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Non-small-cell lung cancers (NSCLCs) represent approximately 85% of all lung tumors, and are currently sub-
divided in two main histological variants: squamous (s) and nonsquamous (ns) lung carcinomas. While both
variants display frequent genetic aberrations biologically indicative of oncogene-addiction, viable treatment options
employing targeted therapeutic drugs are currently available only for nsNSCLC. Indeed, 10–15% of these tumors
display activating alterations in the sequence of the Epidermal Growth Factor (EGFR) gene, while approximately
5% harbor a translocation involving the N-terminal domain of different partner genes that are fused – in frame –
with the catalytic domain of the Anaplastic Lymphoma Kinase (ALK). These translocations lead to the improper
expression of a chimeric oncogene that causes neoplastic transformation. In the last decade, several Tyrosine Ki-
nase Inhibitors (TKIs) have been introduced in clinical practice with the aim of antagonizing the constitutive
catalytic activity of mutant EGFR or chimeric ALK oncoproteins [1]. These drugs have greatly improved both the
progression-free survival (PFS) and overall survival (OS) of nsNSCLC and currently represent the treatment of
choice for oncogene-addicted tumors falling in this histological variant [2]. Nevertheless, >80% of NSCLCs will not
be amenable to TKI-based treatment and would therefore receive platinum-based chemotherapy. This therapeutic
strategy has been radically modified by the discovery of immune escape mechanisms that enable cancer cells to
suppress the immune response that would otherwise lead to their eradication [3]. Physiologically, engagement of the
T-cell receptor (TCR) by different antigens – exposed within the major histocompatibility complexes by antigen-
presenting cells (APCs) – activates an immune response against external pathogens and neoplastic cells [3]. However,
to fully activate the immune system, TCR engagement must be coupled with the interaction of CD28 (expressed
by T-lymphocytes) with B7-1 or B7-2, detected on the membrane of APCs [3]. As triggering an immune response
is always a potentially dangerous process, upon exhaustion of the antigenic stimuli, APCs express PD-L1 and/or
PD-L2 that bind to the T-cell PD-1 receptor thereby suppressing the immune response. Groundbreaking research
has demonstrated that, while cancer cells are indeed immunogenic as they express several nonself antigens, they can
also express PD-L1 and PD-L2. Hence, they can hijack a safety mechanisms devised to prevent excessive immune
responses and autoimmune diseases; ultimately, suppressing the immune system and escaping immune-mediated
killing [4]. The recent synthesis of several anti-PD-1 and anti-PD-L1 antibodies has allowed the disruption of this
pathologic mechanism, generating unparalleled PFS and OS rates in patients with NSCLC. Several anti-PD-1
(pembrolizumab, nivolumab) and anti-PD-L1 (atezolizumab, avelumab and durvalumab) antibodies are currently
being tested in different NSCLC settings, with the first two drugs receiving both US FDA and European Medicines
Acengy (EMA) clearance for the treatment of lung cancer [5]. We summarize below the evidence that has resulted in
the approval of both pembrolizumab (pembro) and nivolumab (nivo) and point to further upcoming indications
for antibodies modulating the immune checkpoint.
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Pembrolizumab
Pembrolizumab (commercially known as Keytruda) is a humanized monoclonal antibody that prevents the in-
teraction between PD-L1/PD-L2 and their receptor PD-1. Pembro is an IgG4 kappa immunoglobulin, which
weighs approximately 149 kDa [6]. KeyNote 024 was a Phase III trial that led to pembro approval for the first
line treatment of metastatic NSCLC regardless of its histological variant. The study accrued 305 stage IV NSCLC
patients exhibiting non oncogene-addicted tumors that scored >50% PD-L1 positive in immunohistochemistry
according to the tumor proportion score. Of note, the trial accepted patients with stable CNS metastases. Indi-
viduals randomized to the experimental arm received pembro 200 mg iv. every 3 weeks for up to 2 years, while
patients in the control arm were given platinum doublet chemotherapy according to the investigator’s choice for
four to six cycles. Subjects in the control arm that progressed on conventional chemotherapy could be crossed to
the experimental arm. The PFS, the primary end point of the trial, was 10.3 months with pembro and 6 months
in the control arm with a highly significant hazard ratio (HR) of 0.50 (95% CI: 0.37–0.68; p < 0.001). Estimated
OS rates at 6 months were 80.2% in the pembro arm versus 72.4% in the chemotherapy arm (HR: 0.60; 95%
CI: 0.41–0.89; p = 0.005) [7]. In conclusion, the results of this trial showed that pembro was associated with a
statistically and clinically meaningful enhancement of both PFS and OS and fewer treatment-related adverse events
when compared with platinum doublet chemotherapy.

An additional study, KeyNote 010, led to pembro approval for the second-line treatment of stage IIIB/IV
NSCLC – again of any histology – in patients with tumors >1% PD-L1 positive that had already received a
TKI (oncogene-addicted cancers) or conventional chemotherapy (non-oncogene-addicted cancers) as first-line
treatment. Individuals assigned to the experimental arm were randomized to receive pembro at two different doses:
2 or 10 mg/kg iv. every 3 weeks. Patients in the control arm received docetaxel 75 mg/ms every 21 days. In all arms,
patients had access to the drugs for up to 2 years. The OS, the primary end point of the study, again favored the
experimental drug with a median survival of 12.7 months in the 10 mg/kg pembro arm (HR: 0.61; 95% CI: 0.49–
0.75; p < 0.0001) and 10.4 months in the pembro 2 mg/kg arm (HR: 0.71; 95% CI: 0.58–0.88; p = 0.0008).
Subjects receiving docetaxel displayed 8.5 months of median OS. These findings were even more striking in a
subgroup analysis limited to patients with ≥50% PD-L1 tumor expression as these individuals presented median
OS rates of 17.3 months (higher pembro dose) or 14.9 months (lower pembro dose) as compared with the 8.2
months observed with docetaxel (HR: 0.50 for pembro 10 mg/kg and 0.54 for pembro 2 mg/kg) [8]. This trial
validated pembro as a new treatment option for patients with advanced or metastatic NSCLC, who had received
a previous biological or chemotherapeutic regimen for their disease and displayed ≥1% PD-L1 expression in their
neoplastic cells. However, the study failed to show major differences between the two pembro doses. Hence, the
2 mg/kg regimen administered every 3 weeks was chosen as the most appropriate dose in this disease setting.

Nivolumab
Nivolumab (commercially Opdivo) is a fully human IgG4 monoclonal anti-PD-1 antibody that, just like pembro,
blocks the interaction between PD-1 and its two ligands: PD-L1 and PD-L2 [6]. CheckMate 017 was a Phase III
study that enrolled individuals with stage IIIB/IV sNSCLC regardless of the PD-L1 expression of their tumor.
Patients with stable CNS metastases or with disease recurrence/progression during/after a prior platinum doublet-
based chemotherapy were allowed. The trial randomized 272 individuals to nivo 3 mg/kg iv. every 2 weeks
(experimental arm) versus docetaxel 75 mg/ms every 3 weeks (control arm). Subjects received study drugs until
documented progression or the occurrence of unmanageable toxicity. The OS was the primary end point of the
trial with a remarkable 9.2 months median survival in the nivo arm compared with 6 months in the control arm
(HR: 0.59; 95% CI: 0.44–0.79; p < 0.001). PFS was a planned secondary end point again showing superiority
for the experimental drug (3.5 months with nivo) versus the 2.8 months observed with docetaxel (HR: 0.62; 95%
CI: 0.47–0.81; p = 0.005) [9]. In an identical Phase III trial (Checkmate 057), this time recruiting only nsNSCLC
patients, all accrued subjects – regardless of their PD-L1 expression – were randomized to nivo 3 mg/kg iv. every 2
weeks or docetaxel 75 mg/ms every 3 weeks. Again, the trial was open to individuals with stable CNS metastases,
and recurrence or progression during/after one prior platinum doublet-based regimen. As the study was limited
to nsNSCLC, prior use of anti-EGFR TKIs for oncogene-addicted tumors was allowed. In both arms, patients
received drugs until documented disease progression or discontinuation due to toxicity. The OS was the primary
end point of the trial and favored nivo (12.4 months) when compared with docetaxel (9.4 months; HR: 0.73;
96% CI: 0.59–0.89; p = 0.002). The rate of PFS at 1 year was also higher with nivo than with docetaxel (19 and
8%, respectively) although with an unimpressive 0.92 HR [10]. In summary, nivo was associated with statistically
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superior OS rates and a better safety profile than docetaxel proving to be a superior therapeutic option for previously
treated metastatic squamous- and nonsquamous-NSCLC patients unselected for their PD-L1 expression.

Current therapeutic algorithm
Analysis of the above-mentioned trials allows us to propose a general therapeutic algorithm to incorporate immune
checkpoint modulators in the treatment of advanced or metastatic NSCLC.

All patients with stage IIIB/IV NSCLC should initially be classified according to their histological variant: squa-
mous or nonsquamous. The former tumors should then be evaluated for their PD-L1 expression as PD-L1 positivity
≥50% according to the tumor proportion score would indicate higher probability of pembro benefit. Subjects
with moderate (1–49%) or low (<1%) PD-L1 expression, are currently limited to conventional chemotherapy
employing a platinum doublet-based regimen. Non-squamous NSCLC patients should at least be evaluated for
the presence of EGFR activating mutations, ALK translocations and PD-L1 expression. Oncogene-addicted tumors
should receive anti-EGFR or anti-ALK directed TKIs, while cancers expressing ≥50% PD-L1 are suitable for
pembro as first line treatment. The remaining ‘triple negative’ patients (i.e., EGFR wild type, ALK wild type and
PD-L1 <50%) will receive platinum-based chemotherapy.

The second-line therapy of NSCLCs is highly dependent on the pharmacological regimen received in firstline.
Indeed, sNSCLCs progressing after pembro would qualify for chemotherapy. The appropriate choice – in this
disease setting – ultimately depends on patient performance status, disease burden and length of the clinical benefit
observed with first-line immunotherapy. Viceversa, sNSCLCs relapsed or progressed after chemotherapy may be
considered for pembro (if their PD-L1 expression is >1%) or nivo. As for nsNSCLCs, oncogene-addicted tumors
should be subjected to a timely investigation (i.e., rebiopsy and liquid biopsy) of the mechanisms underlying failure
of the TKI received in firstline. Indeed, solid evidence points to the emergence of the T790M mutation as a major
cause of disease progression in EGFR-mutated NSCLCs treated with first- or second-generation TKIs. In this
scenario, the third-generation inhibitor osimertinib represents the best available treatment for these patients [11].
Similarly, patients with ALK-translocated NSCLC failing crizotinib would likely to benefit from alectinib or
ceritinib [12]. In the absence of EGFR- or ALK-dependent resistance to first-line treatment, patients should be
directed toward chemotherapy or immunotherapy. The same holds true for nsNSCLC that has relapsed/progressed
after first-line pembro. Finally, non-oncogene addicted tumors that have progressed after first-line chemotherapy
should be considered for an immunotherapeutic approach employing pembro (if their PD-L1 is >1%) or nivo.

Imminent perspective
The exciting results generated by the use of immunotherapeutic agents (IT) for metastatic NSCLC have suggested
that employing these drugs at an earlier time point may improve their clinical benefit. The anti PD-L1 antibody
durvalumab has been recently investigated for the treatment of stage III NSCLCs after a first-line combining
chemotherapy and radiation therapy. After up to 12 months of IT, the study showed an OS of 23.2 months in
the experimental arm compared with 16.4 months in the chemo-radiation alone arm (HR: 0.52; p < 0.001) [13].
These findings have resulted in the FDA and EMA approval of durvalumab in this disease setting. A similar study
(KeyNote 021) evaluated the addition of pembro (four cycles, 200 mg every 3 weeks) to carboplatin-pemetrexed
followed by maintenance pembro for up to 24 months in the first-line treatment of stage IIIB/IV nsNSCLC.
The association of IT and chemotherapy produced a significant PFS improvement compared with chemotherapy
alone (13 vs 8.9 months; HR: 0.53; p = 0.01). However, no difference has yet been observed in OS (HR: 0.90;
p = 0.39) [14]. In a later Phase III trial with an identical design (KeyNote 189), after a median follow-up of 10.5
months, patients receiving pembro plus carboplatin-pemetrexed achieved an estimated 12 month OS of 69.2 versus
49.4% in the placebo plus chemotherapy control arm (HR: 0.49; p < 0.001). The PFS was also improved (8.8
months for the pembro combination vs 4.9 months in the control; HR: 0.52; p < 0.001) [15]. In an additional
study (Checkmate 227), patients diagnosed with metastatic NSCLC and high tumor mutational burden (≥10
mutations per megabase) were initially stratified according to their PD-L1 expression (≥1 or <1%). Subjects with
PD-L1 positive tumors (i.e., ≥1%) were then randomized to one of three different arms: nivo plus Ipilumumab
(ipi: an anti-CTLA4 antibody), nivo alone or chemotherapy. Subjects with PD-L1 negative tumors (i.e., <1%)
were randomized to the same treatment arms with the only difference being that the second arm contemplated nivo
plus chemotherapy instead of nivo alone. The estimated PFS at 12 months was 43% in the nivo-ipi group versus
13% in the chemotherapy group, irrespective of PD-L1 expression and histological variant [16]. Another interesting
issue is the appropriate length of treatment with immune checkpoint modulators for patients responding to these
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drugs. While we still lack any solid evidence to address this question, interesting findings derive from the first
interim analysis of the Checkmate 153 trial. This study compared the efficacy of second-line nivo discontinued
after 1 year or continued until progression or toxicity in advanced NSCLC patients. Nivo resumption was allowed
at disease progression in the first arm. Preliminary results showed 10.3 months of median PFS in the arm receiving
1 year of nivo. Strikingly, median PFS was not reached in patients randomized to continuous treatment (HR:
0.45). Likewise, while OS results are yet inconclusive, the observed trend clearly favors continuous nivo infusion
(NCT02066636).

Conclusion
The use of antibodies that modulate the immune checkpoint has generated response rates in advanced or metastatic
NSCLC that bare little precedent in the field of lung cancer. Despite the success of this approach, several unsolved
problems will need to be addressed to make the best possible use of these therapeutic resources. A glaring issue that is
being actively investigated is the lack of technically reproducible and therapeutically reliable biomarkers predictive
of benefit from these drugs. This problem has obvious repercussions in terms of maximizing clinical benefit while
minimizing the inevitable ‘financial toxicity’ related to these drugs. Thus, while the algorithm summarized in this
review holds true at the present time, it is likely – and highly desirable – that scientific progress will translate in rapid
improvements in patient selection, hopefully contributing to a widespread fulfillment of a personalized approach
for patients diagnosed with advanced or metastatic NSCLC.
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