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Abstract: Objective: To compare the prognostic factors of Siewert type II AEG patients who had received neoadjuvant 
radiotherapy (nRT) versus those who did not receive nRT. Nomograms for outcome prediction were constructed for 
the two treatment modalities. Materials and methods: Data for 1,745 Siewert II type AEG patients who underwent 
radical surgery between 2010 and 2015 were retrieved from SEER (Surveillance, Epidemiology, and End Results) 
database. Patients were assigned to neoadjuvant radiotherapy (nRT) and non-neoadjuvant radiotherapy (non-nRT) 
groups based on treatment modality. Independent prognostic predictors were used to develop nomograms. Concor-
dance index (C-index), receiver operating characteristic (ROC), calibration curves, and decision curve analyses (DCA) 
were used to determine the performance and prognostic value of the nomograms. The predictive accuracy of nomo-
grams was compared with the prognostic value of the Tumor-Node-Metastasis (TNM) staging system. Results: The 
results showed that age, lymph node rate (LNR), and the number of removed lymph nodes (RLN) were independent 
prognostic factors for CSS in the nRT group. Tumor size, tumor grade, T stage, LNR, and therapy type were indepen-
dent prognosis factors for CSS in patients in the non-nRT group. The C-indices for the nomograms were 0.652 (95% 
CI, 0.614-0.690) and 0.663 (95% CI, 0.606-0.720) in the training and validation cohort, respectively, for the nRT 
group. C-indices for the nomogram in non-nRT group were 0.754 (95% CI, 0.723-0.785) and 0.747 (95% CI, 0.688-
0.800) for the training and validation cohorts, respectively. C-indices and ROC curves showed good predictive value 
compared with the TNM staging system in both groups. C-indices, as well as the AUC values of the nomograms and 
the TNM staging system for both cohorts in the non-nRT group were higher compared with those in the nRT group. 
Analysis of the survival calibration curve revealed high consistency between actual versus predicted outcomes 
determined by the nomograms. Decision curve analyses revealed that the new models had higher prediction value 
and clinical significance compared with TNM staging system. Conclusion: The established nomograms showed high 
prognostic value for Siewert type II AEG patients in both nRT and non-nRT groups. In addition, the nomogram and 
the TNM staging systems showed better prognostic performance for patients in the non-nRT group compared with 
patients in the nRT group.
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Introduction

Incidence of adenocarcinoma affecting the 
esophagogastric junction (AEG) has significant-
ly increased for decades [1, 2]. The Siewert 
method shows that the Type I AEG tumors have 
an epicenter approximately 1-5 cm above the 
esophagogastric junction (EGJ), while the type 

II AEGs have epicenter between 1 cm above 
and 2 cm below the EGJ, whereas that of type III 
AEGs is about 2-5 cm below the EGJ [3]. Siewert 
type II tumors are referred as positive AEG 
cases and effective treatment methods have 
not been fully explored [4]. Surgical resection is 
the conventional curative treatment for AEG [5], 
however, it is associated with poor prognosis 
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[6]. Combined modality therapy enhances AEG 
survival which is superior to use of resection 
alone [7]. The CROSS trial reported higher sur-
vival rates for advanced esophageal cancer 
patients who underwent preoperative chemo-
radiotherapy compared to those undergone 
surgery alone [8]. Currently, advanced Siewert 
type II AEG is mainly treated using neoadjuvant 
chemoradiotherapy plus surgery in the US [9].

The tumor-node-metastasis (TNM) staging sys-
tem developed by AJCC (American Joint Com- 
mittee on Cancer) is conventionally used for 
evaluation of cancer prognosis. Distinct staging 
groups including pathologic staging (pTNM) and 
post-neoadjuvant pathologic staging (ypTNM) 
are used in the 8th edition staging system [10]. 
Notably, preoperative radiotherapy allows clini-
cal downstaging and thus improving R0 resec-
tion [11, 12]. However, it can lead to disappear-
ance of anatomical markers in postoperative 
pathological specimens and induce histological 
changes [13, 14]. Therefore, the prognostic 
value of pathological staging after neoadjuvant 
radiotherapy is poor and effective methods 
should be explored. In addition, other indepen-
dent prognostic factors such as sex, age, and 
tumor size may significantly affect survival pre-
diction. Prognosis heterogeneity exists even 
among patients with the same TNM stage. 
Nomograms allow for individualized survival 
prediction and exhibit higher accuracy com-
pared with traditional TNM staging in various 
cancers [15, 16].

Although population-based studies have ex- 
plored prognostic factors in Siewert II AEG 
patients, prognostic factors in Siewert type II 
AEG patients who received neoadjuvant radio-
therapy have not been compared with those 
who have not received neoadjuvant radiothera-
py [17, 18]. In the current study, data were 
retrieved from SEER (Surveillance, Epidemiolo- 
gy and End Results) to explore potential prog-
nostic factors for Siewert II AEG patients. 
Independent prognostic factors were used to 
develop nomograms and the prognostic value 
was compared with that of the TNM staging 
system.

Materials and methods

Patient selection and ethics statement

SEER is a public database that comprises clini-
cal and survival data from 18 population-based 

cancer registries, representing approximate- 
ly 28% of cancer patients in the US [19]. 
SEER*stat software (version 8.3.8) was used 
for data retrieval (https://seer.cancer.gov/data-
software/). Data were deposited anonymously 
and publicly accessible, therefore, ethical app- 
roval was not required. Patients diagnosed with 
Siewert type II AEG who underwent primary 
resection and regional lymph nodes dissection 
between January 2010 and December 2015 
were included in the study. Although the SEER 
database did not provide detailed information 
on Siewert AEG classification, Siewert type II 
patients with ‘Primary Site’ classified as ‘Car- 
dia, and NOS’ and ‘collaborative staging (CS) 
Schema V0204’ classified as ‘Esophagus- 
GEJunction’ were selected [20, 21]. Patient 
inclusion criteria were as follows: (1) patients 
with histologically confirmed AEG (codes for 
adenocarcinoma subtypes were 8140-8147, 
8160-8162, 8180-8221, 8250-8507, 8514-
8551, 8571-8574, 8576, and 8940-8941 
based on ICD-O-3) [22], (2) patients who had 
undergone radical surgery (surgery encode 
30-80), (3) patients who had undergone re- 
gional lymph node dissection, and (4) patients 
with no distant metastasis. Patients with mul-
tiple primary tumors, patients with missing or 
with unknown clinical records, and patients 
with follow-up time <1 month were excluded 
from the study. Patient selection procedure is 
presented as a flowchart in Figure S1.

Data collection

Data retrieved from the database included: age 
at diagnosis, race (black, white, and others), 
gender, tumor grade, T stage, N stage, TNM 
stage, tumor size, number of removed lymph 
nodes (RLN), number of positive lymph nodes, 
primary site surgery, radiation status, radia- 
tion sequence, chemotherapy status, cause-
specific death classification, and survival time. 
Notably, the 7th edition TNM staging was adopt-
ed from 2010, therefore, patients diagnosed 
before 2010 were excluded from analysis. 
Patients diagnosed after 2015 were also 
excluded to ensure adequate follow-up time. 
Histological grade for AEG was reclassified 
using 8th edition TNM staging system as fol-
lows: G1: well differentiated, G2: moderately 
differentiated, G3: poorly differentiated and un- 
differentiated, GX: grade cannot be assessed. 
Lymph node ratio (LNR) of each patient was cal-
culated by comparing the number of positive 
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Table 1. Demographic, clinicopathological characteristics and treatment information of the training 
and validation cohorts

Patient characteristics

nRT group (n=823) non-NRT group (n=922)
Training  
cohort 
n=576

validation  
cohort 
n=247

χ2 P
Training  
cohort 
n=645

validation  
cohort 
n=277

χ2 P

Age, years 2.789 0.248 2.507 0.286
    <50 65 (11.3) 34 (13.8) 56 (8.7) 33 (11.9)
    50-71 429 (74.5) 170 (68.8) 416 (64.5) 176 (63.5)
    >71 82 (14.2) 43 (17.4) 173 (26.8) 68 (24.5)
Gender 0.088 0.766 0.021 0.886
    Female 91 (15.8) 37 (15.0) 119 (18.4) 50 (18.1)
    Male 485 (84.2) 210 (85.0) 526 (81.6) 227 (81.9)
Race 1.487 0.475 0.386 0.825
    Black 22 (3.8) 8 (3.2) 36 (5.6) 14 (5.1)
    White 514 (89.2) 227 (91.9) 539 (83.6) 236 (85.2)
    Others 40 (6.9) 12 (4.9) 70 (10.9) 27 (9.7)
Grade 3.263 0.353 0.938 0.816
    G1 24 (4.2) 10 (4.0) 44 (6.8) 19 (6.9)
    G2 200 (34.7) 102 (41.3) 228 (35.3) 105 (37.9)
    G3 299 (51.9) 115 (46.6) 351 (54.4) 146 (52.7)
    GX 53 (9.2) 20 (8.1) 22 (3.4) 7 (2.5)
T stage 1.052 0.789 2.387 0.496
    T1 10 (1.7) 6 (2.4) 199 (30.9) 87 (31.4)
    T2 82 (14.2) 40 (16.2) 94 (14.6) 45 (16.2)
    T3 441 (76.6) 184 (74.5) 305 (47.3) 132 (47.7)
    T4 43 (7.5) 17 (6.9) 47 (7.3) 13 (4.7)
N stage 5.166 0.160 0.972 0.808
    N0 162 (28.1) 77 (31.2) 294 (45.6) 134 (48.4)
    N1 275 (47.7) 99 (40.1) 153 (23.7) 63 (22.7)
    N2 108 (18.8) 51 (20.6) 101 (15.7) 44 (15.9)
    N3 31 (5.4) 20 (8.1) 97 (15.0) 36 (13.0)
RLN 0.201 0.654 0.804 0.370
    <16 291 (50.5) 129 (52.2) 289 (44.8) 133 (48.0)
    ≥33 285 (49.5) 118 (47.8) 356 (55.2) 144 (52.0)
Tumor size, mm 4.354 0.113 0.417 0.812
    <29 159 (27.6) 73 (29.6) 265 (41.1) 108 (39.0)
    29-42 191 (33.2) 64 (25.9) 164 (25.4) 71 (25.6)
    >42 226 (39.2) 110 (44.5) 216 (33.5) 98 (35.4)
LNR, % 3.317 0.190 2.224 0.329
    <10 394 (68.4) 167 (67.6) 396 (61.4) 179 (64.6)
    10-30 117 (20.3) 42 (17.0) 117 (18.1) 53 (19.1)
    >30 65 (11.3) 38 (15.4) 132 (20.5) 45 (16.2)
Therapy type 0.400 0.819
    nRT+CT 576 (100) 247 (100)
    aRT+CT 145 (22.5) 65 (23.5)
    CT 190 (29.5) 76 (27.4)
    none 310 (48.1) 136 (49.1)
TNM 7th stage 7.451 0.281 8.778 0.186
    IA 12 (2.1) 6 (2.4) 113 (17.5) 55 (19.9)
    IB 24 (4.2) 13 (5.3) 85 (13.2) 27 (9.7)
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lymph node relative to the total number of dis-
sected lymph nodes. A total of 1745 patients 
met the inclusion criteria thus they were includ-
ed in the study. X-tile was used to determine 
optimal cutoff values for age (47 and 71 years), 
tumor size (29 and 42 mm), RLN (16), and LNR 
(10% and 30%) (Figure S2). Patients were 
assigned to neoadjuvant radiotherapy (nRT) 
and non-neoadjuvant radiotherapy (non-nRT) 

groups based on the treatment method. The 8th 
TNM stages for the nRT group were obtained 
from the pathological information of patients 
and the 8th AJCC edition staging guidelines. The 
8th TNM stages were not determined in the non-
nRT group because information on the period 
the patients received chemotherapy (concur-
rent with radiation, adjuvant after surgery, or 
both) was not available in SEER database [10]. 

    IIA 10 (1.7) 9 (3.6) 25 (3.9) 10 (3.6)
    IIB 170 (29.5) 64 (25.9) 112 (17.4) 67 (24.2)
    IIIA 216 (37.5) 82 (33.2) 116 (18.0) 44 (15.9)
    IIIB 97 (16.8) 44 (17.8) 73 (11.3) 31 (11.2)
    IIIC 47 (8.2) 29 (11.7) 121 (18.8) 43 (15.5)
TNM 8th stage 6.694 0.153
    I 46 (8.0) 28 (11.3)
    II 113 (19.6) 47 (19.0)
    IIIA 57 (9.9) 17 (6.9)
    IIIB 313 (54.3) 126 (51.0)
    IVA 47 (8.2) 29 (11.7)
Abbreviations: LNR, lymph node metastasis; RLN, number of removed lymph nodes; nRT, neoadjuvant radiotherapy; aRT, adju-
vant radiotherapy; CT, chemotherapy.

Figure 1. Forest plot of univariate and multivariate analyses for cancer-specific survival in nRT group. A. Univariate 
analysis of cancer-specific survival; B. Multivariate analysis of cancer-specific survival. LNR, lymph node metastasis; 
RLN, number of removed lymph nodes; HR, hazard ratio; CI, confidence interval.
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The endpoint in this study was cancer-specific 
survival (CCS), which was defined as the time 
between surgery and cancer-related death or 
time of last follow-up. The 3- and 5-year CSS 
rates for the two groups were calculated at the 
same time. The final follow-up was conducted 
in September 2016.

Statistical analysis

Patients in the nRT and non-nRT groups were 
randomly assigned to a training cohort (used  
to construct the nomogram) and a validation 
cohort (used to validate the model built by the 
training cohort) at a 7:3 ratio. Comparison 
between the validation cohort and the training 
cohort in the two groups was conducted using 
chi-square tests and represented as χ2. Uni- 
variate and multivariate Cox regression analy-
ses were performed for both the nRT and non-
nRT groups to identify independent prognostic 
variables associated with patient CSS. Hazard 
ratios (HRs) and 95% confidence intervals (CIs) 
were estimated from the model. Two-tailed P≤ 
0.05 was considered statistically significant. A 

nomogram was constructed using the multi- 
variate analysis results. Performance of the 
nomogram was explored by evaluation of the 
discrimination ability, calibration evaluation, 
and determination of the clinical significance. 
Discrimination ability of the nomogram was 
evaluated using Harrell’s concordance index 
(C-index) and receiver operating characteristic 
(ROC) curves. Differences of the C-index bet- 
ween the nomogram and TNM system were 
explored using rcorrp.cens package in R. Cali- 
bration curves were generated to compare pre-
dicted and observed probability. Decision cur- 
ve analysis (DCA) was used to determine clini-
cal value of the nomogram. Prognostic value of 
TNM staging system in the two groups was 
explored through Kaplan-Meier (KM) analysis 
and compared by log-rank test. Statistical anal-
yses were performed on R version 4.0.3.

Results

Characteristics of patients

A total of 1,745 patients diagnosed with Siewert 
type II AEG were retrieved from the 2010-2015 

Figure 2. Forest plot of univariate and multivariate analyses for cancer-specific survival in non-nRT group. A. Uni-
variate analysis of cancer-specific survival; B. Multivariate analysis of cancer-specific survival. LNR, lymph node 
metastasis; RLN, number of removed lymph nodes; nRT, neoadjuvant radiotherapy; aRT, adjuvant radiotherapy; CT, 
chemotherapy; HR, hazard ratio; CI, confidence interval.
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SEER database. Notably, 823 patients were 
assigned to the nRT group and 576 were ran-
domized into the training group whereas 247 
were enrolled in into the validation group. Out 
of the 922 patients in the non-nRT group, 645 
patients were assigned to the training cohort 
whereas 277 patients were assigned to the 
validation cohort. All patients in the nRT group 
received neoadjuvant radiotherapy combined 
with chemotherapy. In non-nRT group, 210 
patients (22.8%) received adjuvant radiothera-
py (aRT) combined with chemotherapy (CT), 
266 (28.8%) received chemotherapy alone, 
and 446 (48.4%) patients did not receive adju-
vant therapy. Demographic and clinical charac-
teristics of patients in the 2 groups were not 

significantly different between the validation 
and training cohorts (P≥0.05). Median CSS 
rates of patients in nRT group and non-nRT 
group were 24 and 27 months, respectively. 
Treatment data, clinicopathological and demo-
graphic characteristics of patients in the two 
cohorts for the 2 groups are presented in Table 
1.

Factors affecting the prognosis of patients in 
the training cohort

Univariate analysis showed that age, N stage, 
LNR, and RLN were potential prognostic mark-
ers for the CSS of patients in the nRT group 
(P≤0.05). Findings from multivariate analysis 
showed that age, LNR and RLN were indepen-
dent predictors of CSS of patients in nRT group 
(Figure 1). Race, T stage, N stage, tumor grade, 
LNR, tumor size, and therapy type were poten-
tial predictors for CSS of patients in the non-
nRT group (P≤0.05). However, multivariate 
analysis showed that only T stage, tumor grade, 
LNR, tumor size, and therapy type were inde-
pendent predictors of CSS of patients in the 
non-nRT group (Figure 2).

Construction of CSS nomograms using the in-
dependent prognostic factors

Nomograms for the nRT and non-nRT group 
based on the identified independent prognostic 
factors. The nomograms for nRT group reveal- 
ed that LNR was the most significant prognosis 
factor, followed by age and RLN. Notably, LNR 
contributed significantly to prognosis of pa- 
tients, followed by T stage and differentiation 
grade. Therapy type and tumor size showed 
moderate effect on CSS rate in non-nRT group 
(Figure 3). Variables included in the nomogram 
were assigned scores which were used for pre-
diction of the 3- and 5-year survival rates.

Validation and comparison of the nomograms

The C-index of the nomogram for the training 
cohort of nRT group was 0.652 (95% CI: 0.614-
0.690), which was significantly higher com-
pared with C-index of TNM stage (7th TNM 
stage: C-index =0.595, 95% CI=0.556-0.634; 
8th TNM stage: C-index =0.580, 95% CI=0.543-
0.617) (P<0.05). The C-index of the nomogram 
for the training cohort of non-nRT group was 
0.754 (95% CI: 0.723-0.785) which was signifi-
cantly higher compared with the C-index of the 

Figure 3. The 3- and 5-year CSS of Siewert Type II 
AEG patients in nRT group (A) and non-nRT group (B) 
as predicted by the nomograms. LNR, lymph node 
metastasis; RLN, number of removed lymph nodes; 
nRT, neoadjuvant radiotherapy; aRT, adjuvant radio-
therapy; CT, chemotherapy.
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7th TNM stages at 0.717 (95% CI: 0.685-0.749; 
P<0.05). Similar findings were observed for the 

validation cohorts (Table 2). C-indices of the 7th 
TNM stage, as well as the C-index of the nomo-

Table 2. C-indices for the nomogram and TNM system in the two groups

Characteristics
Training cohort Validation cohort

C-index 95% CI P value C-index 95% CI P value
nRT group
    Nomogram 0.652 0.614-0.690 0.663 0.606-0.720
    TNM 7th stage 0.595 0.556-0.634 0.003* 0.597 0.541-0.654 0.016*
    TNM 8th stage 0.580 0.543-0.617 <0.001* 0.588 0.534-0.641 0.007*
non-nRT group
    Nomogram 0.754 0.723-0.785 0.747 0.688-0.800
    TNM 7th stage 0.717 0.685-0.749 0.027 0.681 0.625-0.736 0.016
Note: *compared with nomogram.

Figure 4. Receiver operating characteristic curves of nomogram and AJCC staging system for prediction of 3- and 
5-year CSS for Siewert Type II AEG patients in the training cohort (A, B) and the validation cohort (C, D) in nRT group. 
AUC: Area under curve.
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gram for or both cohorts in non-nRT group, 
were higher compared with the C-indices of the 
nRT group (0.681-0.754 vs. 0.580-0.663). The 
ROC curves for 3- and 5-years survival rated 
showed that the AUCs of the nomogram (3-year 
AUC: 73.1; 5-year AUC: 73.8) were higher com-
pared with the AUCs for the 7th edition TNM 
stage (3-year AUC: 65.0; 5-year AUC: 68.5) and 
8th edition TNM stage (3-year AUC: 61.7; 5-year 
AUC: 65.6) in the training (Figure 4A and 4B) 
and validation (Figure 4C and 4D) cohorts for 
the nRT group. Moreover, the AUCs of the no- 
mogram for the non-nRT group were higher 
compared with the AUCs of the 7th edition TNM 
stage (3-year AUC: 80.9 vs. 78.5; 5-year AUC: 

79.2 vs. 75.6) in the training (Figure 5A and 5B) 
and validation (Figure 5C and 5D) cohorts. 
Notably, the AUC values of the nomogram of 
the non-nRT group and 7th edition TNM stage 
were higher compared with the AUC values in 
the nRT group for the 3-year and 5-year survival 
rates, respectively. Calibration plots of the 2 
groups showed good consistency between  
the actual and predicted 3- and 5-year CSS, in 
both cohorts (Figure 6). Furthermore, DCA 
showed that the nomograms had good and 
wide clinical applications in both cohorts. This 
finding indicates that the nomograms per-
formed better compared with AJCC staging sys-
tem in predicting 3-year and 5-year CSS in 

Figure 5. Receiver operating characteristic curves of nomogram and AJCC staging system for prediction of 3- and 
5-year CSS for Siewert Type II AEG patients in the training cohort (A, B) and the validation cohort (C, D) in non-nRT 
group. AUC: Area under curve.
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patients (Figures 7 and 8). Survival analysis 
using AJCC staging system showed that pT 
stage was not effective in stratifying patients 
between pT2 and pT4 in the nRT group (P= 
0.16). This implies that the 7th and 8th TNM edi-
tions were not effective in stratifying patients in 
stages IA and IIIA in the nRT group. However, 
the 7th TNM edition showed good prognostic 
stratification value in the non-nRT group, except 
for stage IB and IIA (Figure 9).

Discussion

In the current study, prognostic factors were 
compared between patients who received or 
not neoadjuvant radiotherapy. Univariate and 
multivariate Cox regression analyses showed 

that age, LNR, and RLN were independent prog-
nostic risk factors in the nRT group, whereas T 
stage, LNR, histological grade, tumor size, and 
therapy type were independent prognostic risk 
factors in the non-nRT group. The two treat-
ment modalities present different prognostic 
characteristics. LNR was a significant and in- 
dependent prognosis factor in the two groups 
and it exhibited better predictive ability com-
pared with N stage. Univariate regression anal-
ysis of factors in the 2 groups showed that N 
stage and LNR prognosis values were signifi-
cantly different in the two groups. N stage and 
LNR were included as covariates in the multi-
variate regression model and the findings indi-
cated that LNR was an independent prognosis 

Figure 6. Calibration curves for the predicted 3- and 5-year CSS in training (A) and validation cohorts (B) of the nRT 
group and the training (C) and validation cohorts (D) of the non-nRT group. CSS: cancer-specific survival.
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factor for the clinical outcomes of AEG pati- 
ents. This indicates that LNR was a more effec-
tive prognostic factor compared with N stage. 
Similar findings have been reported previously 
for patients with Siewert Type II AEG [23]. RLN 
was also an independent prognostic factor in 
the nRT group. The optimal number of lymph 
nodes that should be removed after preopera-
tive chemoradiation to achieve good prognosis 
has not been fully elucidated. Studies have 
reported that resection of 13-29 nodes im- 
proves PFS and OS of patients presenting with 
locally advanced esophageal squamous cell 
carcinoma receiving preoperative chemoradia-
tion [24]. The present study showed that re- 

secting >16 lymph nodes improved CSS in 
patients with Siewert II AEG after neoadjuvant 
radiotherapy which is consistent with previous 
findings. Age is an important independent risk 
factor. A Chinese population-based cohort 
study observed that elderly AEG patients,  
mainly males, had worse prognosis compared 
to younger patients [25, 26]. Previous studies 
reported inconsistent results on the signifi-
cance of pT stage for prognosis of patients 
receiving neoadjuvant radiotherapy. A previous 
study reported that ypT stage is an indepen-
dent prognostic factor in AEG patients who 
underwent preoperative radiotherapy [27]. 
However, a recent study reported that pT stage 

Figure 7. Decision curve analysis (DCA) of the nomogram and AJCC staging models for predicting 3- and 5-year CSS 
in the training (A, B) and validation cohorts (C, D) of the nRT group.
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could not independently predict the prognosis 
of AEGs patients undergoing preoperative ra- 
diotherapy [28]. Univariate regression or multi-
variate regression analysis in the current study 
indicated that pT stage is not a prognostic fac-
tor for AEG patients. Pathological factors such 
as LNR, pT stage, tumor size, and tumor grade 
in the non-nRT group were potential indepen-
dent prognostic factors for AEG patients. The 
results showed that survival decreased with 
increase in LNR, tumor size, depth (pT), and 
tumor grade, which was consistent with previ-
ous findings [10, 17]. Moreover, therapy type 
was an independent prognostic factor. The INT-

0116 trial reported that postoperative radio-
therapy combined with chemotherapy is more 
effective than surgery combined with chemo-
therapy or surgery alone [29]. In addition, a  
previous retrospective study reported that 
postoperative chemoradiation improved 3-year 
DFS rates after curative resection in EGJ ade-
nocarcinoma patients with positive lymph 
nodes who had not received neoadjuvant che-
motherapy [30]. The results for the present 
study showed that postoperative radiotherapy 
combined with chemotherapy exhibited high 
survival benefit in patients who did not receive 
preoperative radiotherapy.

Figure 8. Decision curve analysis (DCA) of the nomogram model and AJCC staging model for predicting 3- and 5-year 
CSS in the training (A, B) and validation cohorts (C, D) of the non-nRT group.
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Nomograms are widely used tools for evalua-
tion of prognosis of various cancers owing to 
their reliability relative to traditional staging 
method. A previous study established a nomo-
gram for patients who had received neoadju-
vant radiotherapy [28], however, nomograms 
have not been established for patients who 
have not undergone neoadjuvant radiotherapy. 
The findings of the present study showed that 
the two treatment modalities had different 

prognostic characteristics. In this study, C- 
index analysis and receiver operating charac-
teristic (ROC) curves revealed that the devel-
oped nomograms had superior discrimination 
power to the AJCC staging system. Calibration 
curve analysis showed that the prediction of 
the nomograms was consistent with the obser- 
ved clinical features, indicating that the nomo-
grams were reliable. DCA showed that the 
nomogram was superior in clinical applications 

Figure 9. Survival analysis of patients in the nRT group 
based on ([A] pT stage; [B] pN stage; [C] AJCC 7th edition 
stages; [D] AJCC 8th edition stages) and the non-nRT group 
based on ([E] pT stage; [F] pN stage; [G] AJCC 7th edition 
stages).
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compared to TNM staging system. In addition, 
the nomogram and 7th edition TNM stage for 
non-nRT group had higher prognostic value as 
exhibited by higher C-indexes and AUC values 
compared to the prognostic value of the nomo-
gram of the nRT group.

Analysis of the survival curve for the TNM stag-
ing system showed that ypT stages were not 
effective in stratifying patients in the nRT 
group. However, TNM staging showed good 
prognostic stratification for patients in the non-
nRT group. Therefore, ypT staging should be 
optimized and standardized in patients who 
undergo neoadjuvant radiotherapy and more 
sensitive and effective prognostic factors 
should be explored.

The study had a few limitations. First, the  
nomograms were based on a single dataset. 
Second, the order of chemotherapy and sur-
gery was not available in SEER database, thus 
patients who underwent adjuvant and neo- 
adjuvant chemotherapy could not be distin-
guished. Third, the current SEER database 
does not include some indicators such as the 
clinical response to neoadjuvant therapy and 
this may affect prognosis of patients who  
have received neoadjuvant radiotherapy, thus 
affecting accuracy of the prognostic prediction 
of patients in the nRT group.

In summary, the findings showed that nomo-
grams are better indicators of prognosis than 
TNM staging in Siewert Type II AEG patients.  
In addition, nomogram and TNM staging sys-
tem showed good prognostic performance in 
patients who did not receive neoadjuvant 
radiotherapy.
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Figure S1. A flowchart showing the study design.
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Figure S2. Optimal cutoff values of age (A, B), LNR (C, D), RLN (E, F) and tumor size (G, H) as determined using X-tile 
software.


