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Abstract: This study aimed to investigate the long-term clinical outcomes of patients with esophageal squamous
cell carcinoma (ESCC) undergoing neoadjuvant chemoradiotherapy (nCRT) followed by esophagectomy with residual
disease and to identify relevant clinicopathological prognostic factors. A total of 106 patients who underwent nCRT
and surgery were identified. The chemotherapy regimen consisted of cisplatin plus 5-fluorouracil every 4 weeks,
along with weekly carboplatin combined with paclitaxel, and the prescribed radiotherapy dose was either 41.4 Gy or
50.4 Gy. Most patients experienced tumor stage migration following nCRT and esophagectomy, such as upstaging
or downstaging. Patients with ESCC undergoing trimodality therapy were categorized into three groups based on re-
sidual tumor status: ypT+N+, ypT+NO, and ypTON+. In our cohort, the median disease-free survival (DFS) and over-
all survival (0OS) were 8.2 months and 14.0 months, respectively. Pathological T status emerged as an independent
prognostic factor associated with DFS and OS in both univariate and multivariate analyses. Patients with upstaging
demonstrated inferior DFS and OS compared to those without upstaging, while patients experiencing downstaging
showed superior DFS and OS compared to those without downstaging. Furthermore, DFS and OS appeared relative-
ly worse in patients with ypT+N+ compared to those with ypT+NO and ypTON+. In conclusion, pathological T status
serves as an independent prognostic factor for DFS and OS in ESCC patients with residual disease following nCRT
and surgery, and prognosis is significantly correlated with upstaging or downstaging after nCRT. Identifying patients
with the poorest prognosis is important, as additional adjuvant treatment may be necessary.

Keywords: Esophageal cancer, squamous cell carcinoma, neoadjuvant chemoradiotherapy, surgery, residual tu-
mor, non-pathologic complete response

Introduction

Esophageal squamous cell carcinoma (ESCC)
poses a significant challenge in healthcare,
ranking as the ninth leading cause of cancer-
related deaths in Taiwan due to its aggressive
nature and poor prognosis [1]. With global life
expectancy on the rise, ESCC presents an
increasing burden on healthcare systems.
Diagnosis often occurs at an advanced stage
due to the absence of clear symptoms, neces-

sitating a multidisciplinary approach for effec-
tive management. Definitive chemoradiothera-
py is commonly employed for locally advanced
ESCC and is considered a standard treatment
[2]. Additionally, neoadjuvant chemoradiothera-
py (NCRT) followed by esophagectomy, known
as trimodality therapy, is gaining traction as it
enhances surgical resectability and reduces
local recurrence rates [2-5]. Recently, proton-
based chemoradiotherapy revealed compara-
ble survival outcomes with traditional chemora-
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diotherapy in ESCC, including trimodality thera-
py [6, 7]. Additionally, incorporating immuno-
therapy into nCRT followed by esophagectomy
demonstrated safe and acceptable rates of
minimally invasive surgery [8, 9]. However,
despite extensive research efforts, the 5-year
survival rate remains low at approximately
30% [10].

The CROSS trial, a multicenter randomized con-
trolled trial, revealed that nCRT followed by
esophagectomy significantly improved overall
survival (0S) compared to surgery alone [4].
The response to nCRT, particularly achieving
a pathologic complete response (pCR) where
there is no evidence of disease in the resected
esophagus and lymph nodes, strongly influenc-
es prognosis. Previous studies have reported
pCR rates ranging from 17% to 29% after nCRT
[4, 11-15]. Notably, achieving pCR has been
consistently linked to prolonged OS compared
to non-pCR cases [11, 12, 16]. In addition,
there were some prognostic factors which were
associated with poor prognosis. Hamai et al.
showed that performance status 1 and ypN+
status have been identified as indicators of
worse disease-free survival (DFS) and 0S, in
addition to pCR [12]. Another study highlighted
that patients with pCR exhibited the highest
5-year OS rate, followed by those with ypT+NO,
ypTON+, and ypT+N+ statuses (62%, 49%,
47%, and 22%, respectively) [11]. Hence, ESCC
patients without pCR following trimodality ther-
apy tend to have poorer OS outcomes com-
pared to those achieving pCR. In the Check-
Mate 577 trial, a global phase 3 randomized
double-blind study, the role of nivolumab in the
adjuvant setting following trimodality therapy
was evaluated for ESCC patients with residual
tumors (non-pCR). Results indicated that ad-
juvant nivolumab significantly improved DFS
compared to placebo, representing a notewor-
thy clinical advancement [17, 18].

In general, achieving a pCR is recognized as a
crucial prognostic indicator for both DFS and
OS in patients undergoing trimodality treat-
ment. Furthermore, adjuvant nivolumab has
demonstrated significant enhancements in sur-
vival outcomes for patients who do not attain
pCR. Nevertheless, the correlation between
prognostic factors and clinical outcomes in
ESCC patients with residual disease (non-pCR)
following nCRT and esophagectomy remains
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uncertain. Currently, there exists inadequate
evidence concerning the long-term outcomes
of this specific patient cohort. Thus, the prima-
ry objective of this study is to investigate the
long-term clinical outcomes of ESCC patients
who underwent nCRT followed by esophagec-
tomy and to identify pertinent clinicopathologi-
cal prognostic factors.

Methods
Patient selection

The retrospective review encompassed the
medical records of 2,197 patients diagnosed
with ESCC and managed at Kaohsiung Chang
Gung Memorial Hospital between January
2005 and December 2023. Initially, patients
with a history of a second primary malignancy
were excluded from the analysis. Additionally,
individuals solely treated with surgery or
chemoradiotherapy were not included in the
study cohort. Furthermore, patients presenting
with distant metastasis were also excluded
from the analysis. Those undergoing alternative
therapeutic modalities, such as chemotherapy
alone, radiotherapy alone, or supportive care,
were similarly omitted from the study cohort.
Consequently, the analysis focused exclusively
on ESCC patients who underwent nCRT fol-
lowed by esophagectomy. Only patients with
residual tumor were included, while those achi-
eving pCR were excluded. Ultimately, a total of
106 ESCC patients meeting these stringent
inclusion criteria were identified for analysis
in the study. The algorithm used to identify
patients who met the inclusion/exclusion crite-
ria is shown in Figure 1.

Tumor stage and surgery

Prior to treatment initiation, the clinical tumor
stage was evaluated using chest computed
tomography (CT), endoscopic ultrasonography
(EUS), and positron emission tomography (PET)
scans for each patient. The tumor stages were
categorized according to the 8th edition of the
American Joint Committee on Cancer (AJCC)
staging system [19].

Following the completion of nCRT, patients
underwent surgery within 8 to 12 weeks (the
mean and median duration were 69 days and
70 days, respectively, with a range of 56 to 82
days). Pathological staging was determined
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2,197 patients diagnosed with ESCC
between January 2005 and December 2023
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men involved weekly intra-

Figure 1. Flowchart of patient selection for those who received nCRT followed venous administration of

by esophagectomy with non-pCR. nCRT: neoadjuvant chemoradiotherapy; pCR:

pathologic complete response.

based on detailed pathological reports, encom-
passing tumor extension, lymph node metasta-
sis, and resection margins. In cases where no
macroscopic tumor was identified, any abnor-
mal-appearing tissue was meticulously embed-
ded in paraffin to ensure a thorough assess-
ment of residual tumor presence and therapy
effects. pCR was defined as the absence of any
evidence of viable residual tumor cells.

The distinction between clinical T status (cT)
and pathological T status (pT) is as follows: the
clinical T status is assessed before any treat-
ment (such as surgery, chemotherapy, or radio-
therapy) based on clinical and imaging evalua-
tions, and it is primarily used to guide the initial
treatment strategy. In contrast, the pathologi-
cal T status is determined after surgical resec-
tion through histopathological examination of
the excised tissue, providing a more definitive
evaluation of tumor invasion.

A surgical margin is considered negative or
clear when no malignant cells are detected at
the resection edge, indicating complete tumor
removal. Conversely, a positive or involved mar-
gin refers to the presence of cancer cells at the
resection boundary, implying residual disease.
The presence of positive margins has been
consistently linked to poorer survival outcomes
[20].

Chemotherapy

The chemotherapy protocol comprised cisplat-
in (75 mg/m?2) administered via a 4-hour drip on
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carboplatin at an area un-
der the curve of 2 mg per
milliliter per minute, in con-
junction with paclitaxel at a dose of 50 mg/m?2.
Radiotherapy was administered concurrently
with this chemotherapy regimen at a dose of
41.4 Gy. All patients received nCRT consisting
of either at least two cycles of cisplatin plus
5-fluorouracil or at least five cycles of carbopla-
tin plus paclitaxel.

Radiotherapy

Each patient was fitted with a customized ther-
moplastic immobilization device to ensure pre-
cise positioning. Following this, CT simulation
was conducted for image acquisition. Given the
treatment field encompassing the mediasti-
num, inverse plan intensity-modulated radio-
therapy (IMRT) employing 6- or 10-MV photons
was utilized for delivery. The gross target vol-
ume (GTV) included the gross tumor and gross
lymph nodes visualized on CT scan and/or PET-
CT images. The clinical target volume (CTV)
encompassed the esophagus and the medi-
astinal lymph nodes. To accommodate setup
uncertainties, the planning target volume (PTV)
was expanded from the CTV with 0.5-1.0 cm
margins in all directions. The prescribed total
dose to the PTV was either 41.4 Gy adminis-
tered in 23 daily fractions, or 50.4 Gy adminis-
tered in 28 daily fractions.

Statistical analysis

Statistical analyses were performed using the
SPSS 29 software package (IBM, Armonk, NY).
The chi-square test and t-test were employed to
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compare data between any two groups. DFS
was defined as the duration from the date of
surgery to the occurrence of tumor recurrence,
distant metastasis, or death from any cause,
while OS was calculated from the date of ESCC
diagnosis to death from any cause or to the
date of the last follow-up.

DFS and OS were estimated using the Kaplan-
Meier method, with group differences assessed
using the log-rank test for univariate analysis.
Multivariate analyses of prognostic factors for
survival were conducted utilizing the Cox pro-
portional hazards model. Hazard ratios (HRs)
along with 95% confidence intervals (Cls) and
corresponding P values were calculated to
assess the strength of associations between
prognostic parameters and survival outcomes.
All analyses utilized two-sided tests of signifi-
cance, with P < 0.05 considered statistically
significant.

Ethics statement

The retrospective analysis was approved by the
Chang Gung Medical Foundation Institutional
Review Board (approval number: 20240073-
2B0), ensuring compliance with ethical stan-
dards outlined by the Institutional Research
Committee and the World Medical Association
Declaration of Helsinki. Given the retrospective
nature of the study, the Chang Gung Medical
Foundation Institutional Review Board deemed
written informed consent from patients or their
families unnecessary for participation in the
study.

Results
Patient characteristics

This study included a cohort of 106 male
patients diagnosed with locally advanced ESCC
who nCRT followed by esophagectomy. Their
mean age was 54 years (range: 31 to 73 years).
A total of 95 patients (89.6%) had a smoking
history, and 83 (78.3%) had a history of alcohol
consumption. Tumor locations were distributed
as follows: 18 patients (17.0%) in the upper
esophagus, 47 patients (44.3%) in the middle
esophagus, and 41 patients (38.7%) in the
lower esophagus. The initial tumor stages (pre-
treatment) were as follows: clinical T1 in one
patient (0.9%), T2 in six patients (5.7%), T3 in
55 patients (51.9%), T4a in six patients (5.7%),
and T4b in 38 patients (35.8%). Clinical nodal
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status revealed NO in 18 patients (17.0%), N1 in
37 patients (34.9%), N2 in 34 patients (32.1%),
and N3 in 17 patients (16.0%). Regarding tumor
staging, 16 patients (15.1%) were categorized
as stage Il, 35 patients (33.0%) as stage lll, and
55 patients (51.9%) as stage IVA. Histological
grades were distributed as follows: grade 1 in
13 patients (12.3%), grade 2 in 75 patients
(70.8%), and grade 3 in 18 patients (17.0%).

Following nCRT and surgery, there were altera-
tions in the pathological stage compared to the
initial stage. Pathological T status was as fol-
lows: ypTO in six patients (5.7%), ypT1 in 16
patients (15.1%), ypT2 in 22 patients (20.8%),
ypT3 in 42 patients (39.6%), ypT4a in one
patient (0.9%), and ypT4b in 19 patients (17.9%).
Pathological nodal status revealed ypNO in 64
patients (60.4%), ypN1 in 30 patients (28.3%),
ypN2 in seven patients (6.6%), and ypN3 in five
patients (4.7%). Pathological staging resulted
in stage | for 25 patients (23.6%), stage |l for 25
patients (23.6%), stage IlIA for 14 patients
(13.2%), stage llIB for 18 patients (17.0%), and
stage IVA for 24 patients (22.6%). The distribu-
tion of pathological grade was as follows: grade
1in 11 patients (10.4%), grade 2 in 71 patients
(67.0%), and grade 3 in 24 patients (22.6%).
Detailed clinicopathological parameters of the-
se patients are provided in Table 1.

Clinical outcomes of ESCC patients receiving
nCRT and surgery

Most patient experienced tumor stage migra-
tion after nCRT and esophagectomy (Figure 2).
The median DFS and OS were 8.2 months and
14.0 months in our cohort, respectively. In our
analysis of DFS, no significant differences were
detected regarding age, tumor location, clinical
T status, clinical N status, clinical stage, and
clinical and pathological tumor grade in univari-
ate analysis. However, 62 patients with ypT3-4
status exhibited significantly poorer DFS com-
pared to the other 44 patients with ypT1-2 sta-
tus (5.6 months versus 15.9 months, P <
0.001, Figure 3A). Additionally, the 16 patients
with ypN2-3 status experienced shorter DFS
compared to the remaining 90 patients with
ypNO-1 status (5.0 months versus 8.6 months,
P =0.040). Furthermore, 56 patients with path-
ological stage llI-IVA demonstrated worse DFS
compared to the other 50 patients with pa-
thological stage I-Il (6.1 months versus 15.3
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Table 1. Characteristics of 106 patients with residual

esophageal squamous cell carcinoma undergoing concur-

rent chemoradiotherapy followed by esophagectomy

Characteristics
Age (years) 54 years old (31-73)
Sex
Male 106 (100%)
Cigarette smoking
Yes 95 (89.6%)
No 11 (10.4%)
Alcohol consumption
Yes 83 (78.3%)
No 23 (21.7%)
nCRT protocol

Cisplatin plus 5-fluorouracil with 50.4 Gy
Carboplatin plus paclitaxel with 41.4 Gy
Location
Upper
Middle
Lower
Clinical status (pre-treatment)
Clinical T status
1
2
3
4a
4b
Clinical N status
0
1
2
3
Clinical tumor stage
Il
1]
IVA
Clinical Grade
1
2
3
Pathological status (after esophagectomy)
Pathological T status
0
1
2
3
4a
4b
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55 (51.9%)
51 (48.1%)

18 (17.0%)
47 (44.3%)
41 (38.7%)

18 (17.0%)
37 (34.9%)
34 (32.1%)
17 (16.0%)

16 (15.1%)
35 (33.0%)
55 (51.9%)

13 (12.3%)
75 (70.8%)
18 (17.0%)

(5.7%)
(15.1%)
(20.8%)
(39.6%)

6
16
22
42
1 (0.9%)
19 (17.9%)

months, P < 0.001). Notably, 22
patients with positive surgical mar-
gins had shorter DFS compared to the
other 84 patients with negative surgi-
cal margins (4.9 months versus 9.8
months, P < 0.001). Multivariate anal-
ysis indicated that clinical T3-4 status
(P = 0.026, HR: 2.82, 95% CI: 1.13-
6.99), ypT3-4 (P < 0.001, HR: 2.41,
95% Cl: 1.46-4.00), and pathological
stage llI-IVA (P = 0.003, HR: 1.99,
95% Cl: 1.26-3.15) were independent
prognostic factors associated with
worse DFS.

In the assessment of OS, no statisti-
cally significant differences were iden-
tified concerning age, tumor location,
clinical T status, clinical N status,
clinical stage, and clinical and patho-
logical tumor grade in univariate anal-
ysis. However, 62 patients with ypT3-
4 status exhibited significantly shorter
OS compared to the other 44 patients
with ypT1-2 status (12.1 months ver-
sus 32.7 months, P = 0.002, Figure
3B). Similarly, 16 patients with ypN2-
3 status experienced worse OS com-
pared to the other 90 patients with
ypNO-1 status (12.3 months versus
14.3 months, P = 0.038). Further-
more, 56 patients with pathological
stage lll-IVA had shorter OS compar-
ed to the other 50 patients with path-
ological stage I-1l (12.1 months versus
27.3 months, P = 0.004). Additiona-
lly, 22 patients with positive surgical
margins had worse OS compared to
the other 84 patients with negative
surgical margins (9.6 months versus
15.9 months, P < 0.001). Multivariate
analysis revealed that upper-third
ESCC (P = 0.026, HR: 2.01, 95% CI:
1.09-3.73), ypT3-4 (P = 0.008, HR:
2.05, 95% CI: 1.20-3.48), and posi-
tive surgical margin (P = 0.008, HR:
2.19, 95% Cl: 1.23-3.91) were inde-
pendent prognostic factors associat-
ed with worse OS. The univariate and
multivariate analyses of DFS and OS
in these 106 ESCC patients who
received nCRT and surgery are pre-
sented in Tables 2 and 3.
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Pathological N status

0 64 (60.4%)
1 30 (28.3%)
2 7 (6.6%)
3 5 (4.7%)
Pathological tumor stage
| 25 (23.6%)
Il 25 (23.6%)
1A 14 (13.2%)
1B 18 (17.0%)
IVA 24 (22.6%)
Pathological Grade
1 11 (10.4%)
2 71 (67.0%)
3 24 (22.6%)

months) compared to those with ypT+
NO (10.7 months) and ypTON+ (11.0
months), no statistically significant
difference was observed (Figure 6A).
Conversely, 0OS was 12.2 months in
patients with ypT+N+, 15.9 months
in patients with ypT+NO, and 12.3
months in patients with ypTON+, with
no significant difference noted (Figure
6B).

Discussion

ESCC presents a significant clinical
challenge due to its aggressive nature
and poor prognosis, particularly in
advanced stages, necessitating com-

nCRT: neoadjuvant chemoradiotherapy.

Comparison of survival according to tumor
stage migration

Following nCRT and esophagectomy, the major-
ity of patients exhibited tumor stage migra-
tion. “Upstage” denotes an increase in tumor
stage post-trimodality therapy, with 14 patients
(13.2%) demonstrating upstaging, while the
remaining 92 patients (86.8%) did not. Patients
experiencing upstaging showed inferior DFS
(4.1 months versus 8.6 months, P = 0.001,
Figure 4A) and OS (8.4 months versus 14.3
months, P = 0.027, Figure 4B) compared to
those without upstaging.

Conversely, “downstage” indicates a reduction
in tumor stage following trimodality treatment,
with 63 patients (59.4%) undergoing downstag-
ing and 43 patients (40.6%) not. Patients who
underwent downstaging exhibited improved
DFS (12.7 months versus 5.5 months, P =
0.011, Figure 5A) and OS (17.1 months versus
12.1 months, P = 0.019, Figure 5B) compared
to those without downstaging.

Comparison of survival according to residual
tumor status

ESCC patients who underwent nCRT and sub-
sequent surgery were stratified into three
groups based on the status of residual tumor:
ypT+N+, ypT+NO, and ypTON+. In our study, 37
patients (34.9%) were categorized as ypT+N+,
64 patients (60.4%) as ypT+NO, and 5 patients
(4.7%) as ypTON+. Although DFS appeared re-
latively worse in patients with ypT+N+ (6.1
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plex treatment strategies. nCRT fol-
lowed by esophagectomy has emer-
ged as a standard treatment approa-
ch widely adopted in clinical practice. Previous
research has highlighted a pCR rate of appro-
ximately 25% following nCRT, with patients
achieving pCR demonstrating improved OS
compared to those without. However, there
remains a dearth of studies investigating the
clinical outcomes of ESCC patients who do not
achieve pCR in real-world scenarios, leaving
various aspects of this patient population poor-
ly understood. Our study aimed to address this
gap by examining the long-term survival out-
comes of ESCC patients with residual disease
following trimodality treatment. Our analysis
identified pathological T status as an indepen-
dent prognostic factor for both DFS and OS,
surpassing other clinical parameters. While a
considerable proportion of patients experien-
ced downstaging post-nCRT, a minority still
exhibited upstaging despite receiving treat-
ment. Notably, patients achieving downstag-
ing demonstrated improved DFS and OS,
whereas those experiencing upstaging had
poorer outcomes in terms of DFS and OS.
Additionally, residual tumor status, particularly
ypT+N+, appeared to be associated with infe-
rior survival outcomes compared to ypT+NO or
ypTON+, although statistical significance was
not attained.

The relationship between different pathological
tumor responses and clinical outcomes allows
for more refined prognostic assessments tai-
lored to individual patients. Consistent with
previous findings, patients achieving pCR ex-
hibited superior survival outcomes compared
to those with residual disease [11, 12, 16]. Our
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Figure 2. Tumor stage migration before and after neoadjuvant chemoradiotherapy (nCRT) and surgery. (A) T status,
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Figure 3. Comparison of Kaplan-Meier curves depicting disease-free survival (A) and overall survival (B) in patients
with esophageal squamous cell carcinoma who underwent neoadjuvant chemoradiotherapy and surgery, stratified

by pathological T status.

results align with those reported by Al-Kaabi et
al., who observed the lowest 5-year OS rate in
patients with ypT+N+ (22%), followed by ypTON+
and ypTNO (47% and 49%, respectively), con-
sistent with our study’s findings [11]. While sta-
tistical significance was not achieved in our
analysis due to the limited sample size in the
ypTON+ group (only five patients), the discrep-
ancy among survival curves was evident.

In contrast, Hamai et al. identified ypN+ as an
independent predictor of OS, with its signifi-
cance increasing with higher degrees of patho-
logical lymph node metastasis [12]. However,
in our cohort, pathological T status emerged as
a more significant prognostic factor than patho-
logical N status. This disparity may stem from
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differences in cohort characteristics, particu-
larly in the extent of regression of lymph node
metastasis after trimodality treatment, which
was more pronounced in our cohort compared
to changes in tumor invasion status. This is evi-
denced by the higher percentage of patients
with clinical N2-3 disease (48.1%) compared to
the lower percentage of patients with patho-
logical N status (6.6% in ypN2 and 4.7% in
ypN3). However, the percentage of patients
with pathological T3-4 status (58.4%) remain-
ed relatively high, although significantly lower
than the initial clinical T status (93.4%). In con-
trast, in the cohort studied by Hamai et al.,
there was a clear migration of clinical T status
to pathological T status, with a decrease from
85.6% to 32%. Although the percentage of

Am J Cancer Res 2025;15(10):4486-4498



Outcome of residual tumor after trimodalities

Table 2. Univariate and multivariate analysis of disease-free survival (DFS) in 106 patients with
residual esophageal squamous cell carcinoma undergoing concurrent chemoradiotherapy followed by
esophagectomy

Univariate analysis Multivariate analysis

Characteristics No. of patients -
Median DFS (months)  P-value HR (95% Cl) P-value

Age

< 60 years 79 (74.5%) 7.9 0.15

> 60 years 27 (25.5%) 15.0
Location

Upper 18 (17.0%) 6.1 0.49

Middle + Lower 88 (83.0%) 8.3
Clinical T status

1+2 7 (6.6%) 4.2 0.25

3+4 99 (93.4%) 8.3 2.82(1.13-6.99) 0.026*
Clinical N status

0+1 55 (51.9%) 6.5 0.39

2+3 51 (48.1%) 9.8
Clinical tumor stage

[+ 1 16 (15.1%) 6.5 0.86

I+ IVA 90 (84.9%) 8.2
Clinical Grade

1 13 (12.3%) 10.7 0.08

2+3 93 (87.7%) 8.2
Pathological T status

1+2 44 (41.5%) 15.9 <0.001*

3+4 62 (58.5%) 5.6 2.41 (1.46-4.00) < 0.001*
Pathological N status

0+1 90 (84.9%) 8.6 0.040*

2+3 16 (15.1%) 5.0
Pathological tumor stage

I+ 50 (47.2%) 15.3 <0.001*

A + 11IB + IVA 56 (52.8%) 6.1 1.99(1.26-3.15) 0.003*
Pathological Grade

1 11 (10.4%) 8.6 0.39

2+3 95 (89.6%) 8.2
Surgical margin

Positive 22 (20.8%) 4.9 <0.001*

Negative 84 (79.2%) 9.8

HR: hazard ratio; Cl: confidence interval. *Statistically significant.

patients with clinical N2-3 disease (20.8%) was
similar to that of pathological N2-3 disease
(15.2%), our findings suggest that in our cohort,
pathological T status may hold greater prognos-
tic significance compared to pathological N
status.

Several studies have underscored the sub-
stantial extension of OS in patients achieving
pCR compared to those without [11, 12, 16].
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Accordingly, the development of early predic-
tive methods to differentiate responders from
non-responders may facilitate timely adjust-
ments to treatment regimens or prompt pro-
gression to surgery. Although various studies
have explored the utility of PET scans in pre-
dicting histopathological response based on
changes in values pre- and post-nCRT, the het-
erogeneous study designs and parameters
have yielded conflicting results [21-27]. Even
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Table 3. Univariate and multivariate analysis of overall survival (OS) in 106 patients with residual
esophageal squamous cell carcinoma undergoing concurrent chemoradiotherapy followed by esopha-

gectomy
o . Univariate analysis Multivariate analysis
Characteristics No. of patients -
Median OS (months)  P-value HR (95% Cl) P-value
Age
< 60 years 79 (74.5%) 13.2 0.39
> 60 years 27 (25.5%) 19.8
Location
Upper 18 (17.0%) 9.2 0.24 2.01(1.09-3.73) 0.026*
Middle + Lower 88 (83.0%) 14.2
Clinical T status
1+2 7 (6.6%) 14.9 0.77
3+4 99 (93.4%) 13.6
Clinical N status
0+1 55 (51.9%) 13.2 0.62
2+3 51 (48.1%) 14.2
Clinical tumor stage
[+ 16 (15.1%) 11.5 0.88
I+ IVA 90 (84.9%) 14.0
Clinical Grade
1 13 (12.3%) 16.8 0.19
2+3 93 (87.7%) 14.0
Pathological T status
1+2 44 (41.5%) 32.7 0.002*
3+4 62 (58.5%) 12.1 2.05 (1.20-3.48) 0.008*
Pathological N status
0+1 90 (84.9%) 14.3 0.038*
2+3 16 (15.1%) 12.3
Pathological tumor stage
[+ 50 (47.2%) 27.3 0.004%*
A + 11IB + IVA 56 (52.8%) 12.1
Pathological Grade
1 11 (10.4%) 10.7 0.77
2+3 95 (89.6%) 14.0
Surgical margin
Positive 22 (20.8%) 9.6 <0.001* 2.19(1.23-3.91) 0.008*
Negative 84 (79.2%) 15.9

HR: hazard ratio; Cl: confidence interval. *Statistically significant.

with the use of advanced diagnostic tools su-
ch as PET-CT scans combined with endoscopic
assessments, the low sensitivity and positive
predictive value limit their clinical applicability
[28]. Moreover, Wang et al. identified gross
tumor volume as a significant predictor of pCR,
progression-free survival, and OS, with smaller
tumor volumes associated with higher pCR
rates and improved survival outcomes [29].
Conversely, failure to respond to nCRT may
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result in missed opportunities for curative sur-
gery due to disease progression-related unre-
sectability or distant metastasis, underscoring
the importance of accurately predicting treat-
ment response to mitigate such consequen-
ces.

Circulating tumor cells (CTCs) are cancer cells
shed from primary or metastatic tumors into
the bloodstream and are considered a promis-
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Figure 4. Kaplan-Meier survival curves illustrating disease-free survival (A) and overall survival (B) in patients with
esophageal squamous cell carcinoma based on upstaging status following neoadjuvant chemoradiotherapy and
surgery.
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Figure 5. Kaplan-Meier survival curves demonstrating disease-free survival (A) and overall survival (B) in patients
with esophageal squamous cell carcinoma based on downstaging status following neoadjuvant chemoradiotherapy
and surgery.
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Figure 6. Comparison of Kaplan-Meier curves among patients with esophageal squamous cell carcinoma catego-
rized by tumor response to neoadjuvant chemoradiotherapy and surgery: ypT+N+, ypT+NO, and ypTON+. Disease-
free survival (A) and overall survival (B).

ing biomarker representing a form of “liquid ing their potential roles before and after sur-
biopsy”. In patients with ESCC, CTCs have not gery [30, 31]. Several studies have demonstrat-
yet become part of routine clinical practice; ed that the presence or higher counts of CTCs
however, clinical studies are actively investigat- in peripheral blood, either preoperatively or
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postoperatively, may be associated with poorer
outcomes, such as shorter DFS and OS [32,
33]. First, CTCs may serve as a potential tool
for assessing treatment response. By analyzing
the correlation between CTC counts and patho-
logical response, it may be possible to identify
whether CTCs can predict a major pathologi-
cal response or even a pCR. Furthermore, the
dynamic changes in CTC levels before and af-
ter surgery could represent another significant
prognostic parameter, especially in patients
who fail to achieve pCR after nCRT. In addition,
persistent postoperative CTC positivity may
indicate the need for immediate adjuvant ther-
apy. In summary, although the clinical role of
CTCs in the management of ESCC has not yet
been established, larger multicenter prospec-
tive studies with standardized detection meth-
odologies are warranted to validate their clini-
cal utility and to integrate CTC assessment into
future treatment decision-making for ESCC
patients.

Our study has several limitations, including its
retrospective nature and reliance on data from
a single institution, which may limit generaliz-
ability. Additionally, variations in chemotherapy
regimens and radiotherapy doses over the
study period may introduce confounding fac-
tors. Nonetheless, our study represents one of
the few investigations into the clinical out-
comes of ESCC patients with residual disease
following nCRT and esophagectomy, offering
valuable insights into the management of this
patient population in real-world settings. In
summary, our findings contribute to a deeper
understanding of the clinical outcomes and
prognostic factors in ESCC patients with resid-
ual disease following nCRT and surgery, provid-
ing a basis for further research and informing
clinical practice.

Conclusions

Our study demonstrates that the pathological T
status is an independent prognostic factor for
worse DFS and OS in patients with ESCC who
have residual disease following nCRT and sur-
gery. Prognosis is significantly correlated with
upstaging or downstaging after nCRT, with pa-
tients exhibiting ypT+N+ status having the poor-
est survival outcomes. The importance of this
finding is to identify patients with the poorest
prognosis, suggesting that additional adjuvant
treatment may be necessary.
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