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Objective: Adenocarcinoma of the esophagogastric junction (AEJ) is a relatively rare
malignancy in Western countries whose specific clinicopathological characteristics and
associated prognosis have not been comprehensively described.

Methods: Data on patients with AEJ between 2005 and 2015 in the Surveillance,
Epidemiology, and End Results (SEER) database were extracted, evaluated, and compared
with patients with gastric cancer (GC) in general. Overall survival (OS) was evaluated using
the Kaplan—-Meier method. Univariate and multivariate analyses were performed using the
Cox proportional hazards regression model to identify risk factors predictive for OS, and the
results were used to construct a nomogram to predict 1-, 3-, and 5-year OS among patients
with AEJ.

Results: A total of 8013 patients diagnosed with AEJ were identified from the records of
30,179 patients with GC. The mean age was 65.4 (SD = 12.0) years, 79.5% were men, 87.2%
were Caucasian, 91.5% were moderately-to-poorly differentiated, 34.4% had AJCC stage
I AEJ, and 28.8% had stage IV. The median OS was 18 months, and the 5-year OS was
25.8% (95% CI: 24.8-26.8%). Fewer patients with AEJ had undergone surgical resection,
fewer had T+ and N+ (N2~N3) disease (P < 0.001), and fewer had distant metastases
compared to the patients with GC (P < 0.05). In the univariate and multivariate analyses,
age, race, summary stage, N stage, M stage, and surgery were identified as independent risk
factors. The nomogram had a calibration index of 0.726.

Conclusion: AEJ was found to have distinct clinicopathological characteristics. Age, race,
summary stage, N stage, M stage, and surgery were independently associated with OS. The
nomogram accurately predicted 1-, 3-, and 5-year OS rates.

Keywords: adenocarcinoma of the esophagogastric junction, AEJ, clinicopathological
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Introduction

Adenocarcinoma of the esophagogastric junction (AEJ) has a high morbidity world-

wide, with variable 5-year survival rates among institutions." An analysis of 43

cancer registries in Europe, Australia, the United States, and Canada conducted by

Chevallay et al found a rapid rise in the incidence of AEJ in the last 20 years.’
AEJ is predominantly located at the distal esophagus and the esophagogastric

junction (EJ) and represents 75% of esophageal cancers in the United States since
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the 1970s.> The EJ has histological characteristics of both
the esophageal squamous epithelium and gastric glandular
cells. Considering this special anatomic location, the his-
tological origin of AEJ as well as the appropriate treat-
ments and prognosis are controversial.*> Previously,
Mochizuki et al claimed, in their study, that the poor
prognosis of AEJ is largely attributable to early and fre-
quent metastases.® However, a retrospective study of 1002
patients with AEJ conducted by Siewert et al found that
the postoperative death rate depended on the surgical
approach.” For AEJ, both esophageal and stomach cancer
staging systems have been used. Additional clinical and
pathologic factors have also been suggested to improve the
staging systems that are currently available.** Matsuda
et al examined the clinicopathological features, prognostic
factors, and risk factors associated with each recurrence
pattern.'® Tto et al distinguished AEJ subtypes by the
clinicopathological and prognostic  differentiation.''
Furthermore, Imamura and Wang et al developed models
on immune and genomic characteristics associated with
clinical phenotype as well as prognosis.'>'* However,
there is no guidance or expert consensus on AEJs for
clinical practice.

Given the distinct characteristics of AEJ, population-
based analyses are critical to provide an overview of
epidemiological and therapeutic trends. Therefore, this
study aimed to review the clinical and pathological char-
acteristics and survival rates of patients with AEJ from the
Surveillance, Epidemiology, and End Results (SEER)
database to better understand the factors that affect clinical
behavior and survival.

Materials and Methods

Data Extraction

Data on patients with AEJ diagnosed and treated between
2005 and 2015 were extracted from the SEER database
(http://seer.cancer.gov/) using SEER*Stat software (version
8.3.8; https://seer.cancer.gov/seerstat/). The study cohort
included patients identified by the Site and Morphology term

“EsophagusGEJunction”. All eligible patients had a single
primary tumor (sequence number O or 1), histologically con-
firmed malignant AEJ, data on age and race, and no missing
follow-up data. Signed authorization and permission to access
and use the dataset were obtained from the SEER. Approval
was waived by the Ethics Committee of Jiangsu Provincial
Center for Disease Control and Prevention, as the SEER data
were publicly available and de-identified.

Characteristic Variables and Survival Data
The baseline characteristics of patients were obtained from
the following datasets: age, sex, race, year of diagnosis,
primary site, tumor size, TNM and histological stages, surgi-
cal resection (yes or no), survival data, and vital status. The
TNM stage was manually adjusted according to the AJCC
eighth edition criteria. Patient age at diagnosis was converted
to 10-year intervals to construct the Cox regression-based
analysis. The primary endpoint of this analysis was OS
derived from vital status and months of survival, which was
calculated from the day of surgery to the last follow-up or
death. Patients who survived less than 1 month were coded in
the SEER database as having a survival time of zero.

Statistical Analysis

To investigate the clinicopathological characteristics of the
study population, the Student’s rtest, y> test (or Fisher’s
exact test), and the Mann—Whitney method were used.
Survival analyses were evaluated using Kaplan-Meier esti-
mates with the Log rank test, with OS as the primary out-
come. Cox proportional hazard regression models, including
univariate analysis (UVA) and multivariate analysis (MVA),
were adopted to calculate hazard ratios (HRs) and 95%
confidence intervals (95% ClIs) to assess the impact of
clinical indicators on patient outcomes. A nomogram was
generated based on the MVA results. The concordance index
(c-index) and calibration plots were used to evaluate the
model performance. The c-index statistic ranged from 0.5
(no discrimination) to 1 (perfect discrimination). Nomogram
plot calibration was performed to estimate the overall agree-
ment between predicted and observed survival. Statistical
analyses were performed by R 4.0.0 (http://www.r-project.

org/) using survival, rms, and ggplot2 packages. Statistical
significance was set at a two-sided P-value < 0.05.

Results
Patients’ Demographic and Pathological

Characteristics

A total of 30,179 eligible patients with gastric cancer (GC)
were identified in the SEER database, including 8013
(26.6%) with AEJ. As shown in Table 1, there were
6371 men and 1642 women (mean age, 65.4 £ 12.0
years) with AEJ. The majority (6989; 87.2%) were
Caucasian. The most common AEJ site was the cardia
(7934 patients; 99.0%) with a median size of 40.0 mm
and an interquartile range (IQR) of 24.0-55.0 mm.
Regarding the histological grades, 7.0% and 39.1% had
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Table | Baseline Characteristics of AEJ and GC Patients

Alive
Dead

1972 (24.6)
6041 (75.4)

7910 (26.2)
22,269 (73.8)

Patient Characteristics AE) GC P value
n 8013 30,179
Sex, n (%) <0.001
Male 6371 (79.5) 19,242 (63.8)
Female 1642 (20.5) 10,937 (36.2)
Age (years), mean (SD) 65.4 (12.0) 66.0 (13.3) <0.001
Race, n (%) <0.001
Black 474 (5.9) 4008 (13.3)
White 6989 (87.2) 20,824 (69.0)
Other 550 (6.9) 5347 (17.7)
Primary Site, n (%) <0.001
Cardia 7934 (99.0) 9676 (32.1)
Others 79 (1.0) 20,503 (67.9)
Tumor size (mm), median [IQR] 40.0 [24.0, 55.0] 42.0 [25.0, 65.0] <0.001
Grade, n (%) <0.001
| 557 (7.0) 1634 (5.4)
1l 3136 (39.1) 8086 (26.8)
1] 4201 (52.4) 19,719 (65.3)
v 119 (1.5) 740 (2.5)
Summary stage, n (%) 0.309
Localized 2227 (27.8) 8649 (28.7)
Regional 3505 (43.7) 13,026 (43.2)
Distant 2281 (28.5) 8504 (28.2)
AJCC Stage, n (%) <0.001
| 2756 (34.4) 10,215 (33.8)
[ 1719 (21.5) 5192 (17.2)
n 1230 (15.4) 4878 (16.2)
v 2308 (28.8) 9894 (32.8)
T Stage, n (%) <0.001
Tl 2586 (32.3) 8896 (29.5)
T2 3292 (41.1) 11,820 (39.2)
T3 1404 (17.5) 5460 (18.1)
T4 731 (9.1) 4003 (13.3)
N Stage, n (%) <0.001
NO 3502 (43.7) 13,626 (45.2)
NI 3620 (45.2) 11,513 (38.1)
N2 697 (8.7) 3587 (11.9)
N3 194 (2.4) 1453 (4.8)
M Stage, n (%) 0.015
MO 6043 (75.4) 22,356 (74.1)
Ml 1970 (24.6) 7823 (25.9)
Surgery, n (%) <0.001
Performed 4466 (55.7) 19,580 (64.9)
Not Performed 3547 (44.3) 10,599 (35.1)
Survival months, median [IQR] 18.00 [7.00, 43.00] 17.00 [5.00, 46.00] 0.002
Vital status, n (%) 0.004

grades I and II (well or moderately differentiated), 52.4%
had grade III (poorly differentiated), and 1.5% had grade
IV (undifferentiated). Tumor development was categorized

by summary stage as localized (27.8%), regional (43.7%),
or distant (28.5%). Most patients (34.4%) had AJCC stage
I, 28.8% had stage 1V, 21.5% had stage II, and 15.4% had
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stage III. Fewer patients with AEJ had undergone surgical
resection, had T+ and N+ (N2~N3) disease (P < 0.001),
and had distant metastases compared to the patients with
GC (P < 0.05).

Survival
The median OS of the 8013 patients with AEJ in the
current study was 18 months, and the 5-year OS was
25.8% (95% CIL: 24.8-26.8%). In the GC cohort, the
median OS was 17 months, with a 5-year OS of 27.8%
(95% CI: 27.3-28.3%). The Kaplan-Meier curve for OS is
shown in Figure 1. A total of 6041 patients died during the
follow-up period, and 4920 deaths were primary cancer-
specific, attributable to AEJ. The remaining 1121 patients
died from other causes, including heart disease (21.8%)
and various complications.

The cumulative survival of patients among the groups is
shown in Figure 2. The likelihood of survival for patients
aged < 45, 45-54, 5564, 65-74, 75-84, and > 84 years

differed significantly among the groups (P < 0.0001,
Figure 2A), with OS noticeably worse in patients aged > 75
years compared to the other groups. Sex had a non-significant
influence on OS (P = 0.690, Figure 2B), and African-
Americans had the worst prognosis among the races studied
(P <0.0001, Figure 2C).

The data indicated that patients with AEJ originating
from the cardia had better survival compared to those with
AEJ originating from other sites (P = 0.0052, Figure 3A).
However, patients with tumor cells that had spread to other
sites had worse survival than those with local growth (P <
0.0001, Figure 3B).

The OS varied significantly according to histological
grade and AJCC stage (P < 0.001, Figure 4A and B),
clearly revealing a worse outcome for patients with
advanced disease. As shown in Figure 4C, patients who
underwent surgery had a significantly more favorable OS
compared to those who did not (P < 0.0001). The median
survival was 32 months, and the 5-year OS was 41.3%
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Figure | Kaplan-Meier estimate of overall survival in adenocarcinoma of the esophagogastric junction (AEJ) and gastric cancer (GC) patients.
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Figure 2 Kaplan-Meier estimate of overall survival of patients by (A) age, (B) sex, (C) race.
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Figure 3 Kaplan-Meier estimate of overall survival of patients by (A) primary site, (B) summary stage.
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Figure 4 Kaplan-Meier estimate of overall survival in patients categorized by (A) grade, (B) AJCC stage, (C) surgery.

International Journal of General Medicine 2021:14 heeps: 10309

ove!


https://www.dovepress.com
https://www.dovepress.com

Liu et al

Dove

(95% CI: 39.8-42.9%) in patients who underwent surgery.
The corresponding values were 8 months and 6.1% (95%
CI: 5.3-7.0%) for those who did not undergo surgery.

The MVA included all covariates with a P-value < 0.10
in the UVA. Due to the potential correlation with TNM
stage, the AJCC stage was not included in the MVA to
avoid collinearity among the factors. The results of the
UVA and MVA Cox proportional hazards regression mod-
els are presented in Table 2. Age (P < 0.001), race (P =
0.035), summary stage (P = 0.001), N stage (P = 0.020),
M stage (P < 0.001), and surgery (P < 0.001) were inde-
pendent predictors of survival.

The nomogram generated using the variables indepen-
dently associated with survival is shown in Figure 5. The
estimated probability of 1-, 3-, and 5-year survival was
calculated by combining the points corresponding to the
patient’s characteristics. The nomogram had a c-index of
0.726,
Calibration plots of the nomogram prediction accuracy

indicating a good discriminative capacity.
are shown in Figure 6, showing good agreement between
the actual and presumptive 1-, 3-, and 5-year OS, with

a slope close to 45°.

Discussion

AE] is on the rise worldwide, but its clinical features have
not been independently profiled and reported, potentially
limiting appropriate treatment plans and impeding the
development of drugs to manage this malignancy. Due to
its location between the esophagus and stomach, the sta-
ging of AEJ as gastric or esophageal carcinoma is
Siewert and Stein defined AEJ as
a tumor with an epicenter < 5 cm from the anatomic

controversial.'*

location of the EJ."> Traditionally, cardia cancer refers to
a cancer found 2 cm proximal or distal to the junction.'®
Therefore, AEJ covers a wider area than traditional cardia
cancers. This is reflected in the vast differences in surgical
approaches and long-term survival rates after surgical
resection.'”"'®

A large cohort of 8013 patients with AEJ included in
the SEER database was currently analyzed. The aim of this
study was to comprehensively decipher the clinicopatho-
logical characteristics of patients with AEJ compared to
those of other GC populations. Age, race, summary stage,
N stage, M stage, and surgery were found to be indepen-
dently associated with survival. Moreover, a nomogram
derived from the Cox regression model was built to accu-
rately predict the prognosis of patients with AEJ in the
study cohort.

Of the patients with GC retrieved from the SEER
database, 26.6% had AEJ. In the study population, the
mean age at diagnosis was 65.4 years, and 79.5% of all
patients with AEJ were male which is in consistent with
the research by Matsuda et al, indicating that males may
have a strong predisposition to developing AEJ."* Clinical
characteristics that were reported as unique to AEJ in this
study included Caucasian race, moderate-to-poor differen-
tiation, less T+ and N+ (N2~N3) disease, fewer distant
metastases, and more frequent treatment with surgical
resection. Interestingly, Chen et al and Dong et al also
confirmed that patients suffering from AEJ usually have
a higher incidence of lymph node or hematogenous
metastases.'*°

We found no difference in the OS between patients
with AEJ and those with GC overall. The median OS of
the patients with AEJ in this study was 18 months vs 17
months in those with GC, which was not significant prob-
ably due to lack of case-matching analysis. Patients with
AEJ had a poor prognosis even when early-stage disease
was treated effectively. The median OS for advanced-stage
AEJ was extremely poor, at 19 months for AJCC stage 111,
and 8 months for AJCC stage IV, and a sharp decrease in
the likelihood of survival in the first year after diagnosis.

Age, race, summary stage, N stage, M stage, and
surgery remained significantly associated with survival in
the MVA, which is consistent with previous studies. Zhang
et al retrospectively reviewed 382 consecutive patients
with AEJ and found that lymph node metastasis, lympho-
vascular invasion, and age were significant and indepen-
dent factors of poor prognosis after the complete tumor
resection (RO resection) of AEJ.*! Al-Refaie et al reported
a worse outcome in black patients of gastric adenocarci-
noma and the explanation for such disparity is not clear.
The differences in socioeconomic status, access to care
and response to cancer therapy may be underlying
contributors.”? Furthermore, Siewert et al demonstrated
that RO resection and lymph node status (pNO) were the
dominant independent prognostic factors for the entire
patient population, irrespective of the surgical approach.’
Subsequently, the Cox regression results were applied to
construct a nomogram to predict 1-, 3-, and 5-year OS,
which is a convenient statistical tool that can be used to
accurately forecast individual risk and has been widely
established clinically as a measure to estimate the prog-
nosis of several cancers. The nomogram showed that sur-
gery had the strongest impact on OS. However, the high
predictive accuracy of a nomogram might not always be
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Table 2 Univariate and Multivariate Cox Proportional Hazards Analysis

Independent Variables

Univariate Analysis

Multivariate Analysis

HR (95% CI) P value HR (95% CI) P value

Sex 0.684

Male Reference

Female 1.013(0.9517—-1.078) 0.684
Age (years) <0.001 <0.001

<45 Reference Reference

45-54 0.8965(0.7812—1.029) 0.12 1.0419(0.9070-1.1967) 0.562

55-64 0.9149(0.8056—1.039) 0.17 1.1344(0.9977—1.2898) 0.054

65-74 1.0160(0.8956—1.153) 0.805 1.3142(1.1563-1.4937) <0.001

75-84 1.4327(1.2591-1.630) <0.001 1.7571(1.5397-2.0052) <0.001

85+ 2.2740(1.9507-2.651) <0.001 2.7708(2.3628-3.2493) <0.001
Race <0.001 0.035

White Reference Reference

Black 1.3168(1.1875—1.460) <0.001 1.2170(1.0967-1.3506) <0.001

Other 0.9343(0.8437-1.035) 0.192 0.9459(0.8536—1.0481) 0.288
Primary Site 0.005 0.116

Cardia Reference Reference

Others 1.43(1.114-1.837) 0.005 1.2233(0.9513-1.5729) 0.116
Tumor size (continuous variable) 1.001(1-1.001) <0.001 1.0000(0.9997-1.0003) 0.846
Grade <0.001 <0.001

-l Reference Reference

n-v 1.51(1.435-1.59) <0.001 1.3245(1.2571-1.3954) <0.001
Summary stage <0.001 0.001

Localized Reference Reference

Regional 1.613(1.509-1.725) <0.001 1.3937(1.2321-1.5766) <0.001

Distant 3.741(3.484-4.018) <0.001 1.2486(1.0420-1.4962) 0.016
AJCC Stage <0.001

| Reference

Il 1.346(1.250-1.449) <0.001

11l 1.671(1.544-1.810) <0.001

v 3.604(3.374-3.849) <0.001
T Stage <0.001 0.132

TI Reference Reference

T2 1.109(1.043-1.179) <0.001 0.9721(0.9038-1.0455) 0.446

T3 1.183(1.098-1.276) <0.001 0.9177(0.8293-1.0154) 0.096

T4 2.363(2.160-2.585) <0.001 1.1178(1.0022—1.2468) 0.046
N Stage <0.001 0.02

NO Reference Reference

NI 1.425(1.350-1.505) <0.001 0.9640(0.8955—1.0379) 0.331

N2 1.605(1.466—1.756) <0.001 1.1255(1.0017-1.2647) 0.047

N3 2.038(1.747-2.377) <0.001 1.1997(0.9969—1.4436) 0.054
M Stage <0.001 <0.001

MO Reference Reference

Ml 3.135(2.963-3.317) <0.001 1.5068(1.2499—1.8166) <0.001
Surgery <0.001 <0.001

Not Performed Reference Reference

Performed 0.2804(0.266—0.2956) <0.001 0.3908(0.3671-0.4159) <0.001
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Figure 5 Nomogram to predict |-, 3-, and 5-year overall survival of patients with adenocarcinoma of the esophagogastric junction (AE).

clinically relevant. Therefore, the effect of nomogram-
assisted clinical decision-making on patient survival
needs to be assessed.”***

Our study included over 10 years of cases from the SEER
database and is currently the largest cohort study on AEJ. We
systematically and comprehensively illustrated the clinical
features and prognostic factors of AEJ. However, this study
also had some limitations, including the lack of data on
recurrence and the presence of genetic mutations in the
SEER records. In addition, the treatment variables that influ-
enced prognosis could not be fully evaluated because com-

plete information on surgical procedures, chemotherapy

regimens, and radiation dose/technology were not available
on the SEER registries. Other studies have reported that the
postoperative death rate after esophagectomy is higher than
that after extended total gastrectomy.”> %’ Lin et al revealed
that genomic and transcriptomic changes in AEJ for Chinese
patients could be associated with drug vulnerability and
survival.”® Currently, the most problematic unresolved issue
for oncologists is the effect of tumor staging and surgical
procedures (and their interaction) on patient prognosis.”’ "
More detailed clinical data and accurate epidemiological
measures are needed to assist doctors with clinical judgment
and decision-making.
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Conclusions

AE]J has clinicopathological characteristics that are distinct
from other GCs, including a predominance of males and
Caucasians, moderate-to-poor differentiation, less T+ and N
+ (N2~N3) disease, fewer distant metastases, and more fre-
quent treatment by surgical resection. Age, race, summary
stage, N stage, M stage, and surgery were independently
associated with OS. A nomogram could be used to effec-
tively predict the 1-, 3-, and 5-year OS of these patients.
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