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Abstract: The current American Joint Committee on Cancer/Union for International Cancer Control tumor-node-
metastasis (AJCC/UICC-TNM) staging system for esophageal squamous cell carcinoma (ESCC) does not incorporate
an immune-based classification. This study aimed to evaluate the prognostic value of the Immunoscore (IS), based
on the densities of CD3* and cytotoxic CD8* T lymphocytes, and its ability to predict the efficacy of chemotherapy in
patients with ESCC. The IS was determined by immunohistochemical staining for CD3 and CD8 and was calculated
according to the densities of CD3* and CD8" cells in the tumor center (CT) and invasive margin (IM). A total of 255
patients with previously untreated ESCC who underwent curative resection were randomly assigned to training and
validation sets. Among them, 169 received postoperative chemotherapy. Recurrence-free survival (RFS) and overall
survival (OS) were the endpoints of the prognostic analyses. In the training set, patients with a high IS had the low-
est risk of recurrence. The 5-year RFS rates were 9.7%, 44.7%, and 90.1% among patients with low, intermediate,
and high IS values, respectively (hazard ratio [HR] for high vs. low IS, 0.29; P<0.001). A high IS was also significantly
associated with prolonged OS (P<0.001). Multivariable Cox regression analysis showed that the associations of IS
with RFS and OS were independent of clinicopathological variables (HR for high vs. low IS: 0.29 for RFS and 0.53
for 0S; both P<0.001). The IS accounted for the largest proportion of the total x? statistic in predicting both RFS and
0S (P<0.001). The IS was also significantly associated with RFS and OS among patients who received postoperative
chemotherapy (both P<0.001). These findings were further confirmed in the validation set. The IS provides more
accurate prognostic stratification and prediction of chemotherapy efficacy. It may complement the AJCC/UICC-TNM
staging system in patients with operable ESCC.
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Introduction prognostic assessment and treatment deci-
sion-making for patients with ESCC [4].

Esophageal cancer (EC) is the eleventh most

common malignancy and the seventh leading
cause of cancer-related death worldwide [1].
Esophageal squamous cell carcinoma (ESCC)
is one of the major histological subtypes of EC,
accounting for approximately 90% of all cases
[2]. The management of ESCC remains chal-
lenging, primarily because of its aggressive
biological behavior [3]. Therefore, innovative
approaches are urgently needed to improve

The current staging system for ESCC is the
AJCC/UICC-TNM staging system [5]. However,
patients with the same TNM stage may experi-
ence markedly different clinical outcomes de-
spite receiving standardized treatment, high-
lighting an important limitation of this system.
Moreover, the current TNM classification does
not account for the antitumor immune res-
ponse of patients with ESCC. Incorporating an

https://doi.org/10.62347/BYFJ4889


http://www.ajcr.us
https://doi.org/10.62347/BYFJ4889

Immunoscore predict prognosis of esophageal carcinoma

immune-based prognostic scoring system,
such as the Immunoscore (IS), may help over-
come this limitation.

Cancer cells interact with and modulate the
immune system, disrupting the balance be-
tween tumor progression and host immune sur-
veillance [6-8]. In recent years, tumor-infiltrat-
ing lymphocytes (TILs) have been increasingly
recognized as favorable prognostic indicators
in various cancers, reflecting the essential role
of the tumor microenvironment (TME) in cancer
progression [9]. Extensive evidence has dem-
onstrated that infiltration by T cells, including
CD3* T cells and cytotoxic CD8* T lymphocytes,
is associated with prolonged disease-free sur-
vival (DFS) and/or overall survival (OS) across
cancers with diverse histological characteris-
tics and anatomical origins, including squa-
mous cell carcinoma, melanoma, large-cell
lung cancer, urothelial carcinoma [10], and
adenocarcinoma [11].

In ESCC, the TME has been recognized as a key
determinant of antitumor immunity and thera-
peutic response [12]. Cytotoxic CD8* T lympho-
cytes have been identified as an independent
prognostic factor in patients with EC [13]. High
densities of CD3* and CD8* T cells have also
been observed in esophageal adenocarcinoma
[14]. In addition, cytotoxic CD8* T-cell infiltra-
tion is involved in the regulatory mechanisms
underlying ESCC metastasis [15]. Chemothe-
rapy-resistant tumor cells may evade immune
recognition by restricting cytotoxic CD8* T-cell
infiltration [16]. Furthermore, CD3* and cyto-
toxic CD8* T cells have demonstrated prognos-
tic value in patients with ESCC treated with
immune checkpoint inhibitors [17].

However, the prognostic and chemotherapy-
predictive value of an IS based on the densities
of CD3* and cytotoxic CD8* T cells in ESCC has
rarely been investigated and remains un-
clear. Therefore, this study aimed to evaluate
the clinical utility of the IS for stratifying pa-
tients with ESCC and to determine its value in
predicting prognosis and chemotherapy effi-
cacy.

Methods
Patient population

Data from patients with ESCC who underwent
surgical resection at the 989th Hospital of the

3446

Joint Logistic Support Force of the Chinese
People’s Liberation Army (Luoyang, China) be-
tween August 2016 and September 2022 were
retrieved from the records of the Departments
of Cardiothoracic Surgery and Pathology. The
inclusion criteria were as follows: histologically
confirmed ESCC, sporadic disease, and the
availability of complete clinical information and
tissue specimens. The exclusion criteria were
recurrent cancer, metastatic cancer, malignan-
cies other than ESCC or systemic malignant dis-
ease, and receipt of preoperative neoadjuvant
therapy.

The tissue-banking procedures and informed
consent forms were approved by the Medical
Ethics Committee of the 989th Hospital of the
Joint Logistic Support Force of the Chinese
People’s Liberation Army (approval no. 989LL-
SC2024-1218). The study was conducted in
accordance with the 1964 Declaration of
Helsinki and its subsequent amendments.
Participants were randomly assigned to train-
ing and validation sets with balanced clinico-
pathological characteristics. The training set
was used to establish the IS and evaluate its
ability to predict prognosis and chemotherapy
efficacy, whereas the validation set was used to
further assess its predictive performance.

All included patients were followed for more
than 3 years, with the final follow-up conduct-
ed in December 2025. Follow-up was per-
formed through telephone interviews and out-
patient imaging examinations to document di-
stant metastasis, recurrence, recurrence-free
survival (RFS), and overall survival (OS). Clini-
copathological data were extracted from the
pathological diagnostic system, including age,
gender, postoperative TNM stage [5], tumor
differentiation, perineural invasion, and venous
tumor emboli.

Pathological specimen processing

Immediately after surgical excision, ESCC spec-
imens were fixed in 4% neutral-buffered formal-
dehyde for 12-24 h to preserve tissue morphol-
ogy and structure. The fixed specimens were
subsequently dehydrated by sequential immer-
sion in graded ethanol solutions of 70%, 80%,
95%, and 100%, with each step lasting 3 min.
After dehydration, the specimens were cleared
in xylene and embedded in molten paraffin to
produce paraffin blocks. The blocks were sec-
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tioned at a thickness of 3-4 um using an
RM2255 microtome (The Lycra Company,
Wilmington, DE, USA), and the sections were
mounted on glass slides. Finally, the sections
were stained with hematoxylin and eosin
(BA4027, Zhuhai Beisuo Biotechnology Co.,
Ltd., Zhuhai, Guangdong, China).

Immunohistochemistry (IHC)

Two 3-uym sections were prepared from each
formalin-fixed, paraffin-embedded tumor speci-
men and routinely deparaffinized and rehydrat-
ed. The sections were washed twice with
phosphate-buffered saline (PBS-0061, Fuzhou
Maixin Biotechnology Development Co., Ltd.,
Fuzhou, Fujian, China) for 3 min per wash.
Antigen retrieval was performed in sodium
citrate buffer (pH 7.3; MVS-0101, Fuzhou
Maixin Biotechnology Development Co., Ltd.)
using an autoclave for 5 min. Endogenous per-
oxidase activity was blocked with Hydrogen
Peroxide Block (SP KIT-A2, Fuzhou Maixin
Biotechnology Development Co., Ltd.) for 15
min.

The sections were incubated separately with
antibodies against CD3 (1:50; clone SP7; Kit-
0003, Fuzhou Maixin Biotechnology Develop-
ment Co., Ltd.) and CD8 (1:100; clone SP16;
RMA-0514, Fuzhou Maixin Biotechnology Deve-
lopment Co., Ltd.) at 37°C for 1.5 h. After two
5-min washes with buffer, the sections were
processed using a standard two-step indirect
streptavidin-biotin method with the Strept AB
Complex/HRP Duet Mouse/Rabbit Amplifica-
tion Kit (Kit-5020; Fuzhou Maixin Biotechno-
logy Development Co., Ltd.), with each incuba-
tion lasting 30 min.

For chromogenic detection, 1-2 drops of DAB
Plus Chromogen were added to 1 mL of DAB
Plus Substrate (DAB1031; Fuzhou Maixin Bio-
technology Development Co., Ltd.). The pre-
pared solution was applied to the sections,
which were incubated for 3 min. The sections
were then thoroughly rinsed with tap wa-
ter, counterstained with Mayer’'s hematoxylin
(BA4021; Zhuhai Beisuo Biotechnology Co.,
Ltd.), dehydrated, cleared, and mounted. Ne-
gative controls were prepared by omitting the
primary antibody, and gastric cardia lymph
node tissue was used as the positive control.
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Determination of the IS

CD3* and cytotoxic CD8* T cells were evaluated
using a cell-counting method. Based on the
boundary between tumor and adjacent normal
tissue, the intratumoral region was defined as
the tumor center (CT), whereas the tumor-nor-
mal tissue interface was defined as the inva-
sive margin (IM). The entire section was initially
examined at low magnification (x40) to identify
TIL hotspots with high densities of positively
stained lymphocytes in the CT and IM regions.
The three hotspots containing the largest num-
bers of TILs in each region were selected for
counting at x400 magnification using an
Olympus CX41 microscope, with a field area of
0.196 mm? (Figure 1).

Two senior pathologists who were blinded to
the patients’ clinicopathological characteris-
tics, including age and pathological diagnosis,
independently evaluated all sections. Inter-
observer reproducibility was assessed using
the Wilcoxon signed-rank test. The mean value
obtained from the two observers was used as
the final cell density.

Receiver operating characteristic (ROC) curve
analysis based on 5-year OS was used to
determine the optimal cutoff value for each
cell-density variable according to the maximum
Youden index. The densities of CD3* and CD8*
cells in the CT and IM regions were separately
assigned a score of O for low infiltration (Lo;
below the cutoff value) or 1 for high infiltration
(Hi; equal to or above the cutoff value). The four
individual scores were then summed to gener-
ate the IS.

The resulting five-category IS ranged from O to
4 and was designated 10, 11, 12, 13, or 14, respec-
tively. For the three-category classification, a
low IS (ISLo) was defined as a score of O or 1,
an intermediate IS (ISInt) as a score of 2 or 3,
and a high IS (ISHi) as a score of 4. For the two-
category classification, ISLo was defined as a
score of O or 1, whereas intermediate-to-high
IS (ISInt+Hi) was defined as a score of 2, 3, or 4
(Figure 2).

Statistical analysis

Statistical analyses were performed using
SPSS version 25.0 (IBM Corp., Armonk, NY,
USA). Age was normally or approximately nor-
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Figure 1. Immunostaining (IHC) of CD3* and cytotoxic CD8* T lymphocytes for Immunoscore evaluation. (A) Repre-
sentative CD3 and CD8 IHC section in an Esophageal squamous cell carcinoma (ESCC) resected specimen indicat-
ing the central of tumor (CT) and invasive margin (IM) (100x); (B) High density of CD3* T cell in CT; (C) Low density of
CD3* T cell in CT; (D) High density of CD3* T cell in IM; (E) Low density of CD3* T cell in IM; (F) High density of CD8*
T cell in CT; (G) Low density of CD8* T cell in CT, (H) High density of CD8* T cell in IM; (I) Low density of CD8* T cell

in IM (B, 400%).

Marker CD|3CT CD|3[M CDlscT CI?SIM

Cutoff vaule (cells/mm?) 3110 617 2}3 51|9

Score of Marker 0 (Lo) c:r 1 (Hi)

IS 0 1 R 4|
2-categories IS | Lo-l) | Hi(2-4) \
3-categories IS | Lo(0-1) | Int(2-3) | Hi(4) |
S-categories IS | 0 | 1 | 2 I 3 I 4 |

Figure 2. Immunoscore (IS) calculation method. The cutoff value of CD3*
and cytotoxic CD8* T lymphocytes density was calculated by Receiver Oper-
ating Characteristic (ROC) curve analysis based on 5-year OS. The cell den-
sity was converted into score as O (Low (Lo), < cutoff value) or 1 (High (Hi), >
cutoff value). The scores of CD3 CT, CD3 IM, CD8 CT and CD8 IM were then
translated into an IS. The IS can be categorized into 2-, 3- or 5-categories.

mally distributed and is presented as the mean
+ standard deviation. An independent-samples
t test was used to compare age between two
groups, and one-way analysis of variance was
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used for comparisons among
three groups.

Categorical variables, includ-
ing TNM stage, T stage, tumor
differentiation, and N stage,
were compared using the chi-
square test or Fisher's exact
test, as appropriate. Gender
was categorized as male or
female. Tumor differentiation
was classified as poor, moder-
ate, or well differentiated, and
tumor location was classified
as upper, middle, or lower.
Perineural invasion, venous
tumor emboli, and recurrence
were categorized as absent
(No) or present (Yes). T stage

was classified as Tla, T1b, T2, or T3; N stage as
NO, N1, N2, or N3; and TNM stage as IA, IB, lIA,
1B, IlIA, 1IB, or IVA. The two-category IS was
classified as low (Lo) or intermediate/high
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(Int+Hi). The three-category IS was classified as
low (Lo), intermediate (Int), or high (Hi), and the
five-category IS was classified as 10, 11, 12, 13, or
14. RFS and OS were analyzed using the Kaplan-
Meier method and Cox proportional hazards
regression models to evaluate the prognostic
value of the IS. A two-sided P value <0.05 was
considered statistically significant. Categorical
variables are expressed as number of cases
(percentage).

Results
Patient characteristics

According to the inclusion and exclusion crite-
ria, 255 patients were included, comprising
165 men and 90 women. The mean age at
diagnosis was 65.66 + 7.75 years. TNM stage
was |Ain 8.2% of patients (21/255), IBin 16.1%
(41/255), 1A in 12.2% (31/255), 1IB in 28.6%
(73/255), IIA in 8.2% (21/255), lIB in 22.7%
(58/255), and IVA in 3.9% (10/255). The medi-
an follow-up duration was 50 months (range,
3-121 months). Lymph node metastasis was
present in 99 patients and absent in 156
patients. A total of 169 patients received post-
operative chemotherapy. By the end of follow-
up, 58.8% of patients (150/255) had experi-
enced recurrence or distant metastasis. Par-
ticipants were randomly assigned to training
and validation sets with balanced clinicopatho-
logical characteristics (Table 1; all P>0.05).

Distribution and expression of CD3* and cyto-
toxic CD8*T lymphocytes and the IS

CD3* and cytotoxic CD8* T cells were quantified
by IHC. CD3 and CDS8 staining was predomi-
nantly localized to the cytoplasm and cell mem-
brane of lymphocytes in the CT and IM regions
(Figure 1). No significant differences were
observed between the two observers in the
counted densities of CD3* and CD8* cells in
either the CT or IM regions (Wilcoxon signed-
rank test; all P>0.05).

In the training set, the median CD3* cell den-
sity in the CT (CD3 CT) was 305 cells/mm?
(range, 18-1,778 cells/mm?), and the median
CD8* cell density in the CT (CD8 CT) was 255
cells/mm? (range, 18-1,935 cells/mm?). The
median CD3* cell density in the IM (CD3 IM)
was 870 cells/mm? (range, 40-2,425 cells/
mm?), and the median CD8* cell density in the
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IM (CD8 IM) was 558 cells/mm? (range,
35-2,015 cells/mm32). ROC curve analysis ba-
sed on 5-year OS identified cutoff values of
310, 213, 647, and 519 cells/mm? for CD3 CT,
CD8 CT, CD3 IM, and CD8 IM, respectively, with
corresponding Youden index of 0.43, 0.31,
0.33, and 0.37.

Accordingly, the five-category IS distribution in
the training set was 10 in 14.2% of patients
(18/127), 11 in 10.2% (13/127), 12 in 29.9%
(38/127), 13 in 18.9% (24/127), and 14 in
26.8% (34/127). Under the three-category
classification, 24.4% of patients (31/127) had
ISLo, 48.8% (62/127) had ISInt, and 26.8%
(34/127) had ISHi. Under the two-category
classification, 31 patients (24.4%) had ISLo
and 96 (75.6%) had ISInt+Hi. The three-catego-
ry IS was significantly associated with T stage,
TNM stage, and recurrence (P<0.05) (Table 2).

Association between the IS and outcomes in
patients with ESCC

The prognostic value of the IS in patients with
ESCC was evaluated in the training set (n=127)
and subsequently examined in the validation
set (n=128). In the training set, patients with
ISInt+Hi had a significantly lower risk of recur-
rence than those with ISLo (5-year RFS: 61.7%
vs. 9.7%; unadjusted HR for ISInt+Hi vs. ISLo,
0.48; 95% Cl, 0.39-0.59; P<0.001) and signifi-
cantly prolonged OS (5-year OS: 52.8% vs.
12.9%; unadjusted HR, 0.67; 95% CI, 0.58-
0.77; P<0.001) (Figure 3A and 3B; Table 3).

The two-category IS was evaluated in the vali-
dation set using the same methodology and
cutoff values. Patients with ISInt+Hi had a sig-
nificantly lower risk of recurrence than those
with ISLo (5-year RFS: 59.4% vs. 4.9%; unad-
justed HR, 0.57; 95% ClI, 0.45-0.74; P<0.001)
and significantly prolonged 0S (5-year OS:
54.0% vs. 20.1%; unadjusted HR, 0.53; 95% ClI,
0.42-0.64; P<0.001) (Figure 3C and 3D; Table

3 and Supplementary Table 1).

Under the three-category classification, pa-
tients with ISHi, ISInt, and ISLo in the training
set had 5-year RFS rates of 90.1%, 44.7%, and
9.7%, respectively (unadjusted HR for ISHi vs.
ISLo, 0.29; 95% CI, 0.18-0.50; P<0.001), and
5-year OS rates of 78.9%, 37.4%, and 12.9%,
respectively (unadjusted HR, 0.53; 95% ClI,
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Table 1. Comparison of clinicopathological variables between training set and validation set (n=255)

Training set (N=127,

Validation set

Characteristics Cases (N=255) 49.8%) (N=128, 50.2%) P
Gender, n (%) 0.569°
Male 165 (64.7%) 80 (63.0%) 85 (66.4%)
Female 90 (35.3%) 47 (37.0%) 43 (33.6%)
Age (year), Mean + SD 65.66 + 7.75 65.36 £ 7.78 66.95 + 7.74 0.544°
Differentiation, n (%) 0.860°
Poor 14 (5.5%) 7 (5.5%) 7 (5.5%)
Moderately 220 (86.3%) 109 (85.8%) 111 (86.7%)
Well 21 (8.2%) 11 (8.7%) 10 (7.8%)
Location, n (%) 0.706°
Upper 38 (14.9%) 22 (17.3%) 16 (12.5%)
Middle 138 (54.1%) 65 (51.2%) 73 (57.0%)
Lower 79 (31.0%) 40 (31.5%) 39 (30.5%)
Perineural invasion, n (%) 0.1482
Yes 18 (7.1%) 6 (4.7%) 12 (9.4%)
No 237 (92.9%) 121 (95.3%) 116 (90.6%)
Venous emboli, n (%) 0.613°
Yes 49 (19.2%) 26 (20.5%) 23 (18.0%)
No 206 (80.8%) 101 (79.5%) 105 (82.0%)
T stage, n (%) 0.1342
Tla 22 (8.6%) 15 (11.8%) 7 (5.5%)
T1b 51 (20.0%) 26 (20.5%) 25 (19.5%)
T2 48 (18.8%) 24 (18.9%) 24 (18.8%)
T3 134 (52.5%) 62 (48.8%) 72 (56.3%)
N stage, n (%) 0.229°
NO 156 (61.2%) 81 (63.8%) 75 (58.6%)
N1 61 (23.9%) 32 (25.2%) 29 (22.7%)
N2 28 (11.0%) 11 (8.7%) 17 (13.3%)
N3 10 (3.9%) 3 (2.4%) 7 (5.5%)
TNM, n (%) 0.146°
IA 21 (8.2%) 14 (11.0%) 7 (5.5%)
1B 41 (16.1%) 20 (15.7%) 21 (16.4%)
IA 31 (12.2%) 16 (12.6%) 15 (11.7%)
1153 73 (28.6%) 37 (29.1%) 36 (28.1%)
A 21 (8.2%) 10 (7.9%) 11 (8.6%)
B 58 (22.7%) 27 (21.3%) 31 (24.2%)
IVA 10 (3.9%) 3 (2.4%) 7 (5.5%)
Recurrence, n (%) 0.560°

Yes
No

150 (58.8%)
105 (41.2%)

77 (60.6%)
50 (39.4%)

73 (57.0%)
55 (43.0%)

aPearson 2 test, PIndependent Samples T Test.

0.39-0.73; P<0.001) (Figure 3E and 3F; Table
3). In the validation set, patients with ISHi, ISInt,
and ISLo had 5-year RFS rates of 83.7%, 44.7%,
and 4.9%, respectively (unadjusted HR for ISHi
vs. ISLo, 0.29; 95% ClI, 0.16-0.52; P<0.001),
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and 5-year OS rates of 77.5%, 40.1%, and
20.1%, respectively (unadjusted HR, 0.34; 95%
Cl, 0.20-0.47; P<0.001) (Figure 3G and 3H).
Similar results were observed for the five-cate-
gory IS (Table 3 and Supplementary Table 1).
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Table 2. Correlation between immunoscore and clinicopathological variables in training set patients

(n=127)
3-categories Immunoscore
Characteristics Cases (N=127) aSLo (N=31, b|SInt (N=62, ¢|SHi (N=34, P
24.4%) 48.8%) 26.8%)
Gender, n (%) 90.555
Male 80 (63.0%) 22 (71.0%) 38 (61.3%) 20 (58.8%)
Female 47 (37.0%) 9 (29.0%) 24 (38.7%) 14 (41.2%)
Age (year), Mean + SD 65.36 + 7.78 63.87 + 8.64 65.82+748 65.88+756 °0.474
Differentiation, n (%) 90.150
Poor 7 (5.5%) 4 (12.9%) 3 (4.8%) 0 (0.0%)
Moderately 109 (85.8%) 23 (74.2%) 54 (87.1%) 32 (94.1%)
Well 11 (8.7%) 4 (12.9%) 5 (8.1%) 2 (5.9%)
Location, n (%) 90.267
Upper 22 (17.3%) 8 (25.8%) 10 (16.1%) 4 (11.8%)
Middle 65 (51.2%) 16 (51.6%) 28 (45.2%) 21 (61.8%)
Lower 40 (31.5%) 7 (22.6%) 24 (38.7%) 9 (26.5%)
Perineural invasion, n (%) 90.326
Yes 6 (4.7%) 3(9.7%) 2 (3.2%) 1(2.9%)
No 121 (95.3%) 28 (90.3%) 60 (96.8%) 33 (97.1%)
Venous emboli, n (%) 90.064
Yes 26 (20.5%) 10 (32.3%) 13 (21.0%) 3 (8.8%)
No 101 (79.5%) 21 (67.7%) 49 (79.0%) 31 (91.2%)
T stage, n (%) 90.003
Tla 15 (11.8%) 4 (12.9%) 7 (11.3%) 4 (11.8%)
T1b 26 (20.5%) 2 (6.5%) 9 (14.5%) 15 (44.1%)
T2 24 (18.9%) 4 (12.9%) 15 (24.2%) 5 (14.7%)
T3 62 (48.8%) 21 (67.7%) 31 (50.0%) 10 (29.4%)
N stage, n (%) 90.215
NO 81 (63.8%) 14 (45.2%) 41 (66.1%) 26 (76.5%)
N1 32 (25.2%) 11 (35.5%) 16 (25.8%) 5 (14.7%)
N2 11 (8.7%) 5 (16.1%) 4 (6.5%) 2 (5.9%)
N3 3 (2.4%) 1(3.2%) 1 (1.6%) 1(2.9%)
TNM, n (%) 90.007
IA 14 (11.0%) 4 (12.9%) 6 (9.7%) 4 (11.8%)
B 20 (13.7%) 1(3.2%) 7 (11.3%) 12 (35.3%)
1A 16 (12.6%) 2 (6.5%) 10 (16.1%) 4 (11.8%)
1B 37 (29.1%) 7 (22.6%) 21 (33.9%) 9 (26.5%)
A 10 (7.9%) 3(9.7%) 7 (11.3%) 0 (0.0%)
B 27 (21.3%) 13 (41.9%) 10 (16.1%) 4 (11.8%)
IVA 3 (2.4%) 1(3.2%) 1 (1.6%) 1(2.9%)
Recurrence, n (%) 4<0.001
Yes 77 (60.6%) 31 (100.0%) 36 (58.1%) 10 (29.4%)
No 50 (39.4%) 0 (0.0%) 26 (41.9%) 24 (70.6%)

aLow Immunoscore, PIntermediate Immunoscore, °High Immunoscore, “Pearson x? test, *One-Way ANOVA test.

Multivariable Cox regression analyses in the
training and validation sets were adjusted for
age, gender, perineural invasion, IS, tumor lo-
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cation, tumor differentiation, TNM stage and
venous tumor emboli. Both the two-category
and three-category IS classifications retained
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Figure 3. Kaplan-Meier survival curves for the impact of IS on the outcome of patients with ESCC. For 2-categories
IS, Recurrence free survival (RFS) in (A) training set patients, (C) validation set patients, and overall survival (0OS) in
(B) training set patients, (D) validation set patients. For 3-categories IS, RFS in (E) training set patients, (G) validation

set patients, and overall survival (OS) in (F) training set patients, (H) validation set patients (all P<0.001).

Table 3. Univariate analysis of RFS and OS using immunoscore category in training set patients

(n=127)
Prognostic Immunoscore PaNt(i)é:tfs °Rate at 3 Years *Rate at 5 Years Hazard Ratio op
indicators Category n (%) ’ (%) (95% Cl)* (%) (95% Cl)* (95% Cly*
RFS 2-categories IS

Lo 31(24.4) 22.6(15.1t030.1) 9.7 (4.410 15.0) 1.00 (Reference)

Int+Hi 96 (75.6) 81.7 (77.7t0 85.7) 61.7 (56.3t067.1) 0.48 (0.391t0 0.59) <0.001
RFS 3-categories IS

Lo 31(24.4) 22.6(15.1t030.1) 9.7 (4.41t0 15.0) 1.00 (Reference)

Int 62 (48.8) 73.3(67.6t079.0) 44.7 (37.5t051.9) 0.58 (0.47 t0 0.72) <0.001

Hi 34 (26.8) 97.1(94.2t0100) 90.1(84.6t095.6) 0.29 (0.18t0 0.50) <0.001
RFS 5-categories IS

0 18 (14.2) 16.7 (7.9t025.5) 11.1(3.7 to 18.5) 1.00 (Reference)

1 13(10.2) 30.8(18.0t043.6) 7.7 (0.3t0 15.1) NA NA

2 38(29.9) 64.6(56.7to072.5) 29.4(20.61038.2) 0.71(0.581t00.87) 0.011

3 24 (18.9) 78.3(69.7t086.9) 67.0(56.4t077.6) 0.38(0.221t00.63) <0.001

4 34(26.8) 97.1(94.2t0100) 90.1(84.6t095.6) 0.29(0.18t0 0.50) <0.001
(O8] 2-categories IS

Lo 31(24.4) 45.2(36.3to54.1) 12.9 (6.9 to 18.9) 1.00 (Reference)

Int+Hi 96 (75.6) 84.4 (80.7t088.1) 52.8 (47.5t058.1) 0.67 (0.581t00.77) <0.001
0S 3-categories IS

Lo 31(24.4) 45.2(36.3to54.1) 12.9 (6.9 to 18.9) 1.00 (Reference)

Int 62 (48.8) 82.3(77.41t087.2) 37.4(30.8t044.0) 0.72(0.64t00.86) 0.002

Hi 34 (26.8) 91.2(86.3t096.1) 78.9(71.8t086.0) 0.53(0.391t00.73) <0.001
0S 5-categories IS

0 18 (14.2) 33.3(22.2t044.4) 5.6(0.21t011.0) 1.00 (Reference)

1 13(10.2) 61.5(48.0t0 75.0) 15.4 (5.4t0 25.4) NA NA

2 38(29.9) 81.6(75.3t087.9) 37.0(28.9t045.1) 0.71(0.581t00.87) 0.011

3 24 (18.9) 79.2 (70.9to 87.5) 40.5(29.7to51.3) 0.79 (0.65t00.97) 0.039

4 34 (26.8) 91.2(86.3t096.1) 78.9(71.8t086.0) 0.53(0.39100.73) <0.001

aKaplan-Meier test, °Crosstab. *Confidence Interval.

significant prognostic value (Table 4). The
three-category IS had greater predictive power
for RFS and OS than TNM, perineural invasion,
and tumor differentiation. The variables with
the largest relative contributions to RFS, based
on the proportion of the total x? statistic, were
the three-category IS, TNM stage, perineural
invasion and tumor differentiation. For OS, the
largest relative contributions were observed for
the three-category IS, perineural invasion, age,
TNM and tumor differentiation. The remaining
variables made relatively small contributions.

3453

Similar findings were obtained for the two-cate-
gory IS.

Association between the IS and outcomes in
patients receiving postoperative chemotherapy

The efficacy of postoperative chemotherapy
varies substantially among patients with ESCC.
Therefore, the prognostic value of the IS was
investigated among patients who received
postoperative chemotherapy (Figure 4). In the
training set, patients received postoperative
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Table 4. Cox multivariable regression analysis of RFS and OS combining the 2-categories and 3-cat-
egories immunoscore with clinical parameters (n=255)

Analysis

RFS combining the 2-categories Immunoscore
with clinical parameters

RFS combining the 3-categories Immunoscore
with clinical parameters

0OS combining the 2-categories Immunoscore with

clinical parameters

0S combining the 3-categories Immunoscore with

clinical parameters

Variable Wald HR (95% Cl) P
2-categories IS 54.89 0.23(0.16t0 0.34) <0.001
TNM 46.03 1.54 (1.36t0 1.75) <0.001
Perineural invasion 6.02 2.35(1.19to4.65) 0.014
Differentiation 4.71 0.63(0.421t00.96) 0.030
3-categories IS 87.23 0.27 (0.20t0 0.35) <0.001
TNM 4469 1.55(1.37t01.77) <0.001
Perineural invasion 467 211(1.07to04.15) 0.031
Differentiation 3.97 0.67(0.45t00.99) 0.046
2-categories IS 25.04 0.39(0.27 t0 0.57) <0.001
Perineural invasion 10.50 2.77 (1.50t0 5.14) 0.001
TNM 8.22 1.17(1.05t0 1.30) 0.004
Age 735 1.03(1.01to01.05) 0.007
Differentiation 6.13 0.61(0.411t00.90) 0.013
3-categories IS 46.63 0.44 (0.35t0 0.56) <0.001
Perineural invasion 9.07 2.56(1.39t04.73) 0.003
Age 8.03 1.03(1.01to 1.05) 0.005
TNM 720 1.16(1.04t01.29) 0.007
Differentiation 5.70 0.63(0.431t00.92) 0.017

chemotherapy (n=87) who had ISInt+Hi experi-
enced significantly prolonged RFS compared
with those who had ISLo (5-year RFS: 57.0% vs.
12.5%; unadjusted HR for ISInt+Hi vs. ISLo,
0.57; 95% Cl, 0.46-0.71; P<0.001). They also
had significantly prolonged OS (5-year OS:
48.9% vs. 12.5%; unadjusted HR, 0.75; 95% Cl,
0.65-0.86; P<0.001) (Figure 4A and 4B; Table
5).

In the validation set, patients received postop-
erative chemotherapy (n=82) who had ISInt+Hi
experienced significantly prolonged RFS com-
pared with those who had ISLo (5-year RFS:
48.5% vs. 6.5%; unadjusted HR for ISInt+Hi vs.
ISLo, 0.54; 95% CI, 0.36-0.82; P=0.017) and
significantly prolonged OS (5-year 0S: 55.6%
vs. 22.2%; unadjusted HR, 0.67; 95% ClI, 0.58-
0.61; P<0.001) (Figure 4C and 4D). Similar find-
ings were obtained using the three-category IS
in both the training set (Figure 4E and 4F; Table
5) and the validation set (Figure 4G and 4H,;
Supplementary Table 2).

Multivariable Cox regression analyses of all
patients receiving postoperative chemotherapy
in the training and validation sets (n=169)
showed that the three-category IS, TNM stage,
and age made the largest relative contributions

3454

to RFS, whereas tumor differentiation made a
relatively small contribution. For OS, the vari-
ables with the largest relative contributions to
risk, based on the proportion of the total x? sta-
tistic, were the three-category IS, TNM sta-
ge, and age, whereas location and tumor dif-
ferentiation made relatively small contribu-
tions. Similar findings were obtained for the
two-category IS (Table 6).

Discussion

In this study, we evaluated the prognostic value
of the IS, based on the densities of CD3* and
cytotoxic CD8* T lymphocytes, in patients with
ESCC. Using resected specimens from a large
cohort of patients with previously untreated
ESCC (n=255), we found that the IS was sig-
nificantly associated with patient outcomes.
Multivariable analyses identified the IS as an
independent prognostic factor for RFS and OS.
We further evaluated the IS among patients
who received postoperative chemotherapy and
found that a high IS (ISHi) was associated with
a significantly lower risk of recurrence and pro-
longed OS.

The immune system contributes to antitumor
responses by recognizing and eliminating can-
cer cells [18]. TILs have been associated with

Am J Cancer Res 2026;16(8):3445-3460
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Figure 4. Kaplan-Meier survival curves for the impact of IS on outcome of ESCC patients with postoperative chemo-
therapy. For 2-categories IS, RFS in (A) training set patients, (C) validation set patients, and OS in (B) training set
patients, (D) validation set patients. For 3-categories IS, RFS in (E) training set patients, (G) validation set patients,
and OS in (F) training set patients, (H) validation set patients (all P<0.001).

Table 5. Univariate analysis of RFS and OS using immunoscore category in training set patients with
postoperative chemotherapy (n=87)

Prognostic Immunoscore P;\lt(i)c'e:tfs aRate at 3 Years (%) P°Rate at 5 Years ®Hazard Ratio op
indicators Category n (%) ’ (95% Cl)* (%) (95% Cl)* (95% Cl)*
RFS 2-categories IS
Lo 24 (27.6) 20.8(12.5t029.1) 12.5(5.71t019.3) 1.00 (Reference)
Int+Hi 63(72.4) 83.3(78.5t088.1) 57.0 (50.2t063.8) 0.57 (0.46t0 0.71) <0.001
3-categories IS
Lo 24 (27.6) 20.8(12.5t029.1) 12.5(5.71t019.3) 1.00 (Reference)
Int 43 (49.4) 73.3(66.4t080.2) 41.7 (33.3t050.1) 0.63(0.501t00.79) 0.001
Hi 20 (23.0) 95.0(90.1t099.9) 88.7 (81.1t096.3) 0.45(0.28100.73) <0.001
oS 2-categories IS
Lo 24 (27.6) 41.7 (31.61t051.8) 12.5(5.7 t0 19.3) 1.00 (Reference)
Int+Hi 63 (72.4) 84.1(79.5t088.7) 48.9 (42.6t055.2) 0.75(0.65t0 0.86) 0.006
3-categories IS
Lo 24 (27.6) 41.7 (31.6t051.8) 12.5(5.71t019.3) 1.00 (Reference)
Int 43 (49.4) 83.7 (78.1t089.3) 38.9(31.4t046.4) 0.81(0.71t00.94) 0.024
Hi 20(23.0) 85.0(77.0t093.0) 70.0(59.8t080.2) 0.60 (0.42t00.86) 0.001

2Kaplan-Meier test, °Crosstab. *Confidence Interval.

Table 6. Cox multivariable regression analysis of RFS and OS combining the 2-categories IS, 3-catego-
ries IS with clinical parameters in patients with postoperative chemotherapy (n=169)

Analysis Variable Wald HR (95% ClI) P
RFS combining the 2-categories IS with clinical 2-categories IS 42.48 0.23 (0.15 t0 0.36) <0.001
parameters TNM 38.75 1.74 (1.46 to 2.07) <0.001
Differentiation 5.35 0.58 (0.36 t0 0.92) 0.021
RFS combining the 3-categories IS with clinical ~ 3-categories IS 62.01 0.29 (0.21t0 0.39) <0.001
parameters TNM 41.25 1.82 (1.52 t0 2.18) <0.001
Age 5.31 1.03 (1.01 to 1.06) 0.021
Differentiation 4.53 0.62 (0.40 to 0.96) 0.033
0S combining the 2-categories IS with clinical 2-categories IS 19.26 0.39 (0.25 to 0.59) <0.001
parameters TNM 16.91 1.40 (1.19 to 1.64) <0.001
Age 10.63 1.05 (1.02 to 1.08) 0.001
Differentiation 4.68 0.59 (0.37 to 0.95) 0.031
0S combining the 3-categories IS with clinical ~ 3-categories IS 31.29 0.45 (0.34 t0 0.59) <0.001
parameters TNM 17.65 1.42 (1.20 to 1.67) <0.001
Age 10.90 1.05 (1.02 to 1.08) 0.001
Location 5.19 0.73 (0.56 to 0.96) 0.023
Differentiation 3.89 0.63 (0.40 to 0.99) 0.049

favorable outcomes in various cancers [19]. T
cells, a major subset of lymphocytes, exert
cytotoxic effects against tumor cells and se-

crete cytokines that inhibit cancer cell prolif-
eration and metastasis. Based on this con-
cept, the IS, which quantifies T-cell density, was
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developed as an effective method for evaluat-
ing immune infiltration within tumors [20]. CD8*
T cells have been identified as an important
prognostic component of immune scoring sys-
tems in ESCC and esophageal adenocarcinoma
[13]. A recent meta-analysis showed that CD3*
and CD8"* T-cell infiltration in both the CT and IM
was associated with improved survival across
different cancer stages [21]. In recent years,
the IS, based on the densities of CD3* and cyto-
toxic CD8* T lymphocytes, has emerged as a
promising tool for improving the management
of various cancers [22]. The prognostic sig-
nificance of the TME and the IS has been dem-
onstrated in precancerous lesions, primary
tumors, and metastatic disease [23-27].

To date, relatively few studies have investigated
the clinical relevance of the IS in EC. The IS in
surgical specimens and TIL density in pretreat-
ment biopsy specimens have been proposed
as potential predictors of clinical outcomes in
patients receiving neoadjuvant chemotherapy
for EC [20]. The IS has also been associated
with pathological response in locally advanced
ESCC [28]. In these studies, CD3* and CD8*
lymphocytes were automatically counted at
x200 magnification using a BZ-X710 digital
microscope and hybrid cell-counting software,
and the mean density across five hotspots was
used to determine the IS cutoff. In contrast,
Conroy et al. reported that CD3 or CD8 expres-
sion was not significantly associated with sur-
vival in patients with esophageal adenocarci-
noma or ESCC [29]. In the present study, we
also established an IS model for ESCC. CD3*
and CD8* lymphocytes were counted at x400
magnification using an Olympus CX41 micro-
scope, and the optimal cutoff values were
determined by ROC curve analysis based on
5-year OS and the maximum Youden index. Our
findings suggest that the IS can provide valu-
able and accurate prognostic information for
patients with ESCC.

In addition to its prognostic value, the IS may
contribute to predicting outcomes following
chemotherapy. Postoperative chemotherapy is
commonly administered to reduce the risks of
tumor recurrence and metastasis. However,
responses to postoperative chemotherapy vary
substantially among patients. Therefore, novel
biomarkers are needed to support decisions
regarding the administration of chemotherapy.

3457

Accumulating evidence suggests that the effi-
cacy of chemotherapy may be mediated, at
least in part, through the modulation of local
and systemic immune responses. In rectal can-
cer, the densities of stromal CD3* and CD8" T
cells increase after neoadjuvant treatment
[30]. However, evidence regarding this asso-
ciation in ESCC remains limited [31]. In EC,
patients who respond to neoadjuvant chemo-
therapy have higher densities of both CD3* and
CD8* cells in pretreatment biopsy specimens,
and CD3" cell density has been proposed as an
independent prognostic factor [20]. In the pres-
ent study, patients with intermediate or high IS
values who received postoperative chemother-
apy had better RFS and OS than those with a
low IS. These findings may have implications
for elderly patients with multiple comorbidities
or poor tolerance of standard chemotherapy.
However, whether patients with ISHi could ben-
efit from reduced chemotherapy intensity or
whether chemotherapy should be used more
cautiously in patients with ISLo and a high risk
of toxicity requires further prospective investi-
gation.

Overcoming chemoresistance, particularly re-
sistance to 5-fluorouracil (5-FU), remains a
major challenge in the treatment of ESCC. In
5-FU-resistant ESCC, the TME may be actively
remodeled to promote immune evasion. The-
rapeutic strategies should therefore target
both resistant cancer cells and the immuno-
suppressive TME, potentially providing new
approaches to overcoming chemoresistance in
ESCC [16]. Multi-omics approaches also have
considerable potential in drug discovery, par-
ticularly for predicting drug sensitivity [32]. Our
IS analysis further suggests that CD3* and
cytotoxic CD8* T lymphocytes may be involved
in the response to postoperative chemothe-
rapy. With continued technological advances,
multi-omics analyses of the TME may facilitate
the development of strategies to overcome
chemoresistance in ESCC.

This study has several limitations. First, pa-
tients in both the training and validation sets
were recruited from the same institution, and
the findings were not validated in an indepen-
dent external cohort. Second, because this was
a retrospective cohort study, the available med-
ical records were not sufficiently detailed to
include certain potentially relevant factors,
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such as family history and genetic characteris-
tics, which may have affected the results. Third,
owing to the limited sample size, the cutoff
values established in this study may not be
generalizable to all patients with ESCC. Large,
multicenter prospective studies are therefore
needed to validate these findings.

Conclusions

A high IS was significantly associated with pro-
longed RFS and OS in patients with ESCC,
including those who received postoperative
chemotherapy. These findings suggest that an
IS based on the densities of CD3* and cytotoxic
CD8* T lymphocytes may improve prognostic
stratification and the assessment of outcomes
following chemotherapy. The IS may therefore
serve as a useful complement to the TNM stag-
ing system for patients with operable ESCC.
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Supplementary Table 1. Univariate analysis of RFS and OS using immunoscore category in validation
set patients (n=128)

Prognostic Immunoscore PaNt(i)é:tfs aAt 3 Years (%) aAt 5 Years (%) ®Hazard Ratio op
indicators Category n (%) ’ (95% Cl)* (95% Cly* (95% Cl)*
RFS 2-categories IS
Lo 28(21.9) 34.1(24.7t043.5) 4.9(0.2t09.6) 1.00 (Reference)
Int+Hi 100 (78.1) 80.1(76.0to 84.2) 59.4 (53.9t064.9) 0.57 (0.45t00.74) 0.001
3-categories IS
Lo 28 (21.9) 34.1(24.7t043.5) 4.9(0.21t09.6) 1.00 (Reference)
Int 64 (50.0) 72.3(66.61to0 78.0) 44.7 (37.5t051.9) 0.73(0.57 10 0.93) 0.026
Hi 36(28.1) 94.1(90.1t098.1) 83.7(77.0t0 90.4) 0.29(0.16 t0 0.52) <0.001
5-categories IS
10 16 (12.5) 25.8(13.5t038.1) 8.6(0.5t016.7) 1.00 (Reference)
11 12 (9.4) 41.7 (27.5t0 55.9) 0 (NA) 1.13(0.84t01.51) 0.436
12 33(25.8) 61.2(52.41070.0) 26.4 (17.4t0 36.0) 0.76 (0.68 t0 0.84) 0.048
13 31(24.2) 83.5(76.8t090.2) 61.1(51.0to 71.2) 0.54 (0.42t0 0.66) 0.003
14 36(28.1) 94.1(90.1t098.1) 83.7 (77.0t0 90.4) 0.21(0.12t0 0.30) <0.001
0S 2-categories IS
Lo 28 (21.9) 36.2(26.8t045.6) 20.1(12.1t028.1) 1.00 (Reference)
Int+Hi 100 (78.1) 79.9 (75.91t083.9) 54.0(48.91t059.1) 0.53(0.42t00.64) 0.001
3-categories IS
Lo 28 (21.9) 36.2(26.8t045.6) 20.1(12.1t028.1) 1.00 (Reference)
Int 64 (50.0) 74.8(69.41t080.2) 40.1(33.7to 46.5) 0.69 (0.551t00.86) 0.023
Hi 36(28.1) 88.9(83.7t094.1) 77.5(70.5t084.5) 0.34 (0.20t0 0.47) <0.001
5-categories IS
10 16 (12.5) 39.1(26.21t052.0) 23.4(11.9t034.9) 1.00 (Reference)
11 12 (9.4) 50.0(35.6t064.4) 16.7 (5.9t027.5) 1.11(0.76t01.62) 0.595
12 33(25.8) 66.5(58.3t0 74.7) 32.5(23.8t041.2) 0.87 (0.751t00.96) 0.044
13 31(24.2) 83.7(77.0t090.4) 48.2(38.8t057.6) 0.58 (0.50t0 0.65) 0.001
14 36 (28.1) 88.9(83.7t094.1) 77.5(70.5t084.5) 0.23(0.14t00.31) <0.001

aKaplan-Meier test, °Crosstab. *Confidence Interval.



Immunoscore predict prognosis of esophageal carcinoma

Supplementary Table 2. Univariate analysis of RFS and OS using immunoscore Category in training
set patients with postoperative chemotherapy (n=82)

Prognostic Immunoscore
indicators Category

No. of
Patients, n
(%)

2Rate at 3 Years
(%) (95% Cl)*

@Rate at 5 Years
(%) (95% Cly*

®Hazard Ratio
(95% Cl)*

op

RFS 2-categories IS

Lo

Int+Hi
3-categories IS

Lo

Int

Hi
2-categories IS

Lo

Int+Hi
3-categories IS

Lo

Int

Hi

0S

19 (23.2)
41 (50.0)
22 (26.8)

38.9 (27.4 to 50.4)
77.4 (72.1t0 82.7)

38.9 (27.4 t0 50.4)
70.4 (63.2to 77.6)
90.7 (84.4 to 97.0)

55.6 (43.910 67.3)
82.5 (77.7 to 87.3)

55.6 (43.9 to 67.3)
78.0 (71.5 to 84.5)
90.9 (84.8 t0 97.0)

6.5 (0.3 to 12.7)
48.5 (41.7 t0 55.3)

6.5 (0.3 t0 12.7)
34.0 (25.7 t0 42.3)
74.3 (64.3 t0 84.3)

22.2 (12.4 to0 32.0)
55.9 (49.5 t0 62.3)

22.2(12.4t0 32.0)
40.0 (32.0t0 48.0)
77.3 (68.4 t0 86.2)

1.00 (Reference)
0.54 (0.36 t0 0.82)

1.00 (Reference)
0.65 (0.41t0 0.84)
0.38 (0.15t0 0.53)

1.00 (Reference)
0.67 (0.56 t0 0.81)

1.00 (Reference)
0.73 (0.60 to 0.89)
0.50 (0.38t0 0.73)

0.017

0.032
0.001

<0.001

0.001
<0.001

aKaplan-Meier test, °Crosstab. *Confidence Interval.



