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Summary 

Introduction:  

PD-1 is programmed death receptor 1 belonging to the CD28 family of receptors. Immune 

cells have this receptor on their surface. PD-L1 allows cancer cells to avoid the host's 

response. Connection to the PD-1 receptor leads to the death of the immune cell. 

Objective:  

The use of PD-1 receptors in the treatment of oncological, autoimmune and infectious 

diseases. 

Abbreviated description of the state of knowledge: 

The development and progression of immunotherapy in recent years has resulted in the 

approval of five immunotherapy pathways targeting PD-1 (pembrolizumab and durvalumab) 

or PD-L1 (atezolizumab, nivolumab and avelumab) in patients with progression during or 

http://dx.doi.org/10.12775/JEHS.2020.10.04.013
https://apcz.umk.pl/czasopisma/index.php/JEHS/article/view/JEHS.2020.10.04.013
https://zenodo.org/record/3749864
mailto:dkmadras@gmail.com
mailto:agatarocka2@gmail.com
mailto:patryk.jasielski11@gmail.com
mailto:faustyna.piedel@gmail.com


114 

after cisplatin based chemotherapy. The latest updates show that in some types of cancer, 

positive PD-L1 expression has an effect on treatment effect and qualification. These therapies 

are used, among others in melanoma, lymphomas, kidney cancer or breast cancer. PD-1 is 

also used to treat autoimmune and infectious diseases. 

Conclusions:  

Understanding the mechanism of the PD-1/PD-L1 pathway allows to design targeted therapy 

for individuals. It has been already used in NSCLC treatment program, whether bladder 

cancer or melanoma. Immunotherapy increases the survival time of patients with advanced 

stages of cancer. The therapies targeting the PD-1/PD-L1 pathway in autoimmune and 

infectious diseases are in clinical trials. 

 

Key words: programmed death receptor-1 (PD-1); programmed death receptor ligand-1 (PD-

L1); immunotherapy, oncology; autoimmunology; infectious diseases 

 

1.Introduction  

PD-1, or programmed death receptor-1 (CD279), belongs to the CD28 family of 

receptors. The PD-1 receptor is on the surface of immune cells. Tumor cells possessing PD-

L1 have the ability to evade the host's response. They attach to the PD-1 receptor and lead to 

the death of host immune cells. Antibodies directed against PD-1 have been shown to be 

effective in increasing T cell anti-tumor activity in some types of cancer. However, the 

potential effect of PD-1 on cancer cells remains largely unknown [1]. In a laboratory test, the 

amount of PD-L1 present on cancer cells is determined, which allows you to determine how 

to treat specific cancers. In their work, Zak et al. explain that cancer cells can avoid and 

suppress the host's immune responses by activating immunological immune checkpoint 

proteins such as PD-1, PD-L1 and CTLA-4. Silencing PD-1 or its ligand, PD-1 ligand (PD-

L1), promotes cell proliferation and colony formation in vitro, and tumor growth in vivo. And 

overexpression of PD-1 or PD-L1 inhibits tumor cell proliferation and colony formation. In 

addition, blocking antibodies directed against PD-1 or PD-L1 promote tumor growth in cell 

cultures and xenografts [2]. 

 

In treatment using the targeting of PD-1/PD-L1 pathway there are two types of actions. Anti-

PD-1 monoclonal antibodies (nivolumab and pembrolizumab), blocking the PD-1 molecule 

present on the surface of T- lymphocytes. Anti-PD-L1 antibodies (atezolizumab and 

durvalumab), blocking the PD-L1 molecule located on the surface of cancer cells and on the 

surface of cells of the immune system infiltrating the tumor tissue [3]. 

 

State of knowledge: 

2. SIDE EFFECTS OF IMMUNOTHERAPY  

Immunotherapy is increasingly used to treat advanced malignancies. One of the 

therapeutic routes are inhibitors of the immunological checkpoint proteins PD-1 and PDL-1. 

Despite good results, there are reports of side effects of their use. Side effects are associated 

with over-activation of the immune system. They are known as immune-related adverse 

events (IRAEs) [4]. A retrospective study evaluated the safety of nivolumab in 576 patients 

with advanced melanoma. 71% of patients experienced adverse effects of varying degrees [5]. 
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The spectrum described in the IRAE literature is broad. From rash and itching to encephalitis 

[6,7]. Common IRAEs are nonspecific symptoms such as fatigue or loss of appetite [5]. 

Commonly occurring IRAEs include myositis with and without myasthenia gravis. In turn, 

neurological side effects are rare but may be associated with poor prognosis [8]. One of the 

life-threatening IRAEs is Guillain-Barré Syndrome. From a clinical point of view, nonspecific 

symptomatology is initially important [9]. Gastroenterological IRAEs include: diarrhea, 

colitis, intestinal perforation, and hepatitis [10,11]. On the other hand, among the endocrine 

IRAEs there are thyroiditis, hypothyroidism, diabetes, and hypopituitarism [12,13]. 

Knowledge of IRAE is important in the prompt implementation of the appropriate procedure. 

For the treatment of IRAE, immunosuppression is recommended for a short period of time 

(from 2 weeks to 2 months). It is noted that immunosuppression longer than 28 days may be 

associated with opportunistic infections [14]. 

 

3.0 ONCOLOGICAL DISEASES 

3.1. MELANOMA 

The concept of immune surveillance of cancer is based on the fact that cancer cells can 

be recognized and eliminated by the immune system. The development of metastatic 

aggressive melanoma shows that selected variants can get out of immunological control. The 

most commonly studied negative control immunological molecules and widely accepted 

targets for immunotherapy are T-cell-associated cytotoxic protein 4 (CTLA-4) and 

programmed cell-1 (PD-1) death protein. The interaction of PD-1 with its ligands PD-L1 and 

PD-L2, in turn, inhibits the effector function of T cells in peripheral tissues. In addition, the 

combination of anti-CTLA-4 and anti-PD-1 antibodies has been shown to act synergistically 

by multiplying activated T-effector cells. Currently, anti-PD-1 antibodies are nivolumab, 

pembrolizumab, cemiplimab, and atezolizumab and avelumab for the target PD-L1. The 

expression of PD-L1 on tumor cells is also thought to be a clear predictor of response to 

treatment. Although PD-L1 overexpressing tumors have been shown to be associated with a 

higher response to immunotherapy, sustained responses could also be seen in PD-L1 negative 

tumors. Hence, further studies are needed to assess the actual prognostic value of tumor PD-

L1, including dynamic monitoring of PD-L1 expression or PD-L RNA sequencing [15]. 

Therapies targeted at programmed death receptor-1 (PD-1) have been showing efficacy in 

treating patients with melanoma for years. Findings of the research group under the leadership 

of Tumeh PC. from 2014 indicate that tumor regression after therapeutic PD-1 blockade 

requires the prior existence of CD8 (+) T-cells negatively regulated by adaptive immune 

resistance mediated by PD-1/PD-L1. The correlation between T-cell activation and treatment 

outcome after the release of the PD-1 immune checkpoint can be driven by the production of 

interferons by tumor-infiltrating CD8 cells that induce PD-L1 expression on tumor-resident 

cells [16]. 

 

3.2 KIDNEY CANCER/ BLADDER CANCER/ UROTHELIAL CARCINOMA  

The use of new checkpoint inhibitors has also been very promising in refractory 

muscular bladder cancer. Ongoing research into the role of checkpoint inhibitors in bladder 

cancer may change our approach to different stages of this cancer. For local bladder cancer, 

immunotherapy as neoadjuvant therapy may be associated with less toxicity and better 
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tolerability. Finally, in the setting of a BCG-refractory or BCG-naïve nonmuscle invasive 

disease checkpoint inhibitors may reduce/delay the risk of progression and subsequent 

cystectomy [17].  

Kidney cancer (RCC) as well as urothelial cancer (UC) are highly immunogenic tumors. 

Advances in understanding cellular immunity have resulted in a new class of therapeutic 

agents. Anti-PD1 and anti-PD-L1 monoclonal antibodies are checkpoint inhibitors. They 

inhibit the immune response of PD1 on T cells (Treg) and PD-L1 on cancer cells. In 

metastatic or inoperable urothelial cancer, there is no effective second-line therapy, but 

checkpoint inhibitors have proved to be active and are increasingly being included in the 

guidelines for urothelial cancers. Numerous randomized phase II clinical trials are underway 

as well as adjuvant therapy for the efficacy of these substances [18]. Nivolumab was 

evaluated for safety and activity in a study by Sharma et al. Patients with progression or 

relapse over 18 were enrolled in the phase II study. They had previously received at least one 

platinum-based treatment regimen. Patients received the drug intravenously at a dose of 3 

mg/kg every 2 weeks, until disease progression, clinical deterioration, drug toxicity or other 

causes. The study showed that ORR was higher in patients with high PD-L1 expression 

(28.4% for PD-L1 ≥ 5%, 23.8% for PD-L1 ≥ 1% and 16.1% for PD-L1 <1 %), while the OS 

index was also higher for tumors with PD-L1 expression ≥1% vs. PD-L1 <1%. Nivolumab 

monotherapy provided significant clinical benefit and demonstrated an acceptable level of 

safety.[19,20]. In 2017, nivolumab as a drug for locally advanced or metastatic urothelial 

cancer was included in therapy by the FDA [20]. The development of new targeted therapies 

and immunotherapy is a goal in the fight against kidney cancer. They are most often 

diagnosed accidentally, and 90% of kidney cancers are renal cell carcinoma, and as many as 

17% of diagnosed patients have advanced stage of disease.  

Programmed death 1 ligand (PD-L1) was analyzed in the Chandrasekaran et al study. 

It is the surface protein of transmembrane cells and is expressed on cancer cells. PD-L1 

appears to play a major role in inhibiting the T-cell immune response. By targeting the host's 

immune system to the PD1/PD-L1 pathway, tumor progression can be inhibited. Protein 

expression in tumor and adjacent cells of renal cell carcinoma and the association of PD-L1 

with tumor features were assessed. PD-L1 monoclonal antibodies were used. A high 

relationship between WHO high ISUP and PD-L1 positive expression was seen, 75% in RCC 

sarcomatic type and 46.8% in ccRCC, respectively. This shows that blocking the PD1/PD-L1 

pathway can be an effective method of immunotherapeutic treatment (especially in RCC). The 

relationship between PD-L1 expression and high tumor malignancy was confirmed, which 

proves to be an important prognostic factor [21].  

The study of Cimadamore A. et al. focused on studies that looked at using PD-1 alone 

and a PD-L1 inhibitor alone or in combination with another agent, and compared the different 

tests used in each study to assess the role of PD-L1 as a biomarker prognostic and predictive. 

It has been found that the current data on the use of PD-L1 expression alone are not sufficient 

to predict the response to treatment and have many limitations: lack of consensus between 

different biomarker assessment methods, PD-L1 heterogeneity between primary tumors and 

metastatic sites, different response criteria (RECIST vs. irRECIST), complex interaction with 

inflammatory components, prior treatment, administration of an antibiotic. Combinations of 

various biomarkers and biological traits such as angiogenesis associated gene expression, 
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immune response and osteomyelitis are promising biological variables that need to be 

reviewed in the context of future clinical trials [22].  

The National Cancer Institute (NCI) defines targeted therapies as "drugs or substances 

that block the growth and spread of cancer, interfering with the action of specific molecules 

involved in the growth and progression of cancer." Nivolumab is a monoclonal antibody 

therapy designed to directly block the interaction between PD-1 and its ligands in the 

treatment of melanoma, lung cancer, kidney cancer and hematological cancers and has been 

used since 2014 [23]. The study of Nakamura et al. examined the efficacy and safety of anti-

PD1 therapy (nivolumab) in advanced kidney cancer (RCC) in clinical settings. Previously, 

patients received other therapies. It was observed that the median progression-free survival 

was 10.3 months and the overall survival was 45.9 months. Nivolumab showed an objective 

response in 24% of cases. The results suggest that nivolumab may achieve comparable results 

under real-world clinical conditions to those in clinical trials [24].  

Motzer et al. studied the efficacy and safety of an open-label, randomized phase III 

study of nivolumab in patients with RCC. Survival benefit in favor of nivolumab has been 

demonstrated over everolimus in patients who have received one or two previous anti-

angiogenic therapies. The median OS was 25.0 months (95% CI: 21.8 - not estimable) with 

nivolumab and 19.6 months (95% CI: 17.6–23.1) with everolimus. ORR was greater for 

nivolumab than for everolimus (21.5% vs. 3.9%; P <0.001). Survival benefits were observed 

in each subgroup receiving nivolumab compared to everolimus, regardless of PD-L1 

expression. Nivolumab was approved for the treatment of metastatic kidney cancer in 

November 2015 [20,25]. In the 2018, Motzer et al study, the effectiveness of nivolumab 

combined with ipilimumab was examined. Patients were randomly assigned to 3 groups: 

Group I received 4 doses of nivolumab 3 mg/kg plus ipilimumab 1 mg/kg every 3 weeks, 

Group II nivolumab 3 mg/kg every 2 weeks, Group III sunitinib 50 mg once a day for 4 

weeks. The median was 25.2 months in patients with medium to low risk, 18 months overall 

survival was 75% (95% CI: 70-78) with nivolumab with ipilimumab and 60% (95% CI: 55-

65) with sunitinib. The objective response rate was 42% compared with 27% (p <0.001), and 

the total response rate was 9% compared with 1%. The median progression and free survival 

was 11.6 months and 8.4 months, respectively. In summary, OS and ORR were significantly 

higher for nivolumab with ipilimumab than for sunitinib in patients at medium to low risk 

with previously untreated advanced renal cell carcinoma. In April 2018, combination therapy 

with nivolumab and ipilimumab was approved as first-line treatment for patients with 

advanced medium and low risk RCC based on study results [26,27].  

In 2018, study of Koshkina et al tested the effectiveness of nivolumab in non-clear cell 

RCC subtypes, as this group of patients had previously been excluded from the original drug 

research. Monotherapy was well tolerated by patients. The study confirms the use of 

nivolumab in patients with metastatic, opaque renal cell carcinoma. However, more research 

is needed to demonstrate the effectiveness of the drug in this subtype of kidney cancer [28]. 
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3.4 NON-SMALL-CELL LUNG CARCINOMA (NSCLC) 

Lung cancer is the most common cancer in the world, and non-small cell lung cancer 

(NSCLC) is the most common subtype and accounts for 75% of all lung cancer cases. The 

course of the disease is often associated with high mortality.[29]. Reck et al. conducted a 

study in which they compared the immunological treatment with pemrolizumab for 

chemotherapy (platinum). Pembrolizumab is a humanized monoclonal antibody directed 

against the PD-1 receptor. The study included 305, previously untreated, patients whose PD-

L1 expression was at least 50% of the cancer cells. It was shown that the median progression 

free survival was 10.3 months (95% [CI].) in the pembrolizumab group compared to 6.0 

months (95% CI) in the chemotherapy group. After 6 months of therapy, the overall survival 

rate was 80.2% in the pembrolizumab group compared with 72.4% in the chemotherapy group 

[30]. A study by Forde et al. demonstrated the effectiveness of nivolumab in patients at an 

early stage of NSCLC (stage I, II or IIIA). The used treatment did not delay the planned 

surgery. Of the 21 tumors removed, 20 were completely resected. The main response to the 

treatment applied was in 9 out of 20 resected tumors (45%) [31]. Although PD-1/PD-L1 

blockade has shown good results in clinical trials, NSCLC is not effective in many patients. 

Hu et al. assessed 1984 patients with NSCLS to determine genetic changes. It was shown that 

the mutations most often concerned: p53 protein (55.70%), epidermal growth factor receptor 

(52.47%), GTPase KRAS prototype (13.36%) [32]. 

 

3.5 BREAST CANCER 

Unlike melanoma or lung cancer, breast cancer is not characterized by high 

immunogenicity. The use of PD-1 and PDL-1 checkpoint inhibitors in breast cancer is 

therefore limited. Still, there are promising results of immunotherapy in triple negative breast 

cancer (TNBC). This is the most aggressive and worst prognosis subtype of breast cancer. It is 

characterized by a high frequency of relapses.[33]. In one study, PDL-1 expression in TNBC 

cells was 8.5%. In contrast, PDL-1 expression in tumor infiltrating lymphocytes (TIL) 

accounted for 25.1%. Furthermore, PDL-1 expression in TIL and not in tumor cells was a bad 

prognostic factor [34]. In another study, PDL-1 expression co-occurring with low level of 

tumor infiltrating lymphocytes (TIL) was assessed as a negative prognostic factor in TNBC 

[35]. In 2019, the first checkpoint inhibitor approved - atezolizumab for the treatment of 

breast cancer. FDA approval of this drug was based on the results of an IMpassion130 phase 

III clinical trial. In this study, TNBC patients were divided into two groups of 451 patients 

each. In one of them, patients received atezolizumab and nab-paclitaxel. In contrast, the 

placebo group only nab-paclitaxel. Median progression-free survival was 7.2 months with 

atezolizumab and nab-paclitaxel, compared with 5.5 months with placebo and nab-paclitaxel 

(p = 0.002). In contrast, patients with PD-L1 positive tumors had a median progression free 

survival of 7.5 months and 5.0 months, respectively (p <0.001) [36,37]. FDA approval of 

atezolizumab is a promising point for personalized TNBC treatment. Tumors that do not 

express PDL-1 remain a challenge in the immunotherapy of this subtype of breast cancer. 
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3.6. LYMPHOMAS 

Immunological agents that block control points, i.e. PD-1/PD-L1, allow the 

reconstruction of long-term anti-tumor immunity. For hematological cancers, this new 

therapeutic strategy is much less documented, although promising clinical responses have 

been seen in patients with refractory and recurrent Hodgkin's lymphoma. It has been accepted 

in the available literature that the expression of PD-1/PD-L1 on the cell surface is a key 

determinant for the identification of patients eligible for this immunotherapy [38].  

Preclinical studies suggest that Reed-Sternberg cells use programmed death pathway 1 

(PD-1) to avoid detection by the patient's immune system. In classic Hodgkin's lymphoma, 

changes in chromosome 9p24.1 increase the abundance of PD-1, PD-L1 and PD-L2 ligands. 

They also promote their induction through a Janus kinase signal transducer and transcription 

signaling activator (STAT). In Ansell SM research. et al. from 2015, it turned out that one of 

the anti-PD-1 drugs, nivolumab, showed significant therapeutic activity. Its safety profile in 

patients with previously intensively treated recurrent or refractory Hodgkin's lymphoma was 

acceptable.[39]. As a result of studies performed in relapsed/refractory classic Hodgkin's 

lymphoma, anti-PD-1 monotherapy showed satisfactory response rates - from 65% to 87%. 

The median duration of response was 16 months in the phase II study. PD-1 blockade was 

also promising in the phase I study of nivolumab in relapsed/refractory B-cell non-Hodgkin's 

lymphoma, including follicular lymphoma. In 2018, slightly different results were obtained 

when pembrolizumab was used in recurrent chronic lymphocytic leukemia (CLL) - the 

response to treatment was 0% and 44% in CLL with Richter transformation in the phase II 

study by XU-Monette ZY. et al. PD-1 expression was also found in marginal lymphoma, but 

not in mantle cell lymphoma [40]. Mechanisms and predictive biomarkers of PD-1 blocking 

immunotherapy, treatment-related adverse events, and combination therapies are the focus of 

current research. 

  

4. AUTOIMMUNIZATION DISEASES 

The PD-1 receptor is one of the most important human immunity checkpoints. PD-1 is 

mainly expressed on activated lymphocytes. PD-L ligands occur on many cells in the body, 

giving the possibility of treating autoimmune diseases [41]. The programmed death ligand 

pathway (PD)-1/PD-1 (PD-Ls) belongs to the B7/CD28 family. It consists of the PD-1 

receptor and its ligands PD-L1 (B7-H1, CD274) and PD-L2 (B7-DC, CD273). Studies show 

that the PD-1/PD-Ls pathway affects induction and maintenance of immune tolerance. The 

PD-1/PD-Ls pathway protects tissues against the development of autoimmune reactions under 

physiological conditions.[42]. Autoimmune diseases include multiple sclerosis (MS). The 

pathomechanism of the disease is chronic inflammation. Kooij et al. noted that the different 

expression of mediators such as LXA4, LXB4, RvD1 and PD1 reduces monocyte activation 

and cytokine production under the influence of MS disease. In addition, those mediators are 

involved in the inhibition of inflammation-induced blood-brain barrier dysfunction and 

transepithelial migration of monocytes. Researchers have shown that the expression of PD-1 

molecules can potentially be used as a biomarker in both diagnosis and treatment [43]. The 

PD-1/PD-L1 pathway is important in the pathogenesis of rheumatoid arthritis (RA). The 

PDCD1, CD274 and PDCD1LG2 genes have been shown to be upregulated in synovial 
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tissues at various stages of RA disease development. In addition, PD-1 expression was 

demonstrated on most of the CD4+ and CD8+ T-cells present in the synovium.[44].  

 

5. INFECTIOUS DISEASES 

Chronic infections involve persistent antigenic stimulation associated with antigen-

specific T cell dysfunction and up regulation of inhibitory receptors, including PD-1. This 

receptor plays a role in many infectious diseases, including tuberculosis, hepatitis and 

cryptococcosis [45]. Expression of the PD-1 receptor increases, for example, in 

Mycobacterium avium complex (MAC) infections, which results from reduced secretion of 

interleukin IL-17 [46]. The 2018 Day CL research team concluded from their research that 

PD-1 was expressed at significantly higher levels on Mycobacterium-specific cytokine-

producing CD4 T lymphocytes. Their research sheds new light on the role of the PD-1 

pathway in regulating CD4 and CD8 T-cell responses in tuberculosis infection. Thus, they 

justify the need for future studies of the PD-1 pathway as a potential biomarker response to 

anti-tuberculosis therapy [47]. Exhaustion of antigen-specific T-cells is often seen in chronic 

liver infection due to hepatotropic viruses. Blocking overexpression of certain pathways, or 

modulation of immunological checkpoints, is a promising new therapy that can improve the 

treatment of liver disease with T-cell depletion features.[48]. In 2018, a team led by Mathur P. 

showed that after treatment with rituximab in patients with hepatitis C, a decrease in PD-1 

expression was observed [49]. PD-1 associated pathways also seem to play a significant role 

in hepatocellular carcinoma (HCC) on the basis of chronic HCV infection. It turned out that 

CD8+ T-cells with PD-1 on their surface were clearly important in predicting the course of 

the disease and response to treatment. Modulation of this immune checkpoint can be a 

promising target in immunotherapy against HCC [50]. The 2018 study results also suggest 

that suppression of the PD-1/PD-L1 signaling pathway limits the development of cryptococcal 

meningitis by decreasing Th2-cell expression and inhibiting microglia and macrophage 

activation [51]. 

 

Conclusions:  

Treatment using the achievements of immunology is increasingly important in the 

development of new therapies in many disease entities. Understanding the mechanism of 

action of the programmed PD-1/PD-L1 cell death pathway makes it possible to use this 

knowledge to design targeted therapy. By assessing the sensitivity of receptors to these 

antibodies, we can block the destructive effects of cancer cells on the lymphocytes involved in 

the fight against cancer. Individual adjustment of treatment to the needs of the patient can be 

embedded in already widely used treatment programs for small cell lung cancer, bladder 

cancer or melanoma. The effects of the treatment are satisfactory and they allow to extend the 

survival time of patients with advanced cancer. A number of factors directed at PD-1/PD-L1 

pathway are currently in clinical trials in autoimmune and infectious diseases. 
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