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Introduction

Lung cancer, while potentially curable in early stages, 
is often rapidly fatal once it becomes metastatic, and it 
continues to have the highest mortality rate of all cancers 
worldwide (1,2). Options other than cytotoxic chemotherapy 
were once limited. The identification of specific actionable 
mutations and development of corresponding targeted 
agents have offered non-chemotherapeutic treatment 
options in the metastatic setting for those tumors which 
have epidermal growth factor receptor (EGFR) mutations, 
or anaplastic lymphoma kinase (ALK) gene, and ROS 
proto-oncogene 1 receptor tyrosine kinase (ROS-1) gene 
rearrangements. Unfortunately, that still left many patients 
without non-cytotoxic treatment options. Progression after 
initial platinum-based chemotherapy for small cell lung 
cancer also has few effective treatment options, especially if 
there is platinum-resistance. 

The identification of two immune cell interactions that 
down-regulate the activated T-cell’s ability to recognize 
and attack tumors has opened the door to new targets. 
The programmed cell death ligand-1 (PD-L1) and PD-L2 

bind with the programmed cell death-1 (PD-1) checkpoint 
protein on T-cells which in turn, prevents the cytotoxic 
attack by the T-cells in the tumor microenvironment (3-5).  
Some tumors develop the ability to use this pathway in 
immune evasion (Figure 1). The second mechanism occurs 
at the level of the lymph nodes and involves the cytotoxic 
T-lymphocyte antigen 4 (CTLA-4) checkpoint protein 
expressed on T-cells binding to the receptor on dendritic 
cells, preventing the downstream priming of the T-cell to 
recognize cancer cells (6,7) (Figure 2). Antibodies developed 
to inhibit these checkpoint proteins restore the ability of 
the immune system to recognize and attack the cancer cells. 
See Table 1 for a list of agents reviewed. 

Advanced Non-small cell lung cancer after 
platinum-based therapy 

Pembrolizumab

KEYNOTE-001 was an international prospective phase I 
clinical trial with 5 cohorts and several expansion cohorts 
of patients with metastatic non-small cell lung cancer who 
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Table 1 Checkpoint inhibitors discussed in this article (8-14)

Agent Mechanism Manufacturer FDA approval in lung cancer Indication in lung cancer

Pembrolizumab 
Keytruda®

PD-1 inhibitor Merck October 2015 2nd line;  
October 2016 first line

1st or 2nd Line advanced or metastatic NCSCL 
with PD-1 expression using companion 
diagnostic ICH22C3 by pharmDx

Nivolumab 
Opdivo®

PD-1 inhibitor Bristol-Myers Squibb March 2015 (Squamous); 
October 2015 (non-squamous)

2nd Line advanced or metastatic NCSLC

Atezolizumab 
Tecentriq®

PD-L1 inhibitor Genentech/Roche April 2016 2nd Line advanced or metastatic NCSLC

Ipilimumab 
Yervoy®

CTLA-4 inhibitor Bristol-Myers Squibb Pending N/A

Tremelimumab CTLA-4 inhibitor MedImmune/AstraZeneca Pending N/A

PD-1, programmed cell death-1; PD-L1, programmed cell death ligand-1.

Figure 1 The interaction of the PD-L1 ligand on the tumor and 
the PD-1 checkpoint molecule on the T-cell prevent the T-cell 
attack. The inhibitors of this interaction prevent this binding and 
allow the T-cell to unleash its cytotoxic attack. 

Figure 2 The CTLA checkpoint inhibitor molecule interferes with 
the priming of the T cell by the dendritic cell in the lymph node, 
allowing the T cell to now cell to recognize tumor cells. CTLA, 
cytotoxic T-lymphocyte antigen.
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were treatment naïve or had 1 or more prior lines of therapy. 
Patients were treated with single-agent pembrolizumab. 
Primary endpoints were dose-limiting toxicities and anti-
tumor activity. A secondary objective was the validation of 
a companion diagnostic assay for the detection of PD-L1 
expression by these tumors and determining a level of the 
expression that was predictive of response. Over the course 
of 21 months, 495 patients had received at least one dose 
of pembrolizumab and were included in an analysis of AE 
and overall efficacy. Three dosing schedules were evaluated: 
2 mg per kg every 3 weeks, 10 mg per kg every 3 weeks, 
and 10 mg per kg every 2 weeks. Tumors were also tested 
for PD-L1 expression using an anti-PD-L1 antibody clone 
22C3 (Merck) with a prototype assay developed by Dako. 
Expression was reported as the percentage of tumor cells 
with staining for membranous PD-L1. Strong expression 
was noted to be >50% positive, weak expression determined 
to be 1–49% positive, and negative expression <1% positive. 

At the time of submission for publication patients had been 
followed for a median of 10.9 months. Among the all treated 
patients, the response rate (RR) was 19.4% with best overall 
response as stable disease in 21.8% of patients. It is noteworthy 
that response was independent of dosing schedule or histologic 
type of NSCLC, but current or former smokers had twice the 
RR of never-smokers. The median duration of response was 
12.5 months, with treatment naïve patients achieving a median 
duration of response of 23.3 months; nearly twice the duration 
of response of previously treated patients. The median overall 
survival (mOS) was 12.0 months; median progression-free 
survival (mPFS) was 3.7 mos. 

In patients with strong PD-L1 expression (>50% 
positive), the RR was 45.2%. When all patients with strong 
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PD-L1 expression were included, the mPFS was 6.3 months,  
with treatment naïve patients having a mPFS of 12.5 months.  
The mOS was not reached in treatment naïve patients. 
PFS and OS were shorter in patients with 1–49% and <1% 
PD-L1 expression, but interestingly, the RR was 8.3% in 
patients with negative PD-L1 expression with mPFS of  
3.5 months and mOS of 10.4 months. The authors 
concluded that observations suggest tumor responses have a 
positive correlation with degree of PD-L1 expression based 
on their assay, but the small numbers in this evaluation 
limited the ability to determine a threshold that would 
exclude non-responders. 

Treatment-related adverse events (AE) were reported in 
70.9% of patients with no significant difference detected 
in the three dosing schedules. Grade 3 or higher AE were 
reported in less than 10% of patients. The most common 
AE of any grade reported were fatigue (19.4%), pruritus 
(10.7%), and decreased appetite (10.5%). Immune-related 
events included hypothyroidism (6.9%) and pneumonitis 
(3.6%) with grade 3 or greater pneumonitis diagnosed in  
9 patients and accounting for 1 death (15). 

These data lead to the Phase II/III KEYNOTE-010 
randomized, open-label multinational trial comparing 
docetaxel (75 mg/meter squared every three weeks to 
pembrolizumab at either 2 or 10 mg/kg in metastatic non-small  
cell lung cancer with a measured PD-L1 expression of 
1% or greater after progression on a platinum doublet or 
tyrosine kinase inhibitor for those tumors with actionable 
mutations. Between August 2013 and February 2015,  
1,034 patients were enrolled and randomized in a 1:1:1 
fashion. They were followed for a median of 13.1 months, 
and no crossover was allowed. Primary endpoints were OS 
and PFS in all three groups with comparison of weak and 
strong PD-L1 expression. Secondary endpoints were safety, 
RR, and duration of response. 

In patients with strong (>50%) PD-L1 expression, 
OS and PFS were significantly prolonged for both 
pembrolizumab doses compared with docetaxel. The 
pembrolizumab 2 mg/kg group, had a RR of 30% and 
mOS of 14.9 months; and pembrolizumab 10 mg/kg had 
a RR of 29% with mOS of 17.3 months. This is compared 
to a RR of 8% and mOS of 8.2 months in the docetaxel 
group. Comparing the pembrolizumab groups with 
docetaxel group, the hazard ratio for OS was 0.54 in the 
pembrolizumab 2 mg/kg group and 0.5 in the 10 mg/kg  
group versus docetaxel. Median PFS was 5.0 months, 
5.2 months, and 4.1 months in pembrolizumab 2 mg/kg,  
pembrolizumab 10 mg/kg,  and docetaxel  groups, 

respectively. PFS of both pembrolizumab dose levels 
compared with docetaxel reached statistical significance 
(HR =0.59 in 2 mg/kg and 0.59 in 10 mg/kg groups). At 
any level of positive expression of PD-L1, there was still 
an OS advantage at both dose levels of pembrolizumab 
compared to patients treated with docetaxel. The RR was 
18% and mOS was 10.4 months in the pembrolizumab  
2 mg/kg group; RR was 18% with mOS of 12.7 months in 
the pembrolizumab 10 mg/kg group, and RR 9% with mOS 
8.5 months in docetaxel group. The HR for median OS 
with pembrolizumab 2 mg/kg versus docetaxel was 0.71 and 
0.61 with pembrolizumab 10mg/kg vs. docetaxel.

The one year OS was similar in the two pembrolizumab 
groups (43.2% for 2 mg/kg and 52.3% in 10 mg/kg) for 
strong PD-L1 expression (HR =1.12) as well as weak PD-L1  
expression (HR =1.17). This is in contrast to docetaxel  
one year OS of 34.6%. 

Interestingly, for the total population, no statistical 
difference in PFS between either pembrolizumab dose 
level and docetaxel for PD-L1 expression was identified. 
Median PFS was 3.9 months, 4.0 months, and 4.0 months 
in the pembrolizumab 2 mg/kg, pembrolizumab 10 mg/kg,  
and docetaxel groups, respectively with HR of 0.88 and 
0.79 in pembrolizumab 2 mg/kg versus docetaxel and 
pembrolizumab 10 mg/kg versus docetaxel. This effect did 
not differ by nonsquamous vs. squamous histology (16). 
These data are presented in Table 2. 

The spectrum of toxicities also differed for pembrolizumab 
versus docetaxel treatment arms. Any grade AE occurred 
in 66% of both pembrolizumab dose levels compared to 
81% of the docetaxel group. Grade 3 or higher events were 
also higher in the docetaxel group (35%) compared to 
pembrolizumab 2 mg/kg (13%) and 10 mg/kg (16%). AE 
unique to pembrolizumab included hypothyroidism (8% at 
both dose levels), hyperthyroidism (4% and 6% at the lower 
and higher doses respectively), and pneumonitis occurring 
in 5% and 4% in the respective dose levels. Several other 
autoimmune complications were identified occurring in 1% 
or less of the treated patients, namely severe skin reactions, 
colitis, pancreatitis, adrenal insufficiency, myositis, 
thyroiditis, hepatitis, hypophysitis, and type 1 diabetes. 

The benefit of pembrolizumab over docetaxel in terms 
of prolonged OS and decreased toxicity led to the approval 
of pembrolizumab 2 mg/kg every 3 weeks as a viable second 
line option in advanced NSCLC with PD-L1 expression 1% 
or greater. These data indicated that, again, strong PD-L1 
expression was associated with an even greater RR, OS, PFS, 
and 1-year survival rate compared with weak PD-L1 expression.
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Nivolumab

Bristol-Myers Squibb elected to perform sister studies 
that separated squamous and non-squamous histology of 
NSCLS patients. Similar to the Keynote-010, CheckMate 
017 compared Nivolumab 3 mg/kg every 2 weeks with 
docetaxel 75 mg/meter squared every 3 weeks in the 
randomized phase III international trial in stage IIIB or IV 
squamous NSCLC after prior treatment with one platinum-
containing regimen. Over 15 months, 272 patients were 
enrolled and treated with either nivolumab or docetaxel. 
They were followed for a minimum of 11 months. The 
primary end-point was OS. Secondary endpoints included 
objective response, PFS, patient-reported outcomes, 
efficacy according to PD-L1 expression, and safety. 

Nivolumab demonstrated a clear advantage over docetaxel 
in patients with squamous histology. The mOS for nivolumab 
was 9.2 months compared with 6.0 months for docetaxel 
(HR =0.59) One-year OS was 42% for nivolumab and 24% 
for docetaxel. Objective responses were confirmed in 20% of 
nivolumab-treated patients compared with 9% of docetaxel 
patients (P=0.008). Time to response was comparable in 
both groups at 2.2 and 2.1 months, respectively. Median 
duration of response was not reached in the nivolumab group 
compared with 8.4 months in the docetaxel groups. Median 
PFS was 3.5 months in the Nivolumab group and 2.8 months 
in the docetaxel group with HR of 0.62. The rate of 1-year 
PFS was also significantly better with nivolumab compared 
with docetaxel, 21% and 6%, respectively. This trend was 
observed in all groups except those with two prior therapies, 
patients over age 75 and patients in Central and South-
American countries.

While PD-L1 expression was not a requirement for 
entry into the study, 88% of patients who were treated 

had quantifiable expression using a PD-L1 antibody  
28-8 created by Epitomics and an IHC assay developed 
by Dako. Positive PD-L1 expression was balanced among 
the treatment groups. They did not find a statistically 
significant difference in terms of RR, OS, or PFS among 
their prespecified expression levels of <1%, 1%, 5%, 
and 10%. Interestingly, the investigators observed that 
PD-L1 negative tumors had similar rates of objective 
response compared to PD-L1 positive tumors, and rates 
of objective response were higher in the nivolumab group 
than the docetaxel group regardless of PD-L1 expression. 
They concluded that tumor expression of PD-L1 was not 
necessary to receive a benefit from Nivolumab; however, 
the method of testing, cut-off parameters, and age of tested 
tissue were co-founding variables. 

Similarly to the pembrolizumab data, the safety profile 
favored nivolumab over docetaxel. AE of any grade was 
58% in the nivolumab group with 7% having a grade 3 or 
4 event compared with 86% any grade and 55% grade 3 or 
4 in the docetaxel group. Pneumonitis occurred in 5% of 
the nivolumab patients with no treatment-related deaths 
reported. Similar rates of rash, pyrexia, and arthralgia 
were observed (17). These data ultimately led to the FDA 
approval of Nivolumab 3 mg/kg every 2 weeks in advanced 
squamous NCSLC after prior platinum therapy. 

CheckMate 057 compared Nivolumab 3 mg/kg every 
2 weeks with docetaxel 75 mg/square meter every 3 weeks 
in non-squamous NSCLC in stage IIIB or IV patients 
previously treated with a platinum-containing regimen. 
This international phase III trial enrolled and treated  
555 patients randomized to nivolumab or docetaxel therapy 
and followed them for a minimum of 13.2 months. The 
primary endpoint was OS. Secondary endpoints included 
rate of investigator-assessed confirmed OR, PFS, patient-

Table 2 Summary of outcomes data for pembrolizumab vs. docetaxel

Group
Response  
rate (%)

mPFS  
(months)

HR for PFS vs. 
Docetaxel

mOS  
(months)

HR for OS vs. 
Docetaxel

1 year OS  
rate (%)

Strong PD-L1 Pembrolizumab 10 mg/kg 29 5.2 0.59 17.3 0.5 52.3

Strong PD-L1(Pembrolizumab 2 mg/kg) 30 5 0.59 14.9 0.54 43.2

Strong PD-L1 (Docetaxel) 8 4.1 8.2 34.6

>1% PD-L1 (Pembrolizumab 10 mg/kg) 18 4 0.79 12.7 0.61 52.3

>1% PD-L1 (Pembrolizumab 2 mg/kg) 18 3.9 0.88 10.4 0.71 43.2

>1% PD-L1 Docetaxel 9 4 8.5 34.6

PD-L1, programmed cell death ligand-1.
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reported outcomes, efficacy according to PD-L1 expression, 
and safety. 

Again, Nivolumab demonstrated an overall survival 
benefit  with mOS of 12.2 months compared with  
9.4 months in the docetaxel group (HR =0.73). One year OS 
rate was 51% with nivolumab versus 39% in the docetaxel 
group. Objective response was higher with Nivolumab than 
docetaxel (19% vs. 12%) and median duration of response 
was 17.2 months in the nivolumab group compared to  
5.6 months with docetaxel therapy. The PFS rate at one year 
was 19% with nivolumab and 8% with docetaxel. The HR 
for disease progression or death was 0.92, but the authors 
concluded that numerically, nivolumab is still favored in 
terms of PFS for all subgroups except those on third-line 
therapy, those in non-US and Europe regions, never smokers, 
EGFR mutation positive, and KRAS wild type. 

As with the sister study, Checkmate 017, a large percentage 
of patients had tissue that was evaluable for PD-L1  
expression (78%), and a post hoc analysis indicated that 
there was a strong predictive association between PD-L1 
expression and clinical outcomes. The authors note that 
no meaningful overall survival advantage was noted with 
nivolumab over docetaxel in the non-PD-L1 expression 
tumors, but that at any level of expression 1% or greater, 
there was a meaningful separation of the survival curves. As 
would be predicted based on the pembrolizumab data, the 
magnitude of benefit was greater with increasing PD-L1 
expression for all indices. 

The safety profile of nivolumab was superior to that 
of docetaxel in terms of any grade toxicity and grade 
3 or 4 toxicity for non-squamous histology; however, 
discontinuation of study drug due to treatment-related 
AE occurred in 5% of nivolumab patients, mostly due 
to pneumonitis occurring in 1% of patients treated with 
nivolumab. There was one death in the nivolumab group 
due to encephalitis (18). 

Atezolizumab

POPLAR was an international phase II randomized clinical 
trial comparing Atezolizumab with docetaxel in advanced or 
metastatic NSCLC as second and third-line therapy after 
progression on platinum chemotherapy. Over 18 months, 
177 patients were enrolled and randomized to receive either 
atezolizumab at 1,200 mg or docetaxel 75 mg/meter squared 
every 3 weeks. Patients were followed for a median of  
14.8 months in the atezolizumab group and 15.7 months in 
the docetaxel group. The primary endpoint was OS in the 

overall population as well as within the PD-L1 subgroups. 
Secondary end-points included ORR, PFS, duration of 
response, and efficacy according to immune-modified 
RECIST designed to further describe the unconventional 
responses sometimes observed with immunotherapy (19), 
atezolizumab pharmacokinetics, patient-reported outcomes, 
and biomarkers, and pharmacodynamics. Unique to this 
study was the evaluation of not only PD-L1 expression of the 
tumor cells (TC3 ≥50%; TC2: 5–50%; TC1: 1–5%; and TC0 
<1%) but also PD-L1 expressing tumor-infiltrating immune 
cells status as a percentage of the tumor area (IC3 ≥10%;  
IC2: 5–10%; IC1: 1–5%; and IC0 <1%) using the anti-
PD-L1 clone SP142 in the IHC assay by Roche® (20).

As would be expected based on prior immunotherapy 
trials in this second or more-line treatment cohort, 
atezolizumab was superior to docetaxel. Atezolizumab 
demonstrated a clear benefit over docetaxel in the entire 
intent-to-treat population with a larger benefit seen in 
those patients whose tumors had increased levels of PD-L1  
expression. In addition, the expression of PD-L1 on tumor-
infiltrating immune cells was also associated with an increased 
benefit. For the entire population, mOS was 12.6 vs.  
9.7 months with docetaxel (HR =0.73). Overall survival in 
squamous histology favored atezolizumab over docetaxel, 
(HR =0.8) and those with non-squamous histology had a 
more pronounced OS benefit (HR =0.69). Compared to 
patients on docetaxel with corresponding PD-L1 expression 
on tumor and tumor-infiltrating cells, the OS benefit of 
atezolizumab was more pronounced in the TC 2/3 or IC 
2/3 (HR =0.54) and in the TC 1/2/3 or IC 1/2/3 groups  
(HR =0.59). OS in TC0 or IC0 were similar for docetaxel 
and atezolizumab. 

PFS was not significantly longer nor RR higher in the 
atezolizumab group compared to docetaxel, but when 
analyzed for PD-L1 status, there was an observed trend 
favoring atezolizumab over docetaxel for positive PD-L1 
expression. The only groups with a statistically significant 
improvement in RR or PFS with atezolizumab were the 
TC3 and IC3 subgroups. Duration of response was still 
longer for atezolizumab (median of 14.3 months) compared 
with docetaxel (median of 7.2 months). PD-L1 expression 
on either the tumor cells or the tumor-infiltrating immune 
cells was associated with benefit. Only 1% of patients 
had TC3 and IC3. When analyzing the non-overlapping 
subgroups, they found that a significant prolongation in 
OS was still observed if a tumor had measurable PD-L1 
expression on either tumor cell or tumor-infiltrating cell. 
Unfortunately, the moderate study size limits the ability 



61Translational Cancer Research, Vol 6, No 1 February 2017

© Translational Cancer Research. All rights reserved. Transl Cancer Res 2017;6(1):56-67 tcr.amegroups.com

to draw conclusions in the small sub-group analysis. The 
PD-L1 expression of either cell was not correlated with 
the efficacy of docetaxel, suggesting that this biomarker is 
predictive of response to this immunotherapy, not just a 
prognostic biomarker of a more favorable tumor biology. 

Atezolizumab also appears to be associated with less 
toxicity compared to docetaxel. In the atezolizumab group, 
40% of patients experienced grade 3–4 AE compared 
with 53% in the docetaxel group. The most common 
grade 3–4 AE in the atezolizumab group were pneumonia 
and increased aspartate aminotransferase, both of which 
occurred in 2% of the treated population. Treatment 
discontinuation occurred in 8% of the atezolizumab group 
compared with 22% in the docetaxel group (21). With 
this data, the OAK phase 3 study of atezolizumab versus 
docetaxel in the front line setting was initiated (22). 

The OAK phase III multinational study compared 
atezolizumab versus docetaxel after progression on 
platinum-based therapy and enrolled 1,225 patients with any 
PD-L1 status. The primary endpoint was OS in the total 
population as well as in patients with PD-L1 expression on 
>1% or tumor cells or infiltrating immune cells. Secondary 
endpoints were objective RR, PFS, duration of response, 
and safety. The outcomes were presented at the European 
Society for Medical Oncology 2016 congress. 

The mOS, 12 month OS rate, and 18 month OS rate for 
the atezolizumab group compared with the docetaxel group 
was 13.8 vs. 9.6 months (HR =0.73), 55% vs. 41%, and 40% 
vs. 27%, respectively. This OS advantage with atezolizumab 
did not differ significantly by tumor histology (squamous 
vs. non-squamous). No difference in PFS was noted. When 
evaluating the relationship between outcomes and PD-L1  
expression, a notable trend in favor of atezolizumab 
treatment was observed. In TC0 or IC0 patients (45% 
of patients), the mOS was significantly longer with 
atezolizumab therapy (12.6 months) than with docetaxel 
therapy (8.9 months, HR =0.75). In patients with any 
degree of PD-L1 expression ≥1% (TC1/2/3 or IC1/2/3, 
55% of patients), the survival curves offered greater 
separation with mOS of 15.7 months with atezolizumab 
and 10.3 months with docetaxel (HR =0.74). In the group 
with PD-L1 expression ≥exp% (TC3 or IC3, 16% of 
patients) the greatest difference was observed, with mOS of  
20.5 months for atezolizumab and 8.9 months with 
docetaxel (HR =0.41). 

Safety evaluations favored atezolizumab as well. 
Treatment related AE, treatment-related grade 3–5 AE, and 
AE leading to study treatment withdrawal for atezolizumab 

vs. docetaxel were 64% vs. 86%, 15% vs. 43.2%, and 8% 
vs. 19%, respectively. The rate of immune-related AE was 
minimal with atezolizumab-treated patients experiencing 
pneumonitis, hepatitis, and colitis at rates of 1.7%, 0.6%, 
0.3%, respectively. The authors concluded that atezolizumab 
is beneficial, safe, and tolerable without any new safety signals 
as the second or further line treatment (23). 

Advanced NCSLC, front line therapy

Nivolumab

CheckMate 012 is a phase I study assessing safety and 
efficacy of single agent nivolumab, nivolumab with erlotinib, 
nivolumab with bevacizumab, nivolumab with platinum-based 
doublet chemotherapy, or combination immunotherapy of 
nivolumab with ipilimumab in Stage IIIB or IV any-histology 
NSCLC patients who had not received prior therapy (24). 
Data thus far published or presented is below. 

Single-agent nivolumab 3 mg/kg given every 2 weeks 
until progression or unacceptable toxicity was evaluated in  
52 patients. The primary end-point was safety with secondary 
endpoints including ORR, PFS, and OS. The rate of AE of 
any grade was comparable to prior studies at 71% with only 
12% of patients discontinuing the study due to an adverse 
event. Fatigue, rash, nausea, diarrhea, pruritus, and arthralgia 
all occurred in less than 30% of patients. Grade 3–4 AE 
were reported in 19% of patients, with rash being the most 
common. The ORR was 23%, and was slightly higher in 
patients with PD-L1 expression (28%). Median OS was  
19.4 months. The one-year OS rate was 73% and 18 month 
OS rate was 57%. Median PFS was 3.6 months with 24-week 
PFS rate of 41% (25). This led to the phase II/III CheckMate 
026 trial. Unfortunately, a BSM shareholder report indicates 
that this trial did not meet its primary end point of PFS 
compared to chemotherapy in treatment naïve patients with 
at least 5% PD-L1 expression (26). The final data publication 
is still pending at time of this publication. 

Nivolumab in combination with platinum-based doublet 
chemotherapy was evaluated in 56 patients in 4 treatment 
groups: nivolumab 10 mg/kg plus gemcitabine and cisplatin 
every 3 weeks (squamous histology), nivolumab 10 mg/kg  
plus pemetrexed and cisplatin every 3 weeks (non-squamous  
histology), nivolumab 10 mg/kg plus paclitaxel and carboplatin 
every 3 weeks (all histology), or nivolumab 5 mg/kg  
plus paclitaxel and carboplatin every 3 weeks (all histology). 
No dose limiting toxicities were reported during the first 
6 weeks of therapy. The grade 3 or 4 AE rate was 45%. 
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The discontinuation rate due to AE was 21%, and this 
is noted to be nearly twice that of the single-agent arm. 
The objective RR ranged from 33% in the nivolumab plus 
gemcitabine and cisplatin group to 47% in the nivolumab 
plus pemetrexed and cisplatin and the nivolumab 10 mg/kg 
plus paclitaxel and carboplatin groups. The 24-week PFS 
rate was 38% in the nivolumab 10 mg/kg plus paclitaxel 
and carboplatin, 71% in the nivolumab plus pemetrexed 
and cisplatin group, and 51% in the other 2 groups.  
Two-year OS rates ranged from 25% in the nivolumab plus 
gemcitabine with cisplatin to 62% in the pembrolizumab  
5 mg/kg plus paclitaxel and carboplatin group (27). 

An abstract of combination ipilimumab and nivolumab 
in advanced NSCLC as first line treatment has been 
presented. One hundred-forty-eight patients were 
randomized to nivolumab with ipilimumab every 3 weeks 
for 4 weeks followed by nivolumab every 2 weeks until 
progression or toxicity (Schema 1), nivolumab every 2 weeks 
with ipilimumab every 6 weeks (Schema 2), higher dose 
nivolumab every 2 weeks and ipilimumab every 12 weeks 
(Schema 3), and higher dose nivolumab every 2 weeks with 
ipilimumab every 6 weeks (Schema 4). Treatment-related 
AE rates ranged 69% in schema 4% to 77% in schema 1. 
The discontinuation rate was 10%, which was comparable 
to the discontinuation rate of Nivolumab as a single agent, 
and much lower than the nivolumab plus platinum-based 
chemotherapy doublet arm. No deaths were attributed to 
the treatment. The most commonly reported grade 3–4 AE 
were dermatologic (3–15%), gastrointestinal (0% to 8%) 
endocrine (3% to 8%), and hepatic 5% to 10%). Overall RR 
ranged from 13% in schema 1to 39% in schema 3. The mOS 
was not yet reached in any group, and mPFS ranged from 
4.9 in schema 2 to 10.6 months in schema 1. The 24-week  
PFS rate was not yet calculated in schemas 2 and 4, but 
reached 55% in schema 1 and 63% in schema 3 (28). 

Pembrolizumab

KEYNOTE 021 was the phase II multicohort international 
trial. One cohort compared pembrolizumab 200 mg plus 
carboplatin area under the curve of 5 mg/mL per min 
and pemetrexed 500 mg/meter squared every 3 weeks 
followed by pembrolizumab for 24 months with pemetrexed 
maintenance therapy with carboplatin and pemetrexed alone 
followed by pemetrexed maintenance therapy in stage IIIB 
or IV non-squamous NSCLC without targetable EGFR, 
ALK, or ROS1 genetic aberrations stratified by PD-L1  
proportion score (<1% vs. ≥1%). The primary endpoint was 

objective RR with secondary endpoints of PFS duration of 
response, OS, and correlation between PD-L1 expression 
and outcomes in the intention-to-treat population. Over 
25 months, 123 patients were enrolled in a 1:1 fashion. 
They were followed for a median of 10.6 months and 
32% of patients in the chemotherapy group crossed-over 
pembrolizumab monotherapy at first progression.

In the chemotherapy alone group, objective RR was 
29% compared with 55% in the pembrolizumab plus 
chemotherapy group (P=0.0016). Median time to response 
was 2.7 months in the chemotherapy group and 1.5 months 
in the pembrolizumab plus chemotherapy group. The mPFS 
for chemotherapy was 8.9 months, which was significantly 
shorter than the mPFS of 13.0 months for pembrolizumab 
plus chemotherapy (HR of 0.53). No difference in OS was 
noted, however. 

The safety profile was similar between the 2 treatments 
with 90% of the chemotherapy only and 93% of the 
pembrolizumab plus chemotherapy patients experiencing AE 
of any degree. Thirteen percent of the chemotherapy group 
and 10% of the pembrolizumab plus chemotherapy group 
discontinued the study treatment due to treatment-related 
AE. There were 3 deaths attributed to study treatment:  
2 in the chemotherapy group (sepsis and pancytopenia) and 
1 in the pembrolizumab group (sepsis). Grade 3 or higher 
toxicities occurred in 26% of the chemotherapy group 
compared with 39% in the pembrolizumab group. 

When evaluating the relationship between PD-L1 
expression and outcomes, the authors note that there 
was no difference in objective response in patients with 
<1% or ≥1%, but there was a trend demonstrating 
increased objective RR with >50% PD-L1 expression. 
The small sample size limited the ability to make statistical 
comparisons.  The phase III  KEYNOTE 189 and 
KEYNOTE 407 trial will likely answer that question in 
non-squamous and squamous NSCLC, respectively (29).

KEYNOTE 024 was a phase III open-label trial 
comparing single agent pembrolizumab every 3 weeks 
with platinum-based doublet of the physician’s choice 
(gemcitabine or pemetrexed with cisplatin or carboplatin 
or carboplatin with paclitaxel) in the first line setting for 
advanced or metastatic NCSLC. The trial design limited 
participation to those patients with tumors that had PD-L1  
expression of at least 50% using the pembrolizumab 
companion IHC testing at a central lab, and did not express 
EGFR mutations or ALK rearrangements. From September 
2014 to October 2015, 305 patients were enrolled and 
assigned in a 1:1 manner to chemotherapy platinum doublet 

https://www.google.com/search?q=pemetrexed&spell=1&sa=X&ved=0ahUKEwiIj-KurYLSAhUH92MKHSwGA8sQvwUIGSgA
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followed by maintenance if indicated vs. Pembrolizumab at 
200 mg IV every 3 weeks for 35 cycles. 

In the intention to treat population, the mPFS was 
10.3 months in the pembrolizumab group and 6 months 
in the chemotherapy group (P<0.001) with benefit of 
pembrolizumab evident in all treatment groups. It is 
worth noting that the HR for never smokers was 0.9, but 
still favored pembrolizumab. The 6 month survival rate 
was 80.2% in the pembrolizumab group compared with 
72.4% in the chemotherapy group. The mOS was not 
reached in either group at the second interim analysis; 
however, pembrolizumab group had longer OS than 
the chemotherapy group with HR for death 0.6. Higher 
objective RR was observed in the pembrolizumab group 
(69% vs. 42%) with time to response of 2.2 months in both 
groups, but median duration of response not reached in 
the pembrolizumab group versus the chemotherapy group 
response duration of 6.3 months. 

Safety analysis demonstrated fewer grade 3, 4, or 5 AE 
with pembrolizumab than with chemotherapy, similar rates 
of discontinuation due to AE, and fewer deaths related to 
AE. Unique to pembrolizumab were the higher rates of 
pneumonitis, skin reactions, colitis, myositis, hypophysitis, 
nephritis, pancreatitis, and type 1 diabetes compared with 
chemotherapy (30,31). Overall pembrolizumab was much 
better tolerated and with improved RR, OS, PFS, and 
duration of response, pembrolizumab received front-line 
approval from the FDA.

Small cell lung cancer (SCLC)

Ipilimumab 

A phase III, double-blinded placebo-controlled study of 
combination checkpoint inhibitor plus chemotherapy 
in newly diagnosed advanced stage SCLC comparing 
etoposide and platinum +/– ipilimumab 10 mg/kg every 
3 weeks for a total of 4 doses followed by ipilimumab or 
placebo maintenance every 12 weeks enrolled and treated 
954 patients. Primary end point was OS. 

No difference in OS was observed between the  
2 treatment groups, with combination checkpoint inhibitor 
and chemotherapy achieving a mOS of 11 months and 
chemotherapy plus placebo achieving mOS of 10.9 months 
(HR =0.94). PFS was also no different between the two 
treatments. The mPFS for the combination was 4.6 and 
4.4 months for chemotherapy plus placebo (HR=0.85). 
Eighteen percent of patients discontinued combination 

therapy compared with 2% on chemotherapy plus placebo 
due to treatment related AE. There were 5 reported 
treatment-related deaths with combination therapy 
compared with 2 deaths in the chemotherapy plus placebo 
group (32). 

Nivolumab and ipilimumab 

CheckMate 032 was a phase I/II international open-label  
study evaluating safety and efficacy of single agent 
n i v o l u m a b  a n d  c o m b i n a t i o n  i p i l i m u m a b  a n d 
nivolumab in limited or extensive stage small cell lung 
cancer after progression on one or more previous 
chemotherapy regimens including a platinum-based 
regimen. From November 2013 to July 2015, 216 
patients were sequentially enrolled and treated on 
one of the following schedules: nivolumab 3 mg/kg 
every 2 weeks, or nivolumab 1 mg/kg with ipilimumab  
1 mg/kg every 3 weeks (dose level 1), or nivolumab 1 mg/kg  
with ipilimumab 3 mg/kg every 3 weeks (dose level 2),  
or nivolumab 3 mg/kg with ipilimumab 1 mg/kg every  
3 weeks (dose level 2b). Each of the combinations 
regimens was given for 4 cycles followed by nivolumab 
3 mg/kg every 2 weeks until toxicity or progression. 
Patients with progression on single agent nivolumab 
were allowed to crossover to the combination arms. The 
primary endpoint was objective response. Secondary 
endpoints were OS, PFS, duration of response, and safety. 
The relation of PD-L1 expression status with efficacy was 
evaluated retrospectively.

After a minimum follow-up of 12 weeks, analysis was 
undertaken. The cohorts were too small to detect statistical 
significance among the treatment groups, but responses 
and survival data were as follows. The objective RR was 
10% for single-agent nivolumab, 23% for dose level 2, 
and 19% for dose level 2b. One complete response was 
observed at dose level 2. Partial response was observed in 
10% of single agent nivolumab, 21% of dose level 2, and 
19% of dose level 2b. Stable disease was achieved in 22% 
of single-agent nivolumab, 21% of dose level 2, and 17% 
of dose level 2b. The median duration of response was not 
reached for single agent nivolumab, 7.7 months for dose 
level 2, and 4.4 months for dose level 2b. Median OS was 
4.4 months for single-agent nivolumab, 7.7 months at dose 
level 2, and 6.0 months at dose level 2b. One year OS rate 
was 33% for nivolumab alone, 43% for dose level 2, and 
35% for dose level 2b. The median PFS was 1.4 months 
for single-agent nivolumab, 2.6 months for dose level 2, 
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and 1.4 months for dose level 2b. The 1-year PFS rate was 
11% for nivolumab alone, 19% for dose level 2, and the 
1 year milestone was not yet reached for dose level 2b at 
time of publication of the data. The single-agent nivolumab 
and dose level 2 combinations appeared to have flattening 
of the survival curves suggesting an ongoing benefit. As 
with prior immunotherapy studies, the impact on OS was 
more pronounced than on PFS, suggestive again, of the 
unique treatment benefit with checkpoint inhibitors that is 
sometimes observed. 

PD-L1 expression was evaluable in 69% of the patients 
(fresh or archived specimens). Only 17% of patients had at 
least 1% expression and 5% had 5% or greater expression. 
While the data was not powered to detect a statistical 
difference, tumor responses were observed in patients 
regardless of their PD-L1 expression level. 

A safety analysis of nivolumab alone or in combination 
with ipilimumab in SCLC indicated overall tolerability. 
Only 6% of patients in the nivolumab group discontinued 
due to toxicity.  The dose level  2b group had 7% 
discontinuation due to toxicity and 1 treatment-related 
death from pneumonitis. The dose level 2 group, with 
the higher ipilimumab dose, had an 11% discontinuation 
rate due to toxicity and 2 treatment-related deaths, one 
each due to myasthenia gravis and progressive renal 
failure. The total percentage of grade 1–2 AE with single 
agent nivolumab was 40%, 9% grade 3, and 4% grade 4.  
Grade 1–2 AE occurred in 49% of patients receiving 
dose level 2, 23% grade 3, and 7% grade 4. Dose level 2b 
patients experienced grade 1–2 AE at a rate of 56%, 15% 
grade 3, and 4% grade 4. Events that occurred at a rate 
of greater than 10% in any treatment group were fatigue, 
pruritus, diarrhea, decreased appetite, hyperthyroidism, 
hypothyroidism, and rash. 

Based on these results, phase III studies have been 
initiated (33). 

Pembrolizumab

K E Y N O T E - 0 2 8  i s  a n  o n g o i n g  t r i a l  a s s e s s i n g 
Pembrolizumab 10 mg/kg in SCLC after progression on a 
platinum-based regimen in patients with at least 1% PD-L1 
expression in the tumor cells or stroma. Data on the first 16 
patients has been presented. Nine participants experienced 
an AE and only one had a grade 3 or greater adverse event. 
There were no discontinuations due to AE suggesting that 
it is safe. Four patients have had a partial response and one 
has stable disease (34) 

Advanced, chemotherapy-resistant mesothelioma

Tremel imumab was  evaluated in  a  phase  II  t r ia l 
MESOTTREM-2008 which enrolled and treated 29 patients 
who had inoperable mesothelioma with measureable disease 
after front line treatment with platinum-based chemotherapy. 
It was dosed at 15 mg/kg IV every 90 days until progression 
or treatment-limiting toxicity. The primary endpoint was 
objective RR with additional endpoints of disease control 
rates, PFS, OS, and safety. 

After median follow-up of 27 months, there were no 
complete responses, 2 partial responses lasting 6 and  
18 months, 7 patients with stable disease of a median duration 
of 12.4 months, and 20 patients with progressive disease. 
The mOS was 10.7 months and mPFS of 6.2 months. There 
was a noted non-significant association between epithelioid 
histology and clinical benefit or survival. 

The safety analysis showed 13% of patients experienced 
grade 3 or 4 AE including colitis, elevations in liver 
enzymes, elevations in pancreatic enzymes, and peripheral 
neuropathy. No patients died from the treatment, and 
all AE were treated with steroids and/or intravenous 
immunoglobulin. Phase III trials are now underway (14). 

Predicting response to checkpoint inhibitor 
therapy

This novel treatment approach is being tested in nearly 
every tumor type with mixed outcomes. Efforts at 
predicting responders beyond PD-L1 expression are 
ongoing. Growing evidence supports the idea that tumors 
with higher mutational burdens tend to have increased 
benefit from checkpoint inhibitor therapies, as seen in 
melanoma and lung cancer, where this type of therapy 
gained momentum (35,36). One known factor leading to 
the high mutagenesis in lung cancer is tobacco smoke (37). 
In lung cancer specifically, there was a strongly positive 
association between a high frequency of mutations and 
improved RR, PFS, and durable clinical benefit with 
pembrolizumab, suggesting there may even be a threshold 
effect. The molecular signature of smoking-related 
mutations was identified, and the higher frequency of this 
signature strongly correlated with a more robust the clinical 
benefit from pembrolizumab compared with patients whose 
tumors harbored non-smoking-related mutations (38). 

Another interesting observation with growing attention 
has been the Abscopal effect, where local treatment of a 
single metastatic lesion leads to regression of non-treated 
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lesions. For example, it was observed that radiation to a 
NSCLC lesion caused a temporary increase in a biomarker 
of radiation-related DNA-damage in circulating lymphocytes 
while undergoing radiation; however there was a delayed 
increase in the same biomarker in eyebrow hairs which were 
not in the radiation field, suggesting that local radiation 
induces systemic DNA damage (39). Now, several studies are 
using this and other similar observations to logically combine 
radiation and checkpoint inhibitor therapy (40). 

Conclusions

At this time, single agent nivolumab, pembrolizumab, 
and atezolizumab are approved for second-line treatment 
after platinum-based chemotherapy in advanced NSCLC. 
As front-line therapy in patients with metastatic disease, 
nivolumab did not demonstrate efficacy in an unselected 
population, while pembrolizumab demonstrated improved 
outcomes by limiting trial participants to those with strong 
PD-L1 expression. In SCLC, combination nivolumab and 
ipilimumab has shown promise as second line therapy after 
platinum-based therapy regardless of PD-L1 expression. 
Tremelimumab has some efficacy in mesothelioma, but 
phase III trials are ongoing. 

Several additional checkpoint inhibitors are under 
development and being used in clinical trials with the hope 
that this novel approach to cancer treatment, perhaps alone 
or in combination with chemotherapy or other targeted 
agents will continue to revolutionize cancer care. 
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