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Abstract

Background: Due to the complex histological type and anatomical structures, there has been
considerable debate on the classification of adenocarcinoma of the esophagogastric junction
(AEG), especially Siewert Il AEG. Furthermore, neither the American Joint Committee on
Cancer (AJCC) 7th tumor-node-metastasis (TNM) [esophageal adenocarcinoma (E) or gastric
cancer (G)] nor the AJCC 8th TNM (E or G) accurately predicted the prognosis of patients with
Siewert Il AEG.

Objective: This study aimed to investigate the factors influencing the survival and prognosis of
patients with Siewert || AEG and establish a new and better prognostic predictive model.
Design: A retrospective study.

Methods: Patients with Siewert Il AEG, retrieved from the Surveillance, Epidemiology, and End
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However, the absence of a cohesive standard clas-
sification system for AEG is evident. Siewert ez al.
proposed a classification scheme that categorizes
AEG into three distinct types. Type I lesions are
located between 1 and 5 cm above the anatomical
esophagogastric junction (EG]J). Type II lesions
straddle the EG]J with their epicenter from 1cm
above to 2cm below the EGJ. Type III cardia
tumors extend up to the stomach from 2 to 5cm
below the EG]J, with infiltration proximal to the
EG]J.5 Currently, the American Joint Committee
on Cancer (AJCC) tumor-node-metastasis
(TNM) staging system is the most commonly
used system for assessing solid tumors, including
gastric and esophageal cancers.® Furthermore, in
October 2016, the 8th edition of the staging
guidelines was modified to state that for AEG, if
the tumor invades the EGJ and the tumor center
is located within 2 cm below the EG], the staging
should follow the criteria for esophageal adeno-
carcinoma. If the tumor center is located beyond
2 cm below the EG]J, the staging should follow the
criteria for gastric cancer.> Nevertheless, contro-
versy persists regarding the staging of AEG
according to esophageal or stomach adenocarci-
noma TNM staging, especially for Siewert II
AEG. A retrospective study with a large sample
size showed that AEG TNM staging based on the
8th gastric tumor staging scheme was superior to
that based on the 8th esophageal adenocarcinoma
staging system in predicting the prognosis of
AEG, especially in patients with Siewert II AEG
who underwent trans-hiatal approaches.”
However, several studies have shown that neither
staging approach is perfect or precise in predict-
ing the prognosis of patients with Siewert II
AEG.%° Therefore, it is necessary to identify a
better prognostic predictive model for this spe-
cific subset of patients based on a large popula-
tion cohort. Nomograms are widely used to
predict cancer prognosis because they can sim-
plify statistical prediction models into a single
numerical estimate of the probability of an event,
such as death or recurrence.!® Furthermore,
nomograms have been applied to various cancer
types,!-13 including gastric, colon, and rectal
cancers.!416 Several studies have developed nom-
ograms to predict the prognosis for patients with
Siewert II AEG!7:18 but they lack effective exter-
nal validation and have a small sample size.
Hence, we conducted this study to investigate the
factors influencing the survival and prognosis of
patients with Siewert II AEG and to establish a
new and more precise prognostic predictive
model.

Methods

Study design and data selection

We conducted a retrospective analysis of the
Surveillance, Epidemiology, and End Results
(SEER) database and prospectively collected
Siewert II AEG data from our center.
Clinicopathological data and prognostic out-
comes for patients with Siewert II AEG were
screened from the SEER database [The National
Cancer Institute’s SEER*Stat software version
8.4.0.1 (https://seer.cancer.gov/seerstat/)] with
the search term ‘EsophgusGEJunction and ade-
nocarcinoma NOS’ (#=22,418). The study was
reportedinline withthe STROCSS (Strengthening
the Reporting of Cohort, Cross-sectional, and
Case—Control Studies in Surgery) criterial®
(Supplemental Material 1).

The inclusion criteria were defined as follows: (1)
patients with Siewert II AEG confirmed by histol-
ogy; (2) patients undergoing surgical treatment
irrespective of the degree of lymph node dissec-
tion, curative degree, surgical method, recon-
struction method, or adjuvant therapy; and (3)
patients without other malignant tumors. The
exclusion criteria comprised (1) the presence of
more than one primary tumor and (2) cases with
unknown grade, T stage, N stage, M stage, age,
or tumor size. All patients with AEG (z=1523)
accrued from SEER were assigned to the training
set. Furthermore, 399 patients with Siewert II
AEG from a single tertiary medical center (West
China Hospital) were assigned to the external
validation set. The factors considered included
sex, age, tumor grade, tumor size, AJCC 7th
TNM stage based on esophageal adenocarcinoma
and gastric cancer, AJCC 8th TNM stage based
on esophageal adenocarcinoma and gastric can-
cer, vital status (dead or alive), and survival time.
The flowchart of the selection process for the
Siewert IT AEG is presented in Figure 1.

Construction and validation of the

nomogram model

The primary endpoint was overall survival (OS)
in patients with Siewert II AEG. Tumor size was
categorically divided based on the optimal cutoff
value generated by X-tile software version 3.6.1
(Yale University School of Medicine, New Haven,
CT, USA) to distinguish the population and
assess statistical significance.2? Differences in
patient characteristics were assessed using the
Mann-Whitney U test for continuous variables
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Figure 1. Flow chart diagram of the AEG patients in
the training and validation sets.
AEG, adenocarcinoma of the esophagogastric junction.

and Fisher’s exact test or y2 test for categorical
variables. Sex, age, grade, tumor size, AJCC 7th
TNM stage based on esophageal adenocarcinoma
and gastric cancer, and AJCC 8th TNM stage
based on esophageal adenocarcinoma and gastric
cancer were selected for nomogram modeling.
Univariate Cox analysis was used to select dis-
tinct variables (p<0.05) for further multivariate
analysis and nomogram construction. The con-
cordance index (C-index) was used to assess the
performance of the nomograms by comparing the
measurement between the predicted and actual
results. The theoretical value of the C-index is
between 0 and 1, with a value larger than 0.5 indi-
cating superior prediction performance than ran-
dom guessing.!? When evaluating the performance
of different models, the C-indices from different
models were compared using analysis of variance.
Calibration plots were used to compare the nom-
ogram-predicted and actual outcomes using a
45-degree line as the reference for an optimal
model.!° Considering the group imbalance in the
validation cohorts, we carried out 1000 boot-
strapping resamples in each group for internal

and external validations. Decision curve analysis
(DCA) was conducted to evaluate the clinical
usefulness of the nomogram by quantifying the
net benefit at different threshold probabilities.?!
The R software version 4.0.3 (R Foundation for
Statistical Computing, Vienna, Austria) was used
for all analyses. A statistically significant cutoff
value was set at p<<0.05.

Results

Clinicopathologic characteristics

The baseline clinicopathological characteristics of
the SEER training cohort (z=1523) and the
external validation cohort (z=399) are shown in
Table 1. Most patients in our center were diag-
nosed at an advanced stage, with a larger tumor
size (p<<0.001), higher grade (»p<<0.001), more
lymph node dissections (p<<0.001), and a
younger age (p=0.011) than that of patients from
the SEER.

According to univariate Cox analysis, age
(»p<0.05), tumor size (p<<0.001), grade
(p<0.001), T stage (p<0.001), N stage (p<
0.001), and M stage (p <0.001) were significantly
associated with OS. These significant variables
were further entered into the multivariate Cox
analysis. Multivariate Cox analysis showed that
age (p<<0.05), tumor grade (»p<<0.001), tumor
size (p<<0.05), T stage (p<<0.001), N stage
(p<0.05), and M stage (p<0.001) were inde-
pendent prognostic factors for OS (Table 2).

Nomogram construction and performance
assessment

We developed a nomogram including age, grade,
tumor size, T stage, N stage, and M stage for OS
based on the results of multivariate Cox analysis
(Figure 2), where each variable was assigned a
point according to the hazard ratio. Then, by
adding the total score of each variable and locat-
ing the score on the total point scale, the proba-
bilities of 3- and 5-year OS were obtained. For
the SEER training set, the C-index of the nomo-
gram was 0.683 (0.665—-0.701). The C-index of
the nomogram for the external validation set was
0.690 (0.653-0.727).

The calibration curve showed good agreement
between the estimations with the nomogram and
actual observations in the training (Figures 3 and
4) and external validation sets (Supplemental

journals.sagepub.com/home/tam


https://journals.sagepub.com/home/tam

THERAPEUTIC ADVANCES in
Volume 16

Table 1. The baseline clinicopathologic characteristics of the SEER training set and external validation set.

Data sets SEER, N=1523 WCH, N=399 P

Sex (%) 0.055
Female 273 (17.9) 89 (22.3)
Male 1250 (82.1) 310(77.7)

Age (years %) 0.01
<64 734 (48.2) 224.(56.1)
64-69 355(23.3) 104 (26.1)
>69 434 (28.5) 71(17.8)

Grade (%) <0.001
11l 792 (52.0) 145 (36.3)
ni/v 731 (48.0) 254 (63.7)

T (%) <0.001
T 357 (23.4) 33(8.3)
T2 218 (14.3) 46 (11.5)
T3 875 (57.5) 66 (16.5)
T4 73 (4.8) 254.(63.7)

N (%) <0.001
NO 648 (42.5) 118(29.6)
N1 496 (32.6) 86 (21.6)
N2 246 (16.2) 91 (22.8)
N3 133 (8.7) 104 (26.1)

M (%) 0.756
MO 1462 (96.0) 385 (96.5)
M1 61(4.0) 14 (3.5)

TNM (E7) <0.001
IA 242 (15.9) 21(5.3)
IB 128 (8.4) 24.(6.0)
1A 49 (3.2 11(2.8)
1B 325(21.3) 35(8.8)
HIA 369 (24.2) 64(16.0)
B 185 (12.1) 19 (4.8)
lnc 164 (10.8) 211 (52.9)
v 61 (4.0) 14(3.5)

TNM (E8) <0.001
IA 52 (3.4) 1(0.3)

(Continued]
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Table 1. (Continued)

Data sets SEER, N=1523 WCH, N=399 P
B 190 (12.5) 20 (5.0)
IC 128 (8.4) 24.(6.0)
[IA 49 (3.2) 11(2.8)
1153 247 (16.2) 19 (4.8)
[HA 85 (5.6) 17 (4.3)
1B 561 (36.8) 129 (32.3)
IVA 150 (9.8) 164 (41.1)
IVB 61 (4.0 14 (3.5)
TNM (G7) <0.001
IA 308 (20.2) 31(7.8)
B 147 (9.7) 26 (6.5)
1A 296 (19.4) 35(8.8)
1B 364 (23.9) 63 (15.8)
1A 208 (13.7) 66 (16.5)
1B 17 (7.7) 79 (19.8)
IIC 22 (1.4) 85 (21.3)
\% 61 (4.0) 14 (3.5)
TNM (G8) <0.001
IA 308 (20.2) 31(7.8)
1B 147 (9.7) 26 (6.5)
I1A 296 (19.4) 35(8.8)
1B 364 (23.9) 63 (15.8)
1A 219 (14.4) 127 (31.8)
1B 107 (7.0) 71(17.8)
Ic 21 (1.4) 32(8.0)
\% 61 (4.0) 14 (3.5)
RNE [median (IQR]] 15.00 (8.00-19.00) 22.00 (18.00-30.00) <0.001
RNP [median (IQR)] 1.00 (0.00-4.00) 2.00 (0.00-7.00) <0.001
Size (mm%) <0.001
<13 234 (15.4) 61(15.3)
13-42 776 (51.0) 135 (33.8)
>42 513 (33.7) 203 (50.9)

E, esophageal adenocarcinoma; G, gastric cancer; IQR, interquartile range; NA, not available; RNE, regional lymph node
examined; RNP, regional lymph node positive; SEER, Surveillance, Epidemiology, and End Results; TNM, tumor-node-
metastasis; WCH, West China Hospital.
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Table 2. Univariate and multivariate analyses of OS in the training set.
Cox regression Univariate Multivariate
HR 95% ClI p HR 95% ClI p

Sex

Female Reference

Male 1.182 0.988-1.415 0.068 NA
Age

<bk Reference Reference

64-69 1.188 1.003-1.407 0.046 1.198 1.011-1.420  0.037

>69 1.415 1.212-1.652 <0.001 1.593 1.362-1.863  <0.001
Grade

I/1 Reference Reference

/v 1.725 1.508-1.973 <0.001 1.332 1.161-1.529  <0.001
Size

<13 Reference Reference

13-42 2.319 1.802-2.984 <0.001 1.265 0.957-1.673  0.098

>42 3.321 2.569-4.294 <0.001 1.347 1.001-1.813  0.049
.

T1 Reference Reference

T2 2.329 1.787-3.034 <0.001 1.774 1.330-2.367  <0.001

T3 3.480 2.818-4.298 <0.001 2.190 1.689-2.841 <0.001

T4 5.207 3.755-7.220 <0.001 2.834 1.951-4.116  <0.001
N

NO Reference Reference

N1 1.778 1.507-2.097 <0.001 1.230 1.027-1.473  0.024

N2 2.850 2.363-3.438 <0.001 1.755 1.424-2.162  <0.001

N3 3.925 3.138-4.908 <0.001 2.424 1.904-3.086  <0.001
M

MO Reference Reference

M1 3.524 2.682-4.630 <0.001 2.586 1.960-3.414  <0.001
TNM (E7)

IA Reference

IB 2.057 1.405-3.010 <0.001

[Continued]
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Table 2. (Continued)

Cox regression  Univariate Multivariate
HR 95% CI p HR 95% CI p
I1A 3.306 2.108-5.185 <0.001
1B 3.066 2.265-4.151 <0.001
I11A 3.912 2.913-5.255 <0.001
1B 5.679 4.154-7.765 <0.001
I11C 7.607 5.546-10.435 <0.001
IV 12.069 8.293-17.563 <0.001
TNM (E8)
IA Reference
IB 1.218 0.614-2.417 >0.05
IC 2.410 1.223-4.746 <0.001
I1A 3.874 1.888-7.949 <0.001
1B 3.619 1.903-6.882 <0.001
I11A 3.627 1.835-7.170 <0.001
1B 5.160 2.752-9.673 <0.001
IVA 9.742 5.111-18.571 <0.001
IVB 14.143 7.204-27.767 <0.001
TNM (G7)
IA Reference
B 2.221 1.612-3.060 <0.001
I1A 2.782 2.128-3.638 <0.001
1B 3.344 2.585-4.325 <0.001
I11A 4.802 3.659-6.302 <0.001
1B 7.277 5.397-9.813 <0.001
I11C 7.917 4.840-12.949 <0.001
v 10.437 7.386-14.748 <0.001
TNM (G8)
A Reference
B 2.221 1.612-3.060 <0.001
[Continued)
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Table 2. (Continued)
Cox regression Univariate Multivariate
HR 95% CI p HR 95% CI p
A 2.783 2.128-3.639 <0.001
1B 3.344 2.585-4.326 <0.001
A 4.845 3.700-6.345 <0.001
1B 7.330 5.410-9.932 <0.001
lc 8.616 5.210-14.251 <0.001
% 10.441 7.389-14.712 <0.001

Cl, confidence interval; E, esophageal adenocarcinoma; G, gastric cancer; HR, hazard ratio; NA, not available; TNM,

tumor-node-metastasis.
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Figure 2. 0S nomograms for AEG at 3 and 5years in the training set.
AEG, adenocarcinoma in the esophagogastric junction; OS, overall survival.

Figures 1 and 2). In addition, DCA revealed that

using the nomogram to predict the 3-year and
5-year survival of the patients in the training set
would add more net benefit, indicating the clini-
cal usefulness of the nomogram (Figures 5 and
6). Similar results were demonstrated in the
external validation set (Supplemental Figures 3

and 4).

Discussion

The incidence of AEG has significantly increased
in Western and Asian countries, and patients with
AEG have experienced poor prognosis over the
past decades.®22-24¢ The incidence of AEG in the
United States has increased nearly 2.5 times since
the 1970s,2 imposing a severe financial burden on
individuals and countries. Due to the complicated
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histological type and anatomical structures, there
has been a great debate on the classification of
AEG, especially for Siewert I AEG. Furthermore,
there is a lack of precise prognostic models with a
large sample size and external validation to predict
OS for AEG.?5:26 Consequently, this study pro-
posed to investigate the factors influencing the
survival and prognosis of AEG and to establish a
new and more precise model, with a larger sample
size and external validation to predict its
prognosis.

The external validation set was obtained from
West China Hospital, which has the largest spe-
cialized disease database for patients with gastric
cancer and AEG in China. Based on eligibility
criteria, 399 patients with Siewert II AEG were
included in the external validation set. Most
patients from West China Hospital were diag-
nosed at a younger age (p=0.011) and an
advanced stage and presented with a larger tumor
size (p<<0.001), higher grade (»p<<0.001), and
had more lymph nodes dissected (p<<0.001)
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Figure 5. Decision curve analysis plots of 3-year OS in the training set.

0S, overall survival.

compared with those of patients from the training
set (SEER). Six significant prognostic indicators
were selected from the variables included in the
training set through univariate analysis. Then,
using multivariate analysis, we identified six inde-
pendent prognostic factors in the training set. A
study involving 396 patients also indicated that
age, grade, and TNM stage were risk factors for
patients with Siewert type II/III AEG,!® which is
consistent with our study. In another study,
tumor size independently worsened survival and
was deemed more important than the T status for
esophageal carcinoma.?’-28 Furthermore, the
inclusion of patients with distant metastases high-
lighted the poor prognosis. The M stage is
another important factor that affects the progno-
sis of patients with cancer. While surgical treat-
ment is not the standard approach for patients
with distant metastases, some individuals with
metastatic disease may require emergency sur-
gery to address acute situations including gastro-
intestinal obstruction and perforation caused by
tumors. This intervention aims to circumvent
urgent issues in the emergency department
potentially reducing in-hospital mortality.
Moreover, some patients may not exhibit distant
metastasis before surgery but could develop it

due to tumor recurrence or progression after the
surgical procedure. These patients still met the
inclusion criteria. Therefore, after comprehensive
consideration, this study included patients with
M stage. Eventually, a nomogram was established
based on six variables: age, grade, tumor size, T
stage, N stage, and M stage. The nomogram
achieved C-indices of 0.683 (0.665-0.701) in the
training set and 0.690 (0.653-0.727) in the exter-
nal validation set. Moreover, we calibrated the
3-year and 5-year OS nomograms of the training
and validation cohorts, which closely approxi-
mated the ideal curve. This demonstrated good
consistency between the nomogram predictions
and actual observed outcomes in the training and
validation cohorts. Furthermore, DCA revealed
that using a nomogram to predict individual
3-year and 5-year survival rates would add more
net benefits. Overall, the nomogram exhibited
clinical usefulness and had a discriminative ability
to identify patients.

Furthermore, we performed an external valida-
tion of the developed nomogram for predicting
OS in patients with Siewert II AEG. The model
demonstrated consistent performance when
applied to patients treated in a high-volume
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Figure 6. Decision curve analysis plots of 5-year OS in the training set.

0S, overall survival.

hospital. Subsequently, a new nomogram was
formulated based on available data from both
databases. Patients diagnosed at an advanced
stage, lower grade, or at an older age showed a
poor prognosis.

When applying nomograms in clinical practice,
several factors must be considered. First, due to
incomplete knowledge of prognostication, sur-
vival predictions are not perfect. Using predictive
models for individual patients allows a rough esti-
mation of the future outcome events they may
experience; however, these events may not neces-
sarily occur.?® Furthermore, integrating gene and
protein expression allows the incorporation of
molecular prognosticators to further improve
their performance.?? In addition, deep learning
has been widely applied to predict prognosis and
lymph node metastasis. Combining clinicopatho-
logical factors with radiomics using deep learning
could be utilized to predict the prognosis of
Siewert II AEG in the future.

Our study has several limitations. First, this was a
retrospective study with selection and information
biases that may have affected the results. Therefore,

prospective studies are warranted to further vali-
date this predictive model. Second, the adequacy
of surgery and the use of
preoperative chemo-radiotherapy (CRT), periop-
erative chemotherapy (CT), and postoperative CT
have all been shown to influence survival outcomes
in curatively treated patients in randomized trials.
However, the SEER database has limited data on
the adequacy of surgery and the use of preopera-
tive CRT, perioperative CT, and postoperative
CT. The SEER database only reports patients who
underwent surgery but without the extent of lymph
node dissection, surgical method, and type of
anastomosis. Third, this study only included
patients who underwent surgery. However, this
may represent selection bias. Furthermore, other
routine clinical data such as routine blood test
indices, which could have enhanced the accuracy
of the predictive model, were lacking.

Conclusion

We constructed and validated a new model to
accurately predict individual survival in patients
with Siewert II AEG. The nomogram can effec-
tively predict the OS of patients.
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