Breast Cancer: Targets and Therapy DIOVGPI‘CSS
Taylor & Francis Group

ORIGINAL RESEARCH

Programmed Cell Death Ligand | (PD-LI) and
Major Histocompatibility Complex Class | (MHC
Class ) Expression Patterns and Their Pathologic
Associations in Triple-Negative Breast Cancer

Ponkrit Kaewkedsri', Piyapharom Intarawichian (', Sirawich Jessadapattarakul', Waritta Kunprom',

Supinda Koonmee', Malinee Thanee', Ongart Somintara?, Anongporn Wongbuddha?,
Payia Chadbunchachai®, Supajit Nawapun?, Chaiwat Aphivatanasiri®'

'Department of Pathology, Faculty of Medicine, Khon Kaen University, Khon Kaen, Thailand; 2Department of Surgery, Faculty of Medicine, Khon Kaen
University, Khon Kaen, Thailand; 3Depar‘tment of Radiology, Faculty of Medicine, Khon Kaen University, Khon Kaen, Thailand

Correspondence: Chaiwat Aphivatanasiri, Department of Pathology, Faculty of Medicine, Khon Kaen University, Khon Kaen, Thailand, Email chaiap@kku.ac.th

Purpose: This study aims to investigate the clinicopathological characteristics of triple-negative breast cancer (TNBC) in relation to
programmed cell death ligand 1 (PD-L1) and major histocompatibility complex class I (MHC class I) expression, with a focus on their
prognostic significance.

Patients and Methods: A retrospective analysis was conducted on formalin-fixed paraffin-embedded (FFPE) tissue samples from
148 TNBC patients diagnosed between 2008 and 2021. Immunohistochemical analysis evaluated PD-L1 and MHC class I expression.
PD-L1 was assessed using Combine Positive Scores (CPS), with the threshold set at CPS > 1 and CPS > 10. MHC class I expression
was categorized into low and high levels. Associations between these markers, clinicopathological features, overall survival (OS), and
disease-free survival (DFS) were analyzed. PD-L1 expression was also compared between older FFPE blocks (2008-2018) versus
newer blocks (2019-2021).

Results: PD-L1 expression was observed in 29.1% of cases with a Combined Positive Score (CPS) >1 and 8.8% of CPS >10 cases.
MHC class I expression was evenly split between low and high levels. Older FFPE blocks (2008-2018) showed lower PD-L1
expression than newer blocks (2019-2021). There was no significant association between PD-L1 expression and overall survival (OS)
or disease-free survival (DFS). However, high MHC class I expression was strongly associated with improved OS (HR = 0.469, 95%
CI: 0.282-0.780, p=0.004). Patients with negative PD-L1 and high MHC class I expression had the most favorable prognosis, with
significant OS for CPS >1 (HR = 0.447, 95% CI: 0.236-0.846, p=0.013) and CPS >10 (HR = 0.516, 95% CI: 0.307-0.869, p=0.013).
Conclusion: These findings support the potential of PD-L1 and MHC class I expression as prognostic markers for TNBC, offering
insights to guide treatment decisions and improve patient outcomes.

Keywords: triple-negative breast cancer, TNBC, programmed cell death ligand 1, PD-L1, major histocompatibility complex class I,
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Introduction

Triple-negative breast cancer (TNBC) comprises 10-20% of invasive breast cancers.' It lacks estrogen receptor (ER),
progesterone receptor (PR), and human epidermal growth factor receptor 2 (HER2) expression, presenting challenges in
prognosis and treatment. This subtype is associated with higher tumor grade, high mitotic index, and advanced stage at
diagnosis.' TNBC’s pronounced immunogenic nature is evidenced by high levels of tumor-infiltrating lymphocytes
(TILs), which correlate with patient outcomes and responsiveness to che:mo‘[herapy.3’4 High levels of TILs in TNBC
patients are linked to improved survival, particularly in response to anthracycline chemotherapy, while low levels of TILs

are associated with poorer prognostic factors.>®
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Programmed cell death ligand 1 (PD-L1), an immune checkpoint protein, is found in about 20% of TNBC cases and
facilitates immune evasion.” PD-L1 binds to the PD-1 receptor on T cells, suppressing their activity and helping tumor
cells evade immune detection. This mechanism is central to immune escape in cancer. Elevated PD-L1 levels correlate
with decreased anti-tumor immune responses due to suppression of T-cell activity and cytokine production, which has
varied implications for TNBC patient survival.””’

Contrasting evidence from studies suggests that while PD-L1 can indicate an unfavorable prognosis, its association
with high TILs may improve disease-free survival (DFS) and overall survival (OS) in TNBC patients.'®'* This dual
nature suggests that PD-L1’s role in TNBC could depend on the broader immune context, including the extent of immune
cell infiltration and other tumor microenvironment factors. Additionally, PD-L1 expression has been identified as a
predictive biomarker for response to immunotherapy, underscoring its potential clinical utility in guiding treatment
strategies for TNBC.'*!

Major histocompatibility complex class I (MHC class I) molecules are critical for eliciting an immune response
against cancer cells. Their interaction with CD8+ T cells is vital for immune surveillance and activating the immune

17-19

system’s killing mechanisms.'® However, downregulation of MHC class I, noted in various cancers, including

TNBC, impairs immune responses and has emerged as a prognostic biomarker.?% 2

While studies in other cancers, such as head and neck squamous cell carcinoma and non-small cell lung carcinoma,
have demonstrated that higher PD-L1 expression is associated with loss of MHC class I expression and poorer clinical
2324 the exact relationship between PD-L1 and MHC class I in TNBC remains underexplored and needs further

elucidation. As such, our study aims to investigate the co-expression of PD-L1 and MHC class I in TNBC, which could

outcomes,

provide valuable insights into the tumor immune landscape of TNBC patients and influence future treatment pathways

that restore immune function and improve outcomes.

Materials and Methods

Patients and Tissue Samples

Cases were selected from a cohort of 1,979 Thai breast cancer patients who underwent various surgical procedures at the
Srinagarind Hospital Department of Pathology in Khon Kaen Province from 2008 to 2021. Formalin-fixed paraffin-
embedded (FFPE) tissue specimens from 148 TNBC patients were available from among 233 individuals diagnosed with
this condition.

The patients were divided into two groups: 105 cases from 2008 to 2018, constituting the primary dataset, and 43
cases from 2019 to 2021. This was done to compare the proportions of PD-L1 and MHC class I expression in FFPE
blocks of different ages.

TNBC status was confirmed through immunohistochemistry testing negative for estrogen receptor (ER), progesterone
receptor (PR), and human epidermal growth factor receptor 2 (HER2). Additionally, all cases were validated as HER2-
negative by dual in-situ hybridization (DISH) assays. Clinical data were collected, including age at diagnosis, T stage, N
stage, histologic subtype, histologic grade, neoadjuvant therapy, presence of in-situ component, Ki-67 proliferation index,
recurrence, and follow-up information.

This study was performed in accordance with the principles of the Declaration of Helsinki. Approval was granted by
the Ethics Committee of Khon Kaen University (HE651278). All data were fully anonymized, and the IRB waived the

requirement for informed consent due to minimal risk.

Tumor-Infiltrating Lymphocytes (TILs) Assessment

TILs were assessed on whole hematoxylin and eosin (H&E) tumor slides by pathologists blinded to all clinical and
pathological information. The number of TILs was determined according to the International TILs Working Group
(ITWG) guidelines.*” Scoring was performed to calculate TIL density, represented as a percentage of the stromal area, to
the nearest 5%. Rather than focusing on hotspots, which might lead to a biased view of TIL density, scores were

determined by averaging across the entire slide.
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The assessment was limited to TILs located within the confines of the invasive tumor border. Following ITWG
guidelines, inflammatory cells such as neutrophils and granulocytes were excluded, while all mononuclear cells, including
lymphocytes and plasma cells, were included as TILs. TILs found within nests, epithelial cells, necrosis, and fibrosis were
also excluded from the assessment. The cut-off of 50% for dividing high and low TILs was based on a previous study
showing the 50% cut-off score is a potent predictor of overall survival (OS) and disease-free survival (DFS).?

Tissue Microarray (TMA) and Immunohistochemistry (IHC)

FFPE tissue samples were prepared at the Srinagarind Hospital Department of Pathology. Histological slides were
reviewed, and pathologists selected tumor areas for analysis. Each case was represented by duplicated 3 mm cores,
ensuring heterogeneous tissue representation.

The TMA blocks were sectioned into 4 pm thick slices, deparaffinized, and rehydrated. IHC was performed using a
Ventana Benchmark XT automated stainer (Ventana Medical Systems, Tucson, AZ, USA). The antibodies used were PD-
L1 (clone 22C3, dilution 1:33, Agilent, California, USA) and MHC class I (clone EMRS-5, dilution 1:200, Abcam,
Cambridge, UK). Normal tonsil tissue served as a positive control for all antibodies.

PD-L1 expression was calculated using the Combined Positive Score (CPS), which is a percentage that represents the
proportion of PD-L1-positive cells compared to other tumor cells. The CPS was calculated by dividing the number of
cells expressing PD-L1 (including tumor cells, lymphocytes, and macrophages) by the total number of viable tumor cells
and multiplying the result by 100. The result was considered positive when the Combined Positive Score (CPS) was >1
and compared to a threshold of >10.

MHC class I expression was evaluated using a semi-quantitative histochemical staining method (H-score), calculated
by combining the staining intensity and the proportion of stained cells at each intensity level. The staining intensity was
graded as follows: 0 for no staining, 1 for weak staining, 2 for moderate staining, and 3 for strong staining. The
proportion of stained cells ranged from 0% to 100%. The final H-score for each core was obtained by summing the
products of the intensities and their corresponding proportions, resulting in a score range of 1 to 300. The cut-off value
for distinguishing between high and low MHC class I expression was determined using the median H-score of 187.5.

Independent reviews of all IHC slides were conducted using images digitally captured on a digital slide scanner
(Hamamatsu NanoZoomer S360, Japan) at a maximum magnification of x400 by pathologists blinded to the clinico-
pathological data. A combination of PD-L1 and MHC class I expression status yielded four groups: Group 1 (PD-L1
Negative / MHC class I Low), Group 2 (PD-L1 Negative / MHC class I High), Group 3 (PD-L1 Positive / MHC class I
Low), and Group 4 (PD-L1 Positive / MHC class I High). These four groups were analyzed for clinical significance.

Statistical Analysis

All statistical analyses were conducted using SPSS Statistical Software (version 28.0, IBM Corp., Armonk, NY, USA).
The Chi-square or Fisher’s exact test assessed the association between PD-L1 and MHC class I expression and
clinicopathological characteristics. Survival analyses were performed using Kaplan-Meier curves, and differences
between curves were evaluated with Log rank tests. The mean follow-up time was calculated using the reverse
Kaplan-Meier method. Univariate and multivariate analyses were performed using Cox regression, reporting hazard
ratios (HR), and 95% confidence intervals (CI). Variables statistically significant in univariate analyses or a p-value <0.10
were included in the multivariate model. While not statistically significant, PD-L1 and MHC class I were included due to
their clinical relevance. Statistical significance was defined as p-value <0.05, with all reported p-values being two-sided.

Results

Immunohistochemistry Analysis of PD-L| and MHC Class | Expression in TNBC Samples
The comparison of PD-L1 and MHC class I expression in 148 cases, as shown in Table 1, revealed a significant
difference in PD-L1 expression across different ages of FFPE blocks. Specifically, a lower presence of PD-L1 was
observed in blocks older than five years (2008-2018 group) compared to blocks aged five years or less (2019-2021
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Table | Comparison of Clinicopathological Characteristics Between FFPE Age

Groups
Clinicopathology Total 2008-2018 2019-2021 p- value
Total, n (%) n=148 105 (70.9) 43 (29.1)
Age at diagnosis (years)
Median 51.5 (mean 52.5)
Range 21-92
<51.5 74 (50.0) 56 (53.3) 18 (41.9) 0.205
>51.5 74 (50.0) 49 (46.7) 25 (58.1)
Histological subtype
IDC/NST 133 (89.9) 91 (86.7) 42 (97.7) 0.301
IDC with Metaplastic 6 (4.1) 6 (5.7) 0 (0.0)
Metaplastic 8 (5.4) 7 (6.7) I (23)
Apocrine 1 (0.7) 1 (1.0) 0 (0.0)
Histological grade
| 0 (0.0 0 (0.0 0 (0.0 0.757
1l 13 (8.8) 10 (9.5) 3 (7.0
n 135 (91.2) 95 (90.5) 40 (93.0)
T stage
TI 26 (17.6) 17 (16.2) 9 (20.9) 0.159
T2 85 (57.4) 60 (57.1) 25 (58.1)
T3 27 (18.2) 23 (21.9) 4(9.3)
T4 10 (6.8) 5(4.8) 5(11.6)
N stage
NO 67 (45.3) 45 (42.9) 22 (51.2) 0.657
NI 49 (33.1) 38 (36.2) Il (25.6)
N2 15 (10.1) 10 (9.5) 5(11.6)
N3 17 (11.5) 12 (11.4) 5(l1.6)
Lvi
Absence 23 (15.5) 17 (16.2) 6 (14.0) 0.733
Presence 125 (84.5) 88 (83.8) 37 (86.0)
In-situ component
Absence 70 (47.3) 42 (40.0) 28 (65.1) 0.005
Presence 78 (52.7) 63 (60.0) 15 (34.9)
In-situ growth pattern
Negative 70 (47.3) 42 (40.0) 28 (65.1) 0.021
Comedonecrosis 42 (28.4) 34 (324) 8 (18.6)
No comedonecrosis 36 (24.3) 29 (27.6) 7 (16.3)
In-situ grade
Negative 70 (47.3) 42 (40.0) 28 (65.1) 0.021
Intermediate 6 (4.1) 5(4.8) 1 (2.3)
High 72 (48.6) 58 (55.2) 14 (32.6)
TILs
<50% 89 (60.1) 58 (55.2) 31(72.0) 0.057
>50% 59 (39.9) 47 (44.8) 12 (27.9)
Ki-67
<30% 21 (14.2) 19 (18.1) 2 (4.7) 0.033
>30% 127 (85.8) 86 (81.9) 41 (95.3)
HER2
0 98 (66.2) 71 (67.6) 27 (62.8) 0.573
|+ and 2+ 50 (33.8) 34 (324) 16 (37.2)
(Continued)
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Table | (Continued).

Clinicopathology Total 2008-2018 2019-2021 p- value
Total, n (%) n=148 105 (70.9) 43 (29.1)

Type of surgery

Conservative surgery? 19 (12.8) 8 (7.6) Il (25.6) 0.003
Mastectomy® 129 (87.2) 97 (92.4) 32 (74.2)
Chemotherapy*

Neoadjuvant 56 (39.2) 29 (29.0) 27 (62.8) <0.001
Non-neoadjuvant 87 (60.8) 71 (71.0) 16 (37.2)

PD-LI (CPS21)

Negative 105 (70.9) 82 (78.1) 23 (53.5) 0.003
Positive 43 (29.1) 23 (21.9) 20 (46.5)

PD-LI (CPSx10)

Negative 135 (91.2) 102 (97.1) 33 (76.7) <0.001
Positive 13 (8.8) 3 (29) 10 (23.3)

MHC class I¢

Low 74 (50.0) 58 (55.2) 16 (37.2) 0.046
High 74 (50.0) 47 (44.8) 27 (62.8)

Notes: p-values were obtained using Chi-square or Fisher’s exact test. Bold values are statistically significant
(p-value <0.05). “Includes lumpectomy and wide excision biopsy. ’Includes modified radical mastectomy and
simple mastectomy. “Number of patients with missing chemotherapy information (5). ‘MHC class | median
cut off >187.5.

Abbreviations: PD-LI, programmed cell death ligand |; MHC class |, major histocompatibility complex
class I; CPS, combined positive score; LVI, lymphovascular invasion; TILs, tumor-infiltrating lymphocytes;
HER2, human epidermal growth factor receptor 2.

group) (p=0.003 for CPS>1 and p<0.001 for CPS>10). Similarly, MHC class I expression differed significantly by age
group (p=0.046).

The analysis of PD-L1 expression with CPS>1 showed negative expression in 105 (70.9%) cases and positive
expression in 43 (29.1%) cases. For CPS>10, 135 (91.2%) cases were negative for PD-L1, while 13 (8.8%) cases were
positive. The correlation between PD-L1 expression and the clinical characteristics of patients is summarized in Table 2.

No significant correlation was found between PD-L1 expression and most clinicopathological characteristics.
However, PD-L1 expression for CPS>1 and CPS>10 was significantly associated with age (p=0.046 and 0.042,
respectively), T stage (p=0.047 and 0.0006, respectively), and lymphovascular invasion (LVI) (p=0.002 and 0.032,
respectively).

In contrast, TILs and MHC class I were associated only with CPS>1 (p=0.001 and <0.001, respectively). The in-situ
component and in-situ grade were significantly associated only with CPS>10 (p=0.025 and 0.042, respectively).

Low expression of MHC class I was observed in 74 (50.0%) cases, while high expression was found in the remaining
74 (50.0%) cases. Among clinicopathological characteristics (Table 3), significant associations were found between
MHC class I expression and lymphovascular invasion (LVI) (p<0.001) as well as TILs (p=0.029).

Relationship Between PD-LI Expression and MHC Class | Expression
Table 4 shows that among TNBC patients with PD-L1 CPS >1, 62 cases (41.9%) showed PD-L1 negativity with low
MHC class I expression. PD-L1 negativity with high MHC class I expression was observed in 43 cases (29.1%). PD-L1
positivity with low MHC class I expression was seen in 12 cases (8.1%), while PD-L1 positivity with high MHC class I
expression was found in 31 cases (20.9%).

In TNBC patients with a PD-L1 CPS cut-off >10, 70 cases (47.3%) were PD-L1 negative with low MHC class I
expression, and 65 cases (43.9%) were PD-L1 negative with high MHC class I expression. PD-L1 positivity with low
MHC class I expression was observed in 4 cases (2.7%), while PD-L1 positivity with high MHC class I expression was
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Table 2 Clinicopathological Characteristics of Triple-Negative Breast Cancer Patients and PD-L| Expression

Clinicopathology Total PD-LI1 Expression (CPS=1) PD-LI Expression (CPS=>10)
n (%) n=148 . - . "
Negative Positive p-value Negative Positive p-value
n=105 (70.9) | n=43 (29.1) n=135 (91.2) | n=13 (8.8)
Age at diagnosis (years)
Median 51.5 (mean 52.5)
Range 21-92
<51.5 74 (50.0) 58 (55.2) 16 (37.2) 0.046 71 (52.6) 3(23.1) 0.042
>51.5 74 (50.0) 47 (44.8) 27 (62.8) 64 (47.4) 10 (76.9)
Histological subtype
IDC/NST 133 (89.9) 95 (90.5) 38 (88.4) 0411 121 (89.6) 12 (92.3) 0.766
IDC with Metaplastic 6 (4.1) 5(4.8) 1 (2.3) 6 (44) 0 (0.0
Metaplastic 8 (5.4) 5(4.8) 3 (7.0 7(52) 1 (7.7)
Apocrine I (0.7) 0 (0.0) 1 (2.3) 1 (0.7) 0 (0.0
Histological grade
| 0 (0.0 0 (0.0) 0 (0.0 0.348 0 (0.0) 0 (0.0 1.000
I 13 (8.8) Il (10.5) 2 (47) 12 (8.9) 1 (7.1)
n 135 (91.2) 94 (89.5) 41 (95.3) 123 (91.1) 12 (92.3)
T stage
TI 26 (17.6) 14 (13.3) 12 (27.9) 0.047 19 (14.1) 7 (53.8) 0.006
T2 85 (57.4) 61 (58.1) 24 (55.8) 79 (58.5) 6 (46.2)
T3 27 (18.2) 20 (19.0) 7 (16.3) 27 (20.0) 0 (0.0
T4 10 (6.8) 10 (9.5) 0 (0.0 10 (7.4) 0 (0.0
N stage
NO 67 (45.3) 44 (41.9) 23 (53.5) 0.478 57 (42.2) 10 (76.9) 0.124
NI 49 (33.1) 37 35.2) 12 (27.9) 47 (34.8) 2 (15.4)
N2 15 (10.1) 10 (9.5) 5(11.6) 14 (10.4) 1 (7.7)
N3 17 (11.5) 14 (13.3) 3 (7.0 17 (12.6) 0 (0.0
LvI
Absence 23 (15.5) 10 (9.5) 13 (30.2) 0.002 18 (13.3) 5 (38.5) 0.032
Presence 125 (84.5) 95 (90.5) 30 (69.8) 117 (86.7) 8 (61.5)
In-situ component
Absent 70 (47.3) 48 (45.7) 22 (51.2) 0.547 60 (44.4) 10 (76.9) 0.025
Present 78 (52.7) 57 (54.3) 21 (48.8) 75 (55.6) 3(23.1)
In-situ growth pattern
Negative 70 (47.3) 48 (45.7) 22 (51.2) 0.673 60 (44.4) 10 (76.9) 0.074
Comedonecrosis 42 (28.4) 32 (30.5) 10 (23.3) 41 (30.4) 1 (7.7)
No comedonecrosis 36 (24.3) 25 (23.8) Il (25.6) 34 (25.2) 2 (15.4)
In-situ grade
Negative 70 (47.3) 48 (45.7) 22 (51.2) 0.772 60 (44.4) 10 (76.9) 0.042
Intermediate 6 (4.1) 5 (4.8) 1 (2.3) 5(3.7) 1 (7.7)
High 72 (48.6) 52 (49.5) 20 (46.5) 70 (51.9) 2 (15.4)
TILs
<50% 89 (60.1) 72 (68.6) 17 (39.5) 0.001 84 (62.2) 5 (38.5) 0.095
>50% 59 (39.9) 33 31.4) 26 (60.5) 51 (37.8) 8 (61.5)
Ki-67
<30% 21 (14.2) 16 (15.2) 5(11.6) 0.568 20 (14.8) 1 (7.7) 0.694
>30% 127 (85.8) 89 (84.8) 38 (88.4) 115 (85.2) 12 (92.3)
HER2
0 98 (66.2) 72 (68.6) 26 (60.5) 0.344 92 (68.1) 6 (46.2) 0.130
I+ and 2+ 50 (33.8) 33 31.4) 17 (39.5) 43 (31.9) 7 (52.8)
(Continued)
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Table 2 (Continued).

Clinicopathology Total PD-LI Expression (CPSx1) PD-LI Expression (CPS>10)
n (%) n=148 . " . "
Negative Positive p-value Negative Positive p-value

n=105 (70.9) | n=43 (29.1) n=135 (91.2) | n=13 (8.8)
Type of surgery
Conservative surgery? 19 (12.8) 8 (7.6) Il (25.6) 0.003 15 (11.1) 9 (69.2) 0.043
Mastectomy® 129 (87.2) 97 (92.4) 32 (744) 120 (88.9) 4 (30.8)
Chemotherapy*
Neoadjuvant 56 (39.2) 40 (39.6) 16 (38.1) 0.866 51 (93.2) 5 (38.5) 0.957
Non-neoadjuvant 87 (60.8) 61 (60.4) 26 (61.9) 79 (60.8) 8 (61.5)
MHC class I
Low 74 (50.0) 62 (59.0) 12 (27.9) <0.001 70 (51.9) 4 (30.8) 0.147
High 74 (50.0) 43 (41.0) 31 (72.1) 65 (48.1) 9 (69.2)

Notes: p-values were obtained using Chi-square or Fisher’s exact test. Bold values are statistically significant (p-value <0.05). ®Includes lumpectomy and wide
excision biopsy. *Includes modified radical mastectomy and simple mastectomy. ‘Number of patients with missing chemotherapy information (5). ‘MHC class |
median cut off >187.5.

Abbreviations: PD-LI, programmed cell death ligand |; MHC class |, major histocompatibility complex class I;CPS, combined positive score; LVI,
lymphovascular invasion; TILs, tumor-infiltrating lymphocytes; HER2, human epidermal growth factor receptor 2.

Table 3 Clinicopathological Characteristics of Triple-Negative Breast Cancer Patients and
MHC Class | Expression

Clinicopathology Total MHC class | Expression
n (%) n=148

Low n= 74 (50.0) | High n= 74 (50.0) | p-value

Age at diagnosis (years)
Median 51.5 (mean 52.5)

Range 21-92
<51.5 74 (50.0) 34 (45.9) 40 (54.1) 0.324
>51.5 74 (50.0) 40 (54.1) 34 (45.9)
Histological subtype
IDC/NST 133 (89.9) 65 (87.8) 68 (91.9) 0.427
IDC with Metaplastic 6 (4.1) 3 4.1) 3 4.1)
Metaplastic 8 (54) 6 (8.1) 2 (2.7)
Apocrine 1 (0.7) 0 (0.0 1 (1.4)
Histological grade
| 0 (0.0 0 (0.0) 0 (0.0 0.147
I 13 (8.8) 9 (122) 4 (5.4)
n 135 (91.2) 65 (87.8) 70 (94.6)
T stage
TI 26 (17.6) Il (14.9) 15 (20.3) 0.715
T2 85 (57.4) 42 (56.8) 43 (58.1)
T3 27 (18.2) 15 (20.3) 12 (16.2)
T4 10 (6.8) 6 (8.1) 4 (5.4
N stage
NO 67 (45.3) 28 (37.8) 39 (52.7) 0.095
NI 49 (33.1) 24 (32.4) 25 (33.8)
N2 15 (10.1) 10 (13.5) 5 (6.8)
N3 17 (11.5) 12 (16.2) 5 (6.8)
LvI
Absent 23 (15.5) 4 (54) 19 (25.7) <0.001
Present 125 (84.5) 70 (94.6) 55 (74.3)
(Continued)
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Table 3 (Continued).

Clinicopathology Total MHC class | Expression

% =148
n (%) n Low n= 74 (50.0) | High n= 74 (50.0) | p-value
In-situ component
Absent 70 (47.3) 30 (40.5) 40 (54.1) 0.100
Present 78 (52.7) 44 (59.5) 34 (45.9)
In-situ growth pattern
Negative 70 (47.3) 30 (40.5) 40 (54.1) 0.255
Comedonecrosis 42 (28.4) 24 (32.4) 18 (24.3)
No comedonecrosis 36 (24.3) 20 (27.0) 16 (21.6)
In-situ grade
Negative 70 (47.3) 30 (40.5) 40 (54.1) 0.266
Intermediate 6 (4.1) 3 (4.1) 3 (4.1)
High 72 (48.6) 41 (55.4) 31 (41.9)
TiLs
<50% 89 (60.1) 51 (68.9) 38 (51.4) 0.029
>50% 59 (39.9) 23 31.1) 36 (48.6)
Ki-67
<30% 21 (14.2) 12 (16.2) 9 (12.2) 0.480
>30% 127 (85.8) 62 (83.8) 65 (87.8)
HER2
0 98 (66.2) 43 (58.1) 55 (74.3) 0.037
I+ and 2+ 50 (33.8) 31 (41.9) 19 (25.7)
Type of surgery
Conservative surgery? 19 (12.8) 5 (6.8) 14 (18.9) 0.027
Mastectomy® 129 (87.2) 69 (93.2) 60 (81.1)
Chemotherapy*
Neoadjuvant 56 (39.2) 29 (40.8) 27 (37.5) 0.682
Non-neoadjuvant 87 (60.8) 42 (59.2) 45 (62.5)

Notes: p-values were obtained using Chi-square or Fisher’s exact test. Bold values are statistically significant (p-value
<0.05). ®Includes lumpectomy and wide excision biopsy. *Includes modified radical mastectomy and simple mastectomy.
*Number of patients with missing chemotherapy information (5).

Abbreviations: MHC class |, major histocompatibility complex class I; LVI, lymphovascular invasion; TILs, tumor-
infiltrating lymphocytes; HER2, human epidermal growth factor receptor 2.

Table 4 Associations Between Clinicopathological Characteristics and PD-LI (CPS2I) With MHC Class |
Expression Pattern

PD-LI Expression (CPS=>1) Negative Positive p-value
MHC Class | Expression Low High Low High
Clinicopathology n(%) Total n=148 | n=62 (41.9) | n=43 (29.1) | n=12 (8.1) | n=31 (20.9)
Age at diagnosis (years)
Median 51.5 (mean 52.6)
Range 21-92
<51.5 74 (50.0) 34 (54.8) 24 (55.8) 0 (0.0 16 (51.6) 0.004
>51.5 74 (50.0) 28 (45.2) 19 (44.2) 12 (100.0) 15 (48.4)
Histological subtype
IDC/NST 133 (89.9) 56 (90.3) 39 (90.7) 9 (75.0) 29 (93.5) 0.206
IDC with Metaplastic 6 (4.1) 2 (3.2) 3 (7.0 1 (8.3) 0 (0.0
Metaplastic 8 (5.4) 4 (6.5) I (2.3) 2 (16.7) I (3.2)
Apocrine 1 (0.7) 0 (0.0 0 (0.0) 0 (0.0 I (3.2)

(Continued)
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Table 4 (Continued).

PD-LI Expression (CPS>1) Negative Positive p-value
MHC Class | Expression Low High Low High
Clinicopathology n(%) Total n=148 | n=62 (41.9) | n=43 (29.1) | n=12 (8.1) | n=31 (20.9)
Histological grade

| 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0 0.489
I 13 (8.8) 8 (12.9) 3 (7.0 1 (8.3) 1 3.2)

n 135 (91.2) 54 (87.1) 40 (93.0) 11 (91.7) 30 (96.8)

T stage

TI 26 (17.6) 6 (9.7) 8 (18.6) 5 (41.7) 7 (22.6) 0.246
T2 85 (57.4) 37 (59.7) 24 (55.8) 5 (41.7) 19 (61.3)

T3 27 (18.2) 13 (21.0) 7 (16.3) 2 (16.7) 5(l6.1)

T4 10 (6.8) 6 (9.7) 4(9.3) 0 (0.0) 0 (0.0)

N stage

NO 67 (45.3) 21 (33.9) 23 (53.5) 7 (58.3) 16 (51.6) 0.323
NI 49 (33.1) 22 (35.5) 15 (34.9) 2 (16.7) 10 (32.3)

N2 15 (10.1) 8 (12.9) 2 (47) 2 (16.7) 3(9.7)

N3 17 (11.5) I (17.7) 3 (7.0 | (83) 2 (6.5)

LviI

Absence 23 (15.5) 3 (48) 7 (16.3) | (83) 12 (38.7) <0.001
Presence 125 (84.5) 59 (95.2) 36 (83.7) I (91.7) 19 (61.3)

In-situ component

Absent 70 (47.3) 26 (41.9) 22 (51.2) 4 (333) 18 (58.1) 0.340
Present 78 (52.7) 36 (58.1) 21 (48.8) 8 (66.7) 13 (41.9)

In-situ growth pattern

Negative 70 (47.3) 26 (41.9) 22 (51.2) 4 (333) 18 (58.1) 0.522
Comedonecrosis 42 (28.4) 19 (30.6) 13 (30.2) 5(41.7) 5 (l6.1)

No comedonecrosis 36 (24.3) 17 (27.4) 8 (18.6) 3 (25.0) 8 (25.8)

In-situ grade

Negative 70 (47.3) 26 (41.9) 22 (51.2) 4 (33.3) 18 (58.1) 0.670
Intermediate 6 (4.1) 3 (48 2 (4.7) 0 (0.0) 1 3.2)

High 72 (48.6) 33 (53.2) 19 (44.2) 8 (66.7) 12 (38.7)

TiLs

<50% 89 (60.1) 43 (69.4) 29 (67.4) 8 (66.7) 9 (29.0) 0.001
>50% 59 (39.9) 19 (30.6) 14 (32.6) 4 (33.3) 22 (71.0)

Ki-67

<30% 21 (14.2) 10 (16.1) 6 (14.0) 2 (16.7) 3(9.7) 0.860
>30% 127 (85.8) 52 (83.9) 37 (86.0) 10 (83.3) 28 (90.3)

HER2

0 98 (66.2) 37 (59.7) 35 (81.4) 6 (50.0) 20 (64.5) 0.070
I+ and 2+ 50 (33.8) 25 (40.3) 8 (18.6) 6 (50.0) Il (35.5)

Type of surgery

Conservative surgery? 19 (12.8) 2 (3.2) 6 (14.0) 3 (25.0) 8 (25.8) 0.004
Mastectomy® 129 (87.2) 60 (96.8) 37 (86.0) 9 (75.0) 29 (74.2)
Chemotherapy*

Neoadjuvant 56 (39.2) 25 (42.4) 15 (35.7) 4 (333) 12 (40.0) 0.886
Non-neoadjuvant 87 (60.8) 34 (57.6) 27 (64.3) 8 (66.7) 18 (60.0)

Notes: P-values were obtained using Chi-square or Fisher’s exact test. Bold values are statistically significant (p-value <0.05). ¢Includes
lumpectomy and wide excision biopsy. ‘Includes modified radical mastectomy and simple mastectomy. “Number of patients with missing

chemotherapy information (5).

Abbreviations: PD-LI, programmed cell death ligand I; MHC class |, major histocompatibility complex class I; CPS, combined positive score;
LVI, lymphovascular invasion; TILs, tumor-infiltrating lymphocytes; HER2, human epidermal growth factor receptor 2.
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detected in 9 cases (6.1%). Representative images illustrating the relationship between MHC class 1 and PD-L1
expression are presented in Figure 1.

We found significant associations between PD-L1 CPS >1 and MHC class I expression with age (p=0.004), LVI
(p<0.001), and TILs (p=0.001), as shown in Table 4. Similarly, PD-L1 CPS >10 and MHC class I expression were
significantly associated with T stage (p=0.020), LVI (p<0.001), in-situ component (p=0.036), in-situ grade (p=0.030), and
HER2 (p=0.022), as shown in Table 5.

Survival Analysis and Prognosis Significance

In the survival analysis, data were available on 143 patients, with a median follow-up of 38.30 months (ranging from
0.20 to 180.33 months). By the conclusion of the study in March 2024, 40 patients experienced recurrence, and 65
patients died.

Kaplan-Meier analysis assessed the prognostic value of PD-L1 and MHC class I expression. Using different cut-offs
for PD-L1 (CPS>1 and CPS>10), no significant differences were observed in overall survival (OS) or disease-free
survival (DFS) (Figures 2A and 2B). There were also no statistically significant differences in DFS for MHC class I
expression (p=0.291). However, a statistically significant association with favorable prognosis was observed in patients
with high MHC class I expression (p=0.003), with a mean OS of 119.34 months compared to patients with low MHC
class I expression (Figure 2C).

When combining PD-L1 and MHC class I expression, survival outcomes were analyzed based on the PD-L1 CPS cut-
offs of >1 and >10 with MHC class I status. The Kaplan-Meier survival curves for PD-L1 CPS >1 with MHC class I
status showed no significant difference in DFS (p=0.479) but a significant difference in OS (p=0.027) (Figure 2D).
Similarly, PD-L1 CPS >10 was associated with a significant difference in OS (p=0.017) but not DFS (p=0.085)
(Figure 2E).

Figure | Expression Patterns of PD-LI and MHC class | in triple-negative breast cancer Samples (x200). (A—C) Invasive ductal carcinoma, no special type (IDC/NST) (A),
showing no expression of PD-L| (B) and very low MHC class | expression (C). (D-F) IDC/NST (D) with no PD-LI expression (E) and high MHC class | expression (F). (G-I)
Metaplastic squamous cell carcinoma (G) with PD-LI| positivity (H) and low MHC class | expression (l). (J-L) IDC/NST (J) with positive PD-LI (K) and high MHC class |
expression (L).
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Table 5 Associations Between Clinicopathological Characteristics and PD-LI (CPSz10) With MHC Class |
Expression Pattern

PD-LI Expression (CPS>10) Negative Positive

MHC Class | Expression Low High Low High

Clinicopathology n(%) Total n=148 | n=170 (47.3) | n= 65 (43.9) | n=4(2.7) | n=9 (6.1) | p-value

Age at diagnosis (years)

Median 51.5 (mean 52.6)

Range 21-92

<51.5 74 (50.0) 34 (48.6) 37 (56.9) 0 (0.0 3(333) 0.103

>51.5 74 (50.0) 36 (51.4) 28 (43.1) 4 (100.0) 6 (66.7)

Histological subtype

IDC/NST 133 (89.9) 62 (88.6) 59 (90.8) 3 (75.0) 9 (100.0) 0.561

IDC with Metaplastic 6 (4.1) 3 (43) 3 (4.6) 0 (0.0 0 (0.0

Metaplastic 8 (5.4) 5(7.1) 2 (3.1) 1 (25.0) 0 (0.0

Apocrine I (0.7) 0 (0.0 I (1.5) 0 (0.0) 0 (0.0

Histological grade

| 0 (0.0) 0 (0.0 0 (0.0) 0 (0.0) 0 (0.0 0.286

I 13 (8.8) 9 (12.9) 3 (4.6) 0 (0.0) I (I1.1)

n 135 (91.2) 6l (87.1) 62 (95.4) 4 (100.0) 8 (88.9)

T stage

TI 26 (17.6) 7 (10.0) 12 (18.5) 4 (100.0) 3 (33.3) 0.020

T2 85 (57.4) 42 (60.0) 37 (56.9) 0 (0.0) 6 (66.7)

T3 27 (18.2) 15 (21.4) 12 (18.5) 0 (0.0) 0 (0.0

T4 10 (6.8) 6 (8.6) 4 (6.2) 0 (0.0) 0 (0.0

N stage

NO 67 (45.3) 24 (34.3) 33 (50.0) 4 (100.0) 6 (66.7) 0.138

NI 49 (33.1) 24 (34.3) 23 (35.4) 0 (0.0) 2 (22.2)

N2 15 (10.1) 10 (14.3) 4 (6.2) 0 (0.0) I (I.1)

N3 17 (11.5) 12 (17.1) 5(7.7) 0 (0.0) 0 (0.0

LvI

Absent 23 (15.5) 4(5.7) 14 (21.5) 0 (0.0 5 (55.6) <0.001

Present 125 (84.5) 66 (94.3) 51 (78.5) 4 (100.0) 4 (44.4)

In situ component

Absent 70 (47.3) 28 (40.0) 32 (49.2) 2 (50.0) 8 (88.9) 0.036

Present 78 (52.7) 42 (60.0) 33 (50.0) 2 (50.0) I (I.1)

In-situ growth pattern

Negative 70 (47.3) 28 (40.0) 32 (49.2) 2 (50.0) 8 (88.9) 0.209

Comedonecrosis 42 (28.4) 23 (32.9) 18 (27.7) | (25.0) 0 (0.0

No comedonecrosis 36 (24.3) 19 (27.1) 15 (23.1) | (25.0) I (I.1)

In-situ grade

Negative 70 (47.3) 28 (40.0) 32 (49.2) 2 (50.0) 8 (88.9) 0.030

Intermediate 6 (4.1) 3 (43) 2 3.1 0 (0.0) I (I1.1)

High 72 (48.6) 39 (55.7) 31 (47.7) 2 (50.0) 0 (0.0

TILs

<50% 89 (60.1) 49 (70.0) 35 (53.8) 2 (50.0) 3(333) 0.066

>50% 59 (39.9) 21 (30.0) 30 (46.2) 2 (50.0) 6 (66.7)

Ki-67

<30% 21 (14.2) Il (15.7) 9 (13.8) I (25.0) 0 (0.0 0.518

>30% 127 (85.8) 59 (84.3) 56 (86.2) 3 (75.0) 9 (100.0)

HER2

0 98 (66.2) 41 (58.6) 51 (78.5) 2 (50.0) 4 (44.4) 0.022

I+ and 2+ 50 (33.8) 29 (41.4) 14 (21.5) 2 (50.0) 5 (55.6)
(Continued)
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Table 5 (Continued).

PD-LI Expression (CPS>10) Negative Positive

MHC Class | Expression Low High Low High
Clinicopathology n(%) Total n=148 | n=70 (47.3) | n= 65 (43.9) | n=4(2.7) | n=9 (6.1) | p-value
Type of surgery

Conservative surgery? 19 (12.8) 4(5.7) I (16.9) | (25.0) 3(333) 0.023
Mastectomy® 129 (87.2) 66 (94.3) 54 (16.9) 3 (75.0) 6 (66.7)
Chemotherapy*

Neoadjuvant 56 (39.2) 28 (41.8) 23 (36.5) | (25.0) 4 (44.4) 0.852
Non-neoadjuvant 87 (60.8) 39 (58.2) 40 (63.5) 3 (75.0) 5 (55.6)

Notes: p-values were obtained using Chi-square or Fisher’s exact test. Bold values are statistically significant (p-value <0.05). Includes
lumpectomy and wide excision biopsy. ‘Includes modified radical mastectomy and simple mastectomy. “Number of patients with missing

chemotherapy information (5).

Abbreviations: PD-LI, programmed cell death ligand |; MHC class |, major histocompatibility complex class I; CPS, combined positive score;
LVI, lymphovascular invasion; TILs, tumor-infiltrating lymphocytes; HER2, human epidermal growth factor receptor 2.

To identify prognostic factors, we investigated the association between clinical parameters, DFS, and OS through
univariate and multivariate analyses using Cox regression, as shown in Table 6. Age, T stage, and chemotherapy were
significant factors in the univariate analysis of DFS; however, only age and chemotherapy remained significant in the

multivariate analysis.

In the Cox regression analysis for OS, age, T stage, N stage, LVI, TILs, chemotherapy, and MHC class I were all
significant factors. Interestingly, PD-L1 (CPS>1) negativity with high MHC class I expression (HR=0.447, 95% CI
0.236-0.846, p=0.013) and PD-L1 (CPS>10) negativity with high MHC class I expression (HR=0.516, 95% CI 0.307—
0.869, p=0.013) were significantly associated with a favorable prognosis in OS compared to PD-L1 negativity with low
MHC class I expression, PD-L1 positivity with low MHC class I expression, and PD-L1 positivity with high MHC class I
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Figure 2 Kaplan-Meier curves for survival analyses in TNBC patients. Disease-free survival (DFS) and overall survival (OS) according to:PD-LI combined positive score
(CPS) at a threshold of | (A), PD-LI combined positive score (CPS) at a threshold of 10 (B), MHC class | (C), the association of PD-LI (CPS2I) with MHC class | (D), and
the association of PD-LI (CPS210) with MHC class | (E).
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Table 6 Univariate and Multivariate Regression Analyses in TNBC Patients

Clinicopathology Mean FS Disease-Free Survival Mean OS Overall Survival
Univariate p-value Multivariate p-value Univariate p-value Multivariate p-value
HR (95% CI) HR (95% ClI) HR (95% CI) HR (95% CI)
(A)
Age at diagnosis (years)
<51.5 135.7 I 0.026 | 0.030 119.0 | 0.010 | <0.001
>51.5 102.7 2.079 (1.091-3.963) 2.109 (1.075-4.138) 779 1.942 (1.171-3.222) 2511 (1.460-4.318)
Histological subtype
IDC/NST 122.6 | 101.6 |
IDC with Metaplastic 94.7 1.087 (0.261-4.528) 0.909 101.0 0.704 (0.172-2.887) 0.626
Metaplastic 97.4 1.659 (0.509-5.407) 0.401 543 2.025 (0.870-4.713) 0.102
Apocrine 57.9 2.259 (0.308-16.561) 0.423 59.2 1.626(0.225-11.779) 0.630
Histological grade
LN 94.5 I 0.770 80.1 | 0.967
n 121.9 0.869 (0.340-2.221) 100.8 0.983 (0.448-2.157)
T stage
TI-T2 127.5 | 0.032 | 0.103 113.9 | <0.001 | 0.007
T3-T4 88.8 2.067 (1.064-4.016) 1.799 (0.888-3.645) 58.3 2.573 (1.563-4.234) 2.067 (1.216-3.516)
N stage
NO 123.9 | 0.708 125.4 | 0.003 | 0.004
NI-N3 114.5 1.127 (0.603-2.104) 794 2.275 (1.320-3.922) 2.324 (1.310-4.124)
LviI
Absent 154.3 | 0.098 | 0.226 162.9 | 0.005 | 0.034
Present (RN 2.700 (0.831-8.771) 2.183 (0.617-7.725) 87.6 7.385(1.805-30.124) 4.793 (1.127-20.395)
TiLs
<50% 115.3 | 0.862 84.4 | 0.026 | 0.779
>50% 123.3 0.945 (0.502-1.780) 121.7 0.539 (0.313-0.928) 0.914 (0.486-1.718)
Chemotherapy
Neoadjuvant 93.1 | 0.011 | 0.044 65.3 | <0.001 | 0.006
Non-neoadjuvant 133.0 0.444 (0.238-0.827) 0.518 (0.273-0.983) 119.5 0.385 (0.236-0.630) 0.423 (0.256-0.800)
MHC class |
Low 110.4 | 0.293 | 0.591 78.6 | 0.004 | 0.114
High 127.4 0.716 (0.384-1.335) 0.837 (0.437-1.604) 119.3 0.469 (0.282-0.780) 0.649 (0.380-1.110)
PD-LI (CPS=1)
Negative 120.4 | 0.552 | 0.279 96.2 | 0.733 | 0.462
Positive 1155 1.223 (0.630-2.375) 1.494 (0.722-3.094) 104.4 0.908 (0.521-1.581) 1.249 (0.691-2.258)
(Continued)
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Table 6 (Continued).

Clinicopathology Mean FS Disease-Free Survival Mean OS Overall Survival
Univariate p-value Multivariate p-value Univariate p-value Multivariate p-value
HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI)
(8)
Age at diagnosis (years)
<515 135.7 | 0.026 | 0.012 119.0 | 0.010 | <0.001
>51.5 102.7 2.079 (1.091-3.963) 2.341 (1.208-4.536) 779 1.942 (1.171-3.222) 2.545 (1.486—4.359)
Histological subtype
IDC/NST 122.6 | 101.6 |
IDC with Metaplastic 947 1.087 (0.261-4.528) 0.909 101.0 0.704 (0.172-2.887) 0.626
Metaplastic 97.4 1.659 (0.509-5.407) 0.401 54.3 2.025 (0.870-4.713) 0.102
Apocrine 579 2.259 (0.308-16.561) 0.423 59.2 1.626(0.225-11.779) 0.630
Histological grade
L 94.5 | 0.770 80.1 | 0.967
11 121.9 0.869 (0.340-2.221) 100.8 0.983 (0.448-2.157)
T stage
TI-T2 127.5 I 0.032 | 0.147 113.9 I <0.001 | 0.008
T3-T4 88.8 2.067 (1.064-4.016) 1.685 (0.832-3.409) 58.3 2.573 (1.563-4.234) 2.090 (1.217-3.588)
N stage
NO 123.9 | 0.708 125.4 | 0.003 | 0.003
NI-N3 1145 1.127 (0.603-2.104) 794 2.275 (1.320-3.922) 2438 (1.354-4.390)
LviI
Absent 1543 | 0.098 | 0417 162.9 | 0.005 | 0.035
Present 11 2.700 (0.831-8.771) 1.666 (0.486-5.712) 87.6 7.385(1.805-30.124) 4.801 (1.113-20.703)
TILs
<50% 1153 [ 0.862 84.4 | 0.026 | 0.925
>50% 123.3 0.945 (0.502-1.780) 121.7 0.539 (0.313-0.928) 0.925 (0.490-1.745)
Chemotherapy
Neoadjuvant 93.1 | 0.011 | 0.030 65.3 | <0.001 | 0.005
Non-neoadjuvant 133.0 0.444 (0.238-0.827) 0.491 (0.257-0.935) 119.5 0.385 (0.236-0.630) 0.446 (0.254-0.785)
MHC class |
Low 110.4 | 0.293 | 0.765 78.6 | 0.004 | 0.124
High 127.4 0.716 (0.384-1.335) 0.906 (0.475-1.729) 1193 0.469 (0.282-0.780) 0.658 (0.387-1.121)
PD-LI (CPS=10)
Negative 1159 | 0418 | 0.514 95.8 | 0.332 | 0.567
Positive 150.6 0.555(0.133-2.307) 0.608 (0.137-2.707) 138.8 0.563 (0.176-1.798) 1.470 (0.393-5.499)
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Age at diagnosis (years)

<51.5 135.7 | 0.026 | 0.029 119.0 | 0.010 | <0.001

>51.5 102.7 2.079 (1.091-3.963) 2.150 (1.082-4.272) 779 1.942 (1.171-3.222) 2.724 (1.559-4.759)

Histological subtype

IDC/NST 122.6 I 101.6 |

IDC with Metaplastic 94.7 1.087 (0.261-4.528) 0.909 101.0 0.704 (0.172-2.887) 0.626

Metaplastic 974 1.659 (0.509-5.407) 0.401 543 2.025 (0.870-4.713) 0.102

Apocrine 57.9 2.259 (0.308-16.561) 0.423 59.2 1.626(0.225-11.779) 0.630

Histological grade

L 94.5 | 0.770 80.1 | 0.967

11 121.9 0.869 (0.340-2.221) 100.8 0.983 (0.448-2.157)

T stage

TI-T2 127.5 | 0.032 | 0.103 1139 | <0.001 | 0.008

T3-T4 88.8 2.067 (1.064-4.016) 1.798 (0.887-3.644) 583 2.573 (1.563-4.234) 2.053 (1.207-3.491)

N stage

NO 123.9 | 0.708 125.4 | 0.003 | 0.005

NI-N3 114.5 1.127 (0.603-2.104) 794 2.275 (1.320-3.922) 2.285 (1.285-4.072)

Lvi

Absent 154.3 | 0.098 | 0.216 162.9 | 0.005 | 0.024

Present 111 2.700 (0.831-8.771) 2.249 (0.623-8.117) 87.6 7.385(1.805-30.124) 5.375 (1.243-23.239)

TILs

<50% 115.3 | 0.862 84.4 | 0.026 | 0.614

>50% 123.3 0.945 (0.502-1.780) 121.7 0.539 (0.313-0.928) 0.847 (0.445-1.613)

Chemotherapy

Neoadjuvant 93.1 | 0.011 | 0.045 65.3 | <0.001 | 0.007

Non-neoadjuvant 133.0 0.444 (0.238-0.827) 0.519 (0.273-0.985) 119.5 0.385 (0.236-0.630) 0.462 (0.263-0.813)

PD-LI (CPS=1)/ MHC class |

Negative / Low 114.1 | | 79.2 | |

Negative / High 127.7 0.727 (0.333-1.589) 0.424 0.789 (0.358-1.739) 0.557 1189 0.447 (0.236-0.846) 0.013 0.537 (0.281-1.028) 0.061

Positive / Low 85.9 1.675 (0.617-4.551) 0.311 1.354 (0.472-3.878) 0.573 70.9 1.162 (0.515-2.619) 0.718 0.916 (0.394-2.128) 0.838

Positive / High 122.9 0.879 (0.379-2.037) 0.763 1.290 (0.516-3.225) 0.586 113.6 0.530 (0.262-1.071) 0.077 0.989 (0.458-2.139) 0.978
(Continued)
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Table 6 (Continued).

Clinicopathology Mean FS Disease-Free Survival Mean OS Overall Survival
Univariate p-value Multivariate p-value Univariate p-value Multivariate p-value
HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI)
()
Age at diagnosis (years)
<515 135.7 | 0.026 | 0.012 119.0 | 0.010 | <0.001
>51.5 102.7 2.079 (1.091-3.963) 2.350 (1.204-4.585) 779 1.942 (1.171-3.222) 2.581 (1.502-4.437)
Histological subtype
IDC/NST 122.6 | 101.6 |
IDC with Metaplastic 947 1.087 (0.261-4.528) 0.909 101.0 0.704 (0.172-2.887) 0.626
Metaplastic 97.4 1.659 (0.509-5.407) 0.401 54.3 2.025 (0.870-4.713) 0.102
Apocrine 579 2.259 (0.308-16.561) 0.423 59.2 1.626(0.225-11.779) 0.630
Histological grade
LI 94.5 | 0.770 80.1 | 0.967
m 121.9 0.869 (0.340-2.221) 100.8 0.983 (0.448-2.157)
T stage
TI-T2 127.5 | 0.032 | 0.135 1139 | <0.001 | 0.009
T3-T4 88.8 2.067 (1.064-4.016) 1.720 (0.845-3.502) 583 2.573 (1.563-4.234) 2.051 (1.194-3.525)
N stage
NO 123.9 | 0.708 125.4 | 0.003 | 0.002
NI-N3 114.5 1.127 (0.603-2.104) 794 2.275 (1.320-3.922) 2.534 (1.398-4.594)
LviI
Absence 154.3 | 0.098 | 0.657 162.9 | 0.005 | 0.057
Presence 11l 2.700 (0.831-8.771) 1.318 (0.390-4.457) 87.6 7.385(1.805-30.124) 4.113 (0.957-17.677)
TiLs
<50% 115.3 | 0.862 84.4 | 0.026 | 0.887
>50% 123.3 0.945 (0.502-1.780) 121.7 0.539 (0.313-0.928) 0.955 (0.504-1.808)
Chemotherapy
Neoadjuvant 93.1 | 0.011 | 0.011 65.3 | <0.001 | 0.003
Non-neoadjuvant 133.0 0.444 (0.238-0.827) 0.422 (0.218-0.818) 119.5 0.385 (0.236-0.630) 0.413 (0.232-0.737)
PD-LI (CPS>10)/ MHC class |
Negative / Low 112.9 | | 793 | |
Negative / High 117.9 0.882 (4.666—1.668) 0.669 1.074 (0.559-2.065) 0.830 112.6 0.516 (0.307-0.869) 0.013 0.711 (0.416-1.218) 0.215
Positive / Low 245 3.146 (0.730-13.553) 0.124 3.767 (0.813-17.459) 0.090 26.6 1.479 (0.356-6.153) 0.590 3.499 (0.746-16.415) 0.112
Positive / High No censored - - - - 160.8 0.175 (0.024-1.274) 0.085 0.442 (0.054-3.634) 0.448

Notes: p-values were obtained using Cox regression analyses. Bold values are statistically significant (p-value <0.05).
Abbreviations: PD-LI, programmed cell death ligand I; MHC class I, major histocompatibility complex class I;CPS, combined positive score; LVI, lymphovascular invasion; TILs, tumor-infiltrating lymphocytes; HR, hazard ratio; Cl,

confidence interval.
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expression in the univariate analysis. However, these subgroup differences did not remain significant in the multivariate
analysis.

Discussion

Most invasive breast cancers are positive for estrogen, progesterone, and HER-2 receptors, which is also true of normal
breast cells. In contrast, triple-negative breast cancer (TNBC) is negative for these receptors. Thus, it does not respond to
therapies targeting these receptors. This makes TNBC, which tends to be an aggressive cancer, more challenging to treat.
Worldwide, TNBC accounts for approximately 10% to 20% of all breast cancer cases.'

The unique features of TNBC speak to the necessity of exploring the role of different biomarkers to improve prognosis and
guide treatment decisions. This study sought to do that by identifying how diverse patient and clinicopathological character-
istics are related to overall survival and recurrence. This included examining the interaction of PD-L1, MHC Class I, and TIL
biomarkers.

More specifically, our study analyzed 148 Thai women diagnosed with TNBC over a 14-year span from 2008 to 2021.
This Thai cohort’s demographic and clinical traits closely resembled prior observations. For example, Leeha et al
reported 52.3 as the mean age of diagnosis (range 25-92 years) among Thai TNBC patients,”” which is almost identical
to the mean age of 52.5 years found in the present study.

Interestingly, there are cultural differences in the mean age of diagnosis. The Thai mean age of 52 surpasses the
median age of Moroccan women (46 years), closely matches the median age of Hispanic TNBC patients (50 years), and
is significantly lower than the median age of TNBC among African women (64 years).”*2° Cultural variations in age
distribution may be due to lifestyle and environmental factors as well as possible genetic predispositions unique to each
population, which could impact disease onset and progression. Exploring the role of those factors in cultural differences
of TNBC is beyond the scope of the present study but certainly worthy of future study.

In our study of Thai women diagnosed with TNBC, the most prevalent histological subtype was invasive ductal
carcinoma, no special type (IDC/NST) (89.9%), followed by Metaplastic (5.4%), IDC with Metaplastic (4.1%), and
Apocrine (0.7%). These results align with the histological subtypes identified in a study of Dutch women conducted by
Balkenhol et al.*® This variation in histological subtypes highlights the need for tailored therapeutic approaches and
personalized treatment strategies.

In our study, 13 cases (8.8%) were histological grade II, and 135 cases (91.2%) were grade III, with no grade I cases.
This aligns with earlier findings that most TNBCs are high-grade IDCs.*" This underscores the importance of histological
grade in identifying patients with TNBC who may benefit from systemic chemotherapy.

Within our study, 21 cases (14.2%) had low Ki-67 expression levels, while 127 cases (85.8%) had high expression levels,
indicating a high proliferative tumor phenotype. Zhu X et al*? found that 74.2% of TNBC cases with high Ki-67 (cut-off of
30%) are significantly associated with a poorer prognosis (OS and DFS) and may benefit from adjuvant chemotherapy.

Additionally, 125 cases (84.5%) in our study showed the presence of lymphovascular invasion (LVI), while 23 cases
(15.5%) did not. This observation is consistent with the findings of Agarwal et al,*> who emphasize a higher incidence of
LVI in TNBC patients than in non-TNBC patients. LVI is a prognostic factor for relapse and death in TNBC, which has
important implications for therapeutic treatment options.

TILs demonstrate potential as a valuable prognostic marker in TNBC, considering their correlation with improved
outcomes, enhanced pathologic complete response, and overall better prognosis.’®**=¢ In the present study, 89 cases
(60.1%) exhibited low TILs, while 59 cases (39.9%) had high TILs, indicating varied immune cell infiltration.

However, there was no significant association between TILs and overall survival (OS) or disease-free survival (DFS) in
TNBC patients. Tumor heterogeneity, immune checkpoint expression, the complex composition of TILs, and their dynamic
interaction with the tumor microenvironment are potential contributing factors to this lack of association. Further research is
necessary to fully understand the underlying mechanisms behind the prognostic significance of TILs in TNBC.

The reported prevalence of PD-L1 expression in TNBC has ranged from 13.7% to 75% across several studies.”>’ >’
A previous study assessed CPS using thresholds of 1 and 10 for PD-L1 evaluation in Phase III clinical trials of TNBC
involving pembrolizumab, utilizing the clone 22C3, found a prevalence of 53.9% for CPS>1 cut-off and 27.2% for >10
cut-off.** In our study, PD-L1 expression was 29.1% for CPS>1 cut-off and 8.8% for CPS>10 cut-off. The prevalence in
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CPS>1 cut-off is similar to the approximately 19% reported in the studies by Mittendorf et al and Ali et al’® However,
Mittendorf et al used the clone SH1, where PD-L1 positivity was defined as tumor cell surface membrane staining in
>5% of cells.” In contrast, Ali et al employed the clone E1L3N, scoring PD-L1 expression in tumor and immune cell
separately on a four-point scale: 0 (<1% positive cells), 1 (1%-5%), 2 (5%—10%), and 3 (>10%).>® It is important to note
that using different PD-L1 antibody clones and cut-off points across studies may contribute to variations in reported
findings.

When we compared PD-L1 expression between two time periods, we found a lower presence of PD-L1 expression in FFPE
blocks older than 5 years (2008-2018) than in those 5 years old or newer (2019-2021). This finding is consistent with a previous
study that reported reduced PD-L1 expression in FFPE blocks older than 3 years in a non-small-cell lung cancer study.*'

PD-L1 expression in TNBC is linked to unfavorable prognosis, emphasizing the need for advanced therapeutic
approaches.®”**** Importantly, none of the patients in our cohort received anti-PD-L1 therapy during the 2008-2018
study period, ensuring that this treatment did not affect survival outcomes. This is particularly relevant given the
increased use of anti-PD-L1 treatments for TNBC in recent years, which have shown encouraging results.
Surprisingly, our study found no significant correlation between PD-L1 expression and disease-free survival or overall
survival in TNBC patients. This illustrates the complexities of PD-L1’s role in TNBC and suggests that other factors may
influence survival outcomes in these patients.

MHC class I in TNBC plays a crucial role in both immune evasion and clinical outcomes. Several studies have
reported low expression of MHC class I in TNBC, with percentages ranging from 12.8% to 59.37%.2'%%>4% In our
study, the frequency of low MHC class I expression was approximately 50.0%. This variation may be due to different
cut-off points for defining high and low expression. The standardization of cut-off points would improve the ability to
compare findings across studies, including meta-analyses.

While previous studies have associated enhanced MHC class I expression with better DFS,?%

our findings pointed
to a significant correlation with OS but not DFS. The lack of DFS correlation in our study highlights the complexity and
heterogeneity of TNBC. Further research is needed to understand the nuances of MHC class I expression and its impact
on survival outcomes.

In our study, we found that PD-L1 positivity, defined using the 22C3 clone with a Combined Positive Score (CPS) >1, was
associated with low MHC class I expression (clone EMR8-5, H-score with a median cut-off) in 12 cases (8.1%). When a more
stringent CPS >10 was applied, PD-L1 positivity with low MHC class I expression was observed in 4 cases (2.7%).

In comparison to previous studies, one study by Lee ji Shin et al reported that among 166 TNBC cases, 69.2% were
classified as PD-L1-positive based on a >1% PD-L1 expression threshold in tumor-associated immune cells. Notably, Lee ji
Shin et al also observed a significant loss of MHC class I expression; however, specific details regarding the PD-L1 antibody
clone and MHC class I cut-off values were not provided.*” Another study by Dusenbery AC et al documented MHC class I
loss in 46% (11 out of 24) of PD-L1-positive TNBC cases. Dusenbery AC et al utilized the MHC class I clone EMR8-5, with
expression categorized as “intact”, “subclonal loss”, or “diffuse loss” according to the extent of membranous staining. Cases
with subclonal or diffuse loss were classified as MHC class I negative. PD-L1 positivity in the same study was determined
using the SP142 clone, with cases considered positive if PD-L1-positive immune cells occupied >1% of the area.*”

Our study adds to the growing body of evidence that PD-L1 positivity and MHC class I loss can coexist in TNBC,
though variations in methodologies, such as PD-L1 clones and scoring systems, make cross-study comparisons challen-
ging. These differences underscore the need for standardized assays in future studies to better define the relationship
between PD-L1 and MHC class I expression in TNBC.

This research aimed to analyze TNBC to identify prognostic factors by examining the expression of tumor PD-L1 and
MHC class I. Previous studies highlight the intricate relationship between MHC class I and PD-L1 in different cancers,
indicating varied prognostic implications. Positive MHC class I expression with negative or rare PD-L1 expression is
linked to a favorable clinical course in intrahepatic cholangiocarcinoma. In contrast, in adenocarcinoma of the lung, cases
with both positive MHC class I and PD-L1 expression have exhibited significantly shorter overall survival, while in PD-
L1-positive and MHC class I-negative cases, no significant prognostic impact was observed. In head and neck squamous
cell carcinoma (HNSCC), MHC class I loss with positive PD-L1 is associated with significantly poorer survival than

MHC class I-positive cases.>**+
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In our study, PD-L1 negativity with high MHC class I expression significantly improved OS, possibly by contributing
to reduced immune evasion or by promoting a stronger immune response. In either case, patients with this combination
may be more likely to benefit from immunotherapy or other treatment approaches. The interplay of PD-L1 negativity and
high MHC class I expression in triple-negative breast cancer warrants further investigation to validate and refine the
prognostic value of these biomarkers.

Our study’s limitations necessitate careful interpretation of the findings. The extended storage period of the formalin-
fixed paraffin-embedded (FFPE) tissue blocks raises concerns about decreased protein antigenicity. Over time, protein
degradation could result in suboptimal immunohistochemical staining intensity, potentially leading to false-negative
results, especially for PD-L1. Additionally, using tissue microarrays (TMAs) as representatives for entire tumors may not
provide a comprehensive depiction of intratumoral heterogeneity, which is critical in triple-negative breast cancer
prognosis. Each of these potential limitations should be further explored to ensure the integrity of the methodology
used to investigate TNBC and other forms of cancer.

Conclusions

In the present study, we analyzed 148 patients with TNBC, revealing significant age-related differences and associations
with clinicopathological characteristics. Older FFPE blocks showed lower PD-L1 expression. PD-L1 and MHC class 1
expression were linked to age, T stage, LVI, and TILs. High MHC class I expression was associated with better overall
survival, while PD-L1 expression alone had no significant impact on survival outcomes. PD-L1 negativity, in combina-
tion with high MHC class I expression, was associated with favorable overall survival. This study emphasizes the
evolving characteristics of triple-negative breast cancer and highlights the potential of several prognostic factors for
future investigation.

Abbreviations
PD-L1, Programmed Cell Death Ligand 1; MHC Class I, Major Histocompatibility Complex Class I;

TNBC, Triple-Negative Breast Cancer; CPS, Combined Positive Score; OS, Overall Survival; DFS, Disease-Free
Survival; FFPE, Formalin-Fixed Paraffin-Embedded; ER, Estrogen Receptor; PR, Progesterone Receptor; HER2, Human
Epidermal Growth Factor Receptor 2; TILs, Tumor-Infiltrating Lymphocytes; TMA, Tissue Microarray; IHC,
Immunohistochemistry; H&E, Hematoxylin and Eosin; ITWG, International TILs Working Group.
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