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Abstract 

Background:  Adenocarcinoma in Esophagogastric Junction (AEG) is a severe gastrointestinal malignancy with a 
unique clinicopathological feature. Hence, we aimed to develop a competing risk nomogram for predicting survival 
for AEG patients and compared it with new 8th traditional tumor-node-metastasis (TNM) staging system.

Methods:  Based on data from the Surveillance, Epidemiology, and End Results (SEER) database of AEG patients 
between 2004 and 2010, we used univariate and multivariate analysis to filter clinical factors and then built a com-
peting risk nomogram to predict AEG cause-specific survival. We then measured the clinical accuracy by comparing 
them to the 8th TNM stage with a Receiver Operating Characteristic (ROC) curve, Brier score, and Decision Curve 
Analysis (DCA). External validation was performed in 273 patients from China National Cancer Center.

Results:  A total of 1755 patients were included in this study. The nomogram was based on five variables: Number of 
examined lymph nodes, grade, invasion, metastatic LNs, and age. The results of the nomogram was greater than tradi-
tional TNM staging with ROC curve (1-year AUC: 0.747 vs. 0.641, 3-year AUC: 0.761 vs. 0.679, 5-year AUC: 0.759 vs. 0.682, 
7-year AUC: 0.749 vs. 0.673, P < 0.001), Brier score (3-year: 0.198 vs. 0.217, P = 0.012; 5-year: 0.198 vs. 0.216, P = 0.008; 
7-year: 0.199 vs. 0.215, P = 0.014) and DCA. In external validation, the nomogram also showed better diagnostic value 
than traditional TNM staging and great prediction accuracy.

Conclusion:  We developed and validated a novel nomogram and risk stratification system integrating clinicopatho-
logical characteristics for AEG patients. The model showed superior prediction ability for AEG patients than traditional 
TNM classification.
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Background
Despite the incidence trend continuously decreased 
over the past few decades, gastric cancer remains the 
fifth most common malignant tumor and ranks third in 
cancer-related mortality in the world [1, 2]. An growing 
number of population-based studies had observed that 
the incidence of adenocarcinoma in the esophagogastric 
junction (AEG) presenting a significantly rising tendency 
[3–5]. According to the latest 8th edition of the Ameri-
can Joint Committee on Cancer  (AJCC) Cancer Staging 
Manual, the Tumor-Node-Metastasis  (TNM) staging 
system of AEG had been divided due to its unique clin-
icopathological characteristicsl: viz. tumors with their 
epicenter within the proximal 2 cm of the esophagogas-
tric junction (EGJ) invaded (Siewert I/II) are classified as 
the version of TNM-esophagus cancer, and tumors with 
their epicenter more than 2 cm distal from the EGJ would 
be classified as TNM-gastric cancer [6]. However, this 
staging strategy for AEG only focused on the ‘location’ 
of invasion, neglecting other critical clinical features, 
such as age, sex and the number of resected lymph node 
(LN), which could be predicting factors that influencing 
patients’ prognosis [7–10]. Thus, the prognostic evalua-
tion system for AEG needs to be further explored.

In general, the survival of cancer patients may be 
affected by more than two events, and only one event 
occurs finally [11]. Those events other than the one of 
interest are called competing risk events. The traditional 
survival analysis may overestimate the cumulative inci-
dence by treating competing events as censored events, 
which could be improved by the competing risk analysis. 
Nomogram, a simple graphical linear prediction model, 
is widely used for cancer prognosis [12]. Hence, in this 
study, we aimed to explore a new classification system by 
competing risk model through the population-based Sur-
veillance, Epidemiology and End Results (SEER) database 
and further develop and externally validate a nomogram 
for predicting survival for AEG patients.

Methods
Training cohort and data acquisition
Patient data were obtained from the SEER website 
(http://seer.cance​r.gov/) using SEER*stat version 8.3.5. 
In total, data from 2004 to 2010 of 11,639 esophagogas-
tric junction (EGJ) cancer patients over 18 years old were 
initially analyzed. The inclusion criteria were as followed: 
(1) patients with histological confirmed adenocarcinomas 

in EGJ; (2) patients who received surgery and complete 
pathological information can be achieved; (3) without 
distant metastasis; The exclusion criteria were as fol-
lowed: (1) patients with multiple primary tumors; (2) 
primary EGJ cancers with other histology; (3) primary 
EGJ adenocarcinomas without histological confirmation; 
(4) patients with distant metastasis; (5) patients with-
out complete pathological information; (6) patients with 
follow-up time less than 3 months. Finally, we extracted 
clinicopathological variables of 1755 patients including 
age, gender, race, location of the tumor, TNM staging, the 
grade of the tumor, histological grade, number of exam-
ined LNs, number of positive LNs, tumor size, and sur-
vival months.

External validation cohort and data
To further validate our new predicting model, we sought 
an external validation cohort from patients diagnosed 
from October 2006 to December 2018 and underwent 
radical resection in China National Cancer Center. The 
validation cohort included 273 AEG patients who were 
recruited according to inclusion and exclusion criteria 
same as the training cohort. The time of last follow-up 
was March 2019. All study procedures were approved 
by the Institutional Review Board at the China National 
Cancer Center.

Exploration of a new evaluation system and presentation 
of nomograms
We regarded AEG cause-specific death and other causes 
of death as two competing events in our competing-risk 
analysis. The multivariate proportional sub-distribu-
tion hazard model was used to calculate the adjusted 
sub-distribution hazard ratio (SHR) of the new exam-
ined evaluation system. Variables associated with AEG 
cause-specific death with a P value of < 0.1 in the uni-
variate analysis, or a P value of < 0.05 in the initial mul-
tivariate analysis, were included as variables in the final 
multivariate analysis. We not only built the proportional 
sub-distribution hazard model to predict cause-specific 
death for patients, but also competing-risk nomograms 
based on Fine and Gray’s model [13]. For comparing the 
predicted probability with points observed at a certain 
time, a calibration plot was used. If both the predicted 
and observed probabilities in any given pair lie on the 
45° line, it implies that both probabilities match well to 
each other and the model is ideal. The discrimination of 
the model was assessed by areas under receiver operat-
ing characteristic curves (AUC) [14]. If the AUC > 0.8, it 
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indicates that the discriminatory accuracy of a model is 
good. The discrimination and calibration of the model 
were also measured by the Brier score at the same time 
[15]. The decision curve analysis (DCA) was then used 
to estimate the clinical usefulness and net benefit of the 
predictive models, as well as compare them with the tra-
ditional TNM staging system of the training cohort [16, 
17]. This method was capable to visualizes the clinical 

consequences of a treatment strategy at each threshold 
probability.

Statistical analysis
All statistical analyses were performed using R software, 
version 3.3.3 (Institute for Statistics and Mathematics, 
Vienna, Austria; http://www.r-proje​ct.org). Statistical 
significance was set at two-sided P < 0.05.

EGJ cancers diagnosed during 2004-2010, aged
18 years or more

(N= 11639)

Primary EGJ cancers
(N= 8780)

Multiple primary tumors
(N= 2859)

primary EGJ adenocarcinomas
(N= 6970)

Primary EGJ cancers with other histology
(N= 1810)

primary EGJ adenocarcinomas with surgery for
histological confirmation

(N= 2764)

primary EGJ adenocarcinomas without
histological confirmation (N= 4206)

primary EGJ adenocarcinomas without distant
metastasis (N= 2357)

primary EGJ adenocarcinomas distant metastasis
(N= 407)

primary EGJ adenocarcinomas with known
number of retrieved lymph node (N= 2148)

primary EGJ adenocarcinomas with unknown
retrieved lymph nodes (N= 209)

primary EGJ adenocarcinomas with survival time
>3 months (N= 2045)

primary EGJ adenocarcinomas with follow-up
time less than 3 months (N= 103)

Unknown size (N= 265)
Unknown invasion depth (N= 11)
Cause of death unknown (N=14)

Final analysis (N= 1755)

Fig. 1  Flowchart of the training cohort patients selection for this study

http://www.r-project.org
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Results
Patients characteristics
In total, 11,639 adults were diagnosed with EGJ cancer 
from 2004 to 2010, 2859 of which were excluded due to 
having multiple primary tumors. Furthermore, patients 
with other histology (N = 1810) except adenocarcinoma, 
without histological confirmation (N = 4206), with 

distant metastasis (N = 407), or with unknown exam-
ined LNs (N = 209) were also excluded. In addition, 
primary AEG with a follow-up of less than 3  months 
(N = 103), unknown size (N = 265), unknown invasion 
depth (N = 11), or cause of unknown death (N = 14) were 
excluded as well. In the end, 1755 cases were included in 
further analysis (Fig. 1), comprising 373 females (21.2%) 
and 1382 males (78.8%), with sixty years being used as a 
cut-off for elderly people. The T stage ranged from T1 to 
T4 (N = 355, 227, 768, 405, respectively), and the N stage 
from N0 to N3 (N = 716, 391, 340, 308, respectively). The 
external validation cohort comprised 73 females (26.7%) 
and 200 males (73.3%), with 81.6% low grade and 18.4% 
high grade differentiation. The details of the baseline 
characteristics of participants of two cohorts are shown 
in Table 1.

AEG survival prediction model
In the final multivariate proportional sub-distribution 
hazard model of clinical characteristics for the prognosis 
of AEG in the training cohort, an age of > 60 years (SHR 
1.389, P < 0.001), high T stage (T1-4, SHR 1.592, 2.167, 
2.555, respectively, P < 0.001), high N stage (N0-3, SHR 
1.814, 2.505, 3.335, P < 0.001), or high Grade (SHR 1.281, 
P < 0.001) was associated with a poor prognosis, while 
the number of examined LNs presented to be a protec-
tive factor (< 10, < 15, ≥ 15, SHR 0.751, 0.635, 0.540, 
P < 0.001). The results of multivariate analysis are listed in 
detail in Table 2.

Construction of the competing risk nomogram
The AEG cause-specific death predicting model of the 
nomogram was established based on a selection of 
prognostic factors (Fig. 2). The nomogram showed the 
N stage to be the most impactful factor of prognosis, 
followed by the T stage, and then age, with the amount 
of examined LNs and grade having only a modest effect 
on survival. Each subtype of the variables was assigned 
a score. A straight line to determine the estimated 
probability of survival can be drawn at each time point 
on the total point scale, according to the total point.

Evaluation and Validation of the nomogram
In the analysis of specificity, we used both the receiver 
operating characteristic (ROC) curve and Brier score 
to evaluate the diagnostic value and accuracy of the 
nomogram model. With respect to the ROC curve, the 
nomogram model was greater than traditional TNM 
staging in the training cohort (1-year AUC: 0.747 vs. 
0.641, 3-year AUC: 0.761 vs. 0.679, 5-year AUC: 0.759 
vs. 0.682, 7-year AUC: 0.749 vs. 0.673, respectively, 
P < 0.001, Fig. 3). The Brier score is a measure of overall 

Table 1  Characteristics of  two cohorts of  patients 
with AEG

IQR interquartile range

Characteristics Training cohort 
(N = 1755)

Validation cohort 
(N = 273)

No. of patients % No. of patients %

Race

 White 1523 86.8 0 0

 Black 81 4.6 0 0

 Others 151 8.6 273 100

Sex

 Female 373 21.2 73 26.7

 Male 1382 78.8 200 73.3

Age (year)

 < 60 674 38.4 154 56.4

 ≥ 60 1081 61.6 119 43.6

Grade

 Low grade 946 53.9 223 81.6

 High grade 809 46.1 50 18.4

T stage

 T1 355 20.2 47 17.2

 T2 227 12.9 38 13.9

 T3 768 43.8 63 23.1

 T4 405 23.1 125 45.8

N stage

 N0 716 40.8 25 9.2

 N1 391 22.2 46 16.8

 N2 340 19.4 68 24.9

 N3 308 17.6 134 49.1

Size (cm)

 < 1.0 83 4.7 8 2.9

 < 2.0 189 10.8 42 15.4

 < 3.0 265 15.1 49 17.9

 < 5.0 584 33.3 102 37.4

 ≥ 5.0 634 36.1 72 26.4

Number of examined lymph nodes

 < 5 128 7.3 3 1.1

 < 10 323 18.4 5 1.8

 < 15 428 24.4 20 7.3

 ≥ 15 876 49.9 245 89.7

Follow-up time 
(months, median, 
IQR)

33 (14,79) 21 (12–40)
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performance and captures aspects of both calibration 
and discrimination. It is a representation of the differ-
ence between the predicted probability and the actual 
outcome. The score ranges from 0 to 1, with values 
closer to 0 indicating better predictive ability. In terms 
of the Brier score, the accuracy of the nomogram was 
also better than traditional TNM stage at 3-year point 
(0.198 vs. 0.217, P = 0.012), 5-year point (0.198 vs. 
0.216, P = 0.008), and 7-year point (0.199 vs. 0.215, 
P = 0.014) (Fig.  3). The calibration curves showed the 

dots close to a 45° diagonal line, indicating that the 
nomogram were well calibrated (Fig. 4).

To further externally validate the nomogram, we used 
ROC curves and calibration curves to evaluate the pre-
diction accuracy of the new model. The ROC curves 
presented a better diagnostic value than traditional 
TNM staging and the calibration curves presented an 
acceptable consistency between the model prediction 
and the actual observation for 1-, 3-, 5-, 7- and 10-year 
point (Fig. 5).

Table 2  Multivariate analysis for exploring potential risk factors for prognosis of AEG

SHR sub-distribution hazard ratio, CI confidential interval

Characteristics Initial multivariate model Final multivariate model

SHR (95% CI) P beta SHR (95% CI) P

Age (year)

 < 60 Reference Reference

 ≥ 60 1.393 (1.223–1.588)  < 0.001 0.329 1.389 (1.220–1.583)  < 0.001

T stage

 T1 Reference Reference

 T2 1.604 (1.204 -2.137) < 0.001 0.465 1.592 (1.211–2.093) < 0.001

 T3 2.207 (1.698–2.869) < 0.001 0.773 2.167 (1.710–2.747) < 0.001

 T4 2.606 (1.990–3.411) < 0.001 0.938 2.555 (2.000–3.265) < 0.001

N stage

 N0 Reference Reference

 N1 1.831 (1.525–2.198) < 0.001 0.596 1.814 (1.515–2.172) < 0.001

 N2 2.536 (2.089–3.077) < 0.001 0.918 2.505 (2.073–3.028) < 0.001

 N3 3.417 (2.750–4.247) < 0.001 1.205 3.335 (2.702–4.116) < 0.001

Grade

 Low grade Reference Reference

 High grade 1.277 (1.120–1.457) < 0.001 0.248 1.281 (1.124–1.460) < 0.001

Number of examined lymph nodes

 < 5 Reference Reference

 < 10 0.736 (0.555–0.975) 0.032 − 0.286 0.751 (0.569–0.993) 0.040

 < 15 0.630 (0.477–0.832) 0.001 − 0.455 0.635 (0.481–0.838) 0.013

 ≥ 15 0.535 (0.410–0.698) < 0.001 − 0.616 0.540 (0.414–0.704) < 0.001

Race

 White Reference

 Black 0.973 (0.713–1.329) 0.860

 Others 0.829 (0.662–1.039) 0.100

Sex

 Female Reference

 Male 0.965 (0.825–1.129) 0.660

Size (cm)

 < 1.0 Reference

 < 2.0 1.179 (0.732–1.899) 0.500

 < 3.0 1.087 (0.682–1.731) 0.730

 < 5.0 1.121 (0.707–1.777) 0.630

 ≥ 5.0 1.048 (0.659–1.668) 0.840
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We then used DCA to compare the clinical useful-
ness of the nomogram and traditional TNM staging. By 
decision curve analysis, the nomogram was better than 
traditional TNM staging in clinical conditions (Fig. 6). 
Compared with traditional TNM staging, the nomo-
gram showed a larger net benefit across the range of 
death risk in the analysis.

Discussion
As a junctional tumor type between the esophagus and 
stomach, the definition, evaluation, and management 
of AEG remains elusive. Based on the 8th AJCC TNM 
stage classification, AEG patients could receive better 
evaluation and management [18]. However, the new 
complex classification may sometimes confuse clini-
cians, resulting in unfavorable evaluation and therapy 
[6]. Ergo, a new specific evaluation and classification 
system for AEG is urgently needed. In this study, a new 

classification system was developed through the use of 
a competing risk model nomogram for predicting sur-
vival in patients with AEG. This nomogram is based on 
five variables: number of LNs examined, grade, inva-
sion (T stage), metastatic LNs (N stage), and age. This 
nomogram produced more accurate predictions on 
the survival of patients than the pathologic 8th TNM 
classification and showed better clinical usefulness 
throughout the time during which patients were ana-
lyzed as assessed by DCA.

Due to the unique anatomic location, the AJCC classi-
fication of AEG remains a topic of debate in recent years. 
An accurate staging system is required for clinicians to 
choose the best follow-up treatment [19]. In the 8th edi-
tion of AJCC classification, more attention was paid to 
changes and developments leading to better clinical deci-
sion making and predictive accuracy. Separated staging 
of AEG reflects the individualized approach taken by 
AJCC. In the new AJCC staging system, a more complex 

Fig. 2  Nomogram predicted 1- to 10-year cancer specific death for patients with resected AEG using five available clinical characteristics. To use the 
nomogram, an individual patient’s value is located on each variable axis, and a line is drawn upward to determine the number of points received for 
each variable value. The sum of these numbers is located on the Total Points axis, and a line is drawn downward to the survival axes to determine 
the likelihood of 1- to 10-year survival
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classification separated by 3 different groups was intro-
duced, namely clinical (cTNM), pathologic (pTNM), 
and post-neoadjuvant pathologic (ypTNM) stage groups 
[18]. The clinical stage is defined using physical examina-
tion, endoscopy, and imaging examination, which shows 
big heterogeneity between different surgeons. In clinical 
practice, pathologic stage groups showed the most widely 
distributed survival [20, 21]. In addition, a direct compar-
ison of the different editions AJCC classification is pos-
sible only for pathologic staging. Therefore, we used the 

pathologic stage groups of the 8th TNM staging method 
in our comparison.

Traditional TNM classification stratified the AEG into 
3 grouping methods: the pathologic depth, number of 
metastatic LNs, and distant metastasis of the tumor. The 
survival data are usually accompanied by multiple out-
comes, which may have a competitive association [10, 
22, 23], resulting in overestimation of the cumulative 
incidence. A nomogram is a well-analyzed statistic tool 
which provides a comprehensive probability of outcome 
[12]. A prior study comparing nomogram with 7th AJCC 
classification, which included six clinical associated fac-
tors (age, sex, depth of invasion, metastasized LNs, exam-
ined LNs, histological grade), showed greater accuracy 
for the TNM classification [8]. In clinical practice, how-
ever, we found the outcome of AEG could be blocked by 
many other events [5, 24]. Therefore, we used a new com-
peting risk nomogram to reduce the influence of these 
outcomes [25, 26]. In our study, we used the number of 
examined LNs, grade, N stage, T stage, and age as the 
classification factors, part of which is in consensus with 
the TNM stage system. This simple nomogram could 
eliminate possible influence from other lethal factors and 
be useful for clinicians in practice.

In our nomogram, the number of examined LNs was 
considered as another variable of evaluating the survival 
in addition to normal factors in the AJCC staging system. 
The number of examined LNs presented to be a pro-
tective factor (< 10, < 15, ≥ 15, SHR 0.751, 0.635, 0.540, 
P < 0.001) in this nomogram, indicating that resection of 
more LNs leads to a better survival. Several trials also 

a b

Fig. 3  AUC (a) and Brier score (b) of the Nomogram and 8th TNM Stage in prediction of prognosis of patients from 1-year to 10-year point. AUC: 
areas under the receiver operating characteristic curve
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Fig. 4  The calibration curves for predicting patient survival 
of the training cohort at 1-, 3-, 5-year, 7-year, 10-year point. 
Nomogram-predicted cancer specific survival is plotted on the x-axis; 
actual cancer specific survival is plotted on the y-axis. A plot along 
the 45-degree line would indicate a perfect calibration model in 
which the predicted probabilities are identical to the actual outcomes
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recommended the number of examined LNs as a great 
predicting factor in the staging system of AEG [27–29]. 
Different surgical methods may determine the number of 
LN examinations [30]. The choice of surgery depends on 
the type of AEG: with type I being treated as esophageal 
cancer, and type II and III regarded as gastric cancer [10, 

30]. More examined LNs may represent a more exhaus-
tive surgical dissection and less residing positive LNs. 
Moreover, not only could the dissection procedure of 
the surgeon affect the number of examined LNs, but so 
could the LN searching of the pathologist. Thus, we could 

Fig. 5  a AUC of the Nomogram and 8th TNM Stage in prediction of prognosis of the validation cohort patients from 1-year to 10-year point. b The 
calibration curves for predicting patient survival of the validation cohort at 1-, 3-, 5-year, 7-year, 10-year point

a

d e

b c

Fig. 6  Decision curve analysis for the Competing Risk Nomogram and the 8th TNM Stage in prediction of prognosis of patients at 1, 3, 5, 7, 10-year 
point
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mark the examined LNs as an evaluation for pathological 
credibility.

This work also has some limitations. Firstly, as cancer 
biology and validation of biologic factors has evolved, 
it has become more effective in predicting the outcome 
of cancer [18, 23]. The 8th AJCC classification recom-
mended some of these factors, with strong evidence 
showing great accuracy in AEG. Due to the missing data 
from the SEER database, we were unable to make a full 
comparison to the whole 8th classification; further study 
combining biologic data may lead to a more ‘personal-
ized’ approach. Secondly, the SEER database is based 
on retrospective data collection, with diagnosis and sur-
gery all depending on different doctors from several dif-
ferent medical centers. Moreover, the current work was 
also limited by the inability to involve some recognized 
prognostic factors such as Siewert type, surgical opera-
tion, radiation and chemotherapy due to lack of detailed 
information of therapy related variables in the SEER 
database. In addition, the missing data during collection 
caused many patients to be excluded, which might lead to 
skewed results.

Conclusion
We developed and validated a novel nomogram and risk 
stratification system integrating clinicopathological char-
acteristics for AEG patients. The model showed superior 
prediction ability for AEG patients than traditional TNM 
classification.
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