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IMPORTANCE Non–small cell lung cancer remains the leading cause of cancer death in the
United States. Until the last decade, the 5-year overall survival rate for patients with
metastatic non–small cell lung cancer was less than 5%. Improved understanding of the
biology of lung cancer has resulted in the development of new biomarker–targeted therapies
and led to improvements in overall survival for patients with advanced or metastatic disease.

OBSERVATIONS Systemic therapy for metastatic non–small cell lung cancer is selected
according to the presence of specific biomarkers. Therefore, all patients with metastatic
non–small cell lung cancer should undergo molecular testing for relevant mutations and
expression of the protein PD-L1 (programmed death ligand 1). Molecular alterations that
predict response to treatment (eg, EGFR mutations, ALK rearrangements, ROS1
rearrangements, and BRAF V600E mutations) are present in approximately 30% of patients
with non–small cell lung cancer. Targeted therapy for these alterations improves
progression-free survival compared with cytotoxic chemotherapy. For example, somatic
activating mutations in the EGFR gene are present in approximately 20% of patients with
advanced non–small cell lung cancer. Tyrosine kinase inhibitors such as gefitinib, erlotinib, and
afatinib improve progression-free survival in patients with susceptible EGFR mutations. In
patients with overexpression of ALK protein, the response rate was significantly better with
crizotinib (a tyrosine kinase inhibitor) than with the combination of pemetrexed and either
cisplatin or carboplatin (platinum-based chemotherapy) (74% vs 45%, respectively; P < .001)
and progression-free survival (median, 10.9 months vs 7.0 months; P < .001). Subsequent
generations of tyrosine kinase inhibitors have improved these agents. For patients without
biomarkers indicating susceptibility to specific targeted treatments, immune checkpoint
inhibitor–containing regimens either as monotherapy or in combination with chemotherapy
are superior vs chemotherapy alone. These advances in biomarker-directed therapy have led
to improvements in overall survival. For example, the 5-year overall survival rate currently
exceeds 25% among patients whose tumors have high PD-L1 expression (tumor proportion
score of �50%) and 40% among patients with ALK-positive tumors.

CONCLUSIONS AND RELEVANCE Improved understanding of the biology and molecular
subtypes of non–small cell lung cancer have led to more biomarker-directed therapies for
patients with metastatic disease. These biomarker-directed therapies and newer empirical
treatment regimens have improved overall survival for patients with metastatic non–small
cell lung cancer.
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L ung cancer is the leading cause of cancer-related deaths in the
UnitedStates,andwillaccountforanestimated142 670deaths
in 2019. Among the common subtypes of lung cancer, non–

smallcell lungcancer(NSCLC)represents85%oflungcancercases.1 Ad-
vances in treatment of NSCLC have been facilitated by an improved un-
derstanding of pathogenic genomic alterations of NSCLC, the develop-
mentofnewdrugs,2 andtheuseofbiomarkerstoidentifypatientsmost
likelytorespondtoimmunecheckpointblockadetherapy.Cytotoxicche-
motherapy remains an important component of systemic therapy for
most patients, but regimens that forgo chemotherapy in favor of mo-
lecularly targeted therapies or immunotherapy are standard first-line
therapies for about 50% of patients with advanced NSCLC.

This review provides an overview of the pathological evaluation
of NSCLC and describes current evidence-based approaches to sys-
temic therapy for patients with locally advanced or metastatic NSCLC.
Because there have been few recent advances for NSCLC stage I
or II, this review focuses on advances in NSCLC stages III and IV.

Methods
A PubMed search for English-language articles describing clinical trials
of medical therapies for NSCLC was conducted from January 1, 2013,
to May 1, 2019. We prioritized data from randomized trials that have
influenced current standards of care for patients with NSCLC. Non-
randomized studies that led to changes in standard treatments or regu-
latory approval of new therapies for patients with NSCLC also were
evaluated for inclusion. Articles agreed on by both authors (K.C.A. and
G.J.R.) that define current clinical practice were included. The guide-
lines from major professional societies also were reviewed.

Clinical Presentation and Epidemiology of NSCLC
Approximately 228 000 people in the United States will be diag-
nosed with lung cancer in 2019, and lung cancer accounts for 40%
of cancer-related deaths.3 Smoking is the most common risk factor
for the development of NSCLC. However, 15% of patients diagnosed
with NSCLC never smoked cigarettes.4 Recent evidence has shown
that low-dose computed tomography screening can reduce lung can-
cer–specific mortality by 62 events per 100 000 person-years and is
recommended by the US Preventive Services Task Force (grade B) for
patients aged 55 to 80 years who have a 30 pack-year smoking his-
tory and currently smoke or have quit within the past 15 years.5

Widespread screening has the potential to diagnose earlier-
stage cancers; however, more than half of newly diagnosed pa-
tients with lung cancer have metastatic disease at the time of initial
diagnosis.6 Patients diagnosed with NSCLC often present with re-
spiratory symptoms such as cough or dyspnea, but may also pre-
sent with symptoms related to the most common sites of meta-
static disease: lung, brain, adrenal glands, bone, and liver.7

Pathological Classification and Characterization
of NSCLC
Histological Classification
Histological analysis is necessary to diagnose NSCLC and allows sub-
typing and molecular analysis of lung tumors. The 2 most common

histological subtypes are adenocarcinoma (60%) and squamous cell
carcinoma (15%); mixed histology tumors and large cell carcinoma
are uncommon variants.8 The safety and efficacy of some thera-
peutic agents vary by tumor histology. Bevacizumab, an antibody
to the vascular endothelial growth factor, is contraindicated in pa-
tients with squamous cell carcinoma because clinical trials have dem-
onstrated a higher risk of fatal or life-threatening hemoptysis.9

Histological classification is also relevant with the use of peme-
trexed, which is a cytotoxic chemotherapy commonly used in pa-
tients with adenocarcinomas. The combination of pemetrexed and
cisplatin led to poorer overall survival compared with gemcitabine
and cisplatin in patients with squamous cell NSCLC (median overall
survival, 9.4 months vs 10.8 months, respectively; hazard ratio [HR],
1.23 [95% CI, 1.00-1.51]; P = .05).10

Molecular Characterization
Molecular testing is now performed at the time of metastatic NSCLC
diagnosis to guide therapy. Molecular testing determines the pres-
ence of gene mutations or rearrangements for which the US Food
and Drug Administration (FDA) has approved therapies. These mo-
lecular alterations include epidermal growth factor receptor (EGFR)
gene mutations, anaplastic lymphoma kinase (ALK) gene rearrange-
ments, ROS proto-oncogene receptor tyrosine kinase 1 (ROS1)
rearrangements, BRAF V600E mutations, and neurotrophic recep-
tor tyrosine kinase (NTRK) gene fusions.11,12 Testing, such as hybrid-
ization capture-based next-generation sequencing platforms,2 al-
lows oncologists to obtain comprehensive molecular test results with
1 assay. These approaches may be more cost-effective and reduce
waiting time for patients compared with single-gene assays.13

The importance of identifying molecular alterations in pa-
tients for whom insufficient tissue is available for molecular testing
has led to the study of plasma circulating tumor DNA (ctDNA).14 This
method isolates and detects small amounts of tumor DNA that ex-
ist within the plasma of most patients with metastatic NSCLC. With
some platforms, plasma ctDNA testing has a detection rate greater
than 75% (ie, can identify >75% of mutations identified in tissue), a
concordance rate greater than 95% (ie, the mutations detected in
plasma are the same as seen in tissue in >95% of patients), and
achieves a faster time to results.15

When mutations that predict responsiveness to a specific drug
therapy are detected with ctDNA, another biopsy is not needed (ini-
tial biopsy was used to make the diagnosis).16 However, 20% of pa-
tients with negative ctDNA testing have molecular alterations re-
sponsive to drug treatment in tumor samples.16 A combination of
plasma testing and tissue testing may provide the greatest sensi-
tivity for identifying molecular alterations responsive to treatment.17

Although plasma testing has demonstrated unique value in pa-
tients for whom tumor tissue is not available, the standard of care
consists of testing tumor tissue and this should be performed for all
patients with metastatic NSCLC when feasible.

Biomarkers for Immune Checkpoint Inhibitors
Immune checkpoint inhibitors are a standard treatment for
patients with NSCLC and biomarkers can identify patients who are
more likely to respond to single-agent immune checkpoint inhibi-
tors. Clinical trials of antibodies targeting the programmed cell
death 1 (PD-1) and programmed death ligand 1 (PD-L1) pathway
have shown that PD-L1 tumor proportion score (measured by the
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PD-L1 immunohistochemical assay) can identify patients more
likely to respond to immune checkpoint inhibitors, making tissue
testing for PD-L1 tumor proportion score necessary for all patients
with metastatic NSCLC.

In some studies, a greater number of nonsynonymous tumor mu-
tations (those that lead to changes in the amino acids of proteins) has
been associated with improved clinical outcomes following PD-1 in-
hibition, and the association of tumor mutational burden with clini-
cal outcomes has been studied for patients receiving PD-1 and PD-L1
antibodies.18 With large-panel next-generation sequencing testing, it
is possible to accurately estimate tumor mutational burden from clini-
cal assays. Tumor mutational burden may identify patients who have
a durable response to PD-1 and PD-L1 blockade despite a low PD-L1
tumor proportion score.19 However, tumor mutational burden is not
yet a standard biomarker for therapy selection.

Overview of Treatment for Metastatic NSCLC
The primary goal of systemic therapy in patients with metastatic
NSCLC is to reduce symptom burden from cancer and improve sur-
vival, with a concurrent goal of improving quality of life. Combina-
tion platinum-based chemotherapy regimens (such as carboplatin
and paclitaxel or carboplatin and pemetrexed) have been shown to
improve survival compared with single-agent chemotherapy.20

Cytotoxic chemotherapy can also benefit patients with limited per-
formance status (Eastern Cooperative Oncology Group perfor-
mance status of 2).

Although many cytotoxic chemotherapy regimens are associ-
ated with significant toxic effects (eg, alopecia, nausea, myelosup-
pression, and fatigue), many platinum-based treatments have lower
rates of these toxic effects. Some patients have only mild to mod-
erate toxic effects and are able to continue routine activities, includ-
ing employment during treatment. In some patients, surgery, radia-

tion, or both may be indicated to treat disease-related symptoms.
The role of surgery and radiation in prolonging disease-free sur-
vival is being investigated in patients with a smaller burden of meta-
static disease, described as oligo metastatic disease (defined as dis-
ease with a limited number of disease sites; ranging from 3-5 sites).

Over the past decade, investigation has focused on identifying
targets for drugs that are essential for tumor cell viability or for im-
mune evasion (Figure). Once a target is identified, therapy is di-
rected at the characteristics of a patient’s tumor. The clinical effi-
cacy and common toxic effects of therapies using this approach
appear in Table 1 and Table 2.

Molecularly Targeted Therapies
EGFR-Mutant NSCLC
Somatic activating mutations in EGFR have been found in approxi-
mately 20% of patients with advanced NSCLC.32 The 2 most com-
mon mutations are EGFR L858R and EGFR exon 19 deletion. Pa-
tients with these EGFR tumor mutations are treated with EGFR
tyrosine kinase inhibitors (EGFR-TKIs), including gefitinib, erlo-
tinib, afatinib, dacomitinib, and osimertinib. Use of molecularly tar-
geted therapy has led to longer progression-free survival com-
pared with platinum-based chemotherapy.33-35 More recently, a
phase 3 randomized trial (N = 452) showed that dacomitinib, a TKI
that targets both EGFR and HER2, was superior vs initial treatment
with gefitinib among patients with EGFR-mutant NSCLC (median
overall survival, 34.1 months vs 26.8 months, respectively; P = .04).36

However, among patients treated with first-generation
EGFR-TKIs (erlotinib or gefitinib) or second-generation EGFR-TKIs
(afatinib or dacomitinib), emergence of the EGFR T790M mutation
has been associated with treatment resistance in 60% of
patients.37-40 Treatment with the third-generation EGFR-TKI, os-
imertinib, has been shown to overcome this resistance mutation and

Figure. Approach to Choosing Systematic Therapy for Patients With Metastatic Non–Small Cell Lung Cancer

T R E A T M E N T

Recommended treatments

Alectinib or brigatinib

Osimertinib

Crizotinib

Dabrafenib + trametinib

Molecular therapeutic targets 

ALK rearrangements

EGFR mutations

ROS1 rearrangements
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NTRK alterations Larotrectinib

Recommended treatmentsPD-L1 score

<50%

≥50%

Pembrolizumab

Chemotherapy + immune 
checkpoint inhibitor

Chemotherapy + immune 
checkpoint inhibitor

or

Molecular testing using broad sequencing panels to evaluate 
multiple genetic alterations that are therapeutic targets

Testing should be performed in all patients with metastatic 
nonsquamous lung adenocarcinoma 
Testing may be considered in patients with metastatic lung cancer 
and squamous histology, particularly if there is no history of smoking

Testing should be performed in all patients 
with metastatic non–small cell lung cancer 
(squamous and nonsquamous)

Immune checkpoint inhibitor therapy 
evaluation testing for PD-L1

D I A G N O S T I C  T E S T I N G

NoYes
Molecular therapeutic target identified?

Nonsquamous non–small cell lung
cancer includes adenocarcinoma,
poorly differentiated carcinomas, and
large cell carcinoma. Chemotherapy
regimen and immune checkpoint
inhibitor therapy are chosen based on
tumor histology and available
evidence (additional information
appears in Table 2). The programmed
death ligand 1 (PD-L1) score is the
tumor proportion score (measured by
a PD-L1 immunohistochemical assay).
ALK indicates anaplastic lymphoma
kinase; EGFR, epidermal growth
factor receptor; NTRK, neurotrophic
receptor tyrosine kinase;
ROS1, ROS proto-oncogene receptor
tyrosine kinase 1.
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tumor responses have been demonstrated in patients with resis-
tance to first- or second-generation EGFR-TKIs mediated by the EGFR
T790M mutation.41

Based on the efficacy of osimertinib after resistance to first- or
second-generation EGFR-TKIs among patients with EGFR-mutant
NSCLC, osimertinib was tested as a first-line treatment to evaluate
whether a mutation-specific EGFR-TKI could prolong disease control
and improve survival. In a randomized trial (N = 556), patients with
EGFR mutations who were treated with osimertinib as initial therapy
had improved progression-free survival vs those treated initially with
first-generation EGFR-TKIs gefitinib or erlotinib (progression-free sur-
vival, 18.9 months vs 10.2 months, respectively; HR, 0.46 [95% CI,
0.37-0.57]; P < .001).21,42 There was evidence of central nervous sys-
tem (CNS) penetration of osimertinib, with similar benefit for pro-
gression-free survival in both patients with CNS metastases and in
those without CNS metastases. In that trial,21,42 severe adverse events
(�grade 3) were less frequent with osimertinib vs erlotinib or gefi-
tinib (34% vs 45%, respectively). The most common adverse event
with all EGFR-TKIs has been rash, likely due to the effect of the drug
on nonmutated EGFR in the skin. Among erlotinib- or gefitinib-
treated patients, 78% had any rash and 38% had moderate or se-
vere rash. Among patients treated with osimertinib, 58% of patients
had any rash and 10% had moderate or severe rash. Osimertinib was
approved by the FDA for the initial treatment of patients with EGFR-
mutant NSCLC. Current investigation focuses on understanding the
mechanisms of resistance to third-generation EGFR-TKIs.43,44

ALK-Positive NSCLC
Gene fusions that lead to overexpression of ALK protein have been
found to occur in approximately 5% of people with metastatic
NSCLC. Crizotinib, a TKI that targets both MET and ALK receptor ty-
rosine kinases, was the first drug to achieve tumor responses in pa-
tients with ALK-positive NSCLC,45 confirming that targeting this al-
teration has a biological benefit. Subsequent data demonstrated the
superiority of crizotinib vs the combination of pemetrexed and either
cisplatin or carboplatin as first-line treatment (response rate of 74%
[128/172] vs 45% [77/171], respectively; P < .001 and median pro-
gression-free survival, 10.9 months vs 7.0 months; P < .001),46 re-
sulting in adoption of ALK-TKIs as initial therapy and underscoring
the importance of routine molecular testing at the time of meta-
static NSCLC diagnosis.

Newer ALK-TKIs (alectinib, ceritinib, and brigatinib) have a more
potent and specific kinase inhibition effect and can be effective in
patients with resistance to crizotinib. Among patients previously
treated with crizotinib, early-phase trials demonstrated treatment
responses for all 3 second-generation ALK-TKIs, with radiographic
responses observed among patients with a variety of ALK muta-
tions resistant to crizotinib and among those for whom no resis-
tance mutation was identified.47-49

For initial treatment of patients with ALK-positive NSCLC, the
next-generation ALK-TKIs brigatinib and alectinib have been shown
to be superior vs crizotinib. In a phase 3 randomized trial (N = 303),
patients with ALK-positive lung cancer were randomized to receive
either alectinib or crizotinib as initial treatment of metastatic
disease.22 Alectinib improved progression-free survival compared
with crizotinib therapy (median progression-free survival, 34.8
months vs 10.9 months, respectively; HR, 0.47 [95% CI, 0.34-
0.65]; P < .001). Improvements in disease control were observed in

the CNS, a common site of metastasis in patients with ALK-positive
NSCLC. Similarly, patients receiving treatment with brigatinib had
improved efficacy vs crizotinib (N = 275; 12-month Kaplan-Meier pro-
gression-free survival rate, 69% vs 40%, respectively; P < .001), with
fewer episodes of progressive disease in the CNS.24 Both brigatinib
and alectinib were approved by the FDA as initial therapy for pa-
tients with ALK-positive NSCLC. The most common toxic effects of
individual therapies appear in Table 1. For example, elevated liver
function test results are commonly found during treatment with both
alectinib and brigatinib (though more common with alectinib). Treat-
ment with brigatinib was associated with a risk of pneumonitis in 4%
of patients.24

Despite a median period of disease control lasting more than 2
years with alectinib and brigatinib, drug resistance remains a chal-
lenge. In 2018, based on a multiple-cohort phase 2 trial, lorlatinib,50

a third-generation ALK inhibitor, was approved for the treatment of
patients with ALK-positive NSCLC and progressive disease follow-
ing treatment with 2 prior ALK-TKIs. With the introduction of more
potent and specific ALK-TKIs, median survival was nearly 5 years
among patients with ALK-positive NSCLC treated with crizotinib fol-
lowed by a second-generation TKI after development of resistance,51

highlighting the effects of routine testing for ALK and selection of
drug therapy based on the natural history of NSCLC.

ROS1-Rearranged NSCLC
Chromosomal rearrangements of the gene encoding ROS1 have been
found in approximately 1% of patients with NSCLC.52 The kinase do-
mains of ALK and ROS1 share substantial homology53; therefore,
some ALK-TKIs have been shown to be effective in patients with ROS1
rearrangement. Among 50 patients with NSCLC and ROS1 rearrange-
ment, crizotinib treatment yielded a response rate of 72% and a me-
dian progression-free survival of 19 months.25 Not all ALK-TKIs have
been proven effective for patients with ROS1 rearrangements.
Crizotinib is currently the only agent with FDA approval for NSCLC;
however, other agents have shown tumor responses.54-56

BRAF-Mutant NSCLC
Somatic activating BRAF V600E mutations have been found in 1%
to 2% of patients with lung adenocarcinoma. Treatment with the
single-agent BRAF inhibitors dabrafenib or vemurafenib has yielded
relatively short-lived responses.57,58 A subsequent phase 2 trial
(N = 59) studied combined pathway blockade using a BRAF inhibi-
tor (dabrafenib) and a MEK inhibitor (trametinib) in patients with
metastatic BRAF V600E-mutant NSCLC. The response rate was 64%
with a median progression-free survival of 11 months.26 These data
support a molecularly targeted approach to treating patients with
BRAF-mutant lung cancer.

Additional Targetable Molecular Alterations in NSCLC
The routine use of molecular testing for hundreds of genetic muta-
tions, and the development of drugs targeting these alterations has
increased the identification of molecular aberrations in small sub-
sets of patients with NSCLC. Some clinical trials aim to assess newly
identified alterations using drugs that are already approved by the
FDA for other diseases. For example, in patients with MET exon 14
skipping mutations (occurring in approximately 4% of patients with
NSCLC), preliminary evidence suggested that crizotinib (both a
MET-TKI and ALK-TKI) decreased tumor size with a radiographic
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response rate of 32% in a relatively small study of 69
participants.59,60 There are no FDA-approved drugs for the treat-
ment of MET exon 14–altered NSCLC, but newer drugs are in devel-
opment, and crizotinib was recommended in guidelines from the Na-
tional Comprehensive Cancer Network.

Similarly, HER2 mutations have been found in approximately 2%
of patients with lung cancers. Among these patients, the HER2-
targeted antibody-drug conjugate, trastuzumab emtansine, has
achieved tumor responses (N = 18; response rate of 44% and me-
dian progression-free survival of 5 months),61 suggesting that, in pa-
tients with NSCLC, HER2 mutation status may be a better bio-
marker for HER2-directed therapies than protein overexpression, and
that HER2 mutations are yet another molecular alteration that can
be used to select lung cancer therapy.

NTRK gene alterations have been identified in less than 1% of
NSCLC tumors. Larotrectinib, a treatment for NTRK alteration, was
developed using a clinical trial that enrolled patients with NTRK gene
rearrangements regardless of cancer type (N = 55) and demon-
strated a tumor response rate of 75%, a 12-month progression-free
survival rate of 55%, and led to FDA approval of larotrectinib for
NTRK-altered cancers regardless of primary site. In the case series
leading to FDA approval, 4 patients with lung cancer were included
and the remainder of patients had a variety of tumor types, includ-
ing soft tissue sarcoma, salivary gland tumors, and others.62

Rearrangements in the RET (rearranged during transfection)
gene can promote tumor growth and occur in 1% to 2% of patients
with NSCLC.63 Multiple available TKIs that target RET have demon-
strated modest clinical efficacy in patients whose tumors have RET
rearrangements, including cabozatinib64 (tumor response rate of
28% and median progression-free survival of 5.5 months) and
vendatinib65 (response rate of 18% and median progression-free sur-
vival of 4.5 months). Other more specific RET inhibitors are cur-
rently under development.66,67

Immunotherapy in NSCLC
The recent development of treatments that disrupt the PD-1 and
PD-L1 pathway, commonly referred to as immune checkpoint in-
hibitors, have fundamentally changed how patients with meta-
static NSCLC are treated. These treatments are thought to stimu-
late cell-mediated immunity to recognize and destroy cancer cells
and act by modulating T-cell function and targeting relevant mecha-
nisms of immune resistance, such as immune inhibitory molecules
in the tumor microenvironment.68 One such inhibitory ligand is PD-L1
and it is frequently expressed in NSCLC.69

Single-Agent PD-1 and PD-L1 Inhibitor
After the approval of PD-1 and PD-L1 therapy for use after initial treat-
ment with platinum-based chemotherapy, investigators evaluated
therapy for PD-1 and PD-L1 in the first-line setting.30,70,71 The best
support for single-agent therapy for PD-1 and PD-L1 as initial treat-
ment has emerged from trials of pembrolizumab, an anti–PD-1 an-
tibody. In a phase 3 randomized trial (N = 305), patients with a PD-L1
score of 50% or greater who did not have EGFR mutations or ALK
gene rearrangements were randomized to receive pembrolizumab
or platinum-based chemotherapy.30 Patients treated with pem-
brolizumab had an improved radiographic response rate vs pa-

tients who received chemotherapy (45% [69/154] vs 28% [42/
151], respectively), an improved progression-free survival (median,
10.3 months vs 6.0 months; HR, 0.50 [95% CI, 0.37-0.68]; P < .001),
and an improved overall survival (median, 30.0 months vs 14.2
months; HR, 0.63 [95% CI, 0.47-0.86]; 1-sided nominal P = .002).
Pembrolizumab treatment was associated with a lower frequency
of severe adverse events (27% vs 53% of patients who had grade
�3 treatment-related adverse events).

In another trial, 1274 patients with metastatic NSCLC and a PD-L1
tumor proportion score of 1% or greater were randomized to re-
ceive pembrolizumab or platinum-based chemotherapy.72 Al-
though overall survival improved, the benefits were greatest among
patients with a PD-L1 tumor proportion score of 50% or greater. In
a post hoc subgroup analysis of patients with a PD-L1 tumor pro-
portion score of 1% to 49%, there was no difference in overall sur-
vival vs platinum doublet chemotherapy (13.4 months vs 12.1 months,
respectively; HR, 0.92 [95% CI, 0.77-1.11]).72 Among patients with a
PD-L1 tumor proportion score of 50% or greater, pembrolizumab
has been found to be superior vs chemotherapy as an initial treat-
ment; however, among patients with lower PD-L1 tumor propor-
tion scores, the treatment role of single-agent pembrolizumab re-
mains less certain. With these data, the FDA has expanded the
approval of pembrolizumab to include first-line treatment of pa-
tients with metastatic NSCLC whose tumors had PD-L1 expression
of either 1% or greater or 50% or greater of tumor cells. These FDA
approvals have led to routine testing for PD-L1 at the time of meta-
static NSCLC diagnosis. In contrast to the trial results observed with
pembrolizumab, first-line trials using nivolumab (another PD-1 in-
hibitor) and durvalumab (an antibody to PD-L1) have failed to dem-
onstrate superiority vs platinum-based chemotherapy among pa-
tients with advanced NSCLC.71,73

The immune-related adverse events from pembrolizumab
monotherapy that can occur during or after treatment with any im-
mune checkpoint inhibitor include pneumonitis, colitis, and
thyroiditis.74 These commonly develop during the initial weeks to
months of therapy, but can develop at any time or even after comple-
tion of therapy.75 Any grade immune-related adverse events have
occurred in approximately 25% to 30% of patients and the rate of
grade 3-5 toxicity has been low (8%-10% of patients).30,72,76 Treat-
ment of immune-related adverse events includes discontinuation
of therapy and administration of corticosteroids, which typically lead
to rapid improvement in symptoms.77 For patients with steroid re-
fractory immune-related adverse events, other immunosuppres-
sive agents (such as anti–tumor necrosis factor monoclonal anti-
bodies, mycophenolate mofetil, or cyclosporine) can be considered.

Recommendations for the management of immune-related ad-
verse events are currently based on consensus guidelines rather than
prospective clinical trials evaluating different approaches to
management.78 The use of immunosuppressive medications for the
treatment of immune-related adverse events does not appear to di-
minish the efficacy of these agents and response to therapy can con-
tinue even in the setting of permanent discontinuation of therapy
for PD-1 and PD-L1 due to toxic effects.79

Combination Chemotherapy and Inhibition of PD-1
and PD-L1
For patients with a PD-L1 tumor proportion score of less than 50%,
combination therapy with chemotherapy and immune checkpoint
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inhibitors has been found to be the most effective treatment. Some
evidence suggests that the antitumor effect of chemotherapy is me-
diated through both a cytotoxic effect and immunological effects,
including reducing the regulatory T-cell effect and enhancing cross-
presentation of tumor antigens.80 Chemotherapy has been shown
to induce changes in PD-L1 tumor proportion score, providing ad-
ditional support for combining chemotherapy and inhibition of PD-1
and PD-L1.81 In addition to the potential synergy, combining first- and
second-line therapy may be beneficial because many patients with
NSCLC only receive 1 line of therapy due to rapid progression of can-
cer with functional decline.

The benefits of combining chemotherapy and immune check-
point inhibitors were first observed in a small phase 2 randomized
trial that evaluated the combination of carboplatin, pemetrexed,
and pembrolizumab in patients with metastatic nonsquamous
NSCLC (a term encompassing lung adenocarcinoma, poorly differ-
entiated carcinomas, and large cell lung cancers).82 These findings
were confirmed in a phase 3 randomized trial (N = 616) in which
pembrolizumab plus chemotherapy (pemetrexed plus cisplatin
or carboplatin) was compared with chemotherapy alone in pa-
tients with nonsquamous NSCLC.27 The combination of chemo-
therapy and pembrolizumab showed an improved radiographic re-
sponse rate vs chemotherapy alone (48% vs 19%, respectively;
P < .001), progression-free survival (median, 8.8 months vs 4.9
months; P < .001), and overall survival rate (Kaplan-Meier probabili-
ties for proportion of patients alive at 12 months, 69% vs 49%; HR,
0.49 [95% CI, 0.38-0.64]; P < .001). Benefits occurred regardless
of PD-L1 tumor proportion score. A similar benefit was seen in a sepa-
rate phase 3 clinical trial in patients with squamous NSCLC (N = 559)
among patients receiving a combination of carboplatin, pembroli-
zumab, and either paclitaxel or albumin-bound paclitaxel vs che-
motherapy alone (median overall survival, 15.9 months vs 11.3
months, respectively; HR, 0.64 [95% CI, 0.49-0.85]; P = .001).29

Atezolizumab, an anti–PD-L1 antibody, has also demonstrated
benefit in combination with chemotherapy as a first-line treat-
ment. Patients with advanced, nonsquamous NSCLC treated with
quadruplet therapy (atezolizumab, paclitaxel, carboplatin, and the
antivascular endothelial growth factor antibody, bevacizumab)28

were compared with patients receiving the same regimen without
atezolizumab (triplet therapy) (N = 692). Patients receiving qua-
druplet therapy had improved median progression-free survival vs
patients receiving triplet therapy (8.3 months vs 6.8 months, re-
spectively; HR, 0.62 [95% CI, 0.52-0.74]; P < .001) as well as im-
proved overall survival (19.2 months vs 14.7 months; HR, 0.78 [95%
CI, 0.64-0.96]; P = .02). The benefits of progression-free survival
were irrespective of tumor PD-L1 proportion score.

The results of these large randomized studies have resulted in
incorporation of immunotherapy into the first-line setting for all pa-
tients except those with molecular alterations that respond to drug
therapy. For patients without these molecular alterations, PD-L1 test-
ing determines available treatment options. Patients with PD-L1 tu-
mor proportion scores of less than 50% typically receive combina-
tion chemotherapy and PD-L1 blockade. Among patients with PD-L1
tumor proportion scores of 50% or greater, standard treatment typi-
cally includes administration of either single-agent pembroli-
zumab or chemotherapy combined with an inhibitor for PD-1 and
PD-L1. Clinical decisions are often made based on individualized con-
siderations such as symptom burden or treatment toxicity.

Treatment Advances in the Nonmetastatic Setting

In stage III NSCLC in which the disease is localized to the lung and
regional lymph nodes, it is potentially curable with multimodality
therapy (induction chemotherapy followed by surgery or com-
bined chemotherapy and radiation), but cure rates are low (gener-
ally <20%).83 There has been interest in incorporating immune
checkpoint inhibitors to improve the cure rate for patients with
stage III NSCLC. Multiple trials are currently exploring the role of ad-
juvant immunotherapy following surgical resection and potentially
as neoadjuvant therapy prior to surgical resection.84

Among patients without metastatic disease, the role of check-
point inhibitors has been established best for patients who have
completed curative-intent concurrent chemoradiation for treating
unresectable stage III NSCLC. A phase 3 randomized trial (N = 713)
compared the outcomes of patients who received placebo or dur-
valumab for 1 year following chemoradiation.85 In this trial, there
were improvements in the tumor response rate, progression-free
survival, and overall survival. Patients who received durvalumab
had improved overall survival compared with placebo (HR for
death, 0.68 [99.73% CI, 0.47-0.997]; P = .003). The improvement
in outcomes for patients treated with durvalumab as consolidation
therapy was observed across all prespecified subgroups, but a post
hoc exploratory analysis suggested that the benefit may be less
clear in patients with PD-L1–negative cancers. Therefore, the utility
of treatment with durvalumab as consolidation therapy in patients
with PD-L1–negative tumors must be specifically addressed in
future clinical trials. Regarding the toxicity of durvalumab following
chemoradiation, the risk of severe or life-threatening adverse
events was higher in those patients who received durvalumab vs
those who did not (30.5% vs 26.0%, respectively), including a
higher rate of pneumonitis in patients treated with durvalumab
(12.6% vs 7.7% for all cancer grades).

Future Directions
Treatment for patients with NSCLC has greatly improved during re-
cent years. Newer TKIs for patients with EGFR and ALK alterations
have replaced earlier targeted therapies. Treatment goals have
evolved to preventing the development of resistance to targeted
therapy. Since the introduction of inhibitors of PD-1 and PD-L1 in 2015,
virtually all patients without molecular alterations that are suscep-
tible to current therapies now receive treatment with one of these
agents in the first-line setting. These advances are substantial, but
long-term durable responses remain uncommon for most patients.
These insights into treating metastatic disease have informed the
design of trials for new treatment strategies among patients with
early-stage disease. The goal of NSCLC research is to understand and
address mechanisms of resistant and refractory disease in patients
with advanced disease and, ultimately, to increase cure rates.

Conclusions
Improved understanding of the biology and molecular subtypes
of non–small cell lung cancer have led to more biomarker-directed
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therapies for patients with metastatic disease. These biomarker-
directed therapies and newer empirical treatment regimens have

improved overall survival for patients with metastatic non–small
cell lung cancer.
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