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Abstract :-

Breast cancer (BC) is a heterogeneous disease classified into five intrinsic subtypes:

luminal A, luminal B, HER2-positive, triple-negative breast cancer (TNBC), and normal-like. These subtypes
differ not only in receptor expression but also in immune profiles, including tumor-infiltrating lymphocytes
(TILs), PD-L1 expression, tumor-associated antigens, and tumor mutational burden (TMB). Notably, no BC
subtype has been identified as immunologically quiet, suggesting the potential for immunotherapy to harness
the host immune response. Although BC immunotherapy research initially lagged behind that of other solid
tumors, clinical trials investigating immune-based treatments for BC have expanded rapidly. Unlike
conventional drug development, these trials are being conducted simultaneously in both metastatic and early-
stage disease settings. This shift is driven by the hypothesis that BC tumors become less immune-sensitive
over time, as reflected by declining TILs and reduced immune signatures in metastatic samples. This review
provides a comprehensive overview of ongoing clinical trials exploring immunotherapy for early BC,
discussing trial designs, combinatorial strategies, immune-related biomarkers, and the potential advantages
and challenges of early-stage immunotherapy implementation. Breast cancer is one of the most common
malignancies affecting women worldwide, and chemotherapy plays a crucial role in its treatment.
Chemotherapy is used in various settings, including neoadjuvant (before surgery) to shrink tumors, adjuvant
(after surgery) to eliminate residual cancer cells, and metastatic cases to control disease progression. Common
chemotherapeutic agents include anthracyclines (e.g., doxorubicin), taxanes (e.g., paclitaxel), and platinum-
based drugs, often combined for optimal efficacy.
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Introduction:-

Breast cancer (BC) is currently the fourth most commonly diagnosed cancer in China, with the number of
deaths increasing from 70,000 015 to 117,000 in 2020; accounting for approximately 18% of global BC death.!
Although surgery, chemotherapy, and radio-therapy have improved outcomes, there are still high mortality
rates, which remain a problem that demands innovative approaches. In addition to traditional treatments,
chimeric antigen receptor (CAR)-based immunotherapy has seen substantial growth and widespread use in
BC management. In the cancer immunity cycle, immune cells share a similar pro- cess of priming and
activation, trafficking and infiltration into tumors, and recognition and killing of cancer cells. CAR is a
synthetic cell surface receptor that binds to a target independent of the major histocompatibility complex
(MHC), assisting immune cells in the recognition of tumor cells even in cases where human Most published
data on the effect of cytotoxic treatment in breast cancer have been obtained by comparing the survival of
large groups of patients with or without chemotherapy. A more direct approach is to measure the primary
tumours of individual patients before and after treatment. Assuming that the response — that is, decrease of
tumour volume — is representative of the sensitivity of all tumour cells, this could yield a prognostic tool: a
better response could be associated with an improved outcome. 2

Leukocyte antigen (HLA) expression is down regulated . Although CAR-mediated immunotherapies have
been successful in treating various hematologic cancers, their effectiveness in BC treatment is hindered by
immune resistance.! Despite high expectations due to the clinical success of immune checkpoint inhibitors
(ICIs) in treating various solid tumors such as melanoma and lung carcinoma, the benefits of ICI-based
immunotherapy remain limited for women with breast cancer (BC) (Emens, 2018). Despite high expectations
due to the clinical success of immune checkpoint inhibitors (ICIs) in treating various solid tumors such as
melanoma and lung carcinoma, the benefits of ICI-based immunotherapy remain limited for women with
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breast cancer (BC) (Emens, 2018). The selection of systemic therapy for breast cancer (BC) is primarily guided

by the expression of estrogen receptor (ER), progesterone receptor (PR), and human epidermal growth factor
receptor 2 (HER2). Based on these biomarkers, BC is classified into four intrinsic subtypes: luminal A, luminal
B, HER2-positive, and triple-negative breast cancer (TNBC). Each subtype exhibits distinct immunological
characteristics, including variations in tumorinfiltrating lymphocytes (TILs), programmed death ligand 1 (PD-
L1) expression, tumorassociated antigens, and tumor mutational burden (TMB). These differences play a
crucial role in tumor behavior, prognosis, and response to targeted therapies, particularly immunotherapy *.

Role of immune system in breast cancer :-

The immune system plays a vital role in normal breast development, influencing various stages of maturation
and tissue remodeling. Diverse immune cells are present in the breast stroma (the connective tissue of the
breast) throughout different phases of life, such as post-natality, puberty, and pregnancy.® Immunoediting is a
dynamic process through which the immune system recognizes and responds to cancer cells. It unfolds in three
phases: elimination, equilibrium, and escape. The first phase, elimination, is crucial because it represents the
initial immune response where the immune system targets and destroys cancer cells °. Immune cells are present
in both normal breast tissue and in breast carcinoma (breast cancer), playing distinct roles in each context.
Their presence and activity are integral to both the development and progression of breast cancer.

NK cells are capable of identifying and killing abnormal or tumor cells, including those that have not yet
developed the ability to evade the immune system’. NK cells can recognize and kill tumor cells before they
form large masses or metastasize and it also NK cells are also important in preventing metastasis. Tumor cells
that have spread from the primary site (metastatic cancer cells) can be detected and eliminated by NK cells,
limiting the spread of cancer to other organs.®

Normal breast tissue contains immune cells from both myeloid and lymphoid lineages. Myeloid cells, such as
monocytes, macrophages, and dendritic cells, play roles in immune surveillance and tissue repair. Lymphoid
cells, including T and B lymphocytes, are involved in adaptive immunity, recognizing pathogens and
producing antibodies. These cells maintain tissue homeostasis and contribute to immune responses in the
breast.’

The immune system protects the body from harmful invaders like pathogens and antigens. It consists of two
main components: innate immunity, which is immediate and nonspecific, providing a general defense through
barriers and cells like macrophages; and adaptive immunity, which is specific, slower, and long-lasting,
involving B and T cells that target particular pathogens and remember them for future defense. These systems
work together to provide both rapid and targeted protection.'®

Tumor cells can create a suppressive microenvironment that aids their growth by attracting
immunosuppressive cells like regulatory T (Treg) cells and myeloid-derived suppressor cells (MDSCs). These
cells inhibit the immune system’s ability to fight the tumor, allowing it to evade immune detection and
continue growing. This suppressive environment is a major challenge for effective cancer treatment.'!




TIJER || ISSN 2349-9249 || © April 2025, Volume 12, Issue 4 || www.tijer.org

Risk developing
BC

lin3

Second

leading

cause of
cancer deat

Treatments options

‘ Immunogenic cancel

Sacituzumab
Govitecan-hziy

Trastuzumab
Deruxtecan

| HER2+ BC

Trastuzamab-
Emtansine

| Trastuzumab-
Emtansine

Trastuzomab
Derustecan

Pertuzumab . ]
. Margetuximab

PI3BK and MAPK! Cytotoxin that inhibits

Risk Factors

pathways inhibitions the DNA replication
N ADCC

ADCC Tumor cells apoptosis
( TME cells change:
| Lowor the loss of tumor s 2

nntigens c\prc\sion = 1 Sacituzumab
It L':lﬂl\iu:\‘.\ change J MDSC ‘f‘
i Expression antigen ‘ TAM T
! presentation change e :
Blocks the interaction Cytotoxin that inhibits
= = Immune checkpolnts of PD-1 and PD-LI the DNA replication
‘ Release immune suppressive | expression/répression ADCC ADCC
fig.1

Breast cancer (BC) risk factors are categorized into modifiable and non-modifiable types. '"Modifiable factors
include lifestyle choices like physical activity, body weight, alcohol consumption, and exposure to artificial
light, all of which can influence the risk of developing BC 10. Non-modifiable factors include genetic
mutations (e.g., BRCA1, BRCA2), sex (women are at higher risk), age (risk increases with age), and family
history, which cannot be changed but still significantly affect risk. Understanding these factors helps in
prevention and early detection strategies. '*
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Fig.2
How does immunotherapy work for breast cancer?
As of September 15, 2020, a total of 82 clinical trials listed on ClinicalTrials.gov and EURODACT were
investigating the use of immunotherapy for early-stage breast cancer. These trials are exploring
immunotherapy both as a standalone treatment and in combination with other therapies, aiming to assess its
potential effectiveness in treating early-stage breast cancer.'?

Immunotherapy drugs used in breast cancer include checkpoint inhibitors (ICIs) like PD-1 and PD-LI
inhibitors, as well as HER2-directed monoclonal antibodies. ICIs work by blocking checkpoint proteins from
binding with their partners, preventing the “off” signal that normally turns off immune responses. This allows
T cells to remain active and attack cancer cells. These therapies aim to enhance the body’s immune system in
fighting cancer more effectively.® The effectiveness of traditional cytotoxic chemotherapy and targeted
therapies in breast cancer is usually linked to the tumor’s response to disruptions in crucial signaling or DNA
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repair pathways. However, many of these treatments also trigger significant immunological changes within

the tumor microenvironment, which can influence immune system activity. This interaction between treatment
and the immune environment may play a key role in determining the overall success or failure of the therapy.'®

The safety and efficacy of Immunotherapy were initially assessed in patients with metastatic triple-negative
breast cancer (mMTNBC). The KEYNOTE-012 and KEYNOTE-086 trials evaluated pembrolizumab
monotherapy, showing higher response rates when pembrolizumab was used as a first-line treatment for PD-
L1-positive (PD-L1+) disease. These findings highlighted the potential of immunotherapy in treating mTNBC,
particularly in patients with PDL1 expression.!" Chemotherapy can be combined with immunotherapy to
enhance antitumor activity through multiple mechanisms. One of the primary strategies is using chemotherapy
for cytoreduction, which reduces the tumor size and achieves minimal residual disease. This approach helps
shift the disease burden in favor of a stronger T cell response, improving the effectiveness of immunotherapy
in targeting remaining cancer cells.10 types of immunotherapy for breast Cancer '

Types of immunotherapy for breast Cancer:-

1] Immune Checkpoint Inhibitors:-

Immunotherapy drugs used in breast cancer include checkpoint inhibitors (ICIs), such as PD-1 and PD-L1
inhibitors, along with HER2-targeted monoclonal antibodies. ICIs function by blocking checkpoint proteins
from interacting with their partner proteins, which prevents the

“oft” signal that would normally inhibit immune activity. As a result, T cells remain active and are able to
recognize and destroy cancer cells, boosting the body’s immune response against the tumor. °

PD-L1:- Nivolumab (Opdivo) and pembrolizumab (Keytruda) are PD-1 inhibitors that help the immune
system recognize and attack cancer cells by blocking the PD-1 receptor on immune cells. These drugs are used
in triple-negative breast cancer (TNBC) in combination with chemotherapy. Pembrolizumab is approved for
use in high-risk early-stage TNBC and metastatic TNBC with PD-L1 expression. Nivolumab is being studied
in TNBC, particularly for metastatic disease. Both therapies aim to improve survival rates by enhancing
immune response against cancer cells.'?

2] Antitumor Vaccines

Various types of cancer vaccines have been studied in clinical trials, including tumor-specific, tumor-
associated antigen, dendritic cell, and viral vector vaccines. These vaccines aim to stimulate the immune
system to target and destroy cancer cells. Clinical reviews help assess their effectiveness, safety, and potential
to enhance cancer treatment.’® An example of a peptide-based vaccine is the HER2-derived E75 peptide
vaccine, known as nelipepimut-S (Neuvax), developed by Galenda Biopharma. This vaccine targets the HER2
protein, which is overexpressed in certain types of breast cancer. Nelipepimut-S aims to stimulate an immune
response specifically against HER2-positive cancer cells, and it is one of the most advanced peptide vaccines
in development, showing promise in clinical trials for improving outcomes in breast cancer treatment.'?

3] Monoclonal Antibodies

Monoclonal antibodies have been effective in treating HER2-positive breast cancer, but their use in other
types, especially triple-negative breast cancer (TNBC), has been limited. TNBC lacks the key targets that
monoclonal antibodies can target, making it more challenging to treat. Researchers are exploring new
approaches, like combining monoclonal antibodies with other therapies, to improve treatment for TNBC.'*

4] CAR-T Cell Therapy

CAR T cell-based immunotherapy modifies a patient’s T cells to recognize and attack tumor cells expressing
specific tumor-associated antigens (TAAs). The modified T cells are reintroduced into the body, enhancing
the immune system’s ability to target and eliminate cancer cells. It has shown notable success, especially in
treating blood cancers like leukemia and lymphoma.'s
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The future of immunotherapy in breast cancer :-

Immune checkpoint inhibitors (ICIs), like anti-PD-1 and anti-PD-L1 monoclonal antibodies, enhance the
activity of tumor-specific T cells by blocking inhibitory signals. Triple-negative breast cancer (TNBC), which
often has higher levels of tumor-infiltrating lymphocytes (TILs), is a promising target for ICIs, as these
immune cells make TNBC more responsive to immune therapy."’

The future of cancer treatment offers great hope, focusing on personalized care by thoroughly understanding
each patient’s tumor. Advanced tumor profiling, personalized immunotherapy, and early detection will allow
for more effective, tailored treatments, leading to better outcomes and improved quality of life for patients.'®

The future of immunotherapy for breast cancer is promising, with advancements leading to more effective and
personalized treatments. New technologies, such as targeted immunotherapies, combination therapies, and
biomarker-driven approaches, are improving treatment precision. The pharmaceutical industry is also
exploring cell-based therapies like CAR T-cell therapy to enhance immune responses. These innovations are
expected to make breast cancer treatments more effective and accessible, offering better outcomes for patients
in the future.
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Conclusion

Immunotherapy has emerged as a promising approach for the treatment of breast cancer, particularly in triple-
negative breast cancer (TNBC) and other subtypes with high immunogenicity. Advances in immune
checkpoint inhibitors, cancer vaccines, and adoptive T-cell therapies have demonstrated potential in improving
patient outcomes. However, challenges such as tumor heterogeneity, immunosuppressive tumor
microenvironment, and resistance mechanisms limit its efficacy.

Future research should focus on identifying predictive biomarkers, optimizing combination therapies, and
developing novel immunotherapeutic strategies to enhance response rates. Continued clinical trials and
translational research will be crucial in integrating immunotherapy into standard breast cancer treatment,
ultimately improving survival and quality of life for patients.
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