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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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