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Abstract: Lung cancer is the most common cancer worldwide. Approximately 18% of all deaths related

to cancer are associated with lung cancer. Management of non-small cell lung cancer (NSCLC) has been

changing rapidly in last few years. For patients with unresectable non-metastatic disease, maintenance

durvalumab is now given after offering chemo-radiation concurrently based on the result from the PACIFIC

trial. Management of metastatic disease greatly depends on the status of sensitizing driver mutation and PD-

L1 level of the tumor cells. In this review article, we will summarize the outcome of various clinical trials and

will provide the most up-to-date information on the management of patients with advanced and metastatic

NSCLC.
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Background

Approximately 18% of all cancer-associated mortality is
related to lung cancer (1). More than 80% of all lung cancer
cases are due to non-small cell lung cancer (NSCLC) (2).
Surgery in the form of lobectomy and mediastinal lymph
node dissection remains the primary modality of treatment
for patients who have resectable diseases (stage I-IIIA).
Surgery is often followed by cisplatin-based adjuvant
platinum doublet (stage > ITA, American Joint Committee
on Cancer 8" edition). The cisplatin-based chemotherapy
offers an additional 5% S-year survival compared to surgery
alone (3,4). However, majority of patients with NSCLC
have unresectable disease (either stage III or IV) at the time
of diagnosis (5). Management of this patient population
has changed significantly in recent years, which requires
nuanced and patient-specific management. Herein, we will

discuss the management of this patient population with
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particular emphasis on recent updates.

Management of stage lll NSCLC

A critical distinction that helps narrow the treatment
algorithm is determining whether the disease is resectable.
Although tumor resectability greatly depends on dimension
and location, the most important factor is the extent of
regional lymph nodes involvement.

Resectable versus unresectable disease

N1 disease is typically a resectable disease. The
management usually involves surgery, if technically
feasible. These patients will benefit from cisplatin-
based chemotherapy post-surgery. N3 disease is treated
with definitive chemo-radiation and surgery is not
recommended. The management of N2 disease, which
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involves ipsilateral mediastinal or subcarinal lymph nodes,
is greatly controversial and the indication for surgery in
this subset of patients is not well defined. Patients with
clinical N2 disease (radiological or mediastinal staging)
are usually offered chemo-radiation therapy concurrently.
Surgery can be offered to a small subset of patients with
one-station, non-bulky N2 (not clearly defined) nodal
involvement although there is lack of prospective data for
this approach. We should be very careful while selecting
patients for tri-modality treatment in this setting because
of significant early treatment-related mortality. In an
INTO0139 intergroup trial, 429 patients with pN2 disease
(T1, T2 or T3 primary tumor) and technically resectable
tumor were randomized either to receive concurrent chemo
and radiation therapy followed by surgical resection (n=216)
or concurrent chemo and radiation therapy followed
by completion of definitive-dose of radiation therapy
(n=213) (6). Progression-free survival (PFS) was much
better in the surgery group (median PFS 12.8 versus
10.5 months) but there was no significant difference in
median overall survival (OS).

Adjuvant versus neoadjuvant therapy

In resectable disease, following resection, cisplatin-based
platinum-doublet is the treatment of choice. The goal
of adjuvant chemotherapy is to eliminate distant micro
metastases and prevent disease recurrence and hence
improve the OS. The Lung Adjuvant Cisplatin Evaluation
(LACE) performed a meta-analysis of 4,584 patients
that analyzed five large trials of post-surgical adjuvant
chemotherapy. The study showed a 5.4% OS benefit at
5 years with post-surgical chemotherapy compared to no
treatment after surgery (4). Three major trials analyzed
by LACE were the Adjuvant Lung Project Italy (ALPI),
International Adjuvant Lung Cancer Trial (IALT), and
Adjuvant Navelbine International Trialist Association
(ANITA) Trial. ALPI was the first reported trial comparing
cisplatin-based chemotherapy versus observation (7). More
than 1,200 patients with stage I-IITA were enrolled in the
study. In this study, three-drug regimen chemotherapy
(MVP—mitomycin/vindesine/cisplatin) was compared
to observation. The results showed no survival difference
(OS and PFS) between the two arms. IALT enrolled 1,867
patients with resected, stage I-IIIA disease and randomized
patients into either chemotherapy or observation group (8).
The chemotherapy arm consisted of 3 to 4 courses of
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cisplatin-containing chemo regimen. The study found
significantly higher OS and PFS at 5 years in chemotherapy
group. Likewise, ANITA Trial randomized 849 patients to
either chemotherapy with treatment consisting of cisplatin
and vinorelbine or observation (9). This trial also showed a
survival benefit with the post-surgical chemotherapy.

Neoadjuvant chemotherapy, which is an alternative
approach, is given before the surgery, and may facilitate
tumor size reduction rendering surgery easier in this subset
of patients. In a randomized trial of 60 patients with stage
IITA (N2) disease who either had pre- or post-operative
chemotherapy combination along with surgery versus
surgery alone, the median OS was 64 months for surgery
plus chemotherapy group versus 11 months for surgery only
group (10). In another study, patients were randomized to
neoadjuvant cisplatin-gemcitabine plus surgery and surgery
only. A significant 3-year PFS survival advantage was noted
in combination arm for stage IIB/IIIA disease (55.4% versus
36.1%; P=0.002) (11).

Additionally, a systematic review of 32 randomized
studies comprising of more than 10,000 patients showed
no difference in survival between neoadjuvant and adjuvant
therapies (12). Given the concern for delay in potentially
curative surgery from drug toxicity and disease progression
on chemotherapy making the disease unresectable later,
adjuvant rather than neoadjuvant chemotherapy is the
preferred approach. Various neoadjuvant trials are ongoing
utilizing immunotherapy or chemo-immunotherapy to
estimate the benefit of immunotherapy and/or chemo-
immunotherapy in the neoadjuvant setting (NCT 03425643,
NCT 02998528, NCT 02716038, NCT 03456063, NCT
03800134, NCT 02818920, and NCT 02994576).

Concurrent chemo-radiation therapy

For patients that have unresectable locally advanced
disease (most N2 and all N3 cases), concurrent chemo-
radiation followed by durvalumab is now recommended.
Concurrent chemo-radiation showed statistically significant
S-year survival benefit over sequential chemo-radiation in
a randomized phase-3, RTOG 9410 study, with a survival
rate of 10% in sequential therapy versus 16% in once-daily
thoracic radiation with concurrent chemotherapy and 13%
in twice-daily radiation with concurrent chemotherapy (13).
However, non-hematological acute toxicities including
esophagitis and pneumonitis were higher in the concurrent
chemo-radiation arm. However, even with this intense
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treatment, prognosis continued to remain poor with median
PFS of about 8 months and 5-year OS rate of 15%.

Most recently, PACIFIC trial studied benefit of
maintenance durvalumab in unresectable NSCLC
patients following chemo-radiation. In this phase-3 trial,
709 patients with unresectable disease after receiving
definitive chemo- and radiation therapy concurrently were
randomized to receive 1 year of maintenance durvalumab
every 2 weeks or placebo (14). The study showed significant
survival benefit with the maintenance immunotherapy
(both PFS and OS) (15). Durvalumab is therefore now
recommended to all patients who do not have disease
progression following concurrent chemo and radiation
based on the result of this study.

Management of locally advanced or metastatic
NSCLC

Historical perspective

About 60% to 70% of lung cancer cases will have metastatic
disease at the time of presentation (2,16). Initially felt to
be toxic and ineffective, chemotherapy has been shown
by various trials to engender survival benefit (17-19).
Additionally, chemotherapy reduces symptoms and
maintains good quality of life. Chemotherapy for NSCLC
traditionally has been platinum-based two-drug regimen
called “platinum doublet”. Because of survival benefit, for
the past two decades, patients with metastatic lung disease
were offered platinum-doublet chemotherapy. An initial
landmark trial conducted by Schiller and colleagues showed
a response rate of 20% and a median OS of 8 months with
platinum-doublet chemotherapy (20). Further successful
phase III studies have shown a response rate with the
platinum-doublet chemotherapy of about 30%; median
PFS at best of about 6 months and median OS of about
12 months (21-23).

Almost all patients will eventually progress on platinum-
doublet chemotherapy. Following disease progression,
patients are often treated with docetaxel based on the
result of the TAX-320 study. In this trial, 373 patients
received D100 (100 mg/m’) or D75 (docetaxel 75 mg/m’)
every 3 weeks or V/I (vinorelbine or ifosfamide) (24).
This trial demonstrated that D75 was superior to V/I
and had favorable safety profile when compared with
D100. Docetaxel with ramucirumab is an alternative based
on the REVEL study (25). In this multi-center study
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involving more than 1,200 NSCLC cases, patients either
received docetaxel and placebo (n=625) or docetaxel and
ramucirumab (n=628). The study demonstrated a modest
improvement in OS in the ramucirumab group (median OS:
10.5 versus 9.1 months). In this study, ramucirumab arm
had more neutropenia with or without fever, hypertension,
and bleeding. Since there was modest survival benefit with
increased toxicity, ramucirumab-docetaxel combination
should be avoided in elderly population with marginal
performance status.

Introduction of immunotherapy in second line setting

CheckMate-017 was a phase-3 trial which randomized
patients with squamous cell lung cancer into either nivolumab
or docetaxel (26). The study showed significant survival
benefit with nivolumab (median OS: 9.2 versus 6.0 months).
Likewise, CheckMate-057 showed survival benefit with
nivolumab in patients with non-squamous NSCLC (27).
Long follow-up data from these two studies confirm
durable benefit from nivolumab (28,29). Subsequently,
pembrolizumab demonstrated OS benefit over docetaxel
for those with PD-L1 >1% (30). Likewise, atezolizumab
also prolonged OS over docetaxel (31). Based on the results
of these trials, immunotherapy is recommended for those
patients who have disease progression on platinum-doublet
chemotherapy.

Immunotherapy in the first-line setting in patients without
sensitizing mutation

KEYNOTE-024 was a phase-3 study where patients with
metastatic NSCLC and with tumor proportion score of
>50%, received either pembrolizumab monotherapy for up
to 35 cycles or platinum-doublet standard chemotherapy for
4 to 6 cycles (32). The study demonstrated superior 6-month
OS with pembrolizumab monotherapy over standard
chemotherapy (80.2%; 95% CI, 72.9-85.7% versus
72.4%; 95% CI, 64.5-78.9%). In addition, the response
rate and PFS were superior in the immunotherapy arm.
Side effect profile was also favorable with pembrolizumab
monotherapy. Pembrolizumab monotherapy is therefore
a favored front-line treatment option for those with
stage IV NSCLC without sensitizing mutation and with
tumor proportion score of >50%. An updated analysis of
KEYNOTE-024 showed a median OS of 30 months for
those who received pembrolizumab versus 14.2 months
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for those who received chemotherapy (33). However, we
have to realize that less than one-third of patients will have
PD-L1 >50%.

CheckMate-026 trial randomized patients with PD-L1
>1% to either receive nivolumab or standard platinum-
doublet (34). For patients with PD-L1 >5%, response
rate was 26% versus 33% and median PFS was 4.2 versus
5.9 months in immunotherapy group and chemotherapy
group respectively; OS was similar between the two groups.
Based on this result, nivolumab monotherapy has not been
approved by regulatory bodies in the first-line setting.

KEYNOTE-042 trial randomized treatment naive
patients with PD-L1 >1% to pembrolizumab versus
standard chemotherapy. The trial aimed to compare OS
between two arms in three subsets of patients based on the
PD-L1 expression (>50%, >20%, and >1%). It revealed
survival benefit in all three subgroups with pembrolizumab
treatment. However, no OS difference was noted for
PD-L1 >1% to 49%, suggesting no superior efficacy of
pembrolizumab over chemotherapy for PD-L1 >1% to
49%. Pembrolizumab monotherapy could be recommended
in a subset of cases with PD-L1 <49% but >1% who may
not be a good candidate to receive chemotherapy or chemo-
immunotherapy (35).

Chemo-immunotherapy in the first line setting

KEYNOTE-189 randomized patients with stage IV non-
squamous histology without sensitizing mutation into
platinum-pemetrexed-pembrolizumab induction followed
by pembrolizumab-pemetrexed maintenance or platinum-
pemetrexed induction followed by pemetrexed maintenance (36).
It revealed significant improvement in PFS and OS with
chemo-immunotherapy (OS at 12 months was 69.2%
versus 49.4%, median PFS was 8.8 versus 4.9 months). The
survival benefit was also seen for PD-L1 <1%. Additionally,
KEYNOTE-407 demonstrated PFS and OS benefit in
patients with squamous NSCLC when pembrolizumab was
added with carboplatin-paclitaxel (37).

Combination chemo-immunotherapy is now the
front-line treatment regimen for stage IV NSCLC
patients without driver mutation. Notably, for those with
PD-L1 >50%, pembrolizumab monotherapy is a favored
treatment option as mentioned above. Combination
chemo-immunotherapy should be utilized in symptomatic
patients with high volume disease, where a rapid and robust
response is desired.

Additionally, in IMPower 130 study, patients were
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randomized either to platinum-doublet (carboplatin every
3 weeks plus nab-paclitaxel every week) or to receive
chemotherapy plus atezolizumab for 4-6 cycles (38).
Patients on atezolizumab arm were placed on atezolizumab
maintenance. Patients on chemotherapy-only arm were
either provided best supportive care or were allowed to have
switch maintenance to pemetrexed. PFS and OS increased
significantly with the addition of atezolizumab. This
regimen can potentially be used in this subset of patient but
will need a weekly clinic visit for nab-paclitaxel infusion in
the initial induction phase which may not be convenient to
our patient population.

Chemo-immunotherapy in conjunction with vascular
endothelial growth factor inbibitor

In the IMPower 150 study, non-squamous cases
were randomized either to receive platinum-doublet/
atezolizumab (ACP), platinum-doublet/bevacizumab
(BCP) or platinum-doublet/bevacizumab/atezolizumab
(ABCP) combinations (39). After induction treatment of
4 to 6 cycles, these patients were then given atezolizumab,
bevacizumab, or both. The platinum-doublet/bevacizumab/
atezolizumab showed longer PFS and OS as compared to
the chemotherapy-bevacizumab combination.

Of note, a separate report of this trial was published for
EGFR-mutant cases, who either had disease progression
or had intolerance to standard tyrosine kinase inhibitor
(TKI) (40). The report demonstrated that in the subset
of patients with sensitizing EGFR mutation, the ABCP
regimen showed better OS compared with BCP regimen.
ABCP regimen could potentially be utilized in those with
sensitizing EGFR mutation that have disease progression on
standard TKI or are intolerant to TKI treatment. More data
are necessary to further delineate the role of bevacizumab
and the ideal chemotherapy backbone for EGFR-mutant
cases managed with chemo-immunotherapy. For patients
who are not candidates for bevacizumab or a taxane, it is the
opinion of the authors that the KEYNOTE-189 regimen is

a reasonable option.

Combination of immune check point inbibitors

CheckMate-227 randomized patients without sensitizing
mutations into three arms: nivolumab-ipilimumab
combination, nivolumab, and standard platinum-doublet
(41,42). The study demonstrated significantly longer PFS
with the immunotherapy combination in those with high
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tumor mutation burden (defined as tumor mutational
burden >10 mutations per megabase) (41). Second part
of the study was published later and demonstrated that
immunotherapy combination showed an improvement in
OS when compared with standard platinum-doublet for those
with PD-L1 >1% (42). Ipilimumab-nivolumab combination
could be used in certain clinical setting when chemotherapy
is contraindicated. Table 1 provides the summary of various
phase III studies utilizing immunotherapy in advanced or
metastatic NSCLC in the first-line setting.

Targeted therapy

In comparison to standard chemotherapy, EGFR TKIs not
only improved survival but also improved health-related
quality of life (43,44). Osimertinib was initially approved
for those with a resistant T790M mutation following first-
line EGFR-TKI (erlotinib or gefitinib) treatment (45).
Osimertinib is now a preferred front-line therapy in sensitizing
EGFR-mutant cases based on the FLAURA study (46). PFS
and OS were significantly higher in osimertinib arm when
compared with the standard EGFR-TKI group (46,47). Also,
the rates of central nervous system (CNS) progression were
substantially lower in osimertinib group.

In an open-label ALEX study, ALK-positive NSCLC
patients were randomized either to oral alectinib or
crizotinib (48). The study demonstrated significantly
higher disease progression or deaths in crizotinib group
when compared with alectinib (68% versus 41%). Also,
12-month PFS was substantially higher in alectinib group.
Additionally, rate of CNS progression was substantially
lower in the alectinib arm (45% versus 12%). J-ALEX
was a similar study conducted in the Japanese population
with a lower dose of alectinib (49). The study demonstrated
favorable safety profile and better PFS with oral alectinib
compared to crizotinib. Based on the result of these trials,
oral alectinib is now the favored frontline treatment regimen
for ALK mutant cases. In AUTA-1L trial, ALK-positive
cases were randomized to brigatinib or crizotinib (50).
One-year PFS was considerably higher in brigatinib group (67%
versus 43 %). Although brigatinib is an alternative, alectinib is
still preferable first line option given long-term follow-up data.

Shaw and colleagues in their open-label study treated 53
patients with ROSI rearrangement with oral crizotinib (51).
Seventy two percent of cases achieved an objective response
which lasted for a median duration [duration of response
(DOR)] of 24.7 months. Likewise, the median PFS was
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19.3 months and median OS was 51.4 months (51,52).
Entrectinib is a CNS-penetrant TKI and has activity
against ROS1-positive NSCLC. An integrated analysis of
three ongoing early phase trials with entrectinib treatment
on ROS-1 positive NSCLC showed an objective response rate
(ORR) of 77%, DOR of 24.6 months (53). Both of these drugs
are approved by regulatory bodies for the treatment of NSCLC
with ROS1 rearrangement. We recommend using entrectinib
over crizotinib for patients with known CNS disease.

In a phase-2 study of BRAF (V600E) mutant NSCLC
patients, combination of BRAF inhibition with MEK
inhibition (dabrafenib plus trametinib) showed an ORR of
63.2% and median PFS of 9.7 months (54,55). Dabarafenib
plus trametinib is now the front-line regimen for those
with BRAF mutation. A single agent dabrafenib or
vemurafenib can be offered for those who are not tolerating
the combination therapy (BRAF inhibition and MEK
inhibition) but the response rate is about 30-40% (54,56).

In phase 1-2 trial involving pediatric and adult patients
with NTRK fusion positive cancers, larotrectinib treatment
yielded an ORR of 75% (independent review) and at
a median follow-up of 9.4 months, 86% of cases were
responding to treatment (57). Likewise, an integrated
analysis of three ongoing early phase trials with entrectinib
treatment on N7RK fusion positive cancers showed an ORR
of 57% and median DOR of 10 months. Both, larotrectinib
and entrectinib can therefore be used in patients with

NTRK gene fusion positive NSCLC (58).

Conclusions

In summary, disease stage remains the primary factor that
guides management in NSCLC. For stage III disease,
multidisciplinary approach is recommended. For resectable
disease, the standard of care is resection followed by
chemotherapy. For unresectable disease, platinum-
based chemo and radiation given concurrently followed
by maintenance durvalumab is recommended. In more
advanced disease, treatment is individualized depending on
the mutational profile and the PD-L1 expression (Figure I).
Patients with sensitizing mutation are recommended
to have personalized mutation directed treatment. For
those without any sensitizing mutation, combination of
chemo-immunotherapy is recommended. A small fraction
of these cases that lack sensitizing mutation but have
PD-L1 expression of >50%, pembrolizumab monotherapy
is favored over chemo-immunotherapy.
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Figure 1 Treatment algorithm for patients with advanced or metastatic NSCLC. NSCLC, non-small cell lung cancer.
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