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Introduction

Despite substantial advancements in the management
of advanced non-small cell lung cancer (NSCLC) made
possible with application of molecularly targeted and
immune-based strategies over the last two decades,
significant challenges remain (1). On the basis of these
advancements, the evidence-based initial management of
advanced/metastatic NSCLC is now necessarily defined by
tumor molecular and immune biomarkers so as to permit
optimal pairing of patients with the most efficacious and
least toxic therapies—and with previously unseen extension
of survival in multiple large studies in these selected
populations (2-5). Reflecting this evolving reality, evidence-
based international guidelines currently recommend tumor
testing for epidermal growth factor receptor (EGFR), anaplastic
bymphoma kinase (ALK), ROS proto-oncogene 1 (ROSI), and
B-raf proto-oncogene (BRAF) mutations/gene rearrangements
as well as programmed death ligand 1 (PD-L1) tumor
proportion score (TPS) as part of the mandatory upfront
molecular profiling paradigm for all treatment-eligible
patients presenting with advanced/metastatic non-squamous
NSCLC—regardless of clinical or demographic factors
(i-e., tobacco history) (6,7). In squamous tumors, where the
advances of targeted molecular therapies have remained
disappointing to date, minimum requirements for testing
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include tumor PD-L1 TPS, with consideration of additional
genomic testing based on clinical factors.

However, the vast majority of patients with advanced
NSCLC will not have an actionable driver oncogene
alteration amenable to use of a precision tyrosine kinase
inhibitor (TKI), and it is in this substantial cohort of patients
where advances in immune-based therapies have radically
transformed the therapeutic landscape (1,8). Currently,
three different immune checkpoint inhibitors (ICIs)—
nivolumab (anti-PD1), pembrolizumab (anti-PD1), and
atezolizumab (anti-PD-L1) have secured approval from the
United States Food and Drug Administration (FDA) for use
in patients with advanced stage NSCLC. These ICIs alone
and in combination with platinum doublet chemotherapy
have demonstrated superior and durable overall survival
(OS) with favorable toxicity profiles and quality of life
measures when compared with chemotherapy—in both
upfront and subsequent lines of treatment (9-13). These
advancements have led to an implosion of the long-held
hegemony of platinum doublet chemotherapy for the initial
management of advanced NSCLC without actionable
genomic alterations (i.e., in EGFR, ALK, and others), where
the evidence-based standard of care is now necessarily ICI
+ chemotherapy. On the basis of progress made in several
landmark studies to date, pembrolizumab is currently FDA
approved in the following settings for advanced NSCLC:
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(I) first-line monotherapy in tumors without EGFR/ALK
alterations and PD-L1 TPS >1%; (II) first-line combination
therapy with platinum doublet chemotherapy in tumors
without EGFR/ALK alterations, irrespective of tumor PD-
L1 TPS; and (III) following failure of platinum doublet or
targeted therapies in ICI-naive patients with tumor PD-L1
TPS >1%.

From last to first: moving pembrolizumab into
the starting lineup

KEYNOTE-024 was a landmark phase III trial which
randomized 305 previously untreated patients with advanced
NSCLC and no actionable alterations in EGFR/ALK to
receive either platinum doublet chemotherapy or single
agent pembrolizumab (14). As with all of the KEYNOTE
studies, tumor PD-L1 status was determined using the
22C3 pharmDx immunohistochemistry companion
diagnostic assay. The study achieved its primary endpoint
of improved progression-free survival (PFS) as well as the
secondary endpoint of improved OS. Recently published
updated OS data with extended follow-up demonstrated
a median OS of 30 vs. 14.2 months with pembrolizumab
vs. platinum doublet chemotherapy, respectively (9).
Notably, 82 patients in the chemotherapy arm crossed
over to pembrolizumab. However, even with statistical
analysis to adjust for the crossover effect, upfront use of
pembrolizumab maintained its survival advantage, thus
demonstrating the durable superiority of pembrolizumab
over chemotherapy earlier in the disease course in this
biomarker-driven subset of patients. Moreover, treatment-
related serious adverse events (AEs) [defined as > grade
3 using common terminology criteria for adverse events
(CTCAE)] were seen less frequently with pembrolizumab
vs. chemotherapy: 31.2% vs. 53.3%, respectively.

In the ensuing KEYNOTE-042 trial, patients with any
degree of tumor PD-L1 positivity (i.e., PD-L1 TPS >1%)
were randomized to receive frontline pembrolizumab
monotherapy vs. platinum doublet chemotherapy. Here
again, the OS in the overall study group was superior in
the pembrolizumab arm (15). In predefined subgroups,
an increasing degree of tumor PD-L1 positivity was
associated with an increasing magnitude of survival benefit
for pembrolizumab vs. chemotherapy: (I) for PD-L1 TPS
>1%, median OS 16.7 vs. 12.1 months [hazard ratio (HR)
0.81], respectively; (II) for PD-L1 TPS >20%, median OS
17.7 vs. 13 months (HR 0.77), respectively; (II) for PD-
L1 TPS >50%, median OS 20 vs. 12.2 months (HR 0.69),
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respectively. As in other studies, treatment-related serious
AEs were again less commonly seen with pembrolizumab
(18%) than with chemotherapy (41%). Notably, a pre-
specified exploratory analysis of those patients with tumors
harboring PD-L1 TPS 1-49% showed no significant
improvement in OS with pembrolizumab as compared to
chemotherapy (median OS of 13.4 vs. 12.1 months, HR
0.92, respectively). Thus, much of the survival advantage
seen appears to have been driven by the same population
of patients previously identified in KEYNOTE-024—i.e.,
those with tumor PD-L1 TPS >50%.

Yet even despite these advances, a substantial proportion
of patients with advanced NSCLC in need of effective
palliation of their disease will not stand to benefit from
single agent ICI or targeted therapy alone. Extension of
benefit to this subset of patients has necessitated exploration
of combination therapy strategies. In KEYNOTE-189
(non-squamous) and KEYNOTE-407 (squamous),
pembrolizumab in combination with platinum doublet
chemotherapy vs. platinum doublet chemotherapy alone
established the critical importance of ICI in the upfront
treatment strategy of these patients. Both studies, which
enrolled patients with tumors lacking actionable alterations
in EGFR/ALK and with any tumor PD-L1 TPS, met
their primary endpoints of improved OS and PFS with
chemoimmunotherapy vs. chemotherapy alone (10,16).
Here again, while a higher degree of tumor PD-LI
expression was associated with greater median PFS and OS,
all groups receiving combination chemoimmunotherapy
performed better than those receiving chemotherapy
alone. Specifically, in patients with tumor PD-L1 TPS
<1%, the HRs for death with chemoimmunotherapy
vs. chemotherapy alone were 0.59 and 0.61 in patients
with non-squamous and squamous tumors, respectively.
However, increasing treatment efficacy did come at the cost
of increased rates of or life-threatening AEs associated with
chemoimmunotherapy: 67.2% in KEYNOTE-189 and
69.8% in KEYNOTE-407.

Pearls and pitfalls of patient and biomarker
selection

Despite these encouraging results, many important
questions still remain regarding the optimal use of ICIs
and applicability of clinical trial results in the real-world
setting. As is often the case, these trials excluded patients
and circumstances commonly encountered in day-to-day
clinical practice, i.e., patients with Eastern Cooperative
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Oncology Group (ECOG) performance status (PS) >2,
antecedent autoimmune disease, chronic viral infections
such as human immunodeficiency virus (HIV) and hepatitis
B/C, and brain metastases. Given the potential for
benefit and/or harm associated with use of ICIs in these
subpopulations, much effort has been made in the post-
approval period to explore the limited evidence available to
guide use of ICIs in these individuals (17,18). Systematic
reviews and case series in advanced cancer patients have
suggested that ICIs are effective and might be safely
administered in patients with HIV infection (19,20), pre-
existing autoimmune disease (21), and small/asymptomatic
untreated brain metastases (22).

The initial promise of tumor PD-L1 TPS as a distinctive
biomarker notwithstanding, optimal biomarker selection for
treatment with ICIs remains an area of continued evolution.
As has become increasingly evident, tumor PD-L1 alone is
unlikely to maximally identify all patients likely to derive
benefit from ICIs—and even those with high tumor PD-
L1 do not uniformly achieve the desired brisk and durable
benefit. Notably, the comparator arm in both frontline
studies of single agent pembrolizumab was the now defunct
historical control of platinum doublet chemotherapy,
rather than combination chemoimmunotherapy; as such, a
persistent area of uncertainty remains regarding when and
in whom chemotherapy must necessarily be added to the
immunotherapy backbone—particularly in those patients
with tumor PD-L1 TPS of 1%, where pembrolizumab
alone is now a viable option. Further, PD-L1 alone is
unlikely to capture the full scope of potential benefit with
ICI use, and evolution of multiplex prediction tools that
incorporate assessment of other independent biomarkers
including tumor mutation burden (TMB), tumor infiltrating
lymphocytes, microsatellite instability, mutations in DNA
damage repair pathways, tobacco exposure, and presence/
absence of tumor suppressor genes that affect innate
immune function (amongst others) are likely to become
both necessary and feasible (23).

Exploration of a tumor’s co-mutation profile is also
likely to affect ICI efficacy and durability. Use of ICI
monotherapy in patients with tumors harboring actionable
alterations in EGFR/ALK has been consistently associated
with disappointing results (24-26). Further, in a recent
analysis, presence of targetable driver mutations, serine/
threonine kinase 11 (STKI1) mutation, absence of tumor
PD-L1 expression, and low TMB were identified as
predictors of inferior outcomes associated with use of ICI
monotherapy in this setting (27). Perhaps of even greater
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concern, there is mounting evidence that use of ICIs
sequentially or in combination with TKIs like crizotinib
in ALK-, ROS-1-, and MET-altered NSCLC as well as
osimertinib in EGFR-mutated NSCLC can be associated
with high-grade TKI- and ICI-related AEs, in some cases
requiring permanent discontinuation of what might have
otherwise been a highly efficacious therapy (28,29). These
factors all underscore the importance of upfront, high
fidelity, high efficiency genotyping of advanced NSCLC
at initial diagnosis and prior to starting palliative systemic
therapy—not only to optimize clinical efficacy, but also to
avoid unnecessary toxicity.

Our approach to first-line therapy: optimizing
therapeutic stratification

The current evidence-based standard of care for upfront
management of advanced NSCLC now necessarily relies
on therapeutic stratification on the basis of tumor histology,
genomic biomarkers, and PD-L1 immunohistochemistry
(Figure I). In all patients whose tumors lack actionable driver
oncogene alterations and who have no contraindications to
immunotherapeutic agents, pembrolizumab with/without
platinum doublet chemotherapy is the standard. Although
the combination of atezolizumab and bevacizumab in
conjunction with platinum doublet chemotherapy has also
been recently approved for management of previously
untreated non-squamous NSCLC, we do not routinely
utilize this regimen in the clinic due to augmented toxicity
with modest incremental benefit. For patients whose tumors
do not express PD-L1 (i.e., TPS <1%), pembrolizumab in
combination with platinum doublet chemotherapy is the
universally recommended approach.

Thus, the major challenge lies in optimal selection
between pembrolizumab monotherapy or combined with
platinum doublet chemotherapy for the considerable
number of patients with PD-L1 TPS 1-49%. Though
the toxicity profile of single agent pembrolizumab is
superior to that of chemoimmunotherapy and despite
recent FDA approval for this indication, we continue
to favor pembrolizumab in combination with platinum
doublet chemotherapy for those patients with adequate PS
and end organ function; if there are concerns regarding
comorbidities and/or toxicity with otherwise adequate PS,
then single agent pembrolizumab is a viable alternative.
This preference is on the basis of lack of proven OS
benefit in the exploratory analysis of the TPS 1-49%
subgroup in KEYNOTE-042 and especially given the
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First line treatment of advanced/metastatic NSCLC in an immune checkpoint inhibitor (ICl)-eligible patient

A

Targetable oncogenic driver
Recommended:
EGFR/ALK/ROS1/BRAF-V600E

Absence of targetable oncogenic driver
(minimal requirements based on ICI label: EGFR/ALK)

Suggested: NTRK
Consider: MET/ERBB2/RET

/A

Y

Treatment options:
Preferred:

Evidence-based ICI treatment options:

e Pembrolizumab monotherapy (Pembro)

* Pembrolizumab + platinum doublet chemotherapy (Pembro + Chemo)

e Atezolizumab + bevacizumab + platinum doublet chemotherapy (non-squamous)
(Atezo + Chemo + Bev)

e Oral kinase inhibitors
(£ clinical trials)

/

PD-L1 TPS 0%

Y

\

PD-L1 TPS 21%

Treatment options:

Preferred:

e Pembro + Chemo

e Atezo + Chemo + Bev
(non-squamous)

Decision factors:
1.
2. Disease burden/symptoms

3.

4. Other biomarkers (e.g., MSI high, high TMB, MET exon 14

End-organ function/performance status
Patient preference/unique characteristics (e.g., smoking, etc.)

skipping mutation, RET rearrangement, ERBB2 mut., etc.)

N

PD-L1 TPS 1-49%

PD-L1 TPS =50%

A Y

Treatment options:
Preferred:

e Pembro + Chemo

* Atezo + Chemo + Bev
(non-squamous)
Alternative:

* Pembro

Treatment options:

Preferred:

e Pembro

Alternative:

e Pembro + Chemo

e Atezo + Chemo + Bev
(non-squamous)

Figure 1 Approach to selection of first line therapy options

tumor mutational burden. mut. = mutation.

well-established PFS and OS benefit with combination
chemoimmunotherapy in this cohort in KEYNOTE-189
and KEYNOTE-407 (10,15,16).

For those patients with PD-L1 TPS >50% and without
actionable genomic alterations, the optimal selection
between pembrolizumab alone vs. in combination with
chemotherapy is perhaps similarly uncertain, especially
given the sustained survival advantage associated with
pembrolizumab use that has persisted even despite
significant and robust analysis of the crossover effects (9,14).
Within the limitations of cross-trial comparisons between
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in advanced/metastatic NSCLC. NSCLC, non-small cell lung cancer; TMB,

the four frontline KEYNOTE studies, pembrolizumab
when combined with chemotherapy led to higher ORR and
lower HR for death in all subgroups as compared to those
seen with pembrolizumab monotherapy (Table I). However,
not unexpectedly, the rates of serious AEs were higher
with the chemoimmunotherapy combination as compared
to pembrolizumab alone. Thus, for most patients with
tumors having PD-L1 TPS >50% and without actionable
oncogenic alterations, single agent pembrolizumab is our
preferred regimen—with the caveat of treatment-eligible
patients with rapidly progressive or bulky symptomatic
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Table 1 Summary of the phase IIl KEYNOTE studies in advanced NSCLC using PD-L1 TPS

719

Pembrolizumab (P) vs. Chemotherapy (C)

Pembrolizumab + Chemotherapy (PC) vs.

Chemotherapy (C)
PD-L1 TPS
KEYNOTE-024 KEYNOTE-042 KEYNOTE-189 KEYNOTE-407
(non-squamous) (squamous)
>50%

Median OS (months)
HR (95% Cl)
Median PFS (months)
HR (95% ClI)
ORR (%)
1-49%
Median OS (months)
HR (95% Cl)
Median PFS (months)
HR (95% Cl)
ORR (%)
=1%
Median OS (months)
HR (95% Cl)
Median PFS (months)
HR (95% Cl)
ORR (%)
<1%
Median OS (months)
HR (95% Cl)
Median PFS (months)
HR (95% Cl)
ORR (%)
Unselected
Median OS (months)
HR (95% Cl)
Median PFS (months)
HR (95% Cl)
ORR (%)

30 (P) vs. 14.2 (C)*
0.63 (0.47-0.86)"
10.3 (P) vs. 6.0 (C)
0.50 (0.37-0.68)

44.8 (P) vs. 27.8 (C)

20 (P) vs. 12.2 (O)
0.69 (0.56-0.85)

7.1 (P)vs. 6.4 (C)
0.81 (0.67-0.99)
39.5 (P) vs. 32.0 (C)

13.4 (P) vs. 12.1 (C)

0.92 (0.77-1.11)

16.7 (P) vs. 12.1 (C)

0.81 (0.71-0.93)
5.4 (P) vs. 6.5 (C)

1.07 (0.94-1.21)

27.3 (P) vs. 26.5 (C)

0.42 (0.26-0.68)
0.36 (0.25-0.52)

61.4 (PC) vs. 22.9 (C)

0.55 (0.34-0.90)
0.55 (0.37-0.81)

48.4 (P) vs. 20.7 (C)

0.47 (0.34-0.66)

0.44 (0.34-0.57)

0.59 (0.38-0.92)
0.75 (0.53-1.05)
32.3 (P)vs. 14.3 (C)

NR (PC) vs. 11.3 (C)
0.49 (0.38-0.64)

8.8 (PC) vs. 4.9 (C)
0.52 (0.43 -0.64)
47.6 (PC) vs. 18.9 (C)

NR (PC) vs. NR (C)
0.64 (0.37-1.10)

8.0 (PC) vs. 4.2 (C)
0.37 (0.24-0.58)
60.3 (PC) vs. 32.9 (C)

14.0 (PC) vs. 11.6 (C)
0.57 (0.36-0.90)

7.2 (PC) vs. 5.2 (C)
0.56 (0.39-0.80)

49.5 (PC) vs. 41.3 (C)

0.65 (0.45-0.92)

0.49 (0.38-0.65)

15.9 (PC) vs. 10.2 (C)
0.61 (0.38-0.98)

6.3 (PC) vs. 5.3 (C)
0.68 (0.47-0.98)
63.2 (PC) vs. 40.4 (C)

15.9 (PC) vs. 11.3 (C)
0.64 (0.49-0.85)

6.4 (PC) vs. 4.8 (C)
0.56 (0.45- 0.70)
57.9 (C) vs. 38.4 (C)

*Updated survival analysis with extended follow-up. TPS, tumor proportion score; P, Pembrolizumab; C, Chemotherapy; PC, Pembrolizumab
+ Chemotherapy; NR, not reached; OS, overall survival; PFS, progression-free survival; ORR, objective response rate; HR, hazard ratio; Cl,
confidence interval; —, not reported; NSCLC, non-small-cell lung cancer.
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disease in whom sequential therapies may not be feasible.
In the latter circumstance, we would favor combination
chemoimmunotherapy regardless of tumor PD-L1 TPS.

Cases from the clinic: ICls in real-world settings

Tumor PD-L1 TPS >50% without actionable genomic
alterations

A 63-year-old man with a 40 pack-year tobacco history
presents with advanced lung adenocarcinoma. Initial clinical
evaluation shows no brain metastases and minimal disease-
related symptoms. ECOG PS is 0. Tumor molecular
profiling demonstrates a KRAS G12C mutation and no
other actionable genomic alterations; tumor PD-L1 TPS is
90%.

Recommended palliative therapy: on the basis of the
KEYNOTE-024 study, single agent pembrolizumab given
intravenously (IV) every 3 weeks for up to 2 years was
recommended.

Clinical outcome: the patient has experienced a sustained
partial response for >18 months and with plans for
continued therapy to complete 2 years.

Tumor PD-L1 TPS 0% without actionable genomic
alterations

A 62-year-old man with a 45 pack-year tobacco history
presents with advanced lung adenocarcinoma, hypertrophic
osteoarthropathy, cardio-pulmonary symptoms, and
asymptomatic brain metastases. ECOG PS is 1. Tumor
molecular profiling shows a KRAS G12D mutation and no
other actionable genomic alterations; tumor PD-L1 TPS
15 0%.

Recommended palliative therapy: on the basis of
KEYNOTE-189, the patient was commenced on
combination therapy with carboplatin, pemetrexed, and
pembrolizumab IV every 3 weeks.

Clinical outcome: The patient received two cycles
of therapy with symptomatic improvement, but
radiographically stable disease. He has experienced limited
toxicity during treatment thus far. He has been advised to
continue combination therapy for a total of four cycles, then
to transition to pemetrexed/pembrolizumab maintenance
therapy IV every 3 weeks for up to 2 years barring disease
progression/toxicity.
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Tumor PD-L1 TPS <50% with borderline PS without
actionable genomic alterations

A 63-year-old woman with a 60 pack-year tobacco history
presents with advanced lung adenocarcinoma and significant
neurologic symptoms due to brain metastases. Functional
status following brain-directed therapy is modest (ECOG
PS 2). Tumor molecular profiling demonstrates no
actionable genomic alterations, TMB of 12 mutations/mega
base pair, and PD-L1 TPS 4%. The patient has expressed a
desire not to receive cytotoxic chemotherapy.

Recommended palliative therapy: extrapolating from
the data presented in KEYNOTE-042, single agent
pembrolizumab IV every 3 weeks for up to 2 years was
recommended.

Clinical outcome: at 12 months, the patient has had
a sustained partial response to therapy accompanied by
improvement in PS and no significant treatment-related
AEs. She will continue with the current therapy for up to
2 years, barring disease progression/toxicity.

Tumor PD-L1TPS >50% in a patient with significant
symptomatic disease burden without actionable genomic
alterations

A 70-year-old woman with a prior 10 pack-year tobacco
history presents with advanced lung adenocarcinoma
complicated by malignant pericardial and pleural effusions,
multiple painful osseous metastases, and moderate cardio-
pulmonary symptoms. ECOG PS is 1. Tumor molecular
profiling shows a KRAS G12C mutation and no other
actionable genomic alterations; tumor PD-L1 TPS is 90%.

Recommended palliative therapy: on the basis of
KEYNOTE-189 and due to the need for augmented initial
response to therapy for clinically meaningful cytoreductive
palliation, the patient was advised to proceed with
combination carboplatin, pemetrexed, and pembrolizumab
IV every 3 weeks.

Clinical outcome: the patient received chemoimmunotherapy
for four cycles with clinical and radiographic response,
followed by maintenance therapy with pemetrexed and
pembrolizumab. Pembrolizumab was subsequently
discontinued due to immune-related pneumonitis and
nephritis. After a protracted period of disease control
in excess of 1 year, disease progression on pemetrexed
maintenance was observed. There was no response with re-
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exposure to ICI, and the patient subsequently died.

Conclusions

As seen in the landmark KEYNOTE trials and in real-world
clinical scenarios, ICIs have ushered in an era in lung cancer
care where simultaneously efficacious, durable, and tolerable
therapies are at last available for an increasing number
of our patients. KEYNOTE-024 and -042 have further
augmented the therapeutic armamentarium by offering a
single agent approach that can afford sustained palliation
of disease and improved survival with limited toxicities.
However, singular reliance on PD-L1 TPS as a biomarker
for optimal patient and therapeutic selection may yet be
too simplistic of an approach—and efforts are necessarily
ongoing to further evolve a biomarker strategy that more
fully captures the depth and complexity of clinical outcomes
with ICIs in advanced NSCLC. Additionally, continuing to
explore combination and sequential therapeutic strategies
involving ICIs along with other immunomodulatory agents,
chemotherapy, biologic agents, and local therapies remains a
persistent mandate so that we may maximize the benefits of
these agents across the spectrum of patients with advanced
NSCLC. Much work remains to be done, but the progress
made within the past decade surely serves as a reminder of
how far we have come—and the distance yet to be traveled
in the effort to offer each patient the most optimally
durable, efficacious, and tolerable strategy for their care.
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