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ABSTRACT
Background  Patients with breast cancer brain 
metastases (BCBM) experience a rapid decline in their 
quality of life. Recently, tertiary lymphoid structures (TLSs), 
analogs of secondary lymphoid organs, have attracted 
extensive attention. However, the potential clinical 
implications of TLSs in BCBMs are poorly understood. In 
this study, we evaluated the density and composition of 
TLSs in BCBMs and described their prognostic value.
Methods  Clinicopathological data were collected from 
98 patients (2015–2021). TLSs were evaluated, and a 
TLS scoring system was constructed. Differences in 
progression-free survival (PFS) and overall survival (OS) 
between groups were calculated using the Kaplan-
Meier method. Immunohistochemistry and multiplex 
immunofluorescence (mIF) were used to assess TLSs 
heterogeneity.
Results  TLSs were identified in 47 patients with BCBM. 
High TLSs density indicated favorable survival (OS, 
p=0.003; PFS, p<0.001). TLS was positively associated 
with OS (p=0.0172) and PFS (p=0.0161) in the human 
epidermal growth factor receptor type 2-positive subtype, 
and with prolonged OS (p=0.0482) in the triple-negative 
breast cancer subtype. The mIF results showed significant 
differences in the percentages of T follicular helper 
(Tfh) cells, M2 macrophages, cytotoxic T lymphocytes, 
and CD8+TIM-3+ T lymphocytes between the groups of 
TLS scores 0–3 (cytotoxic T lymphocytes, p=0.044; Tfh, 
p=0.021; M2 macrophages, p=0.033; CD8+TIM-3+ T 
lymphocytes, p=0.018). Furthermore, novel nomograms 
incorporating the TLS scores and other clinicopathological 
predictors demonstrated prominent predictability of the 
1-year, 3-year, and 5-year outcomes of BCBMs (area under 
the curve >0.800).
Conclusion  Our results highlight the impact of TLSs 
abundance on the OS and PFS of patients with BCBM. 
Additionally, we described the immune composition of 
TLSs and proposed novel nomograms to predict the 
prognosis of patients with BCBM.

INTRODUCTION
Brain metastasis (BrM) commonly occurs in 
patients with solid tumors, is associated with 
poor survival outcomes and presents consid-
erable complexities in clinical management. 
Breast cancer (BC) ranks second among solid 
malignancies involving the brain, following 

lung cancer.1 Despite improved disease 
control and overall survival (OS), 15%–30% 
of patients with BC develop BrM.2 Patients 
with BC brain metastasis (BCBM) experience 
progressive neurological functional deficits 
and a rapid decline in their quality of life. 
Notably, BrM tends to occur in aggressive 
BC subtypes, such as the human epidermal 
growth factor receptor type 2 (HER2)-
positive and triple-negative BC (TNBC) 
subtypes,1 3 which are also usually considered 
more immunogenic, harbor greater amounts 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Brain metastases commonly occur in patients with 
breast cancer, are associated with poor survival 
outcomes and present considerable complexities 
in clinical management. Tertiary lymphoid structure 
(TLSs) are analogous to secondary lymphoid organs 
and have gained widespread attention. However, the 
potential clinical implications and underlying mech-
anisms of TLSs in breast cancer brain metastase 
(BCBM) patients are poorly understood.

WHAT THIS STUDY ADDS
	⇒ TLSs have been identified in breast cancer brain me-
tastases, but have not been previously reported in 
the literatures. The majority of TLSs in BCBM exhib-
ited characteristics of early TLSs (dense lymphocytic 
aggregates with mixed B and T cells without CD21 
or CD23 expression). Our comprehensive assess-
ment of TLSs in BCBM sheds light on the interaction 
between TLSs density and prognosis, demonstrat-
ing its prognostic role according to breast cancer 
subtype and differences in immune composition. 
We also found significant differences in the percent-
ages of T follicular helper cells, M2 macrophages, 
cytotoxic T lymphocytes, and CD8+TIM-3+ T lympho-
cytes between groups with different TLS scores.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ This study emphasizes the prognostic values of TLSs 
in BCBM and explores the heterogeneous immune 
composition, with the ultimate purpose of identifying 
biological targets and informing future clinical trials.
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of tumor-infiltrating lymphocytes, and have a better 
immune response.4

The brain is commonly regarded as a sanctuary for 
cancers because of its immune-specialized nature and 
immune-privileged status.5 Nevertheless, emerging data 
have confirmed the activity of immunotherapeutic agents 
in patients with melanoma and lung cancer with BrM.6 
Importantly, the composition of the tumor microenvi-
ronment (TME) correlates with the patient response to 
immunotherapy in multiple cancers.7 8 Tertiary lymphoid 
structures (TLSs), also known as ectopic lymphoid tissues, 
have recently attracted considerable attention. TLSs are 
considered analogs of secondary lymphoid organs and 
develop in non-lymphoid tissues at sites of tumors, auto-
immune diseases, or infectious diseases.9 10 The presence 
of TLSs is closely correlated with a favorable prognosis 
and a positive response to immunotherapy in various 
types of cancer including BC,11–14 despite some contro-
versy. Several studies have reported that the levels of 
tumor-infiltrating lymphocytes (TILs) and the presence 
of TLSs play valuable predictive roles in primary BC.15 16 
However, our understanding of TLSs in BCBM tissues 
and their clinical relevance is limited.

Few studies have reported the role of the immune 
composition in BrMs owing to the scarcity of BrM samples. 
In this study, we evaluated the density, maturation, and 
composition of TLSs in BCBMs, established a novel TLS 
scoring system to quantify the abundance of TLSs in brain 
metastatic tumors, and elucidated their prognostic role 
using a patient cohort from Huashan Hospital, National 
Medical Center for Neurological Diseases of China. A 
multiplex immunofluorescence (mIF) assay was used to 
explore the heterogeneous immune composition of TLSs 
and explain their prognostic value, with the ultimate 
aim of contributing these findings to identify biological 
targets and guide future clinical trials.

MATERIALS AND METHODS
Patients and pathological evaluation of samples
Clinical and pathological data were collected from 
98 patients with BCBM who underwent neurosurgery 
between 2015 and 2021 at Huashan Hospital of Fudan 
University. All the patients had pathologically confirmed 
BCBMs, diagnosed by two senior pathologists who were 
blinded to the study. Hormone receptor (HR) and HER2 
statuses were assessed using immunohistochemical (IHC) 
staining or fluorescent in situ hybridization on paraffin-
embedded tumor slides, following the guidelines of the 
American Society of Clinical Oncology/College of Amer-
ican Pathologists.17 18 Clinicopathological characteristics 
and treatment information of the BCBM patients are 
demonstrated in table 1.

Examination and evaluation of TLSs
TLSs were assessed and quantified morphologically using 
H&E-stained specimens with a thickness of 4 µm, which 
were scanned into whole slide images (WSIs). Lymphoid 

aggregation with vessels exhibiting high endothelial 
venules features, with or without germinal centers, was 
considered TLSs.15 19 Two observers manually evaluated 
and annotated the abundance of TLSs in the intratu-
moral region of WSIs. The TLS scoring system used to 
quantify abundance was based on a previously described 
method.20 Intratumoral TLSs density was categorized 
into four classes: score 0 indicated no typical TLSs in the 
area (TLS-); score 1 represented one or two TLSs; score 
2 represented more than three TLSs distributed in the 
intratumoral area; and score 3 represented massive intra-
tumoral TLSs converging with each other. Scores 1–3 were 

Table 1  Clinicopathological characteristics and treatment 
of the BCBM patients

n %

Age at time of BCBM Mean 52 years

SD 10.3

Range 29–79 years

Gender Female 97 99.0

Male 1 1.0

Breast cancer subtype 
of BM

TNBC 26 26.6

HR+/HER2+ 15 15.3

HR+/HER2− 21 21.4

HR−/HER2+ 36 36.7

Number of BM sites 1 91 92.9

2 5 5.1

3 or more 2 2.0

KPS 90 31 31.6

70–80 50 51.0

60 or less 17 17.4

Metastatic sites Frontal lobe 22 22.5

Temporal lobe 11 11.2

Parietal lobe 5 5.1

Occipital lobe 11 11.2

Cerebellum 32 32.7

Others 17 17.3

De novo stage IV 
breast cancer

Yes 83 84.7

No 15 15.3

Systemic therapy after 
BM diagnosis

Yes 84 85.7

No 14 14.3

Radiotherapy after BM 
diagnosis

Yes 74 75.5

No 24 24.5

BCBM, breast cancer brain metastases; HER2, human epidermal 
growth factor receptor 2; HR, hormone receptor; KPS, Karnofsky 
performance status; TNBC, triple-negative breast cancer.
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considered TLS+. If there was a dispute over the scores, a 
third observer was consulted to reach a consensus.

Additionally, sections were stained with CD3, CD20, 
CD21, and CD23 antibodies to explore the maturation of 
TLSs and the presence of T lymphocytes, B cells, dendritic 
cells (DCs), and germinal center cells (GCs). TLSs with 
enriched CD20+ B cells and CD3+ T lymphocytes were 
recognized as being in the early TLS stage while primary 
follicle-like TLSs (CD20+ B cells and CD3+ T cell clusters, 
CD21+ DCs with CD23−) and secondary follicle-like TLSs 
(CD20+ B cells and CD3+ T cell clusters, CD21+ DCs with 
CD23+ GCs) were also classified.

Gene expression profiling
Two multigene expression signatures were used to detect 
the presence of TLSs, as previously reported.12 19 21 We 
examined the mRNA expression levels of CXCL9, 
CXCL10, CXCL11, CXCL13, CCL2, CCL4, CCL5, CCL8, 
CCL18, CCL19 and CCL21, then the expression levels 
of IGHG1, IGHM, IGKC, IGLC1, CD52, CD79A, MZB1, 
SSR4, XBP1, IL7R, CXCL12, LUM, C1QA, C7, APOE, 
PTGDS, PIM2 (some genes in the two signatures were 
not available in the arrays, such as CCL3). This analysis 
was performed by retrieving profile data from 32 BCBM 
samples available in the Gene Expression Omnibus 
(accession numbers GSE2034 and GSE14020) and esti-
mating them using the Affymetrix HT Human Genome 
U133A Array. Samples with a geometric mean higher 
than the third quartile were classified as TLS+ while those 
with a geometric mean lower than the third quartile were 
classified as TLS-.

mIF and cell percentage analyses
mIF staining was performed to elucidate the composition 
of spatially distinct TLSs using the iterative bleaching 
extended multiplexity (IBEX) method. This method 
involves several rounds of staining, imaging, and chem-
ical bleaching, which are repeated as per the IBEX 
protocol.22 23 IBEX enables high-resolution imaging of 
over 65 parameters in the same tissue section without 
physical degradation, addressing the major limitation of 
capturing only a limited number of molecular features.

Briefly, formalin-fixed paraffin-embedded slides of 
4 µm thickness were deparaffinized at 60°C for 1 hour and 
rehydrated in gradient alcohol. Slides were then blocked 
with 10% goat serum for 30 min at room temperature. 
Following this, fluorescence-conjugated primary anti-
bodies were incubated overnight at 4°C. The antibodies 
used for staining are listed in online supplemental table 
S1. DAPI was employed as a nuclear counterstain. The 
sections were imaged using PhenoImager HT (AKOYA 
bioscience). The slides were then incubated with a 1 mg/
mL LiBH4 solution in diH2O for fluorophore bleaching. 
The next panel of antibodies was added, and the proce-
dure was repeated.

We used the commercially available Imaris software 
(Imaris x64 9.9.0) to calibrate, stitch and register the 
raw images. The final images were analyzed using the 

QuPath V.0.5.0 image analysis software (Queen’s Univer-
sity of Belfast, UK). Threshold values for each marker 
were applied to the scanning data to filter the positive 
cells. Additionally, cells that were positive for two markers 
simultaneously and above the cut-off value were defined 
as double-positive cells. Distinct cellular subgroups were 
enumerated by counting the number of stained cells 
per square millimeter and calculating the proportion 
of cells exhibiting positive staining among the DAPI-
positive cells.24 Owing to technical limitations, CD3+CD8-

FoxP3+ cells were classified as regulatory T (Treg) cells, 
and CD3+CD8-PD-1+ cells as T follicular helper (Tfh) 
cells, based on previous studies.25–27 Furthermore, 
cell populations including CD68+CD163+ M2 macro-
phages, CD8+TIM-3+ T cells, CD8+ T lymphocytes, and 
CD68+PD-L1+ macrophages were identified.

Statistical analysis
The results are presented as mean±SD. Statistical analyses 
were performed using PRISM V.10, SPSS V.22.0, and R 
software V.4.2.2. A two-tailed t-test was used to compare 
quantitative data between the two groups, with p<0.05 
set as the threshold for significance. Qualitative variables 
were compared using the χ2 test. Survival curves were 
generated using the Kaplan-Meier method and differ-
ences among patient subgroups were assessed using the 
log-rank test, with statistical significance set at p<0.05.

Univariate and multivariate analyses were performed 
using the Cox proportional hazards regression model. 
Progression-free survival (PFS) was defined as the period 
between the date of diagnosis and disease progression 
(local, craniospinal, or extraneural) or death.28 Disease 
progression was defined according to the Response 
Evaluation Criteria in Solid Tumors as a minimum 20% 
increase in the sum of the maximum tumor diameters, 
the appearance of new lesions, or an explicit advance in 
non-measurable malignant disease.29 OS was evaluated 
from the date of surgery until death or last follow-up.30

Nomograms containing the TLS score and other clin-
icopathological predictors were developed to predict 
the 1-year, 3-year, and 5-year OS and PFS using of “rms” 
and regplot R packages. Time-dependent ROC curves 
were plotted to estimate the predictive accuracy of the 
nomograms. Patients were classified into low or high 
nomoRiskScore groups based on the optimal cut-off value 
determined by the “survminer” R package.

RESULTS
Clinicopathological characteristics of patients
This study included 98 patients diagnosed with BCBM 
who underwent neurosurgery between 2015 and 2021 at 
Huashan Hospital. The clinicopathological characteris-
tics of the patients are shown in table 1. Variables included 
age, sex, BC subtype, number of BrM sites, Karnofsky 
performance status (KPS), metastatic sites in the brain, 
and presence or absence of comprehensive treatment.

https://dx.doi.org/10.1136/jitc-2024-009232
https://dx.doi.org/10.1136/jitc-2024-009232
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The median age at diagnosis of BC and BCBM was 47 
years (range, 25–74 years) and 52 years (range, 29–79 
years), respectively. The median duration between BC 
diagnosis and BCBM occurrence was 37 months. Among 
the cases, TNBC subtype accounted for 26 patients 
(26.6%), HR+/HER2− subtype for 21 patients (21.4%), 
and HER2+ subtype for 51 patients (52.0%). Of the 
cases with available HR and HER2 status assessments of 
primary BC, 13 (17.3%) showed discordance in HR or 
HER2 status. Discordance in HR status was observed in 
10.7% of patients with BCBM (n=8), where four lost HR 
expression while the other four gained it. Similarly, six 
patients (8%) showed an acquisition of HER2 expres-
sion on BCBM evaluation compared with their primary 
BC. The switch in HR and HER2 status between available 
primary BC and BCBM is shown in online supplemental 
figure S1. The majority of patients had de novo stage IV 
BC (84.7%) and a single BrM site (92.9%). BrM sites 
were most frequently located in the cerebellum (32.7%), 
consistent with a previous study.31 Most patients (82.6%) 
had a KPS score >70 points. After surgery, a large propor-
tion of the patients underwent systemic therapy (85.7%) 
or radiotherapy (75.5%).

Density and maturation of TLSs in BCBMs
Intratumor TLSs were evaluated using WSIs stained 
with H&E. TLSs were observed in 47 patients and often 
demonstrated an irregular appearance. TLSs abundance 
was rated based on the scoring system described above. 
Representative images are shown in figure 1A. Among the 
47 patients, 16 (16.33%) scored 1, 17 (17.35%) scored 
2, and 14 (14.29%) scored 3 (figure 1B,C). Besides, two 
previously reported multigene expression signatures 
were tested and used to confirm the existence of TLSs 
in metastatic brain lesions of BC patients (figure  1D). 
Previous studies have suggested that the stage of TLSs 
maturation may influence prognosis, potentially leading 
to different outcomes.13 32 To evaluate the organization 
and maturation of TLSs, IHC assays were conducted. As 
shown in figure 2, CD3+ T lymphocytes and CD20+ B cells 
were the predominant components of TLSs. Interestingly, 
only 1 case out of 47 cases demonstrated primary follicle-
like TLSs characterized by dense lymphocytic aggregates 
with a mixture of B and T cells and CD21 expression, but 
lacking CD23 expression. Secondary follicle-like TLSs 
containing CD23+ GCs were not observed in any of the 
examined cases.

Correlations between the abundance of TLSs and the clinical 
outcomes of BCBMs
We further explored the correlations between TLSs abun-
dance and patient outcomes. With a median follow-up of 
36.8 months from the diagnosis of BrM, 45 patients died, 
and 65 patients experienced disease progression. The 
TLS+ group exhibited superior OS and PFS compared 
with the TLS- group (figure 3A,B, p<0.001). Additionally, 
there was a significant association between higher TLS 
scores and improved long-term survival (p=0.003) as well 

as reduced disease progression (figure  3C,D, p<0.001). 
Prognosis improved progressively with increasing TLS 
scores.

Given the known molecular subtype disparity in BC 
prognosis,33 we evaluated the association between the 
BCBM subtype and outcome following BrM diagnosis 
and found significant differences between molecular 
subtype groups (online supplemental figure S2). KPS 
and de novo/relapsed stage IV BC were also significantly 
associated with survival outcome (univariate and multi-
variate analyses are listed in online supplemental tables 
S2–3). Subsequent analyses were performed separately 
for each subtype. Our findings revealed that within our 
cohort, the presence of TLSs was positively associated 
with OS (p=0.0172) and PFS (p=0.0161) in the HER2+-
subtype (figure 3E,F), and prolonged OS (p=0.0482) in 
the TNBC subtype (figure 3H,I).

These results suggest that TLSs abundance can be used 
as a distinct prognostic stratification tool for patients with 
BCBM.

An intratumor TLS nomogram predicts BCBM prognosis
In previously published nomograms, variable screening 
was usually based on clinical evidence and statistical 
significance.34 Based on these studies, we developed a 
graphical nomogram to estimate the 1-year, 3-year, and 
5- year OS and PFS of patients with BCBM, considering 
various factors such as age, subtype, TLS score, KPS, de 
novo/relapsed stage IV BC diagnosis, and comprehensive 
treatment. Each grade of these variables was assigned a 
specific point on the scale, and the cumulative score for 
each patient was determined by adding the scores for all 
variables.

The presence of TLSs was identified as one of the 
three significant variables in the nomogram (figure 4A). 
A correlation was observed between decreased OS and 
elevated risk score associated with TLSs (figure  4B, 
p<0.001). The AUC of the time-dependent ROC curve 
demonstrated favorable discrimination of the OS predic-
tion nomogram (figure  4, 1-year AUC=0.881, 3-year 
AUC=0.903, and 5-year AUC=0.817). Similarly, the nomo-
gram for predicting PFS (figure  4D) revealed a signifi-
cant association between a low-risk score and improved 
PFS (figure  4E, p<0.001). The AUC exceeded 0.80 
(figures  4F, 1-year AUC=0.842, 3-year AUC=0.837, and 
5-year AUC=0.807).

These findings reveal the prognostic ability of TLSs in 
BCBMs and the predictive ability of nomograms incorpo-
rating TLSs, enabling the recognition of high-risk patients 
with poor survival and disease progression.

Immune composition in TLSs assessed by mIF
To clarify the mechanisms responsible for the predictive 
significance of TLSs, a comprehensive understanding 
of the cellular composition and its impact on antitumor 
immune responses was necessary. We obtained 22 BCBM 
samples and observed the immune cell composition of 
the TLSs, comprising at least three representative samples 

https://dx.doi.org/10.1136/jitc-2024-009232
https://dx.doi.org/10.1136/jitc-2024-009232
https://dx.doi.org/10.1136/jitc-2024-009232
https://dx.doi.org/10.1136/jitc-2024-009232
https://dx.doi.org/10.1136/jitc-2024-009232
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with scores of 0–3. The IBEX method, involving multiple 
rounds of staining, was used on the slides to visualize 
several different primary antibody stains. The represen-
tative images of mIF are shown in figure 5A and online 
supplemental figure S3. We then assessed the percentage 

of infiltrating immune cells, including CD8+ cytotoxic T 
lymphocytes, CD3+CD8−PD-1+ Tfh cells, CD3+CD8−Foxp3+ 
Treg cells, CD68+CD163+ M2 macrophages, CD68+PD-L1+ 
PD-L1+ macrophages, and CD8+TIM-3+ T lymphocytes, 
which can elicit inflammatory or immunosuppressive 

Figure 1  Characteristics and density of TLS in BCBMs. (A) Representative images of H&E staining for TLS scoring system 
(scores 0–3). TLSs are highlighted in green. (B, C) The number and percentage of scores 0–3 of TLS in all cases was 
determined. (D) Heat map of TLS relative gene expression in GSE2034 and GSE14020. BCBM, breast cancer brain metastases; 
TLS, tertiary lymphoid structure.

https://dx.doi.org/10.1136/jitc-2024-009232
https://dx.doi.org/10.1136/jitc-2024-009232
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responses during tumor progression. The percentages of 
cytotoxic T lymphocytes, Tfh cells, M2 macrophages, and 
CD8+TIM-3+ T lymphocytes were significantly different 

between the groups with scores of 0–3 (figure 5B; cyto-
toxic T lymphocytes, p=0.044; Tfh, p=0.021; M2 macro-
phages, p=0.033; CD8+TIM-3+ T lymphocytes, p=0.018). 

Figure 2  Characteristics of TLSs maturation heterogeneity in BCBMs. IHC assay to evaluate aggregates of lymphocytes 
that have histological features analogous to lymphoid tissues with CD3+ T cells, CD20+ follicular B cells, CD21+ follicular 
DCs, or CD23+ germinal center cells in serial sections. (A) Representative images of early TLSs. (B) Representative images 
of primary follicle-like TLSs. BCBM, breast cancer brain metastases; CD, cluster of differentiation; DC, dendritic cells; IHC, 
immunohistochemistry; TLS, tertiary lymphoid structure.
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Figure 3  Prognostic value of TLSs presence and density in BCBM patients and correlation between TLSs and different breast 
subtype. (A, B) Kaplan-Meier and log-rank tests identifying the predictive value of the presence of TLSs for OS and PFS. (C, D) 
Kaplan-Meier curves showing OS and PFS of BCBM patients stratified by TLS scores. (E, F) Kaplan-Meier curves for OS and 
PFS in the HER2+ subtype according to the presence of TLSs. (H, I). Kaplan-Meier curves for OS and PFS in the TNBC subtype 
according to the presence of TLSs. BCBM, breast cancer brain metastases; HER2, human epidermal growth factor receptor 
type 2; OS, overall survival; PFS, progression-free survival; TLS, tertiary lymphoid structure; TNBC, triple-negative breast 
cancer.
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The percentage of PD-L1+ macrophages within intra-
tumoral TLSs remained consistently high across scores 
ranging from 1 to 3, although no significant differences 
were observed.

These findings provide insights into the diverse nature 
of the antitumor immune response and immunosup-
pressive effects induced by intratumoral TLSs of varying 
densities.

DISCUSSION
Over the past few decades, increasing evidence has 
emphasized that tumor immune infiltrates of metastatic 
BC strongly influence response to cancer therapies. 
Some BC subtypes were previously considered non-
immunogenic; however, certain immune cell infiltrates 
may have prognostic value.35 Recently, a series of studies 
has shown that TLSs can predict clinical outcomes and 
responses to immune checkpoint inhibitors in various 
cancer types.32 This study comprehensively evaluated the 
morphological and histological characteristics of TLSs in 

Figure 4  An intratumor TLS nomogram predicts clinical outcome of BCBMs. (A–C) A TLS nomogram was established 
to predict the probability of 1-year, 3-year, and 5-year overall survival using Kaplan-Meier and ROC analyses. (D–E) A TLS 
nomogram was constructed to predict the probability of 1-year, 3-year, and 5-year progression-free survival using Kaplan-Meier 
and ROC analyses. AUC, area under the curve; BCBM, breast cancer brain metastases; KPS, Karnofsky performance status; 
ROC, receiver operating characteristic; TLS, tertiary lymphoid structure; **, p<0.01; ***, p<0.001.
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Figure 5  The heterogeneous distribution of immune cells within TLSs. (A) Representative multiplex immunofluorescence 
images showing the positivity of CD3, CD8, CD20, CD68, CD163, Foxp3, PD-1, PD-L1, TIM-3, and CK in intratumoral TLSs. 
(B) Comparison of the percentage of specific cell types among DAPI-positive cells using one-way ANOVA. ANOVA, analysis 
of variance; CD, cluster of differentiation; CK, cytokeratin; DAPI, 4′,6-diamidino-2-phenylindole; PD-1, programmed cell 
death protein 1; PD-L1, programmed death-ligand 1; TIM-3, T cell immunoglobulin domain and mucin domain-3; TLS, tertiary 
lymphoid structure.
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surgically resected BCBM, revealing their heterogeneity. 
By analyzing the clinical information of these cases, we 
described the association between TLSs abundance and 
patient prognosis. Furthermore, the mIF technique 
allowed us to determine the spatial immune cell composi-
tion and underlying antitumor immune responses of TLSs 
in BCBMs, which is challenging to evaluate using tradi-
tional immunohistochemistry or multigene sequencing 
techniques. Additionally, we constructed nomograms to 
predict the OS and PFS of patients with BCBM, demon-
strating the predictive ability of incorporating TLSs and 
enabling the recognition of high-risk patients with poor 
outcomes.

Our study initially described the histological charac-
teristics of TLSs and demonstrated their complex roles 
based on the abundance in patients with BCBM. Several 
previous studies have outlined a TLS scoring system for 
the density and three maturation stages of the TLSs 
in different carcinomas, including primary BC.20 32 36 
However, the assessment of TLSs in metastatic BC tumors 
is rare. A recent report suggested the absence of TLSs in 
the brain metastases of BC and proposed that the pres-
ence of TLSs in primary BC tumors might influence this 
absence; however, the sample size was small.37 Another 
study found that tumors originating in the brain altered 
their TME differently compared with cancers that metas-
tasizing from extracranial organs, reflecting greater 
immune cell diversity in BrMs.38 In our study, TLSs were 
found in 47 cases, and IHC was conducted to verify their 
existence and assess their maturation. We observed that 
most TLSs in BCBM exhibited characteristics of early 
TLSs (dense lymphocytic aggregates with mixed B and 
T cells, without CD21 or CD23 expression), and only 
one case demonstrated primary follicle-like TLSs (dense 
lymphocytic aggregates with mixed B and T cells, CD21 
expression, and negative CD23). This result is consistent 
with the findings reported by Masuda et al, indicating 
the absence of primary or secondary follicle-like TLSs 
in kidney clear cell carcinoma.39 Previous studies have 
suggested that TLSs in some primary tumors exhibit a low 
proportion of primary and secondary follicle-like TLSs.24 
This may be due to the time required for TLS matura-
tion, whereas metastatic lesions in the brain tend to grow 
rapidly and develop into severe symptoms. Moreover, 
piecemeal resections in some cases may result in frag-
mented pathological samples, increasing the difficulty of 
assessment.40 To the best of our knowledge, this study is 
a pioneering effort to uncover the existence and matu-
ration of TLSs in metastatic brain lesions of BC patients, 
confirmed by previously reported multigene expression 
signatures (figure 1D).

Additionally, the favorable prognosis of patients was 
significantly correlated with a higher density of intra-
tumoral TLSs, although the exact mechanism remains 
unclear. In our study, positive intratumoral TLSs and 
higher TLS scores indicated better OS and PFS. This 
finding aligns with previous understandings of TLSs in 
other cancer types19 and metastatic tumors.41 The BC 

subtype is often considered an important indicator of 
clinical outcomes in patients with BC. In this study, the 
BC subtype was identified as a clinical variable influencing 
prognosis following BrM diagnosis, along with other well-
established prognostic factors such as KPS. Despite the 
discordance in HR or HER2 status between primary BC 
and BCBM, reported in previous studies,42 we explored 
the prognostic role of TLSs in different BCBM subtypes. 
The results showed that TLS presence was positively asso-
ciated with OS and PFS in the HER2+ subtype and with 
prolonged OS in the TNBC subtype. This aligns with the 
commonly accepted notion that immune cell infiltra-
tion and TLSs in patients diagnosed with primary TNBC 
and HER2+BC correlate with improved prognosis.15 43 44 
Nevertheless, some studies have pointed out that tumor-
proximal TLSs and tumor-distal TLSs exhibit opposing 
prognostic trends in several cancer types.20 39 However, it 
is difficult to evaluate the condition of tumor-distal TLSs 
in intracranial metastatic lesions because of the limita-
tions of brain tumor resection.

Furthermore, mIF staining was used to assess the 
immune composition of TLSs and elucidate differences 
between the score 0–3 groups. M2 macrophages possess 
tumor-supporting abilities, including angiogenesis and 
neovascularization.45 The percentage of CD68+CD163+ 
M2 macrophages decreased significantly in the score 3 
TLS group, and CD3+CD8−Foxp3+Treg cells also showed 
a declining trend, indicating a potential negative correla-
tion between TLSs density and the immunosuppressive 
microenvironment. However, the percentage of CD3+C-
D8−PD-1+ Tfh cells was positively correlated with TLSs 
abundance. Tfh cells are known to promote antitumor 
immune responses in BC,46 and a high number of Tfh 
cells may indicate a favorable prognosis for patients 
with BCBM. Meanwhile, as an effector and indicator of 
antitumor immunity and responses,47 the increasing 
percentage of CD8+ T cells suggested elevated antitumor 
immunity in the score three group. Additionally, the 
reduction in CD8+TIM-3+ T cells was accompanied by an 
increase in TLS density. The role of CD8+TIM-3+ T cells 
in BCBMs with TLSs requires further exploration, as 
TIM-3 expression on CD8+ T cells in the TME is usually 
considered a sign of T cell dysfunction.48 TIM-3-targeted 
immunotherapies may enhance the response to check-
point blockade.49 Furthermore, the markers of antigen 
presenting cells, natural killer cells, tumor proliferation 
and apoptosis, such as HLA-I, HLA-II, CD57, cleaved 
Caspase-3 and Ki-67, together with CXCR5, TCF-1, BCL-6, 
CD4, CD8, CD20, and CK, were stained in TLS-positive 
samples. Due to technical limitations, the results showed 
the distribution of these cells (online supplemental 
figure S3), and we hope to analyze the differences of 
these immune compositions related to TLSs density in 
BCBM in a future research. Collectively, these findings 
may explain the correlations between TLSs and prog-
nosis in BCBMs to some degree, and the distinct immune 
composition of TLSs may exhibit either tumor-promoting 
or tumor-inhibiting effects.

https://dx.doi.org/10.1136/jitc-2024-009232
https://dx.doi.org/10.1136/jitc-2024-009232
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This study has several limitations. First, the sample 
size was limited to a single center due to the rarity of 
the disease. Second, because many BC patients received 
treatment at other medical institutions before developing 
brain metastases, we faced challenges in investigating the 
clinicopathological characteristics and treatment informa-
tion of primary BC. Third, piecemeal resections in some 
cases made histological assessment difficult, although en 
bloc resection samples were included whenever possible. 
Moreover, the predictive value of TLS for immune check-
point inhibitor responses in patients with BCBM has not 
been explored. Additionally, the mechanisms by which 
TLSs abundance or maturation affects abnormal TME 
phenotypes has not yet been investigated, despite TLS-
induced therapy being considered a promising cancer 
treatment strategy.50 Therefore, a multicenter prospec-
tive study using patient-derived tumor xenograft models 
would be valuable for verifying the findings of our study.

In summary, despite the limitations of the study’s retro-
spective nature and limited sample size, this research 
represents the most comprehensive analysis of TLSs in 
BCBMs to date, focused on prognosis. Our study high-
lights the predictive value of intratumoral TLS, which is 
closely correlated with BC subtype. Moreover, we demon-
strated the specific cellular composition of TLSs, which 
may increase confidence in the response to immuno-
therapy and TLS-induced treatment strategies in BCBM.
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