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ABSTRACT-- Since the first production of monoclonal antibodies about 35 years ago, researchers have found 

them useful in the treatment and diagnosis of various diseases such as cancer. By developing different types of 

monoclonal antibodies such as humanized, drug conjugated, or bispecific ones, researchers, have achieved 

remarkable success in treating several complicated and challenging diseases, targeting specific antigens or 

receptors makes monoclonal antibodies the right choice to inhibit signaling pathways like programmed death-

ligand 1 (PD-L1) or programmed death1 (PD-1) and changing cell behavior. As one of the most common types of 

malignancies among women, breast cancer is one of the most critical conditions which different types of 

monoclonal antibodies were designed and produced to treat. Therefore, we reviewed these antibodies in breast 

cancer, their targets, and their efficacy and toxicity, with more focus on recent PD-L1or PD-1 inhibitor antibodies 

in breast cancer and beyond. 

 

 
INTRODUCTION 

 

According to the American Cancer Society, breast 

cancer is among the four most frequent cancers; the 

four being those of lung, colorectal, breast, and 

prostate (1). It is estimated that 276,480 new cases 

will be diagnosed with breast cancer in 2020 in the 

United States of America (2). The global incidence 

of breast cancer is approximately 2.3 million cases in 

2020, and breast cancer as the most frequent 

malignancy among women surpassed lung cancer 

(3). According to the International Agency for 

Research on Cancer (IARC), the rate of women's 

death due to breast cancer was 684,996 cases 

worldwide in 2020. As a leading cause of female 

cancer death, breast cancer accounted for about 

15.5% of total cancer-related deaths in women (3). 

Although these figures indicate the severity of breast 

cancer risk among women, its lethal rate has 

decreased by 1.8% per year from 2007 to 2016 due 

to the improvements in early detection and treatment 

stages. Accordingly, the main treatment patterns are 

surgery, radiation therapy, chemotherapy, hormone 

therapy, and targeted therapy (4). Targeted therapy is 

one of the approaches which usually help treatments 

by increasing the specificity of cancer therapy, 

improving the patient's survival, and decreasing the 

tumor relapse (5,6). By targeting a particular marker, 

monoclonal antibodies are considered one of the 

most practical and promising approaches (7). For 

example, based on the reports in early-stage HER2+ 

breast cancer, the patients are treated with 

trastuzumab plus chemotherapy, the risk of disease 

recurrence and death decreased about 52% and 33%, 

respectively, compared to the patients with 

administration of chemotherapy alone (8). 

 In general, monoclonal antibodies are 

biomolecules which are capable of targeting a 

particular antigen. The first product of this class 

approved by the United States Food and Drug 

Administration (FDA) in the late 1980s, was OKT3, 

a murine anti-CD3 monoclonal antibody which was 

indicated for the treatment of organ transplant 

rejection (9). Along with developing 

biotechnological techniques, the structure of 

monoclonal antibodies was evolved from murine, 

chimeric, and humanized antibodies to fully human 

antibodies through recombinant DNA, transgenic, 

and phage display technologies (10). In this manner, 

the issues such as the incomplete binding of human 

Fc receptors and Fc region of murine 

immunoglobulins, development of human anti-
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mouse antibodies, and clearance of murine 

antibodies could be resolved (11,12). Different 

monoclonal antibodies' mechanisms have been 

proposed depending on the molecular characteristics 

such as cytotoxicity, modification of immune 

signaling, cellular activation/ interactivity, limitation 

of growing and proliferation, and foreign entities 

deactivation (13). 

 Over the last two decades, monoclonal 

antibodies have become an interesting therapeutic 

option to treat different types of breast cancer 

because of their specific targeting ability and overall 

response rate (14,15). Breast cancer has different 

histological or molecular subtypes. Gene expression 

profiling studies are the main determinants of 

molecular subtypes. The groups of genes which the 

molecular classification of breast cancer is done 

based on their overexpression are estrogen receptor 

(ER), progesterone receptor (PR), and members of 

epidermal growth factor receptor (EGFR) family of 

receptor tyrosine kinases, including HER2 (Human 

epidermal growth factor receptor 2) and EGFR 

(16,17). ER and PR are two hormone receptors (HR) 

that drive breast cancer progression (18). ER is 

expressed in 75% of breast cancers overall and acts 

as a ligand-responsive transcription factor. 

Subsequent binding ER to its ligand, ERs dimerize 

and get into the nucleus, where they bind to estrogen 

response elements (EREs) and stimulate 

transcription of genes related to cell proliferation and 

growth (18). Other proteins over-expressed in breast 

cancer are epidermal growth factor receptors such as 

HER2 and EGFR. All members have a similar 

structure containing four extracellular domains, a 

transmembrane region, and an intracellular tyrosine 

kinase domain (19). Binding EGFR and HER2 

receptors to growth factors cause hetero or 

homodimerization of receptors which activate the 

autophosphorylation of intracellular tyrosine kinase 

domain of the receptor. Phosphorylated tyrosine 

kinase domain drives different signaling pathways 

such as PI3K/AKT/TOR, RAS/MAPK, JAK/STAT, 

and phospholipase Cγ (PLCγ), which lead to 

tumorigenesis and cellular proliferation (20, 21). 

Based on overexpression or lack of mentioned 

receptor proteins, breast cancer is categorized into 

some molecular subtypes, including HR+ (defined 

by overexpression of hormone receptors like 

estrogen or/and progesterone receptor), EGFR, and 

HER2+ (defined by overexpression of the family of 

epidermal growth factor receptor), and triple-

negative breast cancer (defined by a lack of the 

expression of estrogen, progesterone, and the HER2 

receptors) (16). Targeted breast cancer therapy can 

be performed by interfering with one of the 

molecules of cancerous cells due to the type of breast 

cancer such as HER2.  However, there is a recent 

approach inhibiting the immune checkpoint by 

different antibodies (22). Conjugation of antibodies 

with drugs is the other treatment approach (23). In 

this article, different types of monoclonal antibodies, 

from the most common monoclonal antibodies  to 

treat breast cancer to more recently developed ones, 

as illustrated in Figure 1, will be overviewed . 

 
COMMON THERAPEUTIC ANTIBODIES 

AGAINST BREAST CANCER 

 

Harboring overexpression of human epidermal 

growth factor receptor 2 (HER2) is observed in about 

15-20% of breast cancer patients, making HER2 a 

potential target in developing therapeutic 

approaches. In this way, many monoclonal 

antibodies were produced that target HER2. 

Trastuzumab (Herceptin), as the first HER2 targeting 

approved humanized monoclonal antibody (IgG1), is 

considered for HER2 positive patients as first-line 

neoadjuvant therapy, in which a therapeutic agent is 

administered before the main treatment such as 

surgery (24). Trastuzumab is prescribed for early-

stage and metastatic cases (8,25). A recent study 

showed that the combination therapy of trastuzumab 

with capecitabine (a chemotherapy medication) and 

tucatinib (a small molecule inhibiting HER2) could 

result in better overall survival in heavily pretreated 

patients who are suffering from HER2+ metastatic 

breast cancer (15).  

 Another FDA-approved neoadjuvant antibody 

is pertuzumab which targets the dimerization domain 

of HER2 (extracellular domain 2) and blocks 

signaling pathways (26). In two APHINITY and 

CLEOPATRA trials, a combination of pertuzumab 

with trastuzumab plus chemotherapy or docetaxel 

improved invasive disease-free survival (DFS) and 

prolonged median overall survival (OS) by 15.7 

months, respectively (27,28). Understanding 

interaction between tumors and immune system has 

resulted to design and develop a new type of HER2-

targeting antibodies. Margetuximab as a recent anti-

HER2 chimeric IgG monoclonal antibody with 

engineered Fc binds to CD16A by more high affinity. 

CD16A is an Fc-receptor on immune cells, which 

plays a role in antibody-dependent cell-mediated 

cytotoxicity. In 78% of response-evaluable patients 

receiving margetuximab, tumor reduction was 
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observed; however, treatment has constitutional 

symptoms such as pyrexia, nausea, anemia, diarrhea, 

and fatigue. Margetuximab is currently in phase II 

clinical trial (29). Bispecific antibodies are another 

biotechnological advance in designing antibodies 

with special attention in oncotherapy (30). Recent 

drugs targeting HER2 are MCLA 128 and ZW25 

which are novel bispecific antibodies. MCLA 128 

targets HER2 and HER3 receptors. This antibody is 

under clinical trial examination on metastatic breast 

cancer as well as on some other tumors. This 

antibody can limit tumor progression by inhibiting 

HER2/HER3 dimers and their downstream 

HRG/HER3 pathway and phosphatidylinositide-3 

kinase (PI3K)/Akt signaling (31). ZW25 targets two 

domains of HER 2 simultaneously. These domains 

are extracellular domains 4, binding domains of 

trastuzumab, and extracellular domains 2, binding 

domains of pertuzumab (32). Basic HER2-directed 

antibodies have been summarized in Figure 2.  

 In addition to HER2, other therapeutic targets 

are used to develop monoclonal antibodies, including 

vascular endothelial growth factor (VEGF), prolactin 

receptor, and Robo1 receptor ( 

Table 1). Bevacizumab is a monoclonal antibody that 

interferes with vascular endothelial growth factor 

(VEGF) and inhibits it from binding to its receptor 

on vascular endothelium. This approach was 

performed on HER2-negative patients. However, 

this antibody failed to show significant improvement 

in overall survival results (33,34). LFA102 is another 

humanized antibody targeting the extracellular 

domain of prolactin receptor. LFA102 significantly 

inhibited the receptor signaling pathway in estrogen 

receptor-positive rat mammary cancer model. This 

antibody is now in Phase 1 clinical trial to treat 

advanced or metastatic breast cancer (35). In a recent 

study in 2019, it was reported that an IgG2b 

monoclonal antibody named R5 was effective to 

inhibiti breast cancer by targeting the Robo1 

receptor, which plays a role in angiogenesis. In a 

xenograft tumor model mice study, R5 could 

suppress breast cancer progression by inhibiting 

angiogenesis and downregulation of filamin A 

(FLNA). It showed that R5 could be a promising 

therapy for patients (36). 

 Toxicity: Cardiotoxicity and heart failure are 

the most considerable issues for the side effect of 

administering of trastuzumab and pertuzumab (37). 

Treatment with margetuximab has constitutional 

symptoms such as pyrexia, nausea, anemia, diarrhea, 

and fatigue (29). ZW25 is quite tolerable and does 

not have severe adverse events (32). Bevacizumab 

has evidence of intestinal perforation which is 

induced by the antibody (33,34).  

 

ANTIBODY-DRUG CONJUGATES AGAINST 

BREAST CANCER 

 

By shedding more light on the underlying 

mechanism of breast cancer action, the number of 

molecules which could be targeted has expanded 

(Table 1). There are various monoclonal antibody-

drug conjugates that target different molecules such 

as HER2 (targeted more than others), glycoprotein 

non-metastatic, trophoblast cell surface antigen, CA6 

(a sialoglycotope of MUC1), LIV-1 (a multi-pass 

transmembrane protein), protein tyrosine kinase 7 

(PTK7), lysosomal membrane-associated proteins 

LAMP-1, P-cadherin (a cell surface glycoprotein), 

ephrin A4 (a family member of RTKs). One of the 

approved antibody-drug conjugates to target HER2 

is ado-trastuzumab emtansine (Kadcyla, TDM-1) 

(38, 39), which is made of trastuzumab (targeting 

HER2) and a microtubule inhibitor drug (DM1). 

After the internalization of antibodies into the cells 

expressing antigen, the drug is released and causes 

cell death by inhibiting microtubule assembly. TDM-

1 is the drug to treat metastatic breast cancer patients 

who have primarily been prescribed trastuzumab and 

taxane (40). TDM-1 showed higher progression-free 

survival and overall survival in HER2-positive 

advanced breast cancer patients than combination 

therapy of lapatinib-capecitabin (30.8% and 6.4 

months versus 43.6% and 9.6 months). Lapatinib is 

an orally active small-molecule inhibitor of HER2 

tyrosine kinases, and capecitabin is an epidermal 

growth factor receptor type 1 (EGFR) inhibitor and a 

chemotherapy medication (38). MEDI-4276, XMT-

1522, and ARX788 are other antibody-drug 

conjugates that target HER2 and deliver microtubule 

inhibitors as well (41-44). Moreover, DS-8201a, 

SYD985, and ADCT-502 anti-HER2 antibodies that 

respectively deliver deruxtecan (topoisomerase I 

inhibitor), duocarmazine (a potent DNA alkylating 

agent), and pyrrolobenzodiazepine (DNA cross-

linker) (45-51). Trastuzumab deruxtecan 

(trastuzumab with topoisomerase I inhibitor 

conjugate) is the second drug conjugated antibody 

after a phase 2 clinical trial (DESTINY-Breast01, 

NCT03248492) has recently been approved by FDA. 

Results indicate that trastuzumab deruxtecan was 

quite effective on the patients with metastatic, 

unresectable, and/or HER2-positive breast cancer 

who have had anti-HER2 treatment previously (52). 

LCB14-0110 and MI30004 are two other HER2-
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Figure 1. Different types of monoclonal antibodies are used to treat breast cancer. 

 

 

 

 

Figure 2. Different approaches in targeting HER2. A: Humanized monoclonal antibody targeting just one kind of receptor; 

B: Bispecific antibody inhibiting two different targets; C: Antibody with engineered Fc receptor that induces better antibody-

dependent cell-mediated toxicity. 
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directed drug conjugated antibodies in preclinical 

trials which are composed of trastuzumab linked to 

monomethyl auristatin F (MMAF) and PM050489, 

respectively. No data were published for LCB14-

0110, while MI30004 has a significant tumor growth 

inhibitory effect in gastric, breast, and ovarian cancer 

cell lines compared to trastuzumab therapy (53,54). 

Amoozadeh et al.also reported that trastuzumab 

conjugated to diphtheria toxin or truncated 

pseudomonas exotoxin A could reduce the effective 

dose of trastuzumab and increase its efficiency in 

HER2 positive cell breast cancer cell lines (55).  

 As mentioned, there are other proteins which 

drug conjugated antibodies have targeted, and some 

of these antigens, their antibodies, and conjugated 

drugs are summarized as follows. Glycoprotein non-

metastatic antigen is targeted by glembatumumab 

vedotin (CDX-011), which is a monoclonal antibody 

(Mab) linked to a microtubule inhibitor (monomethyl 

auristatin E (MMAE)) (56). The objective response 

rate (ORR) of triple-negative breast cancer (TNBC) 

patients treated by CDX-011 antibody was 18% (57). 

Trophoblast cell surface antigen is targeted by 

sacituzumab govitecan (IMMU-132) monoclonal 

antibody which is conjugated to SN-38 

(topoisomerase I inhibitor) (58). ORR of 69 heavily 

pre-treated advanced patients with metastatic TNBC 

who received IMMU-132 was 30 % (59). Another 

protein is CA6, a sialoglycotope of MUC1, a tumor-

associated antigen targeted by SAR566658 Mab that 

delivers S-methyl-DM4 (60). The other is LIV-1, a 

multi-pass transmembrane protein targeted by IgG1 

humanized mLIV22 Mab carrying the auristatin 

analog MMAE as a drug (61). Protein Tyrosine 

Kinase 7 (PTK7) is an aim for humanized IgG1 

h6M24 Mab. This Mab is conjugated to another 

auristatin analog named Aur0101(62) and showed 

partial remissions (PR) in two of three TNBC 

patients in an initial clinical study (63). LAMP-1, a 

lysosomal membrane-associated protein, is the other 

drug conjugated antibody target.  LAMP-1is targeted 

by SAR428926 Mab which is conjugated to DM4 

(64). P-cadherin is a cell surface glycoprotein, and 

which is targeted by PCA062 Mab. This Mab is 

loaded with maytansinoid (DM1) (65). Ephrin A4, a 

family member of RTKs, is the target for PF-

06647263 Mab. This antibody is conjugated to 

calicheamicin, and its partial response is about 10% 

(66). 

 Toxicity: A meta-analysis was done for the 

first FDA-approved drug conjugated antibody (T-

DM1) adverse events, which reported 

musculoskeletal pain, fatigue, nausea, epistaxis, 

increased transaminases, headache, bleeding, 

constipation, and thrombocytopenia as the most 

common effects (67). 

PD-1 INHIBITORS AND PD-L1 INHIBITORS 

AS MORE RECENT APPROACH FOR 

CANCER TREATMENT 

 

PD-1 (CD279) as a member of CD28 family has an 

inhibitory effect. It plays an essential role in tumor 

immune escape. PD-1 expression occurs on many 

cells, including activated monocytes, activated T 

cells, natural killer (NK) T cells, B cells, and 

dendritic cells (68). The interactivity of PD-1 and its 

ligand PD-L1 (CD274 or B7-H1) can suppress the 

proliferation and survival of T lymphocytes and 

stimulate programmed cell death in T cells-related 

tumors. Moreover, this interaction promotes CD4+ T 

cells differentiated into forkhead box P3 (Foxp3+) 

regulatory T cells and makes tumor cells more 

resistant against cytotoxic T lymphocytes (CTL) 

attack. Accordingly, if PD-1 signaling is blocked, it 

can stimulate anti-tumor responses (69). 

PD-L1 availability in tumor affects PD-1 associated 

immune resistance. PD-L1 expression can be 

checked and controlled using PI3K-Akt kinases 

increasing or IFN-γ's secretion and the variability in 

two general types of innate and adaptive immune 

resistance caused by PD-L1 expression (70). 

Research showed that although PD-1 expression 

significantly regulated B cells' differentiation, no 

relevant correlation was observed in PD-1 levels 

remaining in pro-B cells (an early stage of mature B 

cell) irrelevantly, and differentiation of B cells 

increases the number of PD-1 (71).  

 Moreover, agonistic compounds of toll-like 

receptor 9 (TLR9) activating by PD-1 can 

significantly enhance B-cells' maturation. As a result, 

when B cells confront PD-1 activity blockage, 

antigen-specific antibody responses improve. This 

revealed PD-1's character to inhibit B cell-mediated 

T-cell activation (72). Treatments related to PD-1 

and its ligand's Antibodies have shown noticeable 

feedback in different tumors. In the following, 

antibodies associated with PD-1/ PD-L1 and their 

receptors in breast cancer and other malignancies are 

described (Table1). 

 

Nivolumab 

Nivolumab (Opdivo®), as an anti-PD-1 monoclonal 

antibody with great affinity, was shown to help treat 

unresectable malignant melanoma in Japan (73). 

Nivolumab is a fully human IgG4 monoclonal 

antibody against PD-1, which is intravenously 
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Table 1. Monoclonal antibodies (MAbs) are used for the treatment of breast cancer. 
 

Type of Ab 

( a n t i b o d y ) 

 

Ab name 

Construction or 

modification of Ab 

 

Ab target 

 

Ab effect or efficacy 

 

Ab side effect  

 

Clinical trial 

phase 

 

Reference 

Basic Abs 

 

 

 

 

Trastuzumab 

(Herceptin) 

 

Humanized 

extracellular domains 4 of HER 

2 receptor 

in combination with 

chemotherapy 

improves overall 
survival efficacy 

Cardiotoxicity and 

heart failure 
Phase IV (24) 

Pertuzumab Humanized 
extracellular domains 2 of HER 

2 receptor 

Inhibits receptor 
dimerization and 

downstream signaling 

Cardiotoxicity and 

heart failure 
Phase IV (26) 

Bevacizumab Humanized 
vascular endothelial growth 

factor (VEGF) 

Did not show a 

prolonged overall 
survival 

Atherosclerotic 

blood vessels, 

coronary artery 
disease, intestinal 

perforation 

Phase IV (33,34) 

LFA102 Humanized prolactin receptor 
inhibits the receptor 

signaling pathway 
Currently studying Phase I (35) 

R5 Humanized Robo1 receptor inhibiting angiogenesis Currently studying Phase II (36) 

Margetuximab Engineered Fc 

Fab: HER2 engineered Fc: bind 
by more elevated affinity to 

CD16A (an Fc-receptor which 

play a role in antibody-
dependent cell-mediated 

cytotoxicity) 

reduction of the tumor 
in 78% of response-

evaluable patients 

pyrexia, nausea, 
anemia, diarrhea, 

and fatigue 

Phase II (29) 

MCLA 128 Bispecific Ab both HER2 and HER3 
Inhibits downstream 

PI3K/Akt signaling 
Currently studying Phase II (31) 

ZW25 Bispecific Ab 
extracellular domains 4 and 2 of 
HER 2 receptor 

ORR: 44% well tolerated Phase II (32) 

Drug 

conjugated Abs 

TDM-1, MEDI-

4276, XMT-1522 

and ARX788 

microtubule inhibitors such 
as DM1 

HER2 

TDM-1 showed an 

overall survival of 9.6 

months 

fatigue, nausea, 
vomiting, mucosal 

inflammation, 

thrombocytopenia, 
and diarrhea 

T-DM1: Phase 
III 

MEDI-4276: 

Phase I 
XMT-1522: 

Phase I 

ARX788: Phase 
I 

DS-8201a: 

Phase 3 

SYD985: Phase 

III 

ADCT-502: 
Phase I 

(40) 
 

DS-8201a, 

SYD985, 
ADCT-502 

topoisomerase inhibitor, 

DNA alkylating agent, 
Crosslinkers to DNA 

    Table 1. continues… 
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Glembatumumab 
vedotin (CDX-011) 

microtubule inhibitor named 

monomethyl auristatin E 

(MMAE) 

glycoprotein non-metastatic ORR: 18% TNBC 

fatigue, rash, nausea, 

peripheral 

neuropathy, and 
neutropenia with 

treatment related 

rash potentially 

Phase I/ II (56,57) 

Sacituzumab 

govitecan 

SN-38 a topoisomerase I 

inhibitor 
trophoblast cell surface antigen 

ORR: 30 %  

 
Well-tolerated Phase I (58,59) 

SAR566658 S-methyl-DM4 CA6 a sialoglycotope of MUC1 
3 PR in breast cancer 
patients 

Fatigue, peripheral 

neuropathy, nausea, 
abdominal pain, and 

diarrhea. 

Phase II (60) 

mLIV22 

(SGN-LIV1A) 
auristatin analog MMAE 

LIV-1 a multi-pass 

transmembrane protein 
Currently studying Currently studying Phase II (61) 

h6M24 auristatin analog Aur0101 
Protein Tyrosine Kinase 7 

(PTK7) 
PR in 2/3 of patients tolerated Phase I (63) 

SAR428926 DM4 
lysosomal membrane-associated 

proteins LAMP-1 

regressions of 

established breast 
Currently studying Phase I (64) 

PCA062 

(an IgG1 Mab) 
maytansinoid DM1 

P-cadherin a cell surface 

glycoprotein 

Antigen-specific 

cytotoxicity. 
Currently studying Phase I (65) 

    Table 1. continues… 
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PF-06647263 Calicheamicin 
ephrin A4, a family member of 

RTKs 
PR: 36.7% 

fatigue, nausea, 

vomiting, mucosal 
inflammation, 

thrombocytopenia, 

and diarrhea 

Phase I (66) 

 

 

 

 

 

 

 

PD-1 and PD-

L1 inhibitors 

 
Nivolumab 

 
Humanized 

 
PD-1 

 

ORR 22% 
 

No reports 
 
Phase II 

 
(75) 

 

Pembrolizumab 
Humanized 

 

PD-1 

 

ORR 18.5% 

OS: 8.9 months 
PFS: 2 months 

Fatigue, Nausea 

Hypothyroidism 
hyperthyroidism 

Pneumonitis, 

Diarrhea 

 

Phase I 
 

(80) 

Atezolizumab Humanized PD-L1 

 
ORR: 24% 

PFS: 1.4 months 

 

 
Pyrexia, Fatigue, 

Nausea Diarrhea, 

Asthenia, Pruritus 

Phase I 

 

 

(85) 

 

Avelumab 
Humanized 

 

PD-1 and PD-L1 interaction 

inhibitory, 
 

ADCC induction 

 
 

ORR: 5.2% 

PFS: 5.9  

Pyrexia, Fatigue, 

Nausea Diarrhea, 

Asthenia, Pruritus, 
Hypothyroidism 

Autoimmune 

hepatitis 
Pneumonitis, 

Thrombocytopenia, 

Dry eye, 
Hyperthyroidism, 

Pemphigoid 

 

Phase Ib 

(91) 

 

 
Durvalumab 

Humanized 
PD-L1 attachment to PD-1 and 
CD80 

ORR: 17% total,  

0% ER-positive 

 43% TNBC, 

PFS: not reached in 
TNBC 

2.2 months ER- 

positive 

 

Hepatitis, water-
electrolyte 

imbalance, Rash 

 
Phase I 

(95) 

 

Cemiplimab 
Humanized 

 

PD-1 

13% of complete 

response and 31% of 
partial response 

One treatment-

related death after 

the onset of 
aspiration 

pneumonia 

Squamous Cell 
Carcinoma: 

Phase II 

Lung cancer: 
Phase III 

Myeloma: 

Phase 1/Phase 2 

(97-99) 
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administered. It was found to contain linear 

pharmacokinetics related to partial tumor response in 

almost one-fourth of Japanese patients who were 

previously treated for advanced melanoma (74). 

TONIC trial was used as an ongoing phase II trial for 

five groups of patients with metastatic triple-negative 

breast cancer (mTNBC) who received sedative 

chemotherapy, doxorubicin, cyclophosphamide, 

cisplatin, and no treatment. Following completing 

the induction treatment, nivolumab 3 mg/kg was 

considered for all patients, and obtained result was 

an objective response rate of (ORR) 22%, complete 

remissions of (CRs) 4%, and nine partial remissions 

(PRs) of 18%. A favorable response rate was 

observed after receiving nivolumab following the 

other treatments such as chemotherapy or irradiation, 

compared to single blocking PD-1/PD-L1 studies in 

TNBC (75). 

In a project, patients suffering from advanced 

melanoma were entered from 2008 to 2012 and 

treated by intravenous nivolumab in an outpatient 

clinic every two weeks for a whole period of 96 

weeks. Patients were monitored for overall survival, 

long-term safety, and response duration after 

stopping the treatment. After the nivolumab 

treatment in patients suffering from advanced 

treatment-refractory melanoma, the researcher 

favorably compared overall survival rate with studies 

on patients with similar symptoms. The obtained 

responses were persistent, and long-term safety was 

acceptable after drug discontinuation (76). 

 Toxicity: The adverse effect of nivolumab 

associated with immune system profile and its 

association with clinical activity in Non-small-cell 

lung carcinoma (NSCLC) was investigated via a 

multi-institutional retrospective study using 

landmark and multivariable analyses. The 

multivariable analysis results suggested that side 

effects positively associated with survival outcome, 

progression-free survival (PFS), and overall survival 

rate (OS). Developing adverse events was related to 

the survival outcome of nivolumab treatment in 

patients suffering from advanced or recurrent 

NSCLC (77).  

 

Pembrolizumab 

Pembrolizumab (Keytruda®) is a monoclonal IgG4 

kappa antibody with humanized and PD-1 blocking 

characteristics. It was first approved in the USA in 

2014 for metastatic melanoma (unresectable) in the 

patients whose disease progressed after being treated 

with ipilimumab and also for patients who carried a 

mutation in BRAF gene  to inhibit BRAF. 

Pembrolizumab is the first anti-PD-1 treatment that 

received regulatory approval in the US (78, 79). 

Recently, a two-part experiment (KEYNOTE-086) 

was conducted on women suffering from mTNBC. 

First, pembrolizumab was analyzed in terms of 

potency and assurance in mTNBC patients who were 

previously treated by at least one systemic therapy 

for metastatic disease. Besides, mTNBC patients 

with PD-L1 who received no treatment were 

administered with a standard dose of 

pembrolizumab. The value of disease control was 

7.6%, and the mean PFS and OS were maintained for 

two months and 8.9 months, respectively. PD-L1 had 

a significant effect on PFS and OS (80).  

 Toxicity: In the mentioned study, 60% of 

patients experienced adverse outcomes related to the 

treatment. Nevertheless, not more than 12.4% of 

patients faced toxic reactions (grade 3 or 4). The 

most frequent adverse outcomes were fatigue 

(20.6%) and nausea (10.6%). Besides, 18.8% of 

patients complained about immunological side 

effects such as pneumonitis and thyroid Disease 

(hypothyroidism and hyperthyroidism). The most 

frequent side effects of Cohort B of KEYNOTE-086 

were diarrhea (13%), nausea (15%), and exhaustion 

(31%) (80).  

 

Atezolizumab 

Atezolizumab (TecentriqTM), a human-modified 

monoclonal immunoglobulin G1 antibody, contains 

a selectively binding feature to PD-L1 and pursued 

by blockage of its collaboration with PD-1 and B7-1 

(81). Genentech first developed atezolizumab as a 

subsidiary of Hoffmann-La Roche with binding 

affinity dissociation constant (Kd) = 0.4 nM, which 

can have inhibitory effects on PD-1 and its ligand 

interactivity, without any impact on the cooperation 

of PD-1 with PD-L2 (called B7-DC or CD273). PD-

L2 interaction with PD-1 contributes to maintaining 

peripheral tolerance in the lung (82). 

 In phase 1 of trial, the long-lasting reactions of 

atezolizumab were studied in cases with metastatic 

bladder cancer. Responses were immense in 

individuals with a greater degree of PD-L1 

expression on immune cells infiltrating the tumor 

than lower degrees. Single-agent atezolizumab is 

approved to treat metastatic urothelial carcinoma and 

NSCLC (83). The results of a study by Schmid et al. 

suggested that PFS could be improved following the 

parallel use of atezolizumab and nab-paclitaxel in the 

patients suffering from mTNBC (84). Emens et al. 

designed a phase 1 study to explore the atezolizumab 

activity against tumors in mTNBC patients. 
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Atezolizumab also displayed sturdy clinical activity 

and measurable ORR. A greater number of ORR was 

found in patients with mTNBC treated in the first-

line setting. The patients with objective response or 

stable disease (SD) had a higher chance of survival 

at data cut off for at least 24 weeks. Some patients 

showed abnormal reactions to atezolizumab. The 

nonparametric and multifactor analyses indicated 

that CD8+ T cells and immune complexes with PD-

L1 directly affect clinical activity (85). 

 Toxicity: Atezolizumab is tolerable in the 

patients with mTNBC. The frequent adverse effects 

were pyrexia, fatigue, nausea, diarrhea, asthenia, and 

pruritus. The most serious side effects developed 

during the first year of administration, and solely a 

patient faced lichen planus during treatment (85). 

 

Avelumab  

Avelumab (BavencioTM) as a PD-L1-blocking 

human antibody was firstly approved in the USA to 

treat adults and children suffering from Merkel cell 

carcinoma (MCC) (86). Avelumab artificially 

utilizes the mechanism of antibody-dependent cell-

mediated cytotoxicity (ADCC); hence, this makes it 

specific among PD-1 antibodies, suppressing 

checkpoints. Therefore, avelumab can deplete 

positive tumor and stromal cells for PD-L1 via 

ADCC. Besides, avelumab can activate T-cells and 

the adaptive immune system by suppressing the PD-

L1 connections. Avelumab can also retain a native Fc 

region and engage the innate immune responses (87, 

88). 

Julia et al. developed an experimental project on 

collecting cells related to TNBC to explore ADCC 

mediated by avelumab. Their results indicated that 

avelumab significantly provoked ADCC in PD-L1 

expressing tumor cells, compared to control group 

(peripheral blood mononuclear cell (PBMC) or NK 

cells) (89). The international clinical development 

project for avelumab (JAVELIN) has implemented 

about 30 clinical projects for approximately 4000 

individuals on 15 types of tumors (90). JAVELIN 

trial examined avelumab in a group of metastatic 

breast cancer (MBC) people disregarding the 

expression of PD-L1. The ORR of the whole 

population was low at 4.8% with 25% SD, while 

ORR in the patients with triple-negative disease was 

higher (5.2%) with 25.9% SD. In PD-L1- positive 

TNBC, ORR was 44.4%. Notably, study responses 

and no median length of reaction were seen during 

this procedure.  27.9% of whole MBC patients and 

45.7% of TNBC patients showed a reduction in their 

tumor sizes (91). A clinical trial of avelumab and 

palbociclib in metastatic triple-negative breast 

cancer (PAveMenT) is being recruited. 

 Toxicity: Acute and lethal deleterious 

reactions related to the immune system are identified 

as negative outcomes of avelumab treatment. Each 

biological system can be affected by these 

complications, and recurrence can happen after 

prescription. The immunologic reaction was found 

among 1738 patients treated with avelumab in 

JAVELIN solid tumor and JAVELIN Merkel 200, 

including pneumonitis, hepatitis, colitis, diabetes 

mellitus (type 1), nephritis, thyroid disorders, and 

adrenal insufficiency. Moreover, one-fourth of cases 

displayed side effects related to infusion (439 of 

1738 patients) (92).   

 

Durvalumab 

Durvalumab (ImfinziTM) is a monoclonal antibody 

against human immunoglobulin G1 specific kappa 

chain, which selectively inhibits PD-L1 attachment 

to PD-1 and CD80 without any impact PD-L2 

binding. The effects of durvalumab were explored 

for head and neck squamous cell carcinoma 

(HNSCC), hematologic cancers, NSCLC, pancreatic 

cancer, gastric cancer, mesothelioma, hepatocellular 

carcinoma, and breast cancer (93). In 2017, 

durvalumab was approved by US FDA to treat 

patients who have urothelial cancer (metastatic or 

advanced type) who had no improvement, even 

meanwhile or subsequent therapies either by 

platinum or by neoadjuvant or adjuvant plus 

platinum (94). ORR and duration of response helped 

approve, and further support for this indication 

depends on the confirmation and statement of 

clinical benefits in confirming studies (94).  

 Santa-Maria et al. designed a single-arm pilot 

study to assess tremelimumab and durvalumab 

impacts on ORR and immunological features in 

people suffering from TNBC or metastatic endocrine 

receptor (ER) positive. The result was 17%, 0%, 43% 

ORR in the whole study group, ER-positive subjects, 

and TNBC, respectively. Noticeably, no PFS and OS 

goals were reached in TNBC; however, ER-positive 

cases showed 2.2 months PFS without any OS (95). 

In another clinical study, the combination therapy of 

durvalumab and trastuzumab was performed on 

fifteen heavily pretreated HER2-positive metastatic 

breast cancer patients; however, no significant result 

was observed. PD-L1 expression was less than 1% 

on archive tissues of patients, which could be a 

possible explanation of not responding to treatment 

(96). 
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 Toxicity: Hepatitis, water-electrolyte 

imbalance, and rash (without any grade 4 or 5 side 

effects) were the most common related adverse 

events of durvalumab in TNBC or metastatic 

endocrine receptor (ER) positive patients (95). 

 

Cemiplimab 
Cemiplimab (Libtayo) is the most recent antibody in 

this category which was approved in 2018. It is an 

anti-PD-1 monoclonal antibody used for metastatic 

cutaneous squamous cell carcinoma, lung cancer, 

and myeloma (97-99). Administering cemiplimab in 

a study on 78 patients with locally advanced 

cutaneous squamous cell carcinoma and no accepted 

standard of care showed 13% of complete response, 

31% of partial response, and one treatment-related 

death (97). For the patients with NSCLC and tumors 

expressing PD-L1 >50%, a comparative study 

between pembrolizumab monotherapy vs. 

combinations of cemiplimab, ipilimumab, and 

platinum-based doublet chemotherapy is performing 

in Phase 3 (98). Cemiplimab combined with 

isatuximab is in phase 1/phase 2 to treat 

relapsed/refractory multiple myeloma patients (99). 

For hormone receptor-positive HER2 negative or 

triple-negative breast cancer, the first clinical trial 

was launched. 

 

CONCLUSION 

 

The design and development of different antibodies 

have undergone significant progress.  The modern 

antibodies are considered one of the most promising 

tools to treat breast cancer in the future. Today, 

HER2 is one of the most important therapeutic 

targets in breast cancer, and administration of 

herceptin is one of the routine parts of treatment 

patterns which have improved patient outcomes. The 

clinical application of HER2 directed antibodies is 

extended even beyond breast cancer. It is being 

investigated in other solid tumors, including gastric, 

colorectal, biliary tract, bladder, and non-small-cell 

lung cancers (100). However, projects such as 

detecting new targets, standardization of older 

antibodies, and developing and testing novel ones in 

clinical experiments can be programmed and 

performed.  

 Drug conjugates are the other important type of 

monoclonal antibodies. Their assessment in a variety 

of diseases indicates the potential as promising 

anticancer drugs. Drug conjugated antibody 

emerging data would help choose the appropriate 

targets, optimizing antibodies, and their conjugation 

to drugs and load of drugs (40). However, there is 

still some resistance to therapy in some cases and 

HER2+ metastatic breast cancer due to different 

reasons. For instance, altered intracellular signaling 

or escape from ADCC is among the causes of 

resistance against trastuzumab or dual HER2 

blockade. Therefore, understanding the underlying 

mechanism of action or resistance of therapies would 

be necessary to decrease the treatment failure rate 

(101). Recently some advanced technical 

approaches, including microfluidics, were used in the 

antibody-drug research. These techniques can 

provide 3D models and implement high-throughput 

screening, which seems to be quite applicable for 

antibody-drug conjugates investigation due to their 

high number in the research stage (102). Moreover, 

more varieties of combinations of antibody and 

chemotherapies and small molecules could be 

investigated (103).  

Immune checkpoint inhibitor antibodies are the other 

recent developments in monoclonal antibodies 

treating cancer and showed improved control of 

metastatic advanced stage tumor or triple-negative 

cancer, which have more limited therapeutic options 

(104). Combination therapy of immune checkpoint 

inhibitor antibodies along with other treatments is 

another emerging era of study. Mouse models 

research demonstrated that the combination therapy 

of anti- PD-1 antibody and drug conjugated antibody 

(trastuzumab deruxtecan) is more effective than 

monotherapy of each drug (105). 

 The last but not the least point is the price of 

monoclonal antibody therapies estimated to be 

$100,000 per person annually (106). Although the 

treatment is expensive, the cost is lower than other 

targeted therapies such as those for CAR-T cell that 

costs about $373,000 and $475,000 per treatment 

(107). 
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