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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.

84



References

 1. Botterweck AA, Schouten LJ, Volovics A et al. 
Trends in incidence of adenocarcinoma of the 
esophagus and gastric cardia in ten European 
countries. Int J Epidemiol 2000; 29:645-654.

 2. Pohl H, Welch HG. The role of overdiagnosis and 
reclassification in the marked increase of esopha-
geal adenocarcinoma incidence. J Natl Cancer 
Inst 2005; 97:142-146.

 3. van Blankenstein M., Looman CW, Hop WC et al. 
The incidence of adenocarcinoma and squamous 
cell carcinoma of the esophagus: Barrett’s esoph-
agus makes a difference. Am J Gastroenterol 
2005; 100:766-774.

 4. Whooley BP, Law S, Murthy SC et al. Analy-
sis of reduced death and complication rates 
after esophageal resection. Ann Surg 2001; 
233:338-344.

 5. 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.

 6. 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.

 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. Orringer MB, Marshall B, Iannettoni MD. Tran-
shiatal esophagectomy: clinical experience and 
refinements. Ann Surg 1999; 230:392-400.

 9. Mariette C, Balon JM, Piessen G et al. Pattern 
of recurrence following complete resection of 
esophageal carcinoma and factors predictive of 
recurrent disease. Cancer 2003; 97:1616-1623.

 10. Lerut T, Coosemans W, De LP et al. Reflections 
on three field lymphadenectomy in carcinoma of 
the esophagus and gastroesophageal junction. 
Hepatogastroenterology 1999; 46:717-725.

 11. Hulscher JB, van Sandick JW, Tijssen JG et al. 
The recurrence pattern of esophageal carcinoma 
after transhiatal resection. J Am Coll Surg 2000; 
191:143-148.

 12. de Manzoni G., Pedrazzani C, Pasini F et al. 
Pattern of recurrence after surgery in adenocar-
cinoma of the gastro-oesophageal junction. Eur J 
Surg Oncol 2003; 29:506-510.

 13. American joint Committee on Cancer. AJCC 
cancer staging handbook. Philadelphia: Lippin-
cott-Raven; 2002.

 14. TNM: classification of malignant tumors. New-
York: Wiley-Liss; 2002.

 15. Nigro JJ, Demeester SR, Hagen JA et al. Node 
status in transmural esophageal adenocarcinoma 
and outcome after en bloc esophagectomy. J 
Thorac Cardiovasc Surg 1999; 117:960-968.

 16. Feith M, Stein HJ, Siewert JR. Pattern of lymphat-
ic spread of Barrett’s cancer. World J Surg 2003; 
27:1052-1057.

 17. Clark GW, Peters JH, Ireland AP et al. Nodal 
metastasis and sites of recurrence after en bloc 
esophagectomy for adenocarcinoma. Ann Thorac 
Surg 1994; 58:646-653.

 18. Christein JD, Hollinger EF, Millikan KW. Prognos-
tic factors associated with resectable carcinoma 
of the esophagus. Am Surg 2002; 68:258-262.

 19. Lerut T, Coosemans W, Decker G et al. Extra-
capsular lymph node involvement is a negative 
prognostic factor in T3 adenocarcinoma of the 
distal esophagus and gastroesophageal junction. 
J Thorac Cardiovasc Surg 2003; 126:1121-1128.

 20. Lagarde SM, ten Kate FJ, de Boer DJ et al. 
Extracapsular Lymph Node Involvement in Node-
Positive Patients With Adenocarcinoma of the 
Distal Esophagus or Gastroesophageal Junction. 
Am J Surg Pathol 2006; 30:171-176.

 21. Dickson GH, Singh KK, Escofet X et al. Validation 
of a modified GTNM classification in peri-junc-
tional oesophago-gastric carcinoma and its use 
as a prognostic indicator. Eur J Surg Oncol 2001; 
27:641-644.

 22. Paraf F, Flejou JF, Pignon JP et al. Surgical pathol-
ogy of adenocarcinoma arising in Barrett’s esoph-
agus. Analysis of 67 cases. Am J Surg Pathol 
1995; 19:183-191.

 23. Wayman J, Bennett MK, Raimes SA et al. The 
pattern of recurrence of adenocarcinoma of the 
oesophago-gastric junction. Br J Cancer 2002; 
86:1223-1229.

 24. Dexter SP, Sue-Ling H, McMahon MJ et al. 
Circumferential resection margin involvement: 
an independent predictor of survival following 
surgery for oesophageal cancer. Gut 2001; 
48:667-670.

85

D
evelo

p
m

ent of a p
ro

g
no

stic no
m

o
g
ram

 
C

 H
 A

 P T E R
   4



 25. Steup WH, De Leyn P., Deneffe G et al. Tumors 
of the esophagogastric junction. Long-term 
survival in relation to the pattern of lymph node 
metastasis and a critical analysis of the accuracy 
or inaccuracy of pTNM classification. J Thorac 
Cardiovasc Surg 1996; 111:85-94.

 26. Rice TW, Blackstone EH, Rybicki LA et al. Refining 
esophageal cancer staging. J Thorac Cardiovasc 
Surg 2003; 125:1103-1113.

 27. Lerut T, Coosemans W, Decker G et al. Extended 
surgery for cancer of the esophagus and gastroe-
sophageal junction. J Surg Res 2004; 117:58-63.

 28. Korst RJ, Rusch VW, Venkatraman E et al. 
Proposed revision of the staging classification 
for esophageal cancer. J Thorac Cardiovasc Surg 
1998; 115:660-669.

 29. Ellis FH, Jr., Heatley GJ, Balogh K. Proposal for 
improved staging criteria for carcinoma of the 
esophagus and cardia. Eur J Cardiothorac Surg 
1997; 12:361-364.

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

 31. Rouzier R, Pusztai L, Delaloge S et al. Nomo-
grams to predict pathologic complete response 
and metastasis-free survival after preoperative 
chemotherapy for breast cancer. J Clin Oncol 
2005; 23:8331-8339.

 32. Kattan MW, Zelefsky MJ, Kupelian PA et al. 
Pretreatment nomogram that predicts 5-year 
probability of metastasis following three-
dimensional conformal radiation therapy for 
localized prostate cancer. J Clin Oncol 2003; 
21:4568-4571.

 33. Eilber FC, Brennan MF, Eilber FR et al. Valida-
tion of the postoperative nomogram for 12-year 
sarcoma-specific mortality. Cancer 2004; 
101:2270-2275.

 34. Kattan MW, Leung DH, Brennan MF. Postopera-
tive nomogram for 12-year sarcoma-specific 
death. J Clin Oncol 2002; 20:791-796.

 35. Kattan MW, Karpeh MS, Mazumdar M et al. 
Postoperative nomogram for disease-specific 
survival after an R0 resection for gastric carci-
noma. J Clin Oncol 2003; 21:3647-3650.

 36. 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.

 37. Peeters KC, Kattan MW, Hartgrink HH et al. 
Validation of a nomogram for predicting disease-
specific survival after an R0 resection for gastric 
carcinoma. Cancer 2005; 103:702-707.

 38. Ferrone CR, Kattan MW, Tomlinson JS et al. Vali-
dation of a postresection pancreatic adenocarci-
noma nomogram for disease-specific survival. J 
Clin Oncol 2005; 23:7529-7535.

 39. Harrell FE, Jr., Lee KL, Mark DB. Multivariable 
prognostic models: issues in developing models, 
evaluating assumptions and adequacy, and 
measuring and reducing errors. Stat Med 1996; 
15:361-387.

 40. Eloubeidi MA, Desmond R, Arguedas MR et al. 
Prognostic factors for the survival of patients 
with esophageal carcinoma in the U.S.: the 
importance of tumor length and lymph node 
status. Cancer 2002; 95:1434-1443.

 41. Holscher AH, Bollschweiler E, Bumm R et al. Prog-
nostic factors of resected adenocarcinoma of the 
esophagus. Surgery 1995; 118:845-855.

 42. Fumagalli U.Panel of experts. resective surgery 
for cancer of the thoracic esophagus. Dis Esopha-
gus 2005; 1996:30-38.

 43. Brunelli A, Rocco G. Internal validation of risk 
models in lung resection surgery: bootstrap 
versus training-and-test sampling. J Thorac 
Cardiovasc Surg 2006; 131:1243-1247.

 44. Urschel JD, Vasan H, Blewett CJ. A meta-analysis 
of randomized controlled trials that compared 
neoadjuvant chemotherapy and surgery to 
surgery alone for resectable esophageal cancer. 
Am J Surg 2002; 183:274-279.

 45. Fiorica F, Di BD, Schepis F et al. Preoperative 
chemoradiotherapy for oesophageal cancer: a 
systematic review and meta-analysis. Gut 2004; 
53:925-930.

 46. Swisher SG, Hofstetter W, Wu TT et al. Proposed 
revision of the esophageal cancer staging system 
to accommodate pathologic response (pP) 
following preoperative chemoradiation (CRT). 
Ann Surg 2005; 241:810-817.

 47. Schneider PM, Baldus SE, Metzger R et al. 
Histomorphologic tumor regression and lymph 
node metastases determine prognosis following 
neoadjuvant radiochemotherapy for esophageal 
cancer: implications for response classification. 
Ann Surg 2005; 242:684-692.

86


