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Abstract

Introduction: The PD-1/PD-LI immune checkpoint pathway plays a critical role in tumor immune
escape and disease progression. This study investigated differences in tumor-infiltrating lymphocytes
(TILs) and PD-LI expression between primary breast cancers and matched metastatic lesions, and their
relationships with clinical outcomes.

Material and methods: We retrospectively analyzed 54 female breast cancer patients who under-
went radical mastectomy between May 2011 and December 2018 at the Second Affiliated Hospital
of Nanchang University and later developed recurrent disease. Immunohistochemical (IHC) analysis
was performed on matched primary and metastatic tumor samples to evaluate TILs and PD-LI ex-
pression patterns. Associations between these immune parameters and clinical characteristics were
assessed.

Results: IHC analysis of 50 paired primary and metastatic lesions revealed distinct PD-L1+ TIL
expression patterns across different molecular subtypes of breast cancer. Patients with PD-LI1+ tumors
showed significantly shorter median disease-free survival (DFS) and overall survival (OS) compared
to those with PD-LI1— tumors. We observed significant differences in the immune microenvironment
between primary and metastatic sites, with metastatic lesions showing consistently lower TIL density,
PD-L1+ TIL density, and tumor PD-LI expression compared to matched primary tumors.

Conclusions: Our findings demonstrate systematic differences in immune parameters between pri-
mary and metastatic breast cancer sites, with reduced immune infiltration in metastatic lesions. The data
suggest that targeting the PD-1/PD-LI pathway may be particularly beneficial in patients with PD-L1+

TIL-high primary tumors, potentially by reinvigorating anti-tumor immune responses.
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Introduction

Breast cancer represents one of the most significant
threats to women’s health worldwide [1]. The tumor micro-
environment has been increasingly recognized as a crucial
determinant of cancer invasion, progression, and clinical
outcomes [2, 3]. Notably, breast cancers in Chinese popu-
lations present distinct clinical characteristics compared to
Western populations, including larger tumor size and higher
rates of human epidermal growth factor receptor 2 (HER2)
overexpression [4], suggesting potentially more aggressive
disease biology. While immunotherapy has revolutionized
cancer treatment, response rates in breast cancer remain
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relatively modest, with objective response rates of only
5.3-6% even in triple-negative breast cancer [5, 6]. Particu-
larly, while PD-1/PD-L1 inhibitors have shown promise in
breast cancer treatment, response rates vary across molecu-
lar subtypes, with better outcomes observed in PD-L1-posi-
tive tumors and those with high TIL levels [7, 8]. Therefore,
understanding the dynamic changes in PD-L1 expression
and TIL profiles between primary tumors and metastatic
sites is critical for optimizing immunotherapy strategies in
breast cancer patients with recurrent disease.

A key mediator of tumor immune evasion is the pro-
grammed cell death-1 (PD-1)/programmed cell death
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ligand 1 (PD-L1) pathway. PD-1, expressed on T cells,
interacts with PD-L1, which can be found on both tu-
mor cells and immune cells. This interaction suppresses
T cell activation and anti-tumor immune responses, there-
by facilitating tumor progression [9-11]. The distribu-
tion of immune checkpoint molecules is complex, with
PD-L1 and its related molecule PD-L2 being expressed
on multiple immune cell types, including CD4* and CD8*
T cells, monocytes, natural killer T cells, and B cells [10].
Notably, Ghebeh et al. discovered PD-L1 expression on
tumor-infiltrating lymphocytes (TILs) in breast cancer
[12]. Subsequently, studies revealed that PD-L1+ TILs
can suppress T cell proliferation through reverse signaling
[13] and modulate cytotoxic T lymphocyte (CTL) activi-
ty through PD-1 engagement [14]. The density and com-
position of TILs have significant prognostic implications
across various cancers, with higher CD8* T cell infiltration
generally correlating with improved patient survival [15-
18]. CD4* T cells may also contribute to anti-tumor immu-
nity through their helper and memory functions [17, 18].
However, critical knowledge gaps remain regarding how
TIL populations and PD-L1 expression patterns change
during metastatic progression, and how these changes in-
fluence patient outcomes. Understanding these dynamics
in the context of post-surgical recurrence is particularly
important for improving therapeutic strategies.

The dynamic interplay between tumor cells and im-
mune cells creates distinct microenvironmental signatures
in primary and metastatic lesions. Kim et al. documented
significant differences in these immune landscapes be-
tween primary and metastatic sites [2], with metastatic le-
sions generally showing reduced TIL counts and decreased
PD-L1 expression compared to primary tumors [3, 19-23].
A notable study by Ogiya et al. [3] examining 25 cases
demonstrated that metastatic lesions in HER2-positive and
triple-negative breast cancers exhibited lower percentag-
es of TILs, CD8* T cells, and CD4* T cells compared to
matched primary tumors, highlighting the role of immune
escape in metastatic progression. Despite these insights,
systematic studies comparing immune microenvironments
between primary and postoperative recurrent breast cancer
remain limited, particularly in Asian populations.

The current study investigated immune microenvi-
ronment differences between primary breast cancers and
their matched metastatic lesions in Chinese women, with
particular focus on distinct molecular subtypes. Our com-
prehensive analysis examined changes in immune param-
eters across disease sites, evaluated associations between
TIL and PD-L1 expression patterns and clinical outcomes,
and explored relationships between immune markers and
molecular subtypes. Our aim was to address critical knowl-
edge gaps in understanding breast cancer immunobiolo-
gy in Asian populations and provide an evidence-based
foundation for optimizing immunotherapeutic strategies in
breast cancer treatment.
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Material and methods
Patients and clinical samples

This study was conducted with approval from the In-
stitutional Ethics Committee of the Second Affiliated
Hospital of Nanchang University (Jiangxi, China) and
adhered to the principles of the Declaration of Helsinki.
We retrospectively identified 54 breast cancer patients di-
agnosed between May 2011 and December 2018 at our
institution who subsequently developed localized or distant
recurrence confirmed by pathological examination. Patient
selection followed predefined inclusion and exclusion cri-
teria. The inclusion criteria comprised: 1) histopathologi-
cally confirmed breast cancer without other primary malig-
nancies; ii) no history of anti-tumor therapy prior to initial
diagnosis; iii) no anti-tumor therapy administered at time
of recurrence diagnosis (only surgical removal of tumors
was performed for both primary and metastatic lesions);
iv) complete clinical follow-up documentation; v) avail-
ability of matched primary and recurrent tumor specimens.
The exclusion criteria were: i) incomplete clinical data;
ii) bilateral breast cancer; iii) male breast cancer; iv) ad-
vanced or metastatic disease at initial presentation or
patients who underwent palliative surgery for locally ad-
vanced disease.

Immunohistochemical (IHC) analysis

For IHC analysis, tumor specimens were fixed in 10%
formalin, embedded in paraffin, and sectioned at 4-um
thickness for hematoxylin and eosin (H&E) staining and
IHC analysis. IHC was performed using primary antibod-
ies against: estrogen receptor (ER) (1 : 150, clone OTI1B1,
ZSBIO, China), progesterone receptor (PR) (1 : 150, clone
I5ES, ZSBIO), HER2 (HercepTest, ZSBIO), CD3 (1 : 300;
clone OTI3E10, ZSBIO), CD4 (1 : 50; clone B486A1,
ZSBIO), CDS (1 : 150, clone OTI3H6; ZSBIO), Foxp3
(1 : 100; clone 236A/E7; Talent Biomedical, China),
and PD-L1 (1 : 500; Clone OTI9E12, ZSBIO). Hormone
receptor positivity was defined as > 1% of cancer cells
expressing ER or PR. HER2-positive status by IHC was
confirmed using fluorescence in situ hybridization (FISH).
CD3, CD4, CD8, and PD-L1 expression was evaluated by
membranous lymphocyte staining, while Foxp3 was as-
sessed by nuclear staining. Staining intensity was scored
as: none (0), mild (1; < 5% of tumor area), moderate
(2; 5-50% of tumor area), or diffuse/severe (3; > 50%
of tumor area) [20, 21]. ER/PR and HER?2 status were
classified according to ASCO guidelines [24, 25]. Peri-
tumoral lymphoid aggregates were scored as: absent (0),
focal (1+; rare isolated aggregates), present (2+; multiple
aggregates), or well developed (3+; with germinal cen-
ters). Qualitative TIL scores were validated against digital
quantification. Tumor cell PD-L.1 membrane expression
was scored in 1% increments (0-100%), with < 1% con-
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Table 1. Clinicopathological characteristics of primary surgical breast cancer specimens

Characteristics Total patients Luminal phenotype HER-2 phenotype Basal-like phenotype
Total samples, n (%) 54 (100) 16 (29.6) 14 (25.9) 24 (44.5)
Age (years), n (%)
Median age (range) 50 (24-76) 56 (41-76) 52 (26-72) 47 (24-70)
<50 29 (53.7) 7 (43.8) 9 (64.3) 13 (54.2)
>50 25 (46.3) 9(56.2) 5(45.7) 11(45.8)
Histology: IDC or IMC
Histologic grade, n (%)
Grade 1 0 (0.0 0 (0.0 0(0.0) 0(0.0)
Grade 2 19 (35.2) 10 (62.5) 5(35.7) 4(20.0)
Grade 3 35 (64.8) 6(37.5) 9 (64.3) 20 (80.0)
Tumor size (cm), n (%)

Median size (range) 2.5(0.7-9.4) 2.1 (1.1-6.0) 2.7 (0.7-8.0) 2.3 (1.0-9.4)
<2 11 (11.1) 5@31.3) 4 (28.6) 2(8.3)
2-5 31(53.7) 8 (50.0) 7 (50) 16 (66.7)
>5 15 (35.2) 3(18.7) 3(214) 6(25.0)

Multifocal disease, n (%)

Associated DCIS 42 (87.8) 11 (68.8) 10 (71.4) 21 (87.5)

Stage
1 12(22.2) 5(31.2) 4 (28.6) 3(12.5)
2 15 (22.2) 7(43.7) 5(35.7) 3(12.5)
3 6(11.1) 3(18.8) 2(14.3) 1(4.2)
4 23 (42.6) 9 (56.3) 8(57.1) 6(25.0)

sidered negative. Similarly, PD-L1+ TILs were scored as:
none (0), focal (1+; < 5%), moderate (2+; 5-50%), or se-
vere (3+; 51-100%) [26]. The stromal tumor-infiltrating
lymphocytes (sTILs) scoring was performed according to
the International TILs Working Group recommendations,
evaluating the percentage of stromal tissue occupied by
lymphocytes in hematoxylin and eosin-stained sections
[27]. Tertiary lymphoid structures were evaluated using
a standardized scoring system based on H&E-stained sec-
tions, where the presence and organization of lymphoid ag-
gregates were assessed as: absent (0), focal (1+), present
with germinal center formation (2+), or well developed
with distinct T and B cell zones (3+) [28].

Statistical analysis

Statistical analyses were performed using SPSS version
20 (IBM, Armonk, NY, USA). Correlations between immu-
nological features in primary tumors and matched metastatic
lesions were assessed using the paired chi-square (?) test.
Progression-free survival (PFS) and overall survival (OS)
were evaluated using Kaplan-Meier analysis, with differenc-
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es between survival curves compared using the log-rank test
[26]. Statistical significance was set at p < 0.05.

Results

Baseline clinicopathological features of breast
cancer patients

The clinicopathological features of enrolled patients
(n = 54) are shown in Table 1. Patient age ranged from
24 to 76 years (median: 50 years), with 53.7% of patients
younger than 50 years. The molecular subtypes com-
prised 16 cases (29.6%) of luminal type (ER/PR-positive,
HER2-negative), 14 cases (25.9%) of HER2-positive, and
24 cases (44.5%) of triple-negative breast cancer. The pre-
dominant histological types were infiltrating ductal carci-
noma (IDC) and invasive micropapillary carcinoma (IMC).
Tumors were primarily high-grade, with 19 cases (35.2%)
classified as grade 2 and 35 cases (64.8%) as grade 3. No-
tably, grade 3 tumors were more frequent in triple-negative
(80%) and HER2-positive (64.3%) subtypes compared
to luminal type (37.5%). Tumor size ranged from 0.7 to

137



Daolin Zeng et al.

Table 2. Immune parameters of primary surgical breast cancer specimens

Parameters Tumor phenotype
Total patients Luminal HER-2+ Basal-like
Total evaluable tumors, n (%) 50 (100) 15 (30) 13 (26) 22 (44)
PD-L1 expression in tumor, n (%)
Negative 37 (74) 12 (80) 7(53.8) 18 (81.8)
Positive 13 (26) 3(20) 6(46.2) 4(19.2)
Associated DCIS, n (%) 15 7 5 3
PD-L1 negative 10 (66.7) 5(71.4) 2 (40) 3 (100)
PD-L1 positive 5(33.3) 2 (38.6) 3 (60) 0
TIL intensity score, n (%)
0 0 0 0 0
Focal: 1 9 (18) 6 (40) 2(15.4) 1(4.5)
Moderate: 2 24 (48) 5(33.3) 8 (61.5) 11 (50)
Diffuse: 3 17 (34) 4(26.7) 3(23.1) 10 (45.5)
PD-L1+ TIL, n (%)
0 12 (24) 4(26.7) 1(7.7) 7 (31.8)
Focal: 1 13 (26) 7 (46.7) 0(0.0) 6(27.3)
Moderate: 2 19 (38) 3(20) 11 (84.6) 5(22.7)
Diffuse: 3 6(12) 1 (6.6) 1(7.7) 4(18.2)
2or3 25 (50) 4 (26.7) 12 (92.3) 9 (40.9)
Lymphoid aggregate score
0 21 (42) 5(33.3) 6(46.2) 10 (45.5)
Focal: 1 11(22) 3 (20) 6(46.2) 2(9.1)
Moderate: 2 4(8) 2(13.4) 0(0.0) 2.1
Geminal centers: 3 14 (28) 5(33.3) 1(7.6) 8 (36.3)

TIL (count/mm?), median (range)

CD3 1020 (84-1241) 845 (105-5214) 1420 (421-6587) 1984 (104-10472)
CDh4 1764 (56-11254) 953 (336-5207) 2540 (527-9598) 2057 (62-16584)
CD8 1114 (102-4125) 741 (25-3245) 1201 (38-4891) 1741 (47-8735)
FoxP3 402 (129-2010) 301 (79-1468) 425 (55-1225) 1020 (73-2512)
CD20 311 (52-7452) 141 (15-2419) 251 (48-3127) 846 (82-7968)
CD8/FoxP3 2.8(0.9-8.5) 3.2(0.6-8.2) 3.4 (0.5-15.7) 2.8(1.1-7.9)
CD4/FoxP3 5.21 (1.01-14.23) 6.2 (1.5-9.4) 5.7(0.4-11.5) 3.5(1.3-13.8)

9.4 cm (median: 2.5 cm), with 37.5% of cases presenting
as multifocal disease. Disease stage distribution showed
6 cases (11.1%) at stage I, 23 cases (42.6%) at stage I, and
25 cases (46.3%) at stage I11.

Immunological profile of primary breast cancer
specimens

The immune parameters are shown in Table 2. After
excluding 4 cases with unsatisfactory primary tumor spec-
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imens, 50 cases were evaluated by immunohistochem-
istry. Of these, 13 cases (26%) were PD-L1-positive and
37 cases (74%) were PD-L1-negative in primary invasive
tumors, while PD-L1 positivity was observed in 5 cases
(33.3%) of ductal carcinoma in situ (DCIS). All primary
tumors demonstrated stromal tumor-infiltrating lympho-
cytes (sTILs), with 9 cases (18%) showing mild infiltration
(14), 24 cases (48%) showing focal infiltration (2+), and 17
cases (34%) showing diffuse infiltration (3+). sTIL scores
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Fig. 1. Immunohistochemical comparison of immune markers in matched primary and metastatic breast cancer specimens.

Representative images showing CD3, CD4 expression in paired primary breast tumor (left panels) and liver metastasis
(right panels) from a single patient with basal-like subtype. Original magnification 400x

Central European Journal of Immunology 2025; 50 139



CD8 |

FOXP3

PD-L1 !

Daolin Zeng et al.

Primary tumor Metastatic tumor

w‘\?..

S rach

S

Fig. 1. Cont. Immunohistochemical comparison of immune markers in matched primary and metastatic breast cancer
specimens. Representative images showing CD8, Foxp3, and PD-L1 expression in paired primary breast tumor (left
panels) and liver metastasis (right panels) from a single patient with basal-like subtype. Original magnification 400x

were notably higher in basal-like (95.5%) and HER2-  cancers showed higher TIL levels than luminal type, they
positive (85.6%) subtypes compared to luminal type  demonstrated lower CD8/FoxP3 to CD4/FoxP3 ratios
(60%). While triple-negative and HER2-positive breast  (Fig. 1).
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Table 3. The relationship of TIL PD-L1 expression with clinical and immune parameters in primary breast cancers

Parameters TIL PD-L1 expression
PD-L1m @D PD-L1md® PD-]]diffuse ) x2 P r p’
Total breast tumors, n (%) 25 (50.0) 19 (38.0) 6 (12.0)
Tumor phenotype, n (%) 16.090  0.003 0.040 0.771
Luminal 11 (44.0) 3 (15.8) 1(16.7)
HER-2+ 1 (4.0 11 (57.9) 1(16.7)
Basal-like 13 (52) 5(26.3) 4 (66.6)
Tumor grade, n (%) 4.451 0.108 0.288 0.043
1 0(0.0) 0(0.0) 0(0.0)
2 13 (52.0) 4(21.1) 2(33.3)
3 12 (48.0) 15 (78.9) 4(66.7)
Stage, n (%) 0983 0912 -0.097 0.481
1 3(12.0) 2 (10.6) 1(16.7)
2 10 (40.0) 10 (52.6) 3(50.0)
3 12 (48.0) 7 (36.8) 2(33.3)
Multifocal disease, n (%) 4 (16.0) 5(26.3) 3(50.0) 3.157 0206  0.187  0.193
Associated DCIS, n (%) 3945  0.139  0.044 0.763
PD-L1- 5(71.4) 5(62.5) 0 (0.0
PD-L1+ 2(28.6) 3(37.5) 0(0.0)
TIL intensity score, n (%) 9.891 0.52 0.182 0.180
0 0(0.0) 0(0.0) 0(0.0)
1 4 (16.0) 5(26.3) 0(0.0)
2 16 (64.0) 4(21.1) 4(66.7)
3 5(20.0) 10 (52.6) 2(33.3)
Carcinoma cell PD-L1 status, n (%) 8.887 0.001 0.410 0.004
PD-L1+ 2 (8.0) 9(47.4) 2(33.3)
PD-L1- 23(92.0) 10 (52.6) 4 (66.7)
Lymphoid aggregate score 38372 <0.001 0327  0.014
0 15 (60.0) 5(26.3) 1(16.7)
1 5(20.0) 5(26.3) 1(16.7)
2 0(0.0) 0(0.0) 4 (66.6)
3 5(20.0) 9(47.4) 0(0.0)
F p
Median age (years, range) 49 (27-78) 42 (24-75) 55 (48-76) 0.881 0.421
Median tumor size (cm, range) 2.8 (1.0-15) 2.6 (0.8-8.3) 3.1(0.7-9.4) 0.430 0.653
TIL (count/mm?)
CD3 857 (51-2781) 2410 (105-5214) 2010 (849-4207)  10.920  0.020
CD4 942 (46-7325) 3547 (698-5748) 3471 (2165-5224)  9.860  0.035
CD8 402 (129-2010) 301 (79-1468) 425 (55-1225) 0.890 0410
CD20 347 (27-601) 224 (87-496) 699 (215-975) 2320  0.110
FoxP3 231 (94-624) 585 (234-885) 503 (116-1024) 1.980  0.150
CD8/FoxP3 2.3(0.4-5.8) 2.9 (0.7-8.3) 3.4(14-49) 0.530  0.870
CD4/FoxP3 3.1(1.2-7.8) 4.0 (1.4-8.5) 3.8 (2.2-10.1) 1.350  0.230
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Correlation of PD-L1+ TIL expression
with clinical and immunological parameters
in primary breast cancer

Table 3 presents correlations between PD-L1+ TIL in-
tensity and clinical and immunological parameters in pri-
mary breast cancers. PD-L1+ TIL expression was classi-
fied as negative/low (0, 1) in 25 cases (50%), moderate (2)
in 19 cases (38%), and diffuse (3) in 6 cases (12%). PD-L1+
TIL intensity showed significant positive correlations with
tumor grade (R = 0.288, p = 0.043), tumor cell PD-L1 ex-
pression (R = 0.410, p = 0.004), and tertiary lymphoid
structure score (R = 0.546, p < 0.001).

Relationships between PD-L1 expression,
clinical parameters, and immune markers

Of the primary breast tumors analyzed, 37 cases (74%)
were PD-L1-negative and 13 cases (26%) were PD-L1-pos-
itive. Associations between tumor cell PD-L1 expression
and clinical/immune parameters were assessed using chi-
square tests for categorical variables and the independent
t-test for continuous variables (Table 4). While differences
in PD-L1 expression were observed across molecular sub-
types, correlations with clinical stage (p = 0.096), mul-
tifocal disease (p = 0.256), age (p = 0.212), tumor size
(p =0.232), and CD8/FoxP3 ratio (p = 0.13) did not reach
statistical significance. However, significant associations
were found between PD-L1+ TILs and molecular subtype
(x*>=16.087, p = 0.003), tumor cell PD-L1 expression
(x> = 8.887, p = 0.001), tertiary lymphoid structure score
(x*=38.372, p < 0.001), CD3* T cell count (F = 10.920,
p =0.020), and CD4* T cell count (F = 9.860, p = 0.035).
Bivariate correlation analysis revealed that high PD-L1+
TIL expression positively correlated with adverse prog-
nostic factors, including high tumor grade (r = 0.288,
p = 0.043), tumor cell PD-L1 expression (r = 0.410,
p=0.004), and tertiary lymphoid structure score (r = 0.546,
p <0.001). These findings demonstrate significant associ-
ations between tumor cell PD-L1 expression, tumor grade,
TIL density, and tertiary lymphoid structure development.

Survival analysis stratified by PD-L1 expression
status

Kaplan-Meier survival analysis with log-rank test
(Fig. 2) demonstrated that patients with low PD-L1+ TIL
expression (scores 0-1) had median overall survival (OS) of
35 months compared to 37 months for those with high ex-
pression (scores 2-3). Median disease-free survival (DFS)
was 16 months and 22 months for low and high PD-L1+
TIL expression groups, respectively. When comparing tu-
mor cell PD-L1 status, PD-L1-negative patients showed
longer median OS (48 months vs. 32 months) and slightly
longer median DFS (22 months vs. 21 months) compared
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to PD-L1-positive patients. Overall survival rates were
consistently higher in the PD-L1-negative group.

Analysis of metastatic lesions and PD-L1
expression patterns

Among the 50 cases with matched primary and recur-
rent breast cancer specimens, metastatic sites included
chest wall/skin (24 cases, 48%), lymph nodes (12 cases,
24%), brain (4 cases, 8%), and lung (4 cases, 8%). As de-
tailed in Table 5, PD-L1 protein expression was positive in
11 cases (22%), predominantly in chest wall/skin (7 cases),
lung (2 cases), and lymph node metastases (2 cases), while
brain and liver metastases showed minimal expression.
The remaining 39 cases (78%) were PD-L1-negative. TILs
were present in all metastatic lesions (100%), with scoring
distributions of: mild (1+) in 31 cases (62%), moderate
(2+) in 17 cases (34%), and severe (3+) in 2 cases (4%).
PD-L1+ TIL expression was scored as negative/mild (0-1)
in 43 cases (86%) and moderate (2+) in 7 cases (14%),
with no cases showing severe (3+) expression. At median
follow-up of 51 months (range: 1-133 months), 38 patients
(76%) had died from metastatic disease.

Comparison of immunological features
between primary and metastatic lesions

Comparative analysis of immunological features be-
tween primary (n = 50) and recurrent (n = 50) breast cancer
specimens is presented in Table 6. Chi-square tests were
used to evaluate differences in immune parameters be-
tween primary and metastatic sites. Significant differences
were observed in PD-L1+ TIL expression patterns between
primary tumors and metastatic lesions. Additionally, tumor
cell PD-L1 expression differed significantly between pri-
mary and metastatic sites, with TIL density scores showing
marked variation (x> =40.138, p < 0.001).

Discussion

This study examined 54 patients with recurrent breast
cancer who had not received neoadjuvant therapy. For
context, Li et al.’s SWOG S0800 study [29] demonstrated
that while neoadjuvant chemotherapy can alter the tumor
immune microenvironment, TIL counts and PD-L1 expres-
sion remained stable in residual disease. Our cohort con-
sisted of invasive ductal or micropapillary carcinomas, with
median tumor size of 2.5 cm (53.7% of tumors between
2 and 5 cm). Disease staging showed 11.1%, 42.6%, and
46.3% of cases at stages I, II, and III respectively, with no
stage I'V cases due to the post-surgical nature of the cohort.
Molecular subtype distribution in our study (29.6% lumi-
nal, 25.9% HER2-positive, 44.5% triple-negative) differed
from Zheng et al.’s multicenter analysis of 4,211 Chinese
breast cancer cases (1999-2008) [4], which reported 48.3-
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Table 4. The relationship of tumor cell PD-L1 expression with clinical and immune parameters in primary breast cancers

Parameters Tumor cell PD-L1 expression
PD-L1- PD-L1+ x p r r

Total breast tumors (N = 50), n (%) 37 (74.0) 13 (26.0)

Tumor phenotype, n (%) 24.539 <0.001 0.022 0.868
Luminal 15 (40.5) 0(0.0)

HER-2+ 3(8.1) 10 (76.9)
Basal-like 19 (51.4) 3(23.1)

Tumor grade, n (%) 6.849 0.009 0.370 0.010
1 0(0.0) 0(0.0)

2 18 (48.6) 1(7.7)
3 19 (51.4) 12 (92.3)

Stage, n (%) 4.697 0.096 -0.032 0.817
1 6(16.2) 0(0.0)

2 14 (37.8) 9(69.2)
3 17 (46.0) 4(30.8)

Multifocal disease, n (%) 7 (58.3) 5(41.7) 2.014 0.256 0.201 0.160
DCIS, n (%) 11(73.3) 4(26.7) 4.560 0.010 -0.090 0.531
PD-L1-, n (%) 10 (90.9) 0(0.0)

PD-L1+, n (%) 1(9.1) 4 (100)

TIL intensity score, n (%) 14.450 0.001 0.447 0.001

0 0(0.0) 0(0.0)
1 8(21.6) 1.(7.7)
2 22 (59.5) 2(15.4)

3 7(18.9) 10 (76.9)

PD-L1+ TIL, n (%) 8.887 0.012 0.410 0.004
0-1 23 (62.2) 2(15.4)

2 10 (27.0) 9(69.2)
3 4(10.8) 2(15.4)

Lymphoid aggregate score, n (%) 21.577 <0.001 0.546 0.000
0 20 (54.1) 1(7.7)

1 10 (27.0) 1(7.7)
2 3(8.1) 1(7.7)
3 4(10.8) 10 (77.9)
t p

Median age (years), mean +SD 55 +5.6 51+4.7 1.265 0.212

Median tumor size (cm), mean +SD 3.77 £3.11 2.6 £1.93 1.268 0.232

Quantitative TIL (count/mm?)

CD3 1221 +650 1830 996 2.51 0.01
CD4 1140 £930 2530 1610 3.78 <0.001
CD8 853 +493 1728 695 493 <0.001
CD20 333 96 942 £120 18.42 <0.001
FoxP3 358 136 823 +216 9.02 <0.001
CD8/FoxP3 1.90 £0.70 2.30 £0.90 1.64 0.15
CD4/FoxP3 4.82 +2.63 6.12 +4.14 1.31 0.13
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Fig. 2. Impact of PD-L1+ TILs and tumor cell PD-L1 expression on survival outcomes in primary breast cancer.
A, B) Kaplan-Meier curves showing no significant association between PD-L1+ TILs and progression-free survival (PFS)
or overall survival (OS). C, D) Kaplan-Meier curves demonstrating significantly shorter median PFS and OS in patients
with PD-L1+ tumor cells compared to those with PD-L1— tumor cells
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Table 5. Characteristics of immunological parameters of matched metastatic sites

Parameters Total patients Chest wall/skin Brain Lung Liver Lymph node
Total breast tumors 50 24 4 4 6 12
Tumor cell, n (%)
PD-L1- 39 (78.0) 17 (70.8) 4 (100.0) 2 (50.0) 6 (100.0) 10 (83.3)
PD-L1+ 11(22.0) 7(29.2) 0(0.0) 2 (50.0) 0(0.0) 2(16.7)
TIL intensity score, n (%)
0 0(0.0) 0 (0.0 0(0.0) 0 (0.0 0(0.0) 0(0.0)
1 31 (62.0) 15 (62.5) 3(75.0) 2 (50.0) 3(50.0) 8 (66.7)
2 17 (34.0) 9(37.5) 1(25.0) 1(25.0) 2(33.3) 4(33.3)
3 2 (4.0%) 0 (0.0 0(0.0) 1(25.0) 1(16.7) 0 (0.0
PD-LI1+ TIL, n (%)
0 36 (72.0) 12 (50.0) 3(75.0) 1(25.0) 4(66.7) 6 (50.0)
1 17 (34.0) 8(33.3) 1(25.0) 1(25.0) 2(33.3) 5(41.7)
2 7 (14.0) 4(16.7) 0(0.0) 2 (50.0) 0(0.0) 1(8.3)
3 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Table 6. Comparison of immunological features between primary and their matched metastatic tumors
Parameters Primary tumor Matched metastatic tumor 12 p
PD-L1+ TIL, n (%) 40.741 <0.001
0-1 25 (50.0) 45 (90.0)
2 19 (38.0) 5(10.0)
3 6(12.0) 0(0.00)
Tumor cell, n (%) 40.138 <0.001
PD-L1- 37 (74.0) 39 (78.0)
PD-L1+ 13 (26.0) 11 (22.0)
TIL intensity score, n (%) 45.675 <0.001
0 0(0.0) 0(0.0)
1 9 (18.0) 30 (60.0)
2 24 (48.0) 15 (30.0)
3 17 (34.0) 2 (4.0)

65.3% luminal, 18-25.5% HER2-positive, and 9.2-33.7%
triple-negative cases. This disparity likely reflects our fo-
cus on recurrent disease, given the higher recurrence rates
in HER2-positive and triple-negative subtypes compared
to luminal cancers. These sampling differences should be
considered when interpreting tumor microenvironment
comparisons between primary and recurrent lesions.
Prior studies have shown higher TIL levels in triple-
negative and HER2-positive breast cancers compared to
HER2-negative tumors [30, 31]. Our findings align with
this pattern: while TILs were present in all tumors, the pro-
portion of cases showing focal (2+) or diffuse (3+) infil-
tration was notably higher in triple-negative (95.5%) and
HER2-positive (85.6%) subtypes compared to hormone
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receptor-positive/HER2-negative tumors (60%). Analy-
sis of TIL subsets revealed higher counts of CD3*, CD4+,
CDS8*, CD20*, and FoxP3* lymphocytes in triple-negative
and HER2-positive breast cancers compared to HER2-neg-
ative cases. These findings confirm previous observations
that enhanced lymphocytic infiltration is characteristic
of triple-negative and HER2-positive breast cancer sub-
types. Recent single-cell and spatial transcriptomic analy-
ses have revealed heterogeneous immune cell populations
and distinct molecular signatures in metastatic sites [32].
Furthermore, while intratumoral TILs are generally asso-
ciated with increased cell proliferation and improved sur-
vival, their relationship with chemotherapy response varies
across different breast cancer subtypes [33]. These findings
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suggest that both the quantity and functional states of TILs,
rather than mere presence, may be crucial for understand-
ing their prognostic and therapeutic implications.

The PD-1/PD-L1 pathway has emerged as a crucial
immune checkpoint in the tumor microenvironment [10].
PD-L1 protein expression occurs in both tumor-infil-
trating immune cells and tumor cells [34, 35]. Reported
PD-L1 expression rates vary widely across studies due to
differences in sample sizes, sampling methods (tissue mi-
croarray versus whole sections), and detection techniques
[3, 12, 20, 34, 35]. In our cohort, PD-L1 positivity was
observed in 26% of tumor cells and 76% of TILs, fall-
ing within previously reported ranges of 21.7-51.6% for
tumor cell expression and 41-81% for TIL expression [3,
12, 20]. Recent meta-analyses have demonstrated signif-
icant discordance in PD-L1 expression between primary
and metastatic breast cancer [36], with particular relevance
in triple-negative breast cancers [37]. Furthermore, com-
prehensive reviews have highlighted the prognostic im-
plications of combined TILs and PD-L1 assessment from
a pathological perspective [38]. These findings indicate
that the PD-1/PD-L1 interaction between tumor cells and
TILs represents a dynamic and complex relationship that
evolves during disease progression, potentially influencing
treatment response and patient outcomes.

Furthermore, our analysis of PD-L1+ TIL intensity and
immunological characteristics in primary breast cancer re-
vealed some unexpected findings. While previous studies
[39-41] demonstrated associations between PD-L1+ TILs
and molecular subtypes, with triple-negative breast can-
cers showing higher PD-L1+ TIL expression compared to
hormone receptor-positive and HER2-positive cases, our
correlation analysis did not confirm these relationships.
This discrepancy may be attributed to methodological dif-
ferences, including our use of whole tumor sections rather
than tissue microarrays, and potential variations in PD-L1
antibody staining patterns. These technical factors might
have contributed to higher PD-L1+ TIL ratios and inten-
sities in luminal and HER2-positive cases than previously
reported. However, our finding of a positive correlation
between high PD-L1+ TIL expression and higher tumor
grade aligns with previous studies [39-41].

The cellular distribution of PD-L1+ TILs remains con-
troversial. While most studies report predominant PD-L1
expression in CD8* T cells [10, 12, 20], Ghebeh et al.’s
analysis of 44 breast cancer specimens using dual immu-
nostaining demonstrated PD-L1 expression primarily in
CD4* T lymphocytes and its negative expression in Foxp3*
cells [39]. Our whole-slide digital image analysis revealed
higher counts of CD3* and CD4"* T cells in tumors with
PD-L1+ TIL overexpression. This aligns with Schreiner
et al.’s finding [42] that PD-L1-mediated immunosup-
pression partially involves CD4* Treg lymphocytes. While
breast cancer patients show increased immunosuppressive
Treg cells in both peripheral blood and the tumor micro-
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environment, PD-1+ TILs predominantly express on CD3*
and CD8* T cells [39, 43, 44]. These findings suggest that
tumors with sufficient T cell infiltration, particularly CD3*
and CD4* cells, may induce adaptive PD-L1 expression,
potentially identifying patients who could benefit from
PD-1/PD-L1 pathway blockade. Despite our limited sam-
ple size, these observations may help guide patient selec-
tion for PD-L1 inhibitor therapy.

Previous studies examining PD-L1+ TILs in matched
primary and recurrent breast cancers are limited. Szeke-
ly et al. [21] reported reduced immune cell infiltration in
metastatic lesions compared to primary tumors. Similar-
ly, Cimino-Mathews et al. [20] observed decreased TIL
density and PD-L1 expression in metastatic sites, partic-
ularly in triple-negative breast cancer. Our findings align
with these observations and extend them by providing
detailed characterization of PD-L1+ TIL patterns across
different molecular subtypes in a Chinese cohort. Another
meta-analysis further supports the prognostic significance
of PD-L1+ TILs in primary versus metastatic breast cancer
[45], highlighting their potential role in patient stratifica-
tion for immunotherapy.

Our study has several limitations. First, the relative-
ly small sample size and retrospective nature may limit
the generalizability of our findings. Specifically, our lim-
ited sample size prevented comprehensive analysis of PD-
L1+ TIL and PD-L1 expression patterns across different
metastatic sites (chest wall, lymph nodes, lung, liver, and
bone) and their relationships with clinicopathological fac-
tors (tumor grade, molecular subtypes, TIL density scores,
and tertiary lymphoid structure development). Second,
although we controlled for treatment-related confounding
by including only surgically treated cases without prior or
concurrent systemic therapy, these strict selection criteria
might have introduced selection bias and may not represent
the broader breast cancer population who receive various
forms of treatment. Third, we only analyzed PD-L1 ex-
pression and TILs at a single timepoint in metastatic le-
sions, which may not fully capture the dynamic changes in
the immune microenvironment [46]. Future studies should
consider longitudinal sampling and more comprehensive
immune profiling. Additionally, while our study focused
on PD-L1 and TILs, emerging evidence suggests that com-
bination strategies targeting multiple immune checkpoints
and cytokines may overcome resistance mechanisms [47].
The development of predictive models incorporating
immune parameters, similar to those used for treatment
response [48], could help optimize patient selection for
immunotherapy. Larger prospective studies with multipa-
rameter immune profiling are needed to validate our find-
ings and establish standardized approaches for evaluating
the immune landscape in primary versus metastatic breast
cancer, particularly in patients receiving various treatment
modalities and with different metastatic sites.
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Conclusions

To conclude, our study revealed relationships between
TILs, PD-L1 expression, and clinico-immunological char-
acteristics in primary breast cancer. Both tumor cell PD-L1
and PD-L1+ TIL expression levels were higher in untreat-
ed primary tumors compared to recurrent/metastatic le-
sions. Similarly, TIL density was lower in recurrent/meta-
static sites, suggesting immune escape as a key mechanism
in post-surgical recurrence. High PD-L1+ TIL expression
correlated positively with tumor grade, tumor cell PD-L1
expression, and tertiary lymphoid structure development.
Tumor cell PD-L1 was positivity associated with worse
disease-free and overall survival, indicating greater ma-
lignant potential and poorer prognosis, while PD-L1+ TIL
expression showed no prognostic significance. These find-
ings suggest that patients with tumor cell PD-L1 expres-
sion may particularly benefit from PD-1/PD-L1 pathway
inhibition through enhanced immune activation.
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