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Abstract

Background: Triple-negative breast cancer (TNBC) is an aggressive subtype with limited treatment
options and a high risk of recurrence. Tumor-infiltrating lymphocytes (TILs) are potential prognostic
markers of TNBC. While studies in Western populations suggest favorable outcomes with higher TIL
levels, evidence from Southeast Asian populations remains limited. Objectives: This study aimed to
evaluate the prognostic impact of TIL levels on survival outcomes in patients with resectable TNBC.
Methods: We retrospectively reviewed patients with resectable TNBC who underwent upfront
surgery at the Ramathibodi Comprehensive Cancer Center in Thailand between 2015 and 2019. All
patients were staged according to the AJCC 8th edition. TILs were assessed using the International TILs
Working Group 2014 guidelines. The patients were categorized by TIL levels. The primary endpoint
was relapse-free survival (RFS), and patients with TILs >30% were compared with those with TILs
<30%. Secondary endpoints included RFS with TILs cutoffs (= 10% and >20%), breast cancer-specific
survival (BCSS), and overall survival (OS).

Results: The study included 128 patients with a median follow-up of 83 months. Adjuvant chemother-
apy was administered in 84.4% of cases, whereas omission was mainly in older or comorbid patients.
Patients with TILs >30% showed a favorable but non-significant trend toward improved RFS (HR
0.54; 95% CI, 0.20-1.49; p = 0.238), BCSS (HR 0.43; 95% CI, 0.09-1.97), and OS (HR 0.67; 95%
CI, 0.22-2.06). Lower TIL thresholds (=10%, >20%) were not associated with improved outcomes.
A multivariate analysis showed no independent prognostic effect of TILs.

Conclusion: Although statistical significance was not reached, TIL levels >30% were associated with
a favorable survival trend. To our knowledge, this is the largest Southeast Asian cohort with long-term
follow-up, providing region-specific real-world evidence. These findings illustrate that TIL assess-
ment on routine H&E slides is feasible and practical, especially in resource-constrained settings, and
highlight the need for larger prospective studies to clarify the prognostic and predictive role of TILs
in the immunotherapy era.
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Introduction

Breast cancer is the most common cancer
among women worldwide, including in
Thailand.V Breast cancer is classified into four
subtypes based on hormone receptor and human
epidermal growth factor receptor 2 (HER2) ex-
pression as follows: hormone receptor-positive/
HER2-negative, hormone receptor-positive/HER2-
positive, HER2-enriched, and triple-negative
(hormone receptor-negative/HER2-negative).®
The prognosis of breast cancer depends on
several factors, such as age, stage, and molecular
subtype. Among these, triple-negative breast
cancer (TNBC) accounts for 15-20% of all breast
cancers, which is recognized as the most aggres-
sive subtype.®

TNBC is a heterogeneous disease that shows
greater molecular diversity than other breast
cancer subtypes. Several studies have proposed
molecular classifications of TNBC, and the current
consensus has identified at least four major
molecular subtypes: basal-like immune-suppressed
(25%—40%), basal-like immune-activated (20%—
30%), luminal androgen receptor (15%—25%),
and mesenchymal (15%-20%).4% Among these,
the immune-related subtypes—particularly the
immunomodulatory types—are associated with
better chemotherapy responsiveness and more
favorable clinical outcomes than other subtypes.”
This molecular diversity indicates the substantial
prognostic heterogeneity observed in TNBC in
both the early and advanced stages of the disease.

Tumor-infiltrating lymphocytes (TILs) are
immune cells—primarily T cells but also B cells
and natural killer cells—that migrate into the
tumor microenvironment, reflecting an active
anti-tumor immune response. Tumors can be
classified according to the following CD8+ T
cell infiltration patterns: “immune deserts” lack

considerable infiltration, whereas “fully inflamed”
tumors show abundant intratumoral CD8+ T
cells. In TNBC, the density, composition, and
spatial distribution of TILs are associated with
prognosis and therapeutic response, particularly
to immunotherapy.® The International TILs
Working Group 2014 provided standardized
recommendations for evaluating TILs on hema-
toxylin and eosin (H&E)-stained slides in breast
cancer. The inter-observer agreement for TIL as-
sessment has been specifically examined in the
TNBC and HER2-positive subtypes.©®

TNBC is considered the most immunogenic
breast cancer subtype because it typically shows
higher levels of TILs compared with other
subtypes. TILs are promising biomarkers in
early-stage TNBC, with their levels serving
as indicators of prognosis and chemotherapy
responsiveness.1*!? A pooled analysis by
Loi et al. showed that high stromal TIL levels
(>30%) were associated with improved survival
following standard anthracycline-based adjuvant
chemotherapy.!’® Similarly, the PARADIGM
study assessed TILs in patients with node-
negative TNBC from a Dutch population-based
registry who did not receive neoadjuvant or
adjuvant systemic therapy'¥. This study showed
that TIL levels >30% were associated with
improved disease-free survival (DFS) and overall
survival (OS) in patients with stage I. Additionally,
a pooled analysis by Denkert et al. showed
that higher TIL concentrations predicted a
pathological response to neoadjuvant chemo-
therapy and were associated with improved
survival.'® These findings support the hypothesis
that TNBC is highly immunogenic and suggest
that TILs have prognostic and predictive value
in this disease.
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Although TILs are potential prognostic bio-
markers in breast cancer, the optimal cutoff
values for defining high versus low TIL levels
remain controversial, with no clear consensus.
Prior studies have used a range of cutoffs, typi-
cally between 10% and 50%, depending on study
design and clinical context. Notably, a thresh-
old of >30% has been commonly used to define
“high” TIL levels and has been associated with
improved clinical outcomes in several studies,
including pooled analyses and population-based
cohorts.*19 This cutoff is also supported by
the International TILs Working Group as a
clinically meaningful threshold for risk
stratification.'® Therefore, we selected a 30%
cutoff for the primary analysis and explored
alternative thresholds (10% and 20%) in second-
ary analyses.

Furthermore, data on the prognostic value of
TILs in Southeast Asian populations are limit-
ed. Given potential differences in tumor biology
and immune profiles across ethnicities, this study
aimed to evaluate TIL levels and their prognostic
significance in patients with resectable TNBC in
a Southeast Asian population.

Methods
Ethics approval

Approval was granted by the Institutional Re-
view Board of the Faculty of Medicine, Ramathi-
bodi Hospital, Mahidol University, Bangkok,
Thailand. (COA. MURA 2024/441) This study
was conducted in accordance with the principles
of the Declaration of Helsinki, the Belmont Re-
port, the CIOMS Guidelines, and the Internation-
al Conference on Harmonization Good Clinical
Practice (ICH-GCP). The requirement for in-
formed consent was waived by the committee in
accordance with institutional policy and national
guidelines for retrospective research involving
anonymized data, as outlined by the Ministry of
Public Health, Thailand.
Study design

All patients underwent definitive primary
surgery prior to receiving any additional
treatment. Eligible patients were diagnosed with
resectable TNBC, defined as stage I-III disease,

between 1 January 2015 and 1 December 2019,
and were retrospectively staged according to
the American Joint Committee on Cancer 8th
edition. Clinicopathological data and survival
outcomes were retrospectively collected from
the Ramathibodi Cancer Registry, which is a
tertiary care and referral hospital in Bangkok,
Thailand. H&E-stained slides were reviewed,
and stromal TILs were evaluated by experienced
pathologists. The patients were categorized
based on TIL levels for comparative analysis of
clinical outcomes. The last follow-up cutoft date
was 31 December 2024.

Inclusion and exclusion criteria

The inclusion criteria were as follows:
patients aged 18 years or older with a histolog-
ically confirmed diagnosis of invasive breast
carcinoma; those who were negative for estrogen
and progesterone receptors and HER2-negative
(defined as Immunohistochemistry 0—1+ or IHC
2+ with negative Fluorescence In Situ hybrid-
ization results), thus meeting the definition of
TNBC; and the availability of H&E-stained slides
from surgical specimens containing at least 10%
invasive — carcinoma. The exclusion criteria
included patients who had received neoadjuvant
chemotherapy (NCT), had insufficient or missing
data(e.g.,incomplete pathological/medical records),
had unavailability or poor-quality H&E-stained
slides, or had specimens obtained via core-needle
biopsy.

Treatment characteristics

Treatment information was retrospectively
collected from medical records. The majority of
patients received adjuvant anthracycline- and/
or taxane-based chemotherapy, whereas chemo-
therapy was omitted in a minority of cases, typi-
cally because of advanced age, comorbidities, or
patient refusal. Adjuvant radiotherapy was ad-
ministered at the treating oncologist’s discretion.
Study endpoints

The primary endpoint was relapse-free
survival (RFS), comparing patients with TILs
>30% versus those with TILs <30%. Secondary
endpoints included RFS stratified by TIL thresh-
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olds of >20% and >10%. Additional secondary
endpoints were breast cancer—specific survival
(BCSS) and overall survival (OS) among patients
with TILs >30% versus <30%. Exploratory sub-
group analyses were conducted based on receipt
of adjuvant chemotherapy. RFS was defined
as the time from primary treatment to disease
recurrence (local, regional, or distant). BCSS
was defined as the time from diagnosis to death
specifically attributable to breast cancer.

Pathological analysis

The evaluation of TILs on H&E-stained
slides was performed by experienced patholo-
gists blinded to patients’ clinical data. The assess-
ment focused on the stromal compartment and
was conducted in accordance with the Interna-
tional TILs Working Group 2014 guidelines. (7
An example of evaluating TILs on an
H&E-stained slide is shown in Supplementary
Figure S1.

Statistical analysis

Clinicopathological characteristics are sum-
marized using descriptive statistics. Categorical
variables were compared using the chi-square
test or Fisher’s exact test, while continuous vari-
ables were analyzed using Student’s t-test. RFS
and BCSS were estimated using the Kaplan—-Mei-
er method, and differences between groups were
evaluated using the log-rank test. Hazard ratios
(HRs) and 95% confidence intervals (ClIs) were
calculated using the Cox proportional hazards
regression model. Univariate and multivariate
Cox regression analyses were performed to iden-
tify the prognostic factors associated with RFS
in patients with resectable TNBC. All statistical
analyses were conducted using STATA software,
version 16. A p-value <0.05 was considered
statistically significant. The sample size was
determined by the number of eligible patients
during the study period.

Results

Patient selection and clinical characteristics
Among the patients diagnosed with stages

I-IIT breast cancer, 225 with resectable TNBC

were identified from the Ramathibodi Cancer

Registry. Of these, 57 were excluded because of
receiving neoadjuvant chemotherapy (n=24) or a
lack of biopsy specimens (n=33). An additional
40 patients were excluded because of unavailable
or inadequate tissue blocks. The remaining 128
patients were included in the analysis (Figure 1).

The baseline characteristics of patients with
TILs >30% and <30% are shown in Table 1. The
median age in the TILs >30% and <30% groups
was 64 and 62 years, respectively. The majority
of patients in both groups were postmenopausal,
and stage Il TNBC was the most common stage
at diagnosis. No significant differences in clinical
or pathological characteristics, including tumor
stage, nodal stage, histological subtype, and lym-
phovascular invasion, were observed between
the two groups, except for tumor grade. Grade
3 tumors were significantly more frequent in the
TILs >30% group than in the TILs <30% group
(p=0.042). Adjuvant chemotherapy was adminis-
tered to 90.7% of patients with TILs >30% and to
81.18% with TILs <30% (p=0.203). Chemother-
apy was omitted in 20 patients (15.6%), typically
due to advanced age (median age 80 years), co-
morbidities (60%), or treatment refusal. The rates
of adjuvant radiotherapy were similar between
the two groups (46.5% vs. 45.9%, p=1.00).

RF'S according to TIL levels (230% vs.<30%)
Data for the RFS analysis were censored on
31 December 2024, with a median follow-up
time of 83 months. Relapse occurred in 5 of 43
(11.6%) patients in the TILs >30% group and
in 18 of 85 (21.2%) patients in the TILs <30%
group. Although the difference was not signifi-
cant, RFS showed a favorable trend in the TILs
>30% group compared with the <30% group. The
median RFS was not reached (NR) (HR 0.54;
95% CI, 0.20-1.49; p = 0.238) (Figure 2). The
5-year RFS rate was 90.7% in the TILs >30%
group versus 80.9% in the TILs <30% group.
Insubgroupanalyses, patients with TILs>30%
consistentlydemonstratedafavorabletrendinRFS
compared with those with TILs <30% across most
clinical subgroups (Supplementary Appendix
Table S1). An exploratory analysis of the
chemotherapy-naive subgroup (n = 20) was
underpowered and did not allow definitive
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Patients with early TNBC from 2015 to 2019 in Ramathibodi Hospital database (n=225)

Excluded
-24 patients received NCT
-33 patients had no biopsy specimen

\ 4

Eligible patients for tissue analysis (n=168)

Excluded
40 patients had unavailable tissue blocks
/slides for review

y
Final cohort included for TIL analysis (n=128)

Figure 1. Patient consort diagram
Abbreviations: TNBC, triple-negative breast cancer; NCT, neoadjuvant chemotherapy; TILs, tumor-
infiltrating lymphocytes.

Table 1. Baseline characteristics (TIL levels>30% vs. <30%)

TIL levels in patients
>30% (n=43) <30% (n=85)

Total (n=128)  p- value

Age, years
Mean (SD) 61.4 (13.7) 64.15 (12.26) 63.24 (12.78)
Median (range) 64.0 (38.0-93.0) 62.0 (31.0-95.0) 63.0 (31.0-95.0)
Menopausal status 0.570
Pre-menopause 20 (46.51) 34 (40.00) 54 (42.19)
Post-menopause 23 (53.49) 51 (60.00) 74 (57.81)
Comorbidities 0.425
HT 11 (25.58) 18 (21.18) 29 (22.66)
Diabetes mellitus 4 (9.30) 9 (10.59) 13 (10.16)
Dyslipidemia 9(20.93) 10 (11.76) 19 (14.84)
No comorbidities 27 (62.79) 60 (70.59) 87 (67.97)
ECOG Performance 0.482
Status
0 38 (88.37) 71 (83.53) 109 (85.16)
1 4(9.30) 13 (15.29) 17 (13.28)
2 1(2.33) 1(1.18) 2 (1.56)
Stage 0.468
I 11 (25.58) 27 (31.76) 38 (29.69)
II 25 (58.14) 50 (58.82) 75 (58.59)
I 7 (16.28) 8(9.41) 15 (11.72)
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Table 1. Baseline characteristics (TIL levels >30% vs. <30%)

TIL levels in patients
>30% (n=43) <30% (n=85)

Total (n=128)  p- value

pT Stage 0.660
T1 16 (37.21) 33 (38.83) 49 (38.28)
T2 23 (53.49) 48 (56.47) 71 (55.47)
T3 4 (9.30) 3(3.53) 7 (5.47)
T4 0 (0) 1(1.8) 1 (0.78)

Lymph node 0.394
NO 28 (65.12) 63 (74.12) 91 (71.09)
N1 8 (18.60) 16 (18.83) 24 (18.75)
N2 4 (9.30) 2 (2.35) 6 (4.69)
N3 3 (6.98) 4(4.71) 7 (5.47)

Histological subtype 0.135
Infiltrating ductal carci- 34 (79.07) 70 (82.35) 104 (81.25)
noma
Infiltrating ductal and 5(11.63) 3(3.53) 8 (6.25)
lobular carcinoma
Others 4 (9.30) 12 (14.12) 16 (12.50)

Grade 0.042
1 0(0) 1(1.18) 1 (0.78)
2 4 (9.30) 22 (25.88) 26 (21.31)
3 36 (83.72) 56 (65.88) 92 (71.88)
Unknown 3 (6.98) 6(7.06) 9(7.03)

LVI 0.442
Positive 14 (32.56) 35 (41.18) 49 (38.28)
Negative 29 (67.44) 50 (58.82) 79 (61.72)

Adjuvant CMT 0.203
Yes 39 (90.70) 69 (81.18) 108 (84.38)
No 4 (9.30) 16 (18.82) 20 (15.63)

CMT regimen 0.795
Anthracycline 37 (86.05) 65 (76.47) 102 (79.69)
Taxane 17 (39.53) 26 (30.59) 43 (33.59)

Adjuvant RT 1.000
Yes 20 (46.51) 39 (45.88) 59 (46.09)
No 23 (53.49) 46 (54.12) 69 (53.91)

Data are n (%) unless otherwise specified.

Abbreviations: TILs, tumor-infiltrating lymphocytes; SD, standard deviation; HT, hypertension; pT, pathological
tumor stage; LVI, lymphovascular invasion; CMT, chemotherapy; RT, radiotherapy; ECOG, Eastern Coopera-
tive Oncology Group
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Figure 2. Kaplan—Meier curve of RFS stratified by TIL levels.
Patients with TILs >30% were compared with those with TILs <30%. Data in parentheses are 95% confidence

intervals.

Abbreviations: Mo., months; NE, not estimated; NR, not reached; RFS, relapse-free survival; TILs, tumor-infil-

trating lymphocytes.

conclusions. Nonetheless, the variability in
treatment highlights potential selection bias
and may partly explain the attenuation of the
prognostic effect of TILs in this cohort.

RFS According to TIL Levels (220% vs. <20%
and 210% vs. <10%)

The median RFS for TIL cutoff values >20%
and <20% was NR in both groups, with an HR of
1.05 (95% CI, 0.45-2.40). Similarly, the median
RFS for TILs >10% and <10% were NR, with
an HR 0f 0.99 (95% CI, 0.36-2.68) (Figures 3A
and B)

BCSS and OS according to TIL levels (230% vs.
<30%)

Among the 128 patients, 18 deaths oc-
curred—12 from breast cancer and six from other
causes. The median BCSS was NR in either
group. Patients with TILs >30% tended to have
longer breast cancer—specific survival (HR, 0.43;
95% CI, 0.09—-1.97) (Figure 4). OS was also NR
in either group. Patients with TILs >30% showed
a lower risk of death from any cause (HR, 0.67;
95% CI, 0.22-2.06) (Figure 5).

Univariate and multivariate
relapse-free survival

The univariate analysis identified the stage at
diagnosis as a factor associated with RFS. How-
ever, in the multivariate analysis, adjusting for
potential confounding factors, no variables were
significantly associated with RFS. Notably, a TIL
cutoff 230% was not associated with RFS in the
univariate or multivariate analysis (Table 2).

analyses  of

Discussion

We conducted a retrospective study of
patients with resectable TNBC at a tertiary cancer
center in Thailand to evaluate the prognostic role
of TILs. Patients with TIL levels >30% showed
a favorable trend toward improved RFS, BCSS,
and OS, although these associations did not reach
statistical significance, likely due to limited sta-
tistical power and event rates. While higher TIL
levels are associated with improved clinical
outcomes, the independent prognostic value of
TILs remains inconclusive within our cohort.
The long median follow-up of 83 months
largely reflects patients diagnosed earlier,
which may have reduced the power to detect
survival differences.
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Figure 3. Kaplan—Meier curves of RFS stratified by different TIL cutoffs

(A) RFS according to TILs = 20% vs. <20%. (B) RFS according to TILs >10% vs. <10%. Data in
parentheses are 95% confidence intervals.

Abbreviations: Mo., months; NE, not estimated; NR, not reached; RFS, relapse-free survival; TILs,
tumor-infiltrating lymphocytes.
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Figure 4. Kaplan—Meier curve of breast cancer-specific survival stratified by TIL levels >30% vs.
<30%.

Data in parentheses are 95% confidence intervals.

Abbreviations: NE, not estimated; NR, not reached; BCSS, breast cancer-specific survival; TILs, tumor-infiltrat-
ing lymphocytes.
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Figure 5. Kaplan—Meier curve of overall survival stratified by TIL levels >30% vs. <30%. Data in
parentheses are 95% confidence intervals.
Abbreviations: NE, not estimated; NR, not reached ; TILs, tumor-infiltrating lymphocytes.
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Table 2. Univariate and multivariate analyses of relapse-free survival

Characteristics Univariate HR p-value  Multivariate HR p-value
(95% CI) (95% CI)

TILs >30% 0.54 (0.20-1.49) 0.238 0.39 (0.13-1.16) 0.091

Stage (per 1 stage) 2.35(1.18-4.71) 0.015 7.41 (0.52-105.64) 0.140

pN (per 1 N stage) 1.27 (0.93-1.72) 0.130 2.69 (0.23-31.96) 0.434

pT (per 1 T stage) 1.17 (0.68-2.02) 0.565 0.28 (0.01-7.62) 0.453

Grade (per 1 grade) 0.97 (0.37-2.57) 0.959 N/A

LVI 1.14 (0.49-2.67) 0.758 N/A

Adjuvant systemic treatment 0.82 (0.24-2.78) 0.752

RT 0.79 (0.34-1.86) 0.593 N/A

Ki67 (per 1 %) 1.00 (0.98-1.01) 0.714 N/A

Age (per 1 year) 1.00 (0.96-1.03) 0.782 N/A

Abbreviations: HR, hazard ratio; CI, confidence interval; TILs, tumor-infiltrating lymphocytes; pT, pathological
tumor stage; pN, pathological nodal stage; LVI, lymphovascular invasion; RT, radiotherapy; N/A, not applicable.

We specifically assessed stromal TILs, which
are more reproducible than intratumoral TILs
and are recommended for standardized evalua-
tion in TNBC.U5 1718 Although no universally
accepted cutoff has been established, prior
studies suggest that the median TIL level in
TNBC is around 15%."” For our primary analy-
sis, we selected a threshold of 30% to represent
a high TIL level, consistent with the Interna-
tional TILs Working Group 2014 guidelines and
several supporting studies.'* 12D Other thresholds,
such as 10% %22, 20%"®, and even > 50%,?"
have also been proposed, but very few of our
patients had TILs > 50%, precluding meaningful
analysis.

In our cohort, 15.6% of patients did not
receive systemic treatment, reflecting real-world
clinical practice. Although treatment heteroge-
neity may potentially attenuate the prognostic
impact of TILs, this effect was likely limited
in our study, as the proportion of patients who
did not receive systemic therapy was comparable
between the TIL >30% and TIL <30% groups.

Recent research from Colombia found that
patients with high TIL levels were more often
diagnosed at earlier clinical stages (I/IT), had
smaller tumor sizes, and no nodal involvement
than those with low TIL levels.?? In contrast,
although our cohort was also predominantly
stage I-1I, we found no significant differences in
tumor size or nodal status between TILs <30%

and TILs >30%. The only significant associa-
tion was the tumor grade, which was higher in
patients with TILs >30%. This is consistent with
findings by Leon-Ferre et al.,"® who reported
that high TIL levels correlated with higher tumor
grade but not with tumor size or nodal status in
cohorts from North America, Europe, and parts
of Asia. Previous studies have also shown that
well-differentiated tumors tend to have lower
TIL levels.?*?» These findings suggest potential
biological or ethnic differences that merit further
investigation in Eastern populations.

Our results suggest that high TIL levels are
associated with favorable survival outcomes,
consistent with findings from multiple previous
Western studies.* '+ 253D For example, Diilgar
et al. reported that higher TIL levels signifi-
cantly improved DFS but not OS in a Turkish
TNBC cohort.®Y Loi et al. reported that every
10% increase in TILs was associated with
improved BCSS."¥ Similarly, a 2012 meta-anal-
ysis showed a positive correlation between
TIL levels and OS and DFS in TNBC.®» More
recently, a systematic review and meta-analysis
including patients treated with neoadjuvant
chemotherapy confirmed that higher TIL ex-
pression was significantly associated with better
DFS and OS.®¥ In addition, data from Vietnam
involving 105 patients showed that high TIL
levels and elevated CD8+ intratumoral TILs
were associated with improved prognosis in
early-stage TNBC.®%

10/13



JOURNAL OF SOUTHEAST ASIAN MEDICAL RESEARCH

e0255

Using multivariate analysis, TIL levels were
not independently associated with improved
RFS, whereas breast cancer stage remained a
stronger prognostic factor. This finding may be
explained by several factors, including variabil-
ity in TIL assessment, treatment heterogeneity,
and the predominance of patients receiving adju-
vant chemotherapy, which may have attenuated
the independent effect of TILs. In addition, the
modest sample size, limited number of relapse
events, and imbalance between TIL groups may
have reduced statistical power, contributing to
the lack of statistically significant findings. In
contrast, larger studies, including those from
Asian populations, have demonstrated a signif-
icant association between high TIL levels and
improved clinical outcomes, including RFS,
OS, and BCSS.® These discrepancies highlight
the need for larger, adequately powered studies
to better define the prognostic role of TILs.

To the best of our knowledge, this is the larg-
est cohort study in Southeast Asia to evaluate the
prognostic significance of TIL levels in resectable
TNBC. Our study, therefore, addresses a critical
gap in the global TNBC literature by adding
data from an underrepresented Southeast Asian
population. The assessment of TILs is practical,
as it can be performed on routine H&E-stained
sections without additional testing. Unlike
molecular assays that are often unavailable or
unaffordable in low- and middle-income countries,
TIL assessment is inexpensive and can be readily
integrated into daily pathology practice, making
it particularly relevant for Southeast Asian health
systems.

However, limitations of our study include
its retrospective single-center design, modest
sample size, and the subjectivity of TIL evalu-
ation. The modest sample size and imbalance
between TIL groups may have limited statistical
power and contributed to the lack of statistically
significant findings. Emerging methodologies,
such as tissue microarray analysis, flow cytometry,
and gene expression profiling, may offer more
objective and standardized approaches for evalu-
ating immune infiltration in future studies.®®

With immunotherapy increasingly incorpo-
rated into the management of early-stage and

advanced TNBC, TILs may serve not only
as prognostic markers but also as predictive
biomarkers to guide treatment decisions. Our
findings provide a foundation for future multi-
institutional collaborations and prospective
trials across Asia to validate the role of TILs in
the modern immunotherapy landscape.

Conclusion

Higher TIL levels (=30%) were associated
with a favorable trend in survival outcomes but
did not reach statistical significance. This study
provides real-world evidence from a Southeast
Asian cohort with long-term follow-up, high-
lighting the feasibility of TIL assessment in rou-
tine clinical practice. Larger, adequately powered
prospective studies are needed to further define
the prognostic role of TILs in resectable TNBC.
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