, two from unrelated 

causes, six from locoregional recurrence, 11 as a result of hematogenous dissemination and 

15 owing to a combination of both. 

Survival curves are shown in Figure 1. Median survival of patients with lymph node metastasis 

in the proximal field was 8 (95% confidence interval (CI) 2 to 14) months in comparison to 

25 (95% CI 17 to 34) months for those without (p=0.009)(Table 2). After exclusion of node-

negative patients from the analysis, patients with nodal metastasis in the proximal field of 

the chest had a significantly worse survival than those with nodal metastasis at sites other 

than the proximal field (p = 0.013). 

One patient with proximal lymphatic dissemination survived for more than five years without 

recurrent disease (Table 2 and Figure 1). In this patient, two of the 24 lymph nodes resected 

Figure 1: Survival of 48 patients with adenocarcinoma of the cardia according to lymph node status 
(after exclusion of two patients who died due to postoperative complications). Patients with nodal 
metastasis in the proximal field of the chest (proximal field +) have a significantly (p = 0.009) worse 
survival compared with patients without metastasis in the proximal field (proximal field -). Numbers 
of patients surviving are indicated at the bottom.
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and identified were involved by tumor (lymph node ratio = 0.08); one node was located near 

the lesser curvature and one in the aortopulmonary window.

Univariate analysis revealed that lymph node metastasis in the proximal field, positive lymph 

nodes near the celiac axis, and lymph node ratio were significant indicators for survival (Table 

2). Multivariate analysis identified the presence of lymph node metastasis in the proximal 

field of the chest and a lymph node ratio greater than 20% as independent predictors of 

poor survival (Table 3).

Table 2: Univariate analysis of prognostic factors in 48 patients who underwent a transthoracic 
esophagectomy for adenocarcinoma of the cardia (type II). Two patients who died due to 
postoperative complications were excluded from this survival analysis 

N Median survival 95% Confidence 
Interval

P- value†

age

- <65 29 19 aug-31 0.758

- ≥65 19 29 okt-47

sex

- male 43 22 12-31 0.291

- female 5 56 22-90

pT stage

- pT1 and pT2 7 47 31-63 0.084

- pT3 41 18 9-28

pN stage

- N0 4 22 13-77 0.448

- N1 44 16 13-31

lymph node ratio

- <20% 30 24 0-62 0.002

- ≥20% 18 13 5-21

positive truncal nodes

- negative 24 31 0-63 0.013

- positive 24 14 8-20

radicality

- R0 33 22 12-32 0.911

- R1 15 19 0-53

differentiation

- good/moderate 25 23 15-30 0.619

- poor 23 18 3-33

proximal field chest

- negative 37 25 2-14 0.009

- positive 11 8 17-34

# R0 = microscopically radical resection; R1 microscopically tumor left behind
* Values depicted are mean (range)
†  Log rank test
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Table 3: Multivariate analysis of nodal metastasis in the proximal field of the chest, lymph node 
ratio greater than 20% and positive celiac trunk metastasis (M1a) as predictors of overall survival. 

Hazard ratio 95% Confidence 
Interval

P- value

proximal positive  nodes chest 2.23 1.05-4.74 0.037

lymph node ratio ≥20% 2.29 1.08-4.87 0.032

positive truncal nodes 1.57 0.73-3.38 0.246

Discussion

Tumor positive lymph nodes in the proximal field of the chest were found in 22% of patients 

with adenocarcinoma of the gastric cardia with substantial infiltration of the distal esophagus 

(junctional type II). Such positive lymph node metastasis was identified as an independent 

predictor of poor survival. Affected patients had significantly more positive nodes in the two 

fields combined. Almost half of these patients also had positive nodes near the celiac axis.

This study included a homogeneous group of patients with true carcinoma of the gastric cardia 

that substantially invaded the distal esophagus. All patients underwent a two-field en bloc 

lymphadenectomy as part of a randomized controlled trial. The extended lymphadenectomy 

in the posterior mediastinum allows determination of the exact frequency of lymph node 

metastasis in the proximal field. 

The present results are comparable to previous findings10-13. Steup et al.10 found that 33% 

of patients with cancer at the esophagogastric junction had intrathoracic lymph node 

metastasis. The 5-year survival was 13% for these patients. Tachimori et al.11 found involved 

mediastinal nodes in 19% of patients with adenocarcinoma of the gastric cardia, none of 

whom survived for 5 years. It is difficult to compare these studies because of their different 

definitions of adenocarcinoma of the cardia. Moreover, these studies did not specify the 

exact location of positive nodes in the mediastinum. 

Controversy remains over the definition of gastric cardia epithelium14-19. True cardiac cancer 

probably develops from intestinal metaplasia in the gastric cardia and not from Barrett’s 

epithelium 2, 20. To ensure a homogeneous cohort, only patients with the tumor bulk located 

in the gastric cardia and no evidence of Barrett’s metaplasia were included in this study, 

although it is accepted that such tumors may have arisen in and then overgrown a Barrett’s 

segment. There is also evidence that true cardiac cancer and Barrett’s epithelium can coexist 

as two different entities21. Clear histological or genetic criteria are needed to distinguish true 

cardiac cancer from esophageal cancer22, 23. 

Lymphography indicates that the main lymphatic pathways originating from the gastric cardia 

preferentially drain into the lymph node stations in the upper abdomen24. The lymphatic 

pathways from the lower esophagus also drain downwards to the celiac axis but also upwards 

to the mediastinum11,24. Owing to this spread in both directions, classification of metastatic 

lymph nodes in patients suffering from cardiac cancer with invasion to the distal esophagus 
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is difficult. Some pathologists stage according to the guidelines for esophageal cancer (N 

stage or M1a stage depending on the location of the lymph nodes), whereas others apply the 

guidelines for gastric cancer25 (N stage is based on the number of metastatic lymph nodes).

The results of this study and previous studies indicate that positive lymph nodes in the 

proximal field of the chest in patients with cardiac cancer involving the esophagus should be 

regarded as an indicator of advanced disease. These patients had significantly more positive 

nodes in the resection specimen and tended to have a less favorable lymph node ratio. Even 

after extended transthoracic resection these patients had a poor prognosis. In this group with 

positive proximal nodes only one patient survived for more than five years. Survival in this 

group was as poor as the survival in patients who have positive nodes near the celiac axis. 

Endosonography combined with fine-needle aspiration (EUS-FNA) for cytological proof 

can identify positive lymph nodes in the upper part of the mediastinum26, 27. Preoperative 

detection of these nodes now seems important because of their influence on prognosis. 

The surgical implications of preoperative detection of these lymph node metastases are yet 

unclear. Survival of these patients is poor. A transhiatal esophagectomy is insufficient in the 

presence of lymph node metastasis in the proximal field of the chest, because these lymph 

nodes can not be resected via this approach. Radical surgical resection can only be achieved 

with an extended transthoracic procedure. However, even after extended resection, long-

term survival is poor. (Neo-)adjuvant chemoradiation therapy should be tested to improve 

long-term outcome. 
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Abstract

Introduction
Tumor node metastasis (TNM) staging predicts survival on the basis of the pathological 

extent of a tumor. The aim of this study was to develop a prognostic model with improved 

survival prediction after esophagectomy. 

Patients and Methods
Consecutive patients who had potentially curative esophagectomy for adenocarcinoma 

of the esophagus or gastroesophageal junction were included. Cox regression analyses 

were performed to examine the association between risk factors and time to death from 

esophageal cancer. The concordance index, calculated after bootstrapping, was used to 

measure accuracy. A nomogram was designed for use in clinical practice. 

Results
Esophageal cancer-specific survival rates for the 364 included patients who underwent 

Esophagectomy between 1993 and 2003 were 75.8, 54.9 and 39.2 per cent at 1, 2 and 5 years 

respectively. A prognostic model using all prognostic variables outperformed TNM staging 

(concordance index 0.79 versus 0.68 respectively; P < 0.001). A reduced model derived after 

backward elimination, containing only T stage, lymph node ratio and extracapsular lymph 

node involvement, also outperformed TNM staging (concordance index 0.77; P < 0.001).

Conclusions
A prognostic model developed to predict disease-specific survival after esophagectomy 

was superior to TNM staging. More reliable prognostic information might lead to different 

approaches to patient follow-up. 
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Introduction

The incidence of adenocarcinoma of the esophagus is rising rapidly in western Europe and 

North America1-3. Predominantly located in the distal esophagus and gastroesophageal 

junction (GEJ)1,2,4, the disease is aggressive, with early lymphatic and hematogenous 

dissemination. Surgery is still the best curative treatment option and, although improved 

surgical techniques and perioperative care have reduced morbidity and operative mortality 

rates, these advances have failed to translate into a substantial benefit in long-term survival5-9. 

Despite comprehensive staging tests to select patients for potentially curative surgery, many 

develop recurrence within 2 years, and 5-year survival rates rarely exceed 40 per cent7-12.

The purpose of cancer staging systems is to predict survival on the basis of the likely 

pathological extent of tumor. This information is used to tailor therapy and then to estimate 

prognosis after surgery. The most widely used staging system is the tumor node metastasis 

(TNM) system of the American Joint Committee on Cancer13 and the International Union 

Against Cancer14. Many studies have, however, demonstrated that other clinicopathological 

factors are significant prognostic variables, such as the location and number of involved 

nodes15-18, the presence of extracapsular lymph node involvement19,20, differentiation 

grade21-23 and resection margin status21,24. TNM staging does not take these into account 

and a variety of revisions has been proposed21,25-30

A nomogram is a simple tool for predicting disease-free survival in clinical practice. It 

compares known prognostic factors graphically and combines them into an overall score, 

enabling risk prediction for individual patients with diverse cancers31-39.

The present study of a large cohort of patients with esophageal cancer investigated potential 

risk factors for death from recurrence of adenocarcinoma of the esophagus or GEJ after 

resection. The aim of the study was to develop a cancer-specific survival nomogram based 

on these risk factors.

Patients and Methods

Patients
A consecutive series of 377 patients underwent potentially curative esophagectomy for 

adenocarcinoma of the esophagus (type I 7) or GEJ (type II). Patients who had type III tumors 

underwent total gastrectomy and were not included in the present study. Extensive pre-

operative staging had not revealed local irresectability and/or distant metastases (including 

tumor positive cervical lymph nodes or irresectable celiac nodes both pathologically proven 

with transcutaneous or EUS-guided fine-needle aspiration). Preoperative staging included 

endoscopy with histological biopsy, endosonography, external sonography of the neck, 

CT-scan and on indication PET scan and brochoscopy. Patients did not receive pre- or 
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postoperative chemo- and/ or radiation therapy. Clinicopathological data from all operated 

patients were permanently collected in a prospective database. 

Surgery and pathology of the resection specimen
Surgery was performed / supervised by one of three experienced surgeons at the Academic 

Medical Centre at the University of Amsterdam (ORCB, HO, JJvL,), a tertiary centre with a 

wide experience in esophageal surgery. Both transhiatal and transthoracic esophagectomies 

were performed. During transhiatal esophagectomy, the distal esophagus was dissected 

under direct vision through the widened hiatus of the diaphragm. The tumor and its adjacent 

lymph nodes were dissected en-bloc. During transthoracic esophagectomy, a right-sided 

postero-lateral thoracotomy was performed. The esophagus was resected en-bloc with all 

mediastinal (peri-) esophageal tissue, including the thoracic duct, azygos vein, ipsilateral 

pleura and lymph nodes. Adenocarcinoma of the esophagus and GEJ was staged according 

to the TNM classification for esophageal cancer as proposed previously25,28.

The subcarinal nodes and the origin of left gastric artery were marked in the resection 

specimen. Nodes within 1cm of the left gastric artery were considered truncal nodes. 

Pathologic work-up was performed or supervised by one of two experienced GI-pathologists 

and described on a standardized form. The pTNM-stage, differentiation grade, total number 

of resected lymph nodes, total number of positive lymph nodes including their location and 

radicality of resection were recorded. Radicality was categorized into three categories24; 

Dissections which were microscopically radical, dissections which were microscopically 

radical but with tumor infiltration within 1mm of the dissection plane and microscopically 

irradical resections.

Lymph nodes were cut in two and routine H&E staining was performed using a standardized 

protocol. Extracapsular lymph node involvement (LNI) was defined as metastatic 

adenocarcinoma extending through the nodal capsule into the perinodal fatty tissue. 

Follow-up
All patients were seen at the outpatient clinic at three to four months intervals during the 

first two years and every six months thereafter for three years. Recurrence of disease was 

primarily diagnosed on clinical grounds. Only when recurrence was suspected, further 

investigations were performed. Thereafter, follow-up was obtained by telephone from 

the patient or the patient’s family practitioner. Follow-up was complete in all patients until 

August 2005, ensuring a minimal potential follow-up of 20 months. When patients died, 

the cause of death was determined by the treating physicians and corroborated by a review 

of study reports, death certificates, and when available, autopsy findings. All patients who 

were identified as having died of esophageal cancer had progressive loco- regional and / or 

distant recurrences at the time of death.
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Statistical analysis
Time until death as a result of esophageal cancer was the primary outcome. Patients who died 

due to postoperative complications were excluded and patients who died due to unrelated 

causes were censored at their time of death. Disease-specific survival was estimated and 

depicted using the Kaplan-Meier method. Cox regression models were used to examine the 

association between potential predictors and the time until death as a result of esophageal 

cancer. Hazard ratios with 95% confidence intervals were used to quantify the strength of 

these associations. Conventional and readily available clinicopathological predictors were 

selected based on an analysis of the literature. The following potential predictors were 

examined; age, sex, presence of Barrett’s mucosa, differentiation grade, T-stage, N-stage, 

number of positive nodes, lymph node ratio, extracapsular lymph node involvement, presence 

of positive truncal nodes (M1a) and presence of microscopic residual disease (R1). Missing 

values were rare due to prospective data collection. Missing values for tumor diameter were 

estimated according to available pre-operative measurements and for the other factors the 

mean from non-missing patients was taken39. 

Restricted (natural) cubic splines (4 knots) were used to examine the functional form of 

continuous variables in relation to the outcome. Based on these graphical analyses, an 

appropriate transformation or categorization was chosen if the relationship was clearly non-

linear. Three different types of prognostic models were fitted. The first model only contained 

indicators for the different TNM stages (TNM model). The second model contained the full 

set of all potential predictors (full model). We then used backward elimination (threshold 

p-value for staying in p<0.05) to reduce the full model (reduced model). Calibration of the 

different models was assessed by comparing predicted survival estimates with actual survival 

at different time points during follow-up. The discrimination of the different models was 

compared using the concordance index. The concordance index is a measure that can be 

interpreted as the probability that in a randomly selected pair the patient with the worst 

expected survival based on the model will indeed die before the other patient, (i.e. prediction 

and actual survival are in concordance). Values can range from 0.5 (due to chance; no 

discrimination) to 1.0 (perfect discrimination). 

Concordance indices with 95% confidence intervals were calculated and compared after 

bootstrapping to reduce overoptimism. We took 500 bootstrap samples and in each we 

calculated the three concordance indices of the TNM, full and reduced model. The distribution 

of the indices over the 500 bootstrap samples was used to calculate confidence intervals. 

The distribution of the paired differences in indices among the three models was used to test 

for statistical significance. A nomogram was developed to visualize the prognostic strength 

of the different risk factors in a single figure. The number of points for each predictor was 

based on the original coefficient from the Cox model by multiplying it by ten and rounding it 

to the lowest whole number. The total number of points derived by specifying values for all 

predictors was used to calculate the expected survival probabilities from the Cox model. All 

analyses were performed using SAS software version 9.1 (SAS Institute Inc.,Cary, NC, USA)
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Results

Between January 1993 and December 2003 a consecutive series of 382 patients underwent 

a macroscopically radical esophagectomy for adenocarcinoma of the esophagus or GEJ. 

Thirteen (3.4 per cent) died from postoperative complications and were excluded from 

further analysis. Five (1.3 per cent) who had a recurrence at the last follow-up but were still 

alive were excluded because disease-specific mortality was the endpoint of the study. Table 

1 shows the clinicopathological parameters of the 364 included patients. Only a few patients 

had missing values: lymph node ratio (four patients), number of resected and identified 

nodes (five patients) and tumor diameter (13). These values were imputed. 

Table 1: Clinicopathologic characteristics of 364 patients with adenocarcinoma of the distal 
esophagus or gastroesophageal junction who underwent macroscopically radical resection. Thirteen 
patients (3.4%) died from postoperative complications and were excluded.

Clinicopathologic characteristic N=364

male gender 309 (85%)

lymphadenectomy

- transhiatal 260 (71%)

- transthoracic 104 (29%)-

presence Barrett’s segment 209 (58%)

pT-stage

- pT1 72 (20%)

- pT2 38 (10%)

- pT3 238 (65%)

- pT4 16 (4.4%)

presence lymph node metastasis 247 (68%)

presence positive truncal nodes 75 (21%)

presence extracapsular LNI 163 (45%)

stage

- stage 1 54 (15%)

- stage 2a 61 (17%)

- stage 2b 31 (8.5%)

- stage 3 143 (39%)

- stage 4a 75 (21%)

differentiation grade

- good 20 (5.5%)

- moderate 150 (48%)

- poor 194 (53%)

resection plane microscopically irradical (R1) 10 (2.7%)
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During follow-up, 228 patients died. Of these, 23 (10.1 per cent) died from unrelated causes: 

eight from myocardial infarction, six from cerebral infarction, five from pulmonary disease, 

two from pathologically proven second primary tumor (pancreatic carcinoma and bronchial 

carcinoma), one from Parkinson’s disease and one from cardiac failure. These patients were 

censored at the time of death in the analysis. Esophageal cancer-specific survival rates at 1, 

2 and 5 years were 75.8, 54.9 and 39.2 per cent respectively. Some 205 (89.9 per cent) of 

these 228 patients had evidence of recurrence during follow-up; this was hematogenous in 

80 (39.0 per cent), locoregional in 66 (32.2 per cent), pleural or peritoneal in 27 (13.2 per 

cent) and a combination of the above in 32 (15.6 per cent).

Figure 1 shows disease-specific survival according to the TNM classification for esophageal 

cancer. The difference in survival between stage IIa and stage IIb and between stage III and 

stage IVa was not significant (P = 0.088 and P = 0.150 respectively). Based on multivariable 

dissection plane

- R0> 1mm 195 (54%)

- R0≤ 1mm 108 (30%)

- R1 61 (17%)

age at operation [yrs]

- median 66

- P25 - P75 58-72

diameter tumor [cm]

- median 4.5

- P25 - P75 3.0-6.0

number of resected and identified nodes

- median 16

- P25 - P75 okt-25

number of positive nodes

- median 2.5

- P25 - P75 0-6

lymph node ratio

- median 0.13

- P25 - P75 0.0-0.36

number of lymph node with LNI

- median 0

- P25 - P75 0-2

LNI = lymph node involvement
R0>1mm = microscopically radical resection
R0≤1mm = microscopically radical, but within 1mm of the dissection plane
R1 = microscopically tumor left at the resection margin.
P25 = 25th percentile; P75 = 75th percentile

Table 1: continued

Clinicopathologic characteristic N=364
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Figure 1: Disease-specific survival according 
to the TNM classification for oesophageal 
cancer. Numbers beneath X-axis indicate 
the number of patients at risk.

Figure 2: Nomogram for prediction of disease-specific survival based on the reduced model. LNI  
lymph node involvement. The lymph node ratio is the ratio of number of positive lymph nodes and 
number of resected lymph nodes. Disease-specific survival is given at 1, 2 and 5 years.
Instruction: Locate the T-stage on the axis. Determine how many points the patient receives. Repeat 
this for each axis. Sum the points for each of the three predictors and locate the sum on the total 
points axis. Draw a line straight down to the disease-specific survival axis to find the patient’s 
probability of surviving adenocarcinoma of the distal esophagus or gastroesophageal junction, 
assuming that he / she does not die of an other cause. 
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Figure 3: The observed (solid lines) and expected (dotted lines) survival (as predicted by the 
reduced model) in three selected patient groups. 95% confidence intervals are given for 24 and 48 
months. 
LN = Lymph Node 
Extracap. LNI = extraxapsular lymph node involvement

Cox analyses, Table 2 gives the hazard ratios with 95 per cent c.i. of available potential 

predictors of the three multivariable models (TNM, full and reduced models). Discrimination 

of the full model was superior to that of the TNM model (concordance index 0.79 versus 

0.68; P < 0.001). With backward elimination, the variables identified for the reduced model 

were T stage, lymph node ratio and extracapsular lymph node involvement. Discrimination 

of the reduced model was also superior to that for TNM staging (concordance index 0.77 

versus 0.68; P < 0.001). Predictions from the full model were significantly more accurate 

than those from the reduced model (concordance index 0.79 versus 0.77; P = 0.012). 

A nomogram on basis of the reduced model was constructed and is shown in Figure 2. The 

nomogram predicts 1-, 2-, and 5-year disease-specific survival. The observed and expected 

survival (as predicted by the reduced model) for three selected patient groups is shown in 

Figure 3. The closeness of the dotted and the solid lines indicates how well the model fits 

the data. 

Discussion

Adenocarcinoma of the distal esophagus or GEJ is an aggressive disease. Even after potentially 

curative surgery more than half of the patients die ultimately of their disease5,7,8. On the basis 

of the present series of patients, two disease-specific survival models were developed for 

patients with adenocarcinoma of the distal esophagus or GEJ after macroscopically radical 
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esophagectomy. The full model contained multiple potential clinicopathological predictors. 

To enhance clinical use, however, a reduced model was constructed and on the basis of this 

model a nomogram was designed. This will be made available on the internet immediately 

after publication. This nomogram can be used in daily clinical practice to predict survival in 

Table 2: Results of the three prognostic models; the TNM-staging system13,14, the full prognostic 
model and the reduced prognostic model. Results are given as Hazard Ratios (HR) and their 95% 
confidence interval (CI)

Factor TNM-staging
HR (95% CI)

Full model
HR (95% CI)

Reduced model
HR (95% CI)

age, one year increment NA 1.00 (0.99-1.02) NA

male gender NA 1.16 (0.78-1.75) NA

pT-stage (compared with pT1)

- pT2 NA 3.27 (1.41-  7.61) 2.46 (1.15-5.25)

- pT3 NA 4.43 (2.08-  9.46) 3.19 (1.69-6.04)

- pT4 NA 9.05 (3.39-24.12) 6.71 (2.88-15.59)

presence lymph node metastasis (pN1) NA 0.87 (0.34-2.25) NA

presence positive truncal node (M1a) NA 1.17 (0.83-1.64) NA

number of positive nodes (LOG) NA 0.63 (0.30-1.33) NA

lymph node ratio (LOG) NA 10.70 (4.33-26.48) 6.07 (3.83-9.61)

presence extracapsular LNI NA 1.43 (0.53-3.88) 1.58 (1.12-2.21)

number of lymph nodes with LNI (LOG) NA 1.27 (0.61-2.66) NA

tumor diameter (LOG) NA 0.55 (0.27-1.14) NA

presence Barrett’s mucosa NA 1.18 (0.88-1.60) NA

differentiation grade (compared with good)  

- moderate NA 0.47 (0.16-1.36) NA

- poor NA 0.63 (0.22-1.82) NA

resection plane R1 NA 0.87 (0.42-1.81) NA

dissection plane (compared with R0>1mm) NA NA

- R0<1mm NA 0.93  (0.64-1.35) NA

- R1 NA 0.99  (0.65-1.50) NA

stage (compared with Stage I)13,14

- stage IIa 12.9 (  3.0-  54.5) NA NA

- stage IIb 17.2 (  5.1-  93.7) NA NA

- stage III 37.2 (  9.2-150.9) NA NA

- stage IVa 44.4 (10.8-182.0) NA NA

Concordance Index (95% CI) 0.68 (0.65-0.72) 0.79 (0.76-0.82) 0.77 (0.74-0.80)

LNI = lymph node involvement
R0>1mm = microscopically radical resection
R0≤1mm = microscopically radical, but within 1mm of the dissection plane
R1 = microscopically tumor left at the resection margin.
NA = not applicable
LOG = log transformed to the base of 10
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individual patients with adenocarcinoma of the esophagus or GEJ after potentially curative 

resection.

The current staging systems for adenocarcinoma of the esophagus and GEJ are TNM based 

(AJCC = American Joint Committee on Cancer and UICC = Union Internationale Contre 

le Cancer)13,14. These staging systems are based primarily on patients with squamous 

cell carcinoma of the cervical and upper thoracic esophagus, but are also applied for 

adenocarcinoma, despite its potentially different biological behavior. 

The estimation of prognosis according to the TNM-staging system is solely based on T-stage, 

N-stage and M-stage. However, numerous other prognostic factors have been described, 

but are not included in this system and therefore many authors question the adequacy of 

the current staging systems and propose a revision of these systems26-30,40. In line with 

other studies, the present study also indicates that the lymph node ratio is an important 

prognostic factor in adenocarcinoma of the esophagus and GEJ as a higher ratio indicates 

further progression of disease17,40,41. This underlines the importance to resect and identify an 

adequate number of nodes for accurate staging. It requires efforts from both surgeon and 

pathologist. As in gastric cancer, it has been suggested that the total number of resected 

and identified nodes should exceed 15 nodes42. 

The current nomogram estimates prognosis postoperatively in patients who underwent 

potentially curative surgery and cannot (yet) be used preoperatively. It remains a challenge 

to develop new preoperative investigations for improved prognostication in order to detect 

those patients who will not sufficiently benefit from surgery. For this purpose more research 

is required for the adequate preoperative prediction of the number of positive nodes and 

presence of extracapsular lymph node involvement. 

Also in the present study TNM-staging alone had moderate prognostic capabilities. By adding 

other clinicopathological prognostic factors to the model more accurate estimates of survival 

for patients with adenocarcinoma of the esophagus or GEJ are possible. The prognostic 

model in the present study, using variables from the Cox-regression analyses, led to a 

significant improvement in the prediction of disease-specific survival after esophagectomy. 

There are limitations to these analyses. First of all, survival predictions were not perfect. For 

the individual patient, the full and the reduced models predict the likelihood that a population 

of similar patients will survive a defined period of time but certainly not the certitude that 

this will occur36, because our knowledge of prognostication is still incomplete. Especially the 

incorporation of molecular predictors into a model may further increase its performance. In 

the present series, widely available clinicopathological predictors were chosen to be included 

in the prognostic model. However, our knowledge of the prognostic value of gene- and 

protein expression is rapidly increasing. Hence, staging systems should be dynamic, reflecting 

the increasing knowledge of cancer, its treatment and prognostic factors. 

In the full model all predictors were forced into the Cox model in order to show the predictive 

strength of each predictor and to optimize predictive accuracy39. However, models with 

many predictors (full model has 10) are cumbersome to work with in practice and such 

models can suffer from overoptimism in their predictions. Practical difficulties are becoming 
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less of a problem due to the use of computer programs and web-based engines that allow 

easy entry of values of the predictor and direct presentation of predicted survival curves 

for such an individual. The described tools will be made available on the internet (www.

oesophagus.nl).

In addition, to allow easy use without access to a computer, a nomogram has been developed 

using the data from the reduced model omitting less important predictive factors (Figure 

2). Although the model behind this nomogram contained only three variables (T-stage, the 

lymph node ratio and the presence of extracapsular LNI), the reduced model had only slightly 

lower discrimination. Applying the nomogram only requires drawing lines and adding points 

belonging to these three variables. This simplicity (one of the reasons why TNM-staging 

has been applied for such a long time) allows easy day-to-day clinical use. Moreover, a 

nomogram approach has the advantage that it estimates individual recurrence probability at 

three different time points after operation, which is information that probably many patients 

would like to know.

The present patients have all been operated upon in a single tertiary referral centre for 

esophageal cancer ensuring standardized treatment protocols, consistent scoring of 

clinicopathological parameters and complete follow-up. Instead of dividing our population 

in a training-and-test set, bootstrap analysis was used, because it has proven to be more 

reliable than the traditional training-and-test method43. However, the results from both 

models need to be externally validated in an independent series of patients. After the model 

has been validated, it will offer the opportunity to compare long term treatment outcomes 

of different institutes and to evaluate the impact of new treatment strategies (e.g. (neo-) 

adjuvant chemoradiotherapy, cervical lymph node dissection) more reliably due to the 

multiple variables that are included.

The use of neoadjuvant chemoradiation therapy is applied in many centers in the world, 

despite the limited evidence for its effectiveness in esophageal cancer44,45. The impact of 

neoadjuvant pathologic downstaging on staging systems has not been fully evaluated. 

Adaptations are proposed for patients with a major response 46. However, one study showed 

that after chemoradiation, the pTNM staging system continued to predict survival regardless 

the extent of pathologic down-staging47. Because patients in the present study did not receive 

pre-operative chemoradiation therapy, this factor could not be evaluated. Future research is 

necessary to determine if nomogram predictions can be used in those patients.

In conclusion, a prognostic model was developed to predict disease-specific survival after 

potentially curative esophagectomy for adenocarcinoma of the esophagus or GEJ. The 

designed nomogram is easy to use and prediction of survival is superior to TNM-staging 

alone. It is clinically helpful to supply more reliable prognostic information and might be 

helpful to offer tailored follow-up schedules and/ or novel therapeutic strategies.
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Abstract

Introduction
Even after potentially curative esophagectomy, the majority of patients with adenocarcinoma 

of the esophagus or gastroesophageal junction die due to cancer recurrence. To predict 

individual disease-specific survival, a nomogram has been developed in a high-volume center 

in the Netherlands. The validity of this nomogram was externally tested in patients treated in 

another country at a different high-volume institution.

Patients and Methods
Clinicopathological data from patients who underwent a macroscopically radical resection in 

a high-volume center in Leuven, Belgium were used to validate the original nomogram based 

on a Cox regression model. Moreover, it was examined whether adjusting the value of the 

original coefficients of the predictors or adding new predictors would improve the fit of the 

nomogram in the validation cohort. Calibration was evaluated by comparing the observed 

survival with the expected survival as predicted by the original nomogram across patients 

with different risk profiles. The discriminatory ability of the nomogram was determined in the 

validation cohort using the concordance index and compared with the original estimate. 

Results
A total of 382 patients were used in the validation study. The median esophageal cancer-

specific survival was 38 months. None of the coefficients re-estimated in the validation 

cohort differed significantly from the values of the original nomogram. Observed and 

expected survival curves showed good calibration. Discrimination of the original nomogram 

was preserved in the validation cohort: the concordance index hardly decreased from 0.77 in 

the original cohort to 0.76 in the validation cohort.

Conclusions
The nomogram model which was originally developed in a Dutch institute had good individual 

discriminatory properties and good overall calibration when applied to patients treated in 

an independent series of patients. The nomogram was updated using the data from both 

cohorts to provide even more robust estimates of survival for individual patients This tool is 

clinically helpful to supply more reliable prognostic information, to offer tailored follow-up 

schedules and / or novel therapeutic strategies in subgroups of patients with higher risk of 

recurrence.
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Introduction

The incidence of adenocarcinomas of the esophagus is rapidly rising in the Western World1-3. 

It is an aggressive disease with early lymphatic and hematogenous dissemination and so 

far surgery is still the best curative treatment option. Despite comprehensive preoperative 

staging to select patients for potentially curative surgery, many patients present with disease 

recurrence within two years after curative esophagectomy and 5-year survival rates rarely 

exceed 40%4-9. A reliable model that can differentiate between patients with a good or 

poor prognosis would be valuable in clinical practice to inform individual patients about 

their prognosis (post-operatively) and may be used to direct tailored therapy (mainly pre-

operatively). Furthermore, it may even offer the opportunity to compare long term treatment 

outcomes across institutes despite differences in case-mix.

Unfortunately, estimating prognosis in patients with esophageal cancer is still only (reliably) 

possible using postoperative pathological findings. Consequently, important prognostic 

information becomes only available after the operation on the basis of the anatomic extent 

of the tumor. Prognostic estimates are generally based on the pTNM-staging system, but the 

accuracy of the current TNM staging systems10,11 has been repeatedly questioned12-18. Recently, 

a nomogram providing survival estimates was derived from 364 patients who underwent 

potentially curative surgery for adenocarcinoma of the esophagus and gastroesophageal 

junction19. With use of diverse readily available and conventional clinicopathological factors, 

this nomogram predicts disease-specific survival after esophagectomy at 1, 2 and 5 years. It 

was shown that this nomogram was superior to TNM-staging. The nomogram was derived 

in a tertiary referral centre in Amsterdam with a wide experience in esophageal surgery and 

model fit was assessed by internal validation on the same patients (using bootstrapping 

techniques). It is still unclear if the nomogram’s ability to predict survival would be preserved 

when applied in a different patient-population undergoing surgery in a different country 

with different operation techniques. Therefore, the aim of the present study was to validate 

the prognostic nomogram in a cohort of new patients operated in a different high-volume 

center in a different country using slightly different operation techniques.

Patients and Methods

Patients
Between January 1991 December 2003, a consecutive series of 518 patients underwent a 

macroscopically radical esophagectomy for adenocarcinoma of the esophagus (type I 4) or 

GEJ (type II) in the University Hospital Gasthuisberg, Leuven, Belgium. This tertiary centre 

has a wide experience in esophageal surgery. Similar exclusion criteria were applied as in 

the original publication. Eighteen patients (3.5%) died from postoperative complications 

and were excluded. Thirty-two patients (6%) received neoadjuvant chemoradiotherapy and 
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forty-four patients (8%) received adjuvant chemotherapy. These patients were excluded, 

due to a possible survival effect and possible pathology related effects. (parameters can 

not be accurately assessed, especially in patients with a complete pathologic response)20-22. 

Furthermore, four patients (1%) underwent three-field lymphadenectomy for preoperatively 

pathologically proven cervical nodes, and twenty-one patients (4%) had positive cervical 

nodes in the resection specimen. In Amsterdam these nodes are considered as distant 

metastastic disease, precluding potentially curative disease. Consequently these patients 

were also excluded from the present validation study. Seventeen patients (3%) experienced 

recurrence at last follow-up, but were still alive, leading to informative censoring as disease-

specific mortality was the end point of this study. Therefore these patients were excluded 

as in the original study. The remaining 382 patients constituted the study population for the 

validation analysis.

Surgery and pathology of the resection specimen
Surgery was performed / supervised by an experienced surgeon. In brief, in most patients 

a left thoracophrenotomy was performed with a wide peritumoral resection combined 

with an extensive lymphadenectomy of the upper abdominal compartment and posterior 

mediastinum (187 patients), bilateral cervical lymphadenectomy was added in 72 patients. 

Limited lymphadenectomy was performed in 123 patients.

Pathologic work-up was performed or supervised by one of two experienced GI-pathologists 

and described on a standardized form. The tumor staging of adenocarcinoma of the 

esophagus (type I), as well as GEJ (type II) was performed according to the TNM classification 

for esophageal cancer12,15. The following potential predictors were examined; age, gender, 

presence of Barrett’s mucosa, differentiation grade, T-stage, N-stage, number of positive 

nodes, lymph node ratio, extracapsular lymph node involvement (LNI), presence of positive 

truncal nodes (M1a) and presence of microscopic residual disease (R1). Missing values did 

not occur in the validation cohort.

Follow-up
Recurrence of disease was primarily suspected based on clinical grounds which then lead 

to further investigations. Patients were seen at regular interval of 3 months the first year 

and every 6 months until the 6th year, after which patients were followed on a yearly basis. 

Patients were seen either at our outpatient’s clinic or by the referring physician. Long-term 

follow-up was by telephone to the patient’s family practitioner or referring physician. Follow-

up was complete in all patients until August 2005, ensuring a minimum potential follow-up 

of 20 months in all patients. When patients died, the cause of death was determined by 

the treating physicians and corroborated by a review of study reports, death certificates 

and, when available, autopsy findings. All patients classified as having died from esophageal 

cancer had clinically, radiologically or pathologically proven progressive locoregional, distant 

or transcelomic recurrences (or a combination) at the time of death.
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Statistical analysis
Demographic and clinical characteristics of the derivation cohort (Amsterdam, the 

Netherlands) and the validation cohort (Leuven, Belgium) were analyzed in a descriptive 

way. Time to death as a result of esophageal cancer was the outcome in all Cox regression 

models. The previously developed nomogram in Amsterdam was validated in several ways 

on patients operated in Leuven.

The first analysis examined whether the importance of the individual predictors within the 

original nomogram was different in the validation cohort. For each predictor a Cox model 

was fitted with only that predictor and the risk score based on the original coefficients as 

an offset variable. Ideally, if the weight (importance) of the predictor is the same in the 

validation cohort as in the derivation cohort, the coefficient of the predictor being evaluated 

would be zero as the weight is already incorporated in the risk score. If the weight appears 

to be higher in the validation cohort, the coefficient will become positive (and vice versa). 

The likelihood ratio test was used to indicate whether reweighing of the predictor will 

significantly improve the model. In a similar manner, predictors that were not incorporated in 

the original nomogram because of lack of importance were re-evaluated whether they had 

a significant predictive contribution in the validation cohort.

Discrimination was evaluated by calculating a risk score for each patient in the validation 

cohort based on the original coefficients from the derivation cohort. The observed and 

expected survival (Kaplan Meier) curves for tertiles based on this risk score was depicted. 

This provides a visual impression of the discrimination and preservation of correct ordering 

by the original risk score in new patients.

In addition, the concordance index (c-statistic) between the risk score and survival time 

in the Leuven patients was calculated. The c-statistic quantifies the proportion of all pairs 

of patients in whom the patient with a poorer risk score also had a shorter survival time. 

Calibration was evaluated by comparing the observed percentages of survival at different 

levels of the risk scores in the validation cohort with the survival of patients with similar risk 

score in the original cohort. Furthermore, the fit of the nomogram was validated by entering 

the calculated risk score as a single predictor in a Cox model. If the existing risk score fitted 

the new data perfectly, the regression coefficient would be 1. The amount of departure 

away from 1 is therefore a measure of the lack of fit in the new population. 

If the results of the validation study are favorable, e.g. the model performs adequately in 

new patients, the nomogram will be updated using the data from both cohorts. 

Results

Clinicopathological characteristics of the two patient populations are presented in Table 1. 

Groups were comparable regarding to gender, the presence of a Barrett’s segment, pT stage, 

pN stage, the presence of positive truncal nodes, tumor stage, differentiation grade, radicality 
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Table 1: Clinicopathologic characteristics of patients with adenocarcinoma of the esophagus or 
gastroesophageal junction operated upon in Amsterdam (derivation cohort) and Leuven (validation 
cohort)

Clinicopathologic characteristic Amsterdam
(derivation cohort)

N=364

Leuven
(validation cohort)

N=382

male gender 309 (85%) 316 (83%)

Lymphadenectomy

- limited lymphadenectomy 260 (71%) 123 (32%)

- two-field lymphadenectomy 104 (29%) 187 (49%)

- three-field lymphadenectomy - 72 (19%)

Presence Barrett’s segment 209 (58%) 212 (56%)

pT-stage

- pT1 72 (20%) 90 (24%)

- pT2 38 (10%) 42 (11%)

- pT3 238 (65%) 245 (64%)

- pT4 16 (4.4%) 5 (1.3%)

presence lymph node metastasis 247 (68%) 251 (58%)

presence positive truncal nodes 75 (21%) 45 (12%)

presence extracapsular LNI 163 (45%) 110 (29%)

Stage

- stage 1 54 (15%) 82 (22%)

- stage  stage 2b 61 (17%) 78 (20%)

- stage 3 31 (8.5%) 26 (6.8%)

- stage 4a 143 (39%) 151 (40%)

75 (21%) 45 (12%)

differentiation grade

- good 20 (5.5%) 38 (9.9%)

- moderate 150 (48%) 116 (30%)

- poor 194 (53%) 228 (60%)

Radicality

- R0 295 (81%) 341 (89%)

- R1 69 (19%) 41 (11%)

age at operation [yrs]

- median 66 67

- P25 - P75 58-72 59-72

tumor diameter

- median 4.5 3.9

- P25 - P75 3.0-6.0 2.0-5.5

number of resected and identified nodes

- median 16 26

- P25 - P75 10-25 14-43
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of operation, the age of the patient and tumor diameter. The number of lymph nodes with 

extracapsular LNI differed between the two groups (45% versus 29%). Patients in Leuven 

underwent more extended lymphadenectomy compared with the patients in Amsterdam. 

Due to this more extended operation, the number of resected and identified lymph nodes 

was higher in Leuven than in Amsterdam. Interestingly, the distribution of the number of 

positive nodes was more or less comparable (being even slightly higher in the Amsterdam 

group). Therefore, the distribution of the lymph node ratio (i.e. the number of positive nodes 

divided by the number of resected and identified nodes) was different between the two 

groups. For this reason, calculations of the original nomogram were performed with the 

number of positive nodes and not with the lymph node ratio. 

Of the 382 included patients who were operated upon in Leuven, 210 patients died during 

follow-up. Of these, 36 (17.1%) died from unrelated causes without evidence of recurrence. 

These patients were censored at the time of death. Esophageal cancer-free survival at 1, 2 

and 5 years was 84, 65 and 41 per cent respectively (Figure 1). 

In the first validation step, we examined whether adjusting the original weight of the predictors 

would improve the fit of the nomogram model in the Leuven (validation) cohort. The optimal 

coefficients in the validation cohort did not significantly differ from the coefficients of the 

original nomogram model (Table 2). 

Moreover, although the presence of positive truncal nodes and an older age showed a trend 

towards significance, none of the predictors which were not incorporated in the original 

nomogram led to a significant improvement in predicting survival in the validation cohort 

(Table 2). In the second step, we examined the discriminatory capability of the original 

risk score in the validation cohort. For this purpose, patients from the Leuven cohort were 

Table 1: continued

Clinicopathologic characteristic Amsterdam
(derivation cohort)

N=364

Leuven
(validation cohort)

N=382

number of positive nodes

- median 2.5 1.0

- P25 - P75 0-6 0-4

lymph node ratio

- median 0.13 0.04

- P25 - P75 0.0-0.36 0-0.13

number of lymph nodes with extracapsular LNI

- median

- P25 - P75 0 0

0-2 0-1

LNI = lymph node involvement
R0 = radical resection, R1 = microscopically tumor left at the resection margin.
P25 = 25th percentile; P75 = 75th percentile
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Table 2: Sequential analysis whether adjusting the original coefficients of the predictors in the 
nomogram or adding new predictors would improve the fit of the nomogram model in the validation 
cohort. 

Predictor Original 
coefficient

(Amsterdam)

Validation 
coefficient
(Leuven)

Change in 
coefficients

P-value whether 
change is 0

T-stage

- T1 reference reference reference

- T2 0.71 0.99 +0.28 0.46

- T3 1.11 1.25 +0.14 0.65

- T4 1.93 2.05 +0.12 0.83

number of positive nodes 
(log 10 transformed)

0.23 0.23 -0.0001 0.77

Presence extracapsular LNI 0.49 0.48 -0.050 0.72

Variables not in original model

male gender - -0.20 - 0.292

presence Barrett’s segment - -0.15 - 0.284

presence positive truncal nodes - 0.30 - 0.093

differentiation grade - 0.21 - 0.103

radicality - 0.26 - 0.160

age (per one year increase) - 0.01 - 0.094

tumor diameter (log transformed) - 0.08 - 0.681

LNI = Lymph node involvement

stratified into three groups (good-moderate-poor) based on their value of the original risk 

score. The corresponding Kaplan-Meier survival curves are shown in Figure 2. It demonstrates 

that the three survival curves are in the correct expected order and the curves are well 

separated. The concordance index, which is an overall measure of discriminatory capability, 

was 0.76 which was hardly different from the estimate in the original cohort (0.77). 

Another quality, of a valuable prognostic model, is good calibration: predicted and observed 

estimates are close together. In Figure 3 the expected survival as predicted by the Amsterdam 

nomogram model is compared with the observed survival in the validation cohort. Across all 

three risk groups and for the total follow-up period, the differences between observed and 

predicted values were small.

The results of the validation study revealed no indication that coefficients of predictors were 

significantly different from those in the derivation cohort or that other predictors should be 

added to the model. Therefore, we updated the nomogram model by using both datasets 

(n=746) to obtain even more robust estimates of coefficients associated with each predictor. 

The updated nomogram is given in Figure 4. 
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Figure 1: Cancer-specific survival the included 
patients operated upon in Amsterdam 
(derivation cohort, solid line) and Leuven 
(validation cohort, dotted line) 

Figure 2: Kaplan-Meier curves of observed 
survival in validation cohort stratified per 
tertile of the risk score (RS) based on the 
original nomogram.

Figure 3. Expected (dotted lines) survival as 
predicted by the nomogram and observed 
survival in the validation cohort across 
three different risk groups (tertiles of the 
nomogram score).
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Discussion

In the present study a recently developed nomogram was externally validated which predicts 

cancer specific survival after potentially curative surgery for patients with adenocarcinoma 

of the esophagus or GEJ. It was shown that this model which was originally developed 

in a Dutch high-volume institute performed equally well when applied to patients treated 

in Leuven (Belgium). The model accurately predicted survival across the range of patients, 

clearly separating patients in different risk groups. Given the favorable results, an updated 

nomogram was made based on all available data of both institutes.

Prognostic models are important tools to provide estimates of patient outcome probabilities. 

Unfortunately, many prognostic models perform much worse when applied in new patients 

compared to the original publication23. There are many potential reasons for this loss in 

performance, but overfitting (e.g. by considering too many predictors in relation to the 

available sample size), is often the main cause24. In case of overfitting, particularities of a 

Figure 4.Updated nomogram for the prediction of disease-specific survival based on both the 
Amsterdam and the Leuven patient population. Disease-specific survival is given at 1, 2 and 5 
years.
Instruction: Locate the T-stage on the first axis and determine how many points the patientreceives. 
Repeat this for each predictor. Sum the points for each of the three predictors and locate the 
sum on the total points axis. Draw a line straight down to the disease-specific survival axis to find 
the patient’s probability of surviving adenocarcinoma of the distal esophagus or gastroesophageal 
junction, assuming that he / she does not die of another cause.
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specific dataset are incorporated in the model rather than robust relationships, hence a loss 

in performance occurs when applied in new patients. Assessing whether a model accurately 

predicts the prognosis in a sufficiently large sample of new patients, (i.e. external validation, 

is therefore a critical step to gain credibility for a prognostic tool25. 

For patients with adenocarcinoma of the esophagus or GEJ who have undergone surgery, 

prognosis is determined by a series of factors, among which depth of invasion, nodal status, 

and metastasis (both distant lymphatic as well as hematogenous) are the most important 

and lead to the formation of the TNM staging system (AJCC = American Joint Committee on 

Cancer and UICC = Union Internationale Contre le Cancer)10,11, which is the most recognized 

system to predict prognosis. These staging systems are based primarily on patients with 

squamous cell carcinoma of the cervical and upper thoracic esophagus, but are also applied 

for adenocarcinoma, despite its potentially different biological behavior. Moreover, numerous 

other prognostic factors (e.g. presence of extracapsular LNI, number of positive nodes, 

lymph node ratio) have been described, but are not included in the TNM system. Therefore 

many authors question the adequacy of the current staging systems and propose a revision 

of these systems13-16,18,26. The present nomogram is based on a multivariate Cox-model 

which integrates additional factors and assesses individual risk better than conventional 

categorical risk grouping models which include patients with varying degrees of risk in the 

same stage. Although the focus of the present study was not to compare TNM predictions 

with nomogram predictions, it was found that discrimination of the nomogram was superior 

to that of TNM-staging (C-index 0.76 vs. 0.72 (p<0.001). The present nomogram can be 

used in daily clinical practice to predict survival in individual patients with adenocarcinoma of 

the esophagus or GEJ after potentially curative resection.

The patient population of both institutes were comparable in distribution of nearly all variables. 

Both institutions are high volume centers for esophagectomies and are comparable in case 

load and overall survival. However, during the study period, generally more extended surgery 

was performed in Leuven (including the more extensive three-field lymphadenectomy). 

These more extensive operations lead to the resection and identification of more nodes 

in the Leuven cohort. Interestingly, it did not lead to more positive nodes, as the number 

of positive nodes was higher in the Amsterdam patient population. Although the lymph 

node ratio has been shown to be an important prognostic factor in adenocarcinoma of 

the esophagus and GEJ, the results of the present study indicate that this factor is less 

stable than the absolute number of positive nodes. Therefore we substituted the number of 

positive nodes into our original nomogram for the lymph node ratio26-28. This replacement 

hardly changed the prognostic performance of the model. However, as both the lymph node 

ratio and the number of positive nodes reflect disease progression, this further underlines 

the importance to resect and identify an adequate number of nodes for accurate staging. It 

has been suggested that the total number of resected and identified nodes should exceed 

15 nodes29. 

The inter-institutional differences in the number of lymph nodes with extracapsular LNI may 

be explained by the absence of a uniform definition30. In both Amsterdam as Leuven, all 
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lymph nodes were re-examined as part of a study on the clinical relevance of extracapsular 

LNI31,32. Although no gross differences in definition could be found between both institutes 

(extracapsular LNI was defined in both institutes as metastatic adenocarcinoma extending 

through the nodal capsule into the perinodal fatty tissue), this lack of uniform definition may 

well the reason of the difference (e.g. the inclusion of deposits of metastatic adenocarcinoma 

without a recognizable lymph node).

The coefficients of the predictors from the patients operated upon in Amsterdam were 

compared with those from the patients operated upon in Leuven. The coefficients of the 

validation model did not significantly differ from the coefficients of the original nomogram 

model. However, a few predictors which were not included in the derivation cohort showed 

a trend towards significance in the validation cohort. The presence of positive truncal nodes 

showed a trend towards impaired survival. Interestingly less patients had positive truncal 

nodes compared with the original series. Possibly, slight differences in definition as to which 

nodes should be considered as truncal are responsible for this findings. Also increasing age 

showed a trend towards poorer survival in the Leuven patients. 

The current nomogram estimates prognosis postoperatively in patients who underwent 

potentially curative surgery. It is based on the pathological findings in the resection 

specimen and therefore it can not be used preoperatively. It remains a challenge to develop 

new preoperative prognostic models for improved pre-treatment prognostication in order 

to identify those patients who will not sufficiently benefit from surgery. Especially the 

accurate preoperative prediction of the number of positive nodes and the presence of 

extracapsular lymph node involvement needs further investigation. Furthermore, neoadjuvant 

chemoradiation therapy is increasingly applied in many centers around the world, despite 

the limited evidence for its effectiveness in esophageal cancer33,34. Neoadjuvant treatment 

was not considered standard therapy in Amsterdam and Leuven and therefore the response 

to chemoradiation could not be evaluated as a potential prognostic factor. Future research 

is required to determine if nomogram predictions can be used in patients who underwent 

neoadjuvant therapy.

When applying the nomogram in clinical practice, several factors have to be considered. First, 

the survival predictions are not perfect. For the individual patient, the nomogram predicts 

the likelihood that a population of similar patients will survive a defined period of time but 

certainly not the certitude that this will occur35. One reason for this is that our knowledge of 

prognostication is still incomplete. Especially the incorporation of molecular predictors into 

the nomogram may further increase its performance. Thus far, molecular studies have only 

included a limited number of patients which does not allow definite conclusions. However, 

our knowledge of the prognostic value of gene- and protein expression is rapidly increasing 

which hopefully allows incorperation of molecular prognosticators is steadily increasing in 

the near future. 

In conclusion, a recently developed prognostic nomogram, which predicts cancer-specific 

survival after potentially curative esophagectomy for adenocarcinoma of the esophagus or 

GEJ, was externally validated. This novel nomogram accurately predicted cancer specific 
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survival. It showed good discrimination and excellent calibration in a series of patients 

operated upon in a different institution in another country. The designed nomogram can 

be easily used in day-to-day clinical practice and predicts survival more accurately than the 

conventional TNM-staging system. It is clinically helpful to supply more reliable prognostic 

information to individual patients. In future, it might offer tailored follow-up schedules and/ 

or novel adjuvant treatment strategies.
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Abstract

Introduction
Adenocarcinoma of the esophagus or GEJ is an aggressive disease with early lymphatic and 

hematogenous dissemination. Molecular pathology has revealed many molecular mechanisms 

of disease progression, which are related to prognosis. Some of these factors can be seen as 

prognostic factors per se. Better knowledge of molecular bases may lead to new paradigms, 

improved prognostication, early diagnosis and individually tailored therapeutic options. This 

review describes genetic and molecular changes related to adenocarcinoma of the esophagus 

and gastroesophageal junction (GEJ) with emphasis on prognostic value and possibilities for 

targeted therapy in clinical setting.

Methods 
A review of recent English literature (1990-October 2005) concerning esophageal 

adenocarcinoma was performed. This review focuses on genetic and molecular changes as 

prognosticators of adenocarcinoma of the esophagus and GEJ. 

Results
A bewildering number of biomarkers have been described. Many genes and molecules 

have prognostic impact (cyclin D1, EGFR, Her-2/Neu, APC, TGF-β, Endoglin, CTGF, P53, 

Bcl-2, NF-κB, Cox-2, E-cadherin, β -catenin, uPA, MMP-1,3,7,9, TIMP, Th1/Th2 balance, CRP, 

PTHrP). 

Conclusions
Adenocarcinomas of the esophagus and GEJ show multiple genetic alterations, which indicate 

that progression of cancer is a multistep complex process with many different alterations. 

Presumably, it is not one molecular factor that can predict the biological behavior of this cancer. 

The combination of diverse genetic alterations may better predict prognosis. In future, gene 

expression analysis with microarrays may reveal important prognostic information and the 

discovery of new genes and molecules associated with tumor progression and dissemination 

will enhance prognostication and offers adjuvant therapeutic options.
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Introduction

The incidence of adenocarcinoma of the esophagus is rising in the Western world and 

is now higher than that of squamous cell carcinoma of the esophagus1-5. From 1975 to 

2001, the incidence of esophageal adenocarcinoma rose sixfold4. Adenocarcinomas are 

predominantly located in the distal esophagus and at the gastroesophageal junction (GEJ)1-7. 

It is an aggressive disease with early lymphatic and hematogenous dissemination. Surgery 

is the best curative treatment option, but used to be accompanied by a high morbidity rate 

and a substantial mortality rate. Due to improvement of surgical technique and perioperative 

care, complications have been decreased to a more acceptable level. However, despite 

comprehensive preoperative staging to select patients for potentially curative surgery, many 

patients still present with recurrences within two years after operation8-10. The majority 

of these patients develop hematogenous recurrences, but also locoregional, pleural and 

peritoneal recurrences are common8-12. The 5-year survival rates after intentionally curative 

esophagectomy rarely exceed 30%13-16. 

Well-known prognostic (pathological) factors of adenocarcinoma of the distal esophagus 

and GEJ are summarized in TNM staging17,18. Also other (classical) pathological factors, not 

included in the TNM-system, such as the number of positive lymph nodes and the presence 

of extracapsular lymph node involvement have additional prognostic value19-23. Molecular 

pathology has revealed an overwhelming number of genes and molecules, which are related 

to tumor invasion and metastasis (lymphatic and hematogenous dissemination). Many of 

these genes and molecules have prognostic impact per se.  A better knowledge of these 

factors may not only improve prognostication, but may offer new individually tailored 

therapeutic options. Also selective medical intervention, especially if targeted at the level of 

those genes and molecules which have strong prognostic impact, holds a great therapeutic 

promise. Therefore, this review describes the recent advances in our understanding of 

genetic and molecular changes related to adenocarcinoma of the distal esophagus and GEJ 

with special emphasis on their specific prognostic value and possibilities for (future) targeted 

therapy in the clinical setting. 

Methods

A review of the recent English literature (1990-October 2005) concerning esophageal 

adenocarcinoma was performed. This review focuses on genetic and molecular changes as 

prognostic factors in adenocarcinoma of the distal esophagus and GEJ. 

Background molecular biology
Adenocarcinoma of the distal esophagus and GEJ is an aggressive disease with early 

lymphatic and hematogenous dissemination. To produce a tumor metastasis (lymphatic as 
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well as hematogenous), tumor cells must complete a multistep progression through a series 

of sequential and selective events (Figure 1). The metastatic process consists of tumor cell 

detachment, local invasion, (lymph) angiogenesis and survival in the circulation, adhesion 

to endothelial cells, extravasation and regrowth in different organs. In each step, causative 

molecules have been identified: these include cell adhesion molecules, various growth 

factors, matrix degradation enzymes and motility factors24. A recent concept is the so-called 

epithelial–mesenchymal transition. This is an important process during development by 

which epithelial cells acquire mesenchymal, fibroblast-like properties and show reduced 

intercellular adhesion and increased motility, endowing the incipient cancer cell with invasive 

and metastatic properties25.

Originally, molecular cancer research has focused on discovery of mutations in so called onco- 

and tumor suppressor genes in animal and human models. Oncogenes need to be activated 

and these “gain-of-function” mutations can be caused by point mutation, chromosomal 

translocation, and gene amplification. Similarly, the functional properties of tumor suppressor 

genes are opposite. Tumor suppressor genes are inactivated by “loss-of-function” mutations 

in cancer cells, loss of the remaining wild type allele when in heterozygous state (loss of 

Figure 1: Molecular mechanism of metastasis. To produce a tumor metastasis tumor cells must 
complete a multistep progression through a series of sequential and selective events. The metastatic 
process consists of tumor cell detachment (1), local invasion (2), angiogenesis and survival in the 
circulation (3), adhesion to endothelial cells (4), extravasation and regrowth in different organs (5).
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heterozygosity or LOH)26,27 and epigenetic mechanisms like hypermethylation in promoter 

sequence of tumor suppressor genes.

However, cancer can not be summarized in “gain of function” or “loss of function” mutations, 

but is a complicated multistep process28-30. To transform normal human cells into tumor 

cells, multiple genetic changes are necessary28,31. Genetic changes can vary from subtle 

changes, such as point-mutations, to gross changes such as chromosome arm losses32. For 

adenocarcinoma of the distal esophagus and GEJ it is generally accepted that specialized 

intestinal metaplasia, as a result of gastroesophageal reflux disease (GERD)33-35, represents 

an intermediate step in a process through which cells evolve progressively from normal 

to premalignant lesions into invasive cancers29,36,37. The development of cancer can be 

categorized in six essential alterations in cell physiology that collectively dictate malignant 

growth29,36 (Table 1): (1) self-sufficiency in growth signals, (2) insensitivity to growth-inhibitory 

(antigrowth) signals, (3) evasion of programmed cell death (apoptosis), (4) limitless replicative 

potential, (5) sustained angiogenesis, and (6) tissue invasion and metastasis. Each of these 

physiologic changes represents the successful breaching of an anticancer defense mechanism 

and therefore harbors prognostic information. In the present review, the physiologic changes 

of each step will be summarized and subsequently the prognostic value of genes and molecules 

in adenocarcinoma of the distal esophagus and GEJ is discussed according to these six steps 

and an additional seventh group as proposed by Kyrgidis et al.38 (Table 2). The relationship 

between these prognostic factors at the cellular level is shown in Figure 2.

Results

(1) Self-sufficiency in growth signals 
Cells require exogenous growth signals to move into an active proliferative state. These 

growth signals (e.g. hormones, growth factors, and cytokines) bind to receptors on the cell 

membrane. The activated receptors communicate with the cell-cycle machinery in the nucleus 

via progrowth regulatory molecules (e.g. cyclins), which can inactivate the retinoblastoma 

Table 1: Hallmarks of adenocarcinoma of the distal esophagus and gastroesophageal junction 
29,36,38 

(1) Self-sufficiency in growth signals Cyclin D1 and E, Ki-67, PCNA, EGFR, TGF-α, EGF, Her2/neu, integrins

(2) Insensitivity to antigrowth signals Rb, p16, p21, APC, TGF-β, Smad4

(3) Avoidance of apoptosis p53, Bcl-2, Fas-fas ligand, NF-κB, COX-2,

(4) Limitless replicative potential telomerase

(5) Sustained angiogenesis VEGF 

(6) Invasion and metastasis cadherins, integrins, CD44, serine protease system, MMP, TIMP

(7) Other factors DNA-content, Promotor hypermethylation multiple genes, Th1/Th2 
balance, CRP, PTHrP,
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Table 2: Prognostic factors of genes and molecules in adenocarcinoma of the esophagus and 
gastroesophageal junction

Pathologic factor Prognostic 
impact

Negative survival benefit References

(1) Self-sufficiency in growth signals 

- cyclin D1 minor amplification and nuclear staining 43,44

- TGF-α dubious elevated expression 46,47

- EGFR minor elevated expression 47,49

- HER-2/neu gene (c-erbB2) considerable amplification and overexpression 50,52-54

- Ki-67 none - 60

(2) Insensitivity to antigrowth signals

- Rb none - 38

- p16 dubious hypermethylated p16 (strong trend) 64

- p21 dubious alteration of expression after 
chemoradiotherapy

65

- APC minor hypermethylated APC DNA in plasma 68

- TGF-β considerable elevated level in azygos vein 69

- endoglin minor elevated expression 71

- CTGF minor elevated expression 71

(3) Avoidance of apoptosis

- p53 considerable mutation 75-78

- bcl-2 minor reduced expression 79

- NF-κB minor expression 82

- COX-2 considerable reduced expression 83,84

(4) Limitless replicative potential

- telomerase none - 86

(5) Sustained angiogenesis

- VEGF none - 89,93

(6) Invasion and metastasis 

- E-cadherin considerable reduced expression 94,95

- β -catenin considerable reduced expression 94,95

- integrins none - 39,96

- uPA considerable uPA expression 98

- MMP-1 considerable elevated expression 99

- MMP-3 minor elevated expression 102

- MMP-7 minor staining on invasive site 100

- MMP-9 minor staining on invasive site 100

- TIMP minor reduced expression 104

(7) Other factors

- DNA content strong DNA ploidy 105-107

- promotor hypermethylation considerable >50% 64

- Th1/Th2 balance minor ability to produce IL-2 109

- CRP minor elevated level in serum 110

- PTHrP minor elevated level in serum 111

NOTE: Prognostic impact in clinical factors is scored as none (no evidence), dubious (conflicting 
evidence), minor (only evidence from univariate analysis), considerable (evidence from uni- and 
multivariate analysis) and strong (evidence of prognostic value in several multivariate analyses).
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protein (Rb) by phosphorylation. Eventually, this mechanism results in promoting cell-cycle 

progression29,36. 

Other mechanisms in which cancer cells acquire self-sufficiency are mediated by the 

production of growth factors (independence on exogenous growth signals), or by receptor 

overexpression (hyperresponsive to growth signals) or by altering the growth-factor receptors 

(constant activation in the absence of growth factor stimulation). 

Furthermore, tumor cells can switch the types of integrins they express. Integrins physically 

link cells to the extracellular matrix (ECM) and successful binding to the ECM enables the 

integrin receptors to transduce signals into the cytoplasm. These signals influence cell 

functions such as cell attachment, cell migration, cell cycle progression, and apoptosis29,39.

Cyclins
Cyclins D1 and E are key cell cycle regulatory proteins and oncogenic proteins. Both are 

related with tumor progression. A polymorphism of CCND1, the gene which encodes cyclin 

D1 was associated with an increased risk for esophageal adenocarcinoma40. Furthermore 

CCND1 amplification and cyclin D1 nuclear staining were found to correlate negatively 

with survival41,42. The pathophysiological mechanisms behind it remain unclear. Although 

cyclin E is reported to be overexpressed in adenocarcinoma of the distal esophagus43,44 

and overexpression has negative prognostic value in gastric cancer45, the prognostic effect 

Figure 2: Relationship between the diverse prognostic factors in patients with adenocarcinoma of 
the esophagus and gastroesophageal junction.
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is unclear in patients with adenocarcinoma of the esophagus. Cyclin-dependent kinase 

inhibitors (e.g. flavopiridol) are currently tested in clinical trials as an antitumor drug and may 

be used in future46,47.

Growth factors and their receptors
The epidermal growth factor (EGF) and transforming growth factor-α (TGF-α) belong to the 

family of growth factors that bind to the epidermal growth factor receptor (EGFR, or HER1 

or c-erbB1). EGF shows about 40% sequence homology with TGF-α and competes with 

TGF-α for binding to the EGFR. EGF has possible prognostic significance, however, there is 

no information regarding adenocarcinoma of the esophagus and GEJ. TGF-α is an important 

proliferation activator. The interaction between TGF-α and EGFR leads to autocrine tumor 

growth cascades, which lead to rapid tumor growth. TGF-α mRNA and protein can be 

detected in approximately 60% of adenocarcinomas of the GEJ. TGF-α protein expression is 

associated with tumor progression and in univariate analysis with survival48. In another study 

this prognostic effect was not confirmed49. Which can possibly be explained by the small 

sample size.

The family of EGF growth factor receptors consists of four members; HER1 (or EGFR), HER2, 

HER3 and HER4. However, there is no information available regarding HER3 and HER4 in 

adenocarcinoma of the esophagus and GEJ. EGFR is a transmembrane receptor and contains 

an external binding domain for epidermal growth factor (EGF) as well as transforming 

growth factor α (TGF-α) . Many solid tumors overexpress EGFR and in adenocarcinoma 

of the esophagus, EGFR is expressed in 30-60% of the tumors49-51. A higher degree of 

EGFR immunostaining was significantly associated with a poor survival49 and another study 

showed a relation with poor differentiation grade and a trend for worse survival51. The 

precise relationship between increased EGFR and tumor growth remains unknown, but the 

interaction between growth factors and EGFR can lead to autocrine tumor growth cascades 

and thus play a role in various cellular functions including proliferation and differentiation. 

The HER-2/neu oncogene is a proto-oncogene that encodes a tyrosine kinase growth factor 

receptor. Amplification of the HER-2/neu gene or overexpression of its encoded protein is 

associated with a worse survival in various cancers52. Increased expression of HER-2/neu is 

associated with inhibition of apoptosis and enhanced cell proliferation as well as increased 

mitogen-activated protein kinase (MAPK) activity. HER-2/neu signalling is also associated 

with increased matrix metalloproteinase activity and enhanced tumorigenic and metastatic 

potential. Additionally HER-2/neu is a  potent  inducer of vascular endothelial growth factor 

(VEGF) and enhanced tumor vascularity53. In adenocarcinoma of the esophagus there are 

contradictory data. Overexpression ranges from 0 to 73% in these tumors. However, most 

of the information available indicates that this marker has significant prognostic value52,54. In 

two studies, overexpression was even independently associated with a poor prognosis55,56. 

The development of selective inhibitors of EGFR and HER2 is changing cancer treatment 

and may enhance individual treatment options in EGFR en HER2 positive patients57. Two 

major approaches have been taken to target EGFR and HER2. The first approach is the 

108



development of monoclonal antibodies that bind to the extracellular domain of the receptor 

and inhibit ligand binding and thus block receptor activation (e.g. Cetuximab). The anti-

HER2 antibody Trastuzumab has shown favorable results among women with HER2-positive 

breast cancer58. The second approach consists of small molecules that inhibit tyrosine kinase 

function by binding to and consequently blocking the ATP-binding site of the kinase (e.g. 

Lapatinib and Gefinitib). Clinical trials to treat Her2 positive patients with adenocarcinoma 

of the esophagus with Trastuzumab and Lapatinib are ongoing59. The therapeutic effect in 

these patients is still unknown.

Proliferation-associated antigens
Cell proliferation can also be assessed through immunohistochemistry of the expression of 

proliferation-associated antigens in tumor tissues. Several monoclonal antibodies reacting 

with different proliferating cell nuclear antigens have been described, such as PCNA and 

Ki-67. This method is cheap and easy to perform in virtually every pathology department. 

However, it is also a time-consuming process and is subject to intraobserver variability. Patients 

with squamous cell carcinoma of the esophagus with a high Ki-67 labeling index had lower 

postoperative survival rates60,61. However, in adenocarcinoma this prognostic effect has 

not been confirmed62. Proliferating cell nuclear antigen (PCNA) is a requirement for cellular 

proliferation. It has been suggested that PCNA is involved in the neoplastic transformation of 

Barrett’s esophagus. However, no studies have been performed to investigate its prognostic 

value38.

(2) Insensitivity to antigrowth signals
Apart from the exogenous growth signals that cells require to move into a proliferative state, 

also antiproliferative signals operate in normal cells to maintain cellular quiescence and tissue 

homeostasis. These growth-inhibitory signals are received by transmembrane cell surface 

receptors coupled to intracellular signaling pathways. Proliferation can be blocked by forcing a 

cell into the quiescent state or by inducing a permanent growth arrest. Most antiproliferative 

signals converge on the Rb pathway. Tumor cells can become insensitive for these antigrowth 

signals by inactivating tumor-suppressor genes like Rb. Other tumor suppressors, such as 

adenomatous polyposis coli (APC), block cellular proliferation by binding proteins that are 

involved in cellular signal transduction, and by inducing differentiation29,36.

Retinoblastoma protein (Rb)
Rb normally blocks tumor progression and is inactivated via phosphorylation. Loss of the Rb 

gene itself is a rare event in Barrett’s metaplasia, but occurs in HGD and adenocarcinoma. 

Rb LOH occurs in adenocarcinoma of the esophagus,  but its prognostic value has not been 

determined38.
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p16
Although not much evidence exists regarding Rb genome changes in adenocarcinoma of 

the esophagus and GEJ, there are data to support changes in genes that normally block 

Rb-phosphorylation such as p1663,64. The protein p16 regulates progression through a 

phase of the cell cycle by binding CDK4. This limits CDK4-cyclin D complex formation and 

phosphorylation of Rb64. The tumor suppressor gene p16 plays an important role in the 

molecular progression of Barrett’s epithelium to invasive esophageal adenocarcinoma63-65. 

Information about its prognostic value is limited to one study66. This study found that in 39% 

of the patients, the promoter region was hypermethylated (and thus functionally repressed) 

for p16. This hypermethylation was related with a strong trend for shorter survival in patients 

with adenocarcinoma of the esophagus. 

p21
This gene is a regulator of cell cycle progression and encodes a potent cyclin-dependent 

kinase inhibitor, which binds to and inhibits the activity of cyclin-CDK2 or -CDK4 complexes. 

This protein can interact with PCNA (and thus inhibits cell growth) and plays a regulatory role 

in DNA replication and DNA damage repair as member of the p53 signalling pathway. There 

is no evidence regarding the prognostic value of p21 protein in patients with adenocarcinoma 

of the esophagus. However, p21 is activated after DNA damage by ionizing radiation, which 

causes cell cycle arrest and apoptosis. It may therefore be a causative factor of radio-

resistance and has been studied as a response predictor after neoadjuvant chemoradiation 

therapy. Tumors demonstrating a rise in levels after treatment had worse long term survival 

compared to those showing no rise67. 

Adenomatous polyposis coli (APC)
APC is a tumor suppressor gene that blocks cell proliferation by binding cellular signal proteins 

and by inducing differentiation. Disruption of any of its components results in loss of cell-

cell adhesion due to disruption of normal cell-cell adhesion through altered association of 

the E-cadherin-catenin complex38. The prevalence of mutations in the APC gene is low in 

adenocarcinoma of the esophagus compared with colon cancer68. In adenocarcinoma of the 

esophagus, the APC gene is  inactivated by an alternative mechanisms. Allelic deletion (LOH) 

on chromosome 5q, the part where the APC gene is located, frequently occurs69. Besides 

LOH, hypermethylation of the promoter region of the APC gene occurred in 92% of the 

patients with esophageal adenocarcinoma. Hypermethylated APC DNA was observed in the 

plasma of 25% of adenocarcinoma patients. A high plasma level was significantly associated 

with reduced patient survival70. This can be explained by two possible reasons. First of all, 

tumors shedding large amounts of DNA into the blood are more aggressive or advanced, 

and second tumors containing a greater proportion of methylated cells are more aggressive 

or advanced70. Large-scale testing is warranted to confirm the potential value of plasma-

hypermethylated APC DNA as a biomarker to support esophageal cancer staging.
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Transforming growth factor β (TGF-β) en SMAD4 
Cell cycle progression of normal epithelial cells is inhibited by exogenous TGF-β, whereas 

malignant epithelial cells are often insensitive to the growth-inhibitory effects of TGF-β. The 

SMAD protein family is a family of intracellular signal transducers that acts downstream of 

receptors for TGF-β and regulates gene expression in this pathway. TGF-β belongs to a family 

of cytokines and has effects on cell development, cell growth and various cell functions 

by binding to transmembrane receptors (TGF-β-receptor). TGF-ß may have both negative 

and positive effects71,72. Early in carcinogenesis it acts as a tumor suppressor but later it 

acts as a stimulator of tumor invasion by prompting extracellular matrix production and 

angiogenesis, stimulating tumor proliferation, and inhibiting host immune functions. The 

growth stimulatory action of TGF- β on mesenchymal cells around the tumor is mediated via 

autocrine growth factors such as connective tissue growth factor (CTGF)73. There is evidence 

to suggest that the TGF- β signaling pathway is involved in the initiation and progression 

of esophageal adenocarcinomas. An elevated level of plasma TGF- β1 measured from the 

azygos vein was independently correlated with survival in patients with both squamous cell 

carcinoma and adenocarcinoma of the esophagus71. Loss of expression of the functional 

receptor for TGF-β is also associated with adenocarcinoma of the esophagus63. Endoglin is a 

member of the TGF-β -receptor complex. Endoglin staining showed positive correlation with 

the presence of angiolymphatic invasion, lymphatic metastases, tumor stage, and survival. 

Furthermore the presence of CTGF gene expression in adenocarcinoma of the esophagus 

influenced survival negatively73. TGF-β signaling offers an attractive target for cancer 

therapy. Several strategies to target this molecule have been developed and are currently 

being tested in clinical trials74. 

The SMAD4 protein acts downstream of receptors for TGF-β. In gastric cancer and 

squamous cell cancer of the esophagus, a higher Smad4 expression was related with a 

better prognosis75,76. In patients with adenocarcinoma of the esophagus and GEJ, SMAD4 

expression is a frequent event, but its prognostic effect remains unknown77. 

(3) Avoidance of apoptosis
The ability of tumor cells to expand in number is not only determined by the rate of cell 

proliferation (see above), but also by the rate of programmed cell death (apoptosis). The 

apoptotic machinery comprises several signaling pathways. Once the apoptosis pathway 

is triggered, the cell is destroyed within 30-120 minutes. In this way apoptosis provides a 

protective mechanism by removing DNA-damaged, senescent or diseased cells. The functions 

of key molecules that either sense DNA damage or that commit cells to die are lost during 

cancer progression. Apoptosis has relations with the cell cycle molecules described above. 

Hence, cell cycle arrest is a survival mechanism that provides the tumor cell the opportunity 

to repair its own damaged DNA. Abrogation of cell cycle checkpoints, before DNA repair is 

complete, can activate the apoptotic cascade. 
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One mechanism through which cancer cells avoid apoptosis is by interfering with agents like 

p53 which normally activates apoptosis29,36. Other regulators of apoptosis such as members 

of the Bcl-2 family (e.g. Bcl-2, Bcl-Xl, Bax, Bad) and inhibitors of apoptisis (e.g. survivin) 

have also been shown to play a pivotal role in allowing cancer cells to escape apoptosis. 

The members of this family are either pro- or anti-apoptotic, they interact with each other 

to regulate apoptosis. Inhibiting the heterodimerisation between pro- and anti-apoptotic 

members is sufficient to promote apoptosis. 

Death receptors are a component of the death-commitment pathways that can be altered 

by cancer cells to avoid apoptosis. The binding of a death receptor on the cell surface (e.g. 

Fas) with a death-promoting ligand (e.g. FasL) activates the apoptotic cascade29,36. Cancer 

cells can also block Fas so that FasL cannot bind anymore38. Cells can also avoid apoptosis is 

by increased synthesis of agents that normally inhibit death pathways (e.g. cyclooxygenase-2 

(COX-2)29,36. 

p53
p53 is a nuclear tumor suppressor protein involved in the maintenance of genomic integrity. 

DNA damage results in increased expression of p53, and subsequently causes growth arrest. 

It can induce factors that allow DNA repair or, if the damage is too great, cause apoptosis. 

In cases of nonrepairable damage, p53 activates the caspase cascade, leading to apoptosis. 

p53 can also trigger apoptosis itself by shifting into mitochondria where it interacts with 

antiapoptotic Bcl proteins, and eventually induces cytochrome c, which is a potent catalyst 

of apoptosis38,63.

Mutations and deletions of the p53 gene are the most common genetic lesions in human 

cancers. In adenocarcinoma of the esophagus, p53 alterations have been detected in 

52-93% of patients38. p53 protein overexpression measured with immunohistochemistry is 

related with survival78 and p53 mutations are related with a more aggressive malignant 

phenotype. p53 gene mutations within the tumor were associated with a worse prognosis 

in patients with curatively resected adenocarcinoma of the esophagus and GEJ79-81. In two 

studies it is even an independent prognostic factor79,81. Furthermore, alteration of p53 

expression is also related to chemotherapy response and prognosis in patients treated with 

neoadjuvant chemoradiation therapy 67,79. This can be explained by the fact that p53 plays 

a role in cellular response to radiation damage. Cells that either lack p53 gene expression 

or overexpress a mutant p53 do not exhibit a G1 arrest and function as some kind of a cell 

cycle “checkpoint.” 

The Bcl-2 family 
The Bcl-2 family consists of about 20 homologues of important pro- and anti-apoptotic 

regulators of programmed cell death (e.g. Bcl-2, Bcl-Xl, Bax, Bad). This function is based on 

the preservation or disturbtion of mitochondrial integrity, thereby inducing or preventing 

release of apoptogenic factors such as cytochrome c. The Bcl-2 proto-oncogene encodes a 

protein that blocks apoptosis. In adenocarcinoma of the esophagus, Bcl-2-positive patients 
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had a significantly better survival compared with Bcl-2-negative patients82. Drugs that target 

Bcl-2 family members have been developed and show promising results in other cancers83.

Survivin
Survivin forms an inhibitor of apoptosis protein and is necessary for anti-apoptotic function84. 

In a mix of both squamous and adenocarcinomas of the esophagus surviving immunostaining 

was detected in 95% of the tumors. The level of expression and the number of proliferating 

cells was related with each other. However, no correlation was seen with survival85.

Nuclear factor kappa B (NF-κB)
NF-κB normally resides in its inactive form in the cytoplasm. If activated it can translocate into 

the nucleus and provoke a response. Signals such as cytokines (TNF-α, IL-1, and IL-18), viral 

and bacterial pathogens and cytotoxic agents induce activation and translocation of NF-κB 

into the nucleus. NF-κB is involved in the protection against apoptosis. The activation of 

NF-κB protects from cell killing and its inhibition enhances apoptotic killing by TNF, radiation 

and chemotherapy. Around 60% of adenocarcinomas of the distal esophagus and GEJ 

displayed NF-κB immunoreactivity. The absence of NF-κB activity significantly correlated with 

response to chemoradiotherapy and was associated with a better survival86. Furthermore, 

celecoxib inhibits NF-κB activation through inhibition of Akt activation. Consequently COX-2 

and other genes are down-regulated38. NF-κB inhibitors may be used as a novel approach in 

the prevention and management of adenocarcinoma of the esophagus and GEJ38,86.

Cyclooxygenase (COX)-2
COX-2 plays a central role in the production of prostaglandins and is a mediator of angiogenesis 

and tumor growth. It is inducible through the action of cytokines and endotoxins which 

normally block cellular death pathways. Cancer cells might avoid apoptosis by increased 

synthesis of COX-2. Downstream proangiogenic actions of these products include: VEGF; 

enhanced endothelial cell survival via Bcl-2 expression and Akt signaling; induction of MMPs; 

activation of EGFR-mediated angiogenesis; and suppression of IL-12 production38,87-89. 

Patients with adenocarcinoma of the esophagus with high COX-2 expression are more likely to 

develop distant metastases and local recurrences, and survival was independently associated 

with reduced survival87. This effect was not so pronounced in adenocarcinomas that 

originated from the cardia88. Selective inhibition of COX-2 activity suppresses angiogenesis 

and induces apoptosis. Therefore, COX-2 inhibitors can possibly be used for the treatment of 

adenocarcinoma of the esophagus and GEJ89.

(4) Limitless replicative potential
Cells carry an intrinsic, cell-autonomous program that limits their multiplication. To prevent 

mutations, cells are allowed to undergo only a certain amount of multiplications. This program 

appears to operate independently of the cell-to-cell signaling pathways described above. At 

some point during the course of tumor progression tumor cells must breach this mortality 
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barrier to acquire unlimited replicative potential. The counting device for cell generations 

has been discovered over the past decade: the ends of chromosomes, telomeres, which 

are composed of several thousand repeats of a short 6 base pair (bp) sequence element. 

Replicative generations are counted by the loss of 50–100 bp telomeric DNA from the ends 

of every chromosome during each cell cycle. After a certain number of divisions, telomeres 

are too short to protect the chromosomes. The shortened telomeres trigger exit from G1 

into a permanent growth-arrest (G0). 

To reach a state of unlimited multiplication, tumor cells must stabilize their telomeres. Most 

tumors succeed in doing so by upregulating expression or reactivation of telomerase (which 

can counteract telomere erosion)29,36. Telomerase activity did not correlate with survival in 

patients with adenocarcinoma of the distal esophagus and GEJ90, but telomerase inhibition 

may give new therapeutic options in future91,92.

(5) Sustained angiogenesis
The oxygen and nutrients supplied by the vasculature are crucial for cell function and 

survival. The development of blood vessels (angiogenesis) is essential for the development, 

progression, and dissemination of malignant tumors.

Counterbalancing positive (VEGF) and negative signals (thrombospondin-1) encourage 

or block angiogenesis. The VEGFs are a family of potent angiogenic growth factors that 

stimulate endothelial cell proliferation and migration, and many human tumors sustain 

angiogenesis by increasing the expression of VEGFs. Specific VEGF/VEGF-R inhibitors (e.g. 

bevacizumab) are developed and may offer an attractive therapeutic option in future29,36.

The vascular endothelial growth factor (VEGF)
The vascular endothelial growth factor (VEGF) family consists of a few related glycoproteins. 

They contribute to tumor angiogenesis and presumably tumor growth and hematogenous 

spread of the tumor. VEGF-A is mainly associated with angiogenesis and induces endothelial 

sprouting through proliferation and migration of endothelial cells and protects endothelial 

cells from apoptosis. VEGF-C and D are mainly associated in the development and sprouting 

of lymphatic vessels (lymphangiogenesis)93. VEGF A and -C are possibly regulated by COX-1 

en COX-294,95.

Neovascularization is an early effect in the transition from Barrett’s metaplasia to 

cancer. This might be a reason for the early onset of local spread and distant recurrence. 

Neovascularization in adenocarcinoma of the esophagus is associated with survival. Patients 

with a low neovascularization coefficient had significantly better survival compared with 

patients with a high neovascularization coefficient96. However, as far as the VEGF prognostic 

value per se is concerned, VEGF fails to be of prognostic significance93,97.

(6) Invasion and metastasis
Adenocarcinoma of the distal esophagus and GEJ is known for its early lymphatic and 

hematogenous spread. Successful invasion and dissemination depend upon all of the five 
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(above mentioned) acquired hallmark capabilities. However, abnormalities in cell-cell adhesion 

molecules (CAMs) also play an important role. CAMs such as the cadherin glycoproteins 

normally function as glue that holds cells together and are mediators of cell-cell interactions. 

E-cadherin is expressed on the surface of epithelial cells, is linked to the actin cytoskeleton 

through interactions with catenins in the cytoplasm and forms bridges with other cells. 

Disrupted cell-cell adhesion might lead to metastases. Changes in expression of CAMs in the 

immunoglobulin superfamily also appear to play critical roles in the processes of invasion and 

dissemination. Changes in integrin expression are also evident in invasive and metastatic cells. 

Successful colonization of tumor cells at new sites (local and distant) demands adaptation, 

which is achieved by shifts in the spectrum of integrins29,36. 

The second general parameter of the invasive and metastatic capability involves extracellular 

proteases, which can destroy the surroundings of the tumor cell. Protease genes can be 

upregulated and protease inhibitor genes can be downregulated. Furthermore, inactive 

zymogen forms of proteases can be converted into active enzymes. Matrix-degrading 

proteases are associated with the cell surface and docking of active proteases on the cell 

surface can facilitate invasion by cancer cells into nearby stroma, across blood vessel walls, 

and through normal epithelial cell layers29,36. 

Cadherins
The cadherins are a family of integral membrane glycoproteins, which are the prime mediators 

of cell–cell adhesion in normal cells. When cadherins are expressed, the inactivation of other 

cell–cell adhesion molecules has little or no effect. The members of the cadherin family are 

involved in adherens junctions and are components of desmosomes. E-cadherin plays an 

important role in the induction and maintenance of normal architecture in human tissues. The 

cytoplasmic domains of E-cadherin bind to the actin skeleton of the cell through catenins (α-and 

β -catenin)38,98. These catenins are closely related with the cadherins. Genetic alterations of 

the genes encoding the catenins (particularly β -catenin) lead to reduced cell–cell adhesivity. 

Apart from cell adhesion molecular function, β-catenin participates in Wnt signaling (Wnt 

proteins involve three intracellular signaling pathways) and activates oncogene transcription 

by complexing with T-cell factors (TCF) and can influence the transcription of genes such as 

the cyclin D1 cell cycle regulator38,98,99. The analysis of E-cadherin, α-catenin, and β -catenin 

expression in adenocarcinoma of the esophagus revealed that reduced expression of all three 

proteins correlated with decreased patient survival98,99. The expression of E-cadherin and β 

-catenin was independently associated with poor prognosis98,99. 

Integrins
Integrins are transmembrane glycoproteins found at cell adhesion sites. The extracellular 

domains of integrins function as cell surface receptors for extracellular matrix (ECM) molecules. 

Their intracellular domains connect to the actin cytoskeleton. Integrins must be stimulated 

to undergo binding to the ECM. Activation of integrins may occur through local stimuli 

from soluble mediators (see above) or by solid interfaces (ECM or other cells)98. Inactivation 
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of integrin mediated adhesion is also necessary to prevent binding at inappropriate times 

or locations. In adenocarcinoma of the distal esophagus and GEJ no correlation between 

survival and the expression of integrins was found39,100.

CD44
The CD44 transmembrane glycoproteins bind to ligands in the extracellular matrix such 

as collagen, and laminin. CD44 allows for the attachment of circulating lymphocytes to 

vascular endothelium, in addition to binding epithelial and stromal cells to each other or to 

the intercellular matrix98. In patients with adenocarcinoma of the esophagus CD44s and a 

splice variant (CD44v4) showed a strong correlation with prognosis, which was independent 

in the case of CD44v4. Soluble forms of CD44 may be detected in the serum of patients with 

cancer and may correlate with prognosis101. However in adenocarcinoma of the esophagus 

and GEJ this factor is still unknown98. 

Serine protease system and urokinase-type plasminogen activator (uPA)
The serine protease system plays an important role in the invasive potential of cancers, by 

breaking down components of the extracellular matrix. Elevated levels of urokinase-type 

plasminogen activator (uPA) have been implicated in this invasive process63,102. A specific 

receptor binds uPA to cell surfaces and enhances plasmin generation. Plasmin can degrade 

most components of the extracellular matrix either directly or through the activation of some 

procollagenases and can activate latent growth factors. In patients with adenocarcinoma 

of the esophagus urokinase-type plasminogen activator (uPA) content was an independent 

prognostic factor for survival102.

Matrix metalloproteinases (MMPs)
MMPs are involved in the degradation of different components of the extracellular matrix. 

These MMPs have been classified into collagenases, gelatinases and stromelysins. The MMPs 

are important in the initial stages of tumor invasion as they degrade components of the 

basement membrane and extracellular matrix. Furthermore they can degrade the basement 

membrane of vessels which is necessary to invade into blood and lymph vessels103-105. In 

esophageal cancer MMP-1 is important in tumor spread. In a study, containing tissue samples 

of both squamous cell carcinoma and adenocarcinoma, MMP-1 positive staining was an 

independent prognostic factor103. In another study MMP-3 was related with survival106. In 

superficial carcinomas, MMP-7 and MMP-9 positive staining on the invasive site were related 

to survival104. Inhibitors of MMPs have been developed and might restore normal balance 

of proteolytic activity. In patients with gastric cancer an MMP inhibitor showed a positive 

therapeutic effect107.

Tissue inhibitor of metalloproteinases (TIMP)
TIMPs form a complex with MMPs leading to inactivation. Disruption of the balance between 

MMPs and TIMPs may influence tumor invasion and dissemination. TIMP-3 inhibits MMP-1, 
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MMP-2 and MMP-3 and a reduced expression of TIMP-3 was associated with increased 

tumor invasiveness and reduced patient survival108.

(7) Other factors
There are some genetic alterations in adenocarcinoma of the esophagus and GEJ that do not 

fit into the above mentioned classification system of six oncogenic hallmarks.

DNA content and chromosomal abnormalities
A normal cell has a chromosome number of 2N, for which the term diploid is applied. Cells 

reproduce by duplicating their content (4N) and then dividing in two. A cell with numeric 

chromosomal aberrations is called aneuploid63. This chromosomal instability is associated 

with defects in mitotic checkpoint genes. In patients with adenocarcinoma of the distal 

esophagus, DNA ploidy was independently associated with a worse survival109-111. 

Another study showed that allelic loss of both the short arm of chromosome 17 on which p53 

is located and the long arm of chromosome 18 on which DCC is located in adenocarcinoma 

of the esophagus and GEJ were associated with a worse survival112.

Promotor hypermethylation of multiple genes
Gene promotor hypermethylation of individual genes can have a prognostic effect as 

described in a few cases above. However, in one study, hypermethylation of promotors of 

multiple tumor supressor genes was performed. Patients whose tumors showed methylation 

of their gene profile with >50% had a significantly worse survival in uni- and mulivariate 

analysis66.

Th1/Th2 balance
Prognosis of cancer may be affected not only by the biological behavior of the malignancy, 

but also by host defense mechanisms. Some studies have shown that a growing tumor 

burden correlates with progressive immunological changes. The balance between T-helper 

type 1 (Th1) and type 2 (Th2) lymphocyte functions is an important immunological parameter. 

Patients with adenocarcinoma of the esophagus and GEJ demonstrated a shift in the Th1/

Th2 balance—in favor of Th1—compared with healthy volunteers. The ability of T cells to 

produce IL-2 was related to survival in univariate analysis113. Preoperative immunotherapy 

receives much attention and IL-2 in stomach cancer had a positive effect on overall and 

disease-free survival and can be a potential target in future114. 

C-reactive protein (CRP)
CRP is a prototype acute phase protein and is synthesized in hepatocytes in response to 

inflammatory changes, but can also be expressed by cancer cells. CRP can be detected in 

serum and its expression can be induced by a pro-inflammatory cytokine (esp. IL-6), which 

also acts as a growth factor in cancers. In adenocarcinoma of the esophagus, patients with 

an elevated CRP level in the serum have a worse survival115.
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Parathyroid hormone-related peptide (PTHrP)
Hypercalcemia is among the most frequent paraneoplastic syndromes, and it is estimated 

that hypercalcemia affects approximately 20% of patients during the advanced stages 

of malignant disease. Parathyroid hormone-related peptide (PTHrP) is a tumor-derived 

circulating factor that has been associated with hypercalcemia in cancer patients. PTHrP 

mimics the actions of parathyroid hormone on the kidneys and bone to increase serum 

calcium concentration. Elevated serum PTHrP levels were present in 20% of patients with 

adeocarcinoma of the GEJ and was associated with markers of systemic inflammation and 

with an adverse prognosis116. 

New concepts
Research in oncology is ever evolving and new concepts regarding dissemination are 

constantly developed. Many of these promising concepts have not (yet) been tested on 

adenocarcinoma of the esophagus and GEJ and their prognostic value is thus still unknown.  

One attractive concept is about the role of stem cells. Stem cells have the function to 

maintain the integrity of tissues such as the intestinal epithelium and have the ability to 

perpetuate themselves through self-renewal and to generate mature cells of a particular 

tissue through differentiation. Growing evidence suggests that pathways (Wnt-, Hedgehog 

and Notch signaling) regulate the self-renewal of normal stem cells and are deregulated in 

cancer stem cells117. This results in the continuous expansion of self-renewing cancer cells 

and cancer formation118. Wnt-5a impairs tumor cell migration and thus reduces invasiveness 

in diverse cancers119-121, but has never been tested in adenocarcinoma of the esophagus and 

GEJ. Hedeghog signalling is also activated in carcinogenesis122. Recently, it was shown that 

hedgehog signalling in esophageal cancer is activated by ligand expression123. Notch ligand 

genes such as JAG1 are expressed in esophageal and gastric cancers124 and are negatively 

associated with prognosis in breast cancer125. Although the stem cell field is embroiled with 

political and ethical controversy, it may hold a promise for the treatment of cancer in future.

Another concept is epithelial-mesenchymal transition (EMT). This is a process by which 

epithelial cells acquire mesenchymal fibroblast-like properties and consequently show 

reduced adhesion and increased motility. Both properties are important in the development 

of dissemination126-128. 

Discussion

Molecular cancer research has generated an immense amount of information concerning 

the progression of adenocarcinoma of the distal esophagus and GEJ. Many studies showed 

diverse prognostic molecular factors, but the prognostic effect of many known predictors 

in other cancers (e.g. adenocarcinoma of the stomach and or squamous cell carcinoma of 

the esophagus) are unknown in adenocarcinoma of the distal esophagus or GEJ. Molecular 
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prognostic factors are still not included in prognostic models such as the TNM classification. 

The main reason for this is that molecular biological research is rapidly evolving and an 

astonishing number of biomarkers have been described, but sufficiently large studies about 

the prognostic value of one specific gene or protein are still lacking. Another drawback of 

many studies is that squamous cell- and adenocarcinoma samples are combined to draw 

conclusions. These results may be difficult to interpret because squamous cell cancers form 

a different histological subtype and have a different pathogenesis and perhaps clinical 

behavior. 

Adenocarcinomas of the distal esophagus and GEJ show multiple genetic alterations, which 

indicate that this progression of cancer is a multistep complex process. Presumably, it is not 

one molecular factor that can predict the biological behavior of this cancer. The combination 

of diverse genetic alterations may better predict the patient’s prognosis. In other cancers, 

gene expression analysis with microarrays revealed important prognostic information and 

discovered new pathways129. However, in adenocarcinoma of the distal esophagus and GEJ, 

microarray research is (thus far) limited to the progression of Barrett’s metaplasia into (early) 

cancer130-132. 

Drug development has already been transformed with the identification and ability to direct 

treatment at specific molecular targets (e.g. COX-2-, VEGF- and tyrosine kinase inhibitors). In 

esophageal cancer these novel targeted treatments are in its infancy although many phase 

I trials are currently being conducted57. In the near future, the targeting of major signaling 

pathways (e.g. mitogen-activated protein kinase signaling), the targeting of multiple 

molecules together and the discovery of new pathways associated with tumor progression 

and dissemination will enhance the therapeutic options of patients with this type of cancer 

and will give clinicians the ability, to not only give (neo)adjuvant chemoradiotherapy on basis 

of based on prognostic information, but also to tailor individually targeted therapy based on 

molecular biology. It is likely that therapeutic intervention at the level of genes and molecules 

with great prognostic power and its signaling pathways will have the largest impact on long 

term survival.
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Abstract

Introduction
Esophageal adenocarcinoma is an aggressive malignancy with propensity for early lymphatic 

and hematogenous dissemination. Since conventional TNM-staging does not provide accurate 

prognostic information, novel molecular prognostic markers and potential therapeutic targets 

are subject of intense research. The aim of the present study was to study the prognostic 

significance of Met, the hepatic growth factor (HGF) receptor and a possible target for 

therapy in comparison to cyclooxygenase-2 (COX-2). 

Patients and Methods 
Tumor sections from 145 consecutive patients undergoing intentionally curative surgery 

for esophageal adenocarcinoma were immunohistochemically analyzed for Met and COX-2 

expression. Clinicopathological data were prospectively collected for all patients. 

Results
Patients with high Met expression had significantly reduced overall and disease specific 

5-year survival rates (p≤0.001 and p≤0.001, respectively) and were more likely to develop 

distant metastases (p=0.002) and local recurrences (p=0.004) compared to patients with 

low Met expression. High COX-2 expression tended to be correlated with poor long term 

survival but this did not reach statistical significance. Expression of Met was recognized as an 

independent prognostic factor by multivariate analysis (relative risk, 2.3; 95% CI, 1.3 –4.1). 

Conclusions
These findings support the importance of Met in esophageal adenocarcinoma and support 

the concept of Met tyrosine kinase inhibition as (neo-) adjuvant treatment.
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Introduction

Esophageal adenocarcinoma is a highly aggressive malignancy with early lymphatic and 

hematogenous dissemination. The incidence of adenocarcinoma of the esophagus is 

increasing rapidly in the Western World1. Despite advances in diagnosis and treatment of 

the disease, overall 5-year survival of all patients suffering from esophageal adenocarcinoma 

remains approximately 15%. Even after potentially curative surgery the overall 5-year survival 

rate rarely exceeds 35%2,3.

For adenocarcinoma of the esophagus the most important conventional prognostic factors 

are summarized in the pTNM-stage of the esophagus. Also other pathological aspects such as 

extracapsular lymph node involvement and number of positive nodes have prognostic impact. 

However, these conventional prognostic factors have limited accuracy4. Therefore, molecular 

prognostic markers which can serve as targets for therapy are subject of intense research. 

For esophageal adenocarcinoma only few molecular prognostic factors have been identified 

and molecular events responsible for the development of lymphatic and hematogenous 

dissemination are still poorly understood4,5. Identification of growth factor receptors with 

tyrosine kinase activity, highly expressed in advanced cancer, has been shown to provide 

both prognostic information and potential molecular targets for (neo-) adjuvant therapy6. A 

promising development in cancer therapy is the combination of surgery with potent selective 

growth factor receptor inhibitors as (neo-)adjuvant therapy resulting in improved overall and 

disease specific survival6-10. Therapeutic usage of small molecules selectively inhibiting c-KIT, 

a growth factor receptor present in gastrointestinal stromal cell tumors (GIST), has resulted 

in remarkable responses and has enhanced prognosis for patients with GIST to a great 

extent10. Other examples of targeted (neo-) adjuvant therapy are the inhibition of vascular 

endothelial growth factor receptor (VEGFr) in patients with advanced colorectal cancer, the 

inhibition of HER2-Neu, an epidermal growth factor receptor in patients with breast cancer 

and the inhibition of both VEGFr and platelet derived growth factor receptor (PDGFr) in 

patients with renal cell carcinoma7,9,11,12. 

Growth factor receptors have been identified in esophageal adenocarcinoma and some 

show higher expression in later stages of cancer development13-15. However, the prognostic 

significance of growth factors expressed in adenocarcinoma of the esophagus has only been 

investigated in relatively small patient cohorts and no significance in multivariate analysis 

was demonstrated so far. The only independent molecular prognostic factor demonstrated 

for adenocarcinoma of the esophagus is cyclooxgenase-2 (COX-2) expression as published 

by our group13. Recently, we have reported a clinical study in which neo-adjuvant selective 

COX-2 inhibition downregulates Met expression in conjunction with COX-2 expression in 

patients with adenocarcinoma of the esophagus16. Met is the hepatocyte growth factor 

(HGF) receptor and is identified in esophageal adenocarcinoma16,17. Overexpression of 

Met and/or its ligands has been shown to contribute to progression and dissemination of 

several malignancies including lung, colorectal, gastric, breast, prostate, thyroid, pancreas, 

and esophageal cancer16-21. In experimental models, activation of Met (endogenously 
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by mutations in its tyrosine kinase domain, or exogenously by HGF and prostaglandins 

produced by COX-2) causes decreased apoptosis and enhanced proliferation, angiogenesis, 

and invasion22-24. 

Thus COX-2 and Met seem functionally connected. In cancer development, COX-2 is present 

in early stages of dysplasia, initiating cancer growth and progression whereas Met is an 

important key regulator of molecular processes in later stages of cancer development 

and progression16. Small molecules selectively inhibiting Met have been shown to inhibit 

dissemination and cancer growth both in vitro as in animal studies16,23,25-29. Consequently, 

inhibition of Met as (neo-) adjuvant therapy for esophageal adenocarcinoma seems a 

promising strategy. 

A relation between Met expression and stage of disease has been previously described17. 

However the potential value of Met expression in esophageal adenocarcinoma as an 

independent prognosticator calculated by multivariate analysis has not yet been addressed 

in a large consecutive cohort. Therefore, the aim of the present study was to further 

characterize the prognostic significance of Met expression in a large consecutive cohort of 

patients with esophageal adenocarcinoma.

Patients and Methods

Patients 
A consecutive series of 306 patients who underwent potentially curative esophagectomy at 

the Department of Surgery at the Academic Medical Centre at the University of Amsterdam, 

The Netherlands, for adenocarcinoma of the mid- / distal esophagus between January 1993 

and December 2000 was selected. Preoperative workup included endoscopy with histological 

biopsy, external ultrasonography of the abdomen and neck, CT scan of the abdomen and 

chest, radiography of the chest, esophageal endosonography, and indirect laryngoscopy. 

Lymph node metastases at the celiac trunk were a contraindication for resection only when 

considered non-resectable (i.e. larger than 2 cm in diameter) and confirmed by cytological 

puncture. Patients did not receive additional (neo-) adjuvant chemo- and/or radiotherapy. 

Clinicopathological data from all operated patients were permanently prospectively 

collected. Follow-up was complete for all patients and extended until July 2006, ensuring 

a minimal potential follow-up of 5.5 years. Recurrence of disease was diagnosed on clinical 

grounds; only upon suspicion of locoregional recurrence or distant metastases, further 

investigations were performed. Recurrences were classified as locoregional recurrence 

(including all lymphatic recurrence), and hematogenous recurrence. All pathology reports 

were reviewed to identify those patients in whom the adenocarcinoma had developed in 

a histologically proven Barrett’s segment (defined by the presence of goblet cells). Patients 

with an adenocarcinoma of the cardia or gastroesophageal junction without a clear Barrett’s 

segment were excluded (n=161). This careful selection of patients has been described in 
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our previous report13. Archival materials of the remaining 145 patients were re-evaluated to 

obtain the sample with deepest invasion of each tumor. 

Surgical tissue specimens 
All 145 patients were treated with subtotal esophagectomy and resection of the lesser 

curvature of the stomach. In 95 patients (65.5%), resection was performed by a transhiatal 

approach without thoracotomy. Lymphadenectomy comprised en bloc removal of all 

lymphatic tissue in the lower posterior mediastinum, along the cardia and the lesser curvature 

of the stomach. Fifty patients (34.5%) underwent esophagectomy through a right-sided 

thoracotomy followed by a laparotomy in combination with 2-field lymph node dissection. 

This procedure included an abdominal lymphadenectomy as described plus the removal of 

lymph nodes along the common hepatic artery, the splenic artery, and the celiac trunk as 

well as an extended lymph node dissection in the chest (i.e., including the right paratracheal, 

infra-aortic arch, and subcarinal lymph nodes).

Immunohistochemistry
Of all patients, 5μm-thick sections of paraffin and formaldehyde fixed tissue of the resection 

specimens were cut. For immunohistochemical staining sections were incubated overnight 

at 37 °C and subsequently deparaffinised in xylene, rehydrated, and treated with 3% H2O2 

in methanol for ten minutes to block endogenous peroxidase activity. All specimens were 

subjected to heat-induced antigen retrieval in 10mM sodium citrate buffer (pH 6.0) for ten 

minutes at 95°C. To block aspecific binding the slides were incubated with tris-buffered 

saline (TBS) supplemented with 5% goat serum. Sections were incubated with the primary 

antibodies anti-Met c-Met (3D4; Zymed, San Francisco, CA, USA) (1:100), and anti human 

COX-2 (160112; Cayman Chemical Co., Ann Arbor, MI, USA) (1:200) diluted in TBS with 1% 

bovine serum albumin overnight at 4°C. For the Met staining the sections were incubated 

after washing steps with anti-mouse/rabbit-peroxidase polymer for thirty minutes at room 

temperature (Powervision; Immunovision, Inc., Daly City, CA, USA). Diaminobenzidine 

chromogen (Sigma, St. Louis, MO, USA) was used for visualization. For the COX-2 staining 

the sections were treated with biotinylated horse anti-mouse immunoglobulin (1:200; 

Vector Laboratories Inc., Burlingame, CA) and avidin-biotin peroxidase complex (Vectastain 

ABComplex;Vector Laboratories). After these steps for Met and COX-2 staining the sections 

were counterstained with hematoxylin and embedded. Specificity of the antibodies was 

confirmed by controls using irrelevant immunoglobulins instead of primary antibodies. 

Colon cancer tissue was included as a positive control. The analysis of all tissue sections was 

performed independently by three different investigators (JBT, SML, and FJWTK) without 

patient identification parameters. In cases of disagreement consensus was reached after 

re-evaluation using a multiheaded microscope. For Met and COX-2 immunohistochemical 

staining, the following scoring criteria of tumor cells were agreed upon before the analysis: 

0, no staining or equal to background; 1, weak diffuse cytoplasmic staining (may contain 

stronger intensity in less than 10% of cancer cells); 2, moderate to strong granular cytoplasmic 
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staining in 10–90% of cancer cells; 3, over 90% of tumor cells stained with strong intensity. 

(Figure 1) These scoring criteria have been described previously. Data regarding COX-2 

staining intensity are equal as previously described and used for the present analysis13,16. 

Areas of diffuse hemorrhage or necrosis were neglected.

Statistics
Statistical calculations were performed using SPSS version 14.0 (Statistical Package for the Social 

Sciences, Chicago, IL, USA). The association between demographic and clinicopathological 

features and protein expression was analyzed using Student-t-test (continuous data) and 

χ2 test (categorical data). Overall and disease specific 5-year survival rates were estimated 

according to the Kaplan–Meier method and compared between groups using the log-rank 

test. Overall survival was calculated using deaths since time of surgery irrespective of cause. 

For disease specific survival all non-disease related deaths were excluded including in-hospital 

death within 90 days of surgery, since we assumed that these patients had died because of 

co-morbidity and surgery related causes. The Cox proportional hazards regression model was 

used to identify prognostic factors. To identify independent prognostic factors multivariate 

Cox regression analysis was carried out. Variables with multiple categories were recoded into 

dichotomous variables by combining categories with a comparable prognosis (differentiation 

grade, good versus moderate and poor (poor); Tumor T stage, stage 1 and 2 versus 3; Met 

expression, no or weak staining (low) versus moderate to strong staining (high); COX-2 

expression, no or weak staining (low) versus moderate to strong staining (high). 

Results

A total of 145 consecutive patients with OA were included for immunohistochemical analysis. 

Of these patients 120 were men (83%) and 25 were women (17%) with a median age of 67 

years (range, 35–85). (Table 1). The majority of patients (N= 83, 57%) had a T3 tumor and 

80 patients (55%) had positive lymph nodes. The overall 5-year survival in the included group 

was 35% and the disease specific 5-year survival was 48%. Two patients (1.4%) died within 

90 days due to postoperative complications (myocardial and respiratory failure in one patient 

and cerebrovascular event in one other patient). 

High Met staining (as opposed to low Met staining) was observed in 78 cases (54%). Of 

these 78 patients 28 cases were scored as strong Met expression and 50 as moderate Met 

expression. In 67 patients (46%) Met expression was classified as low; 56 patients had 

weak Met expression en 11 patients had no or equal to background staining of Met. Met 

expression was mainly localized in neoplastic cells (Figure 1 A and B) but was also weakly 

identified in non-neoplastic epithelial cells (both squamous and columnar epithelium) and in 

stromal cells. Interobserver variation was 8% for Met expression. All specimens that were 

discrepant (n=13) were re-evaluated and the consensus score was used for further analysis. 
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Results of COX-2 expression have been described previously in this cohort of patients. Briefly, 

COX-2 expression was negative to weak in 21% (COX-2 low) and moderate to strong in 79% 

(COX-2 high) of the carcinomas13,16. 

High Met expression was observed more often in patients with higher T stage (p=0.003), in 

patients with positive lymph nodes (p≤0.001) and a poor differentiation grade (p=0.003). 

(Table 1) Met expression was not correlated with COX-2 expression (p=0.839). 

Table 1: Correlation of clinicopathological findings and Met expression

patient characteristics
(n=145)

Overall low Met 
expression

(N=67)

high Met 
expression

(N=78)

P-value

median age (range) 67 (35-85) 67 (35-83) 68 (44-85) 0.493

sex male (%) 120 (83%) 63 (94%) 57 (73%) 0.435

tumor characteristics

T stage T1 44 (30 %) 29 (43%) 15 (19% ) 0.003

T2 18 (12 %) 8 (12%) 10 (13%) 0.546

T3 83 (57 %) 30 (45%) 53 (68%) 0.078

N stage N0 65 (45 %) 38 (57%) 27 (35%) 0.000

N1 80 (55 %) 29 (43%) 51 (65%) 0.000

M stage M0 122 (84 %) 58 (87%) 64 (82%) 0.086

M1a  23 (16 %) 9 (13%) 14 (18%) 0.086

differentiation grade

good 11 (8 %) 5 (7%) 6 (8%) 0.231

moderate 56 (39 %) 35 (52%) 21 (27%) 0.041

poor 78 (54 %) 27 (40%) 51 (65%) 0.003

overall 5-year survival 35% 57% 16% 0.000

disease specific 5-year survival 48% 66% 33% 0.000

a T1, tumor limited to (sub)mucosa; T2, tumor infiltrates muscularis propia; T3, tumor infiltrates 
adventitia layer; as determined in the pathological resection specimens. b N0, no tumor positive 
locoregional lymph nodes; N1 locoregional lymph node metastasis c M0, no distant metastasis, 
M1a, metastasis in celiac lymph nodes.

Figure 1: Representive samples of immunohistochemical staining of Met (A) and COX-2 (B), (Str= 
stroma, T= tumor).
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During five year follow-up, 92 patients died: 17 patients died of unrelated causes and 75 

patients died of recurrent disease. Of these patients, 23 had locoregional recurrences, 

39 patients had hematogenous recurrences and 13 patients had both locoregional and 

hematogenous recurrences. 

After a complete follow-up, overall 5-year survival was significantly lower in patients with 

high Met expression as compared to patients with low Met expression; 16% versus 57% 

(p≤0.001). Furthermore, disease specific 5-year survival was significantly lower in patients 

with high Met expression as compared to patients with low Met expression; 33% versus 

Figure 2: Kaplan-Meier survival curves of 145 patients with adenocarcinoma of the esophagus. 
Patients with high Met expression had a significantly worse overall 5-year survival (2A) (p≤0.001) 
and disease specific 5-year survival (p≤0.001) (2B) as compared to patients with low Met expression. 
Overall 5-year survival and disease specific 5-year survival tended to be worse in patients with high 
COX-2 expression (2C and 2D resp.) as compared to patients with low COX-2 expression but this did 
not reach statistical  significance (p=0.180 and p=0.238 resp.).
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66% (p≤0.001). Patients with high Met expression were more likely to develop distant 

metastases (p=0.002) as well as local recurrences (p=0.004). Patients with high COX-2 

expression tended to have a poor overall and disease specific 5-year survival as compared 

to patients with low COX-2 expression but in contrast to previous reports this did not reach 

statistical significance. (Figure 2) Univariate analysis revealed that T stage, N stage, M1a 

stage, differentiation grade, and Met expression were all significant prognostic indicators for 

disease specific 5-year survival. (Table 2) Multivariate analysis of these variables demonstrated 

that T3 stage (relative risk (rr) 1.9 (1.0-3.5), (p=0.035)), lymph node involvement (rr 2.8, 

(1.5-5.3) (p=0.001)) and high Met expression (rr 2.3 (1.3-4.1), (p=0.004)) were independent 

prognostic factors (Table 3).

Discussion

This study provides evidence that Met expression level (as detected by immunohistochemical 

analysis) is an independent prognostic factor in esophageal adenocarcinoma. Overall 5-year 

Table 2: Results of univariate analysis of clinical, pathological and immuno-histochemical parameters 
related to disease specific 5-year survival

odds ratio
(confidence interval)

P value

patient sex (male versus female) 1.2  (0.7-2.3) 0.435

patient ASA classification (0 and 1 versus 2 or 3) 1.0  (0.5-2.0) 0.974

patient age (70 and higher versus lower than 70 years ) 1.1  (0.5-2.2) 0.283

tumor T stage (3 versus 1 and 2 ) 4.1  (2.4-7.2) 0.001

tumor N stage (1 versus 0) 4.9  (2.8-8.6) 0.000

tumor M1a stage (1 versus 0) 3.7  (2.2-6.5) 0.035

differentiation grade (moderate and poor versus good) 2.2  (1.3-3.6) 0.015

Met expression (high versus low) 3.5  (2.0-5.9) 0.000

COX-2 expression (high versus low) 1.4  (0.8-2.6) 0.234

Table 3: Results of multivariate analysis of pathological and immunohistochemical parameters 
related to disease specific 5-year survival according to the Cox regression model.

Relative Risk, 
(confidence interval)

P value

T stage (3 versus 1 and 2) 1.9  (1.0-3.5) 0.035

N stage (1 versus 0) 2.8  (1.5-5.3) 0.001

M1a stage (1a versus 0) 1.8  (0.9-3.4) 0.056

tumor differentiation grade (moderate and poor versus good) 1.6  (0.9-2.7) 0.077

Met expression (high versus low) 2.3  (1.3-4.1) 0.004
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survival after potentially curative resection is significantly worse in patients with tumors 

expressing high Met levels compared to low Met levels.

In literature, lymphatic dissemination as identified on histopathological examination is the 

single most important prognostic factor in patients with esophageal cancer4. Also in the 

present study, lymph node involvement is a strong independent prognostic factor next to T 

stage and Met expression level. 

Since Met expression appears to be an important independent prognosticator, this might 

offer an attractive opportunity for targeted therapy. Selective inhibitors of Met have recently 

become available and successful inhibition of tumor progression, stromal and endothelial 

adhesion and dissemination has been reported both in vitro and in animal studies. Targeted 

therapy of growth factor receptors has been shown clinically effective in other cancer 

types such as chronic myelogenous leukemia, gastrointestinal stromal tumors, HER-2/NEU 

overexpressing breast cancer, colorectal cancer and non-small cell lung cancer6-10. 

Surprisingly, COX-2 expression was not a significant prognostic factor in this study. The same 

cohort of patients was employed for the current analysis of Met expression as reported on 

earlier for COX-2 expression13. In this study, a minimal follow-up of 60 months was available 

whereas in the previous study the median follow up was only 27 months. Although survival in 

patients with high COX-2 expression tended to be poorer than that in patients with low COX-2 

expression this did not reach statistical significance. Theoretically, the difference between COX-2 

expression and Met expression as prognostic indicators can probably be explained by their 

function. The COX-2 enzyme is enhanced in inflammation and has been shown to be involved 

in early progression of esophageal metaplasia and dysplasia into (adeno-) carcinoma13,30-32. 

Increased COX-2 expression causes activation of several cancer related genes including the 

HGF receptor Met33,34. Vice-versa COX-2 inhibition causes downregulation of cancer related 

genes including Met as has been published previously by our group16. In comparison to COX-2, 

Met is involved later in the process of cancer development and has been shown vital in cancer 

progression24. The proto-oncogene Met, also known as the scatter factor, has been shown 

particularly important in morphogenic differentiation and organization of three-dimensional 

tubular structures as well as in cell growth and loss of cellular adhesion causing migration 

(dissemination) of cells24. Since esophageal adenocarcinoma is known for its propensity to 

early lymphatic and hematogenous dissemination, the strong prognostic significance of high 

Met expression for both overall and disease specific 5-year survival can explain this clinical 

behavior at least partly. These results suggest that employment of new therapeutic agents 

targeting Met might be of value as (neo-) adjuvant therapy in patients with esophageal 

adenocarcinoma, especially if Met expression is high.

In conclusion, our data indicate that high Met expression is a significant independent 

indicator of poor long term survival in patients after potentially curative resection of 

esophageal adenocarcinoma. Targeting this receptor by a selective Met kinase inhibitor is an 

attractive (neo-) adjuvant treatment option that should be tested especially in patients with 

high tumoral Met expression. 
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Abstract

Introduction
The presence of lymphatic dissemination is an important predictor of survival in 

adenocarcinoma of the esophagus. The aim of the present study was to discover a prognostic 

gene expression profile for lymphatic dissemination in adenocarcinoma of the esophagus and 

to identify genes and pathways that provide oncological insight in lymphatic dissemination.

Patients and Methods
Patients who had lymphatic dissemination (N=55) were compared to patients without 

lymphatic dissemination (N=22). Whole genome oligonucleotide microarrays were used to 

evaluate the genetic signature of 77 esophageal cancers. Multiple random validation was 

used to analyze the stability of the molecular signature and predictive power. Gene set 

enrichment analysis (GSEA) was applied to elucidate oncogenetic pathways.

Results
Lymphatic dissemination was correctly predicted in 75±14% of lymph node positive patients. 

The absence of lymphatic dissemination was only correctly predicted in 41±23% of lymph 

node negative patients. Argininosuccinate synthetase (ASS) was selected for validation on 

the protein level because it was present in most prognostic signatures as well as the list 

of differentially expressed genes. ASS expression was lower (p=0.048) in patients with 

lymphatic dissemination than in patients without lymphatic dissemination. GSEA identified 

that arginine metabolism pathways and lipid metabolism pathways are related with less 

chance of developing lymphatic dissemination.

Conclusions
The predictive profile does not outperform current clinical practice to predict the presence of 

lymphatic dissemination in patients with adenocarcinoma of the esophagus. Several genes, 

including argininosuccinate synthetase, and genetic pathways which are important in the 

development of lymphatic dissemination in esophageal adenocarcinoma were identified. 
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Introduction

The incidence of adenocarcinoma of the esophagus is rapidly rising in the Western 

World1-3. It is an aggressive disease and is known for its early lymphatic and hematogenous 

dissemination4-6. Already 30% of the tumors which infiltrate in the submucosa (T1b tumors) 

have positive lymph nodes and 5-year survival of these patients is only 33% after extensive 

surgery7. There is a large heterogeneity in biological behavior of esophageal adenocarcinoma; 

some patients have locally advanced T3-tumors but do not show lymphatic dissemination 

in the resection specimen, whereas others with early T1-tumors already have lymph node 

metastases. This difference in biological behavior might be explained by specific genetic 

alterations in the primary tumor8,9. 

Lymphatic dissemination is a complex, multistep process, during which tumor cells spread 

from the primary tumor mass to lymph nodes. This consists of the following steps: local 

invasion, intravasation and survival in the lymphatics and regrowth in the immunologically 

hostile environment of the lymph node. Genes involved in each of these steps have been 

described10, but measurements based on single genes have limited prognostic power10. This 

highlights the need for an integrated approach based on a signature of multiple genes. 

Genome-wide gene expression profiling with mRNA microarrays has the potential to identify 

such molecular signatures. 

Identification of gene expression profiles suggestive for lymphatic dissemination in 

esophageal adenocarcinoma has great potential. Although the presence and extent of 

lymphatic dissemination is one of the most important predictors of survival in patients with 

adenocarcinoma of the esophagus11, it remains difficult to detect preoperatively, because 

errors frequently occur with the current diagnostic modalities12-14. With the use of microarray 

technology it may be possible to predict the presence of lymph node metastasis as has been 

shown in several other malignancies15-19. A prognostic gene expression profile suggestive 

for the presence of lymphatic metastasis would enhance patient selection for surgery. 

Patients with adenocarcinoma without lymphatic dissemination (definite N0) can be offered 

more limited transhiatal surgery, which is accompanied by less morbidity compared with 

the more extended transthoracic procedure with formal lymphadenectomy6. Furthermore, 

the measurement of gene expression can advance biological insight in molecular processes 

by identifying genes and pathways14,20 underlying the process of lymphatic dissemination. 

Gene expression analysis in esophageal cancer has been limited to relatively small studies in 

patients with squamous cell carcinoma18,21, chemosensitivity22 and studies that investigated 

the progression from Barrett’s metaplasia to esophageal adenocarcinoma23-25. Therefore, the 

aim of this study was to discover a prognostic gene expression profile and to identify genes 

and pathways that provide insight in the mechanisms related to lymphatic dissemination in 

patients with adenocarcinoma of the esophagus.

139

G
ene p

rofiling and lym
p

hatic dissem
inatio

n
C

 H
 A

 P T E R
   8



Patients and Methods 

Esophageal tumor selection criteria
Between January 1993 and January 2004, a consecutive series of 385 patients underwent 

potentially curative esophagectomy for an adenocarcinoma of the esophagus or gastro-

esophageal junction. Patients did not receive preoperative chemo- and/ or radiation therapy. 

Clinicopathological data from all operated patients were prospectively collected in a database. 

Lymph nodes from the resection specimen were cut in two and routine hematoxylin and eosin 

staining was performed using a standardized protocol. An experienced pathologist assessed 

lymph nodes for the presence of lymph node metastasis. All patients have been followed 

in the outpatient department every 3-6 months up to a period of five years or until death. 

Complete data are available concerning the pattern of locoregional and/or hematogenous 

cancer recurrence and long-term survival. Fresh frozen tumor material was stored in a tissue 

bank and available for roughly 70% of the patients. Information from the database guided 

the selection of samples. Strict criteria were applied to the selection of the patients. Two 

groups were created; patients with lymphatic dissemination (N1) and patients without 

lymphatic dissemination in the resection specimen and who did not develop locoregional 

recurrence and were disease free for at least 4.5 years (N0) (Figure 1A). 

RNA isolation and quality control
All samples were snap-frozen in liquid nitrogen and stored at -80°C. Only samples with 

>70% of tumor cells were selected. Tumor percentage was estimated on 5μm hematoxylin 

and eosin sections by two researchers (SL and FtK). Frozen sections of 10 μm thickness were 

cut with a cryo-microtome and carefully transferred into a chilled 2ml tube. Total RNA was 

extracted using TRIzol reagent (Invitrogen, Paisly, UK). Twenty-five micrograms of total RNA 

was treated with DNase using the Qiagen RNase-free DNase kit and RNeasy spin columns 

(Qiagen, Venlo, The Netherlands). Quality control of total RNA samples was performed with 

the RNA 6000 pico LabChip Kit (Agilent Technologies, Palo Alto, CA, USA) and analyzed on 

the Agilent 2100 bioanalyzer (Agilent Technologies)(Figure 1B). 

RNA amplification, labeling, hybridization and scanning
The RNA amplification, labeling, hybridization and data extraction were performed at 

ServiceXS (Leiden, the Netherlands). Briefly, the mRNA was doubly amplified using the 

Amino Allyl MessageAmp kit (Ambion, Austin, TX, USA) and 20 to 100 ng total RNA 

was reversely-transcribed into cDNA and further transcribed in vitro into cRNA. Before 

labeling, all samples (including ten technical replications) were randomized to avoid 

confounding by extraneous conditions26,27. Subsequently, RNA was labeled with Cy3 or 

Cy5 using Amino Allyl MessageAmp RNA Kit (CyDye Amersham Pharmacia Biotech, Diegem, 

Belgium) according to the manufacturers’ protocol. Five μg of Cy3-labelled cRNA from one 

esophageal tumor was mixed with the same amount of reverse color Cy5-labelled product 

from a reference pool. This so-called reference pool consisted of equal amounts of cRNA 
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from each individual tumor (Figure 1C). Dye labeled cRNA was purified and the samples 

were checked on concentration and dye incorporation with the RNA 6000 pico LabChip Kit 

(Agilent Technologies) and analyzed on the Agilent 2100 bioanalyzer (Agilent Technologies). 

The fluorescently labeled cRNA was used for microarray hybridization. Before hybridization, 

again all samples were randomized to avoid bias26,27. Hybridization was performed using a 

60-mer oligonucleotide 44k whole genome microarray (Agilent products, Palo Alto, CA, USA) 

representing over 41,000 human genes and transcripts. After hybridization, the slides were 

washed and scanned (Figure 1D) with a confocal laser scanner (Agilent Technologies,Palo 

Alto, CA, USA). 

Default settings of the Agilent Feature Extraction pre-processing protocol were used to obtain 

raw intensity values from the scans. Exact protocol and parameter settings are described in 

the Agilent Feature Extraction Software User Manual 7.5 (http://chem.agilent.com/scripts/

LiteraturePDF.asp?iWHID=37629). The intensity data were normalized by applying variance 

stabilization normalization (VSN)28. For each array and all genes the generalized log-ratio of 

common reference (Cy5) and tumor (Cy3) VSN transformed intensities was calculated. Log-

ratios of replicate arrays were averaged. Quality control of the Agilent Feature Extraction 

results was performed using methods available from Bioconductor29 packages (marray, 

limma, arrayQuality) in the statistical software package R (http://www.r-project.org/). 

Intensities of negative and positive controls were inspected, as well as spatial effects, M/A 

plots, and signal-to-noise distributions. No unexpected results or strange effects were found. 

Analysis of the ten technical replicates confirmed reproducibility across days (Figure 1E).

Class prediction
To test whether lymph node status can be predicted from the gene expression profiles 

obtained, we used various classifiers (naive Bayes, decision trees, and diagonal linear 

discriminant analysis (DLDA)). These classifiers were validated with the repeated random 

sampling strategy as described by Michiels et al30. Such a random validation strategy enables 

reliable estimation of the error rate of a classifier and the corresponding confidence interval.  

Figure 1: Design of the present study, in 
which the gene expression of patients with 
esophageal adenocarcinoma with and without 
lymphatic dissemination was analyzed.
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We divided the data set (N=77) into 500 training sets (size n) and 500 associated validation 

sets (size N–n) using resampling without replacement. Resampling was done such that the 

proportion of positive and negative lymph node samples in training and validation sets 

was the same as in the full data set, i.e. 5:2. For each training set a molecular signature 

was identified from the 10, 20, 30, 40 or 50 genes for which expression was most highly 

correlated with prognosis as determined by the t-statistics between lymph node positive 

and negative samples.  The optimal number of genes for inclusion in the classifier was 

selected with 5-fold cross-validation on the training set.  Accuracy (proportion of correctly 

classified samples), specificity (proportion of correctly predicted N0 samples), and sensitivity 

(proportion of correctly predicted N1 samples) of the resulting classifier were estimated for 

each associated validation set. This set-up guarantees independent validation of the classifier 

since the validation data are not involved in gene selection and training of the classifier. To 

study the influence of sample size, the size of the training set n was varied from 17 to 75 in 

steps of two. Remaining samples were attributed to the validation set that, therefore, varies 

from 60 to 2 samples. The entire analysis was done with R scripts based on the Bioconductor 

package MCRestimate31.

Differentially expressed genes
The normalized log-ratios were analyzed for differential expression between lymph 

node negative and positive tumors.  This analysis was done using significance analysis of 

microarrays (SAM)32 with the samr package from Bioconductor. Differentially expressed 

genes were selected by controlling the false discovery rate at 5% (FDR-q-value) with 500 

permutations.

Immunohistochemistry
For validation on protein level, immunohistochemistry was performed. Archival formalin-

fixed and paraffin-embedded tumor material was randomly selected. Five-μm thick sections 

representing the deepest tumor infiltration were cut, incubated overnight at 37°C, and 

subsequently deparaffinized in xylene, rehydrated, and treated with 0.3% H2O2 in methanol 

for 10 minutes to block endogenous peroxidase activity. All specimens were subjected to heat-

induced antigen retrieval in 10 mmol/L Tris EDTA solution for 10 minutes at 95°C. To block 

aspecific binding, the slides were incubated with TBS supplemented with 5% goat serum. 

Sections were incubated with the primary antibodies anti-argininosuccinate synthetase (ASS, 

1:1000, BD Transduction Laboratories, Alphen a/d Rijn, the Netherlands). After washing, the 

sections were incubated with antimouse/rabbit-peroxidase polymer (ImmunoLogic, Duiven, 

the Netherlands) for 30 minutes at room temperature and Diaminobenzidine (Sigma St. 

Louis, MO, USA) was used as a chromogen. Slides were then lightly counterstained with 

hematoxylin.

For ASS immunohistochemical staining, the following scoring criteria of tumor cells were 

agreed upon before the analysis: 0, no staining; 1, weak diffuse cytoplasmic staining, 2, 

moderate to strong cytoplasmic staining. 3, staining with strong intensity. The percentage of 
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tumor cells which immunostained was recorded. Immunohistochemical staining was scored 

independently and in a blinded manner by two investigators (SL and FtK) without knowledge 

of the lymph node status of the patients.

Gene Set Enrichment Analysis (GSEA)
Gene set enrichment analysis (GSEA)20 was used to uncover modest but coordinate changes 

on a gene set level and extract biological insight from the gene expression data. For this 

purpose the R-GSEA R package (available from http://www.broad.mit.edu/gsea/index.html 

was used. The gene sets used are available from the Molecular Signature Database (MsigDB, 

http://www.broad.mit.edu/gsea/index.html). We used the C2 catalog of 522 functional sets 

(mainly metabolic and signaling pathways). 

Results

Esophageal tumor selection criteria
No differences between the clinicopathological parameters were observed between patients 

with and without lymphatic dissemination (Table 1). The presence of lymphatic dissemination 

was observed in 55 patients (71%). Thirty-three of the 55 patients with lymph node 

dissemination died due to distant recurrence. In 22 patients (29%), lymph node dissemination 

was not observed during pathological examination. Moreover, these patients remained 

N0 during follow-up. Two of the 22 N0 patients died due to hematogenous dissemination 

(liver and bones) without evidence for locoregional recurrence. Consequently, patients with 

lymph node metastasis more often died of recurrent disease than patients without lymphatic 

dissemination (p<0.01). 

Class prediction
A feature selection and classification approach was pursued to identify a prognostic profile. 

To predict the presence of lymph node metastasis thousands of signatures were estimated 

(500 for every validation set size). The mean classification accuracy (95% CI) as a function 

of the training set size for the DLDA classifier is shown in Figure 2. Since the mean accuracy 

is constant for increasing sample size, we only discuss representative results for a training 

set of 61 samples (17 N0 / 44 N1) and a validation set of 16 samples (5 N0 / 11 N1). The 

DLDA classifier has a mean accuracy of 64±11% and therefore performs significantly better 

than random classification with permutated sample labels (Figure 2). With use of the DLDA 

classifier, the presence of lymph node dissemination was correctly predicted in 75±14% of the 

lymph node positive patients (sensitivity). However, the absence of lymphatic dissemination 

was only correctly predicted in 41±23% of the lymph node negative patients (specificity). 

143

G
ene p

rofiling and lym
p

hatic dissem
inatio

n
C

 H
 A

 P T E R
   8



Molecular signatures were identified from the 10, 20, 30, 40 or 50 genes for which 

expression was most highly correlated with prognosis. The list of genes selected in the 500 

different signatures of the above mentioned training set was unstable, although there was 

a core of frequently selected probes. Twelve probes were seen in more than 250 of the 500 

signatures (Figure 3).  

Differentially expressed genes
Significance Analysis of Microarrays (SAM) identified 16 differentially expressed probes. 

The differentially expressed transcripts with a false discovery rate (FDR) <0.05 are shown 

in Table 2 (see supplementary file DEgenesN0N1complete.xls for FDR for all genes). The 16 

differentially expressed transcripts correspond to five different genes, and some unmapped 

features. Four of these genes were downregulated (SEMG1, ASS1, NUAK2, GK) and one was 

Table 1: Clinicopathological characteristics of patients who underwent potentially curative surgery 
for adenocarcinoma of the esophagus with and without lymph no dissemination.

N0
(N=22)

N1
(N=55)

P-value

age* [yrs] 67 (55-78) 65 (44-79) 0.228

sex 16 48 0.177

- male 6 7

- female

tumor length* [cm] 6.4 (2-10) 5.5 (1-11) 0.505

tumor penetration 6 6 0.174

- pT2 16 49

- pT3

differentiation 13 19 0.124

- moderate 9 36

- poor

* = numbers are given as median (range)

Figure 2: Average classification accuracy (black line) 
with its 95% confidence interval (red lines) in 500 
validation sets as a function of training set size.
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upregulated (AK3L2). The fact that five of the six transcripts of ASS1, available on the used 

microarray, are all differentially expressed makes this a very trustworthy hit. We also checked 

the FDR of other probes corresponding to the five significantly differentially expressed 

genes. All these genes were also found at the top of the list (Table 2 and supplementary 

file DEgenesN0N1complete.xls). All 16 differentially expressed probes are among the 23 

probes that were included more than 150 times in the 500 different signatures (Figure 3 and 

supplementary file Class_DLDE_genes).

Immunohistochemistry
Argininosuccinate synthetase (ASS) was selected for validation on the protein level because 

this specific gene was present in the prognostic signature as well as in the list of differentially 

expressed genes. Furthermore, the 5 of the 6 ASS probes on the array showed high 

expression. Investigation of ASS protein expression was performed in a randomly chosen 

group of paraffin embedded control samples belonging to 32 patients (9 patients N0 and 

23 patients N1) from the original 77 patients (Figure 4). ASS was expressed by a median of 

80% of tumor cells. ASS expression was positively correlated with fold change found in the 

microarray experiment (R=0.781, p<0.001). ASS expression was significantly lower (p=0.048) 

in patients with lymph node dissemination than in patients without (Figure 5). 

Figure 3: Probes and their corresponding transcript names included in at least 150 of 500 molecular 
signatures.
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Gene Set Enrichment Analysis (GSEA)
To increase our insight in the underlying molecular processes responsible for lymphatic 

dissemination, we applied GSEA for predefined gene sets to the expression data. Pathways 

that were consistently downregulated (FDR<0.2) in patients with lymphatic dissemination 

are shown in Table 3. In the supplementary file GSEAlymfreportDOWNREGULATEDinN1 the 

complete list of down-regulated pathways can be found. Genes which are associated with 

escape of X-inactivation were most often affected. Also, one of the downregulated pathways 

is involved in arginine metabolism (ArginineC pathway). Several of the predefined gene sets 

are associated with fatty acid metabolism (Glycerolipid metabolism, fatty acid metabolism, 

fatty acid degradation, sphingoglycolipid metabolism). Predefined pathways that were 

consistently upregulated (FDR<0.2) in tumors with lymphatic dissemination are shown in 

Table 4. In the supplementary file, GSEAlymfreportUPREGULATEDinN1 the complete list 

can be found. Significant upregulated pathways are mainly related to the insulin receptor 

pathway, and to extracellular matrix and signaling pathways. 

Table 2: Differentially (FDR-q-value <0.05) up- and down-regulated genes when comparing patients 
with adenocarcinoma of the esophagus with and without lymph node dissemination. 

Downregulated in lymph node positive patients

ProbeName SystematicName Gene name Gene description

NM_003007 A_23_P165968 NM_003007 SEMG1 Semenogelin I

AL832534 A_23_P28307 AL832534 ASS1 argininosuccinate 
synthethase 1

NM_054012 A_23_P31921 NM_054012 ASS1 argininosuccinate 
synthethase 1

NM_030952 A_23_P52161 NM_030952 NUAK2 NUAK family, SNF1-like 
kinase, 2

BC042421 A_24_P100387 BC042421 GK Glycerolkinase

ENST00000329775 A_24_P101742 ENST00000329775 ENST00000329775 unmapped feature

ENST00000324676 A_24_P178444 A_24_P178444 ENST00000324676 unmapped feature

ENST00000320212 A_24_P306814 ENST00000320212 ENST00000320212 unmapped feature

ENST00000325565 A_24_P33055 A_24_P33055 ASS1 argininosuccinate 
synthethase 1

ENST00000329847 A_24_P358606 A_24_P358606 ENST00000329847 unmapped feature

ENST00000329768 A_24_P367100 ENST00000329768 ASS1 argininosuccinate 
synthethase 1

ENST00000249376 A_24_P74997 ENST00000249376 ENST00000249376 unmapped feature

S73202 A_24_P929818 S73202 ENST00000372386 unmapped feature

I_1959439 A_32_P235783 A_32_P235783 ENSG00000186632 unmapped feature

I_1900923 A_32_P78488 A_32_P78488 ASS1 argininosuccinate 
synthethase

Upregulated in lymph node positive patients

THC1560798 A_24_P789425 AK026966 AK3L2 Adenylate kinase 3 like 2

For complete table see: DEgenesN0N1complete
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Discussion

Although still relatively rare, the incidence of adenocarcinoma of the esophagus is rapidly 

rising in the Western World. The majority of patients have lymphatic dissemination at the 

time of first clinical presentation. The presence and extent of lymphatic dissemination identify 

a subgroup of patients with an impaired prognosis and these patients may benefit from 

more extensive surgery or neoadjuvant chemoradiation therapy, but lymphatic dissemination 

Figure 4: Argininosuccinate synthetase (ASS) staining of esophageal adenocarcinomas. Magnification 
is given in the bottom right corner of each panel. A to D are representative sections of  tumor tissue 
with positive (A and B) and negative (C and D) immunoreactivity for ASS. 

Figure 5: Argininosuccinate synthetase (ASS) expression 
in 32 randomly chosen patients with adenocarcinoma 
of the esophagus. Patients are divided in those without 
lymphatic dissemination (N0) and those with lymphatic 
dissemination (N1).
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Table 3: Enriched gene sets (FDR-q-value<0.20) associated with lymph node dissemination in 
patients with adenocarcinoma of the esophagus. The most downregulated gene sets are ranked 
according to the FDR-q-value. 

Gene Set Description FDR q-value

XINACT_MERGED Genes that escape X inactivation 0

MAP00561_Glycerolipid_metabolism Glycerolipid metabolism (KEGG) 0.013851

fatty_acid_metabolism fatty_acid_metabolism 0.016934

MAP00150_Androgen_and_estrogen_
metabolism

Androgen_and_estrogen_metabolism (KEGG) 0.020463

MAP00601_Blood_group_glycolipid_
biosynthesis_lact_series

0.046348

MAP00120_Bile_acid_biosynthesis Bile_acid_biosynthesis (KEGG) 0.046571

MAP00603_Globoside_metabolism Globoside_metabolism (KEGG) 0.05026

MAP00361_gamma_Hexachlorocyclohexane_
degradation

0.05104

argininecPathway Related catabolic pathways process arginine, 
histidine, glutamine, and proline through 
glutamate to alpha-ketoglutamate, which feeds 
into the citric acid cycle.

0.05965

ANDROGEN_GENES_FROM_NETAFFX 0.060448

Fatty_Acid_Degradation Fatty_Acid_Degradation 0.061768

MAP00600_Sphingoglycolipid_metabolism Sphingoglycolipid_metabolism 0.085769

FA Genes involved in fatty acid processing 0.12283

MAP00071_Fatty_acid_metabolism Fatty_acid_metabolism (KEGG) 0.12528

d4gdiPathway D4-GDI inhibits the pro-apoptotic Rho GTPases 
and is cleaved by caspase-3.

0.12784

tercPathway hTERC, the RNA subunit of telomerase, and 
hTERT, the catalytic protein subunit, are required 
for telomerase activity and are overexpressed in 
many cancers.

0.15388

ureacyclePathway Ammonia released from amino acid deamination 
is used to produce carbamoyl phosphate, which 
is used to convert ornithine to citrulline, from 
which urea is eventually formed.

0.15716

MAP00140_C21_Steroid_hormone_
metabolism

Steroid_hormone_metabolism 0.16096

MAP_kinase_kinase_activity Cascade of at least three protein kinases 
downstream of many signaling pathways, 
culminating in the phosphorylation and 
activation of a MAP kinase.

0.19604

For complete table see: GSEAlymfreportDOWNREGULATEDinN1
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Table 4: Enriched gene sets (FDR-q-value<0.20) associatedwith lymph node dissemination in patients 
with adenocarcinoma of the esophagus. The most upregulated gene sets are ranked according to 
the FDR q-value. 

Gene Set Description FDR q-value

INSULIN_2F_UP upregulated genes when stimulated with insulin 0.007489

integrinPathway Integrins are cell surface receptors commonly present at focal 
adhensions that interact with the extracellular matrix and 
transduce extracellular signaling.

0.02444

CR_REPAIR Cancer related genes involved in DNA repair 0.025156

eif4Pathway The eIF-4F complex recognizes 5’ mRNA caps, recruits RNA 
helicases, and maintains mRNA-ribosome bridging.

0.025895

MAP00640_Propanoate_
metabolism

Propanoate Metabolism (KEGG) 0.031233

ecmPathway Extracellular matrix induces integrin-mediated FAK 
phosphorylation in epithelial cells, leading to PI3 and MAP kinase 
activation and actin reorganization.

0.03277

ptenPathway PTEN suppresses AKT-induced cell proliferation and antagonizes 
the action of PI3K.

0.032803

mcalpainPathway In integrin-mediated cell migration, calpains digest links between 
the actin cytoskeleton and focal adhesion proteins.

0.067463

vipPathway Apoptosis of activated T cells is inhibited by vasoactive intestinal 
peptide (VIP) and its relative PACAP.

0.079597

rac1Pathway Rac-1 is a Rho family G protein that stimulates formation of actin-
dependent structures such as filopodia and lamellopodia.

0.11373

Proteasome_Degradation Ubiquitinated proteins are targeted for proteolytic degradation by 
the proteasome, where they are unfolded and degraded to small 
peptides in an ATP-dependent process.

0.12577

tgfbPathway The TGF-beta receptor responds to ligand binding by activating 
the SMAD family of transcriptional regulations, commonly 
blocking cell growth.

0.13018

igf1rPathway Insulin-like growth factor receptor IGF-1R promotes cell growth 
and inhibits apoptosis on binding of ligands IGF-1 and 2 via Ras 
activation and the AKT pathway.

0.13028

tpoPathway Thrombopoietin binds to its receptor and activates cell growth 
through the Erk and JNK MAP kinase pathways, protein kinase C, 
and JAK/STAT activation.

0.13251

GNF_FEMALE_GENES 0.1401

cblPathway Activated EGF receptors undergo endocytosis into clathrin-
coated vesicles, where they are recycled to the membrane or 
ubiquitinated by Cbl.

0.1432

ucalpainPathway Calpains promote formation of integrin adhesion clusters which 
recruit Rac to enable the formation of mature focal adhesions 
that do not contain calpain.

0.1451

LEU_DOWN 0.14682

EGF_receptor_signaling_
pathway

0.15199

rhoPathway RhoA is a G protein whose active form stabilizes actin 
structures such as focal adhesions and activates Rock1, which 
phosphorylates myosin light chains.

0.15909
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achPathway Nicotinic acetylcholine receptors are ligand-gated ion channels 
that primarily mediate neuromuscular signaling and may inhibit 
neuronal apoptosis via the AKT pathway.

0.15996

MAP00272_Cysteine_
metabolism

Cysteine Metabolism (KEGG) 0.16165

plcPathway Phospholipase C hydrolyzes the membrane lipid PIP2 to DAG, 
which activates protein kinase C, and IP3, which causes calcium 
influx.

0.16225

HTERT_UP 0.16238

spryPathway Four members of the Sprouty protein family block proliferative 
EGF signals by binding Grb-2, preventing Ras and MAP kinase 
activation.

0.16325

metPathway The hepatocyte growth factor receptor c-Met stimulates 
proliferation and alters cell motility and adhesion on binding the 
ligand HGF.

0.16836

KRAS_TOP100_
KNOCKDOWN

Genes upregulated in kras knockdown vs control in a human cell 
line

0.16928

egfPathway The epidermal growth factor (EGF) peptide stimulates the EGF 
receptor to promote cell proliferation via the MAP kinase and Ras 
pathways.

0.17671

BRCA_UP 0.18029

P53_UP Target genes up regulated by p53 0.18069

cxcr4Pathway CXCR4 is a G-protein coupled receptor that responds to the 
ligand SDF-1 by activating Ras and PI3 kinase to promote 
lymphocyte chemotaxis.

0.18742

pkcPathway Gq-coupled receptors promote hydrolysis of PIP2 to DAG and IP3, 
which causes calcium influx and activates protein kinase C.

0.19648

MAP00530_Aminosugars_
metabolism

Aminosugars_metabolism 0.19964

For complete table see: GSEAlymfreportUPREGULATEDinN1

is difficult to detect preoperatively with use of the current staging modalities12-14. Patients 

with adenocarcinoma without lymphatic dissemination (definite N0) can be offered more 

limited transhiatal surgery, or perhaps even organ-preserving endoscopic resection6,33. The 

present study shows that with use of gene expression profiling of primary cancer tissue, it 

is possible to predict the presence of lymph node dissemination significantly better than 

random classification. However, while the sensitivity to predict the presence of lymphatic 

dissemination was around 75% the specificity was less than 50%. This implies that the 

absence of lymphatic dissemination can not be adequately predicted. Therefore, our 

prognostic profile does not outperform current clinical practice.

The initial enthusiasm about the clinical applicability of microarray technology has somewhat 

tempered, because of the lack of reproducibility between different patient cohorts, platforms, 

and bioinformatic analysis methods. With use of a multiple random validation strategy, 

seven microarray cancer studies were recently reanalyzed and it was shown that previously 
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published prognostic results were overoptimistic in almost all studies. In fact, for five out of 

seven studies the identified signatures did not classify patients better than chance30. 

To avoid overoptimismic performance estimates, validation by repeated random sampling 

was used in the present study. We show that, even in a carefully selected patient population, 

classification accuracies were also highly variable between random splits of patients. For a 

validation set of 16 samples, we noted a minimum classifcation accuracy as low as 25% and 

a maximum classification accuracy of 94% for the 500 random splits. This clearly illustrates 

the bias that might be introduced by reporting results on only a single split in training and 

validation set. 

The list of genes identified as predictors of prognosis (signature) was highly unstable and 

depended on the selection of patients in the training sets. This is in line with previous 

reports29 and in accordance with the fact that for problems with a large number covariates 

(genes) and few samples many equally good classification models are possible. However, we 

found a core of 12 genes that occur in at least 50% of the signatures and are differentially 

expressed over the entire dataset.

Argininosuccinate synthetase (ASS) was present in the prognostic signature as well as in the 

list of differentially expressed genes, suggesting that ASS is involved in the process of lymph 

node dissemination. ASS has not been implicated before in the development of lymphatic 

dissemination. It was one of the genes that showed reduced RNA expression in patients 

with lymph node dissemination which was confirmed by lower protein levels detected by 

immunohistochemistry. 

Tumors have a high requirement for arginine and this amino acid often is rate-limiting34,35. 

ASS is an enzyme involved in arginine biosynthesis, making this amino acid non-essential 

for the growth of cells by synthesis of arginine from citrulline36,37. It is currently unclear why 

primary tumors with lymphatic dissemination express less ASS. One possible reason might be 

the cellular dedifferentiation which may occur in those tumors38. Another explanation might 

be a relative resistance to arginine depletion in tumors which have the ability to metastasize 

to lymph nodes39. In melanoma, renal cell carcinoma and hepatocellular carcinoma (HCC) 

ASS is often deficient. Under these circumstances, arginine is  an essential amino-acid 

for these tumor cells37,38, which offers possibilities for arginine deprivation as anti-cancer 

therapy. Treatment with an arginine-degrading enzyme prolonged survival as was observed 

in unresectable HCC and metastatic melanoma patients40,41. Thus treatment with an 

arginine-degrading enzyme might also prove beneficial for patients with adenocarcinoma 

of the esophagus showing low ASS expression. Furthermore, ASS has been implicated 

in the resistance to platinum-based chemotherapy in ovarian cancer42,43. Future research 

is necessary to answer the question why underexpression of ASS favors the process of 

lymphatic dissemination. 

To extract meaningful biological insight across the immense number of genes and uncover 

modest but coordinate changes on a gene set level (instead of looking to the most up- and 

down regulated genes only) we applied GSEA20. This method seems robust since it allows 

a more reliably comparison of different platforms, projects, laboratories, and public access 
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databases44,45. GSEA identified several pathways. Apart from pathways that are related to 

arginine metabolism, GSEA also showed that a high expression of genes involved in lipid 

metabolism was associated with less chance for developing lymphatic dissemination. In 

breast cancer, a high expression of genes involved in fatty acid metabolism is also associated 

with less dissemination and a relatively good prognosis46. Two other pathways were insulin 

related and may stimulate glucose uptake in the primary tumor. Recent FDG-PET studies 

have also suggested that glucose-uptake and the fatty acid metabolism in the tumor are 

related with outcome in patients with adenocarcinoma of the esophagus47-50. 

In conclusion, the present study shows that gene expression profiling of the primary tumor, 

allowed a significantly better prediction of the presence of lymph node dissemination than 

random classification. However, the predictive profile does not outperform current clinical 

practice to predict the presence of lymphatic dissemination in patients with adenocarcinoma 

of the esophagus. Several new genes, such as argininosuccinate synthetase, and genetic 

pathways which are important in the development of lymphatic dissemination in esophageal 

adenocarcinoma were identified. Hopefully, this expanding knowledge of oncogenic processes 

will ultimately facilitate individual therapeutic targeting based on genetic information.
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Abstract

Introduction
Many patients with esophageal adenocarcinoma have unrecognized metastatic disease at the 

time of first presentation. These patients will have recurrent disease after esophagectomy. The 

aim of this study was to discover a gene expression signature that predicts the development 

of hematogenous dissemination and to identify genes and pathways that provide insight in 

the mechanisms underlying hematogenous dissemination in patients with adenocarcinoma 

of the esophagus.

Patients and Methods
Patients who developed hematogenous dissemination (N=33) were compared to patients 

without hematogenous dissemination (N=34). Whole genome oligonucleotide microarrays 

were used to evaluate the genetic signature of 77 esophageal cancers. Multiple random 

validation was used to analyze the stability of the molecular signature and predictive power. 

Gene set enrichment analysis (GSEA) was applied to elucidate oncogenetic pathways.

Results
The sensitivity for predicting the presence of hematogenous dissemination of the classifier 

was only 56% and the specificity of the classifier was only 42%. SAM did not identify probes 

which were significantly differentially expressed between the two groups. 

Gene Set Enrichment Analysis for predefined gene sets was applied to the gene expression 

data. The top five of significantly enriched gene sets are all related with cancer specific 

immunity. The leading-edge subset consisted of a subgroup of genes consisting of CD3D, 

CD3G, CD247 (CD3H) and CD4 genes.

Conclusions
The results of the present study indicate that with use of gene expression profiling it is not 

possible to predict the development of hematogenous dissemination in our patients with 

adenocarcinoma of the esophagus. Moreover, differentially expressed genes could not be 

identified. Only with use of gene set enrichment analysis pathways could be identified that 

are related with hematogenous dissemination.
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Introduction

The incidence of adenocarcinoma of the esophagus is rapidly rising in the Western 

World1-3. It is an aggressive disease and is known for its early lymphatic and hematogenous 

dissemination4-6. When distant metastasis and local irresectability are absent, surgery is 

the best curative treatment option. However, esophagectomy is accompanied by a high 

morbidityand substantial mortality rate6,7. Moreover, many patients have unrecognized 

metastatic disease at the time of first presentation comprehensive preoperative staging) and 

later present with recurrent disease after esophagectomy. The majority of patients presents 

with recurrent disease within two years after surgery and, of these patients, the majority has 

hematogenous recurrences5,8-10. Even the additional value of FDG-PET scanning in detecting 

these distant metastases is limited11. 

Numerous genetic changes have been described that are related with prognosis and the 

process of hematogenous dissemination12. These genetic changes are all part of a multistep 

process (tumor cell detachment, local invasion, intravasation in the circulation, survival in 

the circulation, extravasation and regrowth in different organs) that a primary tumor must 

complete before the tumor can disseminate to distant sites. The value of single genes in 

prognostication is limited12 and this is a reason to look at multiple genes together. Completion 

of the sequencing of the human genome in 2003 marked the dawn of a new era of human 

biology and medicine13. With the development of DNA microarray technologies it has been 

made possible to analyze the expression of the whole human genome simultaneously14. The 

original enthusiasm about the clinical applicability of this new technology has somewhat 

silenced15, but gene expression analysis with microarrays has revealed important prognostic 

information in a variety of tumors14;16-18. 

In adenocarcinoma of the esophagus, microarray research has focused on the progression 

of Barrett’s esophagus into early cancers and discrimination of normal tissue from cancer 

tissue19-22. Analyzing gene expression in advanced esophageal adenocarcinomas might lead 

to a prognostic profile for an individual patient. Patients with a profile for hematogenous 

dissemination probably can not be cured with surgery alone and might benefit from 

systemic (neo-) adjuvant chemotherapy. Furthermore, the analysis of gene expression can 

advance biological insight in molecular processes underlying the process of hematogenous 

dissemination by identifying candidate genes and pathways23,24. Therefore, the aim of 

this study was to discover a gene expression signature that predicts the development of 

hematogenous dissemination and to identify genes and pathways that provide insight in the 

mechanisms underlying hematogenous dissemination in patients with adenocarcinoma of 

the esophagus.
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Patients and Methods (Figure 1)

Esophageal tumor selection criteria
Between January 1993 and January 2004, a consecutive series of 385 patients underwent 

potentially curative esophagectomy for an adenocarcinoma of the esophagus or 

gastroesophageal junction. Patients did not receive preoperative chemo- and/ or radiation 

therapy. Clinicopathological data from all operated patients were prospectively collected in 

a database. All patients were followed in the outpatient department every 3-6 months up to 

a period of five years or until death. Complete data are available concerning the pattern of 

locoregional and/or hematogenous cancer recurrence and long-term survival. Fresh frozen 

tumor material was stored in a tissue bank and available for roughly 70% of the patients. 

Information from the database guided the selection of samples from the tissue bank. To 

avoid the influence of confounding factors as much as possible, strict criteria were applied 

to the selection of the patients. Two groups were created; tumors that developed clinically 

manifest hematogenous dissemination within 4.5 years after initial surgery. To exclude the 

possibility of metastasis from metastases25, tumors did not have evidence of simultaneously 

locoregional recurrence. The second group consisted of tumors without hematogenous 

dissemination during at least 4.5 years follow-up (also without signs for locoregional 

recurrences) (Figure 1A). 

RNA isolation
All samples were snap-frozen in liquid nitrogen and stored at -80°C. Only samples with 

>70% of tumor cells were selected. Tumor percentage was estimated on 5μm hematoxylin 

and eosin sections by two researchers (SL and FtK). Frozen sections of 10 μm thickness were 

cut with a cryo-microtome and carefully transferred into a chilled 2ml tube. Total RNA was 

extracted using TRIzol reagent (Invitrogen, Paisly, UK). Twenty-five micrograms of total RNA 

was treated with DNase using the Qiagen RNase-free DNase kit and RNeasy spin columns 

(Qiagen, Venlo, The Netherlands). Quality control of total RNA samples was performed with 

the RNA 6000 pico LabChip Kit (Agilent Technologies, Palo Alto, CA, USA) and analyzed on 

the Agilent 2100 bioanalyzer (Agilent Technologies)(Figure 1B). 

RNA amplification, labeling, hybridization and scanning
The RNA amplication, labeling, hybridization and data extraction were performed at 

ServiceXS (Leiden, the Netherlands). Briefly, the mRNA was double amplified using the 

Amino Allyl MessageAmp kit (Ambion, Austin, TX, USA) and 20 to 100 ng total RNA was 

reversely transcribed into cDNA and further transcribed in vitro into cRNA. Before labeling, 

all samples (including ten technical replications) were randomized to avoid confounding by 

extraneous conditions26,27. Subsequently, RNA was labeled with Cy3 or Cy5 using Amino 

Allyl MessageAmp RNA Kit (CyDye Amersham Pharmacia Biotech, Diegem, Belgium) 

according to the manufacturer’s protocol. Five micrograms of Cy3-labelled cRNA from one 

esophageal tumor was mixed with the same amount of reverse color Cy5-labelled product 

158



from a reference pool. This so-called reference pool consisted of equal amounts of cRNA 

from each individual tumor (Figure 1C). Dye labeled cRNA was purified and the samples 

were checked on concentration and dye incorporation with the RNA 6000 pico LabChip Kit 

(Agilent Technologies) and analyzed on the Agilent 2100 bioanalyzer (Agilent Technologies). 

The fluorescently labeled cRNA was used for microarray hybridization. Before hybridization, 

again all samples were randomized to avoid bias26,27. Hybridization was performed using 

a 60-mer oligonucleotide 44k whole genome microarray (Agilent Products, Palo Alto, CA, 

USA) representing over 41,000 human genes and transcripts. After hybridization, the slides 

were washed and scanned (Figure 1D) with a confocal laser scanner (Agilent Technologies). 

Default settings of the Agilent Feature Extraction pre-processing protocol were used to obtain 

raw intensity values from the scans. Exact protocol and parameter settings are described in 

the Agilent Feature Extraction Software User Manual 7.5 (http://chem.agilent.com/scripts/

LiteraturePDF.asp?iWHID=37629). The intensity data were normalized by applying variance 

stabilization normalization (VSN)28. For each array and all genes the generalized log-ratio of 

common reference (Cy5) and tumor (Cy3) VSN transformed intensities was calculated. Log-

ratios of replicate arrays were averaged. Quality control of the Agilent Feature Extraction 

results was performed using methods available from Bioconductor29 packages (marray, 

limma, arrayQuality) in the statistical software package R (http://www.r-project.org/)(Figure 

1E). Intensities of negative and positive controls were inspected, as well as spatial effects, 

M/A plots, and signal-to-noise distributions. Only arrays of high quality were Included. 

Analysis of the ten technical replicates confirmed reproducibility across days. 

Class prediction
To test whether the development of hematogenous dissemination can be predicted from 

the gene expression profiles obtained, a naive Bayes classifier was used. The classifiers 

were validated with the repeated random sampling strategy as described by Michiels et 

al15. Such a random validation strategy enables reliable estimation of the error rate of a 

classifier and the corresponding confidence interval.  We divided the data set (N=77) into 

Figure 1: Design of the present study, which 
analyzed the gene expression of patients 
with adenocarcinoma with and without 
hematogenous dissemination.
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500 training sets (size n) and 500 associated validation sets (size N–n) using resampling 

without replacement. Resampling was done such that the proportion of samples of tumors 

which developed hematogenous dissemination and those which did not in training and 

validation sets was comparable to the proportion in the full data set. For each training set a 

molecular signature was identified from the 10, 20, 30, 40 or 50 genes for which expression 

was most highly correlated with prognosis as determined by the t-statistics between samples 

which developed hematogenous dissemination and which did not.  The optimal number of 

genes for inclusion in the classifier was selected with 5-fold cross-validation on the training 

set.  Accuracy (proportion of correctly classified samples), specificity (proportion of correctly 

predicted samples without hematogenous dissemination), and sensitivity (proportion of 

correctly predicted samples with hematogenous dissemination) of the resulting classifier were 

estimated for each associated validation set. This set-up guarantees independent validation 

of the classifier since the validation data are not involved in gene selection and training of 

the classifier. To study the influence of sample size, the size of the training set n was varied 

from 17 to 75 in steps of two. Remaining samples were attributed to the validation set that, 

therefore, varies from 60 to 2 samples. The complete analysis was done with R scripts based 

on the Bioconductor package MCRestimate30.

Differentially expressed genes
The normalized log-ratios were analyzed for differential expression between tumors which 

developed hematogenous dissemination and those which did not.  This analysis was done 

using significance analysis of microarrays (SAM)31 with the samr package from Bioconductor. 

Differentially expressed genes were selected by controlling the false discovery rate at 5% 

(FDR-q-value) with 500 permutations.

Gene Set Enrichment Analysis (GSEA)
Gene set enrichment analysis (GSEA)23 was used to uncover modest but correlated changes 

on a gene set level and extract biological insight from the gene expression data. The R-GSEA 

R package (available from http://www.broad.mit.edu/gsea/index.html) was used. The gene 

sets used are available from the Molecular Signature Database (MsigDB, http://www.broad.

mit.edu/gsea/index.html). In the present series, the C2 catalog of 522 functional sets (mainly 

metabolic and signaling pathways) was used.

Cluster analysis was used to identify a common biological process within all significantly 

up- and downregulated pathways. For this purpose, leading-edge subsets, which can be 

interpreted as the core of a gene set that accounts a pathway to be significantly up- or 

downregulated, were examined and clustered.
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Results

Esophageal tumor selection criteria
Thirty-three of the 77 selected patients developed hematogenous dissemination and 

consequently died during follow-up. Metastasis occurred at one of the following sites; 

liver metastasis in 19 patients (58%), bone metastasis in 9 patients (27%), brain metastasis 

in 3 patients (9%), muscle metastasis in one patient (3%) and a skin metastasis in one 

patient (3%). Patient and tumor characteristics of patients who developed hematogenous 

dissemination and of patients who did not develop hematogenous metastasis were not 

significantly different for age, depth of tumor penetration and differentiation grade. The 

development of hematogenous recurrence without signs of lymph node dissemination 

was very rare in our patients. Only two of the 33 patients were N0 and developed only 

hematogenous dissemination (liver and bones) without evidence for locoregional recurrences. 

Consequently, patients who had hematogenous dissemination had significantly more 

lymphatic dissemination (Table 1).

Table 1: Clinicopathological characteristics of patients who underwent potentially curative surgery 
for adenocarcinoma of the esophagus with and without hematogenous dissemination during 
follow-up. 

Hematogenous 
dissemination present

(N=33)

Hematogenous 
dissemination absent

 (N=44)

P-value

Age* [yrs]

Sex 65 (45-79) 67 (44-78) 0.228

 - male 30 34 0.114

 - female 3 10

Tumor length* [cm]

Tumor penetration 5.8 (1.5-11.0) 6.0 (1.2-10.0) 0.505

 - pT2 3 9 0.216

 - pT3 30 35

N-stage

 - N0 2 20 <0.001

 - N1 31 24

Differentiation

 - moderate 11 20 0.349

 - poor 22 24

* = numbers are given as median (range)
N0 = lymph node dissemination absent
N1 = lymph node dissemination present
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Class prediction
A feature selection and classification approach was pursued to identify a prognostic profile. 

To predict the presence of hematogenous dissemination, thousands of signatures were 

estimated (500 for every validation set size). The average classification accuracy (and 95% 

CI), as a function of the training set size for the naïve Bayes classifier, is shown in Figure 2. 

Since the mean accuracy was constant for increasing sample size, we further only discuss 

representative results for a training set of 61 samples and a validation set of 16 samples. 

The list of genes included in the signature was very unstable. The seven probes, which were 

selected in at least 200 of the 500 signatures, are shown in Figure 3. The naïve Bayes classifier 

had an average accuracy of 49±18% and therefore did not perform better than random 

Figure 2: Average classification accuracy (black 
line) with its 95% confidence interval (red lines) 
in 500 validation sets as a function of training 
set.

Figure 3: Gene names belonging to probes included 
in at least 200 of 500 molecular signatures

GRAP = GRB2-related adaptor protein, DNAH11 = 
dynein, axonemal, heavy polypeptide 11, MYST4 
= MYST histone acetyltransferase monocytic 
leukemia 4, ALDH161a = aldehyde dehydrogenase 
16 family, member A1, DDX50 = DEAD (Asp-Glu-
Ala-Asp) box polypeptide 50, JMDJ1c = jumonji 
domain containing 1C
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Table 2: Enriched gene sets associated with hematogenous dissemination in patients with 
adenocarcinoma of the esophagus. The top of downregulated gene sets are given. All shown gene 
sets have an FDR-q-value of <0.05. Gene sets are sorted by FDR-q-value. 

Gene Set Description FDR-q-value

no2il12Pathway Macrophages activate NK cells by releasing IL-12, which induces 
NK cytotoxic activity

<0.0001

cskPathway Csk inhibits T-cell activation by phosphorylating Lck 0.0004

Il12Pathway Antigen-presenting dendritic cells and macrophages secrete 
IL-12, which induces Th1 cell differentiation.

0.0005

CR_IMMUNE_FUNCTION Cancer related genes involved in immune function 0.0007

tcraPathway The kinases Lck and Fyn phosphorylate and activate the T cell 
receptor, which leads to T cell activation.

0.0007

amiPathway Endogenous anti-thrombosis pathways are overwhelmed in 
plaque-narrowed blood vessels, resulting in potentially lethal 
myocardial infarction.

0.0011

ctla4Pathway T cell activation requires interaction with an antigen-MHC-I 
complex on an antigen-presenting cell (APC), as well as CD28 
interaction with the APC’s CD80 or 86

0.0022

cell_surface_receptor_
linked_signal_transduction

Any series of molecular signals initiated by the binding of an 
extracellular ligand to a receptor on the surface of the target cell.

0.0024

thelperPathway Helper T cells coordinate the actions of B cells, macrophages, 
and other immune cells via surface molecules such as T cell 
receptor/CD3 and their characteristic marker CD4.

0.0024

blymphocytePathway B cells express the major histocompatibility complex (class II 
MHC), immunoglobulins, adhesion proteins, and other factors 
on their cell surface

0.0028

th1th2Pathway Helper T subtype Th1 produces pro-inflammatory cytokines 
that stimulate phagocytosis, while Th2 cells promote antibody 
production and activate eosinophils.

0.0047

tcytotoxicPathway Cytotoxic T cells release perforin and granzyme to lyse foreign 
cell targets and express Fas ligand to promote Fas-induced 
apoptosis

0.0065

tcapoptosisPathway HIV infection upregulates Fas ligand in macrophages and CD4 
in helper T cells, leading to widespread Fas-induced T cell 
apoptosis

0.0167

ctlPathway Cytotoxic T lymphocytes induce apoptosis in infected cells 
presenting antigen-MHC-I complexes via the perforin and Fas/
Fas ligand pathways

0.0224

ST_Interferon_gamma_
Pathway

The interferon gamma pathway resembles the JAK-STAT 
pathway and activates STAT transcription factors

0.0234

ST_T_Cell_Signal_
Transduction

On activation of the T cell receptor, phospholipase C is activated 
to produce second messengers DAG and PIP3, both required for 
T cell activation

0.0343

For whole table see: GSEA-DOWNREGULATEDinM1

classification. The sensitivity for predicting the presence of hematogenous dissemination of 

the naïve Bayes classifier was only 56% and the specificity of the classifier was only 42%. 
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Differentially expressed genes
SAM did not identify probes which were significantly differentially expressed. All FDR-q-values 

were higher than 0.3. (see supplementary file DEgeneshematogenous disseminationcomplete.

xls for FDR for all probes).

Gene Set Enrichment Analysis (GSEA)
To increase insight in the underlying molecular processes responsible for hematogenous 

dissemination, GSEA for predefined gene sets was applied to the gene expression data.  

Predefined pathways that were downregulated (FDR q-value<0.05) in patients who 

developed hematogenous dissemination are shown in Table 2. In the supplementary file 

GSEA-DOWNREGULATEDinM1 the complete list of downregulated pathways can be found. 

The top five of significantly enriched gene sets are all related with cancer specific immunity.  

Two of these pathways are related with the stimulating effect of IL-12 on T-helper 1 and 

a cytotoxic T lymphocyte response.  Only one enriched gene set was upregulated with an 

FDR<0.05. 

Predefined pathways that were up-regulated (FDR q-value<0.25) in tumors with hematogenous 

dissemination are shown in Table 3. In the supplementary file, GSEA-UPREGULATEDinM1 

the complete list can be found. 

To explore whether significant pathways reflect a common biological function, the leading-

edge subset (core of a gene set that accounts for the enrichment signal of the gene set) for 

Table 3: Enriched gene sets associated with hematogenous dissemination in patients with 
adenocarcinoma of the esophagus. The top 10 of upregulated gene sets are given. All gene sets are 
significant (p<0.05) with an FDR of <0.20. Gene sets are sorted by the FDR-q-value. 

Gene Set Description FDR-q-value

GNF_FEMALE_GENES female reproductive tissue expressed genes <0.0001

vipPathway Apoptosis of activated T cells is inhibited by 
vasoactive intestinal peptide (VIP)

0.1026

insulin genes genes regulated by insulin 0.1140

extrinsicPathway The extrinsic prothrombin activation pathway 
requires the release of thromboplastin from 
damaged tissues to activate the blood clotting 
cascade

0.1597

pkcPathway Gq-coupled receptors promote hydrolysis of PIP2 
to DAG and IP3, which causes calcium influx and 
activates protein kinase C.

0.1882

ecmPathway Extracellular matrix induces integrin-mediated FAK 
phosphorylation in epithelial cells

0.2052

leptinPathway Leptin promotes fatty acid oxidation, decreases cells’ 
lipid content, and promotes insulin sensitivity.

0.2205

KRAS_TOP100_KNOCKDOWN Genes upregulated in kras knockdown vs control in a 
human cell line

0.2453

For whole table see: GSEA-UPREGULATEDinM1
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each gene set was examined. A common subgroup of genes consists of CD3D, CD3G, CD247 

(CD3H) and CD4 genes (Figure 4).

Discussion

Although still relatively rare, the incidence of adenocarcinoma of the esophagus is rapidly 

rising in the Western World. Even after potentially curative surgery the majority of patients 

develop recurrent disease, mainly due to the development of hematogenous dissemination. 

The ability of the primary tumor to develop hematogenous dissemination might be explained 

by the role of genetic alterations in the primary tumor. The present study analyzed the gene 

expression of 77 tumor samples from patients with adenocarcinoma of the esophagus. The 

results of the present study indicate that with use of gene expression profiling it is not 

possible to predict the development of hematogenous dissemination in our patients with 

adenocarcinoma of the esophagus. Moreover, differentially expressed genes could not be 

identified. Only with use of gene set enrichment analysis pathways could be identified that 

are related with hematogenous dissemination

The original enthusiasm about the clinical applicability of microarrays has somewhat 

dampened, because of lack of reproducibility with different patient cohorts, platforms, and 

bioinformatic analysis methods. One reason is that standard validation with a single control 

group is not sufficient. In a previous study it was found that with use of a multiple random 

validation strategy, classification accuracy was highly unstable and its prognostic strength 

depended on the selection of patients in the training sets15. In this study, seven microarray 

Figure 4: Leading edge overlap 
for significant gene sets 
(FDR<0.05) associated with 
hematogenous dissemination in 
patients with adenocarcinoma 
of the esophagus. A common 
subgroup of genes, apparent as 
vertical beige stripes, consists of 
CD3D, CD3G, CD3H and CD4 
and genes.
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cancer studies were reanalyzed and it was shown that previously published prognostic 

results were overoptimistic in almost all studies. Therefore, in the present study, validation by 

repeated random sampling was used. It was shown that, even in a carefully selected patient 

population, classification accuracies were also highly variable between random splits of 

patients. This clearly illustrates the bias that might be introduced by reporting results on only 

a single split in training and validation set. Although gene expression analysis was performed 

in a relatively large number of samples, this number is more than 500 times lower than the 

42,000 probes analyzed. Theoretically, an increase in sample size may identify profiles with 

increased predictive power. However, since the mean classification accuracy did not increase 

with increased training set size; this might not lead to a better predictive power. 

After correcting for multiple hypotheses testing, no individual gene met the threshold for 

statistical significance. This may be explained by the fact that biological differences are modest 

relative to the noise inherent to the microarray technology. Moreover, to extract meaningful 

biological insight across the immense number of genes and uncover modest but coordinate 

changes on a gene set level (instead of looking to the most up- and down regulated genes 

only) GSEA23 was applied. This method seems robust since it allows a more reliable comparison 

of different platforms, projects, laboratories, and public access databases32,33. With GSEA 

several gene sets that were associated with hematogenous dissemination were found. The 

leading-edge analysis showed that a downregulated subset containing CD3 and CD4 genes 

were mainly associated with the development of hematogenous dissemination (CD3 and 

CD4 are both T-helper cell surface molecules). Theoretically, it might be possible that specific 

antigens are erroneously expressed on the membrane of the tumor cells. However, it is more 

probable that the CD3 and CD4 genes are expressed by tumor-infiltrating lymphocytes. The 

present study was originally designed to detect genetic alterations of the primary epithelial 

tumor cells. However, macrodissected samples (with at least 70% tumor cells) were included 

and thus contain a certain amount of stromal cells, including lymphocytes. This setup was 

chosen since laser captive microdissection may result in degradation of RNA and results in a 

limited amount of RNA only34. It is well possible that the modest changes of immunological 

cells, which were included in the specimen, could only be detected with GSEA, since the 

study did not focus on the immune infiltrates of the tumor and effects in immune cells are 

“overshadowed” by the RNA concentrations of tumor cells. 

Tumor cells can become targets for a T cell–mediated adaptive immune response. Although 

the role of the immune response in controlling tumor growth and cancer recurrence is 

controversial, recent research in patients with colorectal cancers indicated that type, density 

and location of immune cells within tumor tissues were a better predictor of patient survival 

than the current methods to stage colorectal cancers35,36. Interestingly, colorectal tumors 

from patients without recurrence had higher immune cell densities of CD3 positive cells 

within the tumor and at the infiltrating tumor margin. Also in esophageal adenocarcinoma 

there is evidence, suggesting that T-cell infiltrates have a beneficial prognostic impact37. It 

was shown that CD8 positive T cell infiltrations within the tumor specimen have a favorable 

outcome38. Furthermore, it was shown that, the ability of T cells in serum to produce IL-2 

166



was related to long term survival, indicating a crucial role of TH1-type cells in anti-tumor 

immunosurveillance39. 

Clearly, the results of the present study must be further validated. To evaluate the effect of the 

T cell–mediated adaptive immune response, immunohistochemistry of diverse T-cells (CD3, 

CD4 and CD8) in the primary tumor will be performed. However, the results of the present 

study suggest that, with use of GSEA, it is possible to detect modest changes in a microarray 

experiment, facilitating the interpretation of a large-scale experiment by identifying pathways 

and processes, which tend to be more reproducible and more interpretable. Moreover, with 

use of GSEA it is possible to more reliably compare different platforms, projects, laboratories, 

and public access databases32;33. 

In conclusion, in the present study it was not possible to predict hematogenous dissemination 

in esophageal adenocarcinoma with use of gene expression profiling However, several 

pathways were identified, which seem to be important in the development of hematogenous 

dissemination.  In future, discovered pathways may be targeted by specific therapeutic 

strategies.
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Abstract

Introduction
Esophagectomy is frequently accompanied by substantial complications with secondary 

disturbance of the immune system. After esophagectomy for adenocarcinoma of the distal 

esophagus and / or gastroesophageal junction, the majority of patients develops an early 

recurrence and dies within two years. The aim of this study was to determine the relevance 

of perioperative complications on the timing of death due to recurrence.

Patients and Methods 
A consecutive series of 351 patients who underwent esophagectomy for adenocarcinoma of 

the esophagus and gastroesophageal junction was reviewed.

Results 
Of the 351 included patients, 191 patients (54%) died due to recurrence of esophageal 

adenocarcinoma. Of these 191 patients, 77 (40%), 138 (72%) and 186 patients (97%) died 

before 12, 24 and 60 months respectively. Multivariate Cox regression analysis demonstrated 

that T-stage, lymph node ratio > 0.20, the presence of extracapsular LNI, but not complications 

were significant factors for the prediction of death due to cancer recurrence. However, in 

the patients who died, multivariate Cox regression analysis demonstrated that not only the 

presence of extracapsular LNI but also the occurrence of complications were significantly 

related with a shorter time interval until death due to recurrence. 

Conclusions 
The relation between perioperative complications and cancer recurrence per se is not causal. 

However, postoperative complications are independently associated with the early timing 

of death due to cancer recurrence. A possible explanation for this phenomenon is that 

immunological host factors enhance microscopic residual disease to develop more rapidly 

into clinically manifest recurrence.
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Introduction

The incidence of adenocarcinoma of the esophagus is rapidly rising1-3. Esophageal 

adenocarcinoma is an aggressive disease with early lymphatic and hematogenous dissemination. 

Surgery is the best curative treatment option. Centralization of surgical resections, advances 

in surgical techniques and improvements in peri-operative care (e.g. epidural analgesia, early 

extubation) have reduced the risk of esophagectomy to an acceptable level4-8. However, these 

advances have failed to translate into a substantial improvement of long-term survival after 

surgical resection with 5-year survival rates rarely exceeding 30%6,8-11. 

Despite comprehensive preoperative staging to select patients for potentially curative surgery, 

many have unrecognized metastatic disease at the time of first presentation and later present 

with locoregional, hematogenous and or transcelomic recurrences. Disappointingly, even 

in patients who were operated on with curative intent, the majority develops recurrence 

and dies within two years7,12-16. Only a minority of patients developing recurrence suffers 

from relatively late recurrence. This marked difference in biological behavior probably 

depends both on tumor characteristics and on host factors. It has been suggested that 

potent immunosurveillance is of pivotal importance to eradicate microscopic residual 

disease after surgical resection17-19. Major surgical resection is frequently accompanied by 

substantial complications with secondary disturbance of the immune system17-19. It could be 

hypothesized that these complications might have a negative impact on immunosurveillance 

and thus on tumor recurrence and long term survival. 

To our knowledge, no attention has been paid to the predictors of timing of death due 

to recurrence after esophagectomy. It remains unknown if patients who die due to an 

early recurrence had more advanced disease at the time of operation or had a secondary 

disturbance of the immune system due to the presence of perioperative complications. 

Therefore, the aim of the present study was to determine factors associated with survival due 

to cancer recurrence after intentionally curative esophagectomy for adenocarcinoma of the 

distal esophagus and gastroesophageal junction and especially to determine the relevance 

of complications to the time-interval until death due to cancer recurrence. 

Patients and Methods

Between January 1993 and January 2003, a consecutive series of 351 patients underwent 

esophagectomy for adenocarcinoma of the esophagus and / or gastro-esophageal 

junction (GEJ). Patients did not receive pre- or postoperative chemo- and/ or radiation 

therapy. Clinicopathological data, including complications, from all operated patients were 

permanently collected in a prospective database. 

Preoperative staging was done with endoscopy with histological biopsy, endosonography, 

external sonography of the neck, CT scan and, on indication, PET-scan. Surgery was 
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performed / supervised by one of three experienced surgeons (ORCB, HO, JJBvL) at the 

Academic Medical Center at the University of Amsterdam, a tertiary referral center with a 

wide experience in esophageal surgery. Operations were performed with curative intent, i.e. 

in the absence of local irresectability and/or distant metastases (including tumor positive 

cervical lymph nodes or irresectable celiac nodes). Operations were performed via the 

transhiatal or transthoracic approach. During transhiatal esophagectomy, the mid- to distal 

esophagus was dissected under direct vision through the widened hiatus of the diaphragm. 

The tumor and its adjacent lymph nodes were dissected en-bloc. During transthoracic 

esophagectomy, a right-sided postero-lateral thoracotomy was performed. The esophagus 

was resected en-bloc with all (peri-) esophageal tissue in the mediastinum including the 

thoracic duct, azygos vein, ipsilateral pleura and lymph nodes. 

The subcarinal nodes and the origin of left gastric artery were marked in the resection 

specimen. Pathologic findings were described on a standardized form. The pTNM-stage, 

differentiation grade, radicality of resection, total number of resected lymph nodes and total 

number of positive lymph nodes, including their location were recorded. The lymph node 

ratio was defined as the ratio between the total amount of positive lymph nodes divided by 

the total amount of resected nodes. Lymph nodes were cut in two and routine H&E staining 

was performed using a standardized protocol. Extracapsular lymph node involvement (LNI) 

was defined as metastatic adenocarcinoma extending through the nodal capsule into the 

perinodal fatty tissue. 

Definition of complications
Complications were categorized as medical (including infectious complications) or complications 

directly attributable to surgical technique. Medical complications included cardiac complications 

(atrial fibrillation, myocardial ischemia, heart failure, cerebral infarction), respiratory failure 

(diagnosed with blood gas criteria with or without mechanical ventilatory support), atelectasis, 

pulmonary embolism and renal failure. Infectious complications included wound infection, 

pleural empyema, pneumonia (defined as a new infiltrate on chest x-ray, accompanied by 

purulent sputum or fever, for which treatment with antibiotics was started), and sepsis. 

Technical complications were recorded as chylothorax, chyloperitoneum, anastomotic leakage 

(including both radiological and clinical leakages), ischemia of the gastric tube, haemorrhage, 

recurrent laryngeal nerve palsy, diaphragmatic herniation and dehiscence of the fascia.

 

Follow-up
All patients were seen at the outpatient clinic at three to four months intervals during the 

first two years and every six months thereafter for three years. After five years, follow-up 

was obtained by telephone from the patient or the patient’s family practitioner. Follow-up 

extended to August 2005 ensuring a minimal potential follow-up of 32 months. Follow-up 

was complete in all patients. Recurrence of disease was only diagnosed on clinical grounds. 

Radiological modalities were not routinely used. When recurrence was suspected, additional 

investigations were performed on indication. 
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Definition of recurrence pattern
Recurrences were classified as hematogenous recurrence, locoregional recurrence and 

transcelomic (pleural / peritoneal) recurrence. Recurrence at cervical-, celiac-, or paraaortic 

lymph nodes was classified as locoregional recurrence. Simultaneous locoregional and 

hematogenous disease was classified as hematogenous recurrence.

Statistics
Statistical calculations were performed using SPSS® version 12.0 (Statistical Package for 

the Social Sciences, Chicago, IL, USA). The primary end point of the analysis was disease 

specific survival (defined as time from date of surgery to date of death as a result of disease 

recurrence). To perform statistical analysis in a homogeneous group, patients who died due 

to postoperative complications and patients who died due to unrelated causes were excluded. 

Cox regression models were used to examine the association between potential predictors 

and the time until death as a result of esophageal cancer. The following potential predictors 

were analyzed; age, sex, operative approach, ASA classification, pT-stage, pN-stage, 

presence of positive truncal nodes, lymph node ratio (categorized into ≤ 0.20 or >20%20) 

, the presence of extracapsular LNI, presence of Barrett’s mucosa, differentiation grade, 

microscopically irradical resection and the presence of medical or surgical complications. The 

Cox proportional hazards regression model was used for both univariate and multivariate 

analyses. The models in the present analysis were constructed (1) to identify factors 

associated with death due to recurrence and (2) to identify prognostic factors in patients 

who died due to recurrence. 

Variables achieving a probability value of less than 0.1 in the univariate analysis were 

subsequently introduced in a multivariate stepwise proportional-hazard analysis (Cox model) 

to identify those variables significantly associated with death due to recurrence and timing of 

death due to recurrent disease. Results are given as hazard ratios with their 95% confidence 

interval. P-values less than 0.05 (two-sided) were considered statistically significant.

Results

Between January 1993 and January 2003 a consecutive series of 351 patients underwent 

esophagectomy for malignant disease of the esophagus and / or GEJ. The following patients 

were excluded from this study; eight patients in whom tumor was left behind macroscopically 

and ten patients who died of postoperative complications (3%). Furthermore, 22 patients 

who died during follow-up due to unrelated disease were excluded from this analysis; eight 

patients due to myocardial infarction, six patients due to cerebral infarction, five patients 

due to pulmonary disease, one patient due to pathologically proven primary pancreatic 

cancer, one patient due to pathologically proven primary lung cancer and one patient with 
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Table 1: Clinicopathological characteristics of patients with adenocarcinoma of the distal esophagus 
or gastroesophageal junction. Patients are divided in those who died of cancer recurrence and those 
who were alive at least 32 months after date of operation. 

Factor died of recurrence
N=191

alive
N=120

age* 64 (35-85) 64 (37-83)

sex

- male 162 (85%) 100 (83%)

- female 29 (15%) 20 (17%)

operative approach

- THE 137 (72%) 88 (73%)

- TTE 52 (28%) 32 (27%)

ASA classification

- 1 43 (23%) 25 (21%)

- 2 113 (56%) 78 (65%)

- 3 33 (17%) 17 (14%)

- 4 2 (1%) 0

pT-stage

- pT1 12 (6%) 48 (40%)

- pT2 19 (10%) 17 (14%)

- pT3 148 (77%) 54 (45%)

- pT4 12 (7%) 1 (1%)

pN-stage

- pN0 28 (15%) 69 (58%)

- pN1  163 (85%) 51 (43%)

presence positive truncal node (M1a) 52 (27%) 16 (13%)

lymph node ratio* 0.30 (0.0-1.0) 0.0 (0.0-0.6)

Presence extracapsular LNI 122 (64%) 19 (16%)

Presence Barrett’s mucosa 101 (53%) 75 (63%)

Differentiation grade

- good 4 (2%) 13 (11%)

- moderate 61 (32%) 63 (53%)

- poor 126 (66%) 44 (37%)

microscopically irradical resection (R1) 47 (25%) 9 (8%)

medical or surgical complications 121 (63%) 55 (46%)

ICU-stay* 2 (1-70) 2 (1-73)

hospital stay* 17 (10-104) 15 (10-129)

* Values depicted are median (range). THE = transhiatal esophagectomy, TTE = transthoracic 
esophagectomy. ASA = The American Society of Anesthesiologists. LNI = lymph node involvement 
ICU = Intensive Care Unit
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Parkinson’s disease. Five (1%) patients who experienced recurrence at last follow-up, but 

were still alive, were censored in survival analyses. 

Risk factors for death due to cancer recurrence
The clinicopathologic characteristics of 191 patients (62%) who died of recurrence and 120 

patients (38%) who were alive are given in Table 1. In univariate analysis, the radicality 

of resection, the depth of invasion (T-stage), the presence of lymphatic dissemination, the 

presence of positive celiac nodes, a lymph node ratio > 0.20, the presence of extracapsular 

LNI and the differentiation grade of the tumor and the presence of medical or surgical 

complications were all significantly associated with death from recurrence of adenocarcinoma 

of the distal esophagus and / or GEJ (Table 2). There were no significant differences in 

survival time between the three operating or supervising surgeons (p=0.258). 

Multivariate Cox regression analysis demonstrated that T-stage, a lymph node ratio > 0.20 

and the presence of extracapsular LNI were significant factors for the development of cancer 

Table 2: Univariate Cox-regression analysis for death due to cancer recurrence after esophagectomy 
for adenocarcinoma of the esophagus or gastroesophageal junction. Results are given as Hazard 
Ratios and their 95% confidence interval (CI)

Factor Hazard ratio 95% CI P-value

age, one year increment 0.99 0.978-1.01 0.327

male gender 1.02 0.69-1.52 0.918

transthoracic approach 0.91 0.66-1.24 0.538

ASA classification (compared with ASA 1)

-2 0.87 0.61-1.23 0.419

-3 1.04 0.66-1.64 0.878

-4 1.88 0.45-7.75 0.385

pT-stage (compared with pT1)

- pT2 3.27 1.58-6.74 0.001

- pT3 6.52 3.61-11.76 <0.001

- pT4 12.89 5.76-28.88 <0.001

Presence lymph node metastasis (pN1) 4.69 3.13-7.03 <0.001

Presence positive truncal node (M1a) 2.01 1.46-2.77 <0.001

Lymph node ratio >0.20 4.57 3.38-6.20 <0.001

Presence extracapsular LNI 4.42 3.28-6.00 <0.001

Presence Barrett’s mucosa 1.27 0.96-1.69 0.110

Differentiation grade (compared with good)

- moderate 2.19 0.80-6.04 0.128

- poor 4.53 1.67-12.28 0.003

microscopically irradical resection (R1) 2.34 1.68-3.26 <0.001

medical and/or surgical complications 1.32 0.99-1.77 0.062

ASA = The American Society of Anesthesiologists. LNI = lymph node involvement
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recurrence (Table 3). The presence of medical or complications was not related with cancer 

recurrence in multivariate analysis.

Table 3: Multivariate Cox-regression analysis for death due to recurrence after esophagectomy for 
adenocarcinoma of the esophagus or gastroesophageal junction. Results are given as Hazard Ratios 
and their 95% confidence interval (CI)

Factor Hazard ratio 95% CI P-value

pT-stage (compared with pT1)

- pT2 2.28 1.07-4.88 0.034

- pT3 3.05 1.58-5.88 0.001

- pT4 5.43 2.28-12.87 <0.001

Presence lymph node metastasis (pN1) 1.24 0.73-2.09 0.430

Presence positive truncal node (M1a) 1.05 0.74-1.49 0.780

Lymph node ratio >0.20 6.91 3.27-14.56 <0.001

Presence extracapsular LNI 1.91 1.28-2.85 0.002

Differentiation grade (compared with good)

- moderate 0.80 0.28-2.30 0.679

- poor 1.24 0.44-3.52 0.688

microscopically irradical resection (R1) 0.98 0.66-1.43 0.897

medical or surgical complications 1.21 0.90-1.63 0.214

LNI = lymph node involvement

Time interval until death due to cancer recurrence
Of the 191 patients who died due to recurrence of esophageal adenocarcinoma, 77 patients 

(40%), 138 patients (72%) and 186 patients (97%) died before 12, 24 and 60 months 

respectively. Almost three quarters died within two years and only 5 patients (3%) died 

due to recurrence after five years. To identify which factors are responsible for the time 

interval until death due to recurrence, univariate Cox-regression analysis was performed. This 

analysis revealed that besides conventional pathological factors, (such as depth of invasion, 

the presence of lymphatic dissemination, the lymph node ratio, the presence of extracapsular 

LNI), also the occurrence of medical and/or surgical complications was associated with 

a shorter time interval until death due to cancer recurrence (Table 4). Multivariate Cox 

regression analysis demonstrated that the presence of extracapsular LNI and the occurrence 

of medical and/or surgical complications were significantly related with a shorter time interval 

until death due to cancer recurrence (Table 5). 

The presence of medical or surgical complications (p=0.030), especially more wound 

infections (p=0.033) and more sepsis (p=0.013) was related to a shorter time to death due 

to recurrence. Also the presence of surgical complications, especially chylothorax (p<0.001) 

was related with a shorter time to death due to recurrence (Table 6). The operating surgeon 

was not related with timing of death due to recurrence (p=0.439).
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Discussion

Despite extensive preoperative staging, 60% of the patients treated in our hospital developed 

cancer recurrence within 60 months after (intentionally) curative surgery. Almost three 

quarters of cancer related deaths occurred within two years after surgery which is in line 

with other studies7,12-16. Only a small proportion developed a recurrence after five years. 

Table 5: Multivariate Cox-regression analysis for the time interval until death due to cancer 
recurrence. Results are given as Hazard Ratios and their 95% confidence interval (CI)

Factor Hazard ratio 95% Confidence 
Interval

P-value

age, one year increment 0.99 0.98-1.00 0.214

Presence lymph node metastasis (pN1) 1.07 0.62-1.85 0.807

Presence positive truncal node (M1a) 1.36 0.96-1.94 0.087

Lymph node ratio >0.20 1.42 0.98-2.04 0.061

Presence extracapsular LNI 1.72 1.18-2.52 0.005

microscopically irradical resection (R1) 1.08 0.76-1.53 0.681

medical + surgical complications 1.46 1.06-2.00 0.020

Table 4: Univariate Cox-regression analysis for the time interval until death due to cancer recurrence 
in patients who died due to recurrence. Results are given as Hazard Ratios and their 95% confidence 
interval (CI)

Factor Hazard ratio 95% CI P-value

age, one year increment 0.99 0.97-1.00 0.071

male gender 1.02 0.69-1.52 0.920

pT-stage (compared with pT1)

- pT2 0.94 0.45-1.98 0.871

- pT3 1.60 0.86-2.96 0.135

- pT4 1.87 0.81-4.30 0.141

Presence lymph node metastasis (pN1) 2.07 1.36-3.15 0.001

Presence positive truncal node (M1a) 1.67 1.20-2.31 0.002

Lymph node ratio >0.20 1.95 1.44-2.64 <0.001

Presence extracapsular LNI 2.17 1.58-2.98 <0.001

Presence Barrett’s mucosa 1.04 0.78-1.39 0.780

Differentiation grade (compared with good)

- moderate 1.96 0.62-6.19 0.253

- poor 0.81 0.59-1.10 0.167

microscopically irradical resection (R1) 1.38 0.99-1.93 0.058

medical or surgical complications 1.47 1.08-2.00 0.013

LNI = lymph node involvement
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In various malignancies, a relation has been described between postoperative complications 

and recurrence of cancer21-23. In esophageal cancer a prognostic relation between the 

presence of complications after esophagectomy and overall survival has been reported 

before6,24. However, in those earlier studies, no effect of complications was identified on 

tumor specific survival and thus the impact of complications on cancer recurrence remained 

unclear. A study focusing only on anastomotic leakage did not find a long term survival 

effect due to this complication, but the number of patients with anastomotic leakage (n=14) 

was too small to draw definite conclusions25. 

Table 6: The influence of specific complications for the time interval until death due to cancer 
recurrence. Results are given as Hazard Ratios and their 95% confidence interval (CI). Hazard ratios 
and p-values were given if 5 or more events were present.

N Hazard ratio 95% CI P-value

Medical and infectious complications

Cardiovascular complications# 27 1.37 0.91-2.06 0.134

- atrial fibrillation 20 1.55 0.98-2.48 0.064

- myocardial ischemia 3

- heart failure 5

- cerebral infarction 1

ARDS 6 1.37 0.91-2.06 0.134

atelectasis 51 1.27 0.92-1.75 0.154

pulmonary embolism 4

renal failure 1

wound infection 6 2.44 1.07-5.53 0.033

pleural empyema 3

sepsis 8 2.48 1.21-5.09 0.013

pneumonia 49 1.24 0.89-1.72 0.202

Total medical complications 96 1.38 1.03-1.83 0.030

chylothorax 9 3.47 1.75-6.9 <0.001

chyloperitoneum 1

anastomotic leakage 28 0.88 0.59-1.33 0.556

- radiological 16 1.36 0.81-2.28 0.243

- clinical 12 0.61 0.347-1.09 0.096

hemorrhage 4

recurrent laryngeal nerve injury 15 1.48 0.87-2.52 0.152

diaphragmatic herniation 3

dehiscence of the fascia 5 1.33 0.54-3.25 0.531

Total surgical complications 57 1.33 0.97-1.82 0.077

medical and/or surgical complications 121 1.47 1.08-2.00 0.013

# there were two patients with atrial fibrillation and myocardial ischemia
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In the present study, classical pathological factors, which indicate advanced disease, such 

as advanced T-stage, lymph node ratio >0.20 and the presence of extracapsular LNI, were 

all independent prognostic factors associated with death due to cancer recurrence11,26-33. 

Although the presence of complications was related with survival in univariate analysis in 

multivariate analysis, the occurrence of complications was not an independent predictor of 

death due to recurrence. This might indicate that the primary tumor biology determines who 

will die of recurrence and not a hypothetical negative impact of postoperative complications 

on oncological immunosurveillance. Possibly, the (indirect) relation between postoperative 

complications and death due to recurrence can be explained by the fact that the operative 

procedure is technically more demanding in patients with more advanced disease and therefore 

is accompanied with more postoperative complications. Another explanation might be that 

patients with more advanced disease have a higher load of unrecognized (micro) metastatic 

tumor that is left behind and makes the patient more susceptible for complications. 

Interestingly, the presence of postoperative complications did not have a significant effect 

on recurrence per se, but was related to the timing of death due to recurrence in multivariate 

analysis. The occurrence of postoperative complications was an independent predisposing 

factor for a short time-interval until death due to cancer recurrence. It is unlikely that 

this effect can be explained by a difference in preoperative comorbidity because ASA 

classification was not a significant factor in univariate analysis. It could be hypothesized that 

complications are accompanied by a secondary disturbance of the immune system. After 

major surgery there is a profound but self-limiting systemic inflammatory response in patients 

with an uncomplicated postoperative course. However, patients who develop postoperative 

complications suffer a ‘double hit’, the first as a result of surgery and the second from their 

complications. Possibly, these circumstances enhance that residual microscopic disease can 

develop more rapidly to become clinically manifest and fatal17-19,23. This is further underlined 

by the fact that especially patients who developed sepsis and patients who had chyle leakage 

died earlier. The first group of patients probably suffers from a major double hit and the 

second group of patients suffers from an ongoing loss of fluids and proteins (consisting 

of e.g. lymphocytes and immunoglobulines)32,33 which further deteriorates the already 

malnourished and immunocompromised patient with adenocarcionoma of the esophagus 

and gastroesophageal junction34,35.

In conclusion, the results of the present study indicate that the relation between postoperative 

complications and cancer recurrence per se is not causal. However, postoperative complications 

are significantly associated with a short time-interval until death due to cancer recurrence in 

multivariate analysis. A possible explanation for this phenomenon is that immunological host 

factors enhance microscopic residual disease to develop more rapidly into fatal recurrence.
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Abstract 

Introduction
The aims of the present study are to validate the Physiological and Operative Severity Score 

for the enUmeration of Mortality adjusted for esophagogastric surgery (O-POSSUM) and to 

analyze the relation between the preoperative condition of patients and long-term survival.

Patients and Methods
Data on patients who underwent potentially curative esophagectomy in a tertiary referral 

centre for adeno- or squamous cell carcinoma of the esophagus were analyzed. Mortality 

predicted by O-POSSUM was compared to the actual mortality with linear analysis. 

Results
In-hospital mortality was observed in 24 of 663 patients (3.6%). The O:P (observed 

: predicted) ratio for in-hospital mortality was 0.29. The model had a significantly poor 

fit (P<0.001). The area under the Receiver Operator Characteristic curve was 0.60 (95%; 

0.47-0.72, p=0.113). O-POSSUM was not related with the severity of complications. Patients 

with high physiological scores had significantly more chance to die due to a non-cancer 

related cause (p=0.001).

Conclusions
O-POSSUM overpredicted in-hospital mortality threefold and could not identify patients with 

a higher risk for in-hospital mortality. However, a worse condition is related with worse long-

term survival. The O-POSSUM score needs substantial modification before it can be applied 

for the comparison of treatment outcomes between different institutes, but may have a role 

in prognostication.
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Introduction

There is debate about how to compare hospital’s performance with each other1-3. Although 

the operative mortality rate is an objective and robust measure of outcome that can be used 

to inform patients and to compare quality of care between hospitals, direct comparison of 

rates can be misleading. Crude rates do not take into account the case-mix difference, i.e. 

the differences in physiological condition between patients and the severity and extent of 

surgery.

The Physiological and Operative Severity Score for the enUmeration of Mortality and 

morbidity (POSSUM) was developed in the U.K. to allow risk-adjusted audit of surgical 

morbidity and mortality in general surgery4,5. This model has been adapted into a specialized 

model for the prediction of risk-adjusted postoperative mortality in Esophageal / upper 

gastrointestinal surgery (O-POSSUM)6. The O-possum score predicts in-hospital mortality 

based on a combination of the actual age of the patient, the physiological score (based on 

12 parameters) and three operative parameters. Each of these factors is weighed to a value 

and subsequently the predicted in-hospital mortality is calculated with use of a logarithmic 

formula. O-POSSUM has been reported to provide an accurate risk-adjusted prediction of 

in-hospital mortality. It has been advised to use this model for surgical audit and preoperative 

counseling of patients. However, before a case-mix model can be applied in clinical practice it 

must be externally validated. O-POSSUM has never been validated in an independent group 

of patients with adeno- or squamous cell carcinoma of the esophagus.

Recently, it has been shown that the POSSUM score is a risk indicator for overall survival in 

patients with colorectal cancer7. Thus far it is unknown if there is any relation between the 

physiological condition of the patient and long-term survival after esophagectomy for cancer 

of the esophagus.

The aims of the present study were to validate O-possum with regards to postoperative 

mortality, to study if this score has any relation with post-operative morbidity and to analyze 

the relation between the preoperative condition of patients and long-term survival.

Patients and Methods

Patients
A consecutive series of patients who underwent potentially curative esophagectomy for 

adenocarcinoma or squamous cell carcinoma of the esophagus or gastroesophageal junction 

(GEJ) between January 1993 and August 2005 were included. Extensive preoperative staging 

had not revealed local irresectability and / or distant metastases (including tumor positive 

cervical lymph nodes or irresectable celiac nodes). cTNM staging was done with the combined 

information of all diagnostic modalities. Clinicopathological data were permanently collected 

in a prospective database. 
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Surgery and pathology of the resection specimen
Surgery was performed / supervised by one of three experienced surgeons at the Academic 

Medical Centre at the University of Amsterdam (ORCB, HO, JJBvL,). Staging was done 

according to the TNM classification for esophageal cancer8.

Definition of in-hospital mortality and complications 
The primary endpoint was in-hospital mortality, defined as death during the same hospital 

admission as the operation. Complications were categorized according to the morbidity scale 

proposed by Dindo et al9 which is based on the therapeutic consequences of complications 

Categorization was performed according to the most severe complication by a panel (SML, 

MIBH, ORCB and JJBvL).

 

Follow-up
Follow-up was performed until June 2006, ensuring a minimal potential follow-up of 10 

months. Patients who died other diseases than esophageal cancer were seen as non-cancer 

related

Statistical analysis
Statistical calculations were performed using SPSS® version 12.0 (Statistical Package for the 

Social Sciences, Chicago, IL, USA). The physiological score was calculated from the given 

data. With use of age, the physiological score and the operative parameters, expected 

mortality was calculated according to O-POSSUM. 

To compare categorical data, the Chi-square or Fisher exact test was used. The Mann-Whitney 

test was used to compare continuous variables. A linear analysis was used to analyze the 

predictive properties of O-POSSUM. As described by Whiteley et al10 patients were grouped 

according to their predicted risk of mortality (1-10%, 10-20% etc.). The number of patients 

falling into each mortality category was multiplied by the average risk of mortality to give 

the predicted mortality of that group. This type of analysis allows each mortality group to 

be considered separately. Calibration or goodness-of-fit refers to the ability of the model to 

assign the correct probabilities of outcome to individual patients. This was assessed using 

the Hosmer-Lemeshow goodness-of-fit statistic. The ability of the model to assign higher 

probabilities of outcome to patients who actually die than to those who stay alive was 

measured by the area under the receiver-operator characteristic (ROC) curve. Survival rates 

were calculated on an actuarial basis with the Kaplan-Meier method, using the log-rank test 

for comparison. Using significant factors from Kaplan-Meier analysis, a Cox regression model 

was used to assess the association between each factor. P-values < 0.05 (two-sided) were 

considered statistically significant. 
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Results

The clinicopathological parameters of the 663 included patients are given in Table 1. 

In-hospital mortality was observed in 24 patients (3.6%). Eighteen patients died within 30 

days (2.7%) and 31 patients (4.7%) died within 90 days after operation. Fifteen patients 

Table 1: Clinicopathological characteristics of patients who underwent esophagectomy 

Patient characteristics Number of patients 
(N=663)

age# 64 (30-85)

gender

- male 509 (76.8%)

- female 154 (23.2%)

tumor type

- adenocarcinoma 476 (71.8%)

- squamous cell carcinoma 187 (28.2%)

(neo) adjuvant chemoradiation therapy

- yes 114 (17.2%)

- no 549 (82.8%)

preoperative staging*

- stage 0   11 (1.7%)

- stage I   57 (8.8%)

- stage IIa 196 (30.3%)

- stage IIb   45 (7.0%)

- stage III 316 (48.9%)

- stage IVa   18 (2.8%)

operation type

- transhiatal esophagectomy 424 (64.0%)

- transthoracic esophagectomy 239 (36.0%)

postoperative staging

- stage I   80 (12.1%)

- stage IIa 142 (21.4%)

- stage IIb   53 (  8.0%)

- stage III 264 (39.8%)

- stage IVa 124 (18.7%)

In-hospital mortality

- in-hospital mortality 24 (3.6%)

- 30-day in-hospital mortality 18 (2.7%)

- 90-day mortality 31 (4.7%)

# = Values depicted are median (range), * = preoperative staging could not be (reliably) performed 
in 20 patients due to e.g. stenosis
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who underwent transhiatal esophagectomy and 9 patients who underwent transthoracic 

esophagectomy died in the hospital (p=0.880).

The physiological score was calculated for each patient (Table 2). Only a few patients had 

missing values. These values were imputed by using the median score of the non-missing 

patients. The median physiological score was 18 (range 12-39). 

Table 2: Physiological score as used in the calculation of the O-POSSUM score in patients who 
underwent esophagectomy for cancer of the esophagus. Parameters with their corresponding 
weighed value are given. Median weighed value was imputed in the missing values.

physiological Parameters Weighed 
value

N (%) Median 
weighed value

actual age (mean, range)* - 64 (30-85) -

age range  

- <61 1 260 (39.2%) 2

- 61-70 2 212 (32.0%)

- >70 4 191 (28.8%)

cardiac signs (missing n= 7)

- no failure 1 468 (70.6%) 1

- diuretics, digoxin, anti-anginal or antihypertensive 
therapy

2 162 (24.4%)
 

- peripheral edema, warfarin therapy 4   23 (3.5%)

- raised JVP, cardiomegaly 8     3 (0.5%)

respiratory signs (missing n=5)

- no dyspnea 1 580 (87.5%) 1

- dyspnea on exertion, mild COAD 2   66 (10.0%)

- limiting dyspnea, moderate COAD 4   13 (2.0%)

- dyspnea at rest, fibrosis or consolidation 8     4 (0.6%)

ECG (missing n=15)

- normal 1 424 (64.0%) 1

- AF rate 60-90 4   24 (3.6%)

- other abnormal rhythm, >5 ectopics/min, Q waves or 
ST-T wave changes

8 200 (30.1%)

systolic pressure in mmHg (n=8)

- 110-130 1 226 (34.1%) 2

- 131-170 or 100-109 2 378 (57.0%)

- >71 or 90-99 4   55 (8.3%)

- <89 8     4 (0.6%)

pulse rate in BPM (missing n=6)

- 50-80 1 455 (68.6%) 1

- 40-49 or 81-100 2 175 (26.4%)

- 101-120 4   25 (3.8%)

- <40 or >120 8    2  (0.3%)
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hemoglobin in g/dl (missing n=17)

- 13-16 1 379 (57.2%) 1

- 11.5-12.6 or 16.1-17 2 162 (24.4%)

- 10-11.4 or 17-18 4   93 (14.0%)

- >18.1 8   29 (4.4%)

white blood cell count (missing n=29)

- 4-10 1 567 (85.5%) 1

- 10.1-20 or 3.1-4 2   84 (12.7%)

- >20 or <3 4   12 (1.8%)

urea in mmol/L

- <7.6 1 565 (85.2%) 1

- 7.6-10 2   82 (12.4%)

- 10.1-15 4   14 (2.1%)

- >15.1 8     2 (0.3%)

sodium in mmol/L

- >135 1 640 (96.5%) 1

- 131-135 2   21 (3.2%)

- 126-130 4     2 (0.3%)

- <126 8     0

potassium in mmol/L

- 3.5-5 1 611 (92.2%) 1

- 3.2-3.4 or 5.1-5.3 2   40 (6.0%)

- 2.9-3.1 or 5.4-5.9 4   11 (1.7%)

- >5.9 8     1 (0.1%)

Glasgow Coma Score#

- 15 663 (100%) 663 (100.0%) 1

physiological score# - 18 (12-39) -

# = all patients were operated in the elective setting for cancer of the esophagus by transhiatal or 
transthoracic esophagectomy
* = actual age is not part of the POSSUM physiological score
JVP = Jugular Venous Pressure
COAD = Chronic Obstructive Airways Disease
BPM = Beats Per Minute

Table 2: Continued

physiological Parameters Weighed 
value

N (%) Median 
weighed value

Predicted mortality was calculated according to O-POSSUM with use of age, the physiological 

score (Table 2) and the operative parameters (Table 3). A comparison between the original 

O-POSSUM study and our validation study is shown in Table 4. There were no major 

differences in age, physiological score and malignancy status between the two studies. 

A total observed vs. predicted (O:P) ratio of 0.29 was found, indicating that O-POSSUM 

overpredicted in-hospital mortality more than threefold (Table 5 ). The model had a poor 
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fit (χ2 = 44.15, 7 degrees of freedom, P<0.001). The area under the Receiver Operator 

Characteristic curve for O-POSSUM was 0.60 (95%CI; 0.47-0.72, p=0.113)

The relative incidence of minor and major complications was not significantly different 

(p=0.126) between the different risk groups according to O-POSSUM scores (Figure 1). 

Of the 639 patients who survived surgery, follow-up was complete in all but six patients 

(all six moved). The median potential follow-up period of these patients was 57 months 

(range 10-160). 388 patients died; 49 patients (13%) patients died due to non-cancer related 

causes, and 339 patients (87%) due to recurrent disease. To determine the effect of poor 

condition at the time of operation, irrespective of age and stage of disease, the physiological 

score after exclusion of age was used. The median value of this score was 15 (range11-35). 

This value was used as a cut-off point. 

The median overall survival in patients with a low (≤15) physiological score was 36 months 

(95% confidence interval (CI) 25 to 47) in comparison to 26 months (95% confidence interval 

20 to 33) for those who had a high (>15) physiological score (p< 0.042, (hazard ratio = 

1.23, 95% CI 1.05-1.50, p=0.044 and Figure 2a).  Cox regression analysis demonstrated that 

the physiological score was an independent predictor of survival together with cTNM stage 

Table 3: Operative parameters as used in the calculation of the O-POSSUM score in patients who 
underwent esophagectomy for cancer 

Operative parameters Weighed value N (%)

operation type* 0.168

- esophagectomy 663 (100%)

malignancy status

- primary malignancy only 0.17 235 (35.4%)

- nodal metastasis 0.36 308 (46.4%)

- distant metastasis 1.04 120 (18.1%)

mode of surgery*

- elective 663 (100%)

* = all patients were operated in the elective setting for cancer of the oesophagus by transhiatal or 
transthoracic esophagectomy

Figure 1: The numbers above each bar represent 
the total number of patients in each risk group 
according to O-POSSUM. Complications are 
graded according to Dindo et al9. and divided 
into no complications, minor complications 
(grade I to IIIa) and major complications (grade 
IIIb to grade V). The relative incidence of minor 
and major complications was not significantly 
different (p=0.126) between the different risk 
groups according to O-POSSUM scores.
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(hazard ratio = 1.23, 95% CI 1.02-1.50, p=0.042 and hazard ratio 1.62, 95% CI 1.31-1.99, 

p<0.001 resp.).

Esophageal cancer specific survival was comparable for patients with high and low 

physiological scores (p=0.435). However, patients in the high physiological score group had 

significantly more chance to die due to a non-cancer related cause than patients with a low 

physiological score (p=0.001, Figure 2b).

Table 4: Comparison of data between the original study in which O-POSSUM was developed6 and 
the present validation study

Development
O-POSSUM

N=538

Validation
O-POSSUM

N=663

esophageal cancer*

- adenocarcinoma 317 (58.9%) 476 (71.8%)

- squamous cell carcinoma 118 (21.9%) 187 (28.2%)

- other 16 (3.0%) -

- inflammatory 11 (1.7%) -

- unrecorded 76 (14.1%) -

elective mortality rate* 9.4% 3.6%

age#

- <60 284 (27.3%) 260 (39.2%)

-131 294 (28.2%) 213 (32.1%)

-151 351 (33.7%) 183 (27.6%)

- >80 74 (7.1%) 7 (1.1%)

-unknown 39 (3.7%) -

POSSUM physiological score#

-25 410 (39.3%) 157 (23.7%)

-35 360 (34.5%) 270 (40.7%)

-51 203 (19.5% 227 (34.2%)

- >30 24 (2.3%)   9  (1.4%)

- unknown 45 (4.3%) -

Malignancy status#

- primary malignancy only 355 (34.0%) 235 (35.4%)

- nodal metastasis 460 (44.1%) 308 (46.5%)

- distant metastasis 104 (10.0%) 120 (18.1%)

- no malignancy 62 (6.0%) -

- unknown 61 (5.8%) -

# all included patients in the development of O-POSSUM. * subset of patients with esophageal 
cancer
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Table 5: In-hospital mortality risk as predicted with O-POSSUM and as actually observed 

No. of deaths

Predicted risk of 
hospital mortality (%)

N Observed number 
with hospital mortality 

(95%CI)

Predicted  O:P ratio

0-10 318 10   (5-18) 18 0.55 (0.28-1.00)

10-20 226 6   (3-13) 32 0.19 (0.09-0.41)

20-30 93 6   (3-12) 22 0.27 (0.14-0.55)

30-40 18 0   (0-  3)   6     0 (0.00-0.50)

40-50 6 2   (1-  4)   3 0.66 (0.33-1.30)

50-60 1 0   (0- 1) 0.5      0 (0.00-2.00)

60-70 1 0   (0- 1) 0.5      0 (0.00-2.00)

Total 663 24 (16-35) 82 0.29

O:P ratio = observed vs. predicted ratio

Discussion 

The present study shows that O-POSSUM overpredicted in-hospital mortality threefold 

and that O-POSSUM could not identify patients with a higher risk for in-hospital mortality. 

However, long term survival was lower in patients with a high physiological score because of 

a higher risk due to a non-cancer related cause.

Figure 2: Survival after oesophagectomy for 
cancer of the esophagus. Patients are divided 
in a group with a low physiological score and 
a high physiological score. A: Overall survival, 
B: Non cancer related survival. The numbers of 
patients at risk are given below the figure
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Instruments for evaluation of treatment outcome and quality of care between hospitals are 

required nowadays. To enable meaningful comparison between published series, regions, 

hospitals or surgeons, a case-mix model is needed to adjust for variation between patient 

series. Different scoring systems have been used to correct for case-mix11,12. One of this is 

the POSSUM score which has been developed to correct for case-mix in general surgery 

In specialized surgery, however, the POSSUM score overpredicted mortality and has been 

adapted to use it in sub-specialties (e.g. vascular, thoracic, and colorectal surgery13-18, but 

also for esophageal surgery6). Before O-POSSUM can be applied in clinical practice it must 

be externally validated. O-POSSUM has never been validated externally in patients who 

underwent esophageal surgery.

In the present study, O-POSSUM overpredicted in-hospital mortality threefold and could 

not identify patients with a higher risk for in-hospital mortality. The O-POSSUM score 

was originally developed from a cohort of patients with diseases of the esophagus (2% 

had benign disease) and stomach in several hospitals in the U.K. Around 7.5% of patients 

underwent emergency surgery. The present study was performed in a high volume centre. 

These centers generally report lower morbidity and mortality rates3,19-24. Only patients who 

were operated upon in the elective setting for cancer of the esophagus were included and 

patients were always subjected to intensive standardized preoperative screening. However, 

the negative results could not be explained by a difference in the elements of the score, 

since there are no obvious differences in age, physiological score and malignancy status and 

the score corrects for benign disease, operative parameters and urgency of surgery. Another 

explanation for the discrepancy could be the definition of hospital mortality. However, in the 

present analysis neither in-hospital mortality (as defined before6), nor 30-day and 90-day 

postoperative mortality were related to mortality as predicted by O-POSSUM (data not 

shown). Another difference between the two studies is the extent of surgery. Only 4% of 

patients in the original study underwent limited transhiatal esophagectomy, while in the 

present study the majority underwent a transhiatal resection. It is unlikely that this difference 

is the explanation for our lower mortality rate since there was no difference in in-hospital 

mortality between the two procedures in our institute.

Modifications are needed before O-POSSUM can be applied in a group of patients 

undergoing a uniform surgical procedure. It can even be questioned if an adequate model 

can be developed at all. In specialized hospitals, mortality is a rare event and predicting a 

rare event is hardly possible. Therefore, future predictive models in esophageal surgery for 

cancer should probably not focus on hospital mortality, but rather on morbidity and long-

term survival. Both events occur in the majority of cases and are probably easier to predict 

and show less variability.

Interestingly, the original POSSUM score was also developed for morbidity. However, 

previous research showed that the original POSSUM model had a poor fit for the prediction 

of morbidity25. Also in the present study the POSSUM model did have a poor fit (data not 

shown). The O-POSSUM score has never been designed for predicting morbidity. It could 

be hypothesized that patients with a higher O-POSSUM score have a higher chance for 

197

Evaluatio
n of O

-p
o
ssum

C
 H

 A
 P T E R

   11



developing severe complications. In high volume centers with a low mortality rate, the 

incidence of severe complications is comparable to that in low volume hospitals, but 

probably patients with severe complications might have less chance to die due to these 

complications26. In the present study no relation was identified between the O-POSSUM 

score and the grade of complications. 

Recently, an independent relation was shown between poor preoperative condition and 

survival in patients who underwent curative resection for colorectal cancer. Also in the present 

study an independent relation was found between poor preoperative condition (measured 

with the physiological score of the O-POSSUM) and especially non-cancer related survival. 

cTNM-staging plays an important role in the clinical decision to perform an esophagectomy 

for cancer. Age, comorbidity and the preference of the patient do also play a role in this 

process, but their impact has been poorly quantified27-29. The present study underlines the 

importance of factors related to the general condition of the patient in decision making, 

because they have a substantial effect on long-term survival. 

In conclusion, O-POSSUM overpredicted in-hospital mortality threefold and more importantly, 

O-POSSUM could not identify patients with a higher risk for in-hospital mortality. O-POSSUM 

does not have a relation with the severity of complications. Therefore, the present study 

seriously questions if the O-POSSUM score has any place in evaluating the treatment of 

patients who underwent esophagectomy for cancer. However, there is a significant relation 

between the physiological score of the O-POSSUM and long-term survival which can be 

attributed to the risk of non-cancer related mortality. While the O-POSSUM score needs 

substantial modification before it can be applied for the comparison of treatment outcomes 

between different institutes which perform esophageal cancer surgery, it may play a role in 

pre-treatment prognostication.
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Abstract

Introduction
Predicting the severity of complications after esophagectomy may supply important 

information for both patient and surgeon. The aim of the present study was to develop 

a nomogram based on preoperative risk factors to predict the severity of complications in 

patients who undergo esophagectomy for cancer.

Patients and Methods
A consecutive series of 663 patients who underwent esophagectomy between January 1993 

and August 2005 was used to develop a prognostic model. The model was validated in a 

second group of patients who were operated between August 2005 and November 2006.  

Ordinal logistic regression analysis was performed to predict the severity of complications. 

Diverse simple and conventional preoperative risk factors were evaluated.  A nomogram was 

developed to enhance clinical applicability.

Results
Patients were divided into three complication categories; those who suffered from no 

complications (N=197), minor complications (N=354) and major complications (N=112).  The 

following predictors remained in the model after multivariate analysis; higher age (p=0.014), 

CVA/TIA (p=0.009) or myocardial infarction in the medical history (p=0.066), lower FEV1 

(p=0.030), presence of ECG-changes (p=0.008) and more extensive surgery (p<0.001). 

A nomogram based on these variables was constructed. Overall agreement between the 

predicted probabilities and the observed frequencies was good in the development and the 

validation set.

Conclusions
The nomogram predicts the severity of complications for individual patients and may help 

in informing the patient before undergoing esophagectomy for cancer and in choosing the 

optimal extent of surgery. When externally validated, the nomogram may play a role in risk-

adjusted audit of morbidity after esophagectomy.
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Introduction

Surgery is the best curative treatment option for esophageal cancer, but is accompanied 

by a high operative risk1,2. In high volume centers, the operative mortality risk has steadily 

decreased and is generally around 5%1,3-8. One of the possibilities to measure quality of care 

between hospitals is to compare the operative mortality rate. However, comparing hospitals 

by using crude in-hospital mortality rates can be misleading. Ideally this parameter should 

be corrected for the so-called case mix (age, general health and comorbidity). Risk-adjusted 

models which are based on predicting in-hospital mortality for individual patients have been 

developed9-11. However, these models all suffer from a low discriminative ability9-11 or even 

a lack of fit when externally validated12. In-hospital mortality is a relatively rare event in 

esophageal cancer surgery and therefore a model which includes other serious, but more 

frequent complications, is preferred. 

While mortality rates of around 5% can be reached in high volume centers, esophageal cancer 

resection is still associated with substantial morbidity. Early postoperative complication rates 

vary between 40 and 80%, depending on the applied criteria and depending on the extent 

of resection1,13,14. Complications can range from minor complications (e.g. urinary tract 

infection) to major complications (e.g. respiratory failure). Several previous studies focused 

on predisposing factors for complications after esophagectomy for cancer, but this did 

not result in reliable predictive models15-19, except for the specific prediction of pulmonary 

complications20. Models that focus on the presence of unspecified complications can not be 

used in esophageal surgery due to the large variation in the severity of complications21. The 

severity of complications22 was only taken into account in one study9 and was validated in 

a relatively small external series23. These studies describe three different risk groups. These 

groups have a relation with a normal, prolonged or severe postoperative course.  However, 

estimation of individual risk is not possible with use of this risk score. Predicting the severity 

of complications with use of preoperative risk factors may reveal important information for 

both patient and surgeon. Individualized risk assessment may help in choosing the optimal 

extent of surgery. So far, the severity of complications was never taken into account in 

predictive models.

To improve applicability of predictive models with diverse predictive factors nomograms have 

been developed. A nomogram gives a graphical representation of the predictive strength of 

individual predictors and enables clinicians to calculate an overall score for individual patients 

reflecting their personal risk. Nomograms are nowadays extensively applied to predict 

cancer recurrence after treatment24-26, but have recently also been designed to predict the 

probability of developing major complications after breast reconstruction27. The aim of the 

present study was to design a nomogram that can predict the severity of complications with 

use of conventional and widely available preoperative risk factors for patients undergoing 

potentially curative esophagectomy for cancer.

203

Predictio
n of the severity of co

m
p

licatio
ns

C
 H

 A
 P T E R

   12



Patients and Methods

Patients
The model was developed with data of a consecutive series of patients who underwent 

potentially curative esophagectomy for adenocarcinoma or squamous cell carcinoma of 

the esophagus or gastro-esophageal junction (GEJ) in the Academic Medical Center at the 

University of Amsterdam, the Netherlands, a tertiary referral center with a wide experience 

in esophageal surgery, between January 1993 and August 2005. Subsequently, the validity 

of the model was tested in a consecutive series of new patients who underwent potentially 

curative esophagectomy in the same hospital between August 2005 and November 

2006. Extensive preoperative staging had not revealed local irresectability and / or distant 

metastases (including tumor positive cervical lymph nodes or irresectable celiac nodes). All 

patients had a detailed preoperative assessment of their general health status and organ 

function (e.g. lung function tests, electrocardiography). 

Surgery was performed / supervised by an experienced surgeon (MIvBH, ORCB, HO, JJBvL). 

Both transhiatal and transthoracic esophagectomies were performed. Clinicopathological 

data from all operated patients were permanently collected in a prospective database. 

The study was approved by the Medical Ethical Committee of the Academic Medical Center 

at the University of Amsterdam and the necessity of an individual consent for the study was 

waived by this committee.

Definition of complications 
The severity of postoperative complications was graded according to the morbidity scale 

proposed by Dindo et al22. This classification system is based on the therapeutic consequences 

of complications and consists of five grades and two subgrades. Grade I complications do 

not need any medical or surgical intervention, grade II complications need pharmacological 

treatment, grade III complications need a radiological (grade IIIa) or operative (grade IIIb) 

reintervention, grade IV complications are life threatening and represent single organ (grade 

IVa) or multi organ (grade IVb) dysfunction. Finally, grade V complications are complications 

leading to death. Grading of complications was performed according to the most severe 

complication in each patient by a panel of four contributing authors (SML, MIvBH, ORCB and 

JJBvL). Subsequently, for the purpose of the present study, three categories of complications 

were defined by the above mentioned contributing authors (see Table 1); no complications 

(category 0), minor to moderate complications (category 1, grade I to IIIb) and severe 

complications (category 2, grade IVa, IVb and V).

Statistical analysis
A proportional odds model (ordinal logistic regression) was used to examine the association 

between potential predictors and the occurrence of complications classified in three categories 

of severity. The proportional odds model is an extension of the binary logistic regression 

model to the case of three or more outcome states that are naturally ordered28. Odds ratios 
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with 95% confidence intervals were used to quantify the strength of the association between 

predictors and severity of complications. Various readily available preoperative potential 

predictors were selected by a panel of four contributing authors (SML, MIvBH, ORCB and 

JJBvL). These factors included general predictors (e.g. age, sex, smoking) and predictors 

related with the medical history of the patients (e.g. myocardial infarction, hypertension). 

Function tests (lung function and electrocardiogram) and therapy related predictors (e.g. 

location of tumor, neoadjuvant chemoradiation therapy) were also selected. 

Predictors with a p-value of 0.10 or less in univariate analysis were all entered in a multivariate 

model. A nomogram was developed to visualize the prognostic strength of the different 

factors in a single figure and to calculate the expected distribution across the severity of 

complications based on a specific profile of a patient. In a backward elimination procedure 

(p<0.10 to stay in the model) the number of predictors was reduced to increase the practical 

applicability of the nomogram. The number of points for each predictor was based on the 

coefficient from the nomogram model by multiplying it by ten and rounding it to the lowest 

whole number. The total number of points derived by specifying values for all predictors was 

used to calculate the expected probability to develop no complications, minor to moderate 

complications and severe complications. This was visualized by a series of stacked bar-graphs 

for the three outcome categories across the range of predicted risks.

Because missing data result in loss of statistical power and can lead to possible bias, multiple 

imputation techniques were applied29,30. All predictors as well as the observed outcome 

together were used to impute missing values based on multivariate normal distributions 

using the Markov Chain Monte Carlo method. The coefficients of ten rounds of imputations 

were combined to obtain the final estimates and their 95% confidence intervals of the 

multivariate model. 

The fit and validity of models were checked in the following ways. The discriminatory 

properties of the model were examined by visualizing the distribution and degree of overlap 

in risk scores of individual patients within and between the three outcome categories. 

Subsequently, the discriminative ability was quantified by using the concordance (c) statistic. 

The c-statistic is a measure that can be interpreted as the probability among all possible 

pairs between patients from different outcome categories that the patient with the more 

severe complication also has the higher risk score. Values can range from 0.5 (due to chance; 

no discrimination) to 1.0 (perfect discrimination). The proportional odds assumption was 

evaluated by performing the test for parallel lines. Calibration was checked by comparing 

expected and observed number of patients in each of the three outcome categories across 

deciles of expected risk and tested for significance by using an extension of the Hosmer-

Lemeshow goodness-of-fit statistic31. All analyses were performed using SAS software 

version 9.1 (SAS Institute Inc.,Cary, NC, USA).
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Results

Between January 1993 and August 2005, a consecutive series of 663 patients underwent 

a macroscopically radical esophagectomy for squamous cell carcinoma (187 patients, 28%) 

or adenocarcinoma (476 patients, 72%) of the esophagus or GEJ.  Within this series, 466 

patients (70%) experienced at least one complication during their hospital stay. Patients 

were classified according to the severity of complications into three complication categories; 

no complications (category 0, N=197), minor to moderate complications (category 1, N=354) 

and major complications (category 2, N=112) (Table 1). In-hospital mortality was observed 

Table 1: Categorization of the severity of complications based on the classification according to 
Dindo et al20. Patients underwent esophagectomy for adeno- or squamous cell carcinoma of the 
esophagus or gastroesophageal junction. 

Complication category N examples of complications specific for 
esophageal surgery

Grade N (%)

0 = no complications 197 no complications 197 (30%)

1 = minor complications 354 atelectasis, vocal cord paresis or paralysis, 
radiological anastomotic leakage,

Grade I 133 (20%)

pneumonia, chyle leakage, pulmonary embolus Grade II 113 (17%)

anastomotic leakage requiring drainage, chest 
drain for pneumothorax or pleural empyema

Grade IIIa 36 (  5%)

any reoperation Grade IIIb 72 (11%)

2 = severe complications 112 requiring artificial ventilation, heart failure, 
ischemic stroke, renal insufficiency

Grade Iva   71 (11%)

combination of at least 2 complications classified 
as grade IVa

Grade Ivb   17 (  3%)

death Grade V   24 (  4%)

Table 2: Intensive care stay and hospital stay. Categories of complications were graded according 
to severity; no complications (category 0), minor to moderate complications (category 1) and severe 
complications (category 2).

No 
complications

n=197

Minor 
complications

n=354

Major 
complications

n=108

p-value

intensive care stay [days]

- median 1 2 10 <0.001

- p25 1 1 6

- p75 2 4 18

hospital stay [days]

- median 13 19 36 <0.001

- p25 12 15 19

- p75 15 26 38
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in 24 patients (3.6%). Eighteen patients died within 30 days (2.7%) and 31 patients (4.7%) 

died within 90 days after operation. Patients in the more severe complication category had 

significantly longer intensive care stays (p< 0.001) as well as longer hospital stays (p< 0.001)  

(Table 2). The diverse preoperative predictors that were tested for are given in Table 3.  

Descriptive data on the distribution of the various preoperative predictors in each of the three 

outcome categories are given in Table 3. Interestingly, ASA classification was not related with 

the severity of complications (p=0.294). Age (p=0.003, FEV1 (p=0.003), the occurrence of 

CVA/TIA (0.008) or myocardial infarction (p=0.007) in the medical history, the presence 

of q-waves and/or ST-T changes on the electrocardiogram (p<0.001) and a more extended 

transthoracic esophagectomy (p<0.001) were all associated with more severe complications 

in the univariate analysis. The presence of dyspnea or hypertension showed a trend towards 

significance (p=0.066 and p=0.072 respectively)

Table 3: Univariate analysis of potential preoperative  predictors for the severity of complications. 
Categories of complications were graded according to severity; no complications (category 0), minor 
to moderate complications (category 1) and severe complications (category 2).

Potential predictor Total
(N)

missing 
(N)

0
n=197

1
n=354

2
n=112

p-value

age [yrs]

- median 64 0 62 65 66 0.003

- p25 56 55 56 58

- p75 71 69 72 73

sex

- male 509 (77%) 0 150 (76%) 271 (77%) 88 (79%) 0.667

- female 154 (23%) 47 (24%) 83(23%) 24 (21%)

ASA classification

- 1 112 (17%) 7 37 (19%) 59 (17%) 16 (15%) 0.294

- 2 404 (62%) 120 (62%) 221 (63%) 63 (57%)

- 3 137 (21%) 36 (19%) 70 (20%) 31 (28%)

- 4 3 (0%) 1 (1%) 2(1%) 0 (0%)

percent weight loss [%]

- median 5 37 6 5 3 0.183

- p25 0 0 0 0

- p75 11 11 11 11

BMI

- median 24.49 50 24.44 24.48 24.80 0.473

- p25 21.87 21.45 21.97 22.00

- p75 26.92 27.34 27.14 27.15

alcohol intake [units a day]

- median 1 21 1 1 1 0.809

- p25 0 0 0 0

- p75 3 2.5 3 3
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smoking (1 yr before operation)

- no 379 (58%) 9 110 (58%) 210 (60%) 59 (53%) 0.581

- yes 275 (42%) 81 (42%) 141 (40%) 53 (47%)

presence of dyspnea 83 (13%) 4 21 (11%) 41 (12%) 21 (19%) 0.066

presence of pulmonary disease 
for which medication is used

52 (8%) 0 18 (9%) 25 (11%) 9 (8%) 0.856

preoperative FVC

- median 4.19 116 4.43 4.17 4.01 0.548

- p25 3.43 3.62 3.40 3.2

- p75 4.95 5.06 4.94 4.63

preoperative FEV1 [l/s]

- median 3.07 115 3.17 3.01 2.81 0.003

- p25 2.41 2.63 2.38 2.23

- p75 3.60 3.83 3.59 3.40

% predicted  FEV1 [%]

- median 99 149 105 99 94 0.002

- p25 88 93 88 80

- p75 113 115 113 105

serum creatinine [mmol/L]

- median 75 14 76 74 74 0.936

- p25 64 65 64 64

- p75 84 85 83 90

myocardial infarction 44 (7%) 0 7 (4%) 24 (7%) 13 (12%) 0.007

CVA / TIA 22 (3%) 0 4 (2%) 9 (3%) 9 (8%) 0.008

hypertension for which 
medication is used

140 (21%) 0 37 (19%) 71 (20%) 32 (29%) 0.072

q-waves and/or ST-T changes 54 (8%) 9 8 (4%) 28 (8%) 18 (17%) <0.001

diabetes for which medication 
is used

39 (6%) 0 12 (6%) 19 (5%) 8 (7%) 0.832

neoadjuvant therapy 140 (21%) 0 42 (21%) 73 (21%) 25 (22%) 0.911

location of tumor

- proximal or mid 150 (23%) 0 42 (21%) 72 (20%) 36 (30%) 0.243

type of operation

- limited (transhiatal) 424 (64%) 0 150 (76%) 221 (62%) 53 (47%) <0.001

- extended (transthoracic) 239 (36%) 47 (24%) 133 (38%) 59 (53%)

ASA = American Society for Anesthesiologists
BMI = body mass index
FVC =  forced vital capacity
FEV1 = forced expiratory volume in the first second 
CVA =  cerebrovascular accident
TIA = transient ischemic attack

Table 3: continued

Potential predictor Total
(N)

missing 
(N)

0
n=197

1
n=354

2
n=112

p-value
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Table 4: Remaining predictors of the nomogram model after backward elimination for the 
prediction of severity of complications. Results expressed as odds ratios (OR) and 95% confidence 
intervals (CI)

Factor Nomogram model
OR (95% CI)

P-value

transthoracic esophagectomy 2.64 (1.91-3.66) <0.001

q-waves and/or ST-T changes 2.16 (1.23-3.81) 0.008

history of CVA / TIA 3.06 (1.33-7.05) 0.009

age, one year increment 1.02 (1.00-1.04) 0.014

preoperative FEV1 [per l/s] 0.81 (0.67-0.98) 0.030

history of myocardial infarction 1.79 (0.96-3.32) 0.066

removed during backward elimination hypertension for which medication is used, presence of 
dyspnea, FEV1 = forced expiratory volume in the first second, CVA =  cerebrovascular accident
TIA = transient ischemic attack

Figure 1: Nomogram for prediction of severity of complications with use of preoperative risk-
factors. Complication categories are graded according to severity; no complications (category 0), 
minor to moderate complications (category 1) and major complications (category 2) 

Instruction: Locate the Age on the axis. Determine how many points the patient receives. Repeat 
this for each axis. Sum the points for all predictors and locate the sum on the Total points axis. 
Draw a line straight down to the bar graphs. Bar graphs represent the chance for an individual 
patient after esophagectomy for cancer to develop major, minor-to-moderate or no complications.

FEV1 = forced expiratory volume in the first second 
MI = myocardial infarction
TIA = transient ischemic attack
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All these variables were selected for multivariate analysis. Using backward elimination the 

following predictors remained in the model; age (0.014), the presence of CVA/TIA (p=0.009) 

or myocardial infarction in the medical history (p=0.066), FEV1 (p=0.030), the presence of 

q-waves and/or ST-T changes (p=0.008) and the operation type (p<0.001). The strength 

of the association using odds ratios and 95% confidence intervals are shown in Table 4. A 

nomogram based on these variables was constructed and is shown in Figure 1. The value 

of each predictor corresponds to a score. The scores for all predictors are summed to a 

total score, which is then translated into a probability for each of the three outcome states 

visualized by stacked bar graphs.

A graphical impression of the model’s discriminative ability is shown in Figure 2. This 

figure shows that although the mean risk score is significantly different between all three 

Figure 2: Distribution of risk score (by 
means of the total points derived by the 
nomogram) for the prediction of the 
severity of complications with use of 
preoperative risk-factors. complication 
categories are graded according to severity; 
no complications (category 0), minor to 
moderate complications (category 1) and 
severe complications (category 2)

complication categories (P<0.05), there is substantial overlap in the risk scores between 

patients from different categories of severity. This moderate discrimination is confirmed by 

a c-statistic of 0.65. Calibration plots for the prediction of the three outcome categories are 

shown in Figure 3. The goodness-of-fit test for ordinal models (p=0.366) indicated that the 

overall agreement between the predicted and actual probabilities was good.

The validity of the model was tested in an independent consecutive series of new patients 

(n=95) who underwent potentially curative esophagectomy for adenocarcinoma or 

squamous cell carcinoma of the esophagus or gastro-esophageal junction (GEJ) in the period 

immediately following the developmental set. The development and test set were comparable 

for case-mix.  As in the development set, a great overlap in distribution was seen, but again 
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the mean risk score was significantly different between all three complication categories 

(P<0.05). Calibration plots for the prediction of the three outcome categories are shown in 

Figure 4. The Hosmer-Lemeshow goodness-of-fit test indicated that the differences between 

the probabilities predicted by the model and the actual probabilities were small and non-

significant (p=0.626). Again a moderate discrimination was confirmed by a c-statistic of 

0.66.

Figure 4: Observed versus predicted plots for the prediction of the severity of complications in the 
nomogram validation set. The dotted line represents an optimal prediction of the predictive model. 
The three outcome categories are represented by the black line (no complications), blue line (minor 
to moderate complications) and red line (major complications) Observed proportions for each of the 
three categories are calculated for quartiles of the risk score and given with their 95% confidence 
interval.

Figure 3: Observed versus predicted plots for the prediction of the severity of complications in the 
nomogram development set. The dotted line represents an optimal performance of the predictive 
model. The three outcome categories are represented by the black line (no complications), blue line 
(minor to moderate complications) and red line (major complications). Observed proportions for 
each of the three categories are calculated for quartiles of the risk score and given with their 95% 
confidence interval. 
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Discussion

Esophagectomy is accompanied by a high operative risk1,2. On the basis of the present series 

of patients who underwent potentially curative resection for cancer of the esophagus or 

gastroesophageal junction, an ordinal regression model was developed to define a nomogram 

in order to predict the severity of complications for individual patients. Since individualized 

risk-assessment may help in informing the patient before surgery and in choosing the optimal 

extent of surgery, only preoperative risk factors were included in the model. The nomogram 

model showed moderate discrimination but good calibration in both the development and 

validation set.

Age, lung function and comorbidity were all significantly related with the severity of 

complications, but the discriminative ability of the nomogram risk score when combining 

these preoperative factors was only moderate. Partly, this could be expected since also 

other predictive models in esophageal surgery suffer from a low discriminative ability10,12,21. 

Apparently, in esophageal cancer surgery, patient related factors are not the only factors 

responsible for developing complications. In this complex and extensive type of surgery 

many more factors may all contribute to an increased risk for the severity of complications. 

First of all, unexpected complexities during surgery, resulting in a longer operation time or 

more blood loss, are not included. Also complexities during the early postoperative period 

are not included. For example, failing epidural analgesia after transthoracic esophagectomy 

leads to more complications, as was described recently32. The inclusion of those factors 

might increase the discriminatory effect of the nomogram, but can not be used in the 

preoperative setting, when treatment related decisions have to be made by the treating 

surgeon and the patient. Furthermore, our knowledge concerning the development of 

complications is still incomplete. Immune function and genetic alterations are known to be 

associated with increased susceptibility to infectious complications33. A recent study showed 

that preoperative interferon-γ determination helps in the prediction of postoperative major 

infectious complications after esophagectomy34. Another study found a predictive effect in 

the levels of secretory leukocyte protease inhibitor levels in bronchoalveolar lavage fluid35. 

An angiotensin-converting enzyme (ACE) insertion or deletion may play a role in affecting 

individual susceptibility to pulmonary complications after pulmonary injury36. Genetic 

polymorphisms of mannan-binding lectin (MBL) have recently been associated with infectious 

complications37. Probably, genetic and immunologic knowledge will rapidly increase and if 

proven useful, a predictive model could incorporate these molecular predictors. Finally, the 

grouping of complications also might have an effect in the moderate discriminatory ability. 

This grouping might result in a large heterogeneity within each group of complications. 

However, for both doctor and patient, the prediction of these three categories represents 

important information that can be helpful in clinical decision making.

Calibration of the nomogram model was good in both the development and the validation 

data set, which means that predictions for groups of patients with similar risk profile match 

the observed probabilities. For individual patients the model can provide an indication, but 
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certainly not a certitude that complications will occur22. The nomogram based on an ordinal 

logistic regression model not only predicts whether or not a complication will develop, it also 

provides information about the severity of complications. 

In esophageal cancer surgery, only one study developed a risk score which has a relation 

with the postoperative course. In a prospective analysis, it could be demonstrated that a 

consequent selection of patients based on this risk score could even reduce the postoperative 

mortality9. Recently another study confirmed that this individualized risk analysis may help to 

select patients for esophageal surgery based on this prediction of postoperative outcome23. 

These studies showed the importance of age and pulmonary status, which is in line with the 

present study. However, instead of a risk score, the present study presents a nomogram. This 

nomogram gives a graphical representation of the predictive strength of individual predictors 

and enables clinicians to calculate an overall score for individual patients reflecting their 

personal risk. Applying the nomogram only requires drawing lines and adding points for each 

individual predictor. This simplicity allows easy day-to-day clinical use for risk assessment in 

esophageal surgery. 

The ASA classification, which is used by anesthesiologists all around the world to assess 

operative risks, did not have any relation with the severity of complications. Probably, 

because ASA was originally developed for intraoperative problems of anesthesia.

In the present study, the nomogram was validated on a relatively small validation set of 

comparable patients who underwent esophagectomy in our hospital after the period of 

model development. Although calibration was good, it should be realized that this type 

of  validation does not address the wider issue of generizability in which the performance 

of the model is examined in other settings (hospitals) with possible differences in case mix 

and procedures. If adequate model performance can be achieved in other settings, the 

nomogram might be used to adjust for case mix when comparing hospital performance. 

High volume centers who specialize in esophageal surgery report decreasing mortality rates 

and report rates of less than five percent2-6,13. The association between hospital volume and 

operative mortality has been investigated since the 1990s and is well-documented in the 

literature. Nearly all the studies demonstrate that high-volume medical centers in esophageal 

cancer surgery consistently achieve lower mortality rates, which are around 5%2-6,38-40. 

Therefore, esophageal surgery for cancer should be regionalized in specialized high-volume 

hospitals41 and case-mix models should be based on numbers achieved in these hospitals. 

While mortality rates decrease, morbidity is still significant and consequently, case mix 

models should preferably not focus on only a rare event such as mortality, but rather on the 

severity of complications (which also includes mortality). In this way it is probably easier to 

make a comparison between hospitals. 

Cost-efficiency seems also related with specialized high volume care42. Recently a case-mix 

model was used to analyze cost-efficiency in pancreatic surgery43. Where the observed 

number of complications was lower than expected (as measured with POSSUM), in that 

study, costs decreased with more than one third. Cost reductions were primarily achieved 
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not through decreasing duration of hospital stay or ICU stay, but rather through substantial 

decreases in pharmacy, radiology, and laboratory costs.

In conclusion, a statistical model was developed to define a nomogram which predicts the 

incidence and severity of complications for individual patients after esophagectomy for 

cancer. The nomogram model uses only preoperative predictors and showed moderate 

discrimination but good calibration. The nomogram may help in informing the patient 

before surgery and in choosing the optimal extent of surgery. When externally validated, the 

nomogram may play a role in risk-adjusted audit of morbidity after esophagectomy.

References

 1. Hulscher JB, van Sandick JW, de Boer AG et 
al. Extended transthoracic resection compared 
with limited transhiatal resection for adenocar-
cinoma of the esophagus. N Engl J Med 2002; 
347:1662-1669.

 2. Whooley BP, Law S, Murthy SC et al. Analysis of 
reduced death and complication rates after esoph-
ageal resection. Ann Surg 2001; 233:338-344.

 3. Ferri LE, Law S, Wong KH et al. The influence 
of technical complications on postoperative 
outcome and survival after esophagectomy. Ann 
Surg Oncol 2006; 13:557-564.

 4. Lerut T, Nafteux P, Moons J et al. Three-field 
lymphadenectomy for carcinoma of the esopha-
gus and gastroesophageal junction in 174 R0 
resections: impact on staging, disease-free surviv-
al, and outcome: a plea for adaptation of TNM 
classification in upper-half esophagea carcinoma. 
Ann Surg 2004; 240:962-972.

 5. Mariette C, Taillier G, Van S, I et al. Factors 
affecting postoperative course and survival after 
en bloc resection for esophageal carcinoma. Ann 
Thorac Surg 2004; 78:1177-1183.

 6. Portale G, Hagen JA, Peters JH et al. Modern 
5-year survival of resectable esophageal adeno-
carcinoma: single institution experience with 263 
patients. J Am Coll Surg 2006; 202:588-596.

 7. Siewert JR., Feith M, Werner M et al. Adenocarci-
noma of the esophagogastric junction: results of 
surgical therapy based on anatomical/topograph-
ic classification in 1,002 consecutive patients. 
Ann Surg 2000; 232:353-361.

 8. Metzger R, Bollschweiler E, Vallbohmer D et al. 
High volume centers for esophagectomy: what is 
the number needed to achieve low postoperative 
mortality? Dis Esophagus 2004; 17:310-314.

 9. Bartels H, Stein HJ, Siewert JR. Preoperative 
risk analysis and postoperative mortality of 
oesophagectomy for resectable oesophageal 
cancer. Br J Surg 1998; 85:840-844.

 10. Steyerberg EW, Neville BA, Koppert LB et al. 
Surgical mortality in patients with esophageal 
cancer: development and validation of a simple 
risk score. J Clin Oncol 2006; 24:4277-4284.

 11. Tekkis PP, McCulloch P, Poloniecki JD et al. Risk-
adjusted prediction of operative mortality in 
oesophagogastric surgery with O-POSSUM. Br J 
Surg 2004; 91:288-295.

 12. Lagarde SM. Maris AK, de Castro SM. evaluation 
of the O-POSSUM score in predicting in-hospital 
mortality after esophaegctomy for cancer. 
Br.J.Surg. publisehd online october 2007.

 13. Hulscher JB, Tijssen JG, Obertop H et al. Transt-
horacic versus transhiatal resection for carcinoma 
of the esophagus: a meta-analysis. Ann Thorac 
Surg 2001; 72:306-313.

 14. Swisher SG, Deford L, Merriman KW et al. Effect 
of operative volume on morbidity, mortality, and 
hospital use after esophagectomy for cancer. J 
Thorac Cardiovasc Surg 2000; 119:1126-1132.

 15. Avendano CE, Flume PA, Silvestri GA et al. 
Pulmonary complications after esophagectomy. 
Ann Thorac Surg 2002; 73:922-926.

 16. Law S, Wong KH, Kwok KF et al. Predictive 
factors for postoperative pulmonary omplications 
and mortality after esophagectomy for cancer. 
Ann Surg 2004; 240:791-800.

 17. Sauvanet A, Mariette C, Thomas P et al. Mortality 
and morbidity after resection for adenocarcino-
ma of the gastroesophageal junction: predictive 
factors. J Am Coll Surg 2005; 201:253-262.

214



 18. Gockel I, Exner C, Junginger T. Morbidity and 
mortality after esophagectomy for esophageal 
carcinoma: a risk analysis. World J Surg Oncol 
2005; 3:37.

 19. Abunasra H, Lewis S, Beggs L et al. Predictors of 
operative death after oesophagectomy for carci-
noma. Br J Surg 2005; 92:1029-1033.

 20. Ferguson MK, Durkin AE. Preoperative predic-
tion of the risk of pulmonary complications after 
esophagectomy for cancer. J Thorac Cardiovasc 
Surg 2002; 123:661-669.

 21. Zafirellis KD, Fountoulakis A, Dolan K et al. Evalu-
ation of POSSUM in patients with oesophageal 
cancer undergoing resection. Br J Surg 2002; 
89:1150-1155.

 22. Dindo D, Demartines N, Clavien PA. Classifica-
tion of surgical complications: a new proposal 
with evaluation in a cohort of 6336 patients and 
results of a survey. Ann Surg 2004; 240:205-213.

 23. Schroder W, Bollschweiler E, Kossow C et al. 
Preoperative risk analysis--a reliable predictor 
of postoperative outcome after transthoracic 
esophagectomy? Langenbecks Arch Surg 2006; 
391:455-460.

 24. Brennan MF, Kattan MW, Klimstra D et al. Prog-
nostic nomogram for patients undergoing resec-
tion for adenocarcinoma of the pancreas. Ann 
Surg 2004; 240:293-298.

 25. DiBlasio CJ, Kattan MW. Use of nomograms to 
predict the risk of disease recurrence after defini-
tive local therapy for prostate cancer. Urology 
2003; 62 Suppl 1:9-18.

 26. Kattan MW, Reuter V, Motzer RJ et al. A post-
operative prognostic nomogram for renal cell 
carcinoma. J Urol 2001; 166:63-67.

 27. Lin KY, Johns FR, Gibson J et al. An outcome 
study of breast reconstruction: presurgical iden-
tification of risk factors for complications. Ann 
Surg Oncol 2001; 8:586-591.

 28. Hosmer DW, Lemeshow S. Applied Logistic 
Regression. New York: Wiley; 2000.

 29.  Lttle RJ, Rubin DB. Statistical analysis with miss-
ing data. New York, NY: Wiley; 1989.

 30.  Arnold AM, Kronmal RA. Multiple imputation of 
baseline data in the cardiovascular health study. 
Am J Epidemiol 2003; 157:74-84.

 31. Pulkstenis E, Robinson TJ. Goodness-of-fit tests 
for ordinal response regression models. Stat Med 
2004; 23:999-1014.

 32. Cense HA, Lagarde SM, de JK et al. Associa-
tion of no epidural analgesia with postopera-
tive morbidity and mortality after transthoracic 
esophageal cancer resection. J Am Coll Surg 
2006; 202:395-400.

 33. Hensler T, Heidecke CD, Hecker H et al. Increased 
susceptibility to postoperative sepsis in patients 
with impaired monocyte IL-12 production. J 
Immunol 1998; 161:2655-2659.

 34. van Sandick JW, Gisbertz SS, ten B, I et al. 
Immune responses and prediction of major infec-
tion in patients undergoing transhiatal or tran-
sthoracic esophagectomy for cancer. Ann Surg 
2003; 237:35-43.

 35. Tsukada K, Miyazaki T, Katoh H et al. Relation-
ship between secretory leukocyte protease 
inhibitor levels in bronchoalveolar lavage fluid 
and postoperative pulmonary complications in 
patients with esophageal cancer. Am J Surg 
2005; 189:441-445.

 36. Lee JM, Lo AC, Yang SY et al. Association of 
angiotensin-converting enzyme insertion/deletion 
polymorphism with serum level and development 
of pulmonary complications following esophagec-
tomy. Ann Surg 2005; 241:659-665.

 37. Till JW, Boermeester MA, Modderman PW et 
al. Variable Mannose-Binding Lectin Expression 
during Postoperative Acute-Phase Response. Surg 
Infect (Larchmt ) 2006; 7:443-452.

 38. van Lanschot JJ, Hulscher JB, Buskens CJ et 
al. Hospital volume and hospital mortality for 
esophagectomy. Cancer 2001; 91:1574-1578.

 39. Birkmeyer JD, Sun Y, Goldfaden A et al. Volume 
and process of care in high-risk cancer surgery. 
Cancer 2006; 106:2476-2481.

 40. Metzger R, Bollschweiler E, Vallbohmer D et al. 
High volume centers for esophagectomy: what is 
the number needed to achieve low postoperative 
mortality? Dis Esophagus 2004; 17:310-314.

 41. Casson AG, van Lanschot JJ. Improving outcomes 
after esophagectomy: the impact of operative 
volume. J Surg Oncol 2005; 92:262-266.

 42. Gordon TA, Bowman HM, Bass EB et al. Complex 
gastrointestinal surgery: impact of provider expe-
rience on clinical and economic outcomes. J Am 
Coll Surg 1999; 189:46-56.

 43. Vollmer CM, Jr., Pratt W, Vanounou T et al. Qual-
ity assessment in high-acuity surgery: volume 
and mortality are not enough. Arch Surg 2007; 
142:371-380.

215

Predictio
n of the severity of co

m
p

licatio
ns

C
 H

 A
 P T E R

   12





PART III
Preferences 

for prognostic 
information





13
Patient preferences for the disclosure of 

prognosis after esophagectomy for cancer 
with curative intent

Sjoerd M Lagarde

Sanne J Franssen

Jochem R van Werven

Ellen MA Smets

TC Khe Tran

Hugo W Tilanus

John Th M Plukker

Johanna CJM de Haes

J Jan B van Lanschot

Submitted



Abstract

Introduction
The aim of this study was to determine the preferences for content, style and format of 

prognostic information of patients after potentially curative esophagectomy for cancer and 

to explore predictors of these preferences. 

Patients and Methods
This multicenter study included a consecutive series of patients who underwent surgical 

resection for cancer in the past two years and who did not have evidence of cancer 

recurrence. A questionnaire was used to elicit patient preferences for the content, style 

and format of prognostic information. Sociodemographic characteristics, clinicopathological 

factors and quality of life (EORTC QLQ-30 and OES18) were explored as predictors for certain 

preferences.

Results
Of the 204 eligible patients, 176 patients (86%) returned the questionnaire. The majority of 

patients desired prognostic information. Information preferences declined when information 

became more specific and more negative. Married patients and higher educated patients 

were more likely to want all prognostic information. The majority of patients wanted their 

specialist to start the discussion about prognosis. However, a significant proportion of these 

patients wanted their specialist to first ask if they want to have prognostic information. 

97% of patients wanted a realistic and individualistic approach. Words and numbers were 

preferred over visual presentations. 

Conclusions
After potentially curative esophagectomy for cancer, the majority of patients wants detailed 

prognostic information and wants their specialist to begin the prognostic discussion. Patients 

prefer their doctor to be realistic; words and numbers are preferred over figures and graphs
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Introduction

Cancer of the esophagus is an aggressive disease. Even after potentially curative 

esophagectomy, the majority develops recurrences1-3 and 5-year survival rates rarely exceed 

30%4-7. Reliable estimation of prognosis is only possible with pathological findings which 

are only available after esophagectomy8. In future, individualized prognostication may 

be improved with use of e.g. nomograms9, artificial neural networks (ANNs)10 or genetic 

profiles11-14. However, it is not only a challenge to accurately estimate individual prognosis, 

but also to inform patients accordingly. In Western countries, cancer patients increasingly 

express a preference for more detailed information15. The majority of patients seek full 

information regarding their diagnosis, treatment options and side effects of treatment. Still, 

evidence for the preferences concerning disclosure of prognosis though, is limited to female 

breast cancer patients and cancer patients with metastatic disease15-20. However, in patients 

who underwent esophagectomy for cancer, often accompanied by substantial morbidity 

and impact on quality of life5,21-24, it may be difficult to discuss ‘poor’ prognosis with 

sensitivity and honesty. Moreover, there are no additional therapeutic treatment options 

for these patients. Information preferences after potentially curative treatment without 

adjuvant treatment options remain unknown17,25. Finally, it is not clear which patients prefer 

detailed or general information. Therefore, the aim of the present study was to determine 

the preferences of cancer patients who underwent potentially curative esophagectomy 

for content, style and format of prognostic information and to explore clinicopathological 

predictors of these preferences.  

Patients and Methods

Patients and study design 
The present study was performed in three high volume centers (Academic Medical Center 

in Amsterdam, Erasmus Medical Center in Rotterdam and University Medical Center in 

Groningen). These hospitals perform over 50% of all esophagectomies in the Netherlands26. 

The study was approved by the medical ethics committees of the three hospitals. The present 

consecutive series of patients underwent potentially curative esophagectomy for cancer, 

were discharged from the hospital and received general information about the malignant 

nature of their disease and disease status (depth of tumor penetration and the presence or 

absence of lymph node metastasis). Questionnaires were sent to the patients 1-24 months 

after surgery. When the patient did not return the questionnaire, he/she was contacted 

by telephone once. Patients who had developed recurrent disease during follow-up were 

excluded.
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Questionnaire
Survey Development: A written survey was used to elicit patient preferences for the 

content, style and format of disclosure of prognostic information. This survey was originally 

developed to assess preferences for prognostic information in patients with metastatic 

cancer in Australia and contains key items that were based on published literature, analysis 

of audiotapes and earlier quantitative studies in breast cancer19. Items regarding end-of-life 

issues were omitted because our patient sample did not have evidence of metastatic disease. 

The survey was translated into Dutch using standard forward-backward translation. Forward 

translation was performed independently by two Dutch native speakers (SL and ES). Two 

native English speakers who understand and speak Dutch and did not have knowledge about 

the content of this study carried out backward translation. The instrument was reviewed by 

a medical psychologist (JCJMdH) and a surgeon (JJBvL) and was subsequently piloted among 

8 patients. Minor revisions were made in response to reviewers̀  and pilot participants̀  

feedback.

Information preference
Desired prognostic information desired: Participants indicated their preferences for 

information from a list of 15 specific information items by ticking `yes̀ , `no preferencè  or 

`no .̀ This list includes six items regarding prognosis (general prognosis, average survival, 

individual chance for survival, 5-, 1-, and ½- year survival). For these six items a preference for 

prognostic information scale was developed (Cronbach s̀ α=0.89).

Preference for initiative of disclosing prognostic information? : Patients also indicated for 

each information item (regarding prognosis)  whether they would like the (1) ‘specialist to 

just tell me’; (2) ‘specialist to check first if I want to know’; (3) ‘specialist to tell me only if I 

ask’; (4) ‘finding out on own, e.g. ìnternet’ or (5) ‘not to discuss at all’. 

Information providing behavior: Thirty-one informational and supportive doctor-behaviors 

when discussing prognosis were listed. Patients rated their response on a 5-point Likert scale 

(agree completely to disagree completely).

Preferred format of survival statistics: To assess in which format patients prefer to be given 

prognostic information, participants were asked to read a short scenario of a patient who 

had recently undergone esophagectomy and received prognostic information. Six formats 

(words, percentage, fraction, 100-person diagram, pie chart, and survival graph) of the same 

prognostic information were presented. Participants indicated on a 5-point Likert scale how 

easy each format was to understand and how much they liked them. 

Predictor variables
Demographic details: Patients reported their age, highest educational level achieved, 

language spoken at home, parents’ country of birth and marital status (see Table 1).

Clinicopathological characteristics: Clinicopathological characteristics were permanently 

collected in prospective databases. The use of (neo-)adjuvant chemoradiation therapy, 

hospital stay, Intensive Care Unit (ICU) stay, tumor stage (according to TNM esophageal 
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staging system27) and grade of complications were analyzed. Complications were categorized 

according to the morbidity scale proposed by Dindo et al28. This classification system is based 

on the therapeutic consequences of the worst complication (see Table 1).

Quality of life: The assessment of quality of life (QoL) was based on a cancer-specific core 

questionnaire, the QLQ-C3029 (version 3.0), and an esophageal cancer-specific module 

QLQ-OES1830, both developed and validated within the EORTC. The QLQ-C30 includes five 

functional scales (physical, role, emotional, cognitive and social), one gobal QoL scale, three 

general symptom scales (fatigue, nausea and vomiting, and pain), and finally six single-item 

general symptom measures of problems (dyspnea, insomnia, appetite, constipation, diarrhea 

and financial difficulties). Each item has four response alternatives: 1) ‘not at all’, 2) ‘a little’, 

3) ‘quite a bit’ and 4) ‘very much’, except for the global QoL scale which ranges from; 1)’very 

poor’ to 7) ‘excellent’. The QLQ-OES1830 assesses symptoms specific to esophageal cancer 

and comprises four symptom scales (eating, reflux, esophageal pain, and dysphagia) and six 

single items (cough, dry mouth, taste, choking, speech and enjoyment). This questionnaire 

has the same four response alternatives as the core questionnaire. Cronbach s̀ alpha’s 

for each of the functioning and symptom scales are given in Table 2. QoL scores, derived 

from the questionnaires have been linearly transformed into a 0 to 100 scale according to 

the EORTC Scoring Manual31, where a high score in the functional and global QoL scales 

represents a higher level of function and better global QoL whereas a high symptom score 

represents more symptoms. 

Statistical methods and data analyses
Informational preferences were analyzed using descriptive statistics. Missing items from multi-

item scales were imputed. If at least half of the items from the scale were answered, missing 

values were assumed to have values equal to the average of those items. Missing values 

from single items were scored as missing and not imputed. Predictors of patient preferences 

were explored, using χ2, Mann-Whitney-U, T-test and logistic regression analyses. These 

predictors included demographic details; age, sex, education level, relationship status and 

clinicopathological parameters; type of cancer, treating hospital, neoadjuvant chemoradiation 

therapy, time since esophagectomy and type of operation, stage of disease according to the 

TNM esophageal staging system27, the presence and grade of complications, the hospital 

stay and ICU stay and QoL. Predictive factors that had a p-value less than 0.1 in univariate 

analysis were entered in multivariate binary logistic regressions. Results of multivariate 

analyses were given as odd ratios with 95% confidence intervals. All data analyses were 

performed by using SPSS® version 12.0 (Statistical Package for the Social Sciences, Chicago, 

IL, USA).
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Table 1: Demographics and clinicopathological parameters of the 176 included patients

parameter N (%)

age (median, range) 63 (30-80)

gender

- male 145 (82%)

- female 31 (18%)

neoadjuvant therapy

- no 128 (73%)

- yes 48 (27%)

time since discharge [months] 11.30 (1-28)

hospital

- AMC (Amsterdam) 93 (53%)

- Erasmus MC (Rotterdam) 57 (32%)

- UMCG (Groningen) 26 (15%)

education level

- < 12 years 90 (51%)

- ≥ 12 years 86 (49%)

partner

- yes 154 (87%)

- no 22 (13%)

relationship status

- married 151 (86%)

- other 25 (14%)

ethnicity

- Dutch 173 (98%)

- other 3 (2%)

language spoken at home

- Dutch 167 (95%)

- other 9 (5%)

tumor type

- adeno carcinoma 131 (74%)

- squamous cell carcinoma 39 (22%)

- other 6 (3%)

stage

- stage I 33 (19%)

- stage IIa 52 (30%)

- stage IIb 16 (9%)

- stage III 58 (30%)

- stage IVa 17 (10%)

grading of complications

- grade 0 53 (30%)

- grade I 12 (7%)

- grade II 43 (24%)

- grade III 34 (19%)

- grade IV 34 (19%)

hospital stay (median days, range) 16 (8-113)

ICU stay (median days, range) 3 (0.5-63)

ICU = Intensive Care Unit
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Results

Clinicopathological characteristics
A consecutive series of 204 eligible patients was invited to participate. 176 patients (86%) 

returned the questionnaire. Nineteen (10%) patients did not return the questionnaire and 9 

patients (4%) refused to participate. The group of 28 non-responders was not significantly 

different in age, gender, neoadjuvant chemoradiation therapy, hospital, type of tumor, tumor 

stage, time since discharge and the presence of complications. 

Of the 176 included patients, median age was 63 years (range 30-80). 82% was male. 

The mean time since esophagectomy was 12 months. The majority did not receive (neo-) 

adjuvant chemoradiation therapy and most patients had stage III disease. 70% suffered from 

at least one complication (Table 1).

Quality of life
The mean scores on all scales and items of the EORTC QoL 30 and EORTC QoL OES 18 are 

shown in Table 2. Of the functioning scales, ‘role functioning’ had the lowest score (73). 

The mean score of the global health QoL scale was also 73. Among the general symptom 

scales, problems with fatigue were most often reported. Among the general symptom items, 

dyspnea, insomnia and diarrhea were the dominating symptoms. Of the esophageal specific 

symptoms, dysphagia was reported most often. Among symptom items, lack of enjoyment 

of eating and cough were the most frequent symptoms.

Information preference and its prediction
Desired prognostic information

Almost all patients wanted information about treatment options (97%), average prognosis 

(93%) and common complications after esophagectomy (91%)(Table 3). The majority also 

desired specific information about survival duration. However, information preferences 

concerning prognosis declined  when information became more specific and more short-

term; ’average prognosis’ (93%), ‘the chance of recurrence within 5 years’ (82%), ‘the 

chance of recurrence within 1 year’ (73%) to ‘the chance of recurrence within half a year’ 

(71%).  From the six items concerning prognosis (Table 3), a prognostic information scale 

was developed. Patients who wanted information on all items received 100 points, while 

patients who did not want any information received 0 points. Patients who answered half 

of the questions with yes and half with no received 50 points. The mean score was 87 (SD 

= 23) points. Because of a skewed distribution, patients were categorized into those who 

wanted all information (115 patients who received 100 points) and those who needed a 

more delicate approach for at least one of the items (60 patients with less than 100 points). 

Several predictors for maximum prognostic information were found in univariate analysis 

(Table 4). In multivariate analysis married patients and higher educated patients were more 

likely to want all prognostic information. 
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Table 2: Cronbach`s Alpha and means (SD) of Quality of Life scales

Scale of questionnaire Items (N) Cronbach`s 
Alpha

Mean Score 
(SD)

Missing values 
number of patients (%)

EORTC-QoL 30

Functioning scales (1)

- physical 5 0.82 83 (18) 2 (1%)

- role 2 0.88 73 (27) 1 (1%)

- emotional 4 0.88 82 (22) 2 (1%)

- cognitive 2 0.66 84 (21) 1 (1%)

- social 2 0.65 83 (22) 2 (1%)

Global health status (1) 2 0.88 73 (19) 1 (1%)

General symptom scales (2)

- fatigue 3 0.90 31 (27) 3 (2%)

- nausea and vomiting 2 0.78 16 (23) 1 (1%)

- pain 2 0.82 13 (21) 1 (1%)

General symptom items(2)

- dyspnoea 1 - 22 (29) 0 (- - - -)

- insomnia 1 - 20 (28) 1 (1%)

- appetite 1 - 18 (29) 3 (2%)

- constipation 1 - 8 (20) 1 (1%)

- diarrhea 1 - 20 (28) 1 (1%)

- financial difficulties 1 - 13 (24) 1 (1%)

EORTC-QoL OES18

General symptom scales (2)

- eating 2 0.61 23 (24) 3 (2%)

- reflux 2 0.85 22 (26) 1 (1%)

- esophageal pain 3 0.67 12 (16) 4 (2%)

- dysphagia 4 0.78 28 (27) 6 (3%)

General symptom items(2)

- cough 1 - 25 (31) 3 (2%)

- dry mouth 1 - 20 (27) 2 (1%)

- taste 1 - 14 (26) 4 (2%)

- choking 1 - 15 (27) 3 (2%)

- speech 1 - 12 (26) 1 (1%)

- enjoyment 1 28 (33) 3 (2%)

(1) = Score range 0 to 100. Higher scores represent a better quality of life or a higher level of 
functioning, (2)  = Score range 0 to 100. Higher scores represent more severe symptoms
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Table 3: Desired information

Type of information Want % of 
patients

Do not want % of 
patients

% Responding

Treatment options 97  3 100

Average prognosis* 93 7 100

Common complications of esophagectomy 89 10 100

Origin and development of esophageal cancer 86 14 100

Factors which influence my individual 
prognosis positively or negatively*

85 15 99

Factors which influence my individual chance 
for developing complications

84 15 100

Chance of recurrence within 5 years* 82 18 99

Average time of survival* 74 24 99

Chance of recurrence within 1 year* 73 21 94

Chance of recurrence within 1/2 year* 71 23 93

Rare complications of esophagectomy 66 34 99

Alternative treatment options (e.g. relaxation) 55 44 99

* These items comprise the ‘Prognostic Information Scale’

Table 4: Factors related to the amount of prognostic information desired. Patients were categorized 
into those who wanted all information (those who received 100 points) and those who needed a 
more delicate approach for at least one of the items (less than 100 points).

Factor Less than 
maximum 
prognostic 
information 

desired
N=60 (34%)

Maximum 
prognostic 
information 

desired
N=115 (66%)

P-value
Univariate

P-value
Multivariate

Odds Ratio 
(95% CI)

age [years] * 66 (37-85) 60 (30-81) 0.070

education level 0.007 0.012 2.48 (1.22-5.02)

- < 12 years 39 (65%) 50 (43%)

- ≥ 12 years 21 (35%) 65 (57%)

relationship status

- married 47 (78%) 103 (90%) 0.044 0.043 2.57 (1.03-6.41)

- other 13 (22%) 12 (10%)

time since discharge [months] § 13 (9) 11 (7) 0.079

dyspnea [EORTC-QoL] § 17 (27) 24 (30) 0.074

- p-values smaller than 0.1 using χ2, students-T, Mann-Whitney-U, and logistic regression analyses 
and are shown, * = median (range), § = mean (SD)
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Preference for initiative of disclosing prognostic information?

When asked who should initiate discussion about prognosis and treatment, most participants 

were willing to leave it up to their specialist (Table 5). However, a significant proportion of 

these patients wanted their specialist to ask first if they want to know their prognosis. A 

minority of patients wanted to have the initiative or did not want to discuss the specific 

prognostic information at all. 

Twenty-six patients (15%) did not want their doctor to start the disclosure of prognostic 

information (one or more of the six items concerning prognosis) or wanted the initiative on 

their side. Several predictors identifying those patients were found in univariate analysis (Table 

6). In multivariate analysis, older age, having a better taste and a worse social functioning 

were independently related with patients preferring the initiative. 

Information providing behavior

Of the 31 listed doctor behaviors, almost all patients wanted the doctor to tell them their 

prognosis first before telling anybody else (99%), give them an opportunity to ask questions 

(98%), be realistic (97%) and acknowledge the patient as an individual (97%). Behaviors 

Table 5: Initiative of discussion about treatment and prognosis. Percentages of patients are given.

Type of Information Aim of treatment Symptoms 
and treatment 

side effects

Complications of 
esophagectomy

General prognosis 
after esophagectomy

Factors that influence 
my individual 

prognosis positively 
or negatively

Who to initiate discussion?

specialist just to tell me 78.3 80.6 77.2 78.9 68.4

specialist to check first if I want to know 16.6 13.1 12.3 14.0 19.9

specialist to tell me only if I ask 4.0 5.7 8.8 5.8 8.8

not to discuss at all 0.6 0.6 0.6 0.6 2.9

finding out on my own, e.g. internet 0.6 0 0.6 1.2 0.6

number of responders 175 175 171 171 171

NOTE. Respondents were given the option to select more than one item.

Table 5: continued

Type of Information Average time of 
survival

Chance of 
recurrence 

within 5 years

Chance of 
recurrence within 

1 year

Chance of recurrence 
within 1/2 year

Who to initiate discussion?

specialist  just to tell me 62.8 67.8 68.3 66.1

specialist to check first if I want to know 22.1 17.5 16.1 17.0

specialist to tell me only if I ask 9.9 9.4 9.9 9.1

not to discuss at all 5.2 5.3 5.6 7.9

finding out on my own, e.g. internet 0.6 0.6 0.6 0.6

number of responders 172 171 161 165

NOTE. Respondents were given the option to select more than one item.
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that were rated as inappropriate or not important included giving the prognosis over the 

telephone (24%), giving an audiotape of the discussion (24%) and sit next to the patient 

instead of behind the desk (22%) (Table 7). Still, 104 patients (59%) wanted an optimistic 

approach. In multivariate analysis, the wish for the specialist to be optimistic was related to 

having less than 12 years education (p=0.002) and a worse global health (p=0.038).

Preferences for format

Patients found pie charts and 100-person diagrams the easiest to understand. A Kaplan 

Meier graph was most difficult to understand. Words and numbers were preferred over 

visual presentations (Table 8). Ratings of preference for presenting prognostic information 

and ease of understanding the given formats were all positively correlated (all p<0.001), 

words: R=0.57; percentages: R=0.50; fractions R=0.55; 100-person diagram R=0.38, pie 

chart R=0.35, and survival graph R=0.62. Thirty of the 176 patients commented on their 

preference for words e.g.: “Words can explain harsh and clinical numbers”; “Words are 

clearer in combination with numbers”.

Table 5: Initiative of discussion about treatment and prognosis. Percentages of patients are given.

Type of Information Aim of treatment Symptoms 
and treatment 

side effects

Complications of 
esophagectomy

General prognosis 
after esophagectomy

Factors that influence 
my individual 

prognosis positively 
or negatively

Who to initiate discussion?

specialist just to tell me 78.3 80.6 77.2 78.9 68.4

specialist to check first if I want to know 16.6 13.1 12.3 14.0 19.9

specialist to tell me only if I ask 4.0 5.7 8.8 5.8 8.8

not to discuss at all 0.6 0.6 0.6 0.6 2.9

finding out on my own, e.g. internet 0.6 0 0.6 1.2 0.6

number of responders 175 175 171 171 171

NOTE. Respondents were given the option to select more than one item.

Table 5: continued

Type of Information Average time of 
survival

Chance of 
recurrence 

within 5 years

Chance of 
recurrence within 

1 year

Chance of recurrence 
within 1/2 year

Who to initiate discussion?

specialist  just to tell me 62.8 67.8 68.3 66.1

specialist to check first if I want to know 22.1 17.5 16.1 17.0

specialist to tell me only if I ask 9.9 9.4 9.9 9.1

not to discuss at all 5.2 5.3 5.6 7.9

finding out on my own, e.g. internet 0.6 0.6 0.6 0.6

number of responders 172 171 161 165

NOTE. Respondents were given the option to select more than one item.
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Table 6: Initiative of discussion about treatment and prognosis. Patients were divided into A) 
patients who wanted their physician to have the initiative (tell with or without asking the patient 
first), and B) patients who want the initiative on their own side (ask for prognosis themselves or do 
not want to discuss it at all).

Factor Patient takes 
initiative

N=26

Physician takes 
initiative

N=150

P-value
Univariate

P-value
Multivariate

Odds Ratio 
(95% CI)

age [years] * 69.0 (48-80) 61.5 (30-85) 0.005 0.038 1.06 (1.00-1.12)

education level

- < 12 years 18 (69.2%) 72 (48.0%) 0.046

- ≥ 12 years 8 (30.8%) 78 (52.0%)

relationship status

- married 19 (73.1%) 132 (88.0%) 0.044

- other 7 (26.9%) 18 (12.0%)

stage

- stage I 6 (23.1%) 27 (18.0%) 0.047

- stage IIa 12 (46.2%) 42 (28.0%)

- stage IIb 4 (15.4%) 12 (8.0%)

- stage III 2 (7.7%) 53 (35.3%)

- stage IVa 2 (7.7%) 16 (10.7%)

social functioning 
[EORTC-QoL] §

76.3 (28.4) 84.0 (20.9) 0.067 0.010 1.03 (1.00-1.051)

taste [EORTC-QoL] § 5.3 (18.5) 15.0 (26.8) 0.045 0.013 1.04 (1.00-1.07)

- p-values smaller than 0.1 using χ2, students-T, Mann-Whitney-U, and logistic regression analyses 
are shown, * = median (range), § = mean (SD)

Discussion

The present study analyzed the preferences of receiving prognostic information of cancer 

patients who underwent potentially curative esophagectomy. It was shown that the majority 

of patients wanted detailed prognostic information and wanted their specialist to initiate the 

prognostic discussion. When discussing prognosis, most patients desired a realistic approach 

and words and numbers are preferred over figures and graphics.

Esophageal cancer resection is only performed with curative intent. However, even after 

potentially curative surgery, the majority develops recurrent disease. If recurrence is detected, 

therapy is aimed at optimal palliation and average survival is between 3 and 6 months only. 

Currently, estimating prognosis is most accurate when based on postoperative pathological 

findings. In future, estimation of individual prognosis may be improved with use of e.g. 

nomograms9 or genetic profiles11-13. 

Communication of prognosis is demanding for both doctor and patient32,33. The disclosure 

of prognostic information is complex because it requires synthesis of biomedical knowledge 

and communication skills34. In patients with cancer the debate shifted, over the last decades, 
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Table 7: Behavior of doctors when discussing the issue prognosis

I prefer my specialist to % disagree % Neutral % agree % Responding

Tell me my prognosis first before telling 
anybody else

1 0 98 99

Give me an opportunity to ask questions 2 1 97 99

Be realistic about my likely future 2 1 96 99

Acknowledge me as an individual 2 1 96 99

Ensure he/ she tells me personally what my 
results are

1 1 96 98

Summarize what he / she has told me 3 1 95 99

Check with me that I understand what has 
been told

2 2 95 99

Make sure I have someone with me (e.g. a 
relative or a friend)

10 9 80 99

Give me published information about my 
situation

11 14 73 99

Write down what he / she told me 13 19 68 99

Be optimistic about my likely future 13 27 59 99

Give my prognosis with another medical 
person (e.g. nurse) present

23 30 46 99

Give me my prognosis over the telephone 58 17 24 98

Give me an audiotape of our discussion 52 23 24 99

Sit next to me rather than behind the desk 46 31 22 99

Table 8: Format of supplied information: rated ease of understanding and preference in percentage 
of patients

Ease of 
understanding

Words Percentages Fraction 100-person 
diagram

Pie chart Survival-
graph

- easy 49 47 54 56 63 42

- difficult 23 18 18 20 12 32

- neutral 19 27 18 15 17 18

% Responded 92 92 90 92 91 92

Preference

- like 42 45 47 32 32 31

- dislike 32 26 22 39 31 40

- neutral 17 21 21 19 28 20

% Responded 91 91 90 91 91 91
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from whether or not to tell the patient the diagnosis, towards what prognostic information 

to give and how to convey that17,35,36. The present study shows that the vast majority of 

patients with esophageal cancer wants to know their prognosis after resection. Interestingly, 

this preference is comparable with preferences of patients with metastatic disease in the 

palliative setting and patients with early stage breast cancer15-20. Although the preference 

of patients declined when information became more specific and more negative, still around 

70% wanted less positive information also. Patients may wish to prepare themselves for the 

future and this information may help them in decision making and life planning19. However, 

approximately 30% of patients do not want to discuss all prognostic information or do not 

want their physician to start the discussion about prognosis. It was shown that married 

patients and higher educated patients were more likely to want all prognostic information. 

However, these characteristics can not be used exclusively to decide whether or not to tell 

the patient his/her prognosis, because psychological factors (e.g. anxiety and depression) 

may also have an effect on their preferences19. 

A minority of patients wanted to have the initiative or did not want to discuss specific 

prognostic information at all. In fact, one can conclude that if the doctor asks the patient 

first, over 80% of patients want the initiative on the side of the doctor. Again only a few 

factors could be identified, that determine this preference.  Furthermore, almost all patients 

found individualized and realistic doctor’s behavior important, whereas over half of the 

patients wanted an optimistic approach also. This is in line with the conclusion of a study 

in patients with metastatic disease20 and underlines that  physicians have  the difficult task 

of being realistic and optimistic at the same time, although generally a realistic approach 

is preferred over an optimistic approach concerning prognosis. How should an inferior 

prognosis be realistically and optimistically discussed at the same time? Optimism may mean 

being supportive or helping the patient to believe that he/she can be at the”good side of the 

coin”. Still, this issue has to be further explored in a qualitative manner. Interestingly, only a 

minority of patients wanted an audiotape of the prognostic discussion, while a previously 

performed randomized trial indicated that these audiotapes enhanced patient satisfaction 

and recall of information35. 

Altogether, the present study further underlines the importance of a patient-tailored approach 

for disclosing prognosis as is proposed in patients with end-stage disease34,37. This approach 

enables a cancer specialist to figure out what kind of prognostic information to disclose 

with an individual patient. Although this communication method was initially developed 

from evidence in terminally ill patients, the results of the present study suggest that such 

approach can also be used in patients who received potentially curative treatment.

The present study comprises a consecutive series of patients, which was recruited from three 

high volume centers. The preferences of patients were not related to center, suggesting 

that preferences were comparable for different geographical areas and different institutes. 

Along with the high response rate, this accounts for a relatively unbiased set of patients. 

Furthermore, no differences in clinico-pathological parameters were found between 

responders and non-responders, but it is possible that responders were more comfortable 

232



with addressing prognostic issues than non-responders. The cross-sectional design of the 

present study causes bias, because answers of patients may be influenced by the fact that 

they already have survived a period between 1-24 months after operation.  This timing was 

chosen deliberately. During this timeframe, the majority of patients may still be anxious about 

receiving prognostic information, because the risk for cancer recurrence is highest in the 

first two years after operation. Preferences of patients were not related to their time since 

operation, suggesting that preferences remain stable within 2 years after operation2,3,38. 

In future, it is not only a challenge to improve pre- and postoperative staging, but it is 

also a challenge to communicate medical uncertainties to patients. Thus far, it is unclear 

what the impact of explicit communication of medical uncertainties is. Evidence is limited 

to two studies with conflicting evidence ranging from reduction of patient confidence to 

better satisfaction39,40. Theoretically, graphical representations are optimal to present this 

uncertainty with for example 95% CIs. However, the results of this study indicate that graphs 

alone, although easy to understand, are not preferred. Probably, a combination of words, 

numbers and graphical forms is most appropriate, although further research is needed.  

Furthermore, the psychological impact and impact on quality of life, when discussing 

prognosis after potentially curative therapy remain unknown. On the one hand individualized 

prognostic information is desired by patients and may even help in coping with threatening 

situations41,42. On the other hand, especially negative prognostic information may sometimes 

be blunt and brutal34 and might have a negative effect on quality of life, anxiety levels 

and fear of recurrence. Only a randomized trial comparing the impact of general versus 

individualized prognostic information may answer this question. 
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Abstract

Introduction
Discussing prognosis is often confronting and complex for cancer patients. This study 

investigates how patients’ psychological characteristics relate to their preferences concerning 

the disclosure of prognosis.

Patients and Methods
176 esophageal cancer patients participated in the study. They had undergone esophagectomy 

within the past two years and did not have evidence of cancer recurrence. Patients completed 

a questionnaire eliciting their preferences for prognostic information. Sociodemographic 

characteristics, involvement preferences, anxiety, depression, fear of recurrence, striving for 

quality or quantity of life and trust in physicians were explored as predictors for a) wanting to 

be informed about prognosis, and b) the initiation of discussion about prognosis. 

Results
Most patients desired detailed prognostic information. The wish to be informed declined 

when information became more specific and referring to the near future. Interestingly, 

patients wanting maximum prognostic information had more fear of recurrence and were 

inclined to be more actively involved during consultation. Anxiety, depression, trust and the 

tendency to strive for quality or quantity of life were not related to prognostic information 

needs. 

Conclusions
Interestingly, the more fear of recurrence, the more information patients want about their 

prognosis. Post hoc analyses showed that patients with worse quality of life reported 

more fear of recurrence. Besides, we found few psychological predictors of information 

preference.
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Introduction

A bad prognosis is one of the most delicate subjects to discuss in the oncological consultation. 

There is an ongoing debate whether it is beneficial for patients’ coping to be confronted 

with such prognostic information2-4. On the one hand, patients may benefit from a realistic 

sense of the future. It enables them to make treatment-related decisions, prepares them for 

what is about to happen, provides them with a time frame and may alleviate uncertainty5-8. 

On the other hand, information about a bad prognosis could deprive patients of hope, 

which could negatively affect their psychological well-being3,9-12. In a recent study, hope was 

related with a better quality of life, higher self-esteem, better coping with disease, and less 

anxiety and depression13. Although a minority, a substantial number of patients does not 

want to be fully informed or is ambivalent12,14-16. The challenge for physicians is to recognize 

whether patients are ready to receive prognostic information and to what extent. Forcing 

information on patients who would rather not know might be as harmful as withholding it 

from those who want it17. 

Some studies so far have specifically explored cancer patients’ preferences for prognostic 

information and evidence is limited to the metastatic setting4,9,15. Our study focuses on 

prognostic information preferences of esophageal cancer patients who underwent 

esophagectomy. Although surgery is potentially curative, it is often accompanied by 

substantial morbidity and impact on quality of life18-20. Also, over 50% of patients develops 

recurrent disease within 5 years21-23. So, esophageal cancer patients are an interesting 

population for investigating what prognostic information they want to know. 

Earlier results of our study indicated the majority of patients wanting detailed prognostic 

information24. However, the preference of receiving information on prognosis declined when 

information became more specific and referred to the near future. Interestingly, wanting to 

know prognosis was not associated with clinicopathological factors such as stage of disease 

and quality of life, but rather with sociodemographic factors, such as a higher education 

level24. It then becomes interesting to know whether psychological factors play a role. The 

aim of the present paper is to investigate how psychological factors are related to esophageal 

cancer patients’ preferences for communicating prognostic information. 

We considered four psychological factors to be relevant. First, patients’ anxiety and 

depression are studied. Amongst patients with diverse types of cancer it was shown that 

higher scores on anxiety were related to a lower information need3,25. However, in some 

other studies the opposite was found: more anxiety or depression meant wanting more 

detailed prognostic information2,15 Fear of recurrence is a construct which is similar to 

anxiety, but more bound to specific situations. By nature someone might be an anxious 

person in general, but fear of recurrence occurs only when someone has been diagnosed 

with a life threatening disease. Fear of recurrence is relevant in our population especially as 

recurrent disease is quite common.

Secondly, trust in physicians (i.e. surgeons) may be related to patients’ information 

preferences. Trust seems to have a complex relation with information seeking. Qualitative 
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studies showed that trust can either enhance information sharing between patients and 

physicians, or impede it26,27. Some trusting patients reported telling more to, and asking 

more from their physicians, because they feel at ease and secure. Other trusting patients said 

they asked less information, because they would rather leave things over to their physicians. 

Third, patients’ preference for striving for quantity versus quality of life was considered 

relevant. To prolong survival, some patients are willing to go to extreme lengths and accept 

treatments that severely impair their quality of life28, while other patients rather strive 

for quality of life. How this affects prognostic information preferences has not yet been 

investigated, but one might expect that patients striving for quality of life are less interested 

in prognostic information than those striving for quantity of life.

Finally, patients’ tendencies to be actively involved during a medical consultation were 

investigated. Patients with a preference to receive much prognostic information were 

expected to also have a tendency to show more active behavior.

Patients and Methods

Patients and study design 
Consecutive patients from three surgical departments, who had undergone esophagectomy 

were included if they had shown no evidence of recurrent disease. Patients received a 

questionnaire one to 24 months after surgery. 

Questionnaire
Information preference

The questionnaire was used, first, to elicit patient preferences concerning the extent to 

which they want to know about prognosis and the way physicians should communicate 

this24. This instrument was originally developed to assess such preferences in Australian 

patients with metastatic cancer15. Items regarding end-of-life issues were omitted because 

our patient sample did not have evidence of metastatic disease or locoregional recurrence. 

The instrument was translated into Dutch using standard forward-backward translation. Two 

subscales are distinguished.

Desired prognostic information: Participants indicated their preferences for receiving 

information from a list of 15 specific information items by ticking ‘yes’, ‘no preference’ or 

‘no’. This list includes six items addressing prognosis (general prognosis, average survival, 

individual chance for survival, 5-, 1-, and ½- year survival). From these six items a preference 

for prognostic information scale was constructed (Cronbach’s α=0.89). 

Preference for taking the initiative in disclosing prognostic information: Patients indicated 

for the six prognostic information items whether they would like (1) ‘the specialist to just tell 
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me’; (2) ‘the specialist to check first if I want to know’; (3) ‘the specialist to tell me only if I 

ask’; (4) ‘to find out on my own, e.g. internet’ or (5) ‘not to discuss at all’. 

Psychological predictor variables 

The questionnaire also included established instruments to measure psychological factors.

Levels of anxiety and depression were measured by the 14-item Hospital and Anxiety and 

Depression Scale (HADS)29. Each item was rated on a 4-point scale, ranging from ‘not at all’ 

(score=0) to ‘mostly’ (score=3), resulting in a sum score ranging from 0 to 21 for both the 7 

item-subscale anxiety and the 7 item-subscale depression. A high score represents a higher 

level of anxiety and/or depression. In the present sample, Cronbach s̀ alpha was 0.83 for the 

anxiety scale and 0.87 for the depression scale.

Fear of recurrence of the disease was measured by 3 items, adapted by De Haes et al.30-32 

These were: (a) How often do you think about the fact your disease might recur? (answers 

1=’very often’ to 4=’never’); (b) After having had treatment, to what extent do you feel 

you are totally cured? (answers 1=’very strongly’ to 4=’not at all’); c) Since your operation, 

to what extent have you been afraid to die? (answer 1=’very much’ to 4=’not at all’). Items 

were recoded and a sum score was computed (score 3-12), so a high total score represents 

more fear. In the present study the scale had a Cronbach’s alpha of 0.66.

Patients’ trust in their physician was measured by the short version of the Wake Forest 

Physician Scale (5 items)33-35. First, participants indicated how much faith they had in their 

physician in general. Secondly, how much faith when it comes to (a) putting their patients’ 

interests first; (b) being precise and careful; (c) decision-making about medical treatment 

and (d) informing their patients honestly. Answers ranged from (1) ‘totally disagree’ to (5) 

‘totally agree’. Sum scores were calculated so that patients could receive a maximum of 100 

points, indicating higher trust. The scale had a Cronbach’s α of 0.80.

Attitudes towards striving for length of life (quantity) (4 items; α = 0.73) and striving for 

quality of life (4 items; α = 0.86), were assessed by the Quality-Quantity Questionnaire 

(QQQ)28,36,37. Patients were asked to what extent they agreed with statements on 5-point 

Likert scales, ranging from (1) ‘totally disagree’ to (5) ‘totally agree’. For example, one of the 

quantity items: ‘If a treatment could prolong my life, I would always except it, whatever the 

side effects might be.’ One of the quality items: ‘If a life-prolonging treatment would prevent 

me from leading a normal life, then I would rather not have it.’ High scores on the quantity 

or quality scale indicate high importance of length and quality of life, respectively. 

Tendency to be actively involved during a medical consultation, for example by asking 

questions and participating in decision-making, was measured by the seven-item ‘Information’ 

subscale of the Krantz Health Opinion Survey (α=0.69 in the present study)38. Each item was 
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rated on a 5-point Likert scale, ranging from (1) ‘totally disagree’ to (5) ‘totally agree’. Higher 

scores represent a tendency for more active patient behavior.

Demographic and clinicopathological predictor variables

Patients reported their demographic characteristics in the questionnaire (age, educational level, 

language spoken at home, parents’ country of birth and marital status). Clinicopathological 

characteristics were first collected in prospective hospital databases (the use of (neo-)

adjuvant chemoradiation therapy, hospital stay, Intensive Care Unit (ICU) stay, tumor stage 

and grade of complications). Secondly, quality of life (QoL) was assessed by the QLQ-C30 

cancer-specific questionnaire (version 3.0)39, and the esophageal cancer-specific module 

QLQ-OES18,40 both developed by the European Organisation for Research and Treatment of 

Cancer (EORTC). These data were analyzed and described before24.

Statistical analyses 
Information preferences were analyzed using descriptive statistics. Missing Items from multi-

item scales were imputed if at least half of the items from the scale were answered. Missing 

values were assumed to have values equal to the average of the patient’s items. Missing 

values from single items were not imputed. 

Psychological predictors of patients’ information preferences were explored using χ2, Mann-

Whitney-U, analysis of variance, and logistic regression analyses. For multivariate analysis, 

psychological factors with a univariate p-value smaller than 0.1 were included.  

Demographic and clinicopathological predictors, as described previously,24 were controlled 

for. All data analyses were performed using SPSS® version 12.0 (Statistical Package for the 

Social Sciences, Chicago, IL, USA).  

Results

Patients
Of 204 consecutive patients invited to participate, 176 patients (86%) returned the 

questionnaire. Of the 28 non-responders, 19 (10%) patients did not return the questionnaire 

and 9 patients (4%) refused participation. The non-responders were not significantly 

different in age, gender, neoadjuvant chemoradiation therapy, hospital, type of tumor, 

tumor stage, time since discharge and the presence of complications. Sample characteristics 

of participating patients are shown in Table 1. The median age was 63 years (range 30-80) 

and 82% was male. The mean time since esophagectomy was 11 months (range 1-28). 

Scores on the psychological scales are also shown in Table 1. 
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Table 1: Demographics, clinicopathological and psychological parameters of participating patients 
(N=176)

demographics N (%)

age [years] (median, range) 63 (30-85)

gender

- male 145 (82%)

- female 31 (18%)

neoadjuvant therapy

- no 128 (73%)

- yes 48 (27%)

time since discharge in months (median, range) 11.30 (1-28)

hospital

- AMC (Amsterdam) 93 (53%)

- Erasmus MC (Rotterdam) 57 (32%)

- UMCG (Groningen) 26 (15%)

education level

- < 12 years 90 (51%)

- ≥ 12 years 86 (49%)

partner

- yes 154 (87%)

- no 22 (13%)

relationship status

- married 151 (86%)

- other 25 (14%)

ethnicity

- Dutch 173 (98%)

- other 3 (2%)

language spoken at home

- Dutch 167 (95%)

- other 9 (5%)

clinicopathological parameters N (%)

Tumor type

- adenocarcinoma 131 (74%)

- squamous cell carcinoma 39 (22%)

- other 6 (3%)

stage

- stage I 33 (19%)

- stage IIa 52 (30%)

- stage IIb 16 (9%)

- stage III 58 (30%)

- stage IVa 17 (10%)
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Information preference and its prediction

Desired prognostic information 
We previously found almost all patients wanting information about treatment options (97%) 

and common complications after esophagectomy (91%)(see Table 2).24 A large majority 

of patients wanted information about their average prognosis (93%) and more specific 

information about survival duration (71-82%). The number of patients that wanted specific 

prognostic information declined when information became more specific and referring to 

the near future. 

From the six items concerning prognosis, a prognostic information scale was developed. 

Because of the skewed distribution, patients were categorized into those who wanted 

maximum information on all six items (maximum score of 100) and those who wanted less 

than maximum information (score <100). 

Several predictors for wanting maximum prognostic information were found (see Table 3). 

In univariate analysis, patients with more fear of recurrence of the disease and  patients 

with a higher tendency to be actively involved during the consultation were more likely 

to want maximum prognostic information. After controlling for relevant demographic and 

grading of complications

- grade 0 53 (30%)

- grade I 12 (7%)

- grade II 43 (24%)

- grade III 34 (19%)

- grade IV 34 (19%)

hospital stay in days (median, range) 16 (8-113)

intensive Care Unit stay in half days (median, range) 3 (0.5-63)

chemoradiation

- yes 48 (27%)

- no 128 (73%)

psychological parameters Mean Score (SD)

anxiety and depression (HADS)

- anxiety scale     4.10 (3.89)

- depression scale 4.08 (4.00)

fear of recurrence 5.47 (1.85)

trust 84.09 (21.65)

striving for Life (Q-Q Questionnaire)

- quality scale 3.79 (1.02)

- quantity scale 3.30 (0.95)

active involvement 3.00 (0.80)

Table 1: continued

demographics N (%)
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Table 2: Desired information: the 
percentage of patients who want 
information about specific topics 
(N=176)

* These items comprise the ‘Prognostic Information Scale’

Table 3: Factors related to the amount of prognostic information desired. Patients were categorized 
into those who wanted maximum information (those who received 100 points) and those who 
desired less than maximum information for at least one of the items (less than 100 points).

Factor Maximum 
prognostic 
information 

desired
N=115 (66%)

Less than 
maximum 
prognostic 
information 

desired
N=60 (34%)

P-value
Univariate

P-value
Multivariate

Odds Ratio
(95% CI)

Demographic and clinicopathological variables

Age [years] * 60 (30-81) 66 (37-85) 0.070 0.695 1.01 (0.97-1.05)

Education level

- < 12 years 50 (43%) 39 (65%) 0.007 0.046 0.46 (0.22 - .99)

- ≥ 12 years 65 (57%) 21 (35%)

Relationship status

- married 103 (90%) 47 (78%) 0.044 0.005 0.23 (0.08 - .65)

- other 12 (10%) 13 (22%)

Time since discharge 
[months] §

11 (7) 13 (8) 0.079 0.035 0.95 (0.90 - 1.00)

Dyspnoea [EORTC-QoL] § ¹ 24 (30) 17 (27) 0.074 0.126 1.01 (1.00 - 1.02)

Psychological variables

Anxiety § 4.02 (3.82) 4.25 (4.08) 0.941

Depression § 3.86 (3.94) 4.48 (4.14) 0.346

Fear of recurrence § 5.71 (1.90) 5.02 (1.69) 0.013 0.071 1.23 (0.98 - 1.53)

Trust § 83.13 (21.39) 85.68 (22.31) 0.198

Striving for quality of life § 3.85 (0.96) 3.66 (1.11) 0.414

Striving for quantity of life § 3.27 (0.90) 3.35 (1.05) 0.883

Active involvement § 3.14 (0.78) 2.71 (0.75) < 0.001 0.005 2.05 (1.24 - 3.40)

- p-values smaller than 0.1 using χ2, students-T, Mann-Whitney-U, and logistic regression analyses 
are shown, * = median (range), § = mean (SD), ¹ = A higher score represents more symptoms
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Table 4: Initiative of discussion about treatment and prognosis. Patients were divided into A) patients 
who wanted their physician to have the initiative (tell with or without asking the patient first), and 
B) patients who want the initiative on their own side (ask for prognosis themselves or do not want 
to discuss it at all).

Factor Physician 
takes 

initiative
N=150

Patient takes 
initiative or does 
not want to be 

informed
N=26

P-value
Univariate

P-value
Multivariate

Odds Ratio (95% 
CI)

Demographic and clinicopathological variables

Age [years] * 61.5 (30-85) 69.0 (48-80) 0.005 0.060 0.94 (0.89 - 1.00)

Education level

- < 12 years 72 (48%) 18 (69%) 0.046 0.552 1.37 (0.48 - 3.90)

- ≥ 12 years 78 (52%) 8 (31%)

Relationship status 132 (88%)

- married 18 (12%) 19 (73%) 0.044 0.096 0.34 (0.94 - 1.21)

- other 7 (27%)

Stage

- stage I 27 (18%) 6 (23%) 0.047 0.481 0.77 (0.11 - 5.15)

- stage IIa 42 (28%) 12 (46%) 0.74 (0.12 - 4.59) ¹

- stage IIb 12 (8%) 4 (15%)

- stage III 53 (35%) 2 (8%) 0.60 (0.08 - 4.42)

- stage IVa 16 (11%) 2 (8%) 3.15 (0.36 - 27.47)

Taste [EORTC-QoL] § ² 15.0 (26.8) 5.3 (18.5) 0.045 0.015 1.04 (1.01 - 1.07)

Social functioning [EORTC-
QoL] § ³

84.0 (20.9) 76.3 (28.4) 0.067 0.007 1.03 (1.01 - 1.07)

Psychological variables

Anxiety § 4.12 (3.76) 4.00 (4.66) 0.370

Depression § 3.98 (3.85) 4.65 (4.82) 0.795

Fear of recurrence § 5.54 (1.80) 5.04 (2.09) 0.091 0.206 1.23 (0.89 - 1.69)

Trust § 84.46 (21.09) 81.92 (24.94) 0.741

Striving for quality of life § 3.77 (0.96) 3.88 (1.33) 0.112

Striving for quantity of life § 3.32 (0.93) 3.17 (1.09) 0.402

Active involvement § 3.05 (0.78) 2.69 (0.82) 0.036 0.624 1.19 (0.60 - 2.37)

- p-values smaller than 0.1 using χ2, students-T, Mann-Whitney-U, and logistic regression analyses and 
are shown, * = median (range), § = mean (SD) 
¹ = Odds Ratio for stage IIa and stage IIb together 
² = a higher score represents more symptoms
³ = a higher score represents better functioning
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clinicopathological variables, active involvement remained the only significant psychological 

predictor. No relation was found between information preference and anxiety, depression, 

trust and striving for quality or quantity of life. Besides, married patients, higher educated 

patients and those whose time since discharge was shorter were more likely to want 

maximum prognostic information.

Preference for initiative of disclosing prognostic information
Patients were categorized into two groups: A) patients who wanted their physician to have 

the initiative (tell with or without asking the patient first), and B) patients who want the 

initiative on their own side (ask for prognosis themselves or do not want to discuss it at 

all). As reported previously, most participants (63-81%) preferred their specialist to initiate 

the discussion about prognosis and treatment.24 However, of these a significant proportion 

wanted their specialist to first ask if they wanted to be informed before doing so (12-22%). 

On the other hand, 26 patients (15%) did not want their doctor to initiate the discussion 

about prognosis for at least one of the six prognostic items. They wanted the initiative on 

their own side or did not want to discuss prognosis at all. 

Patients who did not want the doctor to initiate discussion were identified as those who 

had less tendency to show active involvement during consultation (see Table 4). However, in 

multivariate analysis this predictor variable did not remain significant. Of the clinicopathological 

factors, having a worse social functioning and a better taste remained independently related 

with patients preferring to have the initiative themselves rather than their doctor.

Discussion

The present study focused on psychological predictors of patients’ preferences concerning 

the disclosure of prognosis in a population with a bad prognosis. Participating patients all 

had esophageal cancer and had undergone esophagectomy. We found patients fearing a 

recurrence of their disease and patients with a tendency to be actively involved (e.g. by 

asking questions and participate in decision-making), wanting maximum information about 

prognosis.

Surprisingly, fear of recurrence was related to a stronger information preference. Therefore, 

we performed additional post-hoc multivariate analyses. These showed that patients were 

most fearful of recurrent disease (sum score ≥8; N=19) when their quality of life was worse. 

Specifically, patients with worse emotional functioning (p<0.01), more fatigue (p=0.01), 

more financial difficulties (p<0.01) and less enjoyment of food (p=0.02) were more likely to 

fear for a recurrence. The disease is probably more salient in those patients, causing them to 

worry more and, as a result, wanting more information. 

Surprisingly, no relation was found between more general anxiety and information preferences, 

whereas other studies showed mixed results2,3,7,15,25,41. Although anxiety and depression 
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were positively correlated with fear of recurrence in our study, they were neither related to 

patients’ information preferences, nor to patients’ tendency to be actively involved during 

consultation (see Table 5). Apparently, fear of recurrence is a more specific and situational 

type of anxiety which manifests itself differently. Patients with more fear of recurrence not 

only wanted maximum information more often, they also reported a higher tendency to be 

actively involved during consultation. In our population, patients with higher fear of recurrence 

most likely have a realistic sense of their future. Instead of adopting an avoidant coping style - 

which sometimes occurs in anxious patients-2,7,41 they want information about their prognosis 

and tend to participate actively. 

Patients with the tendency to be actively involved during consultation proved to want 

maximum prognostic information, as expected. It remains to be seen whether patients’ 

actual information seeking behavior is in line with their self reported tendencies. Because 

the present study was retrospective, actual behavior during consultation could not be 

investigated. Yet, our results suggest that physicians might rest assured that patients are 

likely to actively ask for additional prognostic information when wanted.

Information preferences were not related to the other psychological factors: patients’ trust 

in their physician, and striving for quality or quantity of life. Further predictors for wanting 

maximum prognostic information were demographic and clinicopathological in nature: being 

married, higher educated and a shorter time since discharge. Others showed that married 

patients with advanced cancer receive more information about treatment options than their 

Table 5: Relation between psychological characteristics (Pearson’s correlation; N=176) 

Variables Anxiety Depression Fear 
of 

recurrence

Trust 
in 

physician

Striving 
for 

quality 
of life

Striving 
for 

quantity 
of life

Anxiety R

 P-value

Depression R .692**

 P-value <.001

Fear of recurrence R .560** .425**

 P-value <.001 <.001

Trust in physician R -.239** -.231** -.202**

 P-value .002 .002 .007

Striving for quality of life R -.003 .085 .048 .091

 P-value .970 .269 .527 .235

Striving for quantity of life R -.062 -.087 -.073 .100 -.493**

 P-value .424 .259 .344 .191 <.001

Active involvement R .075 -.047 .164* -.005 .058 -.094

P-value .327 .539 .030 .953 .449 .221

** Correlation is significant at the 0.01 level (2-tailed)
* Correlation is significant at the 0.05 level (2-tailed)
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single counterparts42. This may reflect the fact that patients’ prognosis has implications for 

partners and therefore, their need to be informed is higher. Also, partners may stimulate 

patients to ask questions. Little is known about the role of education. Still, in a qualitative 

study patients said their limited knowledge and understanding of medicine made them to 

not want all information27.

Patients’ preferences concerning who should initiate discussion about prognosis were not 

independently related to any of the assessed psychological variables. Because a minority of 

patients would rather ask for prognostic information themselves or not discuss it at all, one 

may conclude that it is worthwhile for physicians to ask patients first whether they want to 

discuss prognosis. This way one is less likely to force information on patients who rather not 

know.

Given some limitations of the present study, the role of psychological variables in information 

preferences needs further investigation. First of all, a prospective study could provide a clearer 

picture of patients’ information preferences at the time they actually have discussions with 

their physician. Second, a longitudinal study can shine light on how these needs develop 

over time and their causal relationship. Finally, because esophageal cancer is more common 

in men, this study had a limited number of women, which may have affected the results.

The issue of prognosis and risk of dying is a delicate and confronting topic, for patients as well 

as physicians. The physician’s perspective was not studied here, but it was shown before that 

physicians in general find it hard to break bad news to patients43-48. They experience a lack 

of good training in communication skills, which might cause uncertainty and withholding of 

complex information due to incompetence of dealing with patients’ emotional reactions or 

their own emotions7,49. For those who provide care to cancer patients, the challenge is finding 

a way of providing information that is tailored to the needs of patients. This study tried to 

detect the psychological mechanisms of patients to guide physicians in such tailoring. These 

mechanisms are complex and need further research before clearer guidelines can be given. 

So far, the psychological factors we studied seem to play a minor role in patients’ information 

needs. However, there might be other psychological factors that are more strongly related. 

Yet, there is no need for physicians to think fearful patients cannot cope with prognostic 

information. On the contrary, patients indicate to want extensive prognostic information. 

Finally, our results indicate that there is no harm in asking patients what information they 

want. A simple question may prevent the psychological damage caused when patients who 

do not want to hear prognosis are nevertheless involved, or when information is withheld 

from those who do want it.
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Summary





Summary

In Western countries, the incidence of adenocarcinomas of the esophagus and gastro-

esophageal junction has been steadily rising over the past decades. The treatment of 

patients with esophageal cancer is highly complex and needs an interdisciplinary approach. 

The recent development in several fields of medicine, ranging from targeted therapy for 

diverse molecular factors to the treatment of early cancers with endoscopic resection (ER), 

makes tailoring of treatment strategies to individual patients of pivotal importance. Accurate 

knowledge of predictive factors (standard pathological factors as well as genetic factors) 

for cancer recurrence might lead to improved prognostication and individually tailored 

therapeutic options.

For advanced lesions, surgery is still the best curative treatment, but it is associated with high 

morbidity and substantial mortality. Individual patients may have a higher or lower chance of 

experiencing complications depending on patient and treatment related factors. Models that 

take into account these differences and predict these outcomes for the individual patient 

might be used in treatment decisions, in comparing hospital performance and in informing 

patients about their risks associated with esophagectomy. 

The studies described in this thesis intend to provide a better insight in the prognostication 

of survival and complications. Furthermore, implications on informing patients about their 

individual risk are described. The results of the present thesis will be discussed in more detail in 

three parts, PART I entitled “Prognostication of survival”, PART II entitled “Prognostication of 

postoperative complications” and PART III entitled “Preferences for prognostic information”.

PART I – Prognostication of survival

The purpose of a conventional cancer staging system is to predict survival on the basis of 

the anatomic extent of the tumor. This information can be used to estimate prognosis (post-

treatment) of the patient and to direct tailored therapy (mainly pre-treatment). The current 

TNM system for esophageal carcinoma is based primarily on patients with squamous cell 

carcinoma of the cervical and thoracic esophagus. As is reviewed in chapter 1, more than 

a dozen conventional pathological factors with prognostic impact have been described in 

patients with adenocarcinoma of the esophagus and gastroesophageal junction. Although 

many of these factors have an important prognostic effect, these factors have not been 

incorporated in the TNM classification of the esophagus. This indicates that, most probably, 

additional factors can improve postoperative staging. In future, staging systems should be 

more dynamic and should reflect the increasing knowledge of cancer and its treatment. 

The rising problem is that the more variables a model contains the less practical it becomes. 

However, with the wide-spread use of computer programs and web-based engines this 

problem might be easily overcome. In this light, adenocarcinoma of the esophagus may 
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play an important role in the development of new computer based staging systems, since 

it is mainly a disease of the west, where the use of computers is getting more and more 

integrated in daily clinical practice. 

One important factor which is often overlooked in patients with gastrointestinal cancers 

is the strong prognostic impact of extracapsular lymph node involvement. The biological 

significance of extracapsular lymph node involvement is described in chapter 2. The presence 

and extent of extracapsular lymph node involvement is an independent prognostic factor and 

identifies a subgroup of patients with a significantly worse long-term survival. Its presence 

reflects a particularly aggressive biologic tumor behavior and detection and quantification 

of extracapsular LNI in the surgical resection specimen might be helpful to individualize 

postoperative therapeutic strategies in the adjuvant setting. To facilitate a tailored approach 

in the neoadjuvant setting it would be necessary to discriminate preoperatively between 

positive nodes with and without extracapsular LNI, which is unreliable with the current 

diagnostic modalities. 

The clinical relevance of positive nodes in the proximal field of the chest in patients with an 

adenocarcinoma of the cardia is also unknown, because in most hospitals patients with gastric 

cardia cancer undergo resection without intrathoracic lymphadenectomy. In Chapter 3 the 

incidence of these positive proximal nodes is described in patients who underwent an extended 

transthoracic esophagectomy as part of a randomized trial, and evaluates their prognostic 

significance. It was shown that lymph node metastasis in the proximal field of the chest is a not 

uncommon phenomenon and an indicator of poor prognosis in these patients. Preoperative 

detection of these nodes in the proximal field changes the treatment strategy since a transhiatal 

esophagectomy is insufficient under these circumstances. In order to resect these positive 

lymph nodes an extended transthoracic procedure should be performed. However, even after 

extended transthoracic resection, long-term survival is poor. 

In a consecutive series of patients with adenocarcinoma of the esophagus and gastro-

esophageal junction, treated in the Academic Medical Center in Amsterdam, pTNM-staging 

alone had moderate prognostic capabilities, as is described in chapter 4. More accurate 

estimates of survival for individual patients were possible by adding other clinicopathological 

prognostic factors to the model. To allow easy clinical use, a nomogram was developed 

based on the three strongest prognostic factors (depth of tumor infiltration, lymph node 

ratio and extracapsular lymph node involvement). This nomogram has the advantage that it 

estimates individual recurrence probability at three different time points after operation. To 

enhance applicability in other hospitals, the validity of the nomogram was externally tested 

in an independent series in chapter 5. Also in a consecutive series of patients treated at a 

foreign high volume center for esophagectomy, nomogram predictions discriminated better 

than pTNM-staging. The nomogram may be used to supply the patient with more reliable 

prognostic information, to offer tailored follow-up schedules and / or novel therapeutic 

strategies for the individual patient. 

Nomogram predictions with use of clinicopathological predictors were not perfect, because 

our knowledge of prognostication is still incomplete. Increased knowledge of patient and 
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tumor related genetics may improve prognostication. Although we are still scratching the 

surface of knowledge about tumor and patient biology, molecular biology has revealed an 

overwhelming number of genes and molecules, which are related to tumor invasion and 

metastasis (lymphatic and hematogenous dissemination). The current knowledge of the 

prognostic impact of these genes and molecules in patients with adenocarcinoma of the 

esophagus is reviewed in chapter 6. A better knowledge of these factors may not only 

improve prognostication but may also offer new individually tailored options for targeted 

molecular therapy. In Chapter 7 the prognostic impact of C-MET expression in esophageal 

adenocarcinomas which developed in a Barrett’s segment is analyzed. Patients with high 

Met expression had significantly reduced overall and disease specific 5-year survival rates. 

Expression of Met was recognized as an independent prognostic factor by multivariate 

analysis. These findings support the concept of Met tyrosine kinase inhibition as (neo-) 

adjuvant treatment.

Dissemination is a complex, multistep process, during which tumor cells spread from the 

primary tumor mass to lymph nodes and more distant sites. Probably it is not one genetic 

factor that accounts for the development of dissemination. Therefore, gene expression 

profiling with use of microarrays was used to analyze the signatures of tumors which 

comprised genes of the whole genome. In Chapter 8 it is shown that with use of gene 

expression profiling of the primary tumor, it is possible to predict the presence of lymph node 

dissemination significantly better than with random classification. However, the predictive 

profile does not outperform current clinical practice to predict the presence of lymphatic 

dissemination in patients with adenocarcinoma of the esophagus. Several new genes and 

genetic pathways which are important in the development of lymphatic dissemination in 

esophageal adenocarcinoma were identified. The microarray technique was also used to 

predict the development of hematogenous dissemination after potentially curative surgery. 

This is described in Chapter 9. In esophageal adenocarcinoma it is not possible to predict the 

development of hematogenous dissemination with use of gene expression analysis. However 

with use of genetic profiling, several unknown genetic pathways which are important in the 

development of hematogenous dissemination were identified. 

PART II – Prognostication of complications

In this part, the long-term impact of postoperative complications is described and diverse 

factors which are related with the individual risk for postoperative complications after 

esophagectomy for cancer are analyzed. In Chapter 10, the relation between postoperative 

complications and survival is described. It is shown that the relation between postoperative 

complications and cancer recurrence per se is not causal. However, postoperative 

complications were significantly associated with a short time-interval until death due to 

cancer recurrence in multivariate analysis. A possible explanation for this phenomenon is 
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that disturbed immunological host factors enhance microscopic residual disease to develop 

more rapidly into fatal recurrence. 

In Chapter 11 the validation of the O-POSSUM model is described. The O-POSSUM 

overpredicted in-hospital mortality threefold and could not identify patients with a higher 

risk for in-hospital mortality. Therefore it can not supply individualized risk estimates and 

can not be used to compare the performance of different hospitals. Models like O-POSSUM 

are based on predicting in-hospital mortality, which is a relatively rare event in high volume 

centers performing esophageal cancer surgery. In Chapter 12 the development of a risk 

model that focuses on the severity of complications is described. With use of a nomogram 

it was possible to predict the occurrence and severity of complications of patients in daily 

clinical practice. Although calibration of the model is reasonably good, this model also suffers 

from a low discriminative ability. One of the reasons may be that the nomogram uses only 

preoperative variables. This means that unexpected complexities during surgery and during 

the early postoperative period (e.g. accidental aspiration, malfunctioning epidural analgesia) 

are not taken into account. 

PART III – Preferences for prognostic information

This part of the thesis focuses on the implications of individualized risk estimates in terms 

of communication with patients. It is not only a challenge to accurately estimate individual 

prognosis, but also to inform patients about their prognosis, especially when prognosis is 

dismal. In Chapter 13 it is decribed that after potentially curative esophagectomy for cancer, 

the majority of patients wants detailed prognostic information and wants their specialist 

to begin the prognostic discussion. The majority of patients preferred their doctor to be 

realistic and words and numbers were preferred over figures and graphs. However, still there 

is a substantial proportion of patients that does not want to be fully informed, or is at least 

ambivalent about what their preferences are. The challenge for clinicians is to recognize 

when patients are ready to hear prognostic information, because forcing information on 

patients who would rather not know might be harmful. In Chapter 14 it is explored which 

psychological factors predict the preferences for prognostic information. It is shown that the 

more fear of recurrence, the more information patients want about their prognosis. Post hoc 

analyses showed that patients with worse quality of life reported more fear of recurrence.
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De incidentie van het carcinoom van de distale slokdarm en de slokdarm-maagovergang neemt 

toe in de Westerse wereld. De behandeling van patiënten met slokdarmkanker is complex en 

dient interdisciplinair benaderd te worden. Recente ontwikkelingen in diverse onderdelen van 

de geneeskunde, variërend van moleculaire behandelingen tot de endoscopische resectie (ER) 

van vroegcarcinomen, maken het op maat aanbieden van behandelingen voor de individuele 

patiënt van groot belang. Accurate kennis van predictieve factoren voor het ontwikkelen van 

een recidief (zowel de gebruikelijke pathologische factoren als nieuw ontdekte genetische 

factoren) zou kunnen leiden tot een betere inschatting van individuele kansen op overleving 

en tot individuele therapeutische opties. 

Voor een lokaal uitgebreid slokdarm carcinoom is een operatieve behandeling de beste 

curatieve behandeloptie. Een slokdarmresectie gaat echter gepaard met een hoge morbiditeit 

en substantiële mortaliteit. Een individuele patiënt kan t.o.v. de “gemiddelde” patiënt 

een hogere of lagere kans hebben op het ontwikkelen van complicaties. Dit hangt af van 

patiëntgerelateerde en behandelinggerelateerde factoren. Statistische modellen, die rekening 

houden met deze verschillen bij het voorspellen van de uitkomst voor individuele patiënten, 

kunnen gebruikt worden bij het nemen van behandelingsbeslissingen, het onderling vergelijken 

van verschillende ziekenhuizen en bij het informeren van patiënten over risico’s waarmee een 

slokdarmresectie gepaard gaat.

De onderzoeken die beschreven worden in dit proefschrift hebben tot doel een beter inzicht 

te verschaffen bij het voorspellen van overleving en  het risico op postoperatieve complicaties. 

Tevens wordt ingegaan op de vraag op welke wijze patiënten het liefst geïnformeerd willen 

worden over de risicò s die zij lopen op korte termijn en op lange termijn. De resultaten van dit 

proefschrift worden in detail bediscussieerd in drie delen. Deel I heeft als titel “Het voorspellen 

van overleving”, Deel II is getiteld “Het voorspellen van postoperatieve complicaties” en Deel 

III heeft als titel “Voorkeuren voor prognostische informatie”

Deel I – Het voorspellen van overleving

Het doel van conventionele stadiëring systemen is het voorspellen van overleving op basis van 

de anatomische uitgebreidheid van de tumor. Prognostische informatie die verkregen wordt 

kan gebruikt worden om het risico op een recidief in te schatten (met name postoperatief) 

en om patiënten te selecteren die in aanmerking komen voor gerichte therapie (met name 

preoperatief). De huidige TNM classificatie voor slokdarmkanker is voornamelijk gebaseerd 

op patiënten met een plaveiselcelcarcinoom van het cervicale en thoracale gedeelte van de 

slokdarm. In Hoofdstuk 1 wordt een overzicht gegeven van de conventionele, pathologische 

factoren die een belangrijke prognostische waarde hebben bij het adenocarcinoom van 

de slokdarm en slokdarm-maagovergang. Ondanks de belangrijke prognostische waarde 

261

N
ed

erladse sam
envatting

C
 H

 A
 P T E R

   11



van deze factoren zijn de meeste niet opgenomen in het TNM classificatiesysteem van het 

slokdarmcarcinoom. Waarschijnlijk kunnen deze additionele factoren de postoperatieve 

stadiëring verbeteren. In de toekomst dienen stadiëring systemen meer dynamisch te zijn. 

Op deze manier reflecteren ze de snel toegenomen kennis over het biologisch gedrag en 

de behandeling van kanker. Eén van de praktische problemen die daarbij optreden, is het 

grote aantal prognostische factoren. Met het gebruik van computers en websites in de 

klinische praktijk lijkt dit probleem echter oplosbaar te zijn. Met name bij de stadiëring van 

het adenocarcinoom van de slokdarm kunnen computers een belangrijke rol spelen. Immers, 

het adenocarcinoom is met name een ziekte van de Westerse wereld waar het gebruik van 

computers een steeds belangrijkere plaats krijgt in de dagelijkse klinische praktijk. 

Eén van de prognostische factoren die weinig aandacht heeft gekregen bij patiënten met 

gastrointestinale carcinomen is de prognostische waarde van kapseldoorbraak van lymfeklieren. 

De prognostische waarde van de aanwezigheid en de uitgebreidheid van kapseldoorbraak 

wordt beschreven in Hoofdstuk 2. Zowel de aanwezigheid als de uitgebreidheid van 

kapseldoorbraak is een belangrijke prognostische factor. Met behulp van deze factor kan een 

subgroep van patiënten worden geïdentificeerd die een significant slechtere overleving hebben. 

De aanwezigheid van kapseldoorbraak reflecteert een uiterst agressieve tumorbiologie. 

Het vaststellen van de aanwezigheid en uitgebreidheid van kapseldoorbraak in het resectie 

preparaat zou kunnen helpen om patiënten te selecteren die in aanmerking komen voor 

postoperatieve therapieën in de adjuvante setting. De detectie van kapseldoorbraak in de 

preoperatieve setting zou selectie voor neoadjuvante chemoradiotherapie mogelijk maken, 

echter de huidige diagnostische modaliteiten kunnen niet discrimineren tussen patiënten met 

en zonder lymfklieren met kapseldoorbraak. 

De klinische relevantie van positieve lymfeklieren in het proximale gedeelte van de thorax 

bij patiënten met een adenocarcinoom van de maag-cardia is onbekend. Dit komt omdat in 

de meeste ziekenhuizen patiënten met een maag-cardiacarcinoom een resectie ondergaan 

zonder formele intrathoracale lymfeklierdissectie. In Hoofdstuk 3 wordt de incidentie en 

de prognostische waarde van deze positieve proximale lymfklieren beschreven bij patiënten 

die een uitgebreide transthoracale slokdarmresectie hebben ondergaan in het kader van 

een gerandomiseerd klinisch onderzoek. De aanwezigheid van deze positieve klieren in 

het proximale deel van de thorax is een indicatie voor een slechte prognose. Preoperatieve 

detectie van deze lymfklieren verandert de behandelingsstrategie. Immers, een transhiatale 

resectie is ontoereikend onder deze omstandigheden. Om deze klieren te verwijderen dient 

een uitgebreide transthoracale resectie plaats te vinden met meenemen van de lymfklieren 

plaats te vinden, maar zelfs na een dergelijke transthoracale resectie is de overleving slecht.

Zoals beschreven wordt in Hoofdstuk 4 heeft de pTNM classificatie een matige prognostische 

potentie bij een opeenvolgende serie van patiënten met een adenocarcinoom van de 

slokdarm of slokdarm-maagovergang die behandeld zijn in het Academisch Medisch Centrum 

in Amsterdam. Betere inschattingen van de overleving voor de individuele patiënt konden 

gemaakt worden door het toevoegen van andere clinicopathologische factoren met een 

prognostische waarde. Om dit hulpmiddel klinisch toepasbaar te maken, werd een nomogram 
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ontwikkeld op basis van de drie sterkste prognostische factoren (zijnde de diepte van 

tumorinfiltratie, de lymfklierratio en de aanwezigheid van lymfklieren met kapseldoorbraak). 

Dit nomogram heeft het voordeel dat het de individuele kans op overleving berekent op drie 

verschillende tijdspunten na een operatie. Om de toepasbaarheid van dit model aan te tonen in 

andere ziekenhuizen, werd de validiteit van het nomogram extern getest in een onafhankelijke 

patiëntenpopulatie afkomstig uit het buitenland, Dit wordt beschreven in Hoofdstuk 5. Ook in 

deze serie van opeenvolgende patiënten waren de voorspellingen m.b.v. het nomogrammodel 

beter dan die m.b.v de pTNM classificatie. Het nomogram kan gebruikt worden om de patiënt 

betere prognostische informatie te verschaffen, om betere poliklinische controleschema’s 

samen te stellen en om, in de toekomst wellicht, een groep patiënten te identificeren die in 

aanmerking komen voor nieuw te ontwikkelen medicamenteuze behandeling. 

De voorspellingen met het nomogram model waren niet perfect, omdat onze kennis over 

prognostische factoren incompleet is. De toegenomen kennis betreffende moleculaire factoren 

zou de voorspellingskracht van het model kunnen verbeteren.  Ondanks het feit dat we slechts 

aan het begin staan van het vergaren van onze kennis over tumor en patiënt gerelateerde 

biologie, heeft de moleculaire biologie reeds vele moleculaire factoren geïdentificeerd die 

gerelateerd zijn aan het optreden van tumorinfiltratie en disseminatie (zowel lymfogeen als 

hematogeen). Een overzicht van de kennis betreffende de prognostische waarde van genen 

en moleculen wordt gegeven in Hoofdstuk 6. Een betere kennis van deze factoren kan niet 

alleen bijdragen aan een mogelijk betere inschatting van de overleving, maar maakt hopelijk 

in de toekomst ook gerichte moleculaire behandeling mogelijk. 

In Hoofdstuk 7 wordt de prognostische waarde van C-MET expressie bij patiënten met een 

slokdarmcarcinoom geanalyseerd. Het blijkt dat een hogere MET expressie gepaard gaat met 

een significant slechtere prognose. 

Disseminatie is een complex proces dat via diverse stappen plaatsvindt. Tumorcellen verspreiden 

zich van de primaire tumor naar lokale lymfklieren en op afstand naar andere organen in het 

lichaam. Naar alle waarschijnlijkheid is er niet een enkele genetische factor maar een veelheid 

aan factoren verantwoordelijk voor de ontwikkeling van uitzaaiingen. Daarom werd de 

genexpressie van het gehele menselijke genoom geanalyseerd met behulp van microarrays. In 

Hoofdstuk 8 wordt aangetoond dat het met behulp van genexpressieprofiel van de primaire 

tumor mogelijk is het optreden van lymfogene disseminatie te voorspellen. De microarray 

techniek is in dit opzicht niet beter dan de huidige conventionele diagnostische modaliteiten. 

Enkele nieuwe genen en oncogenetische paden die van belang zijn bij het ontwikkelen van 

lymfogene disseminatie werden geïdentificeerd. De microarray techniek werd ook gebruikt 

om het optreden van hematogene metastasen te voorspellen aan de hand van het genetische 

profiel van de primaire tumor. Dit wordt beschreven in Hoofdstuk 9. Bij het adenocarcinoom 

van de slokdarm is het niet mogelijk om met de microarray techniek enige voorspelling te doen 

omtrent het wel of niet optreden van hematogene disseminatie. Wel werden er met behulp 

van deze techniek diverse tot nog toe onbekende oncogenetische paden geïdentificeerd.
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Deel II – Het voorspellen van complicaties

In dit gedeelte van het proefschrift wordt ingegaan op het langetermijneffect van complicaties 

en worden diverse factoren geanalyseerd die gerelateerd zijn met een verhoogde kans op 

het optreden van complicaties bij individuele patiënten. In Hoofdstuk 10 wordt de relatie 

tussen postoperatieve complicaties en de langetermijn overleving beschreven. Het laat zien 

dat de relatie tussen het optreden van complicaties en overleving per se niet causaalvan aard 

is. Postoperatieve complicaties waren echter wel gerelateerd met een kort tijdsinterval tot 

overlijden ten gevolge van een recidief carcinoom. Een mogelijke verklaring voor dit fenomeen 

kan zijn dat door verstoorde immunologische factoren microscopisch kleine haarden zich 

sneller kunnen ontwikkelen tot een fataal recidief.

In Hoofdstuk 11 wordt de externe validatie van het O-POSSUM model beschreven. De 

O-POSSUM score bleek de ziekenhuismortaliteit driemaal te overschatten en is niet in staat de 

patiënten te identificeren die een hogere kans hebben om te overlijden. Deze score kan geen 

individuele risico inschattingen maken en kan derhalve niet gebruikt worden om de kwaliteit 

van ziekenhuizen onderling te vergelijken. Statistische modellen, zoals O-POSSUM, zijn 

gebaseerd op het voorspellen van de ziekenhuismortaliteit. Gelukkig is de ziekenhuismortaliteit 

laag in ziekenhuizen waarin een slokdarmresectie frequent wordt uitgevoerd. In Hoofdstuk 

12 wordt de ontwikkeling van een model beschreven dat zich richt op het voorspellen van 

de ernst van complicaties. Met behulp van een nomogram is het mogelijk het vóórkomen 

en de ernst van de complicaties te voorspellen en te gebruiken in de klinische setting. De 

calibratie van het model was goed, maar helaas was het discriminerend vermogen laag. Eén 

van de redenen kan zijn dat het model slechts gebruik maakt van preoperative factoren. Met 

onverwachte problemen tijdens de operatie en het postoperatieve herstel (zoals accidentele 

aspiratie of een slecht functionerende epidurale catheter) wordt geen rekening gehouden. 

Deel III – Voorkeuren voor prognostische informatie

Dit gedeelte van het proefschrift richt zich op de implicaties van geïndividualiseerde risico 

inschattingen voor de communicatie met de patiënt. Het is niet alleen een uitdaging om een 

nauwkeurige inschatting van de prognose te maken, maar ook om patiënten te informeren 

over hun prognose, zeker indien deze slecht is. In Hoofdstuk 13 wordt beschreven dat een 

grote meerderheid van de patiënten, na een in opzet curatieve slokdarmresectie, gedetailleerde 

prognostische informatie wenst en wil dat de specialist over het onderwerp prognose 

begint. De meerderheid van de patiënten wil dat hun arts realistisch is en prognostische 

informatie ondersteund in de vorm van getallen toegelicht met woorden in plaats van met 

figuren en grafieken. Er is echter een substantieel gedeelte van de patiënten dat niet volledig 

geïnformeerd wil worden. De uitdaging voor de arts is om te herkennen welke patiënten 

prognostische informatie wensen en welke niet, aangezien het opdringen van prognostische 
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informatie aan patiënten, die deze informatie niet willen hebben, schadelijk kan zijn. In 

Hoofdstuk 14 worden de psychologische factoren geanalyseerd die gerelateerd zijn met 

bepaalde voorkeuren ten aanzien van prognostische informatie. Patiënten met meer angst 

voor een recidief willen meer informatie over hun prognose. In een aanvullende analyse blijkt 

dat meer angst voor een recidief samenhangt met een slechtere kwaliteit van leven. 
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Future perspectives

In future, the care for patients with esophageal cancer will probably be increasingly 

individualized. In specialized centers, 5-year survival (without neoadjuvant chemoradiation) 

is around 40% for all stages1-4. On the one hand, neoadjuvant treatment with radiotherapy 

and/or chemotherapy may lead to better survival figures5,6; on the other hand better patient 

selection for esophageal surgery may lead to better survival (at least for operated patients).  

Furthermore, a better knowledge of the molecular bases of esophageal cancer might further 

individually tailor therapeutic strategies and lead to improvement of clinical outcome. This 

paragraph describes novel options that might, in future, be implemented in the management 

of esophageal cancer. 

Neoadjuvant chemoradiation therapy
It is possible that a plateau in the effectiveness of surgical resection as primary therapy 

in esophageal cancer may well have been reached. Further improvement in survival from 

this single modality approach seems unlikely. Neoadjuvant treatment with radiotherapy 

and/or chemotherapy, might theoretically have an additional role, since it might eliminate 

micrometastases and improve primary tumor resectability. Many centers apply preoperative 

chemo- and/or radiotherapy (CRT) to improve local control and overall survival. However, 

evidence remains conflicting. Randomized trials published so far on the value of neoadjuvant 

CRT have shown equivocal results5,6. The minority of patients develop a complete pathological 

response and have a better survival7,8. However, the question remains, if these patients live 

longer because they achieved a complete pathological response or would they have done 

just as well if they had had no preoperative therapy? At present, considerable attempt is 

made to improve the efficacy of preoperative therapy by using new chemotherapeutic 

drugs, optimizing the dose of radiotherapy and adding hyperthermia. In the Netherlands a 

randomized multi-center trial in several high/mid volume centers is currently performed to 

evaluate the effect of neo-adjuvant chemoradiation therapy (41.4 Gy in 23 fractions of 1.8 Gy 

plus paclitaxel 50 mg/m2 and carboplatin AUC = 2 on days 1, 8, 15, 22, and 29) on survival 

compared to surgery alone.

In a large proportion of patients an insufficient objective response is achieved. These non-

responding patients do not benefit from neoadjuvant therapy, but do suffer from toxic side 

effects. This negative impact on the general condition of the patient may lead to an increased 

peri-operative morbidity and protracted postoperative recovery. Moreover, prolonged but 

ineffective preoperative treatment will inevitably delay appropriate surgical therapy. The use 

of positron emission tomography using 18F-fluorodeoxyglucose (FDG-PET) is a promising tool 

for early response monitoring9. The value of FDG-PET in early response-monitoring is currently 

analyzed in the neoadjuvant arm of the randomized trial mentioned above.
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New developments in diagnostic modalities
Better patient selection for esophageal surgery may lead to better survival (at least for those 

patients, who are operated on). Recent research indicated that FDG-PET only had limited 

value after state-of-the-art diagnostic work-up10. A relatively new medical imaging technique 

is combined PET-computed tomography (CT). This technique combines the cross-sectional 

anatomic information provided by CT and the metabolic information provided by PET11. 

Hopefully, PET-CT is able to improve the selection of patients for potentially curative surgery. 

Also other targeted contrast agents may accomplish better site-directed imaging12. The present 

thesis shows that it is feasible to give better prognostic estimates according to standard 

pathological postoperative parameters. However, clinical preoperative staging modalities for 

esophageal cancer are inaccurate at determining prognosis. Positron-emission tomography 

(PET) is able to quantify tissue metabolic activity generally expressed in the standard uptake 

value (SUV). It has been postulated that tumors which are metabolically very active might be 

more aggressive. Therefore, FDG-PET might have a role in predicting prognosis in esophageal 

cancer patients13. This issue is currently investigated in the Netherlands. 

The presence of extracapsular lymph node involvement is a sign of biological aggressiveness 

of the primary tumor. Prognosis is significantly worse in patients with extracapsular disease 

and surgery alone is not enough when curation is aimed at. To facilitate a tailored approach 

in the neo-adjuvant setting it would be necessary to discriminate preoperatively between 

positive nodes with and without extracapsular lymph node involvement. In this respect, the 

diagnostic accuracy of endosonography, computer tomography and magnetic resonance 

imaging has only been tested in very small studies14-16, and should be analyzed in larger series 

of patients in future.

Tailoring treatment strategies in patients with locally advanced esophageal carcinoma is of 

the utmost importance. Possibly, more reliable preoperative staging is possible by taking into 

account the number of malignant-appearing periesophageal lymph nodes as detected by 

endosonography. In squamous cell carcinoma, disease stratification seems valuable, especially 

in patients with eight or more malignant-appearing lymph nodes; these patients can not be 

cured with surgery alone. However, in patients with adenocarcinoma of the esophagus and 

gastroesophageal junction, the prognostic value of this parameter must still be proven. 

Molecular biology of cancer recurrence
The completion of the sequencing of the human genome in 2003 marked the dawn of a 

new era of human biology and medicine17. Although molecular research is still in its infancy, 

the ultimate goal is the individualization of treatment therapies according to the biological 

profile of the patient and the tumor18. The field of molecular biological research is rapidly 

evolving and an astonishing number of biomarkers have already been described. But even in 

colorectal cancer, which is, in terms of genetics, one of the best understood of all malignant 

diseases, the significance of these factors in determining prognosis remains unclear19. This 

may be caused by different laboratory techniques, statistical differences, and heterogeneity 

in study populations. Tests can only be used to tailor individual treatment options; if they 
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have a high sensitivity and high specificity. The results of the present study also indicate that 

the original enthusiasm about the prognostic potential of microarray technology is further 

silenced. One of the reasons could be that its bioinformatic analysis appears to be much 

more complicated and demanding than originally thought. Another reason might be more 

related to the cancer itself. For long cancer was seen as a more or less homogeneous mass of 

cells which all possessed unlimited growth potential. This would imply that every cell within 

a tumor is capable in metastasizing and forming a new tumor.  However, recent research 

suggests that the majority of tumor cells has lost its unlimited growth potential20,21. Possibly, 

only a small amount of tumor cells are responsible for this capacity. Cancer stem cells, which 

normally have the function to maintain the integrity of tissues, have the ability to perpetuate 

themsleves through self-renewal and to generate mature cells of a particular tissue through 

differentiation. Growing evidence suggests that pathways which regulate self-renewal are 

deregulated in these cancer stem cells. This results in the continuous expansion of self-

renewing cancer cells and thus cancer formation. Currently, research is addressing the role of 

stem cells in adenocarcinoma of the esophagus.

Molecular biology of development of complications
This thesis shows that the severity of complications is difficult to predict with use of patient 

related factors (medical history and physical condition). This may have a variety of reasons, 

but recent research indicates that patient genetics are associated with increased susceptibility 

to infectious and cardiac complications22-26. Researchers are just beginning to unravel genetic 

and molecular determinants, including polymorphisms, that predispose to increased risk for 

postoperative complications. This new field, the so called peri-operative genomics aims to 

apply functional genomics to uncover biological reasons why seemingly similar patients can 

have dramatically different clinical outcomes after surgery23. Future research is necessary to 

analyze the influence of patient genomics on developing complications after esophagectomy 

for cancer.

Tailored information giving
In the present thesis, data are presented indicating that after potentially curative esophagectomy 

for cancer, the majority of patients wants detailed prognostic information and wants their 

specialist to start the prognostic discussion. However, a substantial proportion of patients 

wants a more delicate approach. In future, it is a challenge to tailor information supply to 

the individual patient. Furthermore, the psychological impact and the impact on quality of 

life, when discussing prognosis after curative treatment remain unknown. On the one hand 

individualized prognostic information is desired by patients and may even help in coping with 

threatening situations. On the other hand, realistic (negative) prognostic information may be 

sometimes blunt and brutal and may have a negative effect on quality of life, anxiety levels 

and fear of recurrence. Future research is necessary and only a trial randomizing between 

the supply of general prognostic information versus individualized prognostic information may 

answer this question. 
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Dankwoord

Promoveren doe je niet alleen en er zijn dan ook velen die ik wil bedanken.

Mijn promotor, Prof. dr. J.J.B. van Lanschot. Beste Jan, zonder jou was dit boek er natuurlijk 

nooit geweest. Je zit boordevol ideeën en zo had je het idee om iets met microarrays en 

slokdarmkanker te doen. Waarom je mij daarvoor wilde hebben, is me nog steeds een 

raadsel, maar we vormden een goed ingespeeld team. Buiten je eigen ideeën heb je 

me alle mogelijkheden gegeven om zelf studies op te zetten en uit te werken. Het is al 

vaker genoemd, maar jouw enthousiasme, gedrevenheid en doorzettingsvermogen zijn 

ongeëvenaard. Door jouw kritieken werden artikelen en voordrachten altijd beter. Niet alleen 

qua wetenschappelijke inhoud, maar ook qua taal en grammatica. Het is een voorrecht om 

jouw promovendus te zijn.  

Mijn co-promotor, Prof. dr. F.J.W. ten Kate. Beste professor, ik ben blij dat zelfs nu u met 

pensioen bent, u mijn co-promotor bent. Wat hebben we veel coupes samen bekeken en 

wat vind ik het bijzonder dat u nog steeds van een desmoplastische reactie kan genieten. U 

was altijd beschikbaar om tussendoor aan een van de vele studies mee te werken en mee te 

denken. Dank daarvoor.

Mijn co-promotor, Dr. J.B. Reitsma. Beste Hans, statistiek wordt klinisch toepasbaar met jou 

erbij. Gaandeweg mijn promotie ben je bij steeds meer studies betrokken geraakt. Je stond 

altijd klaar om nieuwe nomogrammen te ontwikkelen en te valideren. In alle rust en met 

de beste koffie van het AMC kwam statistiek tot leven. Ik ben trots dat jij mijn co-promotor 

bent.

De leden van de promotiecommissie dank ik voor hun bereidheid het proefschrift op zijn 

wetenschappelijke waarde te beoordelen. 

Prof. dr. F. Baas. Beste Frank, “where neurogenetics meets surgery.” Zonder jou was 

microarray-onderzoek een stuk moeilijker geworden. Dank voor je uitleg, helikopterview en 

altijd opbouwende kritieken. 

Dr. J.J.G.H.M. Bergman. Beste Jaques, jouw onderzoekslijn bij de gastro-enterologie staat 

als een huis. Ik vind het jammer dat het er nooit van is gekomen een onderzoek samen op 

te zetten. 

Prof. Dr. J.C.J.M. de Haes. Beste Hanneke, wat een genoegen om met de afdeling Medische 

psychologie te hebben samengewerkt.   

Prof. Dr. A.H. Hölscher. Dear professor, I am honoured that you are willing to come from 

Köln to Amsterdam to be a member of the committee.

Prof. Dr. T Lerut. Beste professor, dankzij uw inspanningen was het mogelijk een Nederlands 

model te valideren op Belgische patiënten. Dank daarvoor.
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Prof. Dr. M.B. Vroom. Ik wil u danken voor uw bereidheid zitting te nemen in de promotie-

commissie

Buiten bovengenoemde mensen zij er vele anderen. Dr. O.R.C. Busch, beste Olivier, jouw 

commentaar op de manuscripten was altijd relevant en raakte de essentie. Vele stukken 

zijn daardoor verbeterd. Daarnaast ben je de best bowlende opleider van Nederland (alleen 

het linkshandig bowlen behoeft enige oefening). Ik ben blij dat jij opleider in het AMC bent 

geworden.

Prof. Dr. H. Obertop, beste professor. Tijdens mijn onderzoeksperiode ging u van Amsterdam 

naar Rotterdam en weer terug. Wat niet veranderde was uw altijd scherpe blik op de diverse 

hoofdstukken en uw welgemeende interesse. Dank daarvoor.

Prof. Dr. D.J. Gouma, beste professor. Uw enthousiasme voor het vak werkt aanstekelijk.

Dr. M.I. van Berge Henegouwen, beste Mark. Niet een, maar twee broodjes mitraillette in 

Leuven. Succes met het opzetten van een mooie onderzoekslijn. 

Dr. M. Boermeester, beste Marja. Als slokdarm was ik verdwaald tussen de peritonitis study 

group, maar dat heb ik geen moment erg gevonden. 

De afdeling medische psychologie; Hanneke de Haes, Ellen Smets en Sanne Franssen. Dank 

voor alle samenwerking. Ik kwam graag op J4. 

Perry Moerland en Emiel Ver Loren van Themaat: jullie hebben mij wegwijs gemaakt in de 

bioinformatica. Het volgende congres zal ik het leukste T-shirt aanhebben als ik naast mijn 

poster sta. Dank voor alle uitleg die jullie gegeven hebben en alle hulp die jullie geboden 

hebben. Zonder jullie was een gedeelte van dit onderzoek niet mogelijk geweest. 

Kamergenoten Bas Lamme en Olivier van Till. Zonder jullie is de wandelgang nooit meer 

hetzelfde geweest. Een vruchtvolle combinatie tussen Jiskefet en onbekrompen wetenschap. 

Onze drie boekjes zijn nu klaar, misschien dat nu de tijd rijp is onze overige uitvindingen 

wereldkundig te maken…

Ook met de beide papà s Philip en Pieter (Boele) was het gezellig toeven. Philip succes met 

de verdediging van jouw proefschrift aan het einde van deze maand en Boele ik weet nu hoe 

een opgeruimd bureau eruit ziet.  

Uiteraard wil ik de studenten bedanken die mij hebben ondersteund: Daan de Boer, Koen de 

Jong, Anna-Karin Maris en Jochem van Werven. 
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Medeonderzoekers op G4. Zonder jullie zou het ook maar een saaie bedoening zijn. 

Dank voor alle afleiding en steun. At random: Bas Polle(wop), Lieke (tropische verrassing) 

Welling, Cecilia Mahler, Jan “extracapsular” Wind (Rondje G4 op de fiets, CD-werpen en 

kapseldoorbraak, heel veel kapseldoorbraak), Tjarda van Heek, Koert(je snoertje) Kuhlmann, 

Ascelijn Reuland, Paul van Koperen, Eefje de Vries, Mark “popquiz” Scholing, Mark van Heijl, 

Niels “Joske” van der Gaag (Drop, Andy Warhol en nog meer kapseldoorbraak), Oddeke van 

Ruler, Wytze Lameris, Roel Bakx, Liselot Hoornweg. Ping Fung Kon Jin, Robert Minnee en 

natuurlijk Jurriaan Tuynman (radio aan en kleuren maar). 

Jose “oyster” Debes, Argentinian Worldtraveller doing research in the AMC. We had a great 

time in Amsterdam. I hope you come soon again so we can have some oysters. 

Jos, bedankt voor al je hulp bij de immunokleuringen.

Anne en Sue, bedankt voor het vertalen van de enquete. 

Dames van het secretariaat en in het bijzonder Joke en Jacqueline. Wat was het heerlijk om 

even bij jullie te komen (bij)kletsen. 

Mijn directe voorgangers Jan Hulscher, Christianne Buskens en Marinke Westerterp (de 

slokdarmpjes). De lat ligt hoog met jullie als voorgangers, maar wat was het heerlijk om met 

jullie te brainstormen, keuvelen, koffie te drinken, klagen, op congres te gaan en tot laat in 

de mooiste discò s te staan.

Lieve Jikke(n) Omloo, laatste van Lanschot-slokdarm-telg op het AMC. Veel samen gewerkt, 

zonder dat er uiteindelijk een gezamenlijk stuk in het boek is gekomen. Stiekem doet me dat 

wel een beetje pijn. Samen naar alle congressen, met als hoogtepunt Australië. Ik had me 

geen betere collega kunnen wensen, en ik hoop dat je binnenkort weer collega wordt…

Chirurgen en collegà s van het Sint Lucas Andreas ziekenhuis. Wat een genot om hier te 

werken. Elke dag met plezier naar je werk, hoe bijzonder is dat…

Mijn paranimfen, de 3 S-en: Sander “Sandero” Dalhuisen. De enige internist die wel eens een 

schouder reponeert (en zich bij het hematoom afvraagt of de patiënt geen thrombocytopenie 

heeft…). Boordevol goede ideeën en originele plannen. Makreel vissen op de Noordzee, 

Buck 64, Pukkelpop, kopstootjes en de Zwarte Cross. Elke keer weer heerlijk om met jou een 

dagje uit te gaan. Ik hoop dat er nog vele mogen volgen. 

Simeon “Bassie Popov” Kanis. Laat ik bij het begin beginnen…Ik ben trots dat je naast me 

staat. We zijn langer huisgenoten geweest dan dat we het ooit met een vrouw hebben 

uitgehouden en dat is op zich bijzonder genoeg. Je eigen “huisarts” gaat nu promoveren. 
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Ondanks dat je de best medische geschoolde leek bent die ik ken, verlang ik niet dat je meer 

dan het dankwoord leest hoor. Nu het boek af is ga ik snel een keer met je mee naar Turijn. 

Steve “Paps” de Castro. Publicatie-dude uit Curaçao. We hebben elkaar leren kennen op G4 

en sindsdien ben je een dierbare vriend en ontzettend fijne collega. Ik ben trots dat je nu 

naast me staat, zoals ik naast jou heb gestaan. Ik hoop dat je nog lang mijn collega blijft. 

Wanneer gaan we die raket afsteken en richting het Oostblok? 

Familie, vrienden en vriendinnen. Ontzettende veel dank voor alle afleiding en ontspanning.

ARNO rules!

Fred en Anita, naast een bijzonder leuke safari in Tanzania, heb ik ook “de appel” aan jullie 

te danken. Waar een lezing in Rotterdam al niet goed voor is…

Lieve pap en mam. Dit is het dan: het promotieboek. Zonder jullie was dit al helemaal nooit 

mogelijk geweest. Dank voor de onvoorwaardelijke steun, liefde, opvoeding en onafgebroken 

interesse. Toch een dubbel gevoel, omdat mama wel het begin van de onderzoekstijd heeft 

meegemaakt, maar het eindresultaat niet meer mee mocht maken. Ik weet zeker dat ze 

ervan genoten zou hebben...Bauke (en Wouter) en Renato. Het is wennen, zo met zijn 

viertjes, maar we komen we er wel. Fijn dat jullie er zijn.

Lieve Madelon, lieve Bubbles. Dokterromans bestaan. Tussen kelder en bovenste verdieping 

heb ik je gevonden in de lift en je bent niet meer weggegaan. Ik geniet nog dagelijks van je 

ongekende energie, relativeringsvermogen en hulpvaardigheid. Ik hou van je.
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Sjoerd Lagarde werd op 2 december 1976 geboren te s̀ Hertogenbosch als zoon van Piet en 

Conny Lagarde. Hij groeide op in het gezellige zuiden, Udenhout, en doorliep daar succesvol de 

kleuter- en basisschool. In 1995 behaalde hij zijn Gymnasium diploma op het Theresialyceum 

te Tilburg. In datzelfde jaar begon hij met de studie geneeskunde aan de Universiteit van 

Amsterdam. Tijdens zijn studie heeft hij onderzoek verricht naar intracapillaire drukken op de 

afdeling vaatchirurgie (prof. dr. M.J. Jacobs, Academisch medisch Centrum). Dit onderzoek 

wekte zijn interesse voor de wetenschap. In 2000, als onderdeel van de co-schappen, heeft 

hij 3 maanden gewerkt in het Indus hospital te Shimla, India, (dr B. Verma). Na het behalen 

van zijn arts examen in 2002 was hij 10 maanden als arts-assistent chirurgie werkzaam in 

het Sint Lucas Andreas ziekenhuis (dr. E. Ph. Steller). Het werd voor Sjoerd snel duidelijk dat 

zijn interesse in de combinatie chirurgie en onderzoek lag. Hij kreeg de mogelijkheid om 

vanaf augustus 2003 als arts onderzoeker op de afdeling chirurgie te gaan werken onder 

leiding van prof. dr. J.J.B. van Lanschot, resulterend in dit proefschrift. Op 1 februari 2007 

is hij in opleiding tot chirurg. Hij is afwisselend werkzaam op de locaties Sint Lucas Andreas 

Ziekenhuis (dr. E.Ph. Steller),  Antonie van Leeuwenhoek ziekenhuis (prof. dr. E.J.Th. Rutgers) 

en Academisch Medisch Centrum (dr. O.R.C. Busch).

Namens de paranimfen,

Steve de Castro

Sander Dalhuisen
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Epilogue

“Ceci n’est pas une pomme” 

was written below the apple. 

This seems a contradiction, 

but is actually true. 

The painting is not an apple. 

It is an image of an apple.

It is a detailed representation of what we understand an apple to be.

Predictive models in surgical oncology 

are like Magritte’s apple.

They are representations 

of our knowledge about cancer 

expressed in a new medium 

However, 

the model remains a

representation of reality only.




