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Lung cancer is still the leader cause of mortality due to 
cancer worldwide (1,2). Five-year overall survival (OS) 
in unresectable and metastatic non-small cell lung cancer 
(NSCLC) patients (stage IIIB/IV) is less than 5%, regardless 
of the number of cytotoxic chemotherapy lines given (3).  
NSCLC is characterized for having different genetic 
and epigenetic alterations, where high rates of somatic 
mutations generate a variety of tumor specific antigens that 
enhance immunogenicity (4). Cancer is the result of the 
failure of different immunological mechanisms that attempt 
to eliminate cancer antigens that finally escape the immune 
system allowing tumor growth (5). Immunotherapy in a 
very short period of time not only became a reality but also 
achieved the most spectacular results ever in different types 
of cancer including NSCLC patients. 

CTLA-4 was the first checkpoint targeted for cancer 
therapy. CTLA-4 is constitutively expressed in regulatory 
T Cells (Tregs) but only upregulated in conventional T 
cells after activation. The main role of this checkpoint is to 
maintain the self-tolerance (6). Anti-CTLA-4 antibodies 
limit the interaction between CTLA-4 and its receptor 
allowing the maintenance of the antitumor immune 
response. Ipilimumab was the first checkpoint inhibitor 
ever approved for cancer treatment, achieving unexpected 
prolonged OS in metastatic and melanoma patients (7). 
A phase 2 clinical trial with three arms in treatment naïve 
stage IIIB/IV NSCLC patients compared carboplatin/
paclitaxel with the combination ipilimumab, either as 
concurrent (CT) or as a phased treatment (PT) was done. 

The primary end point of this clinical trial was immune-
related progression free survival (irPFS) and it was reached 
only for the PT (HR: 0.72; P=0.05). OS was 8.3 months for 
the control arm, 9.7 months for the CT (HR: 0.99; P=0.48) 
and 12.2 months for PT (HR: 0.87; P=0,23). Subgroup 
analysis showed a trend of benefit for irPFS for squamous 
histology (SQCC) when compared with non-squamous 
histology (Non-SQCC) (8,9). Another anti CTLA-4 
antibody, tremelimumab, was tested against placebo in a 
phase 2 trial for metastatic NSCLC. The primary end point: 
PFS was not reached and objective response rate (ORR) 
was only 4% (10). There is not a validated biomarker for 
response to anti CTLA-4 treatment. Pretreatment levels of 
VEGF have been associated with OS in melanoma patients 
treated with ipilimumab (11); however there is not strong 
data that supports the use of any biomarker as prognosis of 
outcome in NSCLC patients under treatment with an anti 
CTLA-4 antibody. 

Cell death protein—programmed 1 molecule (PD-1) is 
expressed in different immune-related cells such as T and 
B lymphocytes, natural killer cells, and myeloid derived 
suppressor cells. Its main function is to limit the activity of 
T cells in peripheral tissues. NSCLC and other cancer cells 
express high levels of a ligand for PD-1 (PD-L1) suggesting 
that PD-1/PD-L1 pathway activation is a major mechanism 
used by cancer tumors to avoid immune surveillance (12). 
Anti-PD-1 drugs have been the most important developed 
immunotherapy treatment against NSCLC patients in the 
current times. The first anti PD-1 antibody in obtaining 
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approval for metastatic NSCLC was nivolumab, a fully 
human immunoglobulin G4 (IgG4) monoclonal antibody 
specific for human PD-1 (13). The phase 1 clinical trial, CA 
209-003 included 122 NSCLC patients (73 non-SQCC, 47 
SQCC and 2 unknown). Eighty five percent of the patients 
had received at least two prior lines of treatment. Forty two 
samples were analyzed for PD-L1 expression, none of the 17 
patients that had no expression for PD-L1 in their tumors 
achieved an ORR, but 36% of the patients that had positive 
PD-L1 expression had ORR (14). An updated publication 
based in the expansion cohort focused in NSCLC showed a 
median OS of 9.9 months with PFS of 2, 3 months, 1-year 
survival 42%, 2-year survival 24% and 3-year survival 18% 
respectively. The reported ORR was 17% (15).

Checkmate 063 was a single arm phase 2 trial that 
evaluated nivolumab treatment every 2 weeks in SQCC 
metastatic patients that had received at least two previous 
lines of treatment. The ORR was achieved in 14.5% of the 
patients with a median duration of response (MDR) not 
reached. One-year PFS was 20%, 1-year OS was 40.8% 
and median OS 8.2 months (16). With a cut off of 5% (PD-
L1 expression higher or lower than 5%), partial responses 
(PR) and stable disease (SD) were seen in the 24% and in 
the 24% of patients with PD-L1 expression higher than 
5% and in the 14% and 20% of patients with PD-L1 
expression lower than 5% respectively. Checkmate 017 was 
a phase 3 trial comparing nivolumab and docetaxel, focused 
in SQCC patients stage IIIB/IV that had failed to a first 
line platinum doublet. The primary end point of this study 
was OS and it was positive (9.2 months for nivolumab vs. 
6 months for docetaxel). ORR and MDR were higher for 
nivolumab arm. PD-L1 expression was evaluated by an 
immunohistochemical (IHC) assay, Dako North America 
from rabbit monoclonal antihuman (Clone 28-8, Epitonics). 
There were three pre-specified levels: 1%, 5% and 10%, 
any positive staining with at least 1% of expression was 
considered positive and authors concluded that PD-L1 
expression was neither prognostic nor predictive of benefit 
for nivolumab treated patients (17). Despite this comment 
when analyzing the graphics of this publication, it is possible 
to observe that patients with PD-L1 expression of at least 
10% have a greater benefit when compared with 5% and 1% 
PD-L1 expression subgroups, something similar is observed 
when compared the 5% PD-L1 expression subgroup have a 
greater benefit that the 1% PD-L1 expression. 

FDA approved nivolumab in March 2015 for SQCC 
that had failed to a first line of chemotherapy platin-
based doublet. In October 2015, nivolumab was approved 

too by FDA for non-SQCC pretreated patients based on 
the results of Checkmate 057, a phase 3 trial with similar 
design, primary and secondary end points than Checkmate 
017 and that compared nivolumab and Docetaxel in non-
SQCC. Median OS was 12.2 months for nivolumab and  
9.4 months for docetaxel arm. PD-L1 expression was 
predictive of outcome for all the end points. Current and 
former smokers and KRAS mutated patients also had a 
greater benefit if used nivolumab (18). Update of 2-year 
overall survival in Checkmate 017 was 23% for nivolumab 
vs. 8% for docetaxel SQCC treated patients. Two-year OS 
for non-SQCC NSCLC patients from Checkmate 057 was 
29% for nivolumab and 16% for docetaxel respectively (19).

We review here Checkmate 012 that is a multi-arm phase 
1 trial that assesses nivolumab in the first line of treatment 
in NSCLC patients as monotherapy or in combination 
with standard chemotherapy, bevacizumab, erlotinib or 
ipilimumab. Preliminary results from the nivolumab plus 
standard chemotherapy arm have shown promising results in 
special when combining nivolumab 5 mg/kg with carboplatin/
paclitaxel doublet arm that achieves a 2-year survival of 
62% (20). Now the results from Checkmate 012 nivolumab 
monotherapy arm have been recently published (21).  
Grade 3–4 toxicity was reported in the 19% of patients. 
Reported ORR was 23%, 28% in PD-L1 positive expression 
and 14% in PD-L1 negative expression patients. Median 
OS was 19.4 months, and 12 and 18 months OS was 73% 
and 58% respectively (21). Checkmate 012 has also assessed 
the combination of nivolumab plus ipilimumab in different 
schedules. Depending of the dose ORR ranged between 
13% and 39%, DCR ranged between 50% and 74%, grade 
3–4 toxicities in some of the arms ranged between 33% and 
37%. When analyzing one of the arms of this part of this 
trial, patients with PD-L1 expression greater than 50% 
achieved response rate of 50–92% (22). 

This data is promissory about the opportunity to move 
nivolumab to the front line however we needed phase III 
data and in that regard unpublished data from Checkmate 
026 has just been presented at ESMO. This was a phase 
3 clinical trial that compared head to head nivolumab 
and standard chemotherapy in the first line of metastatic 
NSCLC patients that have a PD-L1 expression of 1% 
or greater. The primary end point of the trial was PFS in 
patients that have a PD-L1 expression of 5% or greater. 
Unexpectedly, results from this trial showed a lower PFS  
(4.2 months) for nivolumab compared with chemotherapy 
(PFS 5.9 months) (23). The reasons of these disappointed 
results are under revision but probably might be related 
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with the chosen cut off point for PD-L1 expression in 
tumor cells (TCs) that could theoretically show a real 
positive impact in the treated population. On top of that 
things are more complicated for nivolumab, we have already 
data from pembrolizumab being successful for NSCLC not 
only for second line but for front line as we can see with the 
data from Keynote 001/012/021 and especially 024 that got 
the front line approval (24-30).

Pembrolizumab is a selective IgG4 kappa isotype 
monoclonal antibody against PD-1 that binds PD-1 and 
blocks PD-1, PD-L1/PD-L2 pathway (24). Keynote 
001 trial was a phase 1 study that included metastatic or 
advanced NSCLC patients and was assigned to multiple 
expansion cohorts. PD-L1 expression was assessed by IHC 
22C3 antibody. Grade 3 or higher toxicity was reported 
in the 9.5% of patients. The ORR was 19.4% for all the 
patients, 18% for previous treated and 24.8% for untreated 
patients. ORR was also higher in current and former 
smokers (22.5%) when compared with never smokers 
(10.3%). Patients with PD-L1 expression of >50% achieved 
an ORR of 45.2% when compared with lower PD-L1 
expression. Median OS was 9.3 and 16.2 months for 
previous treated and for untreated patients respectively (25). 
In patients with PD-L1 expression of 1–49% the median 
OS was 11.3 months in previous treated patients and 22.1% 
in untreated patients. These results were better in patients 
with PD-L1 expression of 50% or higher with a median 
OS of 15.4 months in previous treated patients and still not 
reached for untreated patients (26). Based on these results 
FDA approved pembrolizumab as treatment for metastatic 
NSCLC patients that failed to a first line and that express 
PD-L1  in TCs. Keynote 010 was an open label phase 2–3 
trial that compared pembrolizumab in two different doses 
with docetaxel in NSCLC patients that failed to at least 
one prior line of platinum doublet based chemotherapy 
and that expressed at least 1% of PD-L1 in TCs. Primary 
end points were OS and PFS in the total population and 
in the population that expresses PD-L1 50% or higher. 
Median OS was 10.4 months for the pembrolizumab  
2 mg/kg arm, 12.7 months for the pembrolizumab 10 mg/kg  
arm and 8.5 months for the docetaxel arm. Patients treated 
with pembrolizumab that expressed PD-L1 50% or higher 
achieved a median OS of 14.9 months in 2 mg/kg arm 
and 17.3 months for the 10 mg/kg arm. ORR was also 
higher in the pembrolizumab arms when compared with  
docetaxel (27). An update of this trial showed a greater 
benefit in OS, PFS and ORR in patients with PD-L1 
expression of 75% or higher (28).

Recently, two publications have shown the efficacy of 
pembrolizumab: Keynote 021 is a phase 2 multicohort 
study for stage IIIB/IV non-SQCC patients that combined 
pembrolizumab with carboplatin/pemetrexed doublet 
and compared this combination with the doublet without 
pembrolizumab and it was stratified by PD-L1 status (≥1% 
or <1%). The primary end point was ORR that was 55% 
for the study arm and 29% for the chemotherapy arm 
(P=0.0016); 17% of the patients treated with chemotherapy 
alone but only 3% of the study arm had PD as the best 
response. In the pembrolizumab plus chemotherapy arm 
no differences in ORR were seen when comparing PD-L1 
with 1% or greater or less than 1%, however greater ORR 
were observed in patients that expressed PD-L1 higher 
than 50%. PFS was higher for the combination arm than 
for chemotherapy alone arm (13 vs. 8.9 months; P=0102). 
No significant differences in OS were reported at 1-year 
follow-up. Toxicity grade 3 or greater was similar in both  
groups (29). Of great impact have been the results from 
Keynote 024, this is a phase 3 trial for NSCLC metastatic 
patients with a PD-L1 expression of at least 50% that 
compared pembrolizumab with a platinum based doublet 
as a first line of treatment. The primary end point was 
PFS that was 10.3 months in the pembrolizumab arm and 
6 months in the chemotherapy arm (HR: 0.5; P<0,001). 
One-year overall survival was 70% in the pembrolizumab 
arm and 54% in the chemotherapy arm. This significant 
benefit was observed despite that there was crossover of 
50% of patients from chemotherapy to pembrolizumab 
(HR: 0.6). ORR was also higher for the pembrolizumab arm 
when compared with chemotherapy arm (45% and 28% 
respectively; P=0.0011) (30).

Why the different results from Checkmate 026 and 
Keynote 024? It’s hard to know if we believe that both 
agents are similar then the answer maybe is in the PD-L1 
testing and the accuracy or reliability of the antibodies? 
Before we go there we also have to remember that more 
checkpoint inhibitors are making their way to the clinic 
because there is another strategy to fight lung cancer with 
immunotherapy that is the PD-L1 blockade by using 
monoclonal antibodies too (31). Durvalumab for example is 
a human IgG1 that selectively blocks PD-L1. In a phase 1–2 
trial in NSCLC metastatic patients the ORR for durvalumab 
was 14% in the global population and 23% in patients that 
expressed PD-L1 (32). Also, durvalumab, in combination 
with an anti-CTLA-4 antibody, tremelimumab, achieved 
17% of ORR including 5% of responses in patients with 
negative PD-L1 expression (33). Atezolizumab, is another 
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human IgG1 monoclonal antibody against PD-L1. The 
phase 2 clinical trial BIRCH assessed the safety and efficacy 
of atezolizumab in NSCLC patients that express PD-L1. 
PD-L1 status was assessed by an IHC assay developed 
by Roche Diagnostics that measures TCs and tumor 
infiltrating immune cells (ICs). Eligible patients for this trial 
were who had TC 2/3 or IC 2/3. The primary end point 
was ORR. Patients that scored TC3/IC3 had higher ORR 
than patients that presented TC2/3 or IC 2/3 in the first 
line (26% vs. 19%), second line (24% vs. 17%) and third 
line or further of treatment (27% vs. 17%) (34). POPLAR 
trial was a phase 2 study that compared atezolizumab vs. 
docetaxel in local advanced or metastatic NSCLC that 
progressed after a first line of treatment, regardless of the 
PD-L1 status. A recent update of POPLAR trial shows 
a further separation of curves with improve in OS when 
atezolizumab is compared with docetaxel (ITT median OS 
12.6 months vs. 9.7 months (P=0.011); TC3 or IC3 median 
overall survival not reached vs. 11.1 months (P=0.033). 
By histology median OS favors atezolizumab for both 
squamous and non-squamous patients over docetaxel (35). 
FDA approved in October 2016 atezolizumab as a second 
line of treatment for metastatic NSCLC that failed to a 
first line platinum based doublet chemotherapy, becoming 
the first anti PD-L1 antibody to get approval in this group 
of patients. Avelumab, another anti PD-L1 drug is under 
assessment in a phase 3 clinical trial for metastatic NSCLC 
that had disease progression after a platin base doublet.

Going back to the current differences among checkpoint 
inhibitor results there are several questions that have not 
been answered or that do not have a clear explanation yet, 
most of them related with the PD-1 expression and with 
the outcomes in clinical trials that assess anti PD-1 and 
anti PD-L1 drugs. More complicated is to try to compare 
different trials that used different assays to measure PD-
L1 expression. The blueprint proposal for companion 
diagnostic comparability is trying to resolve this issue 
making a call to the pharmaceutical companies that are 
involved with these types of drugs, in order to homogenize 
a common biomarker or a common assay to evaluate PD-1 
expression in a useful manner to all patients regardless 
of any eventual selective drug to be used (36). Despite 
of the lack of a mechanism to compare those different 
trials because the diversity of PD-1 assays there are some 
conclusions than can be done: there are disparities in results 
according to PD-1 expression and outcomes in clinical trials 
when combining an anti PD-1 drug with chemotherapy or 
with an anti CTLA-4 drug. It has been demonstrated that 

immunotherapy has action in PD-1 negative patients but 
not in the magnitude of PD-1 positive patients, however 
this activity is not limited to only PD-1 positive patients. 
Probably the release of antigens due to tumor necrosis that 
underwent chemotherapy activates immune system and 
enhances the power of immunotherapy? Also outcomes 
in combining an anti PD-1 with an anti CTLA-4 might 
be increased by synergism of different immune-response 
mechanisms. In melanoma patients that have been treated 
with nivolumab in combination with ipilimumab it has been 
observed that the greater impact in PFS has been observed 
in patients that not express PD-1 in their TCs. This issue 
must be reviewed in NSCLC in order to select better 
patients and treatments.

Also two anti-PD-1 and one anti-PD-L1 antibodies 
have been approved for second line NSCLC metastatic 
patients as monotherapy treatment. Pembrolizumab and 
atezolizumab have clearly demonstrated benefit in patients 
that express PD-1 in the tumors. Both treatments have 
a correlation in their outcomes depending of the PD-1 
expression. Nivolumab got approval regardless if the positive 
or negative PD-1 expression, nevertheless it seems to be a 
trend to better outcomes depending of the PD-1 expression.

Finally in the first line of treatment for NSCLC 
metastatic patients nivolumab failed in its primary end 
point (PFS in patients that expressed 5% PD-1 or greater 
in TCs). There is not a clear answer for this negative 
result, however, probably the correct cut off point for PD-1 
expression was missed without discard that the IHC assay 
to assess PD-1 could be overestimated? Pembrolizumab 
was approved for first line NSCLC metastatic patients 
with high PD-1 expression on October 24, 2016 becoming 
the first immunotherapy drug to be ever approved as 
monotherapy for NSCLC. The trial that lead to this 
approval had a design that selected a restricted population 
that demonstrated the importance of PD-1 as a prognostic 
biomarker when pembrolizumab is used. I know that we 
are opening more questions than answers but there is many 
more to come in the short-term in the following months in 
the field of immunotherapy for NSCLC.

Acknowledgments

Funding: None.

Footnote 

Provenance and Peer Review: This article was commissioned 



© Translational Cancer Research. All rights reserved. Transl Cancer Res 2016;5(Suppl 7):S1443-S1448 tcr.amegroups.com

S1447Translational Cancer Research, Vol 5, Suppl 7 December 2016

and reviewed by the Section Editor Lichao Sun (State 
Key Laboratory of Molecular Oncology, National Cancer 
Center (NCC)/Cancer Hospital, Chinese Academy of 
Medical Sciences (CAMS), Peking Union Medical College, 
Beijing, China).

Conflicts of Interest: Both authors have completed the 
ICMJE uniform disclosure form (available at http://dx.doi.
org/10.21037/tcr.2016.12.14). The authors have no conflicts 
of interest to declare.

Ethical Statement: The authors are accountable for all 
aspects of the work in ensuring that questions related 
to the accuracy or integrity of any part of the work are 
appropriately investigated and resolved.

Open Access Statement: This is an Open Access article 
distributed in accordance with the Creative Commons 
Attribution-NonCommercial-NoDerivs 4.0 International 
License (CC BY-NC-ND 4.0), which permits the non-
commercial replication and distribution of the article with 
the strict proviso that no changes or edits are made and the 
original work is properly cited (including links to both the 
formal publication through the relevant DOI and the license). 
See: https://creativecommons.org/licenses/by-nc-nd/4.0/.

References

1. Peters S, Adjei AA, Gridelli C, et al. Metastatic non-
small-cell lung cancer (NSCLC): ESMO Clinical Practice 
Guidelines for diagnosis, treatment and follow-up. Ann 
Oncol 2012;23 Suppl 7:vii56-64.

2. Ferreccio C, González C, Milosavjlevic V, et al. Lung 
cancer and arsenic concentrations in drinking water in 
Chile. Epidemiology 2000;11:673-9.

3. Rolfo C, Caglevic C, Mahave M, et al. Chemotherapy 
Beyond the Second Line of Treatment in Non-Small 
Cell Lung Cancer: New Drug Development. In: 
Márquez-Medina D. editor. Fighting Lung Cancer 
with Conventional Therapies. Nova Science Publishers, 
2015:229-40.

4. Lawrence MS, Stojanov P, Polak P, et al. Mutational 
heterogeneity in cancer and the search for new cancer-
associated genes. Nature 2013;499:214-8. 

5. Vesely MD, Kershaw MH, Schreiber RD, et al. Natural 
innate and adaptive immunity to cancer. Annu Rev 
Immunol 2011;29:235-71. 

6. Topalian SL, Drake CG, Pardoll DM. Immune checkpoint 

blockade: a common denominator approach to cancer 
therapy. Cancer Cell 2015;27:450-61.

7. Hodi FS, O'Day SJ, McDermott DF, et al. Improved 
survival with ipilimumab in patients with metastatic 
melanoma. N Engl J Med 2010;363:711-23. 

8. Lynch TJ, Bondarenko I, Luft A, et al. Ipilimumab in 
combination with paclitaxel and carboplatin as first-line 
treatment in stage IIIB/IV non-small-cell lung cancer: 
results from a randomized, double-blind, multicenter 
phase II study. J Clin Oncol 2012;30:2046-54. 

9. Tomasini P, Khobta N, Greillier L, et al. Ipilimumab: its 
potential in non-small cell lung cancer. Ther Adv Med 
Oncol 2012;4:43-50. 

10. Zatloukal P, Heo DS, Park K, et al. Randomized phase II 
clinical trial comparing tremelimumab (CP-675,206) with 
best supportive care (BSC) following first-line platinum-
based therapy in patients (pts) with advanced non-small cell 
lung cancer (NSCLC). J Clin Oncol 2009;27:abstr 8071.

11. Yuan J, Zhou J, Dong Z, et al. Pretreatment serum VEGF 
is associated with clinical response and overall survival 
in advanced melanoma patients treated with ipilimumab. 
Cancer Immunol Res 2014;2:127-32. 

12. Konishi J, Yamazaki K, Azuma M, et al. B7-H1 expression 
on non-small cell lung cancer cells and its relationship with 
tumor-infiltrating lymphocytes and their PD-1 expression. 
Clin Cancer Res 2004;10:5094-100.

13. Wang C, Thudium KB, Han M, et al. In vitro 
characterization of the anti-PD-1 antibody nivolumab, 
BMS-936558, and in vivo toxicology in non-human 
primates. Cancer Immunol Res 2014;2:846-56. 

14. Topalian SL, Hodi FS, Brahmer JR, et al. Safety, activity, 
and immune correlates of anti-PD-1 antibody in cancer. N 
Engl J Med 2012;366:2443-54.

15. Gettinger SN, Horn L, Gandhi L, et al. Overall Survival 
and Long-Term Safety of Nivolumab (Anti–Programmed 
Death 1 Antibody, BMS-936558, ONO-4538) in Patients 
With Previously Treated Advanced Non–Small-Cell Lung 
Cancer. J Clin Oncol 2015;33:2004-12.

16. Rizvi NA, Mazières J, Planchard D, et al. Activity and 
safety of nivolumab, an anti-PD-1 immune checkpoint 
inhibitor, for patients with advanced, refractory squamous 
non-small-cell lung cancer (CheckMate 063): a phase 2, 
single-arm trial. Lancet Oncol 2015;16:257-65.

17. Brahmer J, Reckamp KL, Baas P, et al. Nivolumab versus 
Docetaxel in Advanced Squamous-Cell Non-Small-Cell 
Lung Cancer. N Engl J Med 2015;373:123-35.

18. Borghaei H, Paz-Ares L, Horn L, et al. Nivolumab versus 
Docetaxel in Advanced Nonsquamous Non-Small-Cell 

http://dx.doi.org/10.21037/tcr.2016.12.14
http://dx.doi.org/10.21037/tcr.2016.12.14
https://creativecommons.org/licenses/by-nc-nd/4.0/


© Translational Cancer Research. All rights reserved. Transl Cancer Res 2016;5(Suppl 7):S1443-S1448 tcr.amegroups.com

S1448 Raez et al. Lung cancer immunotherapy

Lung Cancer. N Engl J Med 2015;373:1627-39. 
19. Borghaei H, Brahmer J, Horn L, et al. P2.35: Nivolumab 

vs Docetaxel in Advanced NSCLC: CheckMate 017/057 
2-Y Update and Exploratory Cytokine Profile Analysis: 
Track: Immunotherapy. J Thorac Oncol 2016;11:S237-8. 

20. Rizvi NA, Hellmann MD, Brahmer JR, et al. 
Nivolumab in Combination With Platinum-Based 
Doublet Chemotherapy for First-Line Treatment of 
Advanced Non-Small-Cell Lung Cancer. J Clin Oncol 
2016;34:2969-79. 

21. Gettinger S, Rizvi NA, Chow LQ, et al. Nivolumab 
Monotherapy for First-Line Treatment of Advanced Non-
Small-Cell Lung Cancer. J Clin Oncol 2016;34:2980-7. 

22. Hellmann MD, Gettinger SN, Goldman JW, et al. 
CheckMate 012: Safety and efficacy of first-line (1L) 
nivolumab (nivo; N) and ipilimumab (ipi; I) in advanced 
(adv) NSCLC. J Clin Oncol 2016;34:abstr 3001.

23. ESMO 2016 Press Release: Greater Patient Selection 
May be Needed for First Line Nivolumab to Improve 
Progression-free Survival in Advanced Lung Cancer. 
Available online: http://www.esmo.org/Conferences/
ESMO-2016-Congress/Press-Media/Greater-Patient-
Selection-May-be-Needed-for-First-Line-Nivolumab-to-
Improve-Progression-free-Survival-in-Advanced-Lung-
Cancer

24. Najjar YG, Kirkwood JM. Pembrolizumab: Pharmacology 
and Therapeutics Review. Am J Hematol Oncol 
2014;10:17-9.

25. Garon EB, Rizvi NA, Hui R, et al. Pembrolizumab for the 
treatment of non-small-cell lung cancer. N Engl J Med 
2015;372:2018-28.

26. Hui R, Gandhi L, Carcereny Costa E, et al. Long-term 
OS for patients with advanced NSCLC enrolled in the 
KEYNOTE-001 study of pembrolizumab (pembro). J Clin 
Oncol 2016;34:abstr 9026.

27. Herbst RS, Baas P, Kim DW, et al. Pembrolizumab 
versus docetaxel for previously treated, PD-L1-positive, 
advanced non-small-cell lung cancer (KEYNOTE-010): a 
randomised controlled trial. Lancet 2016;387:1540-50.

28. Baas P, Garon EB, Herbst RS, et al. Relationship 
between level of PD-L1 expression and outcomes in the 
KEYNOTE-010 study of pembrolizumab vs docetaxel for 
previously treated, PD-L1–Positive NSCLC. J Clin Oncol 
2016;34:abstr 9015.

29. Langer CJ, Gadgeel SM, Borghaei H, et al. Carboplatin 
and pemetrexed with or without pembrolizumab for 
advanced, non-squamous non-small-cell lung cancer: 
a randomised, phase 2 cohort of the open-label 
KEYNOTE-021 study. Lancet Oncol 2016;17:1497-508.

30. Reck M, Rodríguez-Abreu D, Robinson AG, et al. 
Pembrolizumab versus Chemotherapy for PD-L1-Positive 
Non-Small-Cell Lung Cancer. N Engl J Med 2016. [Epub 
ahead of print].

31. Philips GK, Atkins M. Therapeutic uses of anti-PD-1 and 
anti-PD-L1 antibodies. Int Immunol 2015;27:39-46.

32. Rizvi NA, Brahmer JR, Ou SH, et al. Safety and clinical 
activity of MEDI4736, an anti-programmed cell death-
ligand 1 (PD-L1) antibody, in patients with non-small cell 
lung cancer (NSCLC). J Clin Oncol 2015;33:abstr 8032.

33. Antonia S, Goldberg SB, Balmanoukian A, et al. Safety and 
antitumour activity of durvalumab plus tremelimumab in 
non-small cell lung cancer: a multicentre, phase 1b study. 
Lancet Oncol 2016;17:299-308.

34. Besse B, Johnson M, Janne PA, et al. Phase II, single-arm 
trial (BIRCH) of atezolizumab as first-line or subsequent 
therapy for locally advanced or metastatic PD-L1-selected 
non-small cell lung cancer (NSCLC). Eur J Cancer 
2015;51:S717-8.

35. Smith DA, Vansteenkiste JF, Fehrenbacher L, et al. 
Updated survival and biomarker analyses of a randomized 
phase II study of atezolizumab vs docetaxel in 2L/3L 
NSCLC (POPLAR). J Clin Oncol 2016;34:abstr 9028.

36. FDA Approves Genentech’s Cancer Immunotherapy 
Tecentriq (Atezolizumab) for People with a Specific Type 
of Metastatic Lung Cancer. Available online: https://www.
drugs.com/newdrugs/fda-approves-genentech-s-cancer-
immunotherapy-tecentriq-atezolizumab-specific-type-
metastatic-lung-4445.html

Cite this article as: Raez LE, Rolfo C, Mahave M, Caglevic C. 
Checkpoints inhibitors in first line therapy of metastatic non-
small cell lung cancer patients. Transl Cancer Res 2016;5(Suppl 
7):S1443-S1448. doi: 10.21037/tcr.2016.12.14


