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Inhibitory Immune Checkpoints

The development of chronic infections and cancer is facili-
tated by a variety of immune subversion mechanisms, such as 
the production of anti-inflammatory cytokines, induction of 
regulatory T (Treg) cells and expression of immune checkpoint 
molecules, including CTLA-4 and PD-1, Lymphocyte-Activation 
gene-3 (LAG-3), and T-Cell Immunoglobulin-3 (TIM-3) [1,2]. 
These regulatory immune checkpoints are often enhanced 
during cancer therefore become a very important therapeutic 
target in the treatment of cancer and also, have potential to 
enhance the efficacy of cancer and infectious disease vaccines 
[3]. Indeed, antibodies binding to CTLA-4, PD-1, or PD-L1 have 
shown remarkable efficacy, especially in combination therapies 
[1]. Immune checkpoints have distinct ligands and suppress T-
cell function through multiple mechanisms. 

CTLA-4 blockade allows for activation and proliferation of 
more T-cell clones, and reduces Treg-mediated immunosuppres-
sion. PD-1 pathway blockade restores the activity of antitumor 
T cells that have become quiescent. A dual pathway blockade 
could have a synergistic effect, resulting in a larger and longer 
lasting antitumor immune response.

CTLA-4

CTLA-4 was one of the first inhibitory receptors shown to 
play a role in suppression of T-cell responses [4]. Two signals are 

required for T-cell activation: recognition of antigen presented 
by MHC class I and co-stimulation through CD28 following bind-
ing to CD80 (B7-1) or CD86 (B7-2) expressed by Antigen Present-
ing Cells (APCs). CTLA-4 is structurally similar to CD28 so acts as 
a false substrate and binds to CD80 or CD86 at a higher affinity 
than CD28. It has been suggested that CTLA-4 expression inter-
feres with T-cell activation by reducing CD28 co-stimulation [5]. 
An alternative way for CTLA-4, it can be secreted by T-cells and 
exerts its inhibitory function independent of cell-cell-interac-
tions. CTLA-4 is constitutively expressed on Treg cells, but can 
be expressed on effector T-cells following their activation [6,7]. 
However, unlike Treg cells, which express CTLA-4 on their cell 
surface, activated T cells mainly express CTLA-4 intracellularly. 
This differential expression suggests a dual function of CTLA-4. 
Expression of CTLA-4 by Treg cells serves as a mechanism of 
Treg cells to suppress excessive T-cell responses. Other mecha-
nisms of CTLA-4-mediated suppression of T-cell activation in-
clude an increase in T-cell motility, inhibition of TCR and CD28, 
and reduction in CD25 expression [8]. It has also been shown 
that high CTLA-4 expression on CD4+ cells is crucial for the sup-
pressive function of Treg cell [9]. Overexpression of CTLA-4 has 
been associated with worse prognosis and higher clinical stages 
in patients with breast cancer [10].

Clinical Application

The suppression of anti-tumor T-cell responses is largely me-
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diated by Treg cells and immune checkpoints, such as CTLA-4. 
Immune checkpoint inhibitors have been licensed for use in hu-
mans with cancer, notably melanoma, and are predominantly 
monoclonal antibodies against immune checkpoints on immune 
cells that block the interaction with the respective checkpoint li-
gands. The primary aim of immune checkpoint blockade is to re-
duce suppression of effector T cells, especially CD8+ T cells, and 
thereby improve tumor-specific immune responses. Moreover, 
immune checkpoint blockade has the potential to enhance the 
effectiveness of other immunotherapeutic approaches, such 
as cancer vaccines. CTLA-4 was the first immune checkpoint 
that was targeted in the treatment of cancer. Preclinical studies 
demonstrated that blocking of CTLA-4 reduced tumor growth in 
mouse models of melanoma, colon carcinoma, and many oth-
ers [11]. The efficacy of CTLA-4 therapy in preclinical models 
was associated with increased T-cell infilteration into tumors 
[11]. Based on these findings, antibodies targeting CTLA-4 were 
tested in clinical trials. One of these antibodies, ipilimumab, 
was the first checkpoint inhibitor to be approved in 2011 by the 
U.S. Food and Drug Administration (FDA). It was approved for 
the treatment of metastatic melanoma and has shown a high 
survival rate among the patients up to 10 years [12,13].

PD-1/PD-L1 pathway

The Programmed cell Death-1 receptor (PD-1) is an immune 
checkpoint inhibitor which is expressed on the surface of im-
mune effector cells such as B cells, T cells and NK cells.PD-1 has 
two known ligands, PD-L1 (also known as B7-H1 and CD274) 
and PD-L2 (also known as B7-DC and CD273), which have dis-
tinct expression profiles with PD-L1 being expressed on several 
tumor types [14]. It is activated mainly by PD-L1 which can be 
expressed by all human cells. PD-1 expression on T-cells is in-
duced by antigen stimulation [3]. In cancer, the expression of 
PD-L1 is one of the major immune escape mechanisms [15]. 
PD-1 expressed on T-cells can bind PD-L1 (CD274) and PD-L2 
(CD273), typically expressed by APCs or tumor cells. PD-1 liga-
tion interferes with TCR downstream signaling events that sup-
presses T-cell function and can lead to T-cell exhaustion [16]. 
The PD-1/PD-L1 checkpoint is a dominant immune pathway op-
erative in the Tumor Microenvironment (TME). PD-1 does not 
induce cell death directly but reduces cell growth factors as well 
as survival signals. Activation of PD-1 by PD-L1 or PD-L2 induces 
down regulation of T-cell activity, reduced cytokine production, 
T-cell lysis and induction of tolerance to antigens [17]. Tumor 
expresses PD-L1 as a response to pro-inflammatory cytokines 
produced by the Tumor-Infiltrating lymphocytes (TILs) [18]. 
PD-L1 is regulated by Micro-RNAs through binding to the 3’ un-
translated region resulting in m-RNA translation blockade [19]. 
PD-L1 expression by tumors has been associated with mecha-
nisms of developing immune resistance. Tumors express PD-L1 
as a response to pro-inflammatory cytokines such as IFN-γ, IL-4 
as well as IL-10 produced by the Tumor-Infilterating Lympho-
cytes (TILs) [20]. Therefore, blocking PD-1 signaling can induce 
an anti-tumor response.

PD-L1 in cancers

It appears that upregulation of PD-L1 may allow cancers 
to evade the host immune system such as pancreatic cancer, 
gastric cancer, ovarian cancer and Inflammatory Myofibro-
blastic Tumors (IMTs) by creating immunosuppressive tumor 
microenvironment. Inflammatory myofibroblastic tumors are 
rare mesenchymal neoplasms that are composed of myofibro-
blastic cells accompanied by inflammatory infilterate. A recent 
study investigated the immune profiles of IMTs, including PD-

L1 expression and all samples revealed that PD-L1 expression 
is extremely elevated [21]. Non-Small Cell Lung Cancer (NSCLC) 
is one of the most prevalent cancers and is responsible for a 
large proportion of all cancer-related deaths. It was proved 
that PD-L1 expression is relatively high in NSCLC and associ-
ated with poor prognosis [22]. Regarding ovarian cancer, PD-L1 
was found variably expressed in the cytoplasm and on the cell 
surface. Moreover, the release of cytokines such as IL-10 and 
IL-6 from Tumor Associated-Macrophages (TAM) stimulated the 
expression of PD-L1 on the surface of cancer cells [23]. A study 
indicated that positive PD-L1 expression was correlated with 
a poor overall survival outcome in pancreatic cancer patients 
[24]. PD-L1 expression was markedly increased in gastric can-
cer patients and correlated with poor prognosis [39]. Multiple 
solid tumor types including melanoma, Renal cell carcinoma, 
thymoma and colorectal cancer express PD-L1 to generate an 
immunosuppressive tumor microenvironment and avoid T-cell 
cytolysis [26]. Moreover, PD-L1 expression is prevalent in many 
human cancers as head and neck, cervical, hepatocellular carci-
noma and acute myeloid leukemia [27,28].

PD-L1 in Breast cancer

PD-L1 immunohistochemistry was performed on 215 Triple 
Negative Breast Cancers (TNBCs), it was found that PD-L1 posi-
tive breast cancer patients had significantly longer disease-free 
survival and overall survival compared with PD-L1 negative pa-
tients [29]. A study was conducted on breast cancer patients 
with LAG-3+TILs, it was found that 53% of PD-1+ and 61% of PD-
L1+ cases were also positive for LAG-3+TILs. Concurrent infiltra-
tion of LAG-3+ and CD8+TILs was significantly associated with 
increased Breast Cancer-Specific Survival (BCSS) [30]. Six studies 
that included 7877 cases were selected for the analysis. Higher 
PD-L1 expression in all cells was related to higher histological 
grade and lymph node metastasis. Higher PD-L1 expression in 
tumor cell was related to larger tumor size, estrogen receptor 
negativity, progesterone receptor negativity, human epidermal 
growth factor type-2 positivity, and triple negative breast can-
cer. PD-L1 positivity in all cells was associated with poorer dis-
ease-free survival, although it was not significantly associated 
with overall survival [31]. PD-L1 is expressed by approximately 
20% of breast cancers. TNBC and HER2-positive breast cancers 
expressing higher levels of expression than ER-positive breast 
cancers (33%, 56% and 11%, respectively) [32]. While the prog-
nostic significance of PD-L1 expression in breast cancer remains 
unclear, the greater the response to PD-1 and PD-L1 blockade 
in PD-L1 positive cancers led to the interest in investigating im-
mune checkpoint inhibitors for breast cancer. Furthermore, a 
study demonstrated that single-cell RNA sequencing analysis 
suggests that the myeloid lineage is a significant source of HO-1 
expression, and is co-expressed with PD-L1/2 in human breast 
tissues [33]. Recently, a study showed that Crk adapter protein 
which is involved in cell migration and invasion, promotes PD-
L1 expression and immune evasion in triple negative breast 
cancer [34]. PD-L1 expression levels were significantly higher in 
the lymphocytes and tumor cells of the lymph node metastasis 
than in the primary tumors of TNBC [35]. Another study showed 
that the up-regulation of the transmembrane mucin MUC1-C 
contributes to immune escape in an aggressive form of breast 
cancer through the induction of PD-L1 [36]. A study revealed 
that PD-1/PD-L1 inhibition may increase chemotherapy efficacy 
by inhibiting the MDR1/P-gp expression in breast cancer cells 
through MAPK/ERK pathway [37]. Correlation analysis of PD-L1 
expression and prognosis in TNBC was performed. PD-L1 ex-
pression rate was 34.5% in tumor cells and was 62% in TILs. The 
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PD-L1 expression in tumor cells was positively correlated with 
tumor size, ki-67, TILs [38].

Clinical Application 

PD-1 and PD-L1 blocking antibodies have been tested and re-
markable responses were observed for patients with melanoma 
and NSCLC. To date, three antibodies have been approved by 
the FDA that targeting the PD-1: PD-L1 axis [1]. The first anti-
body targeting PD-1 pembrolizumab was approved in septem-
ber 2014 for the treatment of advanced melanoma in patients 
failing other treatments and later became the first-line treat-
ment [39]. Pembrolizumab is now approved for NSCLC [40]. A 
second PD-1-blocking antibody “nivolumab” has been approved 
for the treatment of melanoma, NSCLC and renal cancer [41]. 
Moreover, “atezolizumab” is an anti-PD-L1 antibody which has 
been approved by the FDA in May 2016 for the treatment of 
bladder cancer [42]. A recent study reported that patients that 
the combination of anti-PD-1 (Nivolumab) with anti-CTLA-4 (ip-
ilimumab) induced significant responses rather than monother-
apy [43]. This suggests that CTLA-4 blockade increases the pool 
of activated T cells in the lymph nodes, but does not prevent 
immune suppression in the tumor microenvironment whereas 
PD-1 blocking antibodies prevent T-cell exhaustion at the tu-
mor site. Although checkpoint inhibitors are proving successful 
in the treatment of certain cancers, they are associated with 
frequent side effects particularly autoimmune syndromes in-
cluding, colitis and hepatitis [41]. Blockade of CTLA-4 and PD-1 
induced similar adverse effects however high grade adverse 
effects were less significant in patients treated with pembroli-
zumab when compared with ipilimumab [44-46].

Immunotherapy

The idea of exploiting the host’s immune system to treat can-
cer dates back decades and relies on the insight that the immune 
system can eliminate malignant cells during initial transforma-
tion [47]. Immunotherapies against existing cancers include var-
ious approaches ranging from stimulating effector mechanisms 
to counteracting inhibitory and suppressive mechanisms [48]. 
Strategies to activate effector immune cells include:

a) Vaccination with tumor antigens or augmentation of anti-
gen presentation to increase the ability of the immune system 
to produce immune response against neoplastic cells. Unfor-
tunately, the general lack of understanding of the mechanisms 
of immunization, and particularly of the role of Dendritic Cells 
(DCs) has led to a series of failures of therapeutic cancer vac-
cines because DCs are known to be the most effective APCs 
and play a pivotal role in coordinating innate and adaptive im-
mune responses [49-51]. Therapeutic vaccines elicit an immune 
response against tumor-specific or tumor-associated antigens. 
Several trials of vaccines are currently enrolling patients: a 
therapeutic vaccine made from a human bladder cancer cell 
line that has been irradiated and engineered to express soluble 
gp96, a chaperone protein being used in phase II of the trial 
that is currently enrolling patients with high-risk, non-muscle 
invasive bladder cancer who have completed surgery. A phase 
I study is testing a fusion protein vaccine with or without the 
biological therapy sirolimus in patients with a variety of solid 
tumors, including recurrent and metastatic bladder cancer [52]. 
Several trials of vaccines, given alone or with other therapies, 
are currently enrolling breast cancer patients: NeuVax is under 
investigation to prevent breast cancer recurrence among pa-
tients with HER2 1+ and 2+ following surgery. GVAX, a thera-
peutic vaccine made from breast cancer cell lines irradiated and 

engineered to express the immune molecule GM-CSF, is being 
tested in a phase II trial [53].

b) Oncolytic Virus (OVs) immunotherapy represents a novel 
form of cancer therapy that employs native or engineered virus-
es that selectively replicate in and kill cancer cells [54]. OVs are 
believed to promote antitumor responses mainly through two 
distinct mechanisms of action: acute tumor debulking owing to 
tumor cell infection and lysis and induction of systemic antitu-
mor immunity [55]. The increased interest in employing viruses 
for the treatment of cancer is the fact that the viral genome 
can be modified to augment antitumor activity and attenuate 
pathogenicity [56]. Numerous modifications that have been 
developed include the insertion of promoters that restrict the 
expression of virulence genes to tumor cells or the deletion of 
pathogenic genes to limit the growth and lytic activity of viruses 
to cancer cells [57,58]. Additionally, OVs can be engineered to 
express specific cytokines that favor immune cell recruitment 
and activation or to produce co-stimulatory molecules on tumor 
cells so facilitate the generation of T-cell activating signals [59]. 
Numerous viruses have been tested as vectors, some are natu-
rally non-pathogenic such as paramyxovirus and picornavirus, 
and others are genetically manipulated such as herpes simplex 
virus [60]. The most advanced agent in clinical development is 
(T-VEC) which has been recently approved by the FDA for the 
treatment of melanoma resulting in enhancing antigen presen-
tation and increasing oncolytic therapeutic activity [59,61].

c) Adoptive Cell Therapy (ACT) is a promising form of immu-
notherapy which invests the antitumor properties of lympho-
cytes to eradicate tumor cells [62]. ACT is an approach where 
T-cells generally mixtures of CD8+ and CD4+ T-cells grown from 
metastatic tumor deposits are harvested and expanded prior to 
adoptive transfer [63]. This approach reverses the functional im-
pairment of the tumor-specific T-cells [64]. Adoptive Cell Thera-
py in colorectal cancer includes: Tumor-Infiltrating Lymphocytes 
(TILs) in metastatic digestive tract cancers; T cells engineered 
to target VEGFR in patients with metastatic cancer; T cells en-
gineered to target MAGE-A3 in patients with metastatic cancer 
that expresses MAGE-A3; T cells targeting EGFR in patients with 
advanced cancer, including colorectal cancer; Natural Killer (NK) 
cells, important innate immune cells, in patients with advanced 
cancer [65].

d) One approach to trigger antitumor immune responses 
has been termed “checkpoint blockade”, referring to the block-
ade of immune-inhibitory pathways activated by cancer cells. 
CTLA-4, an inhibitory receptor that down-regulates the initial 
stages of T-cell activation, was the initial target for checkpoint 
antibodies [66]. Multiple other immune checkpoint pathways 
that could be the target of novel therapies have been identified 
such as Lymphocyte Activation Gene 3 (LAG3) and T-cell immu-
noglobulin 3 (TIM3) [67]. A promising clinical research in breast 
cancer is the use of immune checkpoint inhibitor which works 
by targeting molecules that serve as checks in the regulation of 
immune responses and block inhibitory molecules or activate 
stimulatory molecules. There are some phase I/II studies that 
enrolled patients with breast cancer in different stages of the 
disease, for treatments with indoximod, an IDO inhibitor (IDO 
is expressed by a number of tumor types and correlates with 
poor prognosis), an anti-OX40 antibody (OX40 is a costimula-
tory molecule expressed after T cell activation that enhances T 
cell survival and anti-cancer effector function) and an anti-PD-
L1 checkpoint inhibitor [52].

f) Cytokines are messenger molecules that are able to help 
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controlling the growth and activity of immune system cells. 
Monoclonal antibodies are molecules generated in the labo-
ratory that can target specific antigens on tumors. Combining 
them seems to be a good immunologic treatment. There is a 
fusion of the cytokine Interleukin-2 (IL-2) and an antibody that 
recognizes peptides on the surface of the tumor cells that was 
studied in clinical trials. Treatment with IL-2 can enhance the 
activity of the immune system against tumors and, by linking 
IL-2 to the antibody, ALT-801 can target IL-2 to cancer cells [68]. 
IL-2 cytokine used in solid tumors like melanoma were discov-
ered [52].

g) Monoclonal Antibodies (mAbs) are generated in the lab 
and target specific antigens on tumors. Many antibodies are 
currently used in cancer treatment. New antibodies are tested 
in breast cancer: glembatumumab vedotin - an antibody-drug 
conjugate used in patients with advanced triple-negative breast 
cancer with cells that produce a protein called glycoprotein 
NMB, margetuximab, an anti-HER2 antibody used in patients 
with relapsed or refractory advanced breast cancer.

Treatment of Breast Cancer

Selection of breast cancer treatment is based on the stage 
and type of the tumor. Early stages BC can be treated by surgi-
cal removal called “mastectomy”. There are two types of sur-
gery, the first one called “modified radical mastectomy” which 
means complete removal of the whole breast and many of 
lymph nodes while the second type is called” breast conserving 
surgery” at which resection of tumor takes place and some nor-
mal tissue around it. Even after surgical procedures, recurrence 
may occur, so “adjuvant therapy” given after surgery such as 
chemotherapy or radiation therapy to reduce the risk of relapse. 
Moreover, chemotherapy may be given before surgery because 
it will shrink the tumor and reduce the amount of tissue that 
needs to be removed, such treatment is called “neoadjuvant or 
preoperative therapy” [69].

Treatment of Estrogen receptor-positive breast cancer

Estrogen Receptor (ER) expression is the main indicator of po-
tential responses to Endocrine Therapy (ET), and approximately 
70% of human Breast Cancers (BCs) are hormone-dependent 
and ER-positive [70]. In patients with BC, the introduction of 
adjuvant systemic therapy led to a significant improvement 
in post-surgical survival and a reduction in disease relapse. ET 
may be received alone or in combination with cytotoxic therapy 
[71,72].

Adjuvant ET currently consists of (i) ovarian suppression, ii) 
Selective Estrogen Receptor Modulators (SERMs), and iii) Aro-
matase Inhibitors (AIs). 

(i) Ovarian suppression: In patients with ER+ tumors ovarian 
suppression with gonadotropin-releasing hormone agonists, 
such as goserelin and triptorelin in combination with standard 
adjuvant therapy is generally more effective than adjuvant che-
motherapy alone [73,74]. The continuous administration of 
GnRH agonists lead to decreased gonadotropin and estrogen 
levels but the normal hypothalamic-pituitary axis usually recov-
ers after the treatment is stopped [75]. It has been shown that 
in premenopausal women with BC who did not receive chemo-
therapy, OS may reduce the recurrence and mortality rate by 
25% [76].

(ii) SERMs: ERs are nuclear proteins that act as transcription 
factors regulating the expression of estrogen-responsive genes 

and SERMs are drugs that block signaling at the level of ERs by 
binding to them and inhibit the DNA synthesis such as tamox-
ifen, raloxifene and toremifene [77]. Tamoxifen is the prototype 
of SERMs and it acts as ER antagonist (competitive inhibitor) on 
breast but acts as a partial agonist on uterus, liver and other tis-
sues. In patients with ER+ tumors, 5 years of tamoxifen reduces 
the annual BC death rate by 31% [78]. Usually patients do not 
benefit from treatment longer than 5 years, but more recent 
studies suggest stopping tamoxifen administration after 7 or 10 
years [79]. Toremifene is similar to tamoxifen in estrogenic ef-
fects but induces less positive effects on the bone. Moreover, 
it is completely cross resistant with tamoxifen. Raloxifene is 
another SERM approved by the FDA that causes less toxicity, 
including reduced thromboembolic events and endometrial 
cancer risk [80]. Several studies confirmed the efficacy of ral-
oxifene in preventing invasive BC in postmenopausal women by 
reducing the risk by 38% but showed that it has similar efficacy 
to tamoxifen as adjuvant therapy [81]. Additionally, Selective 
Estrogen-Receptor-Downregulators (SERDs) are distinguishable 
from SERMs both pharmacologically and in terms of their mo-
lecular activity [82]). They have more antagonistic profile than 
SERMs and are capable of down-regulating ER and inhibiting the 
growth of tamoxifen-resistant BC cells [83]. SERDs are selective 
ER antagonists and have a pure anti-estrogenic effect by binding 
to intracellular ERs and accelerate their degradation [75]. Ful-
vestrant is currently the only SERD approved for the treatment 
of BC [84]. Endocrine resistance is a serious challenge because 
30% of ER+ tumors do not respond to tamoxifen.

(iii) Aromatase Inhibitors (AIs): They act by blocking aro-
matase enzyme activity and thus reducing the circulating levels 
of estrogen. They represent an effective alternative therapy to 
SERMs [85]. A recent study found that following combination 
of Ovarian Suppression (OS) with AI (anastrazole), complete or 
partial response was obtained in 70.4% of patients compared 
with 50.5% of those treated with OS and tamoxifen [86].

Treatment of HER2+ breast cancer

The Human Epidermal growth factor Receptor 2 gene (HER2) 
is overexpressed in approximately 15% of BC patients. It is of 
great scientific research interest as HER2 overexpression is as-
sociated with worse prognosis in the absence of therapy [87]. 
Four separate HER2-targeted agents (trastuzumab, pertuzum-
ab, ado-trastuzumab and lapatinib) have been approved for the 
treatment of HER2-positive BC patients. First line immunothera-
peutic agent is “trastuzumab” which is a humanized monoclonal 
antibody against HER2 has been approved to be combined with 
chemotherapy. There was a significant improvement in survival 
and response rate [88]. Administration of trastuzumab along 
with anthracyclines results in high risk of cardiotoxicity. Pertu-
zumab was approved by the FDA in 2012, it targets HER2 di-
merization. Combination of pertuzumab along with trastuzum-
ab and docetaxel considered as a first line therapy in metastatic 
breast cancer patients. Additionally, lapatinib is a dual Tyrosine 
Kinase Inhibitor (TKI), blocking HER2 tyrosine kinase activity by 
binding to the ATP-binding site of the receptor’s intracellular 
domain so this results in the inhibition of tumor cell growth. In 
patients, lapatinib is well tolerated with low grade adverse ef-
fects. In 2007, lapatinib has been approved in combination with 
capecitabine in patients with advanced HER2-positive breast 
cancer. In 2010, the approval was extended to the treatment 
of post-menopausal women with advanced HER2-positive BC 
[89].

Treatment of basal-like breast cancer 
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This type is also known as Triple Negative Breast Cancer 
(TNBC). It is defined by negative immunohistochemical stain-
ing for ER and PR and lack of HER2 overexpression. TNBC is as-
sociated with aggressive pathologic features and poor clinical 
outcomes [90]. Patients with TNBC do not benefit from hor-
monal or trastuzumab-based therapy due to the loss of target 
receptors. Surgery and chemotherapy, individually or in com-
bination, appear to be the only available options. Traditionally 
radiotherapy is given in TNBC following mastectomy but there 
is still controversy on this issue as TNBC are rapidly growing and 
locally aggressive cancers [91]. Targeted therapies for TNBC 
remain elusive and chemotherapy remains the only systemic 
treatment option. Potential targets include Poly ADP-Ribose 
Polymerase (PARP1) inhibitors, Epidermal Growth Factor Re-
ceptor (EGFR) inhibition, angiogenesis inhibitors as Vascular En-
dothelial Growth Factor (VEGF) inhibitor, PI3K/mTOR pathway 
inhibitors, apoptotic pathways inhibitors, Heat Shock Protein 
pathway 90 (HSP90) and immune checkpoint inhibitors [92-94]. 
This sheds the light on PD-1/PD-L1 checkpoint in treatment of 
breast cancer.

References

1.	 Dyck L, Mills KHG. Immune checkpoints and their inhi-
bition in cancer and infectious diseases. Eur J Immunol. 
2017; 47: 765-779.

2.	 Blackburn SD, Shin H, Haining WN, Zou T, Workman CJ, 
Polley A, et al. Coregulation of CD8+ T cell exhaustion by 
multiple inhibitory receptors during chronic viral infec-
tion. Nat Immunol. 2009; 10: 29-37.

3.	 Pauken KE, Wherry EJ. Overcoming T cell exhaustion in in-
fection and cancer. Trends Immunol. 2015; 36: 265-276.

4.	 Buchbinder EI, Desai A. CTLA-4 and PD-1 Pathways: Simi-
larities, Differences, and Implications of Their Inhibition. 
Am J Clin Oncol. 2016; 39: 98-106.

5.	 Linsley PS, Brady W, Urnes M, Grosmaire LS, Damle NK, 
Ledbetter JA, et al. CTLA-4 is a second receptor for the 
B cell activation antigen B7. J Exp Med. 1991; 174: 561-
569.

6.	 van der Merwe PA,  Bodian DL, Daenke S, Linsley P, Davis 
SJ. CD80 (B7-1) binds both CD28 and CTLA-4 with a low 
affinity and very fast kinetics. J Exp Med. 1997; 185: 393-
403.

7.	 Alegre ML, Frauwirth KA, Thompson CB. T-cell regulation 
by CD28 and CTLA-4. Nat Rev Immunol. 2001; 1: 220-
228.

8.	 Takahashi T, Tagami T, Yamazaki S, Uede T, Shimizu J, Saka-
guchi N, et al. Immunologic self-tolerance maintained by 
CD25(+)CD4(+) regulatory T cells constitutively expressing 
cytotoxic T lymphocyte-associated antigen 4. J Exp Med. 
2000; 192: 303-310.

9.	 Krummel MF, Allison JP. CTLA-4 engagement inhibits IL-2 
accumulation and cell cycle progression upon activation 
of resting T cells. J Exp Med. 1996; 183: 2533-2540.

10.	 Wing K, Onishi Y, Prieto-Martin P, Yamaguchi T, Miyara M, 
Fehervari Z, et al. CTLA-4 control over Foxp3+ regulatory 
T cell function. Science. 2008; 322: 271-275.

11.	 Mao H, Zhang L, Yang Y, Zuo W, Bi Y, Gao W, et al. New in-
sights of CTLA-4 into its biological function in breast can-

cer. Curr Cancer Drug Targets. 2010; 10: 728-736.

12.	 Duraiswamy J, Kaluza KM, Freeman GJ, Coukos G. Dual 
blockade of PD-1 and CTLA-4 combined with tumor vac-
cine effectively restores T-cell rejection function in tu-
mors. Cancer Res. 2013; 73: 3591-3603.

13.	 Hodi FS, O’Day SJ, McDermott DF, Weber RW, Sosman JA, 
Haanen JB, et al. Improved survival with ipilimumab in 
patients with metastatic melanoma. N Engl J Med. 2010; 
363: 711-723.

14.	 Luke JJ, Flaherty KT, Ribas A, Long GV. Targeted agents and 
immunotherapies: optimizing outcomes in melanoma. 
Nat Rev Clin Oncol. 2017; 14: 463-482.

15.	 Mittendorf EA, Philips AV, Meric-Bernstam F, Qiao N, Wu 
Y, Harrington S, et al. PD-L1 expression in triple-negative 
breast cancer. Cancer Immunol Res. 2014; 2: 361-370.

16.	 Schutz F, Stefanovic S, Mayer L, von Au A, Domschke C, 
Sohn C. PD-1/PD-L1 Pathway in Breast Cancer. Oncol Res 
Treat. 2017; 40: 294-297.

17.	 Chemnitz JM, Parry RV, Nichols KE, June CH, Riley JL. SHP-1 
and SHP-2 associate with immunoreceptor tyrosine-based 
switch motif of programmed death 1 upon primary hu-
man T cell stimulation, but only receptor ligation prevents 
T cell activation. J Immunol. 2004; 173: 945-954.

18.	 Butte MJ,  Keir ME, Phamduy TB, Sharpe AH, Freeman GJ. 
Programmed death-1 ligand 1 interacts specifically with 
the B7-1 costimulatory molecule to inhibit T cell respons-
es. Immunity. 2007; 27: 111-122.

19.	 Dong H, Strome SE, Salomao DR, Tamura H, Hirano F, 
Fliees DB, et al. Tumor-associated B7-H1 promotes T-cell 
apoptosis: a potential mechanism of immune evasion. 
Nat Med. 2002; 8: 793-800.

20.	 Yee D, Shah KM, Colees MC, Sharp TV, Lagos D. MicroRNA-
155 induction via TNF-alpha and IFN-gamma suppresses 
expression of programmed death ligand-1 (PD-L1) in hu-
man primary cells. J Biol Chem. 2017; 292: 20683-20693.

21.	 Pardoll DM. The blockade of immune checkpoints in can-
cer immunotherapy. Nat Rev Cancer. 2012; 12: 252-264.

22.	 Robainas M, Otano R, Bueno S, Ait-Oudhia S. Onco Targets 
Ther. 2017; 10: 1803-1807.

23.	 Cha YJ, Shim HS. PD-L1 expression and CD8+ tumor-
infiltrating lymphocytes are associated with ALK rear-
rangement and clinicopathological features in inflam-
matory myofibroblastic tumors. Oncotarget. 2017; 8: 
89465-89474.

24.	 Peters S, Kerr KM, Stahel R. PD-1 blockade in advanced 
NSCLC: A focus on pembrolizumab. Cancer Treat Rev. 
2018; 62: 39-49.

25.	 Qu QX, Xie F, Huang Q, Zhang X. Membranous and Cyto-
plasmic Expression of PD-L1 in Ovarian Cancer Cells. Cell 
Physiol Biochem. 2017; 43: 1893-1906.

26.	 Zhuan-Sun Y, Haung  F, Feng M, Zhao X, Chen W, Zhu Z, et 
al. Prognostic value of PD-L1 overexpression for pancre-
atic cancer: evidence from a meta-analysis. Onco Targets 
Ther. 2017; 10: 5005-5012.



MedDocs eBooks

6Cancer Therapy

27.	 Qing Y, Li Q, Ren T, Xia W, Peng Y, Liu GL, et al. Upregula-
tion of PD-L1 and APE1 is associated with tumorigenesis 
and poor prognosis of gastric cancer. Drug Des Devel Ther. 
2015; 9: 901-909.

28.	 Blank C, Mackensen A. Contribution of the PD-L1/PD-1 
pathway to T-cell exhaustion: an update on implications 
for chronic infections and tumor evasion. Cancer Immu-
nol Immunother. 2007; 56: 739-745.

29.	 Tessier-Cloutier B, Kalloger SE, Al-Kandari M, Milne K, Gao 
D, Nelson BH, et al. Programmed cell death ligand 1 cut-
point is associated with reduced disease specific survival 
in resected pancreatic ductal adenocarcinoma. BMC Can-
cer. 2017; 17: 618.

30.	 Chen X,  Liu S, Wang L, Zhang W, Ji Y, Ma X. Clinical signifi-
cance of B7-H1 (PD-L1) expression in human acute leuke-
mia. Cancer Biol Ther. 2008; 7: 622-627.

31.	 AiErken N, Shi HJ, Zhou Y, Shao N, Zhang J, Shi Y, et al. 
High PD-L1 Expression Is Closely Associated With Tumor-
Infiltrating Lymphocytes and Leads to Good Clinical Out-
comes in Chinese Triple Negative Breast Cancer Patients. 
Int J Biol Sci. 2017; 13: 1172-1179.

32.	 Burugu S, Gao D, Leung S, Chia SK, Nielsen TO. LAG-3+ 
tumor infiltrating lymphocytes in breast cancer: clinical 
correlates and association with PD-1/PD-L1+ tumors. Ann 
Oncol. 2017; 28: 2977-2984.

33.	 Kim HM, Lee J, Koo JS. Clinicopathological and prognos-
tic significance of programmed death ligand-1 expression 
in breast cancer: a meta-analysis. BMC Cancer. 2017; 17: 
690.

34.	 Swoboda A, Nanda R. Immune Checkpoint Blockade for 
Breast Cancer. Cancer Treat Res. 2018; 173: 155-165.

35.	 Muliaditan T, Opzoomer JW, Caron J, Okesola M, Kosti P, 
Lall S, et al. Repurposing tin mesoporphyrin as an immune 
checkpoint inhibitor shows therapeutic efficacy in preclin-
ical models of cancer. Clin Cancer Res. 2018.

36.	 Kumar S, davra V, Obr AK, Geng K, Wood TL, Lorenzo MS, et 
al. Crk adaptor protein promotes PD-L1 expression, EMT 
and immune evasion in a murine model of triple-negative 
breast cancer. Oncoimmunology. 2017; 7: e1376155.

37.	 Li M,  Li A, Zhou S, XU Y, Xiao Y, Bi R, et al. Heterogeneity 
of PD-L1 expression in primary tumors and paired lymph 
node metastases of triple negative breast cancer. BMC 
Cancer. 2018; 18: 4.

38.	 Maeda T, Hiraki M, Jin C, Rajabi H, Tagde A, Alam M, et 
al. MUC1-C Induces PD-L1 and Immune Evasion in Triple-
Negative Breast Cancer. Cancer Res. 2018; 78: 205-215.

39.	 Liu S, Chen S, Yuan W, Wang H, Chen K, Li D. et al.  Li D 
PD-1/PD-L1 interaction up-regulates MDR1/P-gp expres-
sion in breast cancer cells via PI3K/AKT and MAPK/ERK 
pathways. Oncotarget. 2017; 8: 99901-99912.

40.	 Pan BJ, Xu C, Ping GQ, Song GX, Zhang WM, Wang C, et al. 
Correlation analysis of PD-L1 expression and prognosis in 
triple-negative breast cancers. Zhonghua Bing Li Xue Za 
Zhi. 2017; 46: 822-826.

41.	 Robert C, Ribas A, Wolchok JD, Hodi FS, Hamid O, Kefford 
R, et al. Anti-programmed-death-receptor-1 treatment 

with pembrolizumab in ipilimumab-refractory advanced 
melanoma: a randomised dose-comparison cohort of a 
phase 1 trial. Lancet. 2014; 384: 1109-1117.

42.	 Garon EB, Rizvi NA, Hui R, Leighl N, Balmanoukian AS, Eder 
JP, et al. Pembrolizumab for the treatment of non-small-
cell lung cancer. N Engl J Med. 2015; 372: 2018-2028.

43.	 Callahan MK, Postow MA, Wolchok JD. Targeting T Cell Co-
receptors for Cancer Therapy. Immunity. 2016; 44: 1069-
1078.

44.	 Inman BA, Longo TA, Ramalingam S, Harrison MR. Atezoli-
zumab: A PD-L1-Blocking Antibody for Bladder Cancer. 
Clin Cancer Res. 2017; 23: 1886-1890.

45.	 Larkin J, Chiarion-Sileni V, Gonzalez R, Grob JJ, Cowey CL, 
et al. Combined Nivolumab and Ipilimumab or Monother-
apy in Untreated Melanoma. N Engl J Med. 2015; 373: 23-
34.

46.	 Robert C, Schachter J, Long GV, Arance A, Grob JJ, Morti-
er, et al. Pembrolizumab versus Ipilimumab in Advanced 
Melanoma. N Engl J Med. 2015; 372: 2521-2532.

47.	 Hanahan D, Weinberg RA. The hallmarks of cancer. Cell. 
2000; 100: 57-70.

48.	 Hanahan D, Weinberg RA. Hallmarks of cancer: the next 
generation. Cell. 2011; 144: 646-674.

49.	 Sharma P, Wagner K, Wolchok JD, Allison JP. Novel can-
cer immunotherapy agents with survival benefit: recent 
successes and next steps. Nat Rev Cancer. 2011; 11: 805-
812.

50.	 Farkona S, Diamandis EP, Blasutig IM. Cancer immuno-
therapy: the beginning of the end of cancer? BMC Med. 
2016; 14: 73.

51.	 Mellman I, Coukos G, Dranoff G. Cancer immunotherapy 
comes of age. Nature. 2011; 480: 480-489.

52.	 Rosenberg SA, Yang JC, Restifo NP. Cancer immunothera-
py: moving beyond current vaccines. Nat Med. 2004; 10: 
909-915.

53.	 Palucka K, Banchereau J. Cancer immunotherapy via den-
dritic cells. Nat Rev Cancer. 2012; 12: 265-277.

54.	 Stanculeanu DL, Daniela Z, Lazescu A, Bunghez R, Anghel 
R. Development of new immunotherapy treatments in 
different cancer types. J Med Life. 2016; 9: 240-248.

55.	 Schechter AL, Daniela Z, Lazescu A, Bunghez R, Anghel R. 
The neu gene: an erbB-homologous gene distinct from 
and unlinked to the gene encoding the EGF receptor. Sci-
ence. 1985; 229: 976-978.

56.	 Kaufman HL, Kohlhapp FJ, Zloza A. Oncolytic viruses: a 
new class of immunotherapy drugs. Nat Rev Drug Discov. 
2015; 14: 642-662.

57.	 Lichty BD,  Breitbach CJ, Stojdl DF, Bell JC. Going viral with 
cancer immunotherapy. Nat Rev Cancer. 2014; 14: 559-
567.

58.	 Dharmadhikari N, Mehnert JM, Kaufman HL. Oncolytic 
virus immunotherapy for melanoma. Curr Treat Options 
Oncol. 2015; 16: 326.



MedDocs eBooks

Cancer Therapy 7

59.	 DeWeese TL, Poel HVD, Li S, Mikhak B, Drew R. Goemann 
M,et al. A phase I trial of CV706, a replication-competent, 
PSA selective oncolytic adenovirus, for the treatment of 
locally recurrent prostate cancer following radiation ther-
apy. Cancer Res. 2001; 61: 7464-7472.

60.	 Brown SM,  MacLean AR, McKie EA, Harland J. The her-
pes simplex virus virulence factor ICP34.5 and the cellular 
protein MyD116 complex with proliferating cell nuclear 
antigen through the 63-amino-acid domain conserved in 
ICP34.5, MyD116, and GADD34. J Virol. 1997; 71: 9442-
9449.

61.	 Liu BL, Robinson M, Han ZQ, Branston RH, English C, Reay 
P, et al. ICP34.5 deleted herpes simplex virus with en-
hanced oncolytic, immune stimulating, and anti-tumour 
properties. Gene Ther. 2003; 10: 292-303.

62.	 Chiocca EA, Rabkin SD. Oncolytic viruses and their appli-
cation to cancer immunotherapy. Cancer Immunol Res. 
2014; 2: 295-300.

63.	 Hersey P, Gallagher S. Intralesional immunotherapy for 
melanoma. J Surg Oncol. 2014; 109: 320-326.

64.	 Shi H, et al. The status, limitation and improvement of 
adoptive cellular immunotherapy in advanced urologic 
malignancies. Chin J Cancer Res. 2015; 27: 128-137.

65.	 Hinrichs CS, Rosenberg SA. Exploiting the curative poten-
tial of adoptive T-cell therapy for cancer. Immunol Rev. 
2014; 257: 56-71.

66.	 Gilham DE, Anderson J, Bridgeman JS, Hawkins RE, Exley 
MA4, Stauss H, et al. Adoptive T-cell therapy for cancer 
in the United kingdom: a review of activity for the British 
Society of Gene and Cell Therapy annual meeting 2015. 
Hum Gene Ther. 2015; 26: 276-285.

67.	 Kroemer G, Galluzzi L, Zitvogel L, Fridman WH. Colorectal 
cancer: the first neoplasia found to be under immunosur-
veillance and the last one to respond to immunotherapy? 
Oncoimmunology. 2015; 4: e1058597.

68.	 Leach DR, Krummel MF, Allison JP. Enhancement of anti-
tumor immunity by CTLA-4 blockade. Science. 1996; 271: 
1734-1736.

69.	 Sakuishi K,  Apetoh L, Sullivan JM, Blazar BR, Kuchroo VK, 
Anderson AC. Targeting Tim-3 and PD-1 pathways to re-
verse T cell exhaustion and restore anti-tumor immunity. 
J Exp Med. 2010; 207: 2187-2194.

70.	 Muthuswamy R,  Wang L, Pitteroff J, Gingrich JR, Kalinski 
P. Combination of IFNalpha and poly-I:C reprograms blad-
der cancer microenvironment for enhanced CTL attrac-
tion. J Immunother Cancer. 2015; 3: 6.

71.	 Andrews G, Craig A. Prediction of outcome after treat-
ment for stuttering. Br J Psychiatry. 1988; 153: 236-240.

72.	 Mohibi S,  Mirza S, Band H, Band V. Mouse models of es-
trogen receptor-positive breast cancer. J Carcinog. 2011; 
10: 35.

73.	 Senkus E, Kyriakides S, Penault-Llorca F, Poortmans P, 
Thompson A, Zackrisson S, et al. Primary breast cancer: 
ESMO Clinical Practice Guidelines for diagnosis, treat-
ment and follow-up. Ann Oncol. 2013; 24: 7-23.

74.	 Perez EA. Safety profiles of tamoxifen and the aromatase 
inhibitors in adjuvant therapy of hormone-responsive 
early breast cancer. Ann Oncol. 2007; 18: 26-35.

75.	 Baum M, Hackshaw A, Houghton J, Rutqvist, Fornander 
T, Nordenskjold B, et al. Adjuvant goserelin in pre-meno-
pausal patients with early breast cancer: Results from the 
ZIPP study. Eur J Cancer. 2006; 42: 895-904.

76.	 Puhalla S, Bhattacharya S, Davidson NE. Hormonal thera-
py in breast cancer: a model disease for the personaliza-
tion of cancer care. Mol Oncol. 2012; 6: 222-236.

77.	 Ovarian ablation in early breast cancer: overview of the 
randomised trials. Early Breast Cancer Trialists’ Collabora-
tive Group. Lancet. 1996; 348: 1189-1196.

78.	 Osborne CK, Zhao H, Fuqua SA. Selective estrogen recep-
tor modulators: structure, function, and clinical use. J Clin 
Oncol. 2000; 18: 3172-3186.

79.	 Early Breast Cancer Trialists’ Collaborative G. Effects of 
chemotherapy and hormonal therapy for early breast 
cancer on recurrence and 15-year survival: an overview 
of the randomised trials. Lancet. 2005; 365: 1687-1717.

80.	 Recker RR, Kendler D, Recknor CP, Rooney TW, Lewiecki 
EM, Utian WH, et al. Comparative effects of raloxifene 
and alendronate on fracture outcomes in postmenopaus-
al women with low bone mass. Bone. 2007; 40: 843-851.

81.	 Vogel VG, Costantino JP, Wickerham DL, Cronin WM, Cec-
chini RS, Atkins JN, et al. Update of the National Surgical 
Adjuvant Breast and Bowel Project Study of Tamoxifen 
and Raloxifene (STAR) P-2 Trial: Preventing breast cancer. 
Cancer Prev Res (Phila). 2010; 3: 696-706.

82.	 Riseberg D. Treating Elderly Patients With Hormone Re-
ceptor-Positive Advanced Breast Cancer. Clin Med Insights 
Oncol. 2015; 9: 65-73.

83.	 Kieser KJ, Kim DW, Karlson KE. Katzenellenbogen BS, 
Katzenellenbogen JA. Characterization of the pharma-
cophore properties of novel selective estrogen receptor 
downregulators (SERDs). J Med Chem. 2010; 53: 3320-
3329.

84.	 Wardell SE, Marks JR, McDonnell DP. The turnover of es-
trogen receptor alpha by the selective estrogen receptor 
degrader (SERD) fulvestrant is a saturable process that is 
not required for antagonist efficacy. Biochem Pharmacol. 
2011; 82: 122-130.

85.	 Ahmad I, Shagufta. Recent developments in steroidal and 
nonsteroidal aromatase inhibitors for the chemopreven-
tion of estrogen-dependent breast cancer. Eur J Med 
Chem. 2015; 102: 375-386.

86.	 Masuda N, Sagara Y, Kinoshita T, Iwata H, Nakamura S, 
Yanagita Y, et al. Neoadjuvant anastrozole versus tamox-
ifen in patients receiving goserelin for premenopausal 
breast cancer (STAGE): a double-blind, randomised phase 
3 trial. Lancet Oncol. 2012; 13: 345-352.

87.	 Figueroa-Magalhaes MC, Jelovac D, Connolly R, Wolff AC. 
Treatment of HER2-positive breast cancer. Breast. 2014; 
23: 128-136.

88.	 Slamon DJ, Leyland-Jones B, Shak S, Fuchs H, Paton V, Ba-
jamonde A, et al. Use of chemotherapy plus a monoclonal 



antibody against HER2 for metastatic breast cancer that 
overexpresses HER2. N Engl J Med. 2001; 344: 783-792.

89.	 Nolting M, Schneider-Merck T, Trepel M. Lapatinib. Re-
cent Results Cancer Res. 2014; 201: 125-143.

90.	 Alluri P, Newman LA. Basal-like and triple-negative breast 
cancers: searching for positives among many negatives. 
Surg Oncol Clin N Am. 2014; 23: 567-577.

91.	 Wahba HA, El-Hadaad HA. Current approaches in treat-
ment of triple-negative breast cancer. Cancer Biol Med. 
2015; 12: 106-116.

92.	 Denkert C, Liedtke C, Tutt A, von Minckwitz G . Molecu-
lar alterations in triple-negative breast cancer-the road to 
new treatment strategies. Lancet. 2017; 389: 2430-2442.

MedDocs eBooks

Cancer Therapy 8

93.	 Oualla K, El-Zawahry HM, Arun B, Reuben JM, Woodward 
WA5, Gamal El-Din H, et al. Novel therapeutic strategies 
in the treatment of triple-negative breast cancer. Ther 
Adv Med Oncol. 2017; 9: 493-511.

94.	 Berrada N, Delaloge S, Andre F. Treatment of triple-neg-
ative metastatic breast cancer: toward individualized 
targeted treatments or chemosensitization? Ann Oncol. 
2010; 21: 30-35.


