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Abstract

In recent years, immune-checkpoint blocking therapy target-
ing the PD-1/PD-L1 axis has advanced tumor immunotherapy
to a new level, with positive outcomes in a variety of malignant
tumors. Tumors can avoid an antigen-specific T cell immune re-
sponse by means of PD-1/PD-L1 signaling, which adversely con-
trols T cell-mediated immune response. In clinical practice, it was
shown that while some patients did have long-term success with
immunotherapy, the majority eventually had resistance to drugs
and recurrence. Hence, one of the main challenges that severely
restricts the long-lasting benefits and widespread use of PD-1/
PD-L1 blocking treatment is both primary and acquired resist-
ance. Therefore, it is high time to understand the mechanisms of
resistance for improving anti-PD-1/PD-L1 efficacy. In this review,
we describe major signaling pathways that regulate PD-1/PD-L1
axis in cancers as well as the role of PD-1/PD-L1 in breast cancer
development and progression. In addition, we further discuss
the involvement of PD-1/PD-L1 axis in multi-drug resistance in
cancers, which affected breast cancer and other solid tumor re-
sponse rates and durability to treatment strategies.

Keywords: Breast Cancer; Drug Resistance; Immunotherapy;
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Introduction

Breast Cancer (BC) is the most common female cancer
worldwide and the main cause of death, according to the Global
Cancer Statistics 2020, surpassing lung cancer [1]. It is a het-
erogeneous disease that expresses several key proteins as drug
targets [2]. Understanding the heterogeneity of the disease has
become essential for treatment planning as there are numerous
unique subtypes of BC. Triple-Negative Breast Cancer (TNBC) is
defined as BC that does not respond to Her2-targeted therapy
or hormone therapy and has the worst prognosis of any sub-
type due to its aggressive nature [3]. Hence, chemotherapy is
the treatment option available for the management of TNBC
patients.

The immune system plays an integral role in the onset and
spread of cancer, and so novel targeted medicines are available.
In the tumor microenvironment, the complex interactions of
stromal cells, immune effector cells, tumor cells, and various
soluble substances play a crucial role in the development and/

or elimination of the disease. Hence, a significant advancement
in the treatment of malignant tumors, including BC, is targeting
the immune system, immune checkpoint inhibition in particular
[4].

Immune-Checkpoints in Cancer

Immune homeostasis maintenance is essential for the prop-
er functioning and survival of the host. Explicit or uncontrolled
immune responses against pathogens and mutated or over ex-
pressed self-antigens can lead to autoimmune disorders and
inflammatory tissue damage. This is prevented by balancing
co-stimulatory and inhibitory signals, collectively known as im-
mune checkpoints, to maintain the breadth and amplitude of
the immune response [5]. Figure 1 summarizes these co-stimu-
latory and inhibitory signals. The immune checkpoint receptors,
which include Programmed cell Death receptor-1 (PD-1), T cell
Immunoglobulin and ITIM domain (TIGIT), Lymphocyte Activa-
tion Gene-3 (LAG3), T cell immunoglobulin-3 (TIM3), Cytotoxic
T Lymphocyte-Associated molecule-4 (CTLA-4), and B and T cell
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Lymphocyte Attenuator (BTLA), have been discovered and re-
searched in relation to cancer in past decades [6]. They go by
the name “immune checkpoints,” which refers to the molecules
that serve as the gatekeepers of the immune system. Since they
are surface molecules, antibodies that block the ligand-receptor
interaction can easily reduce their function [7]. Targeting these
regulatory mechanisms to increase immune response against
tumor cells is a promising strategy of immune checkpoint ther-
apy for cancer [8]. Ipilimumab, a monoclonal antibody against
CTLA-4 was the first Immune Checkpoint Inhibitor (ICl) ap-
proved by the FDA for the management of advanced melanoma
in 2011 [9]. However, only a small fraction of patients benefit
from the currently approved ICls, and resistance following an
initial response is a frequent occurrence [10]. However, addi-
tional stimulatory and inhibitory pathways have shown promise
as immune checkpoint treatment targets, and immunotherapy
is now going much farther than this strategy. The most effective
immune checkpoint blockade therapy till date is the anti-PD-1/
PD-L1 axis, which has been approved to treat a variety of cancer
types, including those of the bladder, blood, kidney, skin, liver,
and lung [11].
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Figure 1: The co-inhibitory/stimulatory signals in the immunologic
synapse between antigen presenting cell or tumor cell and T cell in
the tumor microenvironment.

The 2018 Nobel Prize in Physiology or Medicine was awarded
to the Immune Checkpoint Blockade (ICB) targeting the PD-1/
PD-L1 axis, which has been approved for treatment in a vari-
ety of solid cancers. Within the tumor microenvironment, the
PD-1/PD-L1 pathway regulates the induction and maintenance
of immunological tolerance. T cell activation, proliferation, and
cytotoxic secretion in cancer are caused by the action of PD-1
and its ligands PD-L1 or PD-L2, which leads to the degeneration
of anti-tumor immune responses [12].

Programmed Death Protein-1 (PD-1)

PD-1, also known as CD279, was initially identified in 1992 in
interleukin-3 (IL-3)-depleted murine T-cell hybridoma (2B4-11)
and murine hematopoietic progenitor (LyD9) cell lines [13]. It is
a 55-kDa transmembrane protein with a membrane-permeat-
ing domain, an extracellular N-terminal domain (IgV-like), and a
cytoplasmic tail with two tyrosine bases situated at the N and C
ends, respectively [14]. The amino acid sequence of PD-1is 15%
similar to CD28, 13% similar to the induced T-cell co-stimulator,
and 20% similar to CTLA-4 [15]. PD-1 is expressed on the surface
of T-cells, B-cells, and NK cells which predominantly controls ef-
fector T-cell function in tissues and inhibits their lytic activity in
malignancies [16-18]. PD-1 is increased in Dendritic Cells (DCs)
by numerous inflammatory stimuli, as it is in T- and B-cells [18].
Although PD-1 is more commonly known as an effectors T cell
enhancer in tissues and the tumor microenvironment, it may

improve NK cell activity and antibody production by directly
and indirectly stimulating PD-1 positive B-cells [19,20]. Due to
its potential to be both beneficial and harmful, PD-1 plays two
conflicting roles. Owing to its advantageous effects, PD-1 is es-
sential for preserving immunological tolerance and minimizing
the regulation of immune responses that are damaging or inef-
ficient. However, PD-1 prevents the proper working of the de-
fense mechanism of the immune system, leading to the growth
of malignant cells [21].

Programmed Death Ligand-1 (PD-L1)

PD-L1, a type 1 transmembrane glycoprotein also known as
B7-H1 and CD274, is a member of the B7 ligand family. T cells,
B cells, macrophages, DC, NK cells, Myeloid-Derived Suppressor
Cells (MDSC), and numerous other cell types, including epithe-
lial and endothelial cells, express PD-L1 [22,23]. When tumor
cells recognize the PD-1 protein on T cells, PD-L1 protein is up
regulated and binds to PD-1 on T cells, causing the T cells to un-
dergo apoptosis and thereby evading the antitumor immunity
[24,25]. Therefore, a tumor that over expresses PD-L1 serves to
shield itself against CD8+ cytotoxic T cell-mediated cell death.
Many studies have reported that the over expression of PD-L1
is associated with an advanced disease state and a poor prog-
nosis in human malignancies such as Non-Small Cell Lung Carci-
noma (NSCLC), melanoma, Renal Cell Carcinoma (RCC), gastric,
ovarian, and bladder cancer [26-31]. The PD-1/PD-L1 interac-
tion suppresses T-cell activity, decreases cytokine production,
causes T-cell lysis, and induces antigen tolerance [32,33]. In-
deed, blocking specific immune checkpoints with monoclonal
antibodies has been shown to effectively initiate antitumor re-
sponses in a variety of solid tumors, including lung, colorectal,
ovarian, esophageal, bladder, and BC, in addition to so called
"immunogenic" tumor types like melanoma and RCC [34].
Hence, drugs that target PD-1/PD-L1 axis have been developed
for immune checkpoint blockade and could trigger responses
across various malignancies, providing new hope for the man-
agement of cancer. Nevertheless, the clinical response rate to
current PD-1/PD-L1 targeted therapies is still low in many pa-
tients, and many of them initially respond but eventually de-
velop resistance to these targeted therapies.

PD-1/PD-L1 Pathway in Breast Cancer

By increasing the expression of PD-L1 on the tumor cell
surface, the PD-1/PD-L1 inhibitory pathway can be (mis)used
to mute the immune system in breast tumors. In our previous
study, we have shown that in BC tissues, PD-L1 expression is
high more specifically in TNBC subtypes (53.9%) [35]. Increased
PD-L1 expression in BC has been associated with increased tu-
mor size, high grade, high proliferation, lymph node status, and
HER2-receptor status of the patient [35,36]. According to a re-
cent meta-analysis, BC expressing PD-L1 were more aggressive
and had a shorter survival time, whereas TIL expression may be
an indicator of a better prognosis [37].

In a study conducted by Schalper et al. (2014) they corre-
lated the PD-L1 mRNA expression with clinicopathological pa-
rameters of BC patients. They reported that the PD-L1 mRNA
expression on tumor cells is independently associated with in-
creased TIL and better prognosis in BC [38]. Previous study by
Mittendorf et al. (2014) also revealed that TNBC has high PD-L1
expression compared to non-TNBC. Furthermore, tissue micro-
array revealed that breast tumors that were PD-L1 positive had
higher TIL in the tumor microenvironment. Their study also re-
vealed that PTEN loss was associated with upregulated PD-L1
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expression in BC [39].
hibi . Pembrolizumab,
PD-1/PD-L1 Inhibitors in Cancer Nivolumab, Cemiplimab
. . e e . . . Dostarlimab

Since the identification of immune checkpoint proteins, m
there has been a particular focus on the development of an-
tibodies that inhibit the PD-1/PD-L1 axis. Currently, four mAbs
targeting PD-1 and three mAbs targeting PD-L1 have been FDA-
approved [40,41] and are undergoing clinical trials for a variety '

. ) - B T Cell Bzl

of cancers, which are depicted in Figure 2 and summarized in ot
Table 1, and there are more than fifteen mAbs in clinical devel-
opment.

Tumors can avoid anti-PD-1/PD-L1 therapy by creating a hos-

. . . . Avelumab, Durvalumab,

tile Tumor Microenvironment (TME) that reduces the antitumor Mezolizumab
effectiveness of T cells. Irreversible T cell exhaustion, dysfunc-
tion of antigen presentation, inadequate antigen immunogenic- i . . .
L . . . . Figure 2: The seven mAbs targeting PD-1 (Pembrolizumab, Nivolum-
ity, immunosuppressive TME, and resistance to IFN-¥ signaling - )

I tribute to this [42] ab, Cemiplimab, Dostralimab) and PD-L1 (Avelumab, Durvalumab,
may all contribute to this ’ Atezolizumab) approved for the treatment of various cancers.
Table 1: PD-1/PD-L1 inhibitors currently approved by the FDA, along with their indications.

- Approval .
PD-1 Inhibitors Company Date Tumor type Mechanism Adverse Effects References
. Fatigue
. Musculoskeletal pain
. Decreased appetite
. Pruritus
. Diarrhea
. Nausea
. Melanoma . Rash
NSCLC P i
Pembrolizumab ) Block the PD-1 receptor ) yrexia
Merck Sharp & . HNSCC L . Cough
(MK-3475, Key- 2014 pathway by binding to the [43-45]
Dohme Corp. . MSI-H or . Dyspnea
truda) . PD-1 receptor. L
dMMR solid . Constipation
tumors . Abdominal pain
. Pneumonia
. Nephritis
. Hepatitis
. Myocarditis
. Colitis
3 Increased risk of severe
) e Melanoma ; ] B
Nivolumab . immune mediated inflamma-
. NSCLC Selectively block the PD-1 L .
(OPDIVO, X . i K tion in the lungs, colon, liver
Bristol-Myers . SCLC receptor interaction with .
ONO4538, MDX- . 2014 o and the kidneys. [46-49]
Squibb . RCC PD-L1/PD-L2 by binding to )
1106 . Immune-mediated hypothy-
o uc PD-1 receptor. o -
BMS-936,558) . HNSCC roidism and hyperthyroidism
3 Auto immune diabetes
. Immune-mediated pneu-
monia
. Colitis
- . Hepatitis
Cemiplimab . . .
(REGN2810 Binding to the PD-1 recep- . Endocrine disorders
SAR439684I Sanofi/Regeneron 2018 . CScC tor and blocks the interac- . Skin adverse reactions [50-52]
) ! tion with PD-L1. . Nephritis
Libtayo) .
. Renal dysfunction
. Fatigue
. Rash
. Diarrhea
. Fatigue
. Musculoskeletal pain
. Binding to the PD-1 . Diarrhea
Dostarlimab . . . MSI-H or
. GlaxoSmithKline . receptor and prevents the Nausea
(Jemperli, TSR- 2021 dMMR solid | | . . [41,53-55]
LLC interaction with PD-L1 and Rash
042) tumors .
PD-L2. Pyrexia
Constipation
hypothyroidism
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Prevents the interaction Fatigue/weakness
. NSCLC of PD-L1 specifically on Nausea
Atezolizumab .
uc tumor cells with PD-1 and Cough
(MPDL3280A, Roche Genentech 2016 [56-59]
T trig) ES-SCLC CD80 receptors and en- Dyspnea
ecentri
4 TNBC hances the T-cell mediated Decreased appetite
antitumor immunity. Urinary tract infection
Pneumonia
Hepatitis
Colitis
Adrenal insufficiency
Hyperthyroidism
Diabetes
Inhibits the PD-1/PD-L1 Nephritis
Avelumab MCC . . . . .
Merck KGaA and interactions while main- Fatigue
(MSB0010718C, . 2017 RCC . i [60-60]
X Pfizer taining the PD-1/PD-L2 Musculoskeletal pain
Bavencio) uc .
pathway. Diarrhea
o Nausea
. Infusion-related reactions
. Rash
. Decreased appetite
. Peripheral edema
. Urinary tract infections
o Fatigue
. Musculoskeletal pain
. Constipation
. Decreased appetite
Durvalumab . Block the binding of PD- . Nausea
Medimmune/ . uc i .
(MEDI4736, 2017 L1 with PD-1 and CD80 . Peripheral edema [63-65]
L. AstraZenecak . NSCLC X . .
Imfinzi) receptors. . Urinary tract infections
. Cough
o Dyspnea
. Rash
3 Dehydration

NSCLC: Non-Small Cell Lung Cancer; HNSCC: Head & Neck Squamous Cell Carcinoma; SCLC: Small Cell Lung Cancer; RCC: Renal Cell Carcinoma; UC:
Urothelial Cancer; CSCC: Cutaneous Squamous Cell Carcinoma; ES-SCLC: Extensive-Stage Small Cell Lung Cancer; MCC: Merkel Cell Carcinoma;
MSI-H/dMMR tumors: Microsatellite Instability-High/Mismatch Repair Deficient Tumors.

Regulation of PD-1/PD-L1 Pathway in Cancer

Various signaling pathways (Figure 3) are known to be in-
volved in the modulation of the PD-1/PD-L1 axis in cancer and
exert a major role in tumorigenesis. Therefore, it is necessary to
understand these signaling networks more deeply in order to
improve our current knowledge.

JAK/STAT WNT
pathway w
NF-kB PD-1/PD-L1 PI3K/Akt
W' Axis pathway

Figure 3: The PD-1/PD-L1 axis is regulated by various signaling
pathways such as PI3K/AKT, JAK/STAT, WNT, MAPK, NF-kB and
Hedgehog (Hh) pathway.

PI3K/AKT Pathway

PI3K/AKT signaling regulates a number of cellular functions,
including apoptosis, proliferation, motility, and metabolism,
and also aids in the growth and development of tumors. The
lipid phosphatase tumor suppressor PTEN inhibits PI3K activity,
and loss of PTEN-mediated PI3K/AKT activation has been shown

in a variety of tumor forms [66-68]. According to previous stud-
ies, activation of the PI3K/AKT pathway trigger PD-L1 expression
in tumor cells by enhancing extrinsic signaling or inhibiting the
expression of inhibitory regulators like PTEN. PTEN down regu-
lation may lead to PI3K/AKT activation and enable the up-regu-
lation of PD-L1 [69,70]. Likewise, a study conducted by Zhao et
al. (2019) showed that PD-1/PD-L1 blockade could reduce CD8+
T cell apoptosis via the PI3K/AKT/mTOR pathway in Gastroin-
testinal Stromal Tumors (GIST). They also demonstrated that
PI3K, p-PI3K, and p-AKT expression was downregulated in GIST
cells following PD-L1 knock down [71]. Furthermore, Wei et al.
(2019) showed that colorectal cancer cells with over expression
of PD-L1 activate PI3K/AKT in the nucleus [72].

JAK-STAT Pathway

The JAK/STAT pathway is essential for the immune system's
coordination and for transferring signals from cell-surface re-
ceptors to the nucleus. Many cytokines, growth factors, IFNs,
and related molecules use this pathway. Recently, it was shown
that the JAK/STAT pathway causes PD-L1 expression in tumors,
which may be useful in the treatment of cancer. Zhao et al.
(2020) discovered that IFN-y-mediated PD-L1 over expression
in colorectal cancer is regulated by the JAK2/STAT1 signaling
pathway and predicts poor patient survival [73]. A study by Ishi-
kawa et al. (2017) showed that JAK/STAT is one of the pathways
by which anti-cancer drugs increase the expression of PD-L1
in pancreatic cancer cell lines [74]. Further, it has been shown
that silencing and/or inhibiting STAT3 expression reduces PD-L1
expression in NK/T-cell lymphoma (NKTL) [75]. In addition, JAK
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and STAT3 inhibitors reduced the expression of PD-L1 in breast
and lung cancer cells [76-78].

Wnt Pathway

Whnt signaling is a highly conserved signaling system that is
essential for regulating organ and embryonic development, as
well as the development of cancer. Analysis of gene expression
profiles and genome-wide sequencing has shown that deregu-
lated Wnt signaling plays a major role in the proliferation and
metastasis of BC [79]. Huang et al. (2021) have shown that the
upregulation of PD-L1 in bone marrow-derived fibroblast cells
(BMF), stimulated by cancer cells is mediated by the activation
of the Wnt/B-catenin signaling pathway, and Wnt/B-catenin
signaling inhibitors could inhibit the upregulation of PD-L1 ex-
pression in the co-cultured BMFs [80]. Study by Castagnoli et al.
(2019) revealed that PD-L1 expression in the stem cell compart-
ment of TNBC is modulated by Wnt signaling [81]. Furthermore,
Du et al. (2020) discovered that Wnt ligand-activated EGFR
causes the B-catenin/TCF/LEF complex to bind to the CD274
gene promoter region, resulting in PD-L1 expression and im-
mune evasion in glioblastoma [82]. In NSCLC, PD-L1 promotes
tumour growth by activating the oncogenic Wnt/ B -catenin
pathway and may serve as a potential diagnostic marker [83].

NF-kB Pathway

NF-kB, an important player in immunity and inflammation,
is emerging as a positive regulator of PD-L1 expression in many
cancers [84]. Notably, previous studies have revealed that NF-
KB acts as a key predictor of resistance to immune response in
cancer cells in a CRISPR-Cas9-based global screening method
[85,86]. A study conducted by Xu et al. (2019) revealed that
PD-L1 expression in gastric carcinoma is regulated by NF-kB
signaling during Epithelial Mesenchymal Transition (EMT) [87].
Another study has shown that, NF-kB and DNA methylation
play a role in controlling PD-L1 expression in NSCLC during the
EMT signaling process [88]. Du et al. (2021) discovered a novel
mechanism for TGF-f induced PD-L1 transcription and expres-
sion regulation via the MRTF-A-NF-kB/p65 axis in NSCLC [89].

MAPK Pathway

The MAPK signaling pathway plays a crucial part in funda-
mental cellular processes such as cell proliferation, differentia-
tion, development, migration, and apoptosis [90]. Recent stud-
ies have focused on the relationship between the PD-1/PD-L1
axis and MAPK pathway in cancer. According to Stutvoet et al.
(2019), the MAPK pathway is important in lung adenocarcinoma
PD-L1 expression [91]. Combined inhibition of PD-L1 and MAPK
signaling may result in long-term responses in advanced mela-
noma patients [92]. Additionally, Jalali et al. (2019) observed
that the anti-PD-L1 antibody reduced the levels of p-P38 and
p-ERK in all Hodgkin's Lymphoma (HL) cell lines and that there
is an association between the MAPK signaling molecules and
PD-L1 antibody in HL cells [93].

Hedgehog (Hh) Pathway

Uncontrolled Hedgehog pathway activation is a powerful on-
cogenic driving signal that supports a number of hallmarks of
cancer, including proliferation, survival, angiogenesis, metasta-
sis, and metabolic reprogramming [94]. A study on pancreatic
ductal adenocarcinoma cell lines found that Hh signaling en-
couraged PD-L1 expression in hypoxic conditions [95]. Further-
more, Chakrabarti et al. (2018) demonstrated that activation of
the Hh signaling pathway induces PD-L1 expression and tumour

cell proliferation in gastric cancer, rendering the cancer cells im-
mune-resistant. They also suggested that certain patients might
benefit from a combination treatment that inhibits Hh signaling
and immunological checkpoints [96].

PD-1/PD-L1 Pathway and Multi-Drug Resistance

The main barrier in cancer treatment is intrinsic and acquired
multidrug resistance to various chemotherapeutic agents. Drug
resistance in cancer is mediated either via transmembrane ef-
flux pumps of ATP-binding cassette family proteins (MDR-1/P-
gp) or efflux pump independent factors [35,97,98]. The P-gly-
coprotein is a 170 kDa protein expressed by the MDR-1 gene,
which functions as an efflux pump for many anticancer drugs.
Hence, to avoid multi-drug resistance, the over expression of
P-gp in cancer cells has been exploited as a therapeutic target
[99-101]. However, the regulation of MDR-1 in cancer cells is not
well studied. In a study by Liu et al. (2017), a novel connection
between PD-L1 and the multidrug resistance protein MDR-1 has
been reported. Their study revealed that siRNA-mediated PD-
L1 knockdown prevented the over expression of MDR-1/P-gp
in the MDA-MB-231 TNBC cell line. Further, they showed that
the reverse signal derived from PD-L1 leads to the upregulation
of MDR-1 on BC cells through MAPK/ERK and PI3K/AKT path-
ways [102]. According to a recent study by Lijun et al. (2021),
PD-L1 increases cisplatin resistance in gastric cancer cells in the
presence of PD-1 through PI3K/AKT-mediated P-gp expression
[103]. Targeting the PD-1/PD-L1 axis may increase chemosen-
sitization of aggressive Small Cell Lung Cancer (SCLC), and the
poor response to cisplatin treatment may be predicted by cell
intrinsic PD-1/PD-L1 signaling [104]. A study conducted by Black
et al. (2016) found that breast and prostate cancer cells develop
resistance to docetaxel and doxorubicin when incubated with
recombinant PD-1. Further, they showed that chemoresistance
prompted by the PD-1/PD-L1 axis was suppressed either by in-
hibition of PD-1/PD-L1 antibody or by PD-L1 gene silencing. Ad-
ditionally, their study revealed that using an anti-PD-1 antibody
to block the PD-1/PD-L1 axis improved treatment with doxoru-
bicin to prevent metastases in a syngeneic mammary orthotop-
ic mouse model of metastatic BC [105]. Therefore, inhibition of
the PD-1/PD-L1 axis may also act as a novel strategy to reduce
cancer drug resistance and increase chemotherapeutic efficacy
in addition to being an efficient immune checkpoint blockade
strategy.

PD-L1 as a Biomarker in Cancer

PD-1/PD-L1 targeted immune-checkpoint inhibitors have sig-
nificantly improved patient outcomes in several types of cancer,
despite benefiting only 20-40% of patients [106]. As not all pa-
tients may respond favorably to these targeted therapies, the
expression of PD-L1 on tumor cells may be considered a predic-
tive biomarker of response to PD-1/PD-L1 checkpoint inhibitors
[35,107]. But there isn't a consensus on how to assess PD-L1
expression in terms of choosing the right antibody clone and
the cutoff percentage to define PD-L1 negative and positive
expression [108]. According to several tests with various cut-
offs, patients who have PD-L1 over expression typically respond
more forcefully to anti-PD-L1-directed treatment. Patients with
PD-L1 over expression melanoma, for instance, have a response
rate to anti-PD-1-targeted treatment of 44%—-51%, but patients
with PD-L1-overexpression in NSCLC have a response rate of
67%—-100%. The response rate for PD-L1-negative NSCLC is be-
tween 0% and 15%, while it ranges from 6% to 17% for patients
with PD-L1-negative melanoma [109]. Patients with a biomark-
er, for instance, may not benefit from a treatment because the
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tumor is driven by secondary biologic or molecular alterations.
Individuals who test negative for a biomarker may respond to a
specific treatment because active biologic pathways can tran-
sect, activating a pathway or signal but not activating or over
expressing the specific biomarker. PD-L1 has drawbacks, but its
dynamic nature demonstrates how the immune system and tu-
mor interact dynamically. As we keep on achieving more knowl-
edge about immunotherapy, we will keep searching for that elu-
sive cure, as we have made incredible progress from the days
of conventional chemotherapy for the management of cancer.

Conclusions

BC was traditionally thought to be immunologically "cold,"
making immunotherapy treatment challenging. However, clini-
cal research and the development of novel medications have
demonstrated that immunotherapy treatment has the potential
to enhance outcomes for BC patients. The capacity of immune
system to restrain itself from attacking healthy cells is a crucial
component, which is accomplished via the proteins on immune
cells known as "checkpoints," which must be activated (on/off)
in order to initiate an immunological response. These check-
points are occasionally used by BC cells to evade immune sys-
tem attacks. Drugs that target these checkpoint proteins, help
restore the immune response against BC cells. Among which
the anti-PD-1/PD-L1 therapy has become a milestone of immu-
notherapy.

Despite having significant success in the treatment of solid
tumors, anti-PD-1/PD-L1 therapy has several drawbacks. The
long-lasting sensitivity was only experienced by a limited per-
centage of participants. Some people who initially responded
to the treatment developed acquired resistance in the later
stages. Therefore, understanding the causes of anti-PD-1/PD-
L1 resistance is essential to developing effective countermea-
sures. We have compiled the potential role of the PD-1/PD-L1
axis in drug resistance, which affected BC and other solid tumor
response rates and durability to treatment strategies in this re-
view article. However, due to the intricacy of antitumor immu-
nity, the known mechanisms are just a small part of the puzzle
and differ from person to person, making it difficult to choose
patients and develop overcoming tactics.
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