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Recent advances in immuno-oncology research have revolutionised our understanding of the interplay between immune cells and
the tumour microenvironment (TME), profoundly impacting patient responses to therapy. The TME, comprising tumour cells,
immune cells, extracellular matrix, stromal cells, and co-existing microbes, orchestrates the immune phenotype of cancers, shaping
disease progression and treatment outcomes. Immune-cell infiltration serves as a significant prognostic marker in various cancers,
with higher rates correlating with improved prognosis. Recent discoveries have paved the way for immune checkpoint blockade
therapies, which exhibit remarkable efficacy across multiple cancer types. However, understanding the nuanced contributions of
different immune-cell populations to therapeutic responses remains a challenge. The majority of research has focussed on the role
of T cells in the immune response to cancer therapies, with the potential importance of B cells only recently being recognised. Here,
we review the diverse phenotypes of B cells within the TME, their structural organisation within tertiary lymphoid structures (TLS),
and the role of both B cells and TLS in cancer prognosis and response to different therapies for cancer treatment.
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INTRODUCTION

In recent years, immuno-oncology research has come into its own,
aiding in our understanding of how immune cells interact with the
tumour microenvironment (TME), and how this may affect a
patient’s response to therapy. The TME is a complex mixture of
tumour cells, immune cells and associated immune components,
extracellular matrix, stromal cells (mesenchymal and endothelial)
and co-existing microbes [1]. Interactions within the TME shape
the immune phenotype of cancers, and determine progression of
the disease, the development and pattern of metastatic disease, as
well as the efficacy of cancer treatments [2].

While the development of cancer leads to an accumulation of
mutations that can result in the expression of tumour antigens, it is
the antigens that encourage immune infiltration into the tumour,
which can trigger either an anti-tumour response by the immune
system, helping to eliminate the cancer, or aid cancer progression [3].
Immune infiltration has proven to be a useful prognostic marker in
CRC [4, 5], and higher rates of these tumour-infiltrating lymphocytes
(TILs) are associated with better prognosis in many solid tumours [6].
The discovery of cytotoxic T-lymphocyte antigen 4 (CTLA-4) [7] and
programmed cell-death protein 1 (PD1) [8], have led to the
development of therapies that target inhibitory receptors expressed
on the surface of cancer cells, a treatment known as immune
checkpoint blockade, which has had incredible response rates in
many cancers [9-11]. However, there are still many unknowns in
terms of how different immune-cell populations contribute to the
mechanisms of response to cancer therapies. In this review we discuss
the various phenotypes of B cells in the context of the TME, and how
they, along with tertiary lymphoid structures (TLS), play a role in
response to different cancer therapies.

THE ADAPTIVE IMMUNE RESPONSE IN CANCER

The immune system has two lines of defence: innate immunity
and adaptive immunity. Innate immunity is the non-specific, first
line of defence against an antigen that occurs almost immediately
upon exposure and has no immunologic memory. In contrast, the
adaptive immune response is antigen-dependent and specific,
with the capacity for memory and so, allows for a more rapid and
efficient immune response upon subsequent exposure to an
antigen [12]. The adaptive immune response is controlled by
antigen-specific T and B lymphocytes. T lymphocytes are
established players in anti-tumour immunity, with cytotoxic
CD8+T lymphocytes directly inhibiting tumour growth by killing
cancer cells. Conversely, regulatory T cells (Tregs) in the TME have
been shown to suppress cytotoxic activity of CD8+T cells and
natural killer cells.

The role of infiltrating B lymphocytes in prognostics and
therapy is, however, not as clear or widely researched. B cells and
the antibodies that they produce are important for humoral
immunity of the adaptive immune response [13]. A number of
studies have suggested that B cells have pro-tumorigenic proper-
ties [14-16], but recent reports have suggested that the presence
of B cells in the TME may be associated with improved clinical
outcome for patients with breast, renal and colorectal adenocar-
cinomas [17-20].

The intratumoural localisation and functional orientation of
immune cells has useful prognostic information. Small lymphoid
aggregates, TLSs, containing both T and B lymphocytes are often
reported in tumours. They are linked to a strong lymphocyte
response and good prognosis, suggesting that B and T cells
collaborate in anti-tumour immunity [5]. TLS density has recently
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Fig. 1 The composition of a tertiary lymphoid structure. Well-developed TLSs are composed of a T cell-rich zone with CD3+T cells and
lysosomal-associated membrane protein+ (LAMP+) mature DCs, and a follicular CD20+B cell-rich zone with a germinal centre surrounded by
naive B cells, plasmablasts and memory B cells. CD4-+ follicular helper T cells (Tfh) help to regulate the development of the germinal centre
and differentiation of plasma and memory B cells. Also present are CD8+ cytotoxic T cells, important for anti-tumour immunity, CD4+T helper
1 (Th1) cells that activate other immune cells, DC-LAMP+ dendritic cells that enhance the T-cell response, and follicular dendritic cells that aid
in the selection of memory B cells in the germinal centre and with antigen capture [72].

been proposed as a predictive marker for favourable response to
ICl therapy [5], however, the prognostic value of TLSs for other
forms of cancer therapy is unknown. Understanding the role of B
cells and TLSs in the immune response to cancer will aid in
developing more efficient treatment strategies for patients.

TERTIARY LYMPHOID STRUCTURES
Studies of the TME have shown that anti-tumour defences
originate not only in secondary lymphoid organs but also directly
in the tumour itself, within ectopic lymphoid organs called TLSs
(Fig. 1). These are discrete and/or organised aggregates of
infiltrating immune cells that are not enclosed by a fibrous
capsule [3, 21]. The lack of a capsule likely results in greater
exposure to immunoregulatory factors and apoptotic and/or
necrotic debris from the TME, and may also facilitate the uptake
and presentation of antigens that may be post-translationally
modified [22]. TLSs develop after prolonged exposure to
inflammatory signals mediated by cytokines and chemokines [3].
The prognostic value of a TLS is influenced by its location,
density, and stage of maturity. Mature TLSs contain a germinal
centre, which allows for stronger anti-tumour immune responses
due to the presence and differentiation of active B cells, and as a
result, augmenting T cell-mediated responses [23]. The following
staging system for the maturity of TLSs has been proposed by Bao
et al. [23]:

1. Early TLS (E-TLS) — T and B cell aggregates but no B cell
follicles and FDCs.

2. Primary follicle-like TLS (PFL-TLS) — presence of CD21+ FDCs
in B cell area, lack GC responses.

3. Secondary follicle-like TLS (SFL-TLS) - presence of GC region
with CD21+CD23+ FDCs in B cell area.

B CELLS IN THE TME

Within the TME, tumour-infiltrating B cells are predominantly
associated with TLSs, where they colocalise with T cells and other
immune cells [24, 25], but may also be found as scattered single or

small clusters of B cells. They can directly and indirectly exert
effects on tumour cells through antigen presentation, antibody
production or cytokine production [2].

In germinal centres within a mature TLS, B cell clones are
selectively activated and amplified by helper T cells (Th cells),
undergoing antibody class switching and somatic hypermutation.
These B cell clones can subsequently differentiate into plasma
cells that produce IgG or IgA antibodies targeting tumour-
associated antigens. They also secrete cytokines, including TNF,
IL-2, IL-6, and IFN-y, that recruit T cells and other effector cells,
directly leading to tumour cell killing via cytotoxicity and
phagocytosis [2, 24]. However, B cells have been shown to have
pro-tumorigenic activity by dampening the immune response,
through the secretion of immunosuppressive cytokines, such as IL-
10, IL-35, TGF- and gamma-aminobutyric acid (GABA) [2, 26]. This
suggests the presence of different B cell subpopulations within
the TME with pro- and anti-tumour properties.

Regulatory B cells

Regulatory B cells (Bregs) include all B cells that have the ability, as
a population, to suppress pro-inflammatory responses in vitro or
in vivo in order to maintain homeostasis of the immune system
[27]. Breg cells are more difficult to define than regulatory T cells
(Treg cells), as they are not restricted to a specific B cell phenotype
and lack a lineage-specific marker (Treg cells are FOXP3+) but are
normally detected based on their secretion of immunomodulatory
factors such as IL-10. Their differentiation can be triggered by BCR
engagement, co-stimulation of Toll-like receptors (TLRs) or
exposure to cytokines, such as, B cell-activating factor (BAFF)
and A proliferation-inducing ligand (APRIL) [22, 27, 28]. Bregs have
various phenotypes and subsets, ranging from B2-lineage
immature transitional-2 marginal zone precursor cells (T2-MZP),
mature B1-lineage B cells in the peritoneal cavity, IL-10-competent
CD5*CD1d" B cells (B10 cells), and marginal zone (MZ) B cells [29].
Bregs produce IL-10, IL-35, and transforming growth factor (TGF-B)
[301.

One way in which Bregs modulate the antitumour response is
by direct inhibition of effector T cell responses [30]. Lindner et al.
found that Bregs secreting granzyme B (GzmB), a cytotoxic serine
protease, which were induced by IL-21, inhibited CD4+T cell
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proliferation by transporting active GzmB to T cells and degrading
the C-chain of their receptor in vitro. Additionally, these IL-21-
induced Bregs were found to infiltrate solid tumours, including
mammary, ovarian, cervical, colorectal and prostate carcinomas
[31].

Bregs also enhance immune tolerance through induction and
expansion of Treg cells in the TME. In various cancers, Bregs could
upregulate Foxp3 in CD4+ cells in an IL-10-dependent or
-independent way (using TGF-B), lessening the anti-tumour
immune response and in some cases, promoting metastases
[32-35]. TGF-B produced by Bregs can also upregulate the
expression of CTLA-4 in Treg cells via cell-to-cell contact,
suppressing the proliferation of CD4+T cells and creating an
immunosuppressive microenvironment [36].

Plasma cells, follicular B cells and memory B cells

Circulating follicular B cells that encounter antigens with the help of
T cells can go through a germinal centre reaction, where B cells
differentiate into mature plasma cells or switched memory B cells [1].
Plasma cells and memory B cells produce high amounts of tumour-
specific antibodies that can induce anti-tumour immunity through
cytotoxicity and phagocytosis of tumour cells, complement activation,
and aid with antigen presentation by dendritic cells [2].

Plasma cells play an important role in gut homeostasis by
producing secretory IgA (SIgA), an antibody that is found primarily
in the intestinal lumen, needed to induce an immune response
and exclude IgA-cross-reactive bacteria such as Campylobacter,
Salmonella and Clostridium [37, 38]. It has also been reported that
plasma cells promote the generation of Treg cells in the gut
through the production of TGF-f and retinoic acid (RA) [39].
Plasma cells are present in tumour infiltrates and even low
numbers of these cells can produce large amounts of cytokines
and antibodies required to promote antitumour immunity [16].
Additionally, high frequencies of IgG- and IgA-producing plasma
cells have been associated with response to ICls in various cancers
such as renal cell carcinoma, bladder cancer and NSCLC [40-42].

Memory B cells have a high affinity for antigens, and are long-
lived either individually or as a population of cells, staying in a
dormant state until re-activated. They have an intrinsic ability to
respond rapidly to antigens [1, 43]. They have been detected in
the peripheral blood of patients with NSCLC, which suggests a role
in protective immunity against metastatic tumour cells [44]. In
another study, an overall decrease of memory B cells and
corresponding increase of plasma cells in the peripheral blood
of stage IV melanoma patients was observed, with a more
concentrated infiltrate of memory B cells in the tumour [45].
Memory B cells have also been associated with response to anti-
PD-1 monotherapy in NSCLC [25].

B CELLS AND TLSS IN RESPONSE TO TREATMENT

TILs have an important role to play in controlling the progression
of tumours in many therapies including chemotherapy, radio-
therapy and immunotherapy. While the role of T cells in this
response is defined, that of B cells and TLSs in antitumour
immunity and in therapy remains unclear [46, 47]. Some reports
suggest that B cells suppress anti-tumour immunity through the
production of IL-10, TGF-b, and IL-35. In contrast, it has also been
reported that infiltrating B cells can improve treatment response
against tumours via the production of antibodies, antitumour
cytokines and by acting as antigen-presenting cells. These
conflicting findings may be due to the heterogeneity of B cell
populations in the TME and different therapies and different
cancer types studied [48].

Immunotherapy

Recent clinical trials involving sarcoma, melanoma, and renal cell
carcinoma have shown that TLSs and tumour-infiltrating B cells
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are associated with a better response to immunotherapy and
improved survival [47, 49, 50]. Cabrita et al. [49] demonstrated that
improved survival after immune checkpoint blockade (ICB)
therapy was associated with the co-occurrence of tumour-
associated CD8+T cells and CD20+B cells in metastatic melanoma,
using immunofluorescence staining of the known TLS markers,
CXCR5 and CXCL13, to show the formation of TLSs. Using digital
spatial profiling, T cells in tumours without TLSs were shown to
have a dysfunctional exhausted molecular phenotype, high-
lighting the importance of TLSs. Digital spatial profiling of
CD20+B cell populations within TLSs identified two main groups
that had high or low expression of Ki67; high Ki67 expression was
related to more mature TLSs, indicating that TLSs of different
stages can exist within the same tumour. This data was further
supported by single-cell RNA sequencing, which showed that
tumour-associated B cells in melanoma expressed a range of
immature-to-mature germinal centre signals. Immune neighbour-
hoods with T cells close to TLSs containing Ki67-high B cells had a
higher proportion of CD4+T cells and increased expression of BCL-
2, suggesting that they had undergone antigen activation, leading
to the upregulation of BCL-2. In another finding from the same
study, gene expression data from melanoma biopsies from
patients receiving CTLA4 blockade treatment showed that TLS-
high tumours were associated with significantly increased survival
post-treatment.

Similarly, B cell-rich TLSs were associated with improved survival
and high response rate to PD1 blockade with pembrolizumab in a
phase 2 clinical trial for soft-tissue sarcomas [50]. This study
identified five TME phenotypes in sarcoma: immune-low (A and B),
highly vascularised (C) and immune-high (D and E), with
phenotype E being characterised by the presence of B cell-rich
TLSs and increased gene expression for CD8+T cells, NK cells and
cytotoxic lymphocytes. This phenotype correlated with longer
progression-free survival in tumours with both high and low
CD8+T cell infiltration and had the highest response rate to PD-1
blockade therapy. Helmink et al. further highlighted the role of
TLSs and B cells in response to immune checkpoint blockade
therapy in metastatic melanoma and renal cell carcinoma using
bulk RNA sequencing [47]. They reported that B cell-related genes
were the most differentially expressed genes in tumours of
responders compared to non-responders to ICB therapy. B cells
were found to be localised within TLSs, and mass cytometry
showed that switched memory B cells were enriched in
responders, suggesting a potential role in contributing to the
anti-tumour response via the production of antibodies. Further,
Vanhersecke et al. demonstrated that the presence of mature TLSs
in patients with a range of cancers such as NSCLC, soft-tissue
sarcomas, bladder cancer, CRC, breast cancer, renal carcinoma and
head and neck carcinomas, who were treated with anti-PD1/PD-
L1, was associated with improved response rate, progression-free
survival and overall survival, independent of PD-L1 expression
status [51].

In the NIVOREN GETUG-AFU 26 phase 2 study of metastatic
clear cell renal cell carcinoma (m-ccRCC) patients treated with
nivolumab, baseline blood concentrations of unswitched memory
B cells were enriched in responders and associated with improved
overall survival and progression-free survival. TLSs and Tfh cells
were also enriched in responders to treatment [52].

Another study found that peroxisome proliferator-activated
receptor delta (PPARd) is highly expressed by tumour-induced IL-
10+ Bregs, important for regulating their immunosuppressive
function and inhibiting the activation of T cells [53]. Tumour-
bearing mice with genetic inactivation of PPARd in their B cells, or
those treated with a PPARd inhibitor had a significantly improved
treatment outcome with anti-PD-1 immunotherapy. In lung cancer
patients with severe toxicity from anti-PD-1/anti-PD-L1 blockade,
there were defects in the ability of Breg cells to produce IL-10 [54].
Patients who did not develop severe toxicity to the treatment had
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a stable level of Breg cells at diagnosis with an increase in
numbers during treatment. However, in patients with toxicity,
there were deficiencies in Breg number and function, particularly
with the anti-inflammatory response due to a lack of IL-10. This
suggests that there are many complexities involved in response to
treatment and B cell populations.

These studies highlight not only the predictive potential of B
cells and TLS for checkpoint blockade in cancer treatment, but
also the possibility of inducing TLS formation in the TME as a
strategy to improve therapy-induced tumour immunity and
overall patient survival [46].

Chemotherapy

Chemotherapy is one of the main forms of treatment in cancer
therapy, aiding in the reduction of tumour burden by targeting
cancer cells, but it can also affect immune cells. Some
chemotherapeutic agents can have direct cytotoxic effects on
immune cells, leading to a reduction in their numbers and
impairing their ability to carry out their functions. Chemotherapy
can also affect immune-cell differentiation and signalling path-
ways, leading to dysfunction and disruption of the anti-tumour
response [55]. However, it has also been observed that
chemotherapy can promote the anti-tumour immune response,
depending on what cells are targeted. Depletion of immunosup-
pressive cell subsets such as T regulatory cells (Tregs) can aid in
response to therapy, but the reduction of other cell types like
effector T cells can be detrimental [56, 57].

Lu et al. used single-cell transcriptome analysis of tumour-
infiltrating B cells in paired pre- and post-neoadjuvant chemother-
apy samples from breast cancer patients, and found that inducible
costimulatory ligand positive (ICOSL+) B cells expanded post-
therapy, going from 1% of the tumour-infiltrating B-cell popula-
tion to 45% [58]. ICOS is a member of the CD28 family, and its
ligand (ICOSL) is induced in B cells, macrophages and dendritic
cells. ICOS/ICOSL signalling between T and B cells is essential for
maintaining activation of T cells, class switching of immunoglo-
bulin and the regulation of Th1/Th2 polarisation [59]. A high
abundance of ICOSL+B cells was associated with improved
disease-free survival (DFS) and therapeutic effects in those treated
with neoadjuvant chemotherapy, especially in patients with the
triple-negative breast cancer subtype. A TIL-B subset switch after
chemotherapy with doxorubicin was demonstrated in murine
models, where the complement system had an important role to
play in the chemotherapy-induced subset of B cells; complement
component 3 (C3) activation and complement receptor 2 (CR2)
were required for generating ICOSL+B cells. Additionally, CD55, a
complement inhibitory protein, was poorly expressed in tumour
cells with ICOSL+B cells post-chemotherapy and CD55 levels in
pre-treatment biopsies negatively correlated with ICOSL+B cell
infiltration in paired post-chemotherapy biopsies. This indicated
that the protein, which is expressed by tumour cells, is a key factor
for the subset switch during chemotherapy. Findings from this
study also suggest that TLSs in breast cancer can be induced by
chemotherapy, and are associated with the increase of ICOSL+B
cells in the TME; more TLSs were present in breast cancers treated
with chemotherapy compared to those that were treatment-naive
[58].

In a study by Deguchi et al. [60], it was suggested that
chemotherapy-induced B-cell maturation and formation of TLSs
with a germinal centre may result in anti-tumour immune
response and a good long-term prognosis in patients with
oesophageal squamous cell carcinoma treated with neoadjuvant
chemotherapy. Co-culturing of peripheral blood mononuclear cells
(PBMCs) with an oesophageal squamous-cell carcinoma cell line
treated with the chemotherapeutic agents 5-FU and CDDP
increased the CD20 and CD23 expression in PBMCs. B cells in
TLS germinal centres express CD23 and differentiate into plasma
cells and memory B cells. Responders to neoadjuvant

chemotherapy had more germinal centre formation than non-
responders (p = 0.013), suggesting that the presence of TLSs with
germinal centre formation in primary tumours affects the clinical
efficacy of neoadjuvant chemotherapy, and may be an important
predictive factor in post-neoadjuvant chemotherapy specimens of
oesophageal squamous cell carcinoma.

Sun et al. carried out a study on patients with resectable NSCLC
who were either treatment naive, receiving neoadjuvant che-
moimmunotherapy or neoadjuvant chemotherapy [61]. Patients
treated with neoadjuvant chemoimmunotherapy had higher rates
of major pathological response (MPR) than those treated with
neoadjuvant chemotherapy and also showed the highest abun-
dance of mature TLSs compared to the other groups, with
increased infiltration of CD8+T cells. Additionally, they demon-
strated that TLS maturation was an independent predictor of DFS
in the neoadjuvant chemoimmunotherapy and treatment naive
group. This study also suggested that the maturation of TLSs may
be a mechanism of action of neoadjuvant chemoimmunotherapy,
leading to its success compared to chemotherapy alone.

Similarly, in a retrospective study of 106 patients with NSCLC
who received neoadjuvant immunochemotherapy, TLS abundance
and maturity were predictive markers of major pathological
response (MPR) [62]. They highlighted that the systemic inflam-
mation index (SIl) was an independent factor which had a
negative correlation with the abundance and maturity of TLSs in
the TME, suggesting that inflammatory biomarkers, in conjunction
with TLSs characteristics, should be considered to predict
response to neoadjuvant immunochemotherapy.

In contrast, gene expression profiling and digital pathology
studies on pre-treatment tumour samples from melanoma
patients in the dabrafenib and trametinib COMBI-v phase Il
clinical trial showed that patients with T-cell-high/B-cell-high
tumours had poor clinical outcomes in comparison to T-cell-high/
B-cell-low tumours [63]. Melanomas with high B cell infiltration
had higher levels of immunosuppressive HLA-DR/IDO-1-double-
positive tumour cells than those with low B cell infiltration and
were significantly associated with poor overall survival.

Radiotherapy

Radiation therapy can modulate the TME, by inducing immuno-
genic tumour cell death and altering the local cytokine/chemokine
balance, which favours tumour antigen release and processing,
inducing dendritic cell maturation and altering immune cell
functionality [64]. Most studies investigating response to radiation
have focused on T cells and myeloid cells. The effects of radiation
on B cells and TLSs in the TME and their role in response to RT are
not well understood. Boivin et al. investigated the contribution of
TLS and response to radiation therapy in medullary breast cancer
[64], using both patient samples and a mouse model. They found
that the rate of apoptosis was increased in tumours with TLSs
post-RT, and this rate remained high for some time, suggesting
continuous proliferation within residual irradiated cells. They also
showed that RT induced an acute depletion of TLSs, which was
then followed by a phase of restoration after 14 days. This
restoration period was associated with CD8+ cell and FOXP3+
Treg enrichment of the TME.

More recently, phenotyping of the B cell population in a murine
squamous cell carcinoma model treated with different radiation
field sizes and doses showed that radiation can induce B-cell
infiltration, and focal stereotactic radiation was much stronger at
inducing tumour immune infiltrates than large field conventional
radiation [65]. Irradiation of bone marrow B cells showed that the
frequency of pro-, pre- and immature B cells increases post-
radiation therapy, while also modulating phenotypic and activa-
tion markers. Additionally, they found that plasma cells and class-
switched memory B cells were the most resistant to radiation
therapy. Gene expression profiling suggested that radiation
modulates pathways and transcription factors involved in
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apoptosis, differentiation and maturation important for B cell
function, in a dose- and time-dependent fashion.

After treatment with radiotherapy and immune checkpoint
blockade therapy in a mouse model for HNSCC, there were
significant changes in B cell activation, differentiation and memory
formation [66]. MHC Il surface expression — important for antigen
presentation, differentiation and effector functions — was greater
in mature and T2 B cells after combined therapy with RT and ICB,
whereas in T1 B cells, the expression was greatest after treatment
with anti-PD-L1 ICB. This was further validated in a melanoma
mouse model which showed that combined therapy had greater
local tumour control and MHC Il expression in all B cells,
suggesting that RT primes B cells into an active state and ICB
therapy can enhance this activity further. Using the same two
mouse models, they demonstrated that RT alone increased the
number of immunosuppressive Breg cells, but combined therapy
with PD-1 blockade lowered the number. This highlights that RT
enhances the regulatory function of B cells, similar to its effect on
T cells as seen in other studies [67].

The presence of B cells has been reported to be associated with
successful tumour regression following neoadjuvant chemora-
diotherapy (nCRT) in locally advanced rectal cancer [68]. Gene Set
Enrichment Analysis (GSEA-P) showed that pathways related to
antigen presentation and immune cell activity (including B cell
receptors) were enriched in patients who responded well to
treatment. Deconvolution analyses revealed a significant enrich-
ment of B cells in good responders. This was validated using IHC
to assess CD20 expression in pre-treatment tumour biopsies,
where a higher percentage of CD20+ was seen in patients who
responded well to nCRT compared to poor responders. Consistent
with these findings, Sulit et al. more recently showed that B-cell-
related genes were differentially expressed between matched
pairs of pre-treatment tumours and normal tissue in complete
responders to nCRT compared to all other responders [69]. GSEA
showed that gene sets related to complement activation and B-
cell-mediated immunity were more highly expressed in complete
responders. These studies suggest a B-cell-mediated predisposi-
tion to response to nCRT, however, the underlying mechanisms of
action and the potential contributions of TLS are, as yet, unknown.

Additionally, Goff et al found that neoadjuvant chemoradiother-
apy in patients with sarcoma significantly increased the total
number of TILs [70]. KEGG Gene Ontology enrichment analysis
revealed that genes associated with B cells were also enriched and
significantly upregulated post-treatment. These studies support
previous findings that immunoglobulins can bind to necrotic
tumour cells and recognise neo-antigens released upon radio-
therapy, leading to local complement activation and subsequent
CD8+T cell responses [71]. It also supports the previously
mentioned study [58] that found that neoadjuvant chemotherapy
activated the complement system which subsequently induced
expression of ICOSL+B cells which were related to better
prognosis and response to treatment.

CONCLUSION

In recent years, TLSs and B cells have emerged as important
factors in anti-tumour immunity and response to therapy. In many
cases, their presence has been associated with improved response
to therapy and better overall survival, making them an interesting
new target for enhancing the response against cancer and a
potential predictive biomarker.

There is a need for improved prognostic markers to assess or
predict patient response to treatment, and detection of intratu-
moural TLS and B cells in biopsies and surgical samples will
become an important addition to routine testing in pathology
laboratories. This can be achieved through standard haematoxylin
and eosin staining, as well as multiplex IHC using a combination of
markers including CD20 and CD3. Additionally, digital pathology
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tools can be automated to detect and quantify these structures in
tissue.

Further research is required to understand the underlying
mechanisms in the TME which allow for the formation of TLSs, and
to decipher why some patients do not respond to therapy. This
could aid in the creation of therapeutics which trigger B cell
infiltration and TLS formation to improve patient outcomes.
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