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Abstract

Nowadays, immunotherapy has changed paradigms for care of newly diagnosed Non-Small Cell Lung Cancer (NSCLC)
patients without oncogenic driver mutations, whose treatment choice was crucially driven by programmed death-ligand1
(PD-L1) expression. An immunotherapy-based regimen alone or in combination with chemotherapy is now the preferred
option based on high-level evidence obtained from randomized controlled trials and in accordance with all guidelines.
But, the list of available fist-line options is getting longer and the improvement of patient selection remain a key interest,
considering the expensiveness and some serious side effects of immune drugs. Differing from pembrolizumab and atezolizumab, nivolumab use as single agent is restricted to subsequent-line therapy, while the current nivolumab approval as
front-line treatment is limited to use into combination regimens. Specifically, the dual immune combination of nivolumab
plus an anti-cytotoxic T-lymphocyte antigen 4 (CTLA-4) agent, ipilimumab, with or without short course of chemotherapy, has opened the new frontier of a chemo-sparing option. Choosing between current upfront therapeutic options can be
difficult due to the lack of direct cross-comparison studies, differences in chemotherapies and stratification factors, and
differences in study populations resulting from inclusion criteria such as histology, PD-L1 expression. In an attempt to aid
the decision-making process, we discuss and summarize the most recent data from clinical trials focused on nivolumab
use in patients with previously untreated metastatic NSCLC, outlining its potential impact on current clinical practice.
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Introduction

The field of lung cancer treatment has evolved over past years
and continues to race forward. Without targetable oncogenic
driver alterations, who consequently defined targeted opportunities as the best upfront choice, the management of metastatic Non-Small Cell Lung Cancer (NSCLC) is focused on
immunotherapy-based regimen, as single agent mainly for
tumors expressing programmed cell death ligand-1 (PD-L1)
at least 50% or more, and as combined to histologic-directed
chemotherapy for those with lower PD-L1 expression levels.
So, platinum-based chemotherapy is a low bar as the standard,
while immunotherapy is now the preferred option based on
high-level evidence obtained from randomized controlled trials and in accordance with all guidelines. However, the list of
available fist-line options is getting longer and the choice of
the best treatments for each patient remain a critical point of
discussion. In the era of precision medicine, new predictors
of immune clinical benefit to improve patient selection is the
current challenge, considering the financial burden and some
serious side effects of the immunotherapy treatment.

Nivolumab as First Line Choice: Phase III Clinical
Trials
The immunotherapy story back in 2012, when phase I trials
Copyright © All rights are reserved by Francesca Casaluce1, Cesare Gridelli1*

firstly demonstrated significant activity of PD-(L)1 inhibitor in
unselected patients with NSCLC (1, 2). Subsequently, several
programmed cell death-1 (PD-1) and PD-L1 agents were approved as first- and subsequent- lines of treatment. The first of
them began in March 2015, consisting in second-line approval
of nivolumab. Nivolumab is a human monoclonal antibody
that targets the PD-1 receptor, whose expressed-on surface of
T cells, B cells, and macrophages. Consequently, it blocks the
interaction of PD-1 with PD-L1, thereby limiting cancer cell's
capacity to conceal itself from immune effector cells. Differing from pembrolizumab and atezolizumab, both approved as
upfront monotherapy for metastatic NSCLC with high PD-L1
expression (PD-L1 ≥ 50% for pembrolizumab; PD-L1-stained
≥ 50% of tumor cells [TC ≥ 50%] or PD-L1 stained tumorinfiltrating Immune Cells [IC] covering ≥ 10% of the tumor
area [IC ≥ 10%]) and without epidermal growth factor receptor- (EGFR) or Anaplastic Lymphoma Kinase- (ALK) sensitizing alterations, nivolumab use as single agent is restricted
to subsequent-line therapy. The phase III CheckMate 026 trial
firstly investigated nivolumab efficacy as upfront monotherapy
for patients with metastatic NSCLC expressing PD-L1 at least
1% or more, failing to achieve positive results [1-3]. Compared
to platinum-based chemotherapy, frontline nivolumab did not
improve progression-free survival (PFS) and overall survival
(OS) at primary efficacy analysis involving 428 patients with
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≥5% PD-L1 positivity (Hazard Ratio [HR] PFS: 1.19; HR
OS: 1.08), with similar negative results in all randomized PDL1≥1% population. Notably, disappointing results were strikingly reported also for strongly PD-L1 positive subgroup (PDL1 ≥50%) in the post-hoc analysis (HR PFS: 1.07; HR OS:
0.90) [3]. To justify the unsuccessful of nivolumab with synchronous and opposite practice-changing results of the other
anti PD-1 agent pembrolizumab, many critical doubts were suggested, above all on patient selection and trial design. As previously suggested from KEYNOTE trials [4,5], the expression
of PD-L1 by the tumor appeared to be predictive of response
to immune treatment. Notably, patients enrolled in CheckMate
026 had to have ≥5% PD-L1 tumor expression, while the eligibility to pivotal KEYNOTE-024 trial required PD-L1 levels
at least 50% or more. Second, an imbalance between control
and nivolumab arms was noted, with a higher percentage of
strongly positive in the first one (74.1% vs. 53.2%), as well as
a higher proportion of patients with better prognosis disease
at baseline randomized to chemotherapy arm (slightly fewer
liver metastases, smaller tumor burden, and a higher proportion of women). Although the failure of the trial, in the exploratory analysis nivolumab reported higher response rates (47%
vs. 28%) and longer PFS (median PFS: 9.7 vs. 5.8 months;
HR PFS: 0.62) than chemotherapy among patients selected by
high Tumor Mutational Burden (TMB), defined as cutoff of
>10 mutations/megabase (mut/Mb), but with no impact on survival results. Of note, the highest responses to nivolumab were
observed in those patients with both high TMB and high PDL1, accounting an Overall Response Rate (ORR) of 75% rather
than 32% and 16% reported for those patients with only one or
neither of these two markers, respectively, and suggesting that
combining two biomarkers (high PD-L1 expression and high
TMB) may identify those patients who obtained the maximum
benefit of immunotherapy [3].
To validate prospectively this hypothesis emerged from a not
pre-specified analysis, the design of Checkmate 227 trial was
subsequently modified, but the trial has not checked results as
expected.
For the first time, the CheckMate 227 trial evaluated the dual
immuno-combination of an anti PD-1 (nivolumab) with a cytotoxic T-lymphocyte–associated antigen-4–blocking monoclonal antibody (ipilimumab) in metastatic/recurrent NSCLC
without sensitizing EGFR/ALK alterations [6]. The study design was quite complicated, with many modifications since the
begin. The trial consisted of a PD-L1 positive cohort (1189 patients with PD-L1 ≥1% tumors, part 1a) and a PD-L1 negative
cohort (550 patients with PD-L1 <1% tumors, part 1b), each
of this randomized 1:1:1 to three different arms: nivolumab
plus ipilimumab and histology-directed chemotherapy in both
of these populations, while the third arm was nivolumab in
part 1a and nivolumab plus chemotherapy in part 1b. Initially,
the study was designed with primary endpoint of OS among
patient with PD-L1 positive tumors for nivolumab plus ipilimumab versus chemotherapy. Midway to the trial, the study
protocol was modified to include a co-primary endpoint of
PFS in the subgroup of patients classified as high-TMB, according to CheckMate 026 and CheckMate 568 suggestions
[3,7]. Based on TMB analysis, a very impressive improvement
in PFS was seen using the immune-doublet (nivolumab plus
low dose ipilimumab) over chemotherapy among all patients
with tumors carrying high-TMB (HR PFS: 0.58), regardless
of PD-L1 expression levels. Of note, this PFS benefit was not
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associated with a significant improvement of OS over chemotherapy among the same subgroup of patients with high-TMB
(HR: 0.79 at minimum follow up of 14.2 months [6,8,9].
The co-primary OS endpoint in PD-L1 positive group was also
met (HR OS: 0.79). To note, no consistent correlation between
survival outcomes with nivolumab plus ipilimumab over chemotherapy and PD-L1 expression or TMB cut-off were reported, questioning the role of TMB as predictive biomarker.
According to PD-L1 levels, survival outcomes with nivolumab
plus ipilimumab were not consistently different from chemotherapy alone in the PD-L1 1-49% subgroup, performing the
same median OS of 15.1 months (unstratified HR OS: 0.94),
while the immune combination upgraded chemotherapy results for PD-L1≥50% patients, achieving the maximum benefit (median 21.2 vs 14 months, unstratified HR OS 0.70) [6].
Without direct comparison of dual immune combination with
immune-monotherapy - the current standard of care for strongly positive patients -, the addition of ipilimumab to single agent
nivolumab in PD-L1 ≥50% subgroup did not increase PFS (HR
0.80) or OS (HR 0.87) over nivolumab alone, with more toxicity (grade ≥3 adverse events: 33% vs. 19%), as emerged from
pre-specified analysis.
Although the trial was not powered to directly compare the OS
between nivolumab plus ipilimumab versus nivolumab plus
chemotherapy in PD-L1 negative tumors, survival benefit was
substantially similar (1-yr OS: 59% vs. 60%; 2-yr OS: 35%
vs. 40%), while the dual immune-combination improved PFS
outcomes (1-year PFS rates: 45% vs 27%) in PD-L1 negative
and high-TMB cohort of patients [8].
Finally, the trial assessed the efficacy of nivolumab monotherapy versus chemotherapy as a pre-specified endpoint, and
similarly to CheckMate 026, nivolumab did not improve the
OS over chemotherapy neither in the PD-L1 ≥1% nor in the
PD-L1 ≥50% subgroup.
On other hand, according to findings from part II of the final
analysis, the addition of nivolumab to first-line platinum-based
chemotherapy performed better than chemotherapy alone in
terms of PFS and ORR, but failing to improve significantly OS
in non-squamous disease (HR OS: 0.86), with opposite interesting data in squamous histology (HR OS: 0.69) [10].
An update of Checkmate 227 with 3-years survival data was
recently reported. Looking again at initial primary endpoint of
OS based on PD-L1 status, the immunotherapy doublet combination significantly improved the 3-years survivals of PD-L1
positive population over chemotherapy (median OS: 17.1 vs.
14.9 months; HR OS: 0.79), with more pronounced benefit in
the PD-L1 negative population (HR OS: 0.64). In each PDL1 subgroup, a third of them were alive at 3 years. Comparing with other treatment arms of each part, the dual immunecombination revealed its superiority over nivolumab alone for
patient with PD-L1>1% (median OS: 17.1 vs. 15.7, HR OS:
0.90), and over nivolumab plus chemotherapy for patients with
PD-L1 less than 1% (median OS: 17.2 vs. 15.2 months, HR
OS: 0.82) [11].
Also, PFS, ORR and Duration of Response (DOR) were improved with nivolumab plus ipilimumab compared to chemotherapy, regardless of PD-L1 levels. According to responses,
patients receiving nivolumab plus ipilimumab had no significantly differences over chemotherapy in term of ORR, but a
very significant durability, with a proportion of patients who
still having a response at 3-year overtime after receiving this
immune-therapy (38% vs. 4% and 34% vs. 0%, for PD-L1
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positive and negative cohorts, respectively). Specifically, the
median DOR with chemotherapy was 5-7 months, whereas
with immunotherapy was 18 months for PD-L1 negative and
nearly 2 years for PD-L1 positive patients. As emerged from
an exploratory post-landmark OS analysis, patients who were
responders to at 6 months, were more likely to be still alive at
3 years, with very encouraging data regardless of PD-L1 status: among PD-L1 positive patients who had complete/partial
responses at 6 months, over 70% were alive 3 years later versus
39% in chemotherapy arm, and similar findings were observed
in PD-L1 negative cohort [11]. Assessing the safety as well
as the efficacy, focusing on Treatment-Related Adverse Events
(TRAEs) leading to discontinuation of any component of regimen, this event occurred generally early in timeline, within
first 6 months of treatment, and their frequency was doublet
when comparing nivolumab/ipilimumab to chemotherapy
(18% vs. 9%), most of these consisting in severe grade (grade
3-4 AEs: 12% vs. 5%) [8,11]. Based on these data, the dual
immune-combination was approved by U.S. Food and Drug
Administration (FDA) in May 2020 as another first-line option
to choose for the management of metastatic NSCLC patients,
but restricted to PD-L1 positive disease only. Notably, the OS
for PD-L1 negative was defined as secondary endpoint, so the
approval is not extended to this population, despite the median
OS was encouraging. However, if this approach is currently
U.S. approved, it will never be used worldwide, considering
the Bristol-Meyer Squibb withdrawal of nivolumab plus ipilimumab application in Europe at January 2020.
In May 2020, the CheckMate 9LA regimen - consisting in continuous therapy with nivolumab plus ipilimumab plus 2 cycles
of chemotherapy - was also added by U.S. FDA to the copious list of first-line treatment options approved in metastatic
NSCLC, but without restriction to PD-L1 status, in contrast
to CheckMate 227 regimen. Who maybe ask yourself why so
much therapy as upfront, the rational is based on Checkmate
227 suggestions, where PFS curves not separated before 6
months, suggesting that a significant percentage of patients did
not benefit from this regimen. A similar trend was observed
for OS curves, with probably detrimental outcomes for early
progressed patients. Using eligibility criteria quite similar to
CheckMate 227, 719 patients enrolled to Checkmate 9LA were
randomized 1:1 to receive nivolumab plus ipilimumab plus 2
cycles of platinum-based chemotherapy, while control arm was
represented by 4 cycles of chemotherapy according to histology. Notably, over two third of population enrolled have nosquamous type, and patients with PD-L1>50%, liver and bone
metastasis at baseline were more represented in chemotherapy
arm. The experimental arm improved significantly OS at preplanned interim analysis (HR OS: 0.69), as well as at updated
analysis at minimum follow up of 12.7 months (HR OS: 0.66),
prolonging median OS of 5 months (median OS: 15.6 vs. 10.9
months) [12]. Importantly, the survival curves started to separate early. Looking at different subgroup of patients with aim
to see differential impact between two arms, the triplet was encouraging superior to chemotherapy alone irrespective of histology or PD-L1 levels, including the piece of PD-L1 1-49%
(HR OS: 0.61). Despite no availability of PFS data, survival
data of PD-L1 1-49% subgroup of CheckMate 9LA are a lot
more convincing than those emerged from the same PD-L1
subgroup enrolled in the CheckMate 227.
As mentioned, one of the rational of the trial design was really
to improve the early disease progression rate: 84% of patients
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presented a control of disease, and importantly, as seen in OS,
the early separation of PFS curves before 6 months was reported (HR PFS: 0.68). In terms of response, the median DOR was
doubled with this approach (11.3 vs 5.6 months), while the improvement of ORR was significant (38% vs 25%) but numerically lower than observed with other immuno-chemotherapy
combinations [12].
About toxicities, despite limitation of crossover trial comparisons, the frequency of TRAEs leading to discontinuation of
therapy is quite comparable to CheckMate 227 (19% and 18%,
respectively), but over doubled than chemotherapy arm (any
grade: 19% vs 7%, grade 3-4: 16% vs 5%). No new safety
signals were observed, with side effect profile consistent with
other immune-chemotherapy combinations. Particularly focused on Immune-Related Adverse Events (irAEs), skin and
endocrine toxicities were the most common events, usually as
low grade, with gastrointestinal as higher rates of severe grade
[12]. So, in contrast to immunotherapy monotherapy approaches, the association with just two cycles of chemotherapy - not
forward more as we seen with other immuno-chemotherapy
combinations - is associated with an improvement of OS regardless of PD-L1 status, with no crossing of curves early on.

Discussion

Both trials have established themselves as an available and acceptable chemo-free option and may have inevitably a role in
future clinical trials, but are these results practice changing?
Is there a benefit to nivolumab/ipilimumab combinations over
chemotherapy plus PD-(L)1 approach? Available data are not
sufficient to suggest that nivolumab plus ipilimumab alone or
combined to chemotherapy will displace the KEYNOTE-189
and KEYNOTE-024 regimens. On other hand, the CheckMate
227 and 9LA regimens could be considered, despite it’s still
unclear who benefits most, and the incorporation of CTLA-4
agent brings toxicity, yet manageable but not minor.
In term of duration of responses, curves of Checkmate 227 and
9LA clearly revealed that some patients strongly benefit from
the incorporation of a CTLA-4 inhibition, with more superior
and impressive results than previously seen with PD-L1 blockade.
Analyzing OS curves of checkmate 227 and 9LA for PD-L1
positive subgroup, two interesting points need to further clarifications. Focusing on first three months of therapy, the triplet nivolumab/ipilimumab/chemotherapy performed similarly
well to chemotherapy alone in checkmate 9LA, then curves
separated and the experimental regimen continues to have advantage. In the first couple of months of CheckMate 227 trial, patients treated with chemotherapy alone seemed to have
more benefit in terms of survival over immunotherapy alone
(nivolumab alone or combined to ipilimumab). The second
point of interest concerns survival rates at first year: more than
60% of patients in immunotherapy containing regimens were
alive in both CheckMate trials, while chemotherapy arm performed different, with better survival rates in CheckMate 227
rather than 9LA (56% vs 47%). About PD-L1 negative cohort,
survival benefit with immune-arms compared to chemotherapy
in both trials were similarly, reporting an HR of 0.64 and of
0.62 in Checkmate 9LA and Checkmate 227, respectively.
The main questions about two studies consisted firstly, in the
choice of chemotherapy alone as competitor arm, not yet the
current standard of care, representing by chemotherapy plus
PD-1 approach; secondly, the real benefit with nivolumab/ipili-
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[ref.]

Pts
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Tu m o r
type

Experimental arm

Median
follow up
(months)

PD-L1
s u b group
≥50%

K E Y NOTE 189
[13, 14]

616

NSCC

Pembro
+
pemetrexed +
platinum

23.1

1-49%

<1%

K E Y NOTE 407
[15]

559

SCC

(Nab)-paclitaxel + CBDCA+ pembro

≥ 1%
14.3
<1%

High
IMpower
130
[16]

679
WT

NSCLC

(Nab)-paclitaxel + CBDCA+ atezo

18.5

Low

Negative

High
IMpower
150
[17]

796

NSCLC

Beva+ CBDCA+ paclitaxel + atezo

20.0

Low

Negative

Checkmate
227
[8, 10,11]

Checkmate
9LA
[12]

1166
(part1)
755
(part2)

719

NSCLC

Nivo + Ipi

37.7

≥1%

<1%

NSCLC

Nivo + Ipi + 2
cycles of CT

12.7

≥1%

<1%

Median OS
(HR)
N
R
(0.59)
2 1 . 8
mo
(0.62)
1 7 . 2
mo
(0.52)
1 8 . 9
mo
(0.67)
1 5 . 9
mo
(0.79)
1 7 . 3
mo
(0.84)
2 3 . 7
m
o
(0.70)
1 5 . 2
mo
(0.81)
2 5 . 2
mo
(0.67)
2 2 . 5
m
o
(0.76)
1 7 . 1
mo
(0.83)
1 7 . 1
mo
(0.79)
1 7 . 2
m
o
(0.64)
1 5 . 8
m
o
(0.64)
1 6 . 8
m
o
(0.62)

1 y r
OS
(%)

2 y r
OS
(%)

3 y r
OS
(%)

73.3

51.9

-

71.7

44.3

-

63.4

38.5

-

64.8

41.7

-

64.2

29.6

-

63.1
ITTwt

39.6
ITTwt

67.3
ITTwt

43.4
ITTwt

-

-

63

40

33

60

40

34

66

-

-

63

-

-

Safety

G 3-5
A E s
71.9%

G 3-5
A E s
74.1%

G 3-4
AEs
81%

G 3-4
A E s
55.7%

G 3-4
A E s
32.8%
G 3-4
A E s
45%
G 3-4
A E s
47%

Table 1: Combination strategies as fist-line treatment of advanced NSCLC
Notes: AEs: adverse events; Atezo: atezolizumab; Beva: bevacizumab; CBDCA: carboplatin; G 3-4: grade 3-4; HR: hazard ratio; Ipi: ipilimumab; mo: months; Nivo: nivolumab; NSCC: non-squamous cancer cell; NSCLC: non-small cell lung cancer; OS:
overall survival; PD-L1: programmed death-ligand 1; pembro: pembrolizumab; pts: patients; ref.: references ; SCC: squamous
cancer cell; yr: year;
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mumab combinations over chemotherapy plus PD-1 approach
is not yet clear, paying the hole of longer follow up data, and
the unavoidable increased risk of irAEs. Clearly, long term
survival might be key for elucidating any potential benefit of
CTLA4 inhibition addition.
Based on data available and comparing indirectly phase III
clinical trials (Table 1), focusing on the CheckMate 227,
CheckMate 9LA and KEYNOTE 189, the different length of
median follows up must be evaluated, with 12.7 months of
CheckmateM9LA as the shortest. Looking at first year, the
survival rates ranged of 60-70% across all trials, downing to
40-46% at two years in CheckMate 227 and KEYNOTE 189,
with immature data for CheckMate 9LA.The 3-year updated
OS analysis from CheckMate 227 looks promising, assessing
survival rates to 33%, but the trial design not provide direct
comparison with nivolumab plus chemotherapy.
Anyway, the CheckMate9LA regimen might be potentially
used in patients with large tumor burden, PDL-1 negative and
symptomatic disease, where the goal of treatment is to establish a durable disease control, providing the ability of those
patients to support toxicities (younger patients without extensive comorbidities). To note, this regimen seems to be promising mainly for the “unlucky” category of PD-L1 negative
patients, where other immuno-chemo combinations performed
not so well (marginal PFS benefit in KEYNOTE 189; few data
from IMpower130; more pronounced benefit for patients with
liver metastases at baseline or high-TMB from IMpower150 or
CheckMate 227 regimens, respectively).
On opposite, the CheckMate 227 regimen could be possibly
administered to patients with PD-L1 less than 50% (the approval is not for the PDL1 negative patients, despite the benefit
seen in this population, as well as data are not so robust to
displace pembrolizumab monotherapy in high PD-L1 ≥ 50%
patients), and a contraindication/aversion to chemotherapy or
those who develop metastatic disease on or soon after adjuvant
chemotherapy.
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So, chemotherapy alone is no longer standard of care, with
three FDA-approved strategies: chemotherapy plus PD-(L)1
agent, chemotherapy for two cycles plus nivolumab/ipilimumab, nivolumab plus ipilimumab alone only in PD-L1 positive.
Choosing between current upfront therapeutic options can be
difficult due to the lack of direct cross-comparison studies, differences in chemotherapies and stratification factors, and differences in study populations resulting from inclusion criteria
such as histology and PD-L1 expression. Nowadays, one of
the most common discussions in clinical practice are concerns
about whose patients should be candidate to receive immunotherapy alone or in combination with chemotherapy, or to receive “the last-come” dual immune combination with/without
chemotherapy. More specific biomarkers are inevitably needed
for patient’s selection, considering that not all patients respond
and benefit from these treatments, not delaying the financial
burden and the toxicities profile of these drugs. From clinical
trials, neither TMB and PD-L1 clearly emerged as “the biomarker” who may help to identify the subset of patients for
whom the use of chemotherapy can be spared. Long-term survival rates and ongoing immunotherapy biomarker research
will help us to differentiate all current combination options and
more accurately customize first-line immunotherapy strategies
for metastatic NSCLC.
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