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Abstract
Background: Thymic epithelial tumors (TET) are rare malignancies and lack
well-defined biomarkers for neoadjuvant therapy. This study aimed to evaluate the
clinical utility of artificial intelligence (AI)-powered tumor-infiltrating lymphocyte
(TIL) analysis in TET.
Methods: Patients initially diagnosed with unresectable thymoma or thymic carci-
noma who underwent neoadjuvant therapy between January 2004 and December
2021 formed our study population. Hematoxylin and eosin-stained sections from the
initial biopsy and surgery were analyzed using an AI-powered spatial TIL analyzer.
Intratumoral TIL (iTIL) and stromal TIL (sTIL) were quantified and their immune
phenotype (IP) was identified.
Results: Thirty-five patients were included in this study. The proportion of
patients with partial response to neoadjuvant therapy was higher in the group
with nondesert IP in preneoadjuvant biopsy (63.6% vs. 17.6%, p = 0.038). A
significant increase in both iTIL (median 22.18/mm2 vs. 340.69/mm2,
p < 0.001) and sTIL (median 175.19/mm2 vs. 531.02/mm2, p = 0.004) was
observed after neoadjuvant therapy. Patients with higher iTIL (>147/mm2)
exhibited longer disease-free survival (median, 29 months vs. 12 months,
p = 0.009) and overall survival (OS) (median, 62 months vs. 45 months,
p = 0.002). Patients with higher sTIL (>232.1/mm2) exhibited longer OS
(median 62 months vs. 30 months, p = 0.021).
Conclusions: Nondesert IP in initial biopsy was associated with a better response to
neoadjuvant therapy. Increased infiltration of both iTIL and sTIL in surgical speci-
mens were associated with longer OS in patients with TET who underwent re-
section followed by neoadjuvant therapy.
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INTRODUCTION

Complete surgical resection is the only potentially curative
treatment for thymic epithelial tumors (TET).1–3 Therefore,
complete resection is the treatment goal in patients without
systemic and/or extra thoracic metastasis. However, even in
the absence of distant metastasis, surgery is often difficult
due to abutment or local invasion of nearby structures, such
as the great vessels.4 Consequently, complete resection is
not always possible, which results in a high risk of relapse.5

Therefore, for patients with locally advanced or advanced-
stage TET, in whom imaging studies reveal poor possibility
of complete resection of tumors, a curative-intent sequen-
tial strategy is recommended in the order of initial needle
biopsy, neoadjuvant therapy, and surgery.6–8 Given the sen-
sitivity of TETs to platinum-based chemotherapy (CTx),
cisplatin-based combination regimens can be used as
neoadjuvant therapy.9–11 Moreover, as TETs are sensitive to
radiotherapy, neoadjuvant concomitant chemoradiotherapy
(CCRT) is also a viable option.12,13

However, TET is rare, and there is no established standard
treatment for neoadjuvant therapy.14 Similarly, there is limited
evidence regarding the use of adjuvant CTx or CCRT for R1 or
R2 resections after surgery. Therefore, we report our experience
with 35 patients with TET who received neoadjuvant CTx or
CCRT due to the advanced stage at the time of initial diagnosis,
with the aim of evaluating the response rate and efficacy of
neoadjuvant therapy. Furthermore, since the primary objective
of neoadjuvant therapy is to enhance the likelihood of complete
resection, the response rate is important. Thus, we evaluated
the paired pathology specimens consisting of a preneoadjuvant
therapy sample and a surgical sample using an artificial intelli-
gence (AI)-powered tumor-infiltrating lymphocyte (TIL) ana-
lyzer (Lunit SCOPE IO).15 We hypothesized that TIL density
or immune phenotype (IP) determined by TIL may predict
response to neoadjuvant therapy in advanced TET and possibly
related to survival outcomes.

METHODS

Study participants and design

This single-center, retrospective, longitudinal cohort study
included patients with TET who underwent curative-intent
neoadjuvant CTx or CCRT between January 2004 and
December 2021. Patients initially diagnosed with unresect-
able thymoma (TM) or thymic carcinoma (TC) who under-
went neoadjuvant therapy were included in this study. The
treatment modality was determined by a multidisciplinary
team. The most effective treatment modality is yet to be
established, and therefore a multidisciplinary approach,
including surgery, CTx, and radiotherapy, is required.

A total of 35 patients who met the inclusion criteria were
identified from the database. Their electronic medical records
were reviewed for demographics and factors related to diag-
nosis including stage, response to neoadjuvant therapy,

factors related to surgery, and survival outcomes. Responses
were evaluated using RECIST 1.1.16 All preneoadjuvant ther-
apy and surgical specimens were reviewed by two indepen-
dent pathologists (JK and KCJ), and the surgical specimens
were scored for tumor response grade (TRG).17,18

The analysis was conducted in two steps. The first step
evaluated the relationship between TIL density or IP of pre-
neoadjuvant therapy specimens, that is, initial needle biopsy
specimens at diagnosis, and response to neoadjuvant ther-
apy. In this analysis, only the patients with hematoxylin and
eosin (H&E)-stained archival tumor tissues were included.
Second, we analyzed the association between TIL density or
IP in surgical specimens and survival outcomes. Since there
were several H&E-stained sections per patient, the slide with
the largest cancer area was analyzed as the representative
slide for that patient. TIL density was obtained by analyzing
the H&E-stained sections of patients using Lunit SCOPE
IO. Figure 1 illustrates the cohort assembly strategy.

This study was conducted inaccordance with the Decla-
ration of Helsinki and the Good Clinical Practiceguidelines.
The study protocol was approved by the Institutional
Review Boardof Seoul National University Hospital (IRB no.
H-2201-005-1285). The need forinformed consent was
waived due to the retrospective nature of the study.

Study procedures

Lunit SCOPE IO (Lunit Inc., Seoul, Republic of Korea) is an
AI-powered spatial TIL analyzer that identifies and quantifies
TIL within the cancer epithelium (intratumoral TIL; iTIL) and
stroma (stromal TIL; sTIL) in H&E-stained whole-slide images
(WSI). It is composed of two convolutional neural networks,
one of which performs segmentation of the cancer area
(CA) and cancer-related stroma (CS), and the other identifies
TILs. Lunit SCOPE IO was originally trained and optimized
using 2.8 � 109 μm2 of H&E-stained tissue regions containing
6.0 � 105 TILs, extracted from 3166 WSI assorted from 25 dif-
ferent tumor types, and annotated by board-certified patholo-
gists.15 The model used in this study was updated via further
training and optimization using 1.4 � 1010 μm2 of CA and CS,
including 6.23 � 105 TILs, extracted from 18 679 H&E-stained
WSI of 17 different solid tumor types including thymic origin.

In this study, Lunit SCOPE IO segmented WSI into CA
and CS, and separately identified and quantified TIL in each
area. The model then estimated the densities of iTIL or sTIL
per 1 mm2 of the corresponding tissue area in each case. More-
over, the model used the densities of iTILs and sTILs in
0.25 mm2-sized grids to derive IP of each grid: inflamed-grids
having iTIL density of ≥130/mm2; immune-excluded-grids
having sTIL density of ≥260/mm2 and iTIL density of <130/
mm2; and immune-desert—grids having iTIL and sTIL densi-
ties of <130/mm2 and < 260/mm2, respectively. The inflamed
score (IS), immune-excluded score (IES), and immune-desert
score (IDS) of the WSI were defined as the number of grids
annotated to a certain IP divided by the total number of grids
analyzed in the WSI. Finally, the representative IP for each
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WSI was defined as inflamed IP if the IS was ≥20.0%,
immune-excluded IP if the IES was ≥33.3% and IS was
<20.0%, or immune-desert IP otherwise. The TIL and IS
threshold to determine the grid- and WSI-level IP classification

was determined prior to the study as the threshold that opti-
mally predicted high interferon-γ-responsive gene signature
levels in a set of TCGA pan-carcinoma tumor samples
(N = 7454).19,20

F I G U R E 1 Details of cohort assembly strategy.

T A B L E 1 Baseline characteristics.

All patients N = 35 TC N = 28 TM N = 7 p-value

Age, year, median (range) 56 (34–73) 56 (37–73) 51 (34–66) 0.253

Sex, male, n (%) 25 (71.4) 21 (75.0) 4 (57.1) 0.640

Diabetes mellitus, n (%) 4 (11.4) 4 (14.3) 0 (0.0) 0.690

Preoperative symptom, n (%)

Chest discomfort 9 (25.7) 7 (25.0) 2 (28.6) 1.000

Chest pain 10 (28.6) 9 (32.1) 1 (14.3) 0.640

Hoarseness 8 (22.9) 6 (21.4) 2 (28.6) 1.000

Facial edema 4 (11.4) 4 (14.3) 0 (0.0) 0.690

None 11 (31.4) 7 (25.0) 4 (57.1) 0.237

Histological type, TC, n (%)

Well differentiated, squamous-cell 14 (50.0)

Poorly differentiated, squamous-cell 11 (39.3)

Others 3 (10.7)

Histological type, TM, n (%)

B1 3 (42.9)

B3 4 (57.1)

Clinical tumor size, cm, median (range) 7.5 (3–12.9) 7.3 (3–9.8) 7.5 (5.9–12.9) 0.135

Clinical TNM staging, n (%) 0.219

III 17 (48.6) 13 (46.4) 4 (57.1)

IV 18 (51.4) 15 (53.6) 3 (42.9)

Neoadjuvant therapy, n (%) 0.546

Chemotherapy 5 (14.3) 5 (17.9) 0 (0.0)

Concurrent chemoradiotherapy 30 (85.7) 23 (82.1) 7 (100.0)

Response to neoadjuvant therapy, n (%) 0.445

Partial response 13 (37.1) 9 (32.1) 4 (57.1)

Stable disease 21 (60.0) 18 (64.3) 3 (42.9)

Progressive disease 1 (2.9) 1 (3.6) 0 (0.0)

Abbreviations: TC, thymic carcinoma; TM, thymoma.
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Statistical analysis

Categorical variables were compared between the two
groups using Fisher’s exact test or Chi-square test, and p-
values were two-sided. Differences in the means or medians
of the continuous variables between the two groups were
assessed using the Wilcoxon rank-sum test. Multivariable
logistic regression models were created to identify indepen-
dent associations with response to neoadjuvant therapy. The
cutoff for differentiating between low and high TIL was
defined as the point with the lowest p-value for overall sur-
vival (OS) using the log-rank test for all possible levels for

T A B L E 3 Comparison between desert
and nondesert IP of preneoadjuvant therapy.

All
patients N = 28

Desert
N = 17

Nondesert
N = 11

p-
value

Age, year, median (range) 56 (37–73) 51 (37–71) 60 (39–73) 0.140

Sex, male, n (%) 19 (67.9) 12 (70.6) 7 (63.6) 1.000

Diagnosis, n (%) 0.305

Thymic carcinoma 24 (85.7) 16 (94.1) 8 (72.7)

Thymoma 4 (14.3) 1 (5.9) 3 (27.3)

Clinical TNM staging, n (%) 1.000

III 15 (53.6) 9 (52.9) 6 (54.5)

IV 13 (46.4) 8 (47.1) 5 (45.5)

Neoadjuvant therapy, n (%) 0.588

Chemotherapy 5 (17.9) 2 (11.8) 3 (27.3)

Concurrent chemoradiotherapy 23 (82.1) 15 (88.2) 8 (82.7)

Response to neoadjuvant therapy,
n (%)

0.038

Partial response 10 (35.7) 3 (17.6) 7 (63.6)

Stable disease 18 (64.3) 14 (82.4) 4 (36.4)

Abbreviations: IP, immune phenotype.

T A B L E 4 Univariable and multivariable
analysis.

Univariable Multivariable

OR (95% CI) p-value OR (95% CI) p-value

Age, years 1.05 (0.97–1.14) 0.2399 1.06 (0.95–1.18) 0.3288

Sex

Female 1 1

Male 1.17 (0.22–6.2) 0.5247 1.13 (0.11–11.36) 0.9174

Diagnosis

Thymic carcinoma 1 1

Thymoma 2.0 (0.24–16.93) 0.5247 0.75 (0.03–19.67) 0.8610

Clinical TNM staging

III 1 1

IV 1.25 (0.27–5.89) 0.7777 4.46 (0.35–56.53) 0.2488

Neoadjuvant therapy

Concurrent chemoradiotherapy 1 1

Chemotherapy 0.39 (0.04–4.06) 0.4301 0.02 (0.00–1.45) 0.0750

IP of preneoadjuvant specimen

Nondesert 1 1

Desert 0.12 (0.02–0.70) 0.0187 0.04 (0.00–0.77) 0.0325

Abbreviations: CI, confidence interval; IP, immune phenotype; OR, odds ratio.

T A B L E 2 Preneoadjuvant specimen analysis using Lunit SCOPE IO.

Preneoadjuvant specimen N = 28

Intratumoral TIL density (/mm2),
median (range)

22.18 (0–1870.43)

Stromal TIL density (/mm2),
median (range)

163.56 (1.62–865.51)

Immune phenotype, n (%)

Inflamed 5 (17.9)

Immune-excluded 6 (21.4)

Immune desert 17 (60.7)

Abbreviation: TIL, tumor-infiltrating lymphocyte.
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each biomarker. The Kaplan–Meier method was used to
estimate disease-free survival (DFS) and OS. The log-rank
test was used to assess the differences between the groups
in terms of DFS and OS. The statistical software “R”
version 4.1.3 (www.r-project.org) was used for all statisti-
cal analyses. p-values of <0.05 were considered statisti-
cally significant.

RESULTS

Patient and disease characteristics

The baseline characteristics of the 35 patients are presented in
Table 1. A total of 30 patients received CCRT as neoadjuvant
therapy with weekly cisplatin (median cycle, 5) and a median
radiation dose of 44 Gy. The remaining five patients were
treated with CTx; four with cisplatin, doxorubicin, and cyclo-
phosphamide; and one with cisplatin and etoposide. Overall,
the response to neoadjuvant therapy was partial response
(PR) in 13 (37.1%) patients, stable disease (SD) in 21 (60.0%)
patients, and progressive disease (PD) in 1 (2.9%) patient.

IP of preneoadjuvant therapy specimen

A total of 33 of 35 patients had preneoadjuvant therapy H&E
slides and were evaluated using the Lunit SCOPE IO. The
specimens of five patients did not pass quality control, result-
ing in 28 patients being included in this analysis. The results
of the analysis using the Lunit SCOPE IO are presented in
Table 2. The median iTIL and sTIL densities in the 28 patients
were 22.18/mm2 (interquartile range [IQR], 5.37–52.42) and
163.56/mm2 (IQR, 42.32–385.55), respectively. More than
60% (17 of 28) of the patients had immune-desert IP, whereas
only five (17.9%) had inflamed IP.

We compared the patients with desert and nondesert
IP (Table 3). No differences were observed between the
two groups in terms of demographics or disease charac-
teristics. However, the proportion of patients with PR to
neoadjuvant therapy was higher in the nondesert group
(63.6% vs. 17.6% for nondesert vs. desert, respectively,
p = 0.038).

Table 4 shows the factors associated with response to
neoadjuvant therapy. Univariate analysis revealed that the

T A B L E 5 Operative outcome.

N = 30

Age, year, median (range) 56 (34–73)

Sex, male, n (%) 20 (66.7)

Diagnosis, thymic carcinoma, n (%) 23 (76.7)

Time between surgery and end of neoadjuvant
therapy, day, median (range)

44 (10–130)

Thymectomy type, n (%)

Total thymectomy 28 (93.3)

Partial thymectomy 2 (6.7)

Resected structures, n (%)

Lung 22 (73.3)

Diaphragm 14 (46.7)

Pericardium 25 (83.3)

Innominate vein 23 (76.7)

Phrenic nerve 12 (40.0)

Complete resection, n (%) 25 (83.3)

Pathological Masaoka-Koga stage, n (%)

Pathological CR 1 (3.3)

I 0 (0.0)

II 7 (23.3)

III 15 (50.0)

VI 7 (23.3)

Pathological TNM stage, n (%)

Pathological CR 1 (3.3)

I 7 (23.3)

II 3 (10.0)

III 12 (40.0)

VI 7 (23.3)

TRG score, n (%)

1 1 (3.3)

2 6 (20.0)

3 10 (33.3)

4 12 (40.0)

5 1 (3.3)

Adjuvant treatment, n (%)

None 18 (60.0)

Chemotherapy 7 (23.3)

Radiotherapy 4 (14.4)

Concurrent chemoradiotherapy 1 (3.3)

Surgical specimen analyzed by Lunit
SCOPE IO N = 30

Intratumoral TIL density (/mm2),
median (range)

374.99 (5.79–7415.21)

Stromal TIL density (/mm2), median (range) 531.02 (96.75–1729.08)

Immune phenotype score (%), median (range)

Inflamed 37.7 (0.3–94.5)

Immune-excluded 18.5 (0.0–58.8)

Immune desert 32.2 (2.3–96.1)

(Continues)

TAB L E 5 (Continued)

Surgical specimen analyzed by Lunit
SCOPE IO N = 30

Immune phenotype, n (%)

Inflamed 20 (66.7)

Immune-excluded 2 (6.7)

Immune desert 8 (26.7)

Abbreviations: CR, complete response; TIL, tumor-infiltrating lymphocyte; TRG,
tumor regression grade.
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desert IP of preneoadjuvant specimens was associated
with response to neoadjuvant therapy. In multivariable
analysis, only desert IP of preneoadjuvant specimen
(odds ratio [OR] = 0.04, 95% confidence interval [CI]:
0.00–0.77; p = 0.0325) was associated with PR. CTx alone
as neoadjuvant therapy seemed to reduce the probability
of PR; however, the difference was not statistically signifi-
cant (p = 0.588).

Operative outcomes

A total of 31 of 35 patients underwent resection surgery,
and the H&E slides of their surgical specimens were evalu-
ated using Lunit SCOPE IO. The sample of one patient did
not pass quality control, resulting in 30 patients being
included in the analysis. Table 5 shows the operative out-
comes. A total of 28 of 30 patients underwent total thymec-
tomy, and complete resection was achieved in 25 (83.3%).
TNM staging revealed that pathological complete response
(pCR) was observed in one patient and tumor downstaging
occurred in 18 (60%). The need for and method of adjuvant
therapy was determined by a multidisciplinary team based
on the pathology results and clinical situation. A total of
18 (60%) patients received no adjuvant therapy, seven
(23.3%) received CTx, four (14.4%) received radiotherapy,
and one (3.3%) received CCRT.

Surgical specimen analysis using Lunit
SCOPE IO

The results of the analysis of the surgical specimens using
Lunit SCOPE IO are presented in Figure 2 and Table 5. The
median iTIL and sTIL densities in the 30 patients were
374.99/mm2 (IQR, 126.77–1166.61) and 531.02/mm2 (IQR,
233.84–928.04), respectively. The IP of each 1 mm2 grid was
determined for spatial analysis of TIL distribution. The

median IS, IES, and IDS in this cohort were 37.7, 18.5, and
32.2%, respectively. In contrast to preneoadjuvant specimens,
more than 60% (20 of 30) of the patients had inflamed IP,
whereas only eight (26.7%) had immune-desert IP.

To examine the changes in TIL density before and after
neoadjuvant therapy, we analyzed 28 patients whose pre- and
post-neoadjuvant samples were available and passed quality
control in the Lunit SCOPE IO analysis. In TET, a significant
increase in both iTIL (median 22.18/mm2 vs. 340.69/mm2,
p < 0.001) and sTIL (median 175.19/mm2 vs. 531.02/mm2,
p = 0.004) was observed after neoadjuvant therapy. The
difference between needle biopsy and surgery resulted in a
larger cancer area in the surgical specimens; however,
there was no correlation between greater TIL density and
cancer area.

Post-neoadjuvant TIL density and survival
outcomes

The 5-year OS rate was 73.8% (95% CI: 55.4%–98.2%),
with a median follow-up of 41 months. The median OS
was 62 months (Figure 3a, 95% CI: 62 months–not
reached). The 3-year DFS rate was 29.3% (95% CI:
14.9%–57.4%). The median DFS was 23 months
(Figure 3b, 95% CI: 13 months–not determined). The
optimal cutoff thresholds for high and low iTIL and sTIL
densities were determined to be 147/mm2 and 232.1/
mm2, respectively, using the log-rank test. Using this
threshold, 22 (73.3%) and 23 (76.7%) patients were cate-
gorized in the high iTIL and high sTIL groups, respec-
tively. Patients with higher iTIL density (>147/mm2)
exhibited longer OS (Figure 4a, median OS 62 vs.
45 months, p = 0.002) and DFS (Figure 4b, median DFS
29 months vs. 12 months, p = 0.009). Patients with
higher sTIL density (>232.1/mm2) exhibited longer OS
(Figure 4c, median OS 62 months vs. 30 months,
p = 0.021). Contrary to iTIL, the higher sTIL density

F I G U R E 2 Representative image of Lunit SCOPE IO. Representative image of hematoxylin and eosin (H&E) original image (left) and Lunit SCOPE IO-
inferenced segmentation of cancer epithelium (orange), cancer stroma (grass green), and TIL (cyan blue), respectively (right).
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group was not significantly superior to the lower sTIL
density group in terms of DFS (Figure 4d, median DFS
28 months vs. 20 months, p = 0.41).

To clarify whether the IP of post-neoadjuvant therapy
would also serve as a prognostic biomarker for TET-like TIL
density, we analyzed the survival outcomes according to

F I G U R E 3 Survival outcomes. (a) Kaplan–Meier curves of overall survival (OS). (b) Kaplan–Meier curves of disease-free survival (DFS).
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IP. No significant differences were observed between
patients with desert and nondesert IPs in terms of OS and
DFS. The median OS was not determined (95% CI:
30 months not determined) in patients with desert IP. On
the other hand, the median OS was 62 months (95% CI:
62 months not determined) in patients with nondesert IP
(Figure 5a, p = 0.32). The median DFS was 21.5 months
(95% CI: 12 months–not determined) in patients with desert
IP and 28 months (95% CI: 13 months–not determined) in
patients with nondesert IP (Figure 5b, p = 0.83).

DISCUSSION

In this study, we investigated various factors, including clini-
copathological characteristics, immune cell infiltration, TIL
density, and their relationship with survival outcomes in
patients with TET who were treated with neoadjuvant ther-
apy. First, our analysis revealed that more than 60% of the
patients had immune-desert IP, whereas only 17.9% had

inflamed IP. No significant differences were observed between
patients with desert and nondesert IP in terms of demo-
graphics and disease characteristics. However, the nondesert
IP group showed a higher proportion of patients with a PR to
neoadjuvant therapy in comparison to the desert IP group
(63.6% vs. 17.6%, respectively; p = 0.038). Univariable and
multivariable analyses confirmed that desert IP of the pre-
neoadjuvant specimen was associated with a higher likelihood
of PR to neoadjuvant therapy. Second, we confirmed that
both iTIL and sTIL densities increased after neoadjuvant
therapy. In addition, higher iTIL and sTIL were associated
with longer OS. Although the cutoff value needs to be further
studied due to the small number of patients included in our
study, the higher iTIL group with cutoff value determined by
OS analysis also had a longer DFS.

As complete resection is the most important prognostic
factor for locally advanced, unresectable TET, downstaging
with neoadjuvant therapy has been previously evaluated.13,21,22

However, despite the importance of the response to neoadju-
vant therapy, predictive biomarkers are scarce. The only

F I G U R E 4 Survival outcomes based on tumor-infiltrating lymphocytes (TIL) density. (a) Kaplan–Meier curves of overall survival (OS) based on
intratumoral TIL density. (b) Kaplan–Meier curves of disease-free survival (DFS) based on intratumoral TIL density. (c) Kaplan–Meier curves of overall
survival (OS) based on stromal TIL density. (d) Kaplan–Meier curves of disease-free survival (DFS) based on stromal TIL density.

3008 KIM ET AL.



reported association is that it tends to be associated with high-
risk histological types and greater response.13 Several attempts
have been made to predict the response in patients with locally

advanced breast cancer, where neoadjuvant therapy is crucial
such as TET,23 and higher TIL levels in preneoadjuvant ther-
apy biopsies have been reported to be associated with higher

F I G U R E 5 Survival outcomes based on immune phenotype. (a) Kaplan–Meier curves of overall survival (OS) based on immune phenotype. (b) Kaplan–
Meier curves of disease-free survival (DFS) based on immune phenotype.
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rates of pCR.24–26 As TET is a rare cancer and pCR is rare in
TET,13,21,22 finding a predictive biomarker for pCR was an
arduous task. Instead, we found that preneoadjuvant IP, repre-
sented by spatial distribution of TIL, was associated with
response to neoadjuvant therapy.

As TET is a highly heterogeneous group of diseases
with a wide range of biological features and prognoses,
there has been an ongoing effort to identify prognostic
factors.27,28 Ever since genetic aberrations, including
GTF2I mutation, have been reported in TET,29,30 several
studies have investigated the genetic alterations and prog-
nosis of TET.31,32 A previous study reported that classifi-
cation by GTF2I mutation was associated with DFS and
OS.33 It has also been reported that classification of the
tumor microenvironment by RNA sequencing is relevant
to the prognosis of TET.34

The present study demonstrated the usefulness of TIL
density analyzed using Lunit SCOPE IO, an AI-powered
spatial TIL analyzer, as a prognostic biomarker that would
aid in determining the course of treatment after surgery fol-
lowed by neoadjuvant therapy in patients initially diagnosed
with unresectable TET. As an imaging biomarker that can
be performed in a short time without additional techniques,
such as staining or genetic analysis, we believe that TIL den-
sity analyzed by Lunit SCOPE IO would be useful and prac-
tical in clinical settings. Two phase 2 trials have evaluated
the efficacy of pembrolizumab, an immune checkpoint
inhibitor (ICI), in patients with refractory or recurrent
TETs, and both confirmed the association of high PD-L1
with the response.35,36 Given the mechanism of action of
ICIs, TIL density may also be a predictive biomarker of the
use of ICIs in recurrent TETs. Future studies using multiple
agents, including ICI or receptor tyrosine kinase inhibitors,
in other clinical circumstances of TETs, besides neoadjuvant
therapy, are warranted.

A major limitation of the present study was its small
sample size and heterogeneous patient population. How-
ever, we believe that the small number of patients does
not eliminate the significance of our study, considering
the rarity of TET and the paucity of studies on TIL as bio-
marker in TET. Another limitation was the heterogeneity
of the treatment modalities. Although the treatment was
administered at a single institution, there may have been
bias because the treatment course was determined by a
multidisciplinary team. In addition, the AI-powered
L-unit SCOPE IO has not yet been validated for TET.
Although it has been validated in multiple cancer types,
further validation in TET is required.

Despite these limitations, our study is the first to iden-
tify TIL levels as predictive and prognostic biomarkers
using an AI-powered model in patients with TET.
Although distinguishing between tumor cells of TET and
TIL can be difficult, given that tumor cells in TET are of
T cell origin, AI-based IP was able to make this distinc-
tion.28 In addition, the findings in this study suggest that
neoadjuvant therapy can lead to an increase in TIL den-
sity and a shift from immune desert to inflamed IP. These

findings provide valuable insights into the role of neoad-
juvant therapy and immune microenvironment in TETs.

In conclusion, to the best of our knowledge, this is the first
study to investigate TIL density as a biomarker using an AI-
powered model in patients with TETs. Tumor IP analyzed using
the Lunit SCOPE IO can be used as a predictive biomarker for
neoadjuvant therapy in patients initially diagnosed with unre-
sectable TET. Patients with higher iTIL (>147/mm2) or sTIL
density (>232.1/mm2) had longer OS. Further studies with larger
number of patients are warranted to validate the value of AI-
powered spatial analysis of TIL as biomarker of TET.
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