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Abstract  

Our immune system has its self-regulation mechanisms. Leukocytes can regulate their functions via control of the gene 

expression and/or the secretion of cytokines. In this review, we resumed the way T-cells are regulated between active 

and inactive states. The discovery of two receptors for the transduction of inhibitory signals, the cytotoxic T-cell 

receptor and the programmed cell death receptor, is presented in the second part. Disrupting the backward process of T-

cells by blocking these receptors triggers the actions of T-cells against cancer cells and brings hope for cancer patients. 

In the third section, we discussed the developments of three groups of antibodies for anti-cancer purposes and their 

potentials in cancer treatments. 

Keywords: Cancer immunotherapy; CTLA-4; PD1; PD-L1; Immune-checkpoint inhibitors.  

Tóm tắt  

Hệ thống miễn dịch của chúng ta có các cơ chế tự điều hòa. Các tế bào bạch cầu có khả năng tự điều hòa hoạt động của 

chúng thông qua việc kiểm soát biểu hiện gen và/hoặc sự tiết các cytokine. Trong bài tổng quan này, chúng tôi tóm lược 

phương thức các tế bào T được kích hoạt và sau đó trở lại trạng thái nghỉ. Quá trình khám phá ra hai thụ thể truyền tín 

hiệu ức chế, thụ thể của tế bào T độc và thụ thể gây chết tế bào theo chương trình, được trình bày trong phần thứ hai. Sự 

phá vỡ quá trình bất hoạt các tế bào T bằng cách phong tỏa các thụ thể này mang lại khả năng chống ung thư nhờ hoạt 

động của các tế bào T và mang lại hy vọng cho bệnh nhân ung thư. Trong phần thứ ba, chúng tôi thảo luận về sự phát 

triển của ba nhóm kháng thể kháng ung thư và tiềm năng của chúng trong điều trị ung thư. 

Từ khóa: Liệu pháp miễn dịch ung thư; CTLA-4; PD-1; PD-L1; Các nhân tố ức chế kiểm soát miễn dịch. 

1. Introduction 

Human carries on a great battle against 

cancer, but it is still the most miserable fight and 

not likely to end shortly. Many therapies 

involving the use of hormones, drugs, 

radiotherapy, or surgery have been developed 

and applied in cancer treatment. In the last few 

decades, an alternative and promising therapy 
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using our immune systems to fight cancer called 

the cancer immunotherapy had emerged [1].  

In the mid-1990s, T lymphocyte-associated 

antigen 4 (CTLA-4) and programmed death 1 

receptor (PD-1) caught scientists’ attention 

since their functions as immune brakes were 

observed [2]. Details in their mechanisms of 

actions were increasingly studied and targeted 

for inhibition of tumor growth [3]. More 

importantly, new data has revealed that the 

inhibition of their signaling pathways recruits 

the T-cell into the attack on tumors [3]. 

Furthermore, blocking their two distinct signal 

pathways would result in better therapy [4, 5].  

Different antibodies were produced and 

tested for blockade purposes on CTLA-4 and 

PD-1 receptors [6]. After years of many clinical 

trials, several monoclonal antibodies were 

approved by US Food and Drug Administration 

(FDA) including an anti-CTL-4 antibody: 

ipilimumab (BLA 125377, Mar. 2011); two 

anti-PD-1 antibodies: pembrolizumab (BLA 

125514, April 2014) and nivolumab 

(BLA 125554, Dec. 2014) and three anti-PD-

L1 antibodies: atezolizumab (BLA 761034, 

May 2016), avelumab (BLA 761049, Mar. 

2017), durvalumab (BLA 761069, May 2017) 

for treatments of different cancer types [6]. The 

present review article covers an overview of 

signaling pathways of the two receptors, 

CTLA-4 and PD-1, on T-cells as well as the 

development of monoclonal antibodies against 

these two receptors.  

2. TCLA-4 and PD-1 and their potentials in 

cancer immunotherapy  

CTLA-4 (also known as CD152) was first 

discovered in 1987 as a member of the 

immunoglobulin superfamily expressed in 

activated T lymphocytes [7]. Knocking down 

CTLA-4 gene in mice revealed that it functions 

as an immune checkpoint receptor [8, 9]. 

CTLA-4 is a homolog of CD28, a well-known 

receptor on surfaces of T-cells. B7 receptors 

stimulate both CD28 and CTLA-4 on the 

membrane of antigen-presenting cells (APCs), 

but they trigger two opposite pathways inside 

the activated T-cells [2, 10]. CD28 induces the 

production of interleukin-2 and proliferation of 

T-cells, while CTLA-4 inhibits these actions 

[10]. Besides studies for treatments of 

autoimmunity diseases, CTLA-4 was first 

investigated by James Patrick Allison as a 

potential target for cancer treatment by 

blocking this receptor, opening a new trend for 

cancer immunotherapy researches [3]. 

PD-1 (also known as CD279) was first 

reported by Tasuku Honjo [11]. It was 

restrictedly expressed in the thymus of mice 

and related to the programmed cell death of 

some cell lines [11]. Later, the PD-1 coding 

sequence was found on 2q37.3 in the human 

genome [12]. PD-1 is one member of CD28 

family that is expressed and presented on 

surfaces of activated B and T lymphocytes 

upon stimulation [13, 14]. Similar to CTLA-4, 

PD-1 receptor has a negative regulation on 

activated T-cells but through different 

downstream signaling [15, 16]. Blocking PD-1 

noteworthy inhibited hematogenous spreads of 

cancer cells [17]. This finding started the 

decades of antibody development for blocking 

PD-1 in combination with CTLA-4 antibodies 

and/or anti-cancer agents. The works of James 

Patrick Allison and Tasuku Honjo on these 

antibodies and their application in cancer 

immune therapy have been well appreciated 

and awarded a Nobel Prize in Physiology or 

Medicine in 2018 [18].  

3. Inhibitory actions of CTLA-4 and PD-1 on 

activation of T-cell  

T-cell is a type of lymphocytes which keeps 

an indispensable role in immune responses. 

When any “non-self” agents such as microbial 

subjects penetrate our body, receptors on the T-
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cell surface will recognize them and initiate T-

cell-mediated immune responses. Activation of 

T-cell is a complex process that requires more 

than one signal (Fig. 1A). The primary signal 

comes from the binding of the T-cell receptor 

(TCR) to its antigen on the major 

histocompatibility complex (MHC) molecule 

that is presented by an APC [19]. The 

activation of T-cell will be further adjusted by 

regulatory signals that arise from the binding of 

regulatory receptors on T-cell to other receptors 

on APCs, including CD28. Bindings of B7 

receptors on APC such as B7-1 (also known as 

CD80) or B7-2 (also known as CD86) with 

CD28 receptors on the T-cell will give fully 

functional T-cell [19, 20]. This process 

provokes the proliferation and mobility of 

activated T-cells [19]. The expression of 

CTLA-4 is induced in activated T-cell, which, in 

turn, will harm the function of activated T-cell 

[21]. CTLA-4 strongly binds to B7 receptors in 

competition with CD28, and therefore, directly 

prevents stimulatory signals [22, 23]. When the 

linkages of CTLA-4/B7 formed, the complexes 

also trigger inhibitory signals that counteract the 

accelerator functions of TCR/MHC and 

CD28/B7 binding [24] (Fig. 1B). 

Furthermore, CTLA-4 is also quickly 

endocytosed and degraded [25] due to a trans-

endocytosis process that is triggered by itself. 

In the trans-endocytosis, CTLA-4 captures its 

ligands, B7 receptors on APC, and takes the 

ligands with it into endocellular vesicles of T-

cell. As a result, B7 receptors are also degraded 

inside T-cells, and ligands for CD28 receptors 

are cleared [26]. In other words, CTLA-4/B7 

linkages will stop activated T-cells from 

carrying on its functions [23, 27, 28].  

Function as another immune brake, PD-1 

expression is increased in activated T-cells and 

transduces negative signals on these cells [29]. 

Its two ligands stimulate PD-1, programmed 

cell death ligand 1 and 2 (PD-L1 and PD-L2), 

the two membrane proteins [30] (Fig. 1C). PD-

L1 (also called B7-H1 or CD274) is widely 

expressed on different cell types such as 

leukocytes, endothelial cells, reticular 

fibroblasts, keratinocytes [30-32]. It is also 

commonly expressed in cancer cells [33-35]. 

PD-L1-highly-expressing-cells can trigger 

apoptosis on activated T-cells, helping them to 

escape from cytotoxic T-cells [36]. 

Furthermore, PD-L1-positive-tumor lowers the 

penetration of lymphocytes into the tumor and 

becomes tolerant of immune cells [18]. 

Blocking PD-L1 increases tumor-infiltrating of 

lymphocytes, and thus it has become a target 

for anti-cancer therapy [33]. PD-L2 (known as 

B7-DC or CD273) is expressed in a few cell 

types [37], including APC and macrophages 

[38]. It is also expressed in different tumors like 

pancreatic adenocarcinoma [36], osteosarcoma 

[39], head and neck squamous carcinoma [35]. 

Similar to tumors with high PD-L1 expression 

levels, PD-L2-high-expressing-tumors give 

poor prognosis for carriers [40].  

The balance of stimulatory and regulatory 

receptors is essential in normal physiological 

conditions. Regulatory pathways of CTLA-4 

and PD-1 immune checkpoints can alter the 

tolerance of peripheral T-cells to prevent 

autoimmunity [41].  



N.T.Dan, N.T.Ha, P.T.T.Linh,... / Tạp chí Khoa học và Công nghệ Đại học Duy Tân 2(51) (2022) 96-105 99 

Figure 3.1. Regulation of T-cell activity and 

the blockade of antibodies against T 

lymphocyte-associated antigen 4 (CTLA-4) and 

programmed death 1 receptor (PD-1). A) T-

cells are activated by two distinct signals, 

regulation signals inhibit one through T-cell 

receptor (TCR) and the other through CD28; B) 

Active T-cells from CTLA-4 and PD-1 

receptors on their membranes; C) B7-1/2 is 

cleared, thereby, stimulation signal from CD28 

is stopped and exhausted T-cells are back to 

rest; D) Regulation signals are blocked by three 

antibody groups: Ab1 (anti-CTLA-4 

antibodies), and/or Ab2 (anti-PD-1 antibodies), 

and/or Ab3 (anti-PD-L1 antibodies), and thus, 

working duration of active T-cells are 

prolonged. 

4. Development of monoclonal antibodies 

against CTLA-1 and PD-1 

Although both CTLA-1 and PD-1 function 

as inhibitory components in the regulation chart 

in T-cell behavior, their downstream signals are 

distinct. CTLA-4 blocks the early stage of T-

cell activation inside the lymphoid organs, 

whereas PD-1 inhibits T-cell activity at later 

stages of an immune response in peripheral 

tissues [30]. CTLA-4 has a higher affinity with 

B7 molecules comparing to CD28 [42] and 

completely reverses stimulation from CD28 

[43-45]. The signals from PD-1 are slower and 

are not able to eliminate CD28-induced 

activation. For anti-cancer actions, CTLA-4 

blockade will unleash the immune system to 

attack cancer cells, and blocking PD-1-normal-

function can further enhance activities of the 

immune system against cancer cells  [17, 46]. 

The blockades showed synergic efficacy and 

gave a breakthrough in cancer treatments [47]. 

Shortly after initial studies with remarkable 

results, different antibodies were developed 

(Fig. 1D). Clinical trials increased dramatically 

and achieved impressive results, leading to 

FDA-approved antibodies in cancer 

immunotherapy [6]. Some of those antibodies 
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are humanized antibodies, while others are fully 

human antibodies. Different from fully human 

antibodies that entirely encoded in human 

DNA, the humanized antibodies contain small 

but essential parts of non-human peptides that 

directly bind to targets of the antibodies.  

Antibody for blocking CTLA-4  

Ipilimumab (traded name: Yervoy) is a 

humanized, full monoclonal IgG1 antibody 

against CTLA-4. It blocks the inhibitory action 

of CTLA-4 on cytotoxic T-lymphocytes (CTLs) 

and frees the CTLs to attack cancer cells [48, 

49]. In terms of structure properties, 

Ipilimumab is a high protein with a molecular 

weight of over 140 kDa [50]. The protein’s 

sequence was published in 2017 and stored in 

protein database bank (PDB, 

https://www.rcsb.org/) with ID 5TRU [51]. The 

heavy chain of the antibody contains 225 amino 

acids, while its light chain has 215 amino acids 

[51]. Ipilimumab was developed by Bristol-

Myers Squibb for the treatment of advanced 

metastatic melanoma (stage III or stage IV), the 

deadliest form of skin cancer, and showed 

positive effects on 487 recruited patients in 

2007 [52]. In 2010, the outcomes of 676 

advanced metastatic melanoma patients treated 

with Ipilimumab indicated that Ipilimumab had 

been noteworthy improved the patients’ 

survival [53]. This data led to approvals by 

FDA (2011) [37], Canada, and the European 

Union (2012) for applying Ipilimumab in the 

treatment of melanoma. So far, Ipilimumab 

which is the only antibody against CTLA-4 has 

been approved. Since then, a large number of 

studies about Ipilimumab have been carried out, 

and more than a thousand papers were 

published (PubMed searched on 15/01/2020). 

Many clinical trials are going on with 

combinations of Ipilimumab and other anti-

cancer agents. Among those studies, a 

combination of Ipilimumab and Nivolumab (an 

antibody described below) resulted in 

significantly better outcomes compared to the 

usage of each antibody separately [54]. This 

combination was approved by FDA in 2018 for 

the treatment of advanced renal cell carcinoma 

[54]. Clinical trials using other combinations 

are continuing for treatments of different 

metastatic cancers such as saliva gland cancer, 

gastric cancer, colorectal cancer, pancreatic 

cancer, etc (https://www.clinicaltrials.gov/ with 

ipilimumab). 

Antibody for blocking PD-1 

Pembrolizumab (trade name Keytruda) is 

another humanized monoclonal IgG that blocks 

the PD-1 receptor. It inhibits the binding of PD-

L1 and PD-L2 to the PD-1 receptor and 

eliminates the inhibitory signals from PD-1 in 

the regulation of T-cell activities. 

Pembrolizumab was developed by Merck and 

first approved by the US FDA in 2014 for the 

treatment of metastatic melanoma with 

mutation of BRAF V600E [55]. The FDA also 

approved it for the treatment of metastatic non-

small cell lung cancer [36]. This antibody was 

used in more than a thousand studies (PubMed 

search with “pembrolizumab” in “title” on 

15/01/2020) in the last five years. Since then, it 

has been continuously used in clinical trials for 

the treatment of other cancer types. To date, it 

has been recommended for the treatment of 

various cancer types, including some in the 

deadliest list, such as esophageal carcinoma, 

lung cancers, and hepatocellular carcinoma 

[56].  

Nivolumab (trade name Opdivo) is another 

anti-PD-1 monoclonal antibody. It was 

produced by spleen cells from transgenic mice 

that have a humanized immune system [57]. It 

is, therefore, different from pembrolizumab, a 

fully human antibody. Nivolumab stops the 

inhibitory signal of PD-1 on T-cells, free the T-

cells to attack cancer cells. This antibody has 

https://www.rcsb.org/
https://www.clinicaltrials.gov/
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received FDA approval for the treatment of 

patients with unresectable or metastatic 

melanoma in 2014 [58]. Later, it has also been 

approved by FDA for the treatment of classical 

Hodgkin lymphoma (2016) [59], hepatocellular 

carcinoma (2017) [58], colorectal cancer (2017) 

[60], renal cell carcinoma (2018) [61], lung 

cancer (2018) [62]. Nivolumab is still one of 

the most appealing subjects in researches. A 

search with its name in the titles showed 610 

reports in 2019 alone, and over 1700 reports in 

total (PubMed searched on 15/01/2020). 

Also, only 62% similarity was observed in 

amino acid sequences in extracellular domains 

of murine PD-1 and human PD-1 [55]. Human 

PD-1 binds differently to murine ligands 

compared with murine PD-1 [56]. The binding 

pocket of human PD-1 to its ligands was not 

well documented and still being investigated 

[18]. Furthermore, different structures might 

trigger alternative signaling [63]. The structure 

data of PD-L1 may provide a helpful dock for 

small molecule screening [18]. The 

development of antibodies using an updated 

structure database of human PD-1 holds the 

potential for better clinical efficacy [64, 65]. 

Antibody for blocking PD-L1 

A group of antibodies has been developed to 

block PD-L1 from binding to PD1 [66]. 

Blocking PD-L1 results in higher anti-tumor 

efficacy in comparison with anti-PD-1 

antibodies [67]. Atezolizumab was developed 

by Genentech, Inc. (a member of the Roche 

group) to attack PD-L1 for the treatment of 

urothelial carcinoma. Similar to many other 

antibodies that have been used in 

immunotherapy, Atezolizumab is also a 

humanized monoclonal antibody, with a heavy 

chain containing 448 and a light chain 

containing 214 amino acids [68]. FDA issued 

an approval letter for Atezolizumab on May 18, 

2016, with trade name Tecentriq [69]. A 

clinical trial phase 3 (identifier NCT02302807) 

had been completed in November 2018 on 931 

patients with metastatic urothelial bladder 

cancer showing a considerable benefit for the 

treated patients [70]. Dozens of clinical trials 

were carried out and resulted in the approval of 

the FDA for the utilization of atezolizumab in 

the treatments of lung cancers and triple-

negative breast cancer [71]. A meta-analysis 

that analyzed data from 14 different trials with 

2496 patients confirmed the benefits for 

patients with relatively low risk [72]. Adverse 

drug responses (ADR) were somehow co-

related with the efficacy of atezolizumab in 

clinical trials. Total ADR rate (at all levels) 

from meta-analysis, after injecting 

atezolizumab was 69%. The most common 

severe atezolizumab-related ADR were fatigue, 

anemia, and dyspnea, accounting for  6%, and 

atezolizumab associated death was shallow 

(0.17%) [72].  

Avelumab (also known as MSB0010718C) 

is a fully human IgG1 [73]. It was first used in 

a clinical trial in 2014 for the treatment of 

Merkel cell carcinoma [74] and had been 

approved by the FDA in Mar. 2017 with trade 

name Bavencio [75, 76]. FDA also approved 

Avelumab for the treatment of solid tumors of 

metastatic urothelial carcinoma [75, 77]. 

Furthermore, many other clinical trials are still 

on-going with avelumab, mostly in 

combination regimens for the treatment of 

different types of cancer. Among those, a 

combination of avelumab and axitinib 

significantly prolonged progression-free 

survival for patients with advanced renal-cell 

carcinoma [78, 79].   

Durvalumab (trade name Infinzi), developed 

by AstraZeneca UK Limited, is another fully 

human IgG1 against PD-L1. It was designed to 

attack PD-L1 and block the binding of PD-L1 

to PD-1 for the treatment of advanced urothelial 
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cancers (locally or metastatic form) and stage 

III unresectable non-small cell lung cancer 

(NSCLC). It was first approved by FDA in May 

2017 [80] and last updated information in July 

2019 [81]. The results showed that Durvalumab 

brought benefits for the treated patients [82]. A 

three-year-follow-up study showed that 

durvalumab improved survival rates of patients 

with stage III NSCLC after chemoradiotherapy 

[83]. It was also elucidated to be a benefit for 

patients with small-cell lung cancer [84]. 

Different clinical trials are now on-going for 

the treatment of other cancer types. 

Overall response rates (ORR) to durvalumab 

are dependent  on the expression levels of PD-

L1 [85]. For example, clinical trial 

NCT01693562 showed that a group of patients, 

who had more than 25% of tumor cells 

expressing PD-L1, had higher ORR (21.8%) 

than that of the group with less than 25% of 

tumor cells expressing PD-L1 (6.4%) [86]. A 

meta-analysis by Xi Liu and his colleagues 

revealed that the efficacy of all PD-L1 

inhibitors was always dependent on the 

expression levels of PD-L1 in many cases [87]. 

However, it is also confirmed that using PD-L1 

inhibitors was a benefit for patients in both PD-

L1 positive and PD-L1 negative groups 

compared to the controls [87].  

Side effects in general 

Similar to all kinds of drugs, there is a list of 

ADR for each antibody used in the treatment of 

specific cancer types that included in the drug 

labels. Overall, using immune-checkpoint 

inhibitors in cancer treatments can cause the 

discovery of a wide range of ADR but rarely 

cause life-threatening ADR. A retrospective 

study showed details of this issue in using 

antibodies against CTLA-4 and PD1 [88]. 

Another review showed more details on this 

problem of all three antibody groups [89]. They 

both suggested the need for monitoring patient 

case-by-case based on their risk profiles [88, 

89]. Optimizing properties of antibodies and 

their formula can also offer higher efficacy and 

lower the risks [89, 90].  

5. Conclusion 

The cancer immunotherapy utilizing 

antibodies to block signals from CTLA-4 and 

PD-1, thus, preventing active T-cells from 

being recognized and inactivated, is currently 

been used as regiments for advanced-stage or 

metastatic cancers. They bring hope for patients 

after other therapies failed to improve their 

sickness. The good outcomes and manageable 

risks are making immune-checkpoint inhibitors 

the most exciting subjects in the development 

of anti-cancer drugs to date. Anti-CTLA-4 and 

anti-PD1 antibodies function via blocking 

receptors on T-cells. Thus, their efficacy is not 

dependent on protein-expression profiles of 

tumors. Anti-PD-L1 antibodies, on the other 

hand, are dependent on expression levels of the 

target. The up-coming studies on optimization 

and novel inhibitors will continue to change the 

battle of human beings against cancers. 

References 

[1] Andersen, M. H. (2019), "Anti-cancer immunotherapy: 

breakthroughs and future strategies", Semin 

Immunopathol 41(1): 1-3. 

[2]  Walunas, T. L., et al. (1994), "CTLA-4 can function 

as a negative regulator of T cell activation", 

Immunity 1(5): 405-413. 

[3] Leach, D. R., et al. (1996), "Enhancement of 

antitumor immunity by CTLA-4 blockade", Science 

271(5256): 1734-1736. 

[4]  Rotte, A. (2019), "Combination of CTLA-4 and PD-

1 blockers for treatment of cancer", J Exp Clin 

Cancer Res 38(1): 255. 

[5] Somasundaram, R. and M. Herlyn (2015), 

"Nivolumab in combination with ipilimumab for the 

treatment of melanoma", Expert Rev Anticancer 

Ther 15(10): 1135-1141. 

[6]  Marhelava, K., et al. (2019), "Targeting Negative 

and Positive Immune Checkpoints with Monoclonal 

Antibodies in Therapy of Cancer", Cancers (Basel) 

11(11). 

[7]  Brunet, J.-F., et al. (1987), "A new member of the 

immunoglobulin superfamily—CTLA-4", Nature 

328(6127): 267-270. 



N.T.Dan, N.T.Ha, P.T.T.Linh,... / Tạp chí Khoa học và Công nghệ Đại học Duy Tân 2(51) (2022) 96-105 103 

[8]   Tivol, E. A., et al. (1995), "Loss of CTLA-4 leads to 

massive lymphoproliferation and fatal multiorgan 

tissue destruction, revealing a critical negative 

regulatory role of CTLA-4", Immunity 3(5): 541-547. 

[9]  Waterhouse, P., et al. (1995), "Lymphoproliferative 

disorders with early lethality in mice deficient in 

Ctla-4", Science 270(5238): 985-988. 

[10] Krummel, M. F. and J. P. Allison (1995), "CD28 

and CTLA-4 have opposing effects on the response 

of T cells to stimulation", The Journal of 

Experimental Medicine 182(2): 459-465. 

[11] Ishida, Y., et al. (1992), "Induced expression of PD-

1, a novel member of the immunoglobulin gene 

superfamily, upon programmed cell death", EMBO 

J 11(11): 3887-3895. 

[12] Shinohara, T., et al. (1994), "Structure and 

chromosomal localization of the human PD-1 gene 

(PDCD1)", Genomics 23(3): 704-706. 

[13] Agata, Y., et al. (1996), "Expression of the PD-1 

antigen on the surface of stimulated mouse T and B 

lymphocytes", Int Immunol 8(5): 765-772. 

[14] Vibhakar, R., et al. (1997), "Activation-induced 

expression of human programmed death-1 gene in 

T-lymphocytes", Exp Cell Res 232(1): 25-28. 

[15] Nishimura, H., et al. (1999), "Development of lupus-

like autoimmune diseases by disruption of the PD-1 

gene encoding an ITIM motif-carrying 

immunoreceptor", Immunity 11(2): 141-151. 

[16] Freeman, G. J., et al. (2000), "Engagement of the PD-

1 immunoinhibitory receptor by a novel B7 family 

member leads to negative regulation of lymphocyte 

activation", J Exp Med 192(7): 1027-1034. 

[17] Iwai, Y., et al. (2005), "PD-1 blockade inhibits 

hematogenous spread of poorly immunogenic tumor 

cells by enhanced recruitment of effector T cells", 

Int Immunol 17(2): 133-144. 

[18] Prize, T. N. (Jan 2018). "The Nobel Prize in Physiology 

or Medicine 2018." from 

https://www.nobelprize.org/prizes/medicine/2018/su

mmary/. 

[19] Buchbinder, E. I. and A. Desai (2016), "CTLA-4 

and PD-1 Pathways: Similarities, Differences, and 

Implications of Their Inhibition", Am J Clin Oncol 

39(1): 98-106. 

[20] Vasilevko, V., et al. (2002), "CD80 (B7-1) and 

CD86 (B7-2) are functionally equivalent in the 

initiation and maintenance of CD4+ T-cell 

proliferation after activation with suboptimal doses 

of PHA", DNA Cell Biol 21(3): 137-149. 

[21] Brunet, J. F., et al. (1987), "A new member of the 

immunoglobulin superfamily--CTLA-4", Nature 

328(6127): 267-270. 

[22] Fallarino, F., et al. (1998), "B7-1 Engagement of 

Cytotoxic T Lymphocyte Antigen 4 Inhibits T Cell 

Activation in the Absence of CD28", The Journal of 

Experimental Medicine 188(1): 205-210. 

[23] Masteller, E. L., et al. (2000), "Structural Analysis 

of CTLA-4 Function In Vivo", The Journal of 

Immunology 164(10): 5319-5327. 

[24] Rudd, C. E., et al. (2009), "CD28 and CTLA-4 

coreceptor expression and signal transduction", 

Immunol Rev 229(1): 12-26. 

[25] Leung, H. T., et al. (1995), "Cytotoxic T 

lymphocyte-associated molecule-4, a high-avidity 

receptor for CD80 and CD86, contains an 

intracellular localization motif in its cytoplasmic 

tail", J Biol Chem 270(42): 25107-25114. 

[26] Qureshi, O. S., et al. (2011), "Trans-endocytosis of 

CD80 and CD86: a molecular basis for the cell-

extrinsic function of CTLA-4", Science 332(6029): 

600-603. 

[27] Egen JG, K. M., Allison JP (2002), "CTLA-4: new 

insights into its biological function and use in tumor 

immunotherapy", Nat Immunol 3(7): 611-618. 

[28] Schneider, H., et al. (2006), "Reversal of the TCR 

Stop Signal by CTLA-4", Science 313(5795): 1972-

1975. 

[29] Seidel, J. A., et al. (2018), "Anti-PD-1 and Anti-

CTLA-4 Therapies in Cancer: Mechanisms of Action, 

Efficacy, and Limitations", Front Oncol 8: 86. 

[30] Keir, M. E., et al. (2008), "PD-1 and its ligands in 

tolerance and immunity", Annu Rev Immunol 26: 

677-704. 

[31] Zhong, X., et al. (2007), "PD-L2 expression extends 

beyond dendritic cells/macrophages to B1 cells 

enriched for V(H)11/V(H)12 and 

phosphatidylcholine binding", Eur J Immunol 37(9): 

2405-2410. 

[32] Yamazaki, T., et al. (2002), "Expression of 

programmed death 1 ligands by murine T cells and 

APC", J Immunol 169(10): 5538-5545. 

[33] Wildeman, M. E., et al. (2018), "Central Nervous 

System Germinomas Express Programmed Death 

Ligand 1", J Neuropathol Exp Neurol 77(4): 312-316. 

[34] Moratin, J., et al. (2019), "Upregulation of PD-L1 

and PD-L2 in neck node metastases of head and 

neck squamous cell carcinoma", Head Neck 41(8): 

2484-2491. 

[35] Rozali, E. N., et al. (2012), "Programmed death 

ligand 2 in cancer-induced immune suppression", 

Clin Dev Immunol 2012: 656340. 

[36] Zhang, Y., et al. (2019), "A PD-L2-based immune 

marker signature helps to predict survival in 

resected pancreatic ductal adenocarcinoma", J 

Immunother Cancer 7(1): 233. 

[37] FDA (2011). "Biologic License Application (BLA) 

125377 @ FDA Approved Drug Products 

(Ipilimumab)." from 

https://www.accessdata.fda.gov/scripts/cder/daf/ind

ex.cfm?event=overview.process&ApplNo=125377. 

[38] Keir, M. E., et al. (2006), "Tissue expression of PD-

L1 mediates peripheral T cell tolerance", J Exp Med 

203(4): 883-895. 

[39] Tang, S. and P. S. Kim (2019), "A high-affinity 

human PD-1/PD-L2 complex informs avenues for 

small-molecule immune checkpoint drug 

discovery", Proc Natl Acad Sci U S A. 

https://www.nobelprize.org/prizes/medicine/2018/summary/
https://www.nobelprize.org/prizes/medicine/2018/summary/
https://www.accessdata.fda.gov/scripts/cder/daf/index.cfm?event=overview.process&ApplNo=125377
https://www.accessdata.fda.gov/scripts/cder/daf/index.cfm?event=overview.process&ApplNo=125377


N.T.Dan, N.T.Ha, P.T.T.Linh,... / Tạp chí Khoa học và Công nghệ Đại học Duy Tân 2(51) (2022) 96-105 104 

[40] Yang, H., et al. (2019), "Correlation Between PD-L2 

Expression and Clinical Outcome in Solid Cancer 

Patients: A Meta-Analysis", Front Oncol 9: 47. 

[41] Fife, B. T. and J. A. Bluestone (2008), "Control of 

peripheral T-cell tolerance and autoimmunity via the 

CTLA-4 and PD-1 pathways", Immunol Rev 224: 

166-182. 

[42] Collins, A. V., et al. (2002), "The interaction 

properties of costimulatory molecules revisited", 

Immunity 17(2): 201-210. 

[43] Stamper, C. C., et al. (2001), "Crystal structure of 

the B7-1/CTLA-4 complex that inhibits human 

immune responses", Nature 410(6828): 608-611. 

[44] Schwartz, J. C., et al. (2001), "Structural basis for 

co-stimulation by the human CTLA-4/B7-2 

complex", Nature 410(6828): 604-608. 

[45] Chambers, C. A., et al. (2001), "CTLA-4-Mediated 

Inhibition in Regulation of T Cell Responses: 

Mechanisms and Manipulation in Tumor 

Immunotherapy", Annual Review of Immunology 

19(1): 565-594. 

[46] Chae, Y. K., et al. (2018), "Current landscape and 

future of dual anti-CTLA4 and PD-1/PD-L1 

blockade immunotherapy in cancer; lessons learned 

from clinical trials with melanoma and non-small 

cell lung cancer (NSCLC)", J Immunother Cancer 

6(1): 39. 

[47] De Sousa Linhares, A., et al. (2019), "Therapeutic 

PD-L1 antibodies are more effective than PD-1 

antibodies in blocking PD-1/PD-L1 signaling", 

Scientific Reports 9(1): 11472. 

[48] Syn, N. L., et al. (2017), "De-novo and acquired 

resistance to immune checkpoint targeting", Lancet 

Oncol 18(12): e731-e741. 

[49] Ribas, A. (28 June 2012), ""Tumor immunotherapy 

directed at PD-1"", New England Journal of Medicine. 

[50] Patel, S. P. and S. E. Woodman (2011), "Profile of 

ipilimumab and its role in the treatment of metastatic 

melanoma", Drug Des Devel Ther 5: 489-495. 

[51] Ramagopal, U. A., et al. (2017), "Structural basis for 

cancer immunotherapy by the first-in-class 

checkpoint inhibitor ipilimumab", Proc Natl Acad 

Sci U S A 114(21): E4223-E4232. 

[52] PRINCETON, N. J.-.-B. W.-.-M., Inc. (NASDAQ: 

MEDX) and Bristol-Myers Squibb Company 

(NYSE: BMY) (2007), "Top-Line Data Available 

from Three Ipilimumab Pivotal Trials in Patients 

with Advanced Metastatic Melanoma", Bristol-

Myers Squibb. 

[53] F. Stephen Hodi, M. D., Steven J. O'Day, M.D., 

David F. McDermott, M.D., Robert W. Weber, 

M.D., Jeffrey A. Sosman, M.D., John B. Haanen, 

M.D., Rene Gonzalez, M.D., Caroline Robert, M.D., 

Ph.D., Dirk Schadendorf, M.D., Jessica C. Hassel, 

M.D., Wallace Akerley, M.D., Alfons J.M. van den 

Eertwegh, M.D., Ph.D., et al. (2010), "Improved 

Survival with Ipilimumab in Patients with 

Metastatic Melanoma", The New England Journal 

of Medicine(363): 711-723. 

[54] Wei, S. C., et al. (2019), "Combination anti-CTLA-4 

plus anti-PD-1 checkpoint blockade utilizes cellular 

mechanisms partially distinct from monotherapies", 

Proc Natl Acad Sci U S A 116(45): 22699-22709. 

[55] FDA (2014). "Biologic License Application (BLA): 

125514 @ FDA Approved Drug Products 

(Pembrolizumab)." from 

https://www.accessdata.fda.gov/scripts/cder/daf/ind

ex.cfm?event=overview.process&applno=125514. 

[56] FDA (2019). "Highlights of prescribing information 

(pembrolizumab)." from 

https://www.accessdata.fda.gov/drugsatfda_docs/lab

el/2019/125514s065lbl.pdf. 

[57] Wang, C., et al. (2014), "In vitro characterization of 

the anti-PD-1 antibody nivolumab, BMS-936558, 

and in vivo toxicology in non-human primates", 

Cancer Immunol Res 2(9): 846-856. 

[58] FDA (2017). "FDA grants accelerated approval to 

nivolumab for HCC previously treated with 

sorafenib." from 

https://www.fda.gov/drugs/resources-information-

approved-drugs/fda-grants-accelerated-approval-

nivolumab-hcc-previously-treated-sorafenib. 

[59] FDA (2018). "FDA grants nivolumab accelerated 

approval for third-line treatment of metastatic small 

cell lung cancer." from 

https://www.fda.gov/drugs/resources-information-

approved-drugs/fda-grants-nivolumab-accelerated-

approval-third-line-treatment-metastatic-small-cell-

lung-cancer. 

[60] FDA (2018). "FDA approves nivolumab plus 

ipilimumab combination for intermediate or poor-

risk advanced renal cell carcinoma." from 

https://www.fda.gov/drugs/resources-information-

approved-drugs/fda-approves-nivolumab-plus-

ipilimumab-combination-intermediate-or-poor-risk-

advanced-renal-cell. 

[61] Zak, K. M., et al. (2017), "Structural Biology of the 

Immune Checkpoint Receptor PD-1 and Its Ligands 

PD-L1/PD-L2", Structure 25(8): 1163-1174. 

[62] Viricel, C., et al. (2015), "Human PD-1 binds 

differently to its human ligands: a comprehensive 

modeling study", J Mol Graph Model 57: 131-142. 

[63] Zhang, N., et al. (2019), "Programmed cell death-

1/programmed cell death ligand-1 checkpoint 

inhibitors: differences in mechanism of action", 

Immunotherapy 11(5): 429-441. 

[64] Sul, J., et al. (2016), "FDA Approval Summary: 

Pembrolizumab for the Treatment of Patients With 

Metastatic Non-Small Cell Lung Cancer Whose 

Tumors Express Programmed Death-Ligand 1", 

Oncologist 21(5): 643-650. 

[65] FDA (2014). "Biologic License Application (BLA): 

125554 @ FDA-Approved Drugs (Nivolumab)." 

from 

https://www.accessdata.fda.gov/scripts/cder/daf/index

.cfm?event=overview.process&varApplNo=125554. 

https://www.accessdata.fda.gov/scripts/cder/daf/index.cfm?event=overview.process&applno=125514
https://www.accessdata.fda.gov/scripts/cder/daf/index.cfm?event=overview.process&applno=125514
https://www.accessdata.fda.gov/drugsatfda_docs/label/2019/125514s065lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2019/125514s065lbl.pdf
https://www.fda.gov/drugs/resources-information-approved-drugs/fda-grants-accelerated-approval-nivolumab-hcc-previously-treated-sorafenib
https://www.fda.gov/drugs/resources-information-approved-drugs/fda-grants-accelerated-approval-nivolumab-hcc-previously-treated-sorafenib
https://www.fda.gov/drugs/resources-information-approved-drugs/fda-grants-accelerated-approval-nivolumab-hcc-previously-treated-sorafenib
https://www.fda.gov/drugs/resources-information-approved-drugs/fda-grants-nivolumab-accelerated-approval-third-line-treatment-metastatic-small-cell-lung-cancer
https://www.fda.gov/drugs/resources-information-approved-drugs/fda-grants-nivolumab-accelerated-approval-third-line-treatment-metastatic-small-cell-lung-cancer
https://www.fda.gov/drugs/resources-information-approved-drugs/fda-grants-nivolumab-accelerated-approval-third-line-treatment-metastatic-small-cell-lung-cancer
https://www.fda.gov/drugs/resources-information-approved-drugs/fda-grants-nivolumab-accelerated-approval-third-line-treatment-metastatic-small-cell-lung-cancer
https://www.fda.gov/drugs/resources-information-approved-drugs/fda-approves-nivolumab-plus-ipilimumab-combination-intermediate-or-poor-risk-advanced-renal-cell
https://www.fda.gov/drugs/resources-information-approved-drugs/fda-approves-nivolumab-plus-ipilimumab-combination-intermediate-or-poor-risk-advanced-renal-cell
https://www.fda.gov/drugs/resources-information-approved-drugs/fda-approves-nivolumab-plus-ipilimumab-combination-intermediate-or-poor-risk-advanced-renal-cell
https://www.fda.gov/drugs/resources-information-approved-drugs/fda-approves-nivolumab-plus-ipilimumab-combination-intermediate-or-poor-risk-advanced-renal-cell
https://www.accessdata.fda.gov/scripts/cder/daf/index.cfm?event=overview.process&varApplNo=125554
https://www.accessdata.fda.gov/scripts/cder/daf/index.cfm?event=overview.process&varApplNo=125554


N.T.Dan, N.T.Ha, P.T.T.Linh,... / Tạp chí Khoa học và Công nghệ Đại học Duy Tân 2(51) (2022) 96-105 105 

[66] Rini, B. I., et al. (2019), "The society for immunotherapy 

of cancer consensus statement on immunotherapy for 

the treatment of advanced renal cell carcinoma (RCC)", 

J Immunother Cancer 7(1): 354. 

[67] FDA (2016). "Nivolumab (Opdivo) for Hodgkin 

Lymphoma." from 

https://www.fda.gov/drugs/resources-information-

approved-drugs/nivolumab-opdivo-hodgkin-

lymphoma. 

[68] NIH (Aug. 2019). "A Study of Atezolizumab 

Compared With Chemotherapy in Participants With 

Locally Advanced or Metastatic Urothelial Bladder 

Cancer [IMvigor211]." from 

https://www.clinicaltrials.gov/ct2/show/NCT023028

07?term=GO29294&cond=Atezolizumab&draw=2

&rank=1. 

[69] Akinleye, A. and Z. Rasool (2019), "Immune 

checkpoint inhibitors of PD-L1 as cancer 

therapeutics", J Hematol Oncol 12(1): 92. 

[70] FDA (May. 2016). "Biologic License Application 

(BLA) 761034 @ FDA-Approved Drugs 

(atezolizumab)." from 

https://www.accessdata.fda.gov/scripts/cder/daf/index

.cfm?event=overview.process&varApplNo=761034. 

[71] Lee, H. T., et al. (2017), "Molecular mechanism of 

PD-1/PD-L1 blockade via anti-PD-L1 antibodies 

atezolizumab and durvalumab", Sci Rep 7(1): 5532. 

[72] Barham, W. J., et al. (2019), "Humanized PD-1/PD-

L1 (HuPD) mice facilitate the direct functional 

comparison of immune checkpoint inhibitors 

<em>in vivo</em>", The Journal of Immunology 

202(1 Supplement): 195.191-195.191. 

[73] FDA (Dec. 2019). "Highlights of prescribing 

information: Tecntriq® (atezolizumab) injection, for 

intravenous use, revised Dec. 2019." from 

https://www.accessdata.fda.gov/drugsatfda_docs/lab

el/2019/761034s021lbl.pdf#page=47. 

[74] Boyerinas, B., et al. (2015), "Antibody-Dependent 

Cellular Cytotoxicity Activity of a Novel Anti-PD-

L1 Antibody Avelumab (MSB0010718C) on 

Human Tumor Cells", Cancer Immunol Res 3(10): 

1148-1157. 

[75] Kaufman, H. L., et al. (2016), "Avelumab in patients 

with chemotherapy-refractory metastatic Merkel cell 

carcinoma: a multicentre, single-group, open-label, 

phase 2 trial", Lancet Oncol 17(10): 1374-1385. 

[76] FDA (2017). "Biologic License Application (BLA) 

761049 @ FDA-Approved Drugs (avelumab)." from 

https://www.accessdata.fda.gov/scripts/cder/daf/index

.cfm?event=overview.process&varApplNo=761049. 

[77] Tie, Y., et al. (2019), "Safety and efficacy of 

atezolizumab in the treatment of cancers: a 

systematic review and pooled-analysis", Drug Des 

Devel Ther 13: 523-538. 

[78] FDA (May. 2019). "Highlights of prescribing 

information: Bavencio® (avelumab) for intravenous 

injection, revised in May. 2019." from 

https://www.accessdata.fda.gov/drugsatfda_docs/lab

el/2019/761049s006lbl.pdf. 

[79] Patel, M. R., et al. (2018), "Avelumab in metastatic 

urothelial carcinoma after platinum failure 

(JAVELIN Solid Tumor): pooled results from two 

expansion cohorts of an open-label, phase 1 trial", 

Lancet Oncol 19(1): 51-64. 

[80] FDA (May 2017). "Biologic License Application 

(BLA) 761069 @ FDA-approved drugs." from 

https://www.accessdata.fda.gov/scripts/cder/daf/index

.cfm?event=overview.process&varApplNo=761069. 

[81] FDA (July 2019). "Highlights of prescribing 

information (durvalumab)." from 

https://www.accessdata.fda.gov/drugsatfda_docs/lab

el/2019/761069s013lbl.pdf. 

[82] Anota, A. and V. Westeel (2019), "Quality of life 

with durvalumab in stage III non-small-cell lung 

cancer", Lancet Oncol 20(12): 1619-1620. 

[83] Gray, J. E., et al. (2019), "Three-Year Overall 

Survival with Durvalumab after Chemoradiotherapy 

in Stage III NSCLC-Update from PACIFIC", J 

Thorac Oncol. 

[84] Paz-Ares, L., et al. (2019), "Durvalumab plus 

platinum-etoposide versus platinum-etoposide in 

first-line treatment of extensive-stage small-cell lung 

cancer (CASPIAN): a randomised, controlled, open-

label, phase 3 trial", Lancet 394(10212): 1929-1939. 

[85] Botticella, A., et al. (2019), "Durvalumab for stage 

III non-small-cell lung cancer patients: clinical 

evidence and real-world experience", Ther Adv 

Respir Dis 13: 1753466619885530. 

[86] Murakami, S. (2019), "Durvalumab for the 

treatment of non-small cell lung cancer", Expert Rev 

Anticancer Ther 19(12): 1009-1016. 

[87] Liu, X., et al. (2019), "Association of PD-L1 

expression status with the efficacy of PD-1/PD-L1 

inhibitors and overall survival in solid tumours: A 

systematic review and meta-analysis", Int J Cancer. 

[88] Bajwa, R., et al. (2019), "Adverse Effects of 

Immune Checkpoint Inhibitors (Programmed Death-1 

Inhibitors and Cytotoxic T-Lymphocyte-Associated 

Protein-4 Inhibitors): Results of a Retrospective 

Study", J Clin Med Res 11(4): 225-236. 

[89] Martins, F., et al. (2019), "Adverse effects of 

immune-checkpoint inhibitors: epidemiology, 

management and surveillance", Nat Rev Clin Oncol 

16(9): 563-580. 

[90] Picardo, S. L., et al. (2019), "Structure and 

Optimization of Checkpoint Inhibitors", Cancers 

(Basel) 12(1). 

 

https://www.fda.gov/drugs/resources-information-approved-drugs/nivolumab-opdivo-hodgkin-lymphoma
https://www.fda.gov/drugs/resources-information-approved-drugs/nivolumab-opdivo-hodgkin-lymphoma
https://www.fda.gov/drugs/resources-information-approved-drugs/nivolumab-opdivo-hodgkin-lymphoma
https://www.clinicaltrials.gov/ct2/show/NCT02302807?term=GO29294&cond=Atezolizumab&draw=2&rank=1
https://www.clinicaltrials.gov/ct2/show/NCT02302807?term=GO29294&cond=Atezolizumab&draw=2&rank=1
https://www.clinicaltrials.gov/ct2/show/NCT02302807?term=GO29294&cond=Atezolizumab&draw=2&rank=1
https://www.accessdata.fda.gov/scripts/cder/daf/index.cfm?event=overview.process&varApplNo=761034
https://www.accessdata.fda.gov/scripts/cder/daf/index.cfm?event=overview.process&varApplNo=761034
https://www.accessdata.fda.gov/drugsatfda_docs/label/2019/761034s021lbl.pdf#page=47
https://www.accessdata.fda.gov/drugsatfda_docs/label/2019/761034s021lbl.pdf#page=47
https://www.accessdata.fda.gov/scripts/cder/daf/index.cfm?event=overview.process&varApplNo=761049
https://www.accessdata.fda.gov/scripts/cder/daf/index.cfm?event=overview.process&varApplNo=761049
https://www.accessdata.fda.gov/drugsatfda_docs/label/2019/761049s006lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2019/761049s006lbl.pdf
https://www.accessdata.fda.gov/scripts/cder/daf/index.cfm?event=overview.process&varApplNo=761069
https://www.accessdata.fda.gov/scripts/cder/daf/index.cfm?event=overview.process&varApplNo=761069
https://www.accessdata.fda.gov/drugsatfda_docs/label/2019/761069s013lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2019/761069s013lbl.pdf

