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Comparison of long-term survival of neoadjuvant
therapy plus surgery versus upfront surgery and the
role of adjuvant therapy for T1b-2NO0-1 esophageal
cancer: a population study of the SEER database

and Chinese cohort

Lingling Xia, MD?, Wei Shi, MS?, Yuxin Cai, MD?, Zhengkai Liao, MD,PhD®, Zhen Huang, MS?, Hu Qiu, MD?,
Jing Wang, PhD**, Yongshun Chen, MD, PhD**

IComparative Study - Retrospective Cohort

Background: For stage T1b-2NO-1 esophageal cancer, the impact of neoadjuvant therapy plus surgery (NS), surgery alone (SX
and surgery plus adjuvant therapy (ST) on cancer-specific survival (CSS) and overall survival (OS) is uncertain.

Methods: Stage T1b-2NO-1 esophageal cancer patients from the SEER database and two Chinese cancer centers were included
in this study. The Kaplan—-Meier method was used to plot survival curves, which were compared using the log-rank test. Propensity
score matching was used to equalize differences between the groups. Cox proportional hazards regression models were used to
analyze prognostic factors. A nomogram for OS was developed after screening the variables using the Cox proportional hazards
regression model and the least absolute shrinkage and selection operator. The performance of the nomogram was assessed by the
Harrell concordance index (C-index), the area under the curve (AUC) of the receiver operating characteristic curve, calibration plots,
and decision curve analysis.

Results: After propensity score matching analysis, the 3-year CSS and OS rates in the NS group compared to the SA group were
80.3% versus 62.1% (P=0.016) and 75.8% versus 55.5% (P = 0.006), the 3-year CSS and OS rates in the NS group compared to
the ST group were 71.3% versus 68.3% (P = 0.560) and 69.8% versus 62.9% (P = 0.330), the 3-year CSS and OS rates in the SA
group compared to the ST group were 54.6% versus 66.7% (P =0.220) and 50.2% versus 57.9% (P =0.290), respectively. The
predictive nomogram for OS in T1b-2N0-1 patients ultimately incorporated five clinicopathological variables: T stage, N stage, age,
examined lymph nodes, and therapy modality. The nomogram C-index for predicting OS was 0.648, 0.663, and 0.666 in the training
group, external validation group-1, and external validation group-2, respectively. The 1-year, 3-year, and 5-year predicted AUC
values of the OS prediction model were 0.659, 0.639, and 0.612 for the training group, and 0.786, 0.758, and 0.692 for validation
group-1, and 0.805, 0.760, and 0.693 for validation group-2, respectively.

Conclusion: For patients with stage T1b-2N0-1 esophageal cancer, neoadjuvant therapy significantly improves prognosis
compared to surgery alone, those presenting with positive lymph nodes after upfront surgery can achieve survival benefits from
adjuvant therapy.
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Introduction respectively!"">], Patients with esophageal cancer often experience
impaired swallowing function and a significantly reduced quality

Esophageal cancer is a umor of the digestive system with the 7th of life. The histologic classification of esophageal cancer mainly

and 6th highest incidence and mortality rates in the world,
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includes squamous cell carcinoma and adenocarcinoma, the
distribution of which is highly related to ethnicity, smoking and
drinking habits, and dietary patterns!®),

Due to the superior efficacy of neoadjuvant therapy plus sur-
gery (NS) in the treatment of locally advanced esophageal
cancer*®, some researchers have started to investigate the
potential benefits of NS in patients with early-stage disease!” ™11,
The V1 version of the 2020 National Comprehensive Cancer
Network (NCCN) Guidelines for Esophageal Cancer and
Esophagogastric Junction Cancer introduced two changes to the
treatment of early-stage esophageal cancer compared to the
previous version. The first change involved modifying the defi-
nition of well-differentiated cT1b-2 patients suitable for priority
surgery from <2 cm to <3 cm. The second change recommended,
for the first time, that patients with ¢cT2NO (vascular infiltration,
> 3 cm, or poorly differentiated) should receive NS as the primary
treatment! '],

The NCCN guidelines for the preferred treatment of cT1b-2
esophageal cancer have remained virtually unchanged from 2020
to the present. Some scholars believe that NS has limited benefits
in early-stage esophageal cancer!'®'131 but some studies have
reported that NS significantly improves disease-free survival and
overall survival (OS) in stage I and II esophageal cancer!®14-161,
There is no consensus on the efficacy of adjuvant therapy in T1b-
2NO0-1 esophageal cancer with poor prognostic factors. The
objective of this study was to compare the survival outcomes of
three treatment regimens and to develop a nomogram for OS in
patients with stage T1b-2N0-1 esophageal cancer.

Methods

Patients

The data for this study was obtained from the Surveillance,
Epidemiology, and End Results (SEER) 17 Registries Research
Plus Data (SEER *stat 8.4.2). The study population consisted of
patients with stage T1b-2N0-1 esophageal cancer between 2004
and 2019. Inclusion criteria included: (a) histologically confirmed
esophageal cancer; (b) clinical or pathologic staging of T1b-2N0-
1 and undergoing esophagectomy; (c) receiving neoadjuvant
therapy with ¢T1b-2N0-1; (d) tumor located in the thoracic
segment; (e) first primary cancer. Exclusion criteria included
patients with distant metastases, fewer than one examined lymph
node, missing essential clinicopathologic information, and sur-
vival of three months or less. The stages of all esophageal cancer
patients were reclassified according to the American Joint
Committee on Cancer Manual, 8th edition.

The inclusion and exclusion criteria in the external validation
were consistent with those of the two institutes (Renmin Hospital
of Wuhan University and Zhongnan Hospital of Wuhan
University). We conducted a retrospective study of patients with
esophageal cancer who underwent surgery between January
2014 and March 2022 and met the selection criteria at both
institutes, with follow-up until October 2023. Patients at both
hospitals provided detailed information on vascular infiltration
and nerve invasion. The study was approved by the relevant
review board, which granted a waiver for signing the patients’
individual consent forms.

All the patients were divided into three groups: NS group,
surgery alone (SA) group, and surgery plus adjuvant therapy (ST)
group. In the SEER database, neoadjuvant treatment for the NS
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HIGHLIGHTS

e Patients with stage T1b-2NO0-1 esophageal cancer signifi-
cantly benefit from neoadjuvant therapy compared to
surgery alone.

No significant difference in the efficacy of neoadjuvant
therapy compared to postoperative adjuvant therapy in
patients with stage T1b-2N0-1 esophageal cancer.
Patients presenting with positive lymph nodes after upfront
surgery are a suitable population to receive adjuvant
therapy for stage T1b-2NO-1 esophageal cancer.

group included radiotherapy, radiochemotherapy, and che-
motherapy. Patients who received neoadjuvant chemoimmu-
notherapy were categorized into the NS group in the Chinese
cohort. Postoperative treatment for the ST group included
radiotherapy, radiochemotherapy, and chemotherapy.

Survival analysis

In the survival analysis, the main observations in the SEER
database were the 3-year cancer-specific survival (CSS) and OS
rates, whereas, in the two-center Chinese cohort, the primary
observation was the 3-year OS rate.

Construction and validation of prognostic prediction model

We developed a nomogram to predict OS in patients with T1b-
2NO-1 esophageal cancer. The SEER database was used as the
training group. Variables for constructing the OS rate prediction
model were screened by univariate Cox regression, the least
absolute shrinkage and selection operator (LASSO), and multi-
variate Cox regression analysis. Esophageal cancer patients from
Renmin Hospital of Wuhan University and Zhongnan Hospital
of Wuhan University served as external validation groups 1 and
2, respectively. The efficacy of the model was assessed by the area
under the curve (AUC) of the receiver operating characteristic
(ROC) curve. Calibration plots were created to assess the dis-
parity between the predicted and actual outcomes of the model.
Decision curve analysis was used to demonstrate the utility of the
nomogram in clinical applications.

Statistical analysis

Categorical variables were presented as frequencies and percen-
tages. Continuous variables are presented as medians with 25th
and 75th percentiles (interquartile range [IQR]). Kaplan—-Meier
curves and the log-rank test were used to evaluate survival. The
propensity score matching (PSM) method, used as a sensitivity
analysis, employed the nearest-neighbor method (without repla-
cement; caliper set at 0.02) to select matched samples, with
baseline characteristics matched in a 1:1 ratio. Characteristics
that were difficult to define or were very few in number were
classified in the ‘other’ or ‘unknown’ subgroups. Statistical sig-
nificance was determined using a predefined two-sided alpha
value of 0.05 and a 95% CI. Statistical analyses were conducted
using SPSS Statistics version 26.0, and R version 4.2.0. This study
has been reported according to strengthening the reporting of
cohort, cross-sectional, and case—control studies in Surgery
(STROCSS) (Supplemental Digital Content 1, http:/links.lww.
com/JS9/C863) standards!”",
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Results

General clinical data

In the SEER database, 584 esophageal cancer patients were eli-
gible for inclusion. The majority of patients were white (515/584,
88.2%), aged 65 years or older (310/584, 53.1%), male (478/
584, 81.8%), with tumors located in the lower esophagus (480/
584, 82.2%), diagnosed with adenocarcinoma/adenosquamous
carcinoma (430/584, 73.6%), at stage T2 (454/584, 77.7%),
stage NO (361/584, 61.8%), middle grade (236/584, 40.4%),
with a tumor size less than 3 cm (267/584, 45.7%), and with an
examined lymph nodes (ELN) between 10 and 20 (283/584,
48.5%). The clinicopathologic variables of the different treat-
ments are presented in Table 1.

Correlations of different therapies with prognosis in the SEER
database

In the SEER database, there were 280 patient deaths, including
186 from esophageal cancer, with a median follow-up of
33 months (IQR 17-55). CSS and OS were compared between the
two groups of unadjusted and PSM patients treated with NS, SA,
and ST, respectively. Supplementary Table S1-4 (Supplemental
Digital Content 2, http:/links.lww.com/]S9/C864) displays the
distribution of the unadjusted and PSM variables for the different
treatment groups, while Supplementary Figure S1-4
(Supplemental Digital Content 3, http:/links.lww.com/JS9/C865)
illustrates the corresponding standardized mean differences.

Between the NS group and the SA group

Unadjusted survival analysis showed no significant difference
between the NS group and the SA group, the 3-year CSS and OS
rates were 80.2% (95% CI: 72.5-88.6%) versus 71.3% (95%
Cl: 66.1-77.0%) [P=0.140] and 75.6% (95% CI: 67.9-84.6%)
versus 64.4% (95% CI: 59.1-70.2%) [P =0.055], respectively.
After PSM, the 3-year CSS and OS rates in the NS group and the
SA group were 80.3% (95% CI: 71.8-89.8%) versus 62.1%
(95% CI: 51.6-74.6%) [P=0.016] and 75.8% (95% CIL
66.9-86.0%) versus 55.5% (95% CI: 45.3-68.0%) [P =0.006],
respectively (Supplementary Figure S5, Supplemental Digital
Content 4, http:/links.lww.com/JS9/C866).

Between the NS group and the ST group

Unadjusted survival analyses showed significantly higher 3-year
CSS and OS rates in the NS group compared with the ST group:
80.2% (95% CI: 72.5-88.6%) versus 64.8% (95% CL
56.8-73.8%) [P=0.008] and 75.6% (95% CI: 67.6-84.6%)
versus 58.9% (95% CI: 50.9-68.0%) [P =0.004], respectively.
After PSM, there was no significant difference in survival between
the two groups, with a 3-year CSS and OS rates were 71.3%
(95% CI: 60.9-83.5%) versus 68.3% (95% CI: 57.4-81.2%)
[P=0.560] and 69.8% (95% CI: 59.3-82.2%) versus 62.9%
(95% CI: 51.9-76.2%) [P =0.330], respectively (Supplementary
Figure S6, Supplemental Digital Content 4, http://links.lww.com/
JS9/C866).

Between the SA group and the ST group

Unadjusted survival analyses showed a significant improvement
in CSS in the SA group compared to the ST group, but not in OS.
The 3-year CSS and OS rates in the two groups were 71.3% (95%
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Clinicopathologic characteristics of patients with stage T1b-2N0-1
esophageal cancer in the SEER database.

Total NS group SA group ST group

Characteristics (N=584,%) (N=101,%) (N=342,%) (N=141,%)
Race

White 515 (88.2) 87 (86.1) 301 (88.0) 127 (90.1)

Black 25 (4.3) 7 (6.9 15 (4.4) 3(2.1)

Other 44 (7.5) 7(6.9) 26 (7.6) 11 (7.8)
Age (years)

<55 100 (17.1) 14 (13.9) 56 (16.4) 30 (21.3)

55-64 174 (29.8) 41 (40.6) 90 (26.3) 43 (30.5)

>65 310 (53.1) 46 (45.5) 196 (57.3) 68 (48.2)
Sex

Female 106 (18.2) 24 (23.8) 68 (19.9) 14 (9.9

Male 478 (81.8) 77 (76.2) 274 (80.1) 127 (90.1)
Tumor location

Upper 13 (2.2 1(1.0) 8 (2.3 4(2.8)

Middle 91 (15.6) 13 (12.9) 65 (19.0) 13 (9.2)

Lower 480 (82.2) 87 (86.1) 269 (78.7) 124 (87.9)
Histology

AC/ASC 430 (73.6) 4.3) 239 (69.9) 116 (82.3)

SCC 121 (20.7) 21 (20.8) 86 (25.1) 14 (9.9

Other 33(5.7) (5.0) 17 (6.0) 11 (7.8)
T stage

Tib 130 (22.3) 989 101 (29.5) 20 (14.2)

T2 454 (77.7) 92 (91.1) 241 (70.5) 121 (85.8)
N stage

NO 361 (61.9) 51 (50.5) 276 (80.7) 34 (24.9)

N1 223 (38.2) (49.5) 66 (19.3) 107 (75.9)
Grade

Well 38 (6.5) 5(5.0) 27 (7.9) 6 (4.3

Middle 236 (40.4) 39 (38.6) 142 (41.5) 55 (39.0)

Poorly 200 (34.2) 40 (39.6) 101 (29.5) 59 (41.8)

Unknown 110 (18.8) 17 (16.8) 72 (21.1) 21 (14.9
Tumor size (cm)

<3 267 (45.7) 30 (29.7) 185 (54.1) 52 (36.9)

>3 252 (43.2) 52 (51.5) 128 (37.4) 72 (51.1)

Unknown 65 (11.1) 19 (18.9) 29 8.5 17 (12.1)
ELN

<10 148 (25.3) 24 (23.9) 91 (26.6) 33 (23.49)

10-20 283 (48.5) 57 (56.4) 152 (44.4) 74 (52.5)

>20 153 (26.2) 20 (19.9) 99 (28.9) 34 (24.1)
Type

Radiotherapy- - 97 (96.0) - 95 (67.4)

containing
Chemotherapy - 4 (4.0) - 49 (34.8)

AC, Adenocarcinoma; ASC, Adenosquamous carcinoma; SCC, squamous cell carcinoma; ELN,
examined lymph nodes; NS, neoadjuvant therapy plus surgery; SA, surgery alone; ST, surgery plus
adjuvant therapy.

Cl: 66.1-77.0%) versus 64.8% (95% CI: 56.8-73.8%)
[P=0.023] and 64.4% (95% CIL: 59.1-70.2%) versus 58.9%
(95% CI: 50.9-68.0%) [P=0.190], respectively. After PSM,
there was no significant difference in survival between the SA
group and the ST group, with a 3-year CSS of 54.6% (95% CI:
44.4-67.2%) versus 66.7% (95% CI: 56.5-78.8%) [P =0.220]
and 50.2% (95% CI: 40.3-62.6%) versus 57.9% (95% CIL:
47.8-70.1%) [P=0.290] for the two groups, respectively
(Supplementary Figure S7, Supplemental Digital Content 4,
http://links.lww.com/JS9/C866). Results were validated by a
Chinese cohort population, and survival analyses are presented in
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Supplementary File 1 (Supplemental Digital Content 5, http://
links.lww.com/JS9/C867).

Subgroup analysis of adjuvant therapy

No significant difference in survival was found between the
postoperative radiotherapy group and the postoperative che-
motherapy group. The 3-year cancer CSS and OS rates in the two
groups were 63.4% (95% CI: 53.8-74.7%) versus 66.9% (95%
CI: 53.5-83.7%) [P=0.310] and 57.9% (95% CI: 48.4-69.3%)
versus 60.4% (95% CL: 47.2-77.2%) [P =0.470], respectively.
After PSM, the 3-year CSS and OS rates were 57.0% (95% CI:
40.5-80.2%) versus 67.3% (95% CI: 51.0-88.9%) [P =0.380]
and 54.3% (95% CI: 38.1-77.4%) versus 61.8% (95% CI:
45.7-83.7%) [P =0.480], respectively (Supplementary Figure S8,
Supplemental Digital Content 4, http:/links.lww.com/JS9/
C866). Results were validated by a Chinese cohort population,
and survival analyses are presented in Supplementary File 2
(Supplemental Digital Content 6, http:/links.lww.com/JS9/
C868).

Forest map and subgroup survival analysis

We conducted a subgroup analysis of post-PSM patients who
received various treatments to identify subgroups showing sig-
nificant survival benefits (Supplementary Figure S9-11,
Supplemental Digital Content 7, http:/links.lww.com/JS9/
C869). The results showed significant improvements in CSS in the
NS group compared to the SA group in several subgroups. These
factors include T2 stage (HR=0.78, 95% CL 0.63-0.96,
P=0.022),N1 stage (HR=0.75,95% CI: 0.58-0.97, P=0.027),
well or middle grade (HR =0.55,95% CI: 0.33-0.92, P=0.022),
male (HR=0.79, 95% CI: 0.63-0.99, P=0.043), adenocarci-
noma and adenosquamous carcinoma (HR=0.75, 95% CI:
0.59-0.96, P=0.020), and tumor size less than 3 cm (HR = 0.49,
95% CI: 0.24-0.98, P=0.042). Several subgroups of the popu-
lation had a significant OS benefit, such as T2 stage (HR =0.78,
95% CI: 0.65-0.95, P=0.012), N1 stage (HR=0.73, 95% CI:
0.57-0.93, P=0.011), well or moderately differentiated
(HR=0.49, 95% CI: 0.30-0.81, P=0.005), male (HR =0.76,
95% CI: 0.62-0.93, P=0.007), adenocarcinoma and ade-
nosquamous carcinoma (HR=0.76, 95% CI: 0.61-0.94,
P=0.011), tumor size >3 cm/unknown (HR=0.78, 95% CI:
0.63-0.96, P=0.017), age >65 years (HR=0.75, 95% CIL:
0.59-0.96, P=0.022), ELN >20 (HR=0.64, 95% CI:
0.41-0.99, P =0.046).

In the NS versus ST group, OS significantly improved only in
the well/middle-grade population (HR=0.33, 95% CI:
0.12-0.93, P=0.036). In the ST versus SA group, only the CSS in
N1 stage (HR =0.56, 95% CI: 0.32-0.98, P=0.044) showed a
significant improvement; however, OS improvement was not
statistically significant in the N1 stage (HR=0.65, 95% CI:
0.40-1.04, P=0.072).

Nomogram development
Variable selection

Patients from the SEER database were assigned to the training
group. First, univariate Cox proportional hazards regression
analysis revealed that T stage, N stage, age, ELN, grade, his-
tology, tumor size, and therapy modality were screened as
clinicopathological variables significantly associated with OS
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(Table 2). Secondly, significant prognostic factors for uni-
variate Cox regression were included in the Lasso regression
model to prevent overfitting. The changes in the coefficients of
the variables during Lasso regression and the process of cross-
validation for the optimal values of the parameter A in the
Lasso regression model are illustrated in Figure 1. The Lasso
regression, with Lambda minimizing the mean squared error,
screened variables such as T stage, N stage, age, ELN, grade,
histology, and therapy, which were ultimately included in the
multivariate Cox analysis. Multivariate Cox analysis con-
ducted in the training group showed that T stage, N stage, age,

Univariate and multivariate analysis of OS in patients with T1b-

2N0-1 esophageal cancer in the SEER database.

Univariate analysis

Multivariate analysis

HR (95% Cl) P HR (95% CI) P

Race

White 1 — —

Black 1.32 (0.74-2.36) 0.347 — —

Other 0.84 (0.52—-1.35) 0.462 — —
Age (years)

<55 1 1

55-64 1.29 (0.87-1.91) 0.205  1.17 (0.78-1.76) 0.438

>65 1.83 (1.29-2.61) 0.001  1.64 (1.15-2.35) 0.007
Sex

Female 1 — —

Male 1.34 (0.96-1.87) 0.088 — —
Tumor location

Upper 1 — —

Middle 0.70 (0.34-1.41) 0.315 — —

Lower 0.53 (0.27-1.04) 0.064 — —
Histology

AC/ASC 1 1

SCC 1.38 (1.05-1.83) 0.023  1.21(0.90-1.63) 0.207

Other 1.56 (0.98-2.47) 0.060 1.13(0.70-1.82) 0.612
T stage

Tib 1 1

T2 1.91 (1.22-3.01) 0.005  1.63 (1.02-2.60) 0.042
N stage

NO 1 1

N1 1.85 (1.46-2.34) <0.001  1.96 (1.48-2.59) <0.001
Grade

Well 1 1

Middle 1.39 (0.83-2.31) 0210  1.24 (0.74-2.09) 0.418

Poorly 2.01 (1.21-3.33) 0.007  1.65(0.97-2.79) 0.065

Unknown 1.15 (0.62-2.13) 0.664 1.15(0.60-2.17) 0.677
Tumor size (cm)

<3 1 — —

>3 1.29 (1.01-1.65) 0.045 — —

Unknown 0.74 (0.48-1.14) 0174 — —
ELN

<10 1 1

10-20 0.73 (0.56-0.96) 0.024  0.70 (0.53-0.93) 0.012

>20 0.70 (0.49-0.92) 0.014  0.62 (0.44-0.85) 0.003
Therapy

SA 1 1

ST 1.19 (0.92-1.54) 0195  0.84 (0.62-1.14) 0.267

NS 0.64 (0.41-0.99) 0.043  0.51(0.32-0.80) 0.003

AC, Adenocarcinoma; ASC, Adenosquamous carcinoma; SCC, squamous cell carcinoma; ELN,
examined lymph nodes; NS, neoadjuvant therapy plus surgery; SA, surgery alone; ST, surgery plus

adjuvant therapy.
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Figure 1. Screening of variables based on Lasso regression. (A) The characteristics of variable coefficient variations; (B) the selection process involves determining
the optimal value of the parameter A in the Lasso regression model using the cross-validation method.

ELN, and therapy modality were significantly associated with
OS, and these factors were included in the development of the
nomogram and Fig. 2.

Efficacy of the model

Two external validation groups of esophageal cancer patients
from different cancer centers were used to validate the efficacy of
the OS prognostic model. All the patients in the two external
validation groups were Asian. In the Chinese cohort, 100 patients
died, and the median follow-up time was 28 months (IQR

17-49). The Chinese cohort population was aged >65 years
(144/323, 44.6%), male (238/323, 73.7%), with mid-thoracic
tumors (204/323, 63.2%), squamous cell carcinoma (312/323,
96.6%), T2 stage (208/323, 64.4%), moderately differentiated
(243/323,75.2%), tumor size <3 cm (171/323, 52.9%), with no
vascular infiltration (275/323, 85.3%), with no never invasion
(292/323, 90.4%), ELN of 10-20 (145/323, 44.9%), and SA
(214/323, 66.3%) predominated among patients. The distribu-
tion of specific characteristics in the two external validation
groups is shown in Table 3.

0 10 20 30 40 50 60 70 80 90 100
POIﬁtS L 1 1 1 1 1 1 1 1 1 1
T2
T stage r ]
T1b N1
N stage I )
NO 55-64dy
Age " X 1
ELN r L &
<
=20 ST
Therapy r . 1
NS SA
Total Points ™~ T n e S e e
0 50 100 150 200 250 300 350 400 450
1-year survival T T T 1
0.9 0.8 0.7 0.6
3-year survival f T T T T T T |
0.9 0.8 0.7 06 05 04 03 02
5-year survival T T T T T T T 1
0.9 0.8 0.7 06 05 04 03 02 0.1

Figure 2. Nomogram of clinical variables for the prediction of overall survival rates.
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The C-index of the nomogram for OS was 0.647, 0.663, and
0.666 in the SEER database, validation group-1, and validation
group-2, respectively. The 1-year, 3-year, and 5-year predicted
AUC values of the nomogram were 0.659, 0.639, and 0.612 for
the training group, and 0.786, 0.758, and 0.692 for validation
group-1, and 0.805, 0.760, and 0.693 for validation group-2,
respectively (Fig. 3). To evaluate the validity of the constructed
nomogram, we calibrated the graph by applying 1000 bootstrap
sample corrections to both the training group and the validation
groups. The dashed diagonal represents the ideal line, where the

Clinicopathologic characteristics of patients with stage T1b-2N0-1

esophageal cancer in the Chinese cohort.

Total Validation group-1  Validation group-2

Characteristics (N=323, %) (N=172, %) (N=151, %)
Age (year)

<55 54 (16.7) 35 (20.3) 19 (12.6)

55-64 125 (38.7) 70 (40.7) 55 (36.4)

>65 144 (44.6) 67 (39.0) 77 (51.0)
Sex

Female 85 (57.3) 49 (28.5) 36 (23.8)

Male 238 (73.7) 123 (71.5) 115 (76.2)
Tumor location

Upper 10 (3.1) 10 (5.8) 0(0.0)

Middle 204 (63.2) 104 (60.5) 100 (66.2)

Lower 109 (33.7) 58 (33.7) 51 (33.9)
Histology

AC/ASC 5(1.5) 4(2.3) 10.7)

SCC 312 (96.6) 163 (94.8) 149 (98.7)

Other 6 (1.9 5(2.9) 1(0.7)
T stage

Tib 115 (35.6) 70 (40.7) 45 (29.8)

T2 208 (64.4) 102 (59.3) 106 (70.2)
N stage

NO 221 (68.4) 118 (68.6) 103 (68.2)

N1 102 (31.6) 54 (31.4) 48 (31.8)
Grade

Well 22 (6.9) 22 (12.9) 0(0.0)

Middle 243 (75.2) 116 (67.4) 127 (84.1)

Poorly 44 (13.6) 22 (12.8) 22 (14.6)

Unknown 14 (4.3) 12 (7.0) 2(1.3
Tumor size (cm)

<3 171 (52.9) 102 (59.3) 69 (45.7)

>3 141 (43.7) 62 (36.0) 79 (52.3)

Unknown 11 (3.4 8 (4.7) 3(2.0
Vascular infiltration

NO 275 (85.1) 148 (86.0) 127 (84.1)

Yes 48 (14.9) 24 (14.0) 24 (15.9)
Nerve invasion

NO 292 (90.4) 162 (94.2) 130 (86.1)

Yes 31(9.6) 10 (5.8) 21 (13.9)
ELN

<10 83 (25.7) 49 (28.5) 34 (22.5)

10-20 145 (44.9) 88 (51.2) 57 (37.7)

>20 95 (29.4) 35 (20.3) 60 (39.7)
Therapy

NS 27 (8.4) 22 (12.8) 5(3.3)

SA 214 (66.3) 116 (67.4) 98 (64.9)

ST 82 (25.4) 34 (19.8) 48 (31.8)

AC, Adenocarcinoma; ASC, Adenosquamous carcinoma; SCC, squamous cell carcinoma; ELN,
examined lymph nodes; NS, neoadjuvant therapy plus surgery; SA, surgery alone; ST, surgery plus
adjuvant therapy.

predicted probability matches the observed probability. The
decision curve analysis revealed that the prognostic nomogram
has strong clinical utility (Fig. 4). In conclusion, the OS prediction
model performed well in both validation groups.

Discussion

The tumor stage is one of the most crucial factors in determining
treatment choices for esophageal cancer. Early diagnosis and
early treatment can improve patient survival, interventional
endoscopic screening aids in enhancing the detection rate of early-
stage esophageal cancer!'®!, Although the accuracy of endoscopic
diagnostic techniques is increasing, pathologic factors such as T
stage, N stage, vascular infiltration, and grade cannot be accu-
rately assessed'™'”2%!, Unlike the efficacy of NS in advanced
esophageal cancer, its effectiveness in early-stage esophageal
cancer is much more controversial, with far fewer published
studies available. In studies of early-stage esophageal cancer, Rice
et al.*'and Zhang et al."”! found that the actual accuracy of EUS
staging was 13 and 28%, respectively. The staging of patients
with early esophageal cancer relies on the clinician’s experience,
and tailoring treatment decisions to individual patients increases
the reliance on clinician guidance.

A study by Mann et al.*?! showed no significant difference in long-
term survival between patients with cT1b esophageal cancer who
underwent neoadjuvant chemoradiation therapy compared to
upfront surgery. The 5-year OS rates were 49.4% versus 67.2%, with
an HR of 1.85 (95% CI: 1.36-2.52; P<0.05). Subgroup Cox ana-
lysis in our study showed no significant difference in CSS (HR =0.83,
95% CIL 0.33-2.10, P=0.698) and OS (HR=0.67, 95% CL
0.30-1.50, P=0.329) between patients with esophageal cancer at
stage T1b who underwent NS versus SA. In a study conducted by
Markar et al.®), 355 patients with cT2NOMO esophageal cancer were
included, the findings revealed that compared to upfront surgery,
neoadjuvant chemoradiotherapy resulted in more radical resections
(99 vs. 89%, P=0.031) and a better 5-year overall survival rate (46
vs. 33%, P=0.017). Rodriguez-Quintero et al'”! showed that
neoadjuvant chemoradiotherapy is associated with improved survival
compared to upfront surgery in cT2NOMO esophageal cancer
patients with tumor > 5 cm (HR =0.30, 95% CI: 0.17-0.36). Several
studies have found that receiving induction therapy does not sig-
nificantly improve the survival of cT2NOMO patients!*>=7),

Our results indicated that in the SEER database, patients
with stage T1b-2NO-1 esophageal cancer showed significant
improvements in CSS (HR =0.78, 95% CI: 0.63-0.96, P=0.019)
and OS (HR=0.78, 95% CI: 0.65-0.93, P=0.007) when com-
paring NS to SA. The NS group showed a significant improve-
ment in 3-year CSS rate (80.3 vs. 62.1%, P=0.016) and OS rate
(75.8 vs. 55.5%, P=0.006) compared to the SA group in stage
T1b-2NO-1 patients. Subgroup analyses revealed that stages T2
and N1 were populations in which neoadjuvant therapy was
beneficial, resulting in significant improvements in CSS and OS.
However, there was no significant difference between NS and ST
in the 3-year CSS rates (71.3 vs. 68.3% P=0.560) and OS rates
(69.8 vs. 62.9%, P=0.330).

After upfront surgical RO resection, the NCCN guidelines
(Version 4 for 2023) recommend adjuvant therapy for lymph
node-positive or pT2 stage with adenocarcinoma, but surveil-
lance is recommended for squamous cell carcinoma. A meta-
analysis showed that postoperative radiotherapy (N=1774)
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Figure 3. ROC curves (A,C,E) and calibration plots (B,D,F) for the nomogram training group, validation group-1, and validation group-2 predicting 1-year, 3-year,

and 5-year OS.

significantly improved OS (HR=0.86, 95% CIL: 0.79-0.93,
P<0.01) and disease-free survival (HR=0.74, 95% CI
0.63-0.87, P<0.01) compared to SA (N=23886)?%. A multi-
center real-world study (N=4189) by Yang W et al.'*’! showed
that N1 + stage patients were likely to benefit from the addition of
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adjuvant therapy compared to surgery alone. Though adjuvant
therapy did not improve overall survival for NO stage patients,
adjuvant therapy improved survival in patients with stage IIb-III
thoracic esophageal squamous carcinoma, with a 5-year OS and
disease-free survival of 26.4 vs. 37.1% (P=0.002) and 26.5 vs.



Xia et al. International Journal of Surgery (2025)

>

O The curves Net Benefit @ The curves Net Benefit

Net Benefit

The curves

Figure 4. Decision curve analysis of the nomogram for the OS prediction of esophageal cancer patients with T1b-2NO-1 shows 1-year, 3-year, and 5-year survival
benefits in the training group (A), validation group-1 (B), and validation group-2 (C). The curve indicates the net benefit of the nomogram model by summing the true

Training Group

1-year

3-year

5-year

04—

-
X tiiid

0.00 0.25 0.50 0.75 0.00 0.25 0.50 0.75 O.

None

— 1-year

Risk Threshold

- 3-year

[
00 0.25 0.50 0.75

— 5-year

— 1-year (All) — 3-year (All) — 5-year (All)
Validation Group-1
1-year 3-year 5-year
34
2
14
O T %‘ T T T T ‘ T T T ‘ T
0.0 0.2 0.4 0.6 0.0 0.2 0.4 0.6 0.0 0.2 0.4 0.6
None Risk Threshold
— 1-year — 3-year —5-year
— 1-year (All) — 3-year (All) —5-year (All)
Validation Group-2
1-year 3-year 5-year
.34
2 4
1A
.0 A 2“- [} (] lA

— 1-year (All)

None

1-year

positives and subtracting the false positives.

L |
0.00 0.25 0.50 0.75 0.00 0.25 0.50 0.75 0.00 0.25 0.50 0.75

Risk Threshold

- 3-year
— 3-year (All)

—5-year
—5-year (All)

77




Xia et al. International Journal of Surgery (2025)

32.7% (P=0.035) in the SA and ST groups, respectively, after
PSMI0!. Tt seems that the NCCN guidelines are too conservative
for the adjuvant treatment of patients with lymph node-positive
esophageal squamous carcinoma.

In our study, survival analyses of patients with T1b-2NO-1
esophageal cancer in the SEER database showed significant
improvement in CSS (HR =0.56, 95% CI: 0.32-0.98, P =0.044)
in N1 subgroups on ST versus SA, but not significant improve-
ment in OS (HR=0.65, 95% CI: 0.40-1.04, P=0.072). In
addition, there was no significant difference in 3-year CSS rates
(57.0 vs. 67.3%, P=0.380) and OS rates (54.3 vs. 61.8%,
P=0.480) for postoperative radiotherapy compared to post-
operative chemotherapy.

As demonstrated in our study, there is a cross-sectional rela-
tionship between survival, tumor size, grade, and vascular infil-
tration in stage T1b-2NO0-1 esophageal cancer (Supplementary
Figure S12-13, Supplemental Digital Content 8, http:/links.lww.
com/JS9/C870). For esophageal cancer patients with stage T2 or
N1 are more likely to benefit from neoadjuvant therapy. We have
developed and validated a nomogram for monitoring OS in
patients with stage T1b-2N0-1 esophageal cancer, which could
assist clinicians personalize treatment recommendations for these
cohort of patients.

Our study utilized a PSM approach to mitigate intergroup bias
and compared the impacts of various treatments on the survival
of patients diagnosed with early-stage esophageal cancer in both
the SEER database and the Chinese cohort, the results provides
additional evidence of an interaction between important clin-
icopathological characteristics of early esophageal cancer and
survival, we can scientifically maximize the value of databases by
leveraging their strengths. Meanwhile, it is important to recog-
nize the limitations of the database and consider the impact of
variations in the study population’s origin on the findings.

The number of patients in our study was limited, however, our
analysis focused on stage T1b-2NO0-1 esophageal cancer patients
and found that neoadjuvant therapy can provide a survival
benefit in this patient cohort. We believe that a prospective,
randomized clinical trial comparing NS with SA in patients with
T1b-2NO0-1 esophageal cancer is necessary to further validate
these findings.

Conclusions

For patients with stage T1b-2N0-1 esophageal cancer, neoadju-
vant therapy significantly improves long-term survival compared
to surgery alone but fails to improve survival outcomes compared
to adjuvant therapy, those presenting with positive lymph nodes
after upfront surgery can achieve survival benefits from adjuvant
therapy.
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