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Abstract

Cancer cells employ several mechanisms to evade the immune system of their host, thus escaping 

immune recognition and elimination. Of particular interest is a cancer cell’s ability to co-opt the 

immune system’s innate ligands and inhibitory receptors (also known as checkpoints), thus 

creating an immunosuppressive microenvironment that downregulates T-cell activation and cell 

signaling. The recent development of the checkpoint inhibitors anti-programmed death-1 and anti-

programmed death ligand-1 has generated an enormous amount of interest as a potential new 

anticancer strategy in solid tumors, particularly in non-small-cell lung cancer, renal cell carcinoma 

and melanoma. Data suggest significant disease response rates using anti-programmed death-1 and 

anti-programmed death ligand-1 antibodies, even in heavily pretreated patients. Future directions 

include optimization of drug delivery sequence and combination of immunotherapy with other 

therapies including cytotoxic chemotherapy, radiation, antiangiogenic agents and small-molecule 

tyrosine kinase inhibitors.
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Cancer & the immune system

Cancer cells have genetic and epigenetic abnormalities that drive the production of antigens 

used by the immune system to distinguish tumor cell from self. The expression of these non-

self-antigens by the tumor and their identification by the host results in the ability of the host 
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system to determine both tumor quantity and quality [1]. This process, known as 

immunoediting, occurs in three phases: elimination, equilibrium and escape [1]. The 

elimination phase (also referred to as immunosurveillance) refers to the process in which the 

host’s innate immune system eradicates tumor cells existing at a microscopic level. Tumor 

cells that are not destroyed during this initial phase go into the equilibrium phase or latent 

period, during which the adaptive immune system regulates the immunogenicity of tumor 

cells and prevents tumor growth. However, because tumor cells are inherently genetically 

unstable, variants that can evade the host’s adaptive immune system eventually emerge. 

These variant cells enter the escape phase either by being unidentifiable to the host or 

resistant to the host’s immune response, or by actively evading identification by inducing an 

immunosuppressive microenvironment [2].

In order to avoid identification by the adaptive immune system, these tumor cells appear to 

co-opt the immune system’s natural inhibitory ligands and receptors (also known as 

checkpoints) in order to turn off T-cell activation and signaling [3]. In addition, cancer cells 

downregulate the MHC class I molecules, further inhibiting the immune cascade, including 

the ability to recognize and destroy nascent tumor [1]. The ability of cancer cells to escape 

antitumor T-cell activity in this way is now recognized as a trademark of cancer 

development and progression [4]. In that setting, a tremendous interest in using immune-

mediated therapies as an anticancer strategy has developed, resulting in the emergence of 

several new treatment modalities, including vaccine-based approaches and agents that target 

coinhibitory or costimulatory immune checkpoints. Immune checkpoints are molecules 

expressed on immune cells that modulate the T-cell response to antigens by either 

upregulating (costimulatory pathways) or downregulating (coinhibitory pathways) immune 

signaling. Ipilimumab is approved for use in melanoma as an antibody that blocks the 

cytotoxic T-lymphoctye-associated antigen 4. Several immunomodulatory antibodies or 

small molecules targeting the programmed death-1 (PD-1) coinhibitory pathway are 

currently in advanced clinical development for the treatment of solid tumors. Their 

development and potential future uses will be discussed in this review.

PD-1 is a coinhibitory receptor that downregulates T-cell activity in peripheral tissues 

during inflammatory states caused by infection, thereby limiting collateral tissue damage 

and preventing autoimmunity [3]. PD-1 is activated by interacting with its ligands, 

programmed death ligand-1 (PD-L1; also known as B7-H1) and programmed death ligand-2 

(PD-L2; also known as B7-DC) [5], which are upregulated during inflammation. PD-L1 is 

upregulated on diverse cell types in response to certain proinflammatory cytokines 

(primarily IFN-γ), while PD-L2 is upregulated on dendritic cells and macrophages in 

response to different inflammatory cytokines, most notably IL-4 [6,7]. The physiologic 

coexpression of receptor and ligand during inflammatory states prevents excessive T-cell 

tissue destruction at those sites. As a demonstration of this biology, PD-1 and PD-L1 knock-

out mice demonstrate amplified tissue response to infection or mild strain-specific and 

organ-specific autoimmune disease later on in life [3].

Tumor cells may upregulate PD-L1 as a way to locally dampen the host immune response 

and therefore escape damage and destruction. PD-L1 has been found to be upregulated on 

several types of solid tumor cells, including non-small-cell lung cancer (NSCLC), pancreatic 
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cancer, ovarian cancer, breast cancer, glioblastoma multiforme, colon cancer and gastric 

cancer [8–14], as well as in some hematologic malignancies [12,15–18], thus limiting local 

T-cell responses to tumor [19,20]. In addition, the majority of tumor-infiltrating 

lymphocytes express PD-1 [21,22]. Although data are mixed, some studies suggest that in 

several tumor types, increased expression of PD-L1 on the surface of tumor cells correlates 

with poor clinical outcomes [14,19,23–24]. These findings have led to the hypothesis that 

blocking the PD-1:PD-L1/PD-L2 interaction might increase local T-cell activity at the tumor 

site and induce an immune-mediated response [25,26]. As a consequence, several anti-PD-1 

and anti-PD-L1 antibodies have been developed (Table 1) and are currently undergoing late-

stage clinical trial investigation for the treatment of advanced renal cell carcinoma (RCC), 

melanoma and NSCLC.

Anti-PD-1 & anti-PD-L1 clinical trials in general solid tumor malignancies

In 2010, a multi-institutional, open-label Phase I clinical trial demonstrated a tolerable safety 

profile and preliminary antitumor activity of the anti-PD-1 antibody nivolumab 

(BMS-936558/MDX-1106/ONO-4538) in patients with advanced solid tumors [27]. 

Nivolumab is a genetically engineered, fully human IgG4 monoclonal antibody specific for 

human PD-1. The antibody contains an engineered hinge region mutation (S228P) that 

prevents IgG4 molecule exchange [27]. It binds to PD-1 with high affinity, thereby blocking 

its interactions with PD-L1 and PD-L2. Finally, it increases cytokine release and tumor 

antigen-specific T-cell division [27]. In total, 39 patients with metastatic melanoma, 

colorectal cancer (CRC), castration-resistant prostate cancer, NSCLC and RCC received 

nivolumab in dose-escalating cohorts, using doses of 0.3, 1, 3 and 10 mg/kg. The maximum 

tolerated dose was not reached. Notable grade 3 and 4 toxicities included decreased CD4 

count (17.9%), lymphopenia (2.6%), hypocalcemia (2.6%), ascites (2.6%), colitis (2.6%), 

fatigue (2.6%) and anemia (2.6%). The only serious adverse event reported was 

inflammatory colitis that developed in a patient with melanoma following five doses of drug 

at 1 mg/kg. Objective responses (ORs) were observed starting at the 3 mg/kg dose level, 

where a patient with multiorgan metastatic RCC experienced a complete response (CR) that 

lasted 21 months. At the 10 mg/kg dose level, two partial responses were seen (RCC and 

melanoma), one CR was seen (CRC) and two mixed responses were seen. Tumor biopsies 

were obtained from nine patients and were analyzed by immunohistochemistry for 

expression levels of PD-L1. Lack of PD-L1 expression correlated significantly with lack of 

response to anti-PD-1 therapy (p = 0.0476) [27].

Subsequently, a large Phase IB trial enrolled 304 patients with heavily pretreated advanced 

solid tumor malignancies. Patients with melanoma (107), NSCLC (129), castration-resistant 

prostate cancer (17), RCC (34) or CRC (19) received nivolumab at doses of 1, 3 or 10 mg/kg 

every 2 weeks; a maximum tolerated dose was not reached. Treatment-related toxicities of 

all grades were seen in 72% (220 out of 304) of patients. Grade 3 and 4 toxicities were 

observed in 15% (45 out of 304) of patients. Of note, there were three treatment-related 

deaths secondary to pneumonitis, thought to be due to immune activation. Antitumor 

activity was observed in patients with NSCLC, RCC and melanoma. Among the 129 

patients with NSCLC, 22 (17%) ORs were observed across all tested doses. Durable disease 

stability (≥24 weeks) was observed in 13 (10%) patients. Among the 107 patients with 
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melanoma, 33 (31%) ORs were observed across all tested doses. Half of the responders had 

a duration of response beyond 1 year. Durable disease stability was seen in an additional 

seven (7%) patients. Among the 34 patients with RCC, ORs were observed in ten (29%) 

patients and durable disease stability was seen in an additional nine (27%) patients. 

Pretreatment tumor tissue from 42 patients (melanoma, NSCLC, CRC, RCC and castration-

resistant prostate cancer) was analyzed for PD-L1 expression by immunohistochemistry, 

with positivity defined as ≥5% PD-L1 expression. PD-L1 positivity was seen in 17 out of 38 

tumors analyzed. Importantly, none of the patients with PD-L1-negative tumors had a 

response to treatment [28].

The authors presented long-term follow-up data on this study in May at the 2013 American 

Society of Clinical Oncology (ASCO) meeting. They reported that, of the 54 total 

responders in melanoma, RCC and NSCLC who had at least 1 year of follow-up, 28 of the 

responses had lasted 1 year or more. Of particular interest was the prolonged duration of 

responses in NSCLC lasting a median of 17 months. Median overall survival (OS) of the 

cohort was as follows: 16.8 months in patients with melanoma, 9.6 months in patients with 

NSCLC and >22 months in patients with RCC [29,30].

Data have also been reported on the safety and efficacy of BMS-936559, an anti-PD-L1 

antibody. In a Phase I study, 207 patients with NSCLC (75), melanoma (55), CRC (18), 

RCC (17), ovarian cancer (17), pancreatic cancer (14), gastric cancer (7) and breast cancer 

(4) were enrolled and received the antibody in escalating doses every 2 weeks for up to 16 

weeks. Treatment-related grade 3 and 4 toxicities occurred in 9% of patients. Overall, 81 

(39%) patients experienced a toxicity that was potentially immune mediated. These included 

hypothyroidism, rash, hepatitis, sarcoidosis, myasthenia gravis, diabetes mellitus and 

endophthalmitis. Nine of these patients required treatment with glucocorticoids with 

resolution or improvement of symptoms. ORs (CR or PR) were observed in patients with 

melanoma, NSCLC, RCC and ovarian cancer and were seen at all dose levels at or above 1 

mg/kg. Among the 52 melanoma patients, nine achieved an OR, including three who had a 

CR. An additional 14 patients had durable disease stabilization (≥24 weeks). Among the 

NSCLC patients, five patients had an OR and six additional patients had durable disease 

stabilization. Among the 17 RCC patients, two had an OR and seven additional patients had 

durable disease stabilization [31].

In addition, a study by Herbst et al. using the anti-PD-L1 antibody MPDL3280A in doses of 

1–20 mg/kg in patients with advanced solid tumor malignancies demonstrated an overall 

response rate (ORR) of 21%. When the analysis was subdivided into patients with PD-L1-

positive and PD-L1-negative tumors, it became evident that those with PD-L1-positive 

tumors had an ORR of 39% while those with PD-L1-negative tumors had an ORR of 13% 

[32].

A Phase I study using MK-3475, an anti-PD-1 monoclonal antibody, in patients with solid 

tumor malignancies was presented at the ASCO annual meeting in 2012. Nine patients with 

advanced solid tumor malignancies were treated with MK-3475 at doses of 1–10 mg/kg. 

One patient with melanoma achieved a partial response. Three additional patients had 

stabilization of disease [33].
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There are several currently ongoing studies that are summarized in Table 2.

Anti-PD-1 & anti-PD-L1 clinical trials in melanoma

Combining PD1/PD-L1 modulating agents with cytotoxic chemotherapy, targeted therapy or 

alternate immune checkpoint antibodies is an attractive strategy with the potential for 

enhanced antitumor activity. Particularly promising data have recently been reported from a 

Phase I trial combining nivolumab with the anti-cytotoxic T-lymphoctye-associated antigen 

4 antibody, ipilimumab [32]. In this study, 86 patients with advanced-stage melanoma were 

randomized to receive nivolumab at 1 mg/kg concurrently or sequentially with ipilimumab 

at 3 mg/kg; 53 patients received concurrent therapy while the remaining 33 received 

sequential treatment. Toxicities were more common in the concurrent group, with grade 3–4 

toxicities occurring in 42% of patients receiving concurrent therapy and in 18% of patients 

receiving sequential therapy. The most common toxicities in both groups included lipase 

elevation, hepatic disorders (e.g., alanine aminotransferase or aspartate aminotransferase 

elevation), nonfatal pneumonitis, gastrointestinal disorders (e.g., diarrhea), renal disorders 

and rash. Hypophysitis was also a notable toxicity. This study reported an unprecedented 

ORR of 40% in the concurrently treated group of patients, with 16 patients (53% of the 

responders) having at least an 80% reduction in tumor burden. In the sequentially treated 

group, the response rate was 20%, with four patients having at least an 80% reduction in 

tumor burden [37].

Another recent Phase I study enrolled 135 patients with advanced melanoma who were 

treated with the anti-PD-1 antibody MK-3475 at doses of 10 mg/kg every 2 weeks, 10 

mg/kg every 3 weeks or 2 mg/kg every 3 weeks (only patients without prior ipilimumab 

exposure). Patients had either been treated previously with ipilimumab (n = 48) or with at 

least two prior lines of non-ipilimumab therapy (n = 87). Across all groups, grade 3–4 

toxicities were seen in 13% of patients and included hypo-/hyperthyroidism, diarrhea, 

abdominal pain, decreased appetite, fatigue, aspartate aminotransferase elevation, renal 

failure, rash and pruritus. Treatment-related pneumonitis was seen in 4% of patients, but 

none of the cases were above grade 2 in severity. Response rates were assessed by two 

criteria: standard Response Evaluation Criteria in Solid Tumors (RECIST 1.1) and by 

immune-related response criteria [38]. Immune-related response criteria attempt to account 

for the unusual patterns of response that may be seen with immune-based therapeutics; these 

include initial increase in tumor size followed by regression and even initial appearance of 

new tumors before response. These response patterns are thought to be due to the infiltration 

of activated immune cells around sites of tumor, both clinical and subclinical. Using the 

RECIST 1.1 criteria in the MK-3475 Phase I study, ORR across all groups was 38%, with 

the highest response rate in the group receiving MK-3475 10 mg/kg every 2 weeks (52% 

ORR). Using the immune-related response criteria, ORR across all groups was 37%, with 

the highest response rate in the group receiving MK-3475 10 mg/kg every 2 weeks (56% 

ORR). Progression-free survival (PFS) across all groups was found to be over 7 months and, 

at the time of publication, the median OS had not yet been reached [14].
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Finally, in a Phase I study of the anti-PD-L1 antibody MPDL3280A, 45 patients with 

advanced melanoma were treated at doses of 1–20 mg/kg every 3 weeks with an ORR of 

26% and PFS of 35% at 24 weeks [27].

Several ongoing studies were presented at the 2013 ASCO annual meeting. Five of these 

clinical trials are currently using nivolumab in patients with advanced melanoma, both 

ipilimumab-treated and ipilimumab-naive [39–43]. The fourth trial uses MK-3475 [44]. At 

this time, toxicity and response details have not yet been completely reported. These studies 

are summarized in Table 3.

Anti-PD-1 & anti-PD-L1 clinical trials in renal cell carcinoma

Prior to the recent ASCO meeting, no dedicated trials treating RCC with anti-PD-1 or anti-

PD-L1 agents had been reported. However, as previously discussed, Phase I trials in which 

patients with RCC had been enrolled reported promising response rates in RCC to both anti-

PD-1 and anti-PD-L1 antibodies. At the annual ASCO meeting this year, several studies 

dedicated to patients with RCC were reported. Most are ongoing and details have not yet 

become fully available regarding outcomes and toxicities. Highlights included a Phase I trial 

in which 34 patients with RCC (44% of whom had received at least three prior therapies) 

received nivolumab at 1 or 10 mg/kg. Grade 3–4 toxicities were seen in 21% of patients. 

ORR was 29% and PFS was 58% at 24 weeks. In addition, 70% of patients were alive at 1 

year and 52% at 2 and 3 years [23]. In another RCC-specific report, 53 patients with RCC 

received MPDL3280A at doses ranging from 3 to 20 mg/kg. At the time of report, 39 

patients were evaluable for efficacy. Grade 3–4 toxicities were seen in 43% of patients and 

included hypophosphatemia, fatigue and dyspnea. Although ORR was not yet reported, 50% 

of the cohort were free from tumor progression at 24 weeks [14]. A comprehensive table of 

the relevant clinical trials is presented in Table 4.

Anti-PD-1 & anti-PD-L1 clinical trials in NSCLC

Much like in RCC, dedicated trials of anti-PD-1 and anti-PD-L1 therapy in patients with 

NSCLC have not yet been published; however, promising signals of activity for both anti-

PD-1 and anti-PD-L1 therapies in NSCLC have been observed in Phase I studies in diverse 

solid tumors. Spigel et al. presented the data on NSCLC patients who received the anti-PD-

L1 antibody MPDL3280A. The antibody was administered to 53 patients with advanced 

NSCLC at doses ranging from 1 to 20 mg/kg every 3 weeks. Grade 3–4 toxicities were seen 

in 34% of patients and included pericardial effusion, dehydration, fatigue and dyspnea. Of 

the 34 evaluable patients, an ORR was seen in 24%, and 48% had PFS at 24 weeks [49]. In 

follow-up data on the NSCLC subset from the nivolumab Phase I study, patients were 

stratified by histology (squamous or nonsquamous). OR rate was 17%, with a prolonged 

median duration of response lasting 17 months. OS in the squamous versus nonsquamous 

patients at 1 year did not differ significantly (44 and 41%, respectively). However, OS at 2 

years was significantly better in the squamous cell lung group (44%) compared with the 

non-squamous cell lung group (17%) [50].

More recently, Garon et al. presented data from a Phase I trial of MK-3475, a highly 

selective anti PD-1 antibody. The preliminary data revealed that, of 38 patients with 
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advanced NSCLC, an ORR of 24% was seen by immune-related response criteria (irRC) 

and 21% by RECIST v.1.1. However, when patients were stratified by PD-L1 expression, 

the ORR in the PD-L1-high group was 67% (irRC) or 57% (RECIST), in contrast to an ORR 

of 4% (irRC) or 9% (RECIST) in the PD-L1-negative group [51]. One case of grade 3 

pulmonary edema was seen. Based on these data, a Phase II/III trial of MK-3475 versus 

single-agent docetaxel is currently underway. In addition, Soria et al. presented further data 

from a Phase I trial using the anti-PD-L1 antibody MPDL3280A in solid tumor 

malignancies. As in the Garon study, PD-L1 expression by immunohistochemistry was 

predictive of response, as was smoking status. ORR was 46% in those with intermediate PD-

L1 expression and 83% in the small number of patients with the highest level of PD-L1 

expression. Smoking history was also predictive of response, with a 26% ORR in smokers 

versus a 10% ORR in nonsmokers. The 24-week PFS was 44% in patients with squamous 

histology and 46% in patients with nonsquamous histology. MPDL3280A was well tolerated 

overall, with grade 3 or 4 adverse events reported in nine (11%) patients. There were no 

reports of grade 3–5 diarrhea or pneumonitis [52].

Of additional interest is an ongoing Phase III registration trial comparing nivolumab at 3 

mg/kg every 2 weeks versus single-agent docetaxel in patients with NSCLC (squamous and 

nonsquamous subtypes) who have failed platinum-doublet or tyrosine kinase inhibitor 

therapy (if EGF receptor or anaplastic lymphoma kinase positive) [53,54]. A comprehensive 

table of the relevant clinical trials is presented in Table 5.

Future perspective

While significant progress has been made in the development of immune checkpoint 

modulation as a therapeutic strategy, much work remains to be done. Despite efforts to 

develop PD-L1 expression as a reliable bio-marker of response to the anti-PD-1 and anti-

PD-L1 antibodies, results to date have been mixed [56,57]. Currently, we are developing a 

neoadjuvant study of nivolumab in NSCLC that will aim to collect both pre- and post-

treatment tumor tissues. We hope that this will allow comprehensive immune profiling of 

the tumor microenvironment to further tailor immunotherapies. Similar studies are underway 

in other tumor types. Priming strategies are also being explored with the aim of exploiting 

either antigen exposure after initial highly effective therapy (e.g., erlotinib in EGF receptor-

mutant NSCLC) or altered tumor gene expression following hypomethylating therapy. 

Combinational strategies with other immune checkpoint modulators are also underway, for 

example: dual inhibition of the coinhibitory immune checkpoints killer immunoglobulin-like 

receptor (KIR), lymphocyte activation gene 3 protein (LAG3) or T-cell immunoglobulin and 

mucin domain-containing protein 3 (TIM3) with an anti-PD-1 antibody. Finally, preclinical 

data combining anti-PD-1 antibodies with vaccines [58], adoptive T-cell immunotherapy 

[59] and radiation [60] have also emerged and show promise for the future. A summary of 

the currently ongoing trials is presented in Table 6.

Conclusion

The dance between PD-1 and its two ligands, PD-L1 and PD-L2, is an innate way in which 

the body prevents excess tissue damage by T cells and the development of autoimmunity 

during infection-mediated inflammation. Tumor cells manipulate this mechanism to escape 
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from the host’s adaptive immune system. The recent development of several anti-PD-1 and 

anti-PD-L1 antibodies marks the beginning of an exciting revolution in the management of 

certain malignancies, most notably NSCLC, RCC and melanoma. In the case of NSCLC, 

this is the first time that immunotherapy has shown activity in a historically 

‘nonimmunogenic’ tumor, and results show improved durable response rates in comparison 

with second-line docetaxel chemotherapy, particularly when one considers that patients 

receiving immunotherapy have a higher median number of prior therapies [66,67]. Several 

Phase I trials have shown significant promise in this arena and many additional studies are 

currently underway, as was highlighted by the presentations at the 2013 ASCO conference. 

Significant challenges remain, in particular elucidating the optimal sequence and 

combination of immunotherapy with other therapies such as cytotoxic chemotherapy, 

radiation, antiangiogenic agents and small-molecule tyrosine kinase inhibitors. It is hoped 

and anticipated that the next wave of clinical studies will help answer these important 

questions.
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Executive summary

Immunoediting rids the body of potential cancers

• Tumors express unique antigens that lead to recognition by the innate immune 

system via a process known as immunoediting.

• Immmunoediting has three phases: elimination, equilibrium and escape.

• Elimination: the innate immune system eradicates microscopic tumor cells.

• Equilibrium: tumor cells not eliminated during the first phase enter the latent 

phase, during which the adaptive immune system regulates them and prevents 

growth.

• Escape: due to genetic instability, variants emerge that evade the host immune 

system by being unidentifiable, resistant to the immune response or by actively 

inducing an immunosuppressive microenvironment.

The immune system self-regulates via a system of inhibitory receptors and ligands; 
cancer cells co-opt this system to create an immunosuppressive state

• To prevent excessive tissue damage and autoimmunity during inflammation, 

programmed death-1 (PD-1) is activated by its ligands programmed death ligand 

(PD-L)1/B7-H1 and PD-L2/B7-DC. Activation leads to dampening of the T-cell 

response.

• PD-L1 is upregulated in certain solid and hematologic tumor types.

• Elevated expression of PD-L1 in tumors is correlated with poor clinical 

outcomes.

• Downregulation of MHC class I molecules also inhibits the immune cascade 

and prevents recognition and destruction of nascent tumor cells.

Checkpoint inhibitors increase the local immune response to tumors

• It has been hypothesized that blocking the PD-1/PD-L1/2 interaction may 

increase T-cell response to tumors and result in their destruction.

• Several PD-1 and PD-L1 antibodies have been generated and are being tested in 

clinical trials.

Trial results are encouraging

• Clinical responses to some solid tumors, particularly non-small-cell lung cancer, 

renal cell carcinoma and melanoma, are very encouraging.

• Responses appear to be durable and the toxicity profile of the antibodies is 

acceptable.

• Patients with active autoimmune illness have been excluded from all trials to 

this point and, as expected, the most notable toxicities are of autoimmune origin 

(including but not limited to pneumonitis, thyroiditis and hepatitis).
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Future directions

• Many trials presented at the American Society of Clinical Oncology 2013 

annual meeting are currently underway.

• Combinations of PD-1 and PD-L1 antibodies with other agents such as 

cytotoxic drugs, tyrosine kinase inhibitors and antiangiogenic medications need 

to be studied further.
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