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Objectives: To evaluate the outcomes of adjuvant
radiotherapy in patients with esophageal cancer (EC)
who underwent esophagectomy following neoadjuvant

chemoradiotherapy (NCRT).

Methods: The data of EC patients who received adjuvant
therapy after NCRT between 2004 to 2019 was retrieved
from the SEER database. The patients were split into the
adjuvant radiotherapy with or without chemotherapy
(RT+CT) and the adjuvant chemotherapy (CT) groups.
The process of propensity score matching (PSM) was
employed.
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Results: Following PSM, 157 patients in total were
recruited in each treatment group. There were no
significant variations in either overall survival (OS) or
cancer-specific survival (CSS) between the RT+CT and
CT groups (median OS: 28 months versus. 51 months,
=0.063; median CSS: 31 months versus. 52 months,
=0.16). Within the CT group, patients with ypl/II
or cl/II tumor stage, positive lymph node ratio (LNR)
<0.1, and tumor size 250 mm (p<0.05) had higher OS
compared to the RT+CT groups. Among patients with
cT3-4 tumors in N-stage downstaging group, the OS
and CSS were significantly greater for those underwent
RT+CT as opposed to the CT group (5-year OS:56.6%
versus  19.4%, p=0.042; 5-year CSS:67.9% versus.
19.4%, p=0.023). Multivariate Cox regression analysis
identified the tumor histology grade as an independent
prognostic factor of OS and CSS.

Conclusion: Radiotherapy-based adjuvant therapy does
not significantly improve the prognosis of EC patients
after NCRT, although it may provide a survival benefit
for patients with cT'3-4 tumors in N-stage downstaging.
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Previous research demonstrated that patients with
resectable esophageal cancer (EC) can experience
considerably higher survival rates while receiving
neoadjuvant chemoradiotherapy (NCRT) in addition
to esophagectomy.! Therefore, NCRT is recommended
as the standard treatment modality for patients with
resectable EC in the NCCN guidelines (version
2.2023).* Nevertheless, the survival chances after surgical
resection following NCRT are still dismal, with distant
metastases and local recurrence being the primary causes
of failure.>” Hence, there is an urgent need for a more
effective postoperative management model to enhance
the long-term survival prognosis of patients. While
some research indicates that postoperative adjuvant
therapy boosts survival rates for EC patients undergoing
NCRT, there is ineflicient comparison of postoperative
adjuvant treatment modes.®® The role of postoperative
adjuvant radiotherapy in the management paradigm
remains unclear. Hence, this research aims to assess the

outcomes of postoperative adjuvant radiotherapy in EC
patients after NCRT using SEER database.

Methods. The clinical information of individuals
diagnosed with EC between 2004 and 2019 were
obtained from the Surveillance, Epidemiology, and End
Results (SEER) database. The permission to access the
SEER Research Plus database was obtained on Nov
2021 Sub (2000-2019). This study was conducted
in The Fourth Hospital of Hebei Medical University,
Hebei, China. Previous studies related to this project
can be searched through PubMed and Web of science.

The inclusion criteria were i) The pathological
diagnosis indicated primary esophageal cancer;
ii) received preoperative chemoradiotherapy; iii)
received esophagectomy; iv) received adjuvant therapy.
The exclusion criteria were i) staging at M1/MX
stage and TX/NX stage (AJCC 8th); ii) Unknown
preoperative and postoperative treatments.

The screening process is shown in Figure 1. The
adjuvant chemotherapy (CT) group and the adjuvant
radiotherapy with or without chemotherapy (RT+CT)
group comprised the included patients. The study used
established data and did not involve interaction with
patients. Approval has been granted by our Institutional
Review Board, and this research strictly adhered to the
principles outlined in the Helsinki Declaration.

Disclosure. Authors have no conflict of interests, and the
work was not supported or funded by any drug company.

Statistical analysis. The Chi-square test was employed
to compare the baseline characteristics between the
RT+CT and CT groups. Propensity score matching (1:1)
was performed for age, tumor histology, histological
grade, tumor location, T stage (yp/c), number of lymph
nodes (LNs) removed, and count of pathologically
positive LNs (ypN) using the Stata software (version
16.0). The Kaplan-Meier method was employed to
estimate overall survival (OS) and cancer-specific
survival (CSS), and the log-rank test was performed to
compare survival curves. Forest plots showed the results
of subgroup analysis. Ultimately, variables associated
with OS and CSS after PSM were identified using
univariate and multivariate Cox regression models. The
multivariate analysis included variables that showed a
p-value of 0.2 or less in the univariate model. Statistical
analyses were performed using IBM SPSS Statistics for
Windows, version 26.0 (IBM Corp., Armonk, N.Y.,
USA). The forest plots and survival curves were plotted
using the “survminer” and “forestplot” packages of R
statistical software (version 4.2.2). A 2-sided p-value
<0.05 was deemed statistically significant.

Results. An entire group of 489 patients were
included for this analysis. After PSM, 314 patients were
analyzed and classified into the RT+CM group (n=157)
and the CT group (n=157). The clinicopathological
features of the 2 groups did not differ significantly,
according to the results of the Chi-square test. Table 1
displays the study population’s baseline characteristics.
Survival analysis before PSM.

Before PSM, the group as a whole had median OS
(mOS) and CSS durations of 34 months (95% Cl, 30-43
m) and 38 months (95% Cl, 31-49 m) before PSM. In
addition, the 3-year OS and CSS rates were 48.6% and
50.4%, and the 5-year OS and CSS rates were 35.5%
and 37.9%. The mOS duration was 42 months (95%
Cl, 32-54m) in the CT group and 28 months (95% Cl,
23-35m) in the RT+CT group, and the difference was
not significant (p=0.096). Likewise, the median CSS
(mCSS) durations in the CT and RT+CT groups were
also similar (p=0.22, Figure 2A) at 44 months (95% ClI,
34-54m) and 31 months (95% Cl, 25-41m). The 3-year
OS (54% vs. 38.9%, p=0.096) and CSS (55% versus.
41.9%, p=0.22) rates were greater in the CT group,
whereas the 5-year or long-term survival rates were
similar in both groups (5-year OS:36.9% versus32.3%,
£=0.096; 5-year CSS:37.9% versus 38%, p=0.22).

Survival analysis after PSM. After PSM, the CT
and RT+CT groups had mOS durations of 51 months
(95% Cl, 31-58 m) and 28 months (95% Cl, 23-35 m)
(p=0.063), and the mCSS durations were 31 months
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Figure 1 - Inclusion and exclusion flow diagram for SEER EC patients who received adjuvant therapy after esophagectomy following NCRT between
2004 to 2019. EC: sophageal cancer, NCRT: neoadjuvant chemoradiotherapy

(95% Cl, 25-41 m) and 52 months (95% Cl, 32-77 m)
(p=0.16, Figure 2B). In contrast to the RT+CT group,
the 3-year OS (56% versus 38.9%, p=0.063) and CSS
(56.4% versus 41.9%, p=0.16) rates of the CT group
were higher. In contrast, the 5-year OS (39.7% versus
32.3%, p=0.063) and CSS (40.7% versus 38%), p=0.16)
rates were similar for both groups.

We next evaluated the survival of the 2 treatment
groups across the different clinical subgroups, including
overall TNM stage, ypN stage, T stage (yp/c), number
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of nodes excised, tumor size, and positive lymph node
ratio (LNR). The OS of the CT group was considerably
superior than that of the RT+ CT group among patients
with ypI/II stage tumors (mOS: 54 m versus 24 m,
=0.008), cI/Il stage tumors (mOS: 124 m versus 27 m,
=0.033), tumor size 250 mm (mOS: 54 m versus 30
m, p=0.023) and LNR <0.1 (mOS: 56 m versus 33 m,
=0.035). Furthermore, the CSS was also significantly
higher for the CT group among the individuals
with stage ypl/II tumors (mCSS: 54 m versus 24 m,
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Table 1 - Baseline characteristics of patients included in the analysis before and after propensity score matching (PSM).

The value of RT after NRCT in EC ... An et al

Characteristic Before PSM After PSM
RT+CT (n,%) CT (n,%) P-value RT+CT (n,%) CT (n,%) P-value
Total n=157 n=332 n=157 n=157
Age
<65 87 (55.4) 221 (66.6) 0.017 87 (55.4) 87 (55.4) 10
>65 70 (44.6) 111 (33.4) ' 70 (44.6) 70 (44.6) ’
Gender
Male 133 (84.7) 299 (90.1) 133 (84.7) 141 (89.8)
Female 24 (15.3) 33 (9.9) 0.085 24 (15.3) 16 (10.2) 0.176
Race
White 142 (90.4) 313 (94.3) 012 142 (90.4) 146 (93.0) 0.413
Black and others 15 (9.6) 19 (5.7) ’ 15 (9.6) 11 (7.0) '
Tumor histology
AC 124 (79.0) 294 (88.6) 0.005 124 (79.0) 125 (79.6) 0.889
SCC and others 33 (21.0) 38 (11.4) ' 33 (21.0) 32 (20.4) '
Histological grade
Well 5(3.2) 18 (5.4) 5(3.2) 8(5.1)
Moderate 59 (37.6) 115 (34.6) 0.179 59 (37.6) 47 (34.6) 0.400
Poor/undifferentiated 70 (44.6) 168 (50.6) ’ 70 (44.6) 81 (52.9) '
Unknown 23 (14.6) 31(9.3) 23 (14.6) 21 (7.4)
Tumor location
middle 16 (10.2) 12(4.8) 16 (10.2) 11 (7.0)
lower 130 (82.8) 292(88.0) 0.081 130 (82.8) 133 (84.7) 0.569
others 11 (7.0) 24(7.2) 11 (7.0) 13 (8.3)
AJCC 8th Tumor, Node, Metastasis stage*
yp /11 24 (15.3) 27 (8.1) 24 (15.3) 25 (15.9)
vp III 19 (12.1) 35 (10.5) 19 (12.1) 21 (13.4)
yp IVA 4(2.5) 17 (5.1) 4(2.5) 10 (6.4)
cl/II 25 (15.9) 35 (10.5) 25 (15.9) 27 (17.2)
cllI 56 (35.7) 124 (37.3) 0.064 56 (35.7) 48 (30.6) 0.811
cIVA 4(2.5) 16 (4.8) 4(2.5) 5(3.2)
/11 (unknown) 7 (4.5) 15 (4.5) 7 (4.5) 8(5.1)
III (unknown) 16 (10.2) 54 (16.3) 16 (10.2) 11 (7.0)
IVA (unknown) 2 (1.3) 9 (2.7) 2 (1.3) 2 (1.3)
AJCC 8th T stage*
ypT1-2 16 (10.2) 12 (3.6) 16 (10.2) 11 (7.0)
ypT3-4 31(19.7) 67 (20.2) 31 (19.7) 45 (28.7)
cT1-2 24 (15.3) 29 (8.7) 24 (15.3) 16 (10.2)
(T34 61 (38.9) 146 (44.0) 0-003 61 (38.9) 64 (40.8) 0351
T1-2 (unknown) 10 (6.4) 19 (5.7) 10 (6.4) 9(5.7)
T3-4 (unknown) 15 (9.6) 59 (17.8) 15 (9.6) 12 (7.6)
AJCC 8th ypN stage 0.011 0.721
ypNO 68 (43.3) 109 (32.8) 68 (43.3) 66 (42.0)
ypN1 38 (24.2) 106 (31.9) 38 (24.2) 42 (26.8)
ypN2 20 (12.7) 60 (18.1) 20 (12.7) 22 (14.0)
ypN3 9(5.7) 31(9.3) 9(5.7) 12 (7.6)
Unknown 22 (14.0) 26 (7.8) 22 (14.0) 15 (9.6)
Number of nodes removed
<15 74 (47.1) 149 (44.9) 74 (47.1) 68 (43.3)
>15 69 (43.9) 169 (50.9) 0.071 69 (43.9) 81 (51.6) 0.241
Unknown 14 (8.9) 14 (4.2) 14 (8.9) 8 (5.1)
LNR (positive lymph node ratio)
<0.1 89 (56.7) 173 (52.1) 89 (56.7) 90 (57.3)
>0.1 43 (27.4) 130 (39.2) 0.008 43 (27.4) 50 (31.8) 0.358
Unknown 25 (15.9) 29 (8.7) 25 (15.9) 17 (10.8)
Tumor size
<50mm 76 (48.4) 137 (41.4) 76 (48.4) 67 (42.7)
>50mm 49 (31.2) 126 (38.0) 0.271 49 (31.2) 60 (38.2) 0.419
Unknown 32 (20.4) 69 (20.8) 32 (20.4) 30 (19.1)

*The staging provided in the database was further subdivided into yp and c stages based on the “CS Lymph Nodes Eval (2004-2015)” field extracted
from the SEER data. 2018-2019 was not marked with a staging type and was defined as unknown. AC: Adenocarcinoma, SCC: Squamous cell
carcinoma, AJCC: American Joint Committee on Cancer, RT+CT: radiotherapy with or without chemotherapy
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Figure 2 - Kaplan-Meier curves of overall survival (OS) and cancer-specific survival (CSS) for patients who underwent CT and RT+CT. A) Curve showed
the CSS for the entire cohort before PSM. B) Curve showed the CSS for the entire cohort after PSM. C & D) Survival curves showed the OS
and CSS for the patients with cT3-4 stage. E & F) Survival curves showed the OS and CSS for patients with N-stage downstaging group (ypN
stage is lower than the cN stage). G and H survival curves showed the OS and CSS for patients with ¢T'3-4 tumors in N-stage downstaging.
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£=0.005). The outcome hazard ratios for CSS are shown
in Figure 3.

Moreover, Kaplan—Meier analysis stratified by the
ypT stage, ypN stage, and the number of LNs removed
revealed a significant variance in the OS among the
two groups only in the ypNO-1 subgroup (mOS: 56 m
versus 31 m, p=0.021), indicating that patients receiving
CT had an obvious survival advantage. In contrast,
RT+CT did not confer any survival benefit to patients
with ypT3-4 stage tumors (mOS: 41 m versus 23 m,
£=0.13; mCSS: 51 m versus 24 m, p=0.2) and removal
of fewer than 15 lymph nodes (mOS: 38 m versus 25
m, p=0.081; mCSS: 38 m versus 25 m, p=0.19).

Based on the initial N stage (cN) and the ypN
stage, we further divided the patients into the N-stage
non-downstaging group (ypN stage consistent with ¢cN
stage) and the N-stage downstaging group (ypN stage
lower than the cN stage). In the downstaging group, the
RT+CT group had marginally higher survival compared
to the CT group (p=0.54, Figure 2E). Moreover, the
RT+CT group had somewhat improved 3-year OS
(p=0.54, Figure 2E) and CSS (p=0.3, Figure 2F) rates.
Furthermore, patients in the RT+CT group who were
initially staged as cT'3-4 showed a slight improvement in
5-year or long-term OS (p=0.423, Figure 2C) and CSS
(p=0.734, Figure 2D). The OS (p=0.0442, Figure 2G)
and CSS (p=0.023, Figure 2H) rates were significantly
better for ¢T3-4 stage patients in the RT+CT group
with N-stage downstaging, whereas no survival benefit
was observed in the absence of N-stage downstaging
(5-year OS: 28.5% versus 38.4%, p=0.063; 5-year CSS:
31.2% versus 38.4%, p=0.12).

Univariate and multivariate analyses. Univariate
analysis revealed that histological tumor grade, total
TNM stage, T stage (yp/c), ypN stage, and LNR were
all significantly correlated with OS and CSS (p<0.05).
Additionally, the tumor histology grade was found to
be an independent predictive predictor for both OS
and CSS using multivariate Cox regression analysis.
Poor/undifferentiated tumors and ypN3 stage were
independent predictors of worse CSS (Figure 4).

Discussion. As recommended by the NCCN
guidelines (version 2.2023), there is no definitive
agreement on the utilization of a radiotherapy-based
adjuvant approach following NCRT or NAC for EC
patients, regardless of margin status. Recently, multiple
studies have indicated that postoperative adjuvant
chemoradiotherapy can enhance the survival of some
EC patients after NCRT.*®* However, the role of
postoperative radiotherapy in them was not further
explored in these studies. Therefore, we compared the

OS and CSS of EC patients who received RT+CT or
CT as postoperative adjuvant therapy after NCRT
using data retrieved from the SEER database. Our
findings indicate that RT+CT did not confer any
significant survival benefit to the patients compared
to CT (p>0.05). This may be attributed to the adverse
effects of re-radiation, such as radiation-induced
esophagitis or pneumonia, or the hematological
complications, which can affect patient survival. In
contrast, chemotherapy has a relatively good safety and
tolerability profile.”'® Furthermore, the radiation dose
is also a significant factor in the translation of the local
effects of radiotherapy to long-term survival.

Previous researches have demonstrated that
postoperative  adjuvant  chemoradiotherapy  can
effectively improve the survival rate of EC patients
whose tumors are at theypT3-4 stage or persistent
positive lymph nodes (ypN+) after NCRT. However,
the control arm in these studies consisted of patients
who did not receive postoperative adjuvant therapy.”*
Therefore, we also analyzed the ypN+ or ypT3-4
subgroups in our study, and found that there was no
survival benefit of RT+CT versus CT in the ypN+
patients, especially those staged as ypN1. This is
similar to previous reports that showed a survival
benefit of adjuvant chemotherapy but not of adjuvant
radiotherapy in patients with ypN+ following NCRT.!* "5
We hypothesize that the insignificant improvement in
patient survival after adjuvant radiotherapy following
NCRT may be the result of increased re-radiation-
induced toxicity. However, there are few studies have
focused on reducing the toxicity of re-irradiation after
NCRT, and only some have mentioned the issue of
radiation dose. In one study, conventional fractionated
irradiation with 20-30Gy selected on the basis of the
dose and risk-tolerant organs of NCRT resulted in
better tolerance.” Nevertheless, another study showed
that >45Gy conventional fractionated irradiation did
not improve patient survival, although the toxicity was
not recorded.” Therefore, the dose of re-irradiation
warrants further consideration. Unfortunately, since
the SEER database does not contain information
regarding the radiation dose and toxicity, we were
not able to validate the impact of the radiation dose
on patient survival. Furthermore, the OS and CSS
were worse in the RT+CT group compared to the CT
group for patients with ypT3-4 tumors. We hypothesize
that some patients in this group did not respond well
to chemoradiotherapy and did not have a significant
reduction in the T stage following NCRT, which
likely resulted in low sensitivity to re-irradiation, and
eventually shorter survival duration. Interestingly,
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Subgroup CT RTICT HR (95%Cl) P-Vaule
All Patients 157 157 0.805 (0.591-1.096) 0.168 e
Age
<65 87 87 0.825 (0.547-1.244) 0.358 ——
265 70 70 0.816 (0.510-1.306) 0.397 —H—
Gender
Male 141 133 0.823 (0.592-1.144) 0.245 —H-
Female 16 24 0.610 (0.231-1.608) 0.317 —a——
Race
White 146 142 0.859 (0.624-1.183) 0.352 ——
Black and others 1 15 0.248 (0.063-0.972) 0.045 ;-
Tumor histology
AC 125 124 0.846 (0.599-1.194) 0.341 —H—
SCC and others 32 33 0.606 (0.296-1.241) 0.171 ———
Histological grade
Well 8 5 0.651 (0.142-2.997) 0.582 —
Moderate 47 59 0.849 (0.459-1.569) 0.601 ——
Poor/Undifferentiated 81 70 0.830 (0.552-1.248) 0.371 ———
Tumor location
Middle 1M 16 0.542 (0.137-2.141) 0.382 ——
Lower 133 130 0.807 (0.579-1.125) 0.206 —-
Others 13 1 0.849 (0.272-2.651) 0.778 —H
TNM stage*
yp /1l 25 24 0.400 (0.205-0.781) 0.007 -
yp Il 21 19 1.129 (0.540-2.358) 0.747 ——
yp IVA 10 4 0.724 (0.173-3.037) 0.659 —n
c i 27 25 0.519 (0.216-1.249) 0.143 —a——
cli 48 56 1.026 (0.587-1.795) 0.928 ——
C IVA 5 4 0.507 (0.110-2.351> 0.386 ——]
T stage*
ypT1-2 1 16 0.862 (0.374-1.991) 0.729 —
ypT3-4 45 31 0.704 (0.407-1.218) 0.209 ——1—
cT1-2 16 24 0.250 (0.055-1.150) 0.075 -
cT3-4 64 61 0.921 (0.568-1.492) 0.737 ——
ypN stage*
ypNO 66 68 0.739 (0.443-1.233) 0.247 ———
ypN+ 77 76 0.794 (0.522-1.208) 0.282 ——
Number of nodes removed*
<15 68 74 0.748 (0.479-1.168) 0.202 ———
=215 81 69 0.780 (0.490-1.242) 0.295 ———
LNR*
<0.1 90 89 0.696 (0.453-1.070) 0.099 ——
>0.1 50 43 0.799 (0.471-1.354) 0.404 ——
Tumor size*
<50mm 67 76 0.889 (0.553-1.430) 0.629 ——
=250mm 60 49 0.638 (0.372-1.095) 0.103 ——

1

Figure 3 - Forest plot for esophageal cancer patients in the subgroup analysis (CT vs RT+CT). Hazard ratio (HR) with 95% confidence interval (Cl) for
death in terms of the cancer-specific survival (CSS) of patients with esophageal cancer who underwent CT or RT+CT. P-values of the Cox
proportional hazards regression are reported. The left side of the invalid line indicates that CT is better and the right side of the invalid line
indicates that RT+CT is better.
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Univariate Cox regression analysis
Subgroup
Age
<65 vs 265)
Sex
Male vs Female
Race
White vs Black or others
Tumor histology
AC vs SCC and others
Tumor location*
Middle vs Lower
Tumor size*
<50mm vs 250mm
number of nodes removed*
<15vs 215
Grade*
Well vs Poor/undifferentiated
Moderately vs Poor/undifferentiated
TNM Stage*
yp I/l vs c I/ IVA
yp HI/IVA vs c llI/IVA
c I/l vs c lli/ IVA
T Stage*
ypT1-2 vs cT3-4
ypT3-4 vs cT3-4
cT1-2 vs cT3-4
ypN stage*
ypNO vs ypN3
ypN1 vs ypN3
ypN2 vs ypN3
LNR*
>0.1vs <0.1
Radiotherapy
no vs yes

Multivariate Cox regression analysis

number of nodes removed*
<15 vs 215
Grade*
Well vs Poor/undifferentiated
Moderately vs Poor/undifferentiated
TNM Stage*
yp I/l vs c I/ IVA
c/llvs c I/ IVA
T Stage*
ypT1-2 vs cT3-4
ypT3-4 vs cT3-4
cT1-2 vs cT3-4
ypN stage*
ypNO vs ypN3
ypN1 vs ypN3
ypN2 vs ypN3
LNR*
>0.1 vs =0.1
Radiotherapy*
no vs yes

in the analysis)

HR (95%Cl)
0.946(0.693-1.292)
1.001(0.620-1.616)
1.272(0.690-2.346)
1.151(0.782-1.696)
0.727(0.382-1.381)
0.906(0.636-1.292)
1.261(0.919-1.731)

0.939(0.435-2.025)
0.594(0.412-0.858)

1.225(0.807-1.859)
1.539(1.026-2.310)
0.657(0.398-1.085)
1.454(0.909-2.328)
1.179(0.819-1.696)
0.384(0.207-0.713)
0.327(0.184-0.582)
0.480(0.266-0.868)
0.580(0.303-1.110)
0.597(0.425-0.838)

0.805(0.591-1.096)

1.154(0.777-1.714)

1.435(0.568-3.628)
0.582(0.382-0.887)

0.986(0.447-2.038)
1.306(0.656-2.598)

1.575(0.718-3.452)
1.310(0.771-2.226)
0.459(0.204-1.033)
0.334(0.114-0.980)
0.583(0.262-1.298)
0.561(0.264-1.193)
0.878(0.448-1.719)

0.804(0.551-1.173)

P-Vaule
0.997
0.441 — -
0.475 — -
0.33 —
0.587 ——
0.151 S B
0.02
0.872 —
0.005 -
0.012
0.341 1
0.037 I E—
0.101 ——
0.001
0.119 1T
0.377 B i
0.002  -m—
0.001
0 -
0.015 ——
0.1 -
0.003 -
0.168 —
0.478 —
0.022
0.445 =
0.012 —_—
0.718
0.969 —
0.447 —
0.114
0.257 L
0.318 —
0.06 ——
0.168
0.046 ———]
0.187 —
0.133 ——
0.704 —
0.258 —

heeps://smj.org.sa
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Figure 4 - Univariate and multivariate Cox regression analysis of factors affecting Cancer-specific survival (CSS). (*unknown subgroups were not included
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RT+CT improved the survival of patients with N-
stage downstaging (Figure 2), indicating that these
patients had superior response to chemoradiotherapy,
and the therapeutic advantages of re-irradiation
likely outweighed its toxic side effects. Therefore, the
response of patients to NCRT may affect the result of
postoperative adjuvant radiotherapy.

Some studies have shown that even though patients
with the initial ¢T3-4 stage can achieve complete
pathological remission (pCR) following NCRT, over
30% of the patients still experience recurrence after
surgery, and the initial 13-4 stage is still an independent
risk factor for tumor recurrence.'® However, fewer
studies have demonstrated that EC patients at the
cT3-4 stage require postoperative adjuvant therapy
following NCRT. We observed a trend towards 5-year
and longer survival rates of patients with ¢T3-4 stage in
the RT+CT group, although there was no statistically
significant distinction among the RT+CT and CT
groups (Figure 2). Moreover, patients at the ¢13-4 with
N-stage downstaging had a significantly higher survival
rate in the RT+CT group. In the absence of N-stage
downstaging, however, patients receiving RT+CT
did not have a survival advantage. This indicated
that patients who achieve N-stage downstaging may
benefit from postoperative radiotherapy. We were
unable to ascertain whether T-stage downstaging was
achieved after NCRT in this subgroup due to database
restrictions. Nevertheless, we hypothesize that re-
irradiation may improve survival in patients with T/N
stage downstaging,.

The subgroup analysis showed that patients with
stage cl/Il and ypl/Il tumors did not benefit from
postoperative adjuvant radiation in terms of OS
(p<0.05). Specifically, most of these patients had
early-stage cancer without lymph node metastases
(T2-3NOMO0), and were therefore at a lower risk
of recurrence.”” Re-radiotherapy may cause more
detrimental side effects, and may be less beneficial to
patient survival. Second, according to the findings of
the CROSS trial, patients who underwent NCRT and
esophagectomy had a higher likelihood of developing
distant metastases rather than localized isolated
recurrence, suggesting that local radiotherapy may offer
limited advantages.*'® For patients in stage cI/II, there
remains controversy regarding the necessity to intensify
postoperative adjuvant therapy. Given the data from
this study, it appears that these patients often present
with unfavorable factors that can impact postoperative
survival, including ¢T3 stage, tumor length exceeding
50 mm, and low pathological differentiation grade. We
hypothesize that these factors could be significant drivers
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for considering adjuvant therapy in patients at stage
cl/II. Furthermore, despite tumor length being a crucial
prognostic factor for EC patients with ¢T1-2 stage,
and the fact that longer tumor lengths correlate with a
heightened risk of recurrence and distant metastasis.">'
Unfortunately, RT+CT did not enhance OS or CSS in
these patients. Hence, the selection of adjuvant therapy
needs to be considered in combination with the risk of
postoperative recurrence and treatment tolerance.

The number of positive lymph nodes after NCRT
significantly affects patient prognosis.”* However, it is
unclear how many lymph nodes should be removed
from the patients after NCRT.** Following the
recommendations of a review, we conducted a subgroup
analysis with removal of at least 15 LN as the cut-off.*
However, adjuvant radiotherapy did not confer a
survival benefit in either subgroup. This may be related
to the increase in adverse effects after re-radiation. At
the same time, neither the univariate nor multivariate
analyses showed a correlation between the number of
LNs and the prognosis (p>0.05). According to a study
that evaluated the outcomes of LN dissection for rectal
cancer following NCRT, this may be connected to
tumor regression grade after NCRT, and may decrease
the number of lymph nodes that need to be removed
if the regression grade is favorable.”” However, another
study showed that lymph node removal should be
performed for EC patients regardless of the response
to NCRT.*** Further randomized clinical trials are
required to address this issue. Some studies have shown
that the LNR is more helpful in predicting OS of
patients with esophageal cancer following NCRT, and
high LNR (>0.1) is a risk factor for recurrence.’®! This
is consistent with the findings of the univariate analysis
in this study. According to the subgroup analysis, we
found that postoperative adjuvant radiotherapy failed
to enhance the OS in patients with LNR <0.1, which is
not surprising given the minimal risk of recurrence in
these patients.

Study limitations. It is noteworthy that the
predominant histological type (79.3%) in our cohort
was esophageal adenocarcinoma (EAC). However,
patients with adenocarcinoma, have a lower probability
of local recurrence and a higher rate of hematogenous
metastasis when compared to those with squamous cell
carcinoma (ESCC).* Thus, systemic therapy may be
more successful than local radiation in EAC patients.
Furthermore, our findings may not pertain to patients
with tumors in the upper or middle third part of the
esophagus since the predominant tumor location in our
cohort was the lower third of the esophagus (83.7%).
More rigorous clinical trials are needed to resolve this
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issue. As this study included some cases with close or
positive surgical margin status, it may not be entirely
suitable for patients with RO resection and needs to be
considered with caution by investigators. Additionally, as
the study was retrospective, selection bias was inevitable
even with the use of PSM to reduce confounding bias.
Second, information about radiotherapy target areas,
doses, equipment, and chemotherapy regimens is not
included in the SEER database. Finally, prognostic
factors such as the interval between NCRT and surgery,
the condition of the postoperative margins, and the
degree of pathological regression following NCRT were
also not evaluated. All of these concerns may affect the
reliability of our results.

Implications of findings for future research. This
article explores the relevance of postoperative adjuvant
therapy following NCRT in EC patients. Our findings
indicate a potential benefit of postoperative adjuvant
radiotherapy, particularly for patients getting cT3-4
tumors in N-stage downstaging. This suggests that
individuals presenting adverse prognostic factors and
experiencing N-stage downstaging after neoadjuvant
therapy might derive greater advantage from
postoperative adjuvant therapy. However, the decision
to opt for postoperative adjuvant radiotherapy must
be tailored to each patient, considering factors like
radiotherapy dose, the scope of the radiotherapy target
area, and the chemotherapy regimen. These aspects
merit further examination and deliberation. We
expect the insights gained from this study to provide a
significant reference for determining surgical adjuvant
treatments following neoadjuvant immunotherapy.

In conclusion, radiotherapy-based adjuvant therapy
does not significantly improve the prognosis of EC
patients after NCRT, although it may provide a survival
benefit for patients with cT3-4 tumors in N-stage
downstaging.
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