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KEY POINTS

� Targeted therapy and immunotherapy have had an increasing role in the management of
patients with advanced non–small cell lung cancer (NSCLC).

� Therapies targeting patients with epidermal growth factor receptor (EGFR) mutations and
anaplastic lymphoma kinase (ALK) rearrangements have proved most successful,
whereas others specific for additional genetic alterations seem promising.

� Immunotherapy in lung cancer, primarily through checkpoint inhibition, permits the activa-
tion of tumor-specific T cells often suppressed by cancer cells.

� Adverse effects of these drugs are often mild and manageable, improving quality of life
and limiting cumulative toxicity seen with use of cytotoxic chemotherapy.
INTRODUCTION

The management of patients with advanced NSCLC has evolved dramatically over the
past decade. Therapeutic options were previously limited to cytotoxic chemotherapy
in a 1-size-fits-all approach. As more information becomes known about the driving
molecular events behind tumorigenesis, however, researchers are designing drugs
capable of interfering with these events in a more individualized approach. The first
such drugs in NSCLC were the targeted agents, biologic compounds that interact
with cell surface receptors or their downstream partners critical in cancer develop-
ment. These agents have shown a monumental benefit in a small number of patients
with NSCLC. The more recent addition has been the immunotherapeutic agents,
which seem to have a broader benefit and are providing durable responses in NSCLC
not previously seen.
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TARGETED AGENTS
Background

Several genetic alterations have been identified as drivers of tumorigenesis in NSCLC.
Among the most important described in lung cancer is the ERK-MAPK cascade. In this
cascade, activating mutations in EGFR, RAS, and BRAF found in lung cancer lead to
malignant transformation and gene expression changes.1 Patients with KRAS-mutant
tumors, accounting for 25% of cases of adenocarcinoma, are often predictive of a lack
of benefit of tyrosine kinase inhibitors (TKIs)2 and associated with poorer overall
survival.3

The number of therapeutic targets is rapidly growing. Fortunately, the drugs being
developed for these targets generally have more favorable toxicity profiles than cyto-
toxic chemotherapy (Table 1).

Epidermal Growth Factor Receptor Mutations

The cell surface receptor EGFR, when dimerized, activates tyrosine kinases. This ac-
tion contributes to control of normal cell proliferation, angiogenesis, adhesion, motility,
and apoptosis. Loss of this control contributes to themalignant potential of a lung can-
cer cell.
Mutations in EGFR account for 15% of lung adenocarcinoma in the United States,

the most common of which occur in exon 19 (exon 19del) and exon 21 (L858R).
Women and nonsmokers have a slightly higher likelihood of mutations. The frequency
Table 1
Select targeted biologic agents in non–small cell lung cancer

Class Drugs Adverse Effects

EGFR inhibitors Erlotinib, afatinib,
gefitinib, osimertinib,
rociletinib

Rash, diarrhea, anorexia, fatigue, dyspnea,
cough, nausea, vomiting, interstitial lung
disease, hepatotoxicity

ALK inhibitors Crizotinib, ceritinib,
brigatinib, alectinib

Vision disorder, diarrhea, edema,
transaminase elevations, vomiting,
constipation, dysgeusia, fatigue, pyrexia,
pain in extremity, headache, dizziness,
pneumonitis

BRAF inhibitors Vemurafenib, dabrafenib Other malignancies, hypersensitivity
reactions, dermatologic reactions, QT
prolongation, hepatotoxicity, uveitis,
radiation recall/sensitivity, arthralgia, rash,
alopecia, photosensitivity, nausea, pruritis

MEK inhibitors Trametinib, cobimetinib Hemorrhage, rash, cardiomyopathy,
hepatotoxicity, retinopathy and retinal
vein occlusion, rhabdomyolysis, diarrhea,
photosensitivity, nausea, pyrexia, vomiting

HER2-blocking
antibodies

Trastuzumab Headache, diarrhea, nausea, chills,
cardiomyopathy, infusion reactions,
pulmonary toxicity

Multitargeted
kinase inhibitors

Cabozantinib Gastrointestinal perforation/fistula,
hemorrhage, thrombotic events, wound
complications, hypertension, hand-foot
syndrome, osteonecrosis of the jaw,
proteinuria, diarrhea, stomatitis, weight
loss, anorexia, dysgeusia, nausea, fatigue
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of EGFR mutations in various Asian populations increases to 22% to 62% of
NSCLCs.4

Four EGFR TKIs, erlotinib (Tarceva), gefitinib (Iressa), afatinib (Gilotrif), and osimer-
tinib (Tagrisso), are currently Food and Drug Administration (FDA) approved and in
clinical use in the United States. Compared with standard cytotoxic chemotherapy
doublets, this class of drugs has proved to prolong progression-free survival (PFS)
in patients with advanced NSCLC with activating EGFR mutations.
Gefitinib showed an impressive improvement in PFS compared with carboplatin

(Paraplatin) and paclitaxel (Taxol) in the Iressa Pan-Asia Study trial in 2009. In this
study, PFS was doubled with gefitinib at 10.8 months compared with 5.4 months
for the standard cytotoxic chemotherapy doublet.5 This study enrolled unselected
Asian patients with a higher frequency of EGFR mutations than that seen in a Western
population. Despite these impressive results and its extensive clinical use in Asia, gefi-
tinib use has been limited in the United States until FDA approval in 2015. Gefitinib
is approved for patients whose tumor contains an EGFR exon 19 deletion or exon
21 L858R.
Erlotinib was also compared with standard cytotoxic chemotherapy in clinical trials.

In the OPTIMAL trial, an impressive improvement in PFS of 8 months was noted when
erlotinib was compared with gemcitabine (Gemzar) plus carboplatin.6 Similar improve-
ments in PFS of 5 to 6 months were found in the EURTAC7 and ENSURE8 trials.
Despite these improvements in PFS, no statistically significant difference in overall
survival was found in either trial comparing erlotinib to standard cytotoxic chemo-
therapy, likely due to crossover of therapy after progression.
Afatinib is as an oral irreversible inhibitor of EGFR and HER2. In the LUX-Lung 3 trial,

afatinib showed a significant increase in PFS of 6.7 months compared with cisplatin
(Platinol) and pemetrexed (Alimta) in treatment-naı̈ve patients with EGFR exon 19 de-
letions and L858R point mutations.9 Notably, 4 treatment-related deaths were seen
with afatinib as opposed to none with chemotherapy. Afatinib is FDA approved for
first-line treatment of patients with metastatic NSCLC whose tumors have EGFR
exon 19 deletions or exon 21 substitution mutations. Activity after failure of erlotinib
or gefitinib is limited, with only a 7% response rate.10

An EGFR T790M mutation in exon 20 is associated with acquired resistance to TKI
therapy and has been reported in up to 63% of patients with disease progression after
initial response to front-line TKIs.11,12 Osimertinib and rociletinib are third-generation
EGFR inhibitors active in preclinical models of EGFR T790M-mutated NSCLC. In
separate studies of patients whose disease had progressed on EGFR-directed ther-
apy, the objective response rate among T790M-positive disease was approximately
60% and the rate among patients with T790M-negative disease was 20% to 30%.13,14

EML4-ALK Translocations

Translocation of ALK and Echinoderm Microtubule-Associated Protein-Like 4 (EML4)
from an inversion of the short arm of chromosome 2 results in a fusion protein EML4-
ALK that activates several pathways driving cell survival and proliferation.15 These
translocations are present in 3% to 5% of NSCLC patients and define a distinct subset
of lung cancer patients.16

Crizotinib (Xalkori) is an oral inhibitor of ALK, MET, and ROS1 kinases. In patients
with treatment-naı̈ve advanced ALK-positive NSCLC in PROFILE 1014, crizotinib per-
formed better than cytotoxic chemotherapy, with median PFS of 10.9 months versus
7.0 months, a response rate of 74% versus 45%, and improvements in lung cancer
symptoms and quality of life.17 Overall survival was not significantly different, likely
owing to a 70% crossover rate on progression in the chemotherapy arm.
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Ceritinib (Zykadia) produces a high response rate of 55.4% in patients previously
treated with crizotinib and 69.5% in patients naı̈ve to ALK inhibitors.18 Patients with
prior exposure had a meaningful 6.9 month PFS on ceritinib. Two other ALK inhibitors,
brigatinib (AP26113) and alectinib (Alecensa), have also shown promising activity in
patients with progression on crizotinib, including patients with brain metastases.19,20

ROS1 Rearrangements

ROS1 is a tyrosine kinase receptor of the insulin receptor family. At least 12 different
partner proteins form fusions with ROS1, producing constitutive kinase activity,
thereby driving cellular transformation.21,22 Rearrangements of ROS1 are found in
1% to 2% of NSCLC specimens and are more common in patients with a light or
no smoking history and those with adenocarcinoma.
Crizotinib has been shown to induce responses in vitro and in limited experience in

patients with ROS1 rearrangements.21 A recent phase I clinical trial supported these
data, showing a high response rate of 72%, with 6% of patients achieving complete
responses.23 Furthermore, median PFS was 19.2 months, and all ROS1 fusions
showed a benefit.

BRAF V600 Mutations

BRAFmutations are identified in approximately 2% of lung adenocarcinoma tumors.24

Twenty patients with NSCLC harboring a V600 mutation received treatment with
vemurafenib (Zelboraf), resulting in a 42% response rate in evaluable patients and a
median PFS of 7.3 months.25 Dabrafenib (Tafinlar) also demonstrated activity in 17 pa-
tients with BRAF V600E mutations, with an overall response rate of 54%.26 A retro-
spective study of patients with BRAF mutations revealed a similar response rate of
53% and PFS of 5 months in patients treated with various BRAF inhibitors.24

Combination therapy with dabrafenib and trametinib (Mekinist) yielded an impres-
sive 63% response rate in 24 evaluable NSCLC patients harboring a BRAF V600E
mutation.27

MET Amplification or Exon 14 Skipping Mutation

The proto-oncogene MET, also known as hepatocyte growth factor receptor, is
involved in signal transduction. MET exon 14 splice site alterations and other muta-
tions have been shown to result in exon skipping and MET activation and are present
in approximately 3% of lung adenocarcinoma and 2.3% of other lung neoplasms.28

These alterations result in tumor cell proliferation, invasion, and metastasis.
A phase I study of patients with MET-amplified NSCLC treated with crizotinib

revealed a response rate of 33%, perhaps better in those with high amplification,
defined as MET/CEP7 ratio of 5 or greater.29 Those harboring MET exon 14 skipping
mutations have shown responses to both crizotinib and cabozantinib.30 Additionally,
the investigational MET inhibitor capmatinib (INC280) induced partial responses in
several patients in phase I clinical trials.28

RET Rearrangements

Rearrangements or fusions of RET, a proto-oncogene encoding a tyrosine kinase
involved in extracellular signaling, are identified in 1% to 2% of NSCLCs, primarily
adenocarcinoma in nonsmokers.31 Twenty patients with adenocarcinoma harboring
RET rearrangements were treated in a phase II open-label trial with themulti-TKI cabo-
zantinib (Cometriq). The investigators noted an overall response rate of 28% and sta-
ble disease in 72%.31 Median PFS was 7 months.
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HER2 Mutations

HER2 mutations are the driver mutations found in approximately 2% of NSCLCs.
Thesemutations are primarily found in women, never-smokers, and almost exclusively
adenocarcinoma histology. In-frame insertions in exon 20 lead to constitutive activa-
tion of the HER2 receptor, and its downstream signaling pathways, in turn driving
neoplastic transformation.
Trastuzumab (Herceptin) and afatinib have yielded partial responses and disease

control in patients with HER2-mutated NSCLC.32,33

Recommended Testing

Based on these data, the National Comprehensive Cancer Network guidelines for
NSCLC (version 2.2016) recommend all patients with metastatic NSCLC of histologic
subtypes adenocarcinoma, large cell carcinoma, and NSCLC not otherwise specified
be tested for EGFR mutations and ALK rearrangement as part of broad molecular
profiling. Patients with squamous cell carcinoma can be considered for testing, espe-
cially in never-smokers, mixed histology, or small biopsy specimens. At this time, the
data do not support routine testing of patients treated with curative intent. The College
of American Pathologists recommends routine testing for all patients, including
resectable NSCLC.
IMMUNOTHERAPY
Background

The programmed cell death-1 receptor (PD-1) is found on cytotoxic T cells and T-reg-
ulatory cells and is expressed when T cells become activated in response to inflamma-
tion or infection in peripheral tissues. Binding of the PD-1 ligand to its receptor
inactivates the T cell to limit the immune response to the stimuli, thus causing an im-
mune suppression.34

Cancer cells express PD-1, allowing them to be hidden from natural immune attack.
Anti–PD-1 therapies disrupt this pathway by preventing the PD-1 ligand from binding
to its receptor, leaving activated cytotoxic T cells available to attack the cancer cells.
Immunotherapies directed at PD-1 or its ligand, PD-L1, have demonstrated efficacy in
both nonsquamous and squamous cell NSCLCs.

PD-1/PD-L1 Inhibitors

CheckMate 063 was a phase II single-arm trial of nivolumab (Opdivo) in 117 patients
with stage IIIB or stage IV squamous cell NSCLC that had progressed on at least 2
prior treatment regimens.35 Median PFS was 1.9 months and median overall survival
was 8.2 months. Although responses were seen in both patient subgroups, those with
at least 5% PD-L1 positivity had numerically higher rates of partial response (24% vs
14%) and lower rates of progressive disease (44% vs 49%) compared with those with
less than 5% PD-L1 positivity.
CheckMate 017 was a phase III randomized trial comparing standard docetaxel with

nivolumab in 272 patients with stage IIIB or stage IV squamous cell NSCLC who failed
only 1 prior platinum-containing treatment.36 Median overall survival was 9.2 months
with nivolumab, compared with 6.0 months with docetaxel, with a 41% reduction in
the risk of death on the nivolumab arm. Objective response was also significantly
higher on the nivolumab arm compared with docetaxel. In this trial, no level of
PD-L1 positivity by IHC staining (1%, 5%, and 10% levels were evaluated) predicted
response or was prognostic for survival.
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Pembrolizumab (Keytruda), an anti–PD-L1 monoclonal antibody, was evaluated in
the phase I KEYNOTE-001 trial in 495 patients who were either treatment naı̈ve or
treatment experienced with any histologic type of stage IIIB or stage IV NSCLC to
determine the preliminary safety and efficacy of pembrolizumab in this population.37

The overall response rate was 19.4%. Previously untreated patients were more likely
to respond to therapy (25% vs 18%) and had longer median duration of response
(23.3 months vs 10.4 months) than those previously treated. No difference was
seen in the response rate based on histologic subtype (squamous vs nonsquamous).
Current and former smokers had higher response rates (22.5%) compared with
never-smokers (10.3%). Median overall survival was longer for patients receiving
pembrolizumab as first-line therapy (16.2 months) compared with those receiving
pembrolizumab after failing at least 1 prior regimen (9.3 months). Tumors with more
than 50% PD-L1 expression had an overall response rate of 45.2%.
The minimum level of PD-L1 expression necessary to predict treatment response

with anti–PD-1 therapies is unknown. Tumors with PD-L1 expression, however,
have higher response rates across various tumor types, although those testing nega-
tive for PD-L1 also respond to these therapies.38

In addition to nivolumab and permbrolizumab, several other immune checkpoint in-
hibitors are in late-stage development. PD-L1 inhibitors under investigation are atezo-
lizumab (MPDL3280A),39 durvalumab (MEDI4736), avelumab (MSB0010718C), and
BMS-936559. These drugs generally have a favorable adverse effect profile (Table 2).

CTLA-4 Inhibitors

In a randomized phase II trial with untreated advanced NSCLC, ipilimumab (Yervoy) or
placebo in combination with carboplatin and paclitaxel, either concurrent or phased
(starting after 2 cycles of chemotherapy), showed improvement in phased ipilimumab
over placebo but not concurrent ipilimumab.40 Phased ipilimumab had an improved
overall response rate (32% vs 21% and 18%) andmedian overall survival (12.2 months
vs 9.7 months and 8.3 months) compared with concurrent ipilimumab and placebo. In
the phased ipilimumab arm, the overall survival advantage was limited to squamous
histology. As a result of this study, this chemoimmunotherapy combination is now in
phase III testing for patients with squamous NSCLC (NCT01285609). Ipilimumab
has also shown modest response rates in conjunction with nivolumab.41

Future Directions

There are several ongoing studies of immune checkpoint inhibitors as single agents or
in combination with chemotherapeutic agents seeking to expand their therapeutic in-
dications to adjuvant or maintenance therapy. The use of immunotherapy in early-
stage or locally advanced disease is currently not supported by the literature.
Table 2
Select immunotherapeutic agents in lung cancer

Class Drugs Adverse Effects

PD-1– or PD-L1–blocking
antibodies

Nivolumab, pembrolizumab,
atezolizumab (MPDL3280A),
durvalumab (MEDI4736),
avelumab (MSB0010718C),
BMS-936559

Fatigue, nausea, anorexia,
colitis, hepatitis, pneumonitis,
endocrinopathies, nephritis,
rash, encephalitis

CTLA4-blocking
antibodies

Ipilimumab Fatigue, rash, diarrhea, colitis,
endocrinopathies, hepatitis
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SUMMARY/DISCUSSION

New therapies have recently transformed the management of advanced lung cancer.
By targeting molecules driving malignant growth, these treatments largely spare
normal cells. In select patients, targeted agents and immunotherapies provide a
meaningful improvement in survival over conventional cytotoxic chemotherapeutic
agents. In addition, these drugs are often more tolerable, improving quality of life
and permitting long-term use. The benefit, however, has not yet translated to earlier
stages of disease or in conjunction with other modalities.
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