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Abstract

Over the last decade, we have witnessed a
paradigm shift in cancer treatment, with the
advent of novel therapeutic approaches that
target or manipulate the immune system, also
known as immunotherapy. Blocking immune
checkpoints has emerged as an effective strat-
egy with unprecedented results in several
solid tumors, including lung cancer. Since
2012 when PD(L)-1 inhibitors showed first
clinical signals of activity in lung cancer,
immune checkpoint blockade (ICB) has
emerged as a novel effective therapeutic strat-
egy in different settings, determining a dra-
matic change in the therapeutic landscape of
both non-small cell lung cancer (NSCLC)
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and, more recently, small cell lung cancer
(SCLC). Although the benefit from this novel
therapeutic approach is undeniable, several
open questions still remain unanswered.
Herein, we summarize the major break-
throughs in the immunotherapy journey in
lung cancer and how it is changing our clinical
practice.
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Introduction

The past decade has witnessed a paradigm shift in
cancer treatment, with the advent of novel thera-
peutic approaches that target or manipulate the
immune system (immunotherapy) [1] demon-
strating unprecedented results in several solid
tumors, including lung cancer. The cancer-
immunity cycle refers to the delicate balance
between the recognition of self while minimizing
toxicities related to autoimmunity [2]. The exploi-
tation of the immune system with agents that
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stimulate it to react against tumor cells has been
extensively studied in oncology and traditionally
this strategy has not been effective in lung tumors,
with multiple vaccination or immunostimulating
strategies failing to prove any significant benefit.
Recently, a renewed interest on immunotherapy
emerged with the identification of immune check-
points. Each step of the cancer-immunity cycle
requires the coordination of numerous factors that
have stimulatory and inhibitory actions [2] and
among these, recently, two immune checkpoints
have emerged as promising therapeutic targets,
CTLA-4 (cytotoxic T-lymphocyte antigen-4) and
PD-1 (programmed death 1) (Fig. 4.1).

CTLA4 was the first immune checkpoint
receptor to be clinically targeted. It is expressed
exclusively on T cells and inhibits the develop-
ment of an active immune response. CTLA-4 acts
at the level of T-cell development and prolifera-
tion by counteracting the activity of the T-cell co-
stimulatory receptor CD28 through competing for
the binding of the same ligands (CD80 also known
as B7.1 and CD86 also known as B7.2) [2, 3]. In
contrast to CTLA-4 that is involved in early steps
of the cancer-immunity cycle, PD-1 and its
ligands have a crucial role in the killing of cancer
cells. Physiologically, PD-1/PD-L1 have the task
of limiting the activity of T cells in peripheral tis-
sues at the time of an inflammatory response to
infection thereby limiting autoimmunity [2, 3].
Similar to CTLA-4, PD-1 is expressed on acti-
vated T cells and inhibits T-cell responses by
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interfering with T-cell receptor signaling. PD-1
has two ligands, PD-L1 (B7-H1) that is expressed
on antigen-presenting cells (APCs), macrophages,
fibroblasts, and T cells and PD-L2 (B7-DC) that is
predominantly expressed on antigen-presenting
cells (APCs). PD-L1 is also overexpressed in sev-
eral solid tumors, while PD-L2 is expressed rela-
tively rarely [4, 5]. The role of CTLA-4 and PD-1/
PD-L1 in immune suppression and their expres-
sion in solid tumors provided the rationale for
their therapeutic exploitation. Moreover, CTLA-4
and PD-1 exert their effects through separate
pathways and therefore simultaneous targeting of
both pathways has also been evaluated to restore
antitumor immunity [6].

Since the first demonstration of activity of
PD(L)-1 agents in lung cancer in early clinical
trials in 2012 [7, 8], immune checkpoint block-
ade (ICB) has emerged as a novel effective thera-
peutic strategy in different clinical settings and
determined a dramatic shift in the therapeutic
landscape of both NSCLC and SCLC (Fig. 4.2).
Several biological prognostic and predictive fac-
tors in blood and tissue samples have been identi-
fied, but unfortunately no single biomarker can
perfectly discriminate between responders and
non-responders and PD-L1 still remains the only
applicable marker in clinical practice to date [9].

Herein, we summarize the major break-
throughs in the immunotherapy journey in lung
cancer and how it is changing our clinical
practice.
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Fig. 4.1 Mechanism of action of CTLA-4 and PD-1/PD-L1 inhibitors. (Credit: created with BioRender)
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Milestones in the immunotherapy era in lung cancer

Oct. 2016: FDA expands pembrolizumab
indication for 1st line NSCLC with TPS
=50% and approves atezolizumab in
pretreated NSCLC

Early signals of activity of
PD-1/PD-L1 inhibitors in
NSCLC

Mar. 2017: FDA grants
pembrolizumab approval
for MSI-high solid tumors

nivoluma

SqCC

Oct. 2015: FDA extends nivolumab indication
for pretreated non-SqCC- NSCLC

Oct. 2015: FDA approves pembrolizumab for
pretreated NSCLC witha TPS21%

Fig. 4.2 Timeline of major breakthroughs in the immu-
notherapy era in lung cancer. In orange and in blue FDA
approvals in squamous and non-squamous in metastatic
NSCLC, respectively; in black data and FDA approvals in

Early-Stage NSCLC and Locally
Advanced NSCLC

Medical treatment of early stage and locally
advanced NSCLC has changed little over the last
two decades with platinum-based chemotherapy
as the cornerstone of treatment either as adjuvant/
neo-adjuvant therapy or in association with
radiotherapy in inoperable patients. Meta-
analyses of randomized phase III trials conducted
in 1990s and early 2000s reported an absolute
survival benefit at 5 years of 5% from adjuvant/
neo-adjuvant approaches in stage IB-IIIA
NSCLC compared with surgery alone [10, 11]
and 4.5% with concurrent versus sequential
chemoradiation in inoperable stage III NSCLC
[12]. However, major breakthroughs in molecular
biology translated little in early stage NSCLC
and no targeted therapies have been approved to

May 2017 FDA approves
pembrolizumab plus
carboplatin/pemetrexed
for 1st line non-SqCC
NSCLC EGFR/ALK WT

Aug. 2018: FDA extends the use of
pembrolizumab plus platinum/pemetrexed
in 1st line non-SqCC
Aug. 2018: FDA approves nivolumab in 3rd
line SCLC

Jun, 2019: FDA
accelerated approval
¢ of pembrolizumab
i for3rdline ED-SCLC

Dec. 2018: FDA approves
atezolizumab plus
carboplatin-paclitaxel
bevacizumab in1st line £

non-SqCC NSCLC Apr. 2019: FDA expands

pembrolizumab
indication for 1st line
treatment (PD-L1 21%)

Mar. 2019: FDA approval of
atezolizumab plus
carboplatin/etoposide in 1st line
ED-SCLC

metastatic NSCLC independently of histology; in green
FDA approval in locally advanced NSCLC; in red FDA
approvals in extensive disease SCLC. (Credit: created
with BioRender)

date in both early stage and locally advanced
NSCLC.

Recently, immune checkpoint blockade has
emerged as a new effective therapeutic modality
in advanced NSCLC either alone or in combina-
tion with platinum-based chemotherapy. The
activity and relatively favorable safety profile
prompted the evaluation of immune checkpoint
inhibitors (ICIs) in earlier lines of treatment,
including neo-adjuvant and inoperable stage III
NSCLC, leading to the approval of durvalumab
as the first in class PD-L1 inhibitor approved as
maintenance therapy after concurrent chemora-
diation. The role of ICIs as neo-adjuvant therapy
has been evaluated in small non-randomized
studies with promising results (Table 4.1).

Collectively, single agent PD-1/PD-L1 inhibi-
tors in the palliative setting have been associated
with a 7-22% ORR per RECIST. In the neo-
adjuvant setting, two to three cycles have resulted
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Table 4.1 Clinical studies with immune checkpoint inhibitors in the neo-adjuvant setting
Resected patients MPR* ORR
Study name (n) Stage Drug(s) Cycles | (%) (%)
Forde et al. 20 IB-IIIA | Nivolumab 2 45 10
[13]
LCM3 [14] 84 IB-IIIB | Atezolizumab 2 18 7
NEOSTAR 23 (arm A) IA-IITIA | Nivolumab 3 17 22
[15] 21 (arm B) Nivolumab + ipilimumab 3 33 19
NADIM [18] |30 1A Nivolumab + carboplatin/paclitaxel 3 80 70
Shuetal. [19] |11 IB-IIIA | Atezolizumab + carboplatin/ 2 64 73
nab-paclitaxel

aMPR (major pathologic response) defined as <10% residual viable tumor (RVT) in post-therapy specimen

in a major pathological response rate (MPR) of
17-45% in stage I-IIIA NSCLC [13-15]. MPR
has been defined as 10% or less residual viable
tumor after neo-adjuvant chemotherapy and has
been proposed as a surrogate endpoint in neo-
adjuvant studies in NSCLC [16]. Recently,
immune-related pathologic response criteria
(irPRC) have been proposed to better character-
ize the response of neo-adjuvant ICIs [17]. In
contrast, chemo-immunotherapy combos have
been associated with higher ORR (70-73%) and
MPR (64-80%) [18, 19] and seem to be a more
effective strategy in this setting. These data com-
pare favorably with historical controls reporting a
MPR of 19-27% [20, 21] and an ORR of approx-
imately 35-50% with platinum-based chemo-
therapy [22, 23]. Several phase III studies are
currently being conducted to evaluate the role of
different chemo-immunotherapy combos for
three to four courses as neo-adjuvant therapy
compared with chemotherapy alone, including
CheckMate 816, KEYNOTE-617, IMpower030,
and AEGEAN. The results of these trials will
provide definitive conclusions on the potential
role of ICIs in this therapeutic setting.

Another potential neo-adjuvant approach is
the concurrent use of ICIs and radiotherapy. This
strategy is under evaluation in a pilot phase II
study (NCT03237377).

The role of ICIs in the adjuvant setting is
unclear and is currently under evaluation in mul-
tiple phase III clinical trials (NCT02273375,
PEARLS, ANVIL, and IMpower010). Moreover,
the phase II study CheckMate 9TN is currently
evaluating the role of nivolumab in patients with
residual disease after surgery.

The role of ICIs in inoperable stage Il NSCLC
is much more defined and durvalumab has been
FDA and EMA approved as maintenance therapy
in non-progressing patients after concomitant
chemoradiation. The goal of using ICIs concomi-
tantly with radiation therapy or immediately after
is to augment the antitumor responses typically
observed with either modality alone, exploiting
the synergistic effect observed with both modali-
ties through multiple mechanisms that include
the release of signals and chemokines that recruit
inflammatory cells into the tumor microenviron-
ment, including antigen-presenting cells that acti-
vate cytotoxic T-cell function, release of
neoantigens that can evoke the antitumor
response, and upregulation of PD-L1 expression
on tumor cells [24, 25]. After a decade of failures
with alternative strategies to concurrent chemora-
diation with platinum-based chemotherapy by
adding a targeted agent [26] or replacing the non-
platinum agent with a less toxic compound [27],
increasing radiation dose [26], or using a tumor-
derived vaccine [28], the PACIFIC trial changed
the standard of care, adding durvalumab in the
therapeutic armamentarium of inoperable locally
advanced NSCLC. This randomized phase III
trial evaluated durvalumab at the dosage of
10 mg/m? I.V. every 2 weeks versus placebo (2:1
randomization) as consolidative therapy in
patients with inoperable stage III NSCLC who
did not have disease progression after two or
more cycles of platinum-based chemoradiation
[29]. The trial met its two co-primary endpoints,
demonstrating a statistically significant improve-
ment in both PFS (17.2 months in the durvalumab
group vs. 5.6 months in the placebo group; HR
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0.51, 95% CI, 0.41-0.63) and OS (not reached
vs. 28.7 months; HR 0.68, 99.73% CI, 0.47—
0.997; p = 0.0025). Moreover, durvalumab treat-
ment was associated with a higher ORR (28.4%
vs. 16.0%; p < 0.001) and a longer time to death
or distant metastasis (28.3 months vs. 16.2 months
in the placebo group; HR 0.53, 95% CI, 0.41-
0.68) [29, 30]. Treatment with durvalumab was
well tolerated with an incidence of grade 3/4
adverse events of 30.5% in the durvalumab group
versus 26.1% in the placebo group. An unplanned
post hoc analysis requested by a health authority
evaluated the role of pre-treatment PD-L1 status
(unknown in 37% of patients) and showed no
benefit in terms of OS in PD-L1 <1% patients
(HR 1.36) [30]. However, these data should be
considered only exploratory and no firm conclu-
sions can be made due to the sample size (only 60
patients). Based on this analysis, it has been con-
cluded that EMA restricted durvalumab use in
PD-L1 >1% patients only.

The role of nivolumab and pembrolizumab as
consolidative therapy after chemoradiation is
under evaluation in phase II/III studies (RTOG
3505, MP-LALC, and HCRN LUN14-179).

PACIFIC evaluated durvalumab after con-
comitant chemoradiation. However, sequential
chemoradiation is a valid alternative in patients
who are not candidates for concurrent treatment
and therefore the role of consolidative immuno-
therapy in this setting is not known. The phase II
study PACIFIC-6 will address this issue.

Furthermore, several studies (PACIFIC-2,
RATIONALEOO1, NICOLAS, DETERRED, and
KEYNOTE-799) are evaluating the addition of
PD-1/PD-L1 inhibition during concurrent
chemoradiation followed by consolidation with
immunotherapy.

First Line Metastatic NSCLC

The success of ICI use in pre-treated NSCLC
patients prompted the evaluation of these agents
in the upfront setting either alone or in combi-
nation with platinum-based chemotherapy or
other immunotherapeutic agents. The positive
results of the KEYNOTE-024, demonstrating

the superiority of pembrolizumab compared with
platinum-based chemotherapy in strong PD-L1
expressors (TPS >50%) of the EGFR/ALK wild
type [31, 32], represented a major improvement
in non-oncogene-addicted NSCLCs, which were
minimally influenced by major therapeutic inno-
vations in the last two decades [33]. The trial
reported an impressive median OS of 30 months
in the experimental arm with a statistically sig-
nificant advantage over chemotherapy despite
extensive crossover (64.2%) [32] and represented
a major shift in the therapeutic landscape of
NSCLC, adding a new molecularly defined sub-
group of patients with improved outcome after
a chemotherapy-free regimen. Subsequent stud-
ies tried to extend the benefit of ICB to a higher
patient population with different therapeutic
strategies, including evaluation of ICIs in PD-L1
>1% patients, chemo-immunotherapy combina-
tions in PD-L1 all comers, and dual blockade
with PD-1/PD-L1 inhibitors in combination with
anti-CTLA4 agents. The results of these trials
are summarized in Table 4.2 and contributed to
the expanded use of ICIs in chemotherapy-naive
patients.

The KEYNOTE-042 trial aimed to evaluate
the role of pembrolizumab in patients with weak
and strong PD-L1 expression (TPS >1%) com-
pared with standard-of-care platinum-based che-
motherapy. The trial met its primary endpoints,
with a statistically significant advantage in terms
of OS in patients with a TPS of 50% or greater
(HR 0.69, 95% CI 0.56-0.85; p = 0.0003),
20% or greater (HR 0.77, 95% CI 0.64-0.92;
p = 0.0020), and 1% or greater (HR 0.81, 95%
CI 0.71-0.93; p = 0.0018) [34]. However, when
restricting the analysis to the subgroup of patients
with a TPS 1-49% no differences in OS were
observed (HR 0.92, 95% CI 0.77-1.11), suggest-
ing that strong PD-L1 expressors mostly drove the
benefit observed in the study population. These
data lead to the extension of the FDA approval of
pembrolizumab in chemotherapy-naive EGFR/
ALK wild-type NSCLC patients with a TPS
>1%. The relatively favorable safety profile and
activity seen in this trial make the regimen par-
ticularly useful in patients who are not candidates
or refuse platinum-based chemotherapy.
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In contrast, the CheckMate 026, evaluating
nivolumab in chemotherapy-naive NSCLC
EGFR/ALK WT with a PD-L1 expression >1%),
failed to meet its primary endpoint, showing no
statistically significant difference between ICB
and chemotherapy in terms of PFS in the
intention-to-treat (ITT) population (PD-L1 >5%)
(HR 1.15,95% CI 0.91-1.45, p = 0.25 for PES).
Furthermore, nivolumab was not associated with
any differences in terms of OS (HR 1.02, 95% CI
0.80-1.30) and ORR compared with platinum-
based chemotherapy (26% vs. 33%, odds ratio
0.70, 95% CI 0.46-1.06) [47]. Moreover, an
exploratory subgroup analysis involving patients
with a PD-L1 expression level >50% showed no
differences between the two treatment arms in
both PFS (HR 1.07, 95% CI 0.77-1.49) and OS
(HR 0.90, 95% CI 0.63—-1.29) [47]. Differences
in the study design and population included
might have contributed to the differences seen
with trials evaluating pembrolizumab monother-
apy. Similarly, durvalumab monotherapy failed
to prolong both PFS (HR 0.87, 95% CI 0.593—
1.285; p = 0.324) and OS (HR 0.76, 95% CI
0.564-1.019; p = 0.036) in the ITT population
(PD-L1 >25% with SP263 IHC assay) compared
with chemotherapy in the phase Il MYSTIC trial
(arm A vs. B) [45]. However, subgroup analyses
of both studies evaluated the predictive role of
tumor mutation burden (TMB) with ICIs. In the
CheckMate-026 trial, TMB was evaluated in the
tissue using a whole exome assay, dividing
patients in three tertiles (<100, 100-242, or >243
total missense mutations) [47]. Nivolumab in
TMB high (>243 total missense mutations)
patients was associated with improved ORR
(47% vs. 28%) and PFS (HR 0.62, 95% CI 0.38-
1.00) versus chemotherapy, but not OS (HR
1.10), likely secondary to extensive crossover in
the control arm (68%). Interestingly, there was no
association between TMB and PD-L1 expres-
sion, albeit patients with both PD-L1 >50% and
high TMB seemed to derive the greatest benefit
[47]. Whole exome sequencing is impractical in
clinical practice and, therefore, smaller targeted-
gene next-generation sequencing (NGS) panels
have been used to evaluate this potential bio-
marker with comparable results [48]. However,

the impact of the mutational study of different
genes on TMB calculation using different NGS
platforms (MSK-IMPACT, Foundation Medicine,
etc.) has not been analyzed yet [49]. In the
MYSTIC trial, a TMB analysis was conducted in
both tissue (Foundation Medicine 315-gene
panel) and plasma (GuardantOMNI 500-gene
panel). Unfortunately, tissue availability for TMB
analysis was limited to only 41% of the ITT pop-
ulation. However, despite these limitations high
TMB (>10 mutations/Mb) predicted a better OS
with durvalumab compared with chemotherapy
(HR 0.70, 95% CI 0.47-1.06). There was a good
correlation between tissue and plasma results for
TMB in patients with matched specimens
(Spearman’s rho = 0.6; Pearson’s r = 0.7) and
blood. TMB >20 mutations/Mb were associated
with improved OS (HR 0.72, 95% CI 0.50-1.05)
and PFS (HR 0.77, 95% CI 0.52—1.13) with dur-
valumab [46]. As reported previously, TMB and
PD-L1 were independent predictive factors, sug-
gesting that these biomarkers can be used as
complementary tools when selecting patients for
immunotherapy treatment. However, standard-
ization of methods used and robust analytical/
clinical validation are needed before extensive
clinical implementation of this biomarker is
implemented [49].

Avelumab is also under clinical development
in first-line versus chemotherapy in PD-L1 posi-
tive patients in the ongoing randomized phase 111
study JAVELIN Lung 100.

The addition of chemotherapy to ICIs is
based on the rationale that chemotherapy may
expose the immune system to high levels of
tumor cell antigens through tumor cell killing,
induce secretion of cytokines that ultimately
enhance T-cell responses, eliminate immuno-
suppressive cells (i.e., MDSCs and Tregs), and
induce tumor PD-L1 overexpression [33].
Several studies have evaluated the safety and
efficacy of multiple chemo-immunotherapy reg-
imens. Most of these trials excluded EGFR-
mutated and ALK rearranged NSCLCs, due to
the lower activity seen in previous studies in
pre-treated patients with PD(L)-1 inhibitors in
these molecular subgroups [50-53] and included
PD-L1 all comers patients.
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KEYNOTE-021 was a multi-cohort phase 1/2
study evaluating different chemotherapy regi-
mens in addition to pembrolizumab. One of the
most promising chemotherapy combinations was
pembrolizumab plus carboplatin-pemetrexed that
was further evaluated in the phase II part of the
study in a randomized cohort (cohort G).
Preliminary efficacy data showed a significant
increase in both ORR (55% vs. 29%, p = 0.0016)
and PFS (13.0 vs. 8.9 months, HR 0.53), but there
were no differences in OS (HR 0.90, at a median
follow-up of 10.6 months), likely to the extensive
use of PD-1/PD-L1 inhibitors as salvage therapy
in the chemotherapy arm (74%) [54]. Based on
these preliminary results, FDA approved this
regimen for first-line treatment of non-squamous
NSCLC EGFR/ALK wild-type lung cancer. Final
results of the study after a median follow-up of
23.9 months further confirmed the advantage in
terms of ORR (56.7% vs. 30.2%, p = 0.0016) and
PES (24.0 vs. 9.3 months; HR 0.53, 95% CI
0.33-0.86; p = 0.0049). A statistically significant
advantage in terms of OS was also reported in the
experimental arm (median OS not reached in the
chemo-immunotherapy arm vs. 21.1 months; HR
0.56, p = 0.0151), despite an extensive crossover
(73.3%), with a relatively favorable safety profile
(AEs G3-5 41% vs. 27%) [55]. The subsequent
phase III randomized trial KEYNOTE-189 eval-
uated pembrolizumab in association with
platinum-pemetrexed chemotherapy in non-
squamous NSCLC EGFR/ALK wild type, PD-L1
all comers. At the first interim analysis (median
follow-up of 10.5 months), the addition of pem-
brolizumab was associated with a statistically
significant advantage in both of the two co-
primary endpoints of the study, OS (N.R. vs.
11.3 months, HR 0.49; p < 0.001) and PFS (8.8
vs. 4.9 months, HR 0.52, p < 0.001), independent
of PD-L1 IHC expression. Higher ORR (47.6%
vs. 18.9%, p < 0.001) was reported in the chemo-
immunotherapy arm, with higher response rates
among PD-L1 strongly positive patients (61.4%
vs. 22.9% in PD-L1 >50%) [36]. The updated
survival data of the trial at a median follow-up of
18.7 months continued to show a statistically sig-
nificant advantage in both OS (22.0 vs.
10.7 months; HR 0.56, 95% CI 0.45-0.70,

p < 0.00001) and PFS (9.0 vs. 4.9 months; HR
0.48, 95% CI 0.40-0.58; p < 0.00001) across all
PD-L1 TPS groups. Furthermore, chemo-
immunotherapy was also associated with a sig-
nificant prolongation of PFS2 (17.0 vs.
9.0 months; HR 0.49, 95% CI 0.40-0.59;
p < 0.00001) [37], suggesting that the combina-
torial approach is superior to the sequential use of
chemotherapy and ICB (crossover rate of 53.9%).
In August 2018, the FDA approved an expanded
label for pembrolizumab in combination with
pemetrexed and platinum-based chemotherapy
for the first-line treatment of patients with meta-
static non-squamous NSCLC with no EGFR or
ALK aberrations.

Three phase III trials evaluated atezolizumab
in non-squamous NSCLC in association with dif-
ferent platinum-based chemotherapy regimens:
carboplatin/paclitaxel with or without bevaci-
zumab (IMpower150), carboplatin/nab-paclitaxel
(IMpower130), and cisplatin or carboplatin/
pemetrexed (IMpower132).

IMpower150 was a large randomized phase
III trial evaluating atezolizumab in association
with carboplatin-paclitaxel (ACP — arm A) versus
atezolizumab  plus  bevacizumab/carboplatin/
paclitaxel (ABCP — arm B) versus bevacizumab/
carboplatin/paclitaxel (BCP —arm C) in all comer
chemotherapy-naive non-squamous NSCLCs.
The trial also enrolled EGFR-mutated and ALK
rearranged tumors that had previously been
treated with appropriate tyrosine kinase inhibitor
(TKI) therapy. The two primary endpoints of the
study were PFS both among patients in the ITT
population (EGFR/ALK wild-type patients) and
among patients in the wild-type (WT) population
who had high expression of an effector T-cell
(Teff) gene signature in the tumor (Teff-high WT
population), and overall survival in the WT popu-
lation. Efficacy and safety results of arm B and C
were presented. ABCP was associated with lon-
ger PFS than BCP in the entire study population
(8.3 vs. 6.8 months; HR 0.62;95% CI10.52--0.74;
p < 0.001), in the ITT population (WT) (8.3 vs.
6.8 months; HR 0.61; 95% CI 0.52-0.72;
p < 0.001), and in the Teff-high WT population
(11.3 vs. 6.8 months; HR 0.51, 95% CI 0.38-
0.68; p < 0.001) [38]. At first interim analysis
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(median duration of follow-up approximately
20 months), OS was significantly longer in the
WT population with ABCP than with BCP (19.2
vs. 14.7 months; HR 0.78, 95% CI 0.64-0.96;
p = 0.02) [38]. Interestingly, improved OS with
ABCP versus BCP was observed in patients with
sensitizing EGFR mutations (Not estimable vs.
17.5 months; HR 0.31, 95% CI 0.11-0.83) and in
patients with baseline liver metastases (13.3 vs.
9.4 months; HR 0.52, 95% CI 0.33-0.82). The
benefit was independent of PD-L1 expression. A
synergistic effect between bevacizumab and
atezolizumab can be hypothesized, since no OS
benefit was observed with the addition of atezoli-
zumab to carboplatin/paclitaxel in both EGFR-
positive patients (21.4 vs. 18-7 months; HR 0.93,
95% CI 0.51-1.68) and in patients with liver
metastases (8.9 vs. 9.4 months; HR 0.87, 95% CI
0.57-1.32) [39]. These data suggest that ABCP
can be a novel treatment option in first-line non-
squamous NSCLC. The use in EGFR-mutated
patients progressing after an EGFR TKI is
promising, but these data should be confirmed
prospectively in a larger cohort of patients. In
December 2018, the FDA granted approval for
ABCP combination as first-line therapy in EGFR/
ALK wild-type NSCLC patients.

IMpower130 was a phase III randomized trial
evaluating the addition of atezolizumab to carbo-
platin/nab-paclitaxel in chemotherapy-naive non-
squamous NSCLC  patients. Pemetrexed
maintenance was permitted after —four to six
chemotherapy cycles in the control arm.
Co-primary endpoints of the study were PFS and
OS in the ITT EGFR/ALK wild-type population.
The trial met its co-primary endpoints, showing a
statistically significant improvement in both OS
(18.6 vs. 13.9 months; HR 0.79, 95% CI 0.64—
0.98; p = 0-033) and PFS (7.0 vs. 5.5 months; HR
0.64, 95% CI 0.54-0.77; p < 0-0001) in the ITT
WT population. The benefit was observed across
all PD-L1 subgroups, but no benefit was observed
in the EGFR/ALK positive cohort (HR 0.98 for
OS and 0.75 for PES) [40].

KEYNOTE-407 and IMpowerl31 evaluated
the addition of a PD(L)-1 agent to platinum-
based chemotherapy (carboplatin/nab-paclitaxel
or paclitaxel) in patients with squamous cell car-

cinoma of the lung. The addition of pembroli-
zumab to carboplatin/nab-paclitaxel or paclitaxel
compared to chemotherapy alone was associated
with a statistically significant improvement of
both PES (6.4 vs. 4.8 months; HR 0.56, 95% CI
0.45-0.70; p < 0.001) and OS (159 vs.
11.3 months; HR 0.64, 95% CI 0.49-0.85;
p < 0.001), primary endpoints of the
KEYNOTE-407 study, independent of PD-L1
status and taxane used [35]. Based on these
results, in October 2018 FDA extended first-line
pembrolizumab approval in combination with
carboplatin/nab-paclitaxel ~or paclitaxel in
chemotherapy-naive NSCLC with squamous his-
tology. This represented a major improvement in
the upfront treatment of squamous NSCLC that
had little changed in the last two decades with
marginal incremental benefits with the addition
of anti-EGFR mAb [56] or the use of novel che-
motherapy agents [57]. The IMpowerl31 trial
evaluated the addition of atezolizumab to either
carboplatin/paclitaxel (arm A) or carboplatin/
nab-paclitaxel (arm B) versus carboplatin/nab-
paclitaxel alone (arm C). Preliminary data of arm
B versus C were presented at the 2018 ASCO
annual meeting. At a median follow-up of
17.1 months, addition of atezolizumab to first-
line carboplatin/nab-paclitaxel was associated
with a statistically significant improvement in
PFS compared with carboplatin/nab-paclitaxel
alone (6.3 vs. 5.6 months; HR 0.71, 95% CI
0.60-0.85; p = 0.0001), but failed to meet the
other co-primary endpoint, with no statistically
significant differences in terms of OS (14.0 vs.
13.9 months; HR 0.96, 95% CI 0.78-1.18;
p = 0.6931) [58]. The definitive results of this
trial, including those of arm A, are awaited and
could clarify the role of atezolizumab in first-line
treatment of squamous NSCLC.

Finally, IMpower132 evaluated atezolizumab
in combination with platinum-pemetrexed in
chemotherapy-naive non-squamous NSCLC
without EGFR or ALK genetic alterations. The
study met one of its two co-primary endpoints
with a significant advantage in terms of PFS (7.6
vs. 5.2; HR 0.60, 95% CI 0.49-0.72; p < 0.0001),
but did not show any statistically significant advan-
tage in terms of OS (18.1 vs. 13.6 months; HR
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0.81; 95% CI 0.64—-1.03; p = 0.0797) at the first
interim  analysis (median follow-up  of
14.8 months), despite a 4.5-month survival gain
[43]. A longer follow-up can provide definitive
conclusions on the efficacy of this combination.
Another potential strategy is to combine
PD(L)-1 inhibitors with other immune check-
point inhibitors in order to optimize the blockage
of immune suppressive signals. One of the most
promising combinatorial approaches is to com-
bine PD(L)-1 and CTLA-4 inhibitors. The com-
bination has shown efficacy in metastatic
melanoma [59] and renal cell carcinoma [60].
The safety and efficacy of nivolumab-ipilimumab
was first tested in NSCLC in the multi-cohort
phase 1 CheckMate-012 study. Different sched-
ules were tested and the results of the two arms
with nivolumab 3 mg/kg every 2 weeks in combi-
nation with ipilimumab 1 mg/kg every 12 weeks
or every 6 weeks of the randomized part of the
study were presented. Dual blockage was associ-
ated with a promising clinical activity with ORR
of 47% and 38% and median PFS of 8.1 months
and 3.9 months, respectively. High PD-L1
expression (>1%) was associated with higher
ORR (57% in both treatment arms). The combi-
nation was associated with high frequency of
serious adverse events with 37% and 33% of
patient experiencing irAEs G3—4 in patients
treated with ipilimumab 1 mg/kg every 12 weeks
and every 6 weeks, respectively [61]. Moreover,
evaluation of tissue TMB through whole exome
sequencing showed that this biomarker strongly
predicted efficacy with combination PD-1 plus
CTLA-4 blockade, independent of PD-L.1 expres-
sion [62]. Based on these data, nivolumab, 3 mg/
kg every 2 weeks plus ipilimumab 1 mg/kg every
6 weeks, was further evaluated in the phase II
CheckMate-568 study, with ORR in PD-L1 >1%
patients as primary endpoint. The combination
was associated with increased activity among
PD-L1 positive patients (ORR was 41% in PD-L1
>1% vs. 15% in PD-L1 <1%). Efficacy on the
basis of TMB, evaluated with the FoundationOne
CDx assay, was included as a secondary end-
point. TMB >10 mut/Mb was identified as the
optimal cut-off value for efficacy and was associ-
ated with improved ORR (43.7% vs. 23.5% for

TMB high and low, respectively) and PFS (7.1
vs. 2.6 months for TMB high and low, respec-
tively), regardless of PD-L1 expression. Safety
profile was in line with previous studies, with
G3-4 treatment-related AEs seen in 29% of
patients [63]. These results were confirmed in the
randomized phase III CheckMate-227 study,
which met its co-primary endpoints of PFS with
the nivolumab-ipilimumab combination versus
chemotherapy in first-line advanced NSCLC
with high TMB (>10 mutations/Mb), using the
FoundationOne CDx assay, regardless of PD-L1
expression. Among patients with TMB >10%,
dual blockage was associated with higher ORR
(45.3% vs. 26.9%) and longer PFS (7.2 months
vs. 5.5 months, HR 0.58; p < 0.001) compared
with platinum-based chemotherapy. Responses
were durable, with 43% of patients progression-
free at 1 year and the advantage in PFS was inde-
pendent of PD-L1 expression (>1% vs. <1%)
compared with 13% with chemotherapy. No dif-
ferences were observed in terms of PFS in
patients with low TBM (<10 Mb) (HR 1.07) [44].
Based on these promising efficacy data,
nivolumab-ipilimumab was submitted for FDA
approval in July 2018. Unfortunately, in October
2018 updated OS data, the other co-primary end-
point of the trial, for the combination showed no
difference in OS between patients whose tumors
had TMB >10 mut/Mb or <10 mut/Mb compared
with chemotherapy (23.03 vs. 16.72 months; HR,
0.77; 95% CI, 0.56-1.06). In January 2019,
Bristol-Myers Squibb (BMS) withdrew the appli-
cation for FDA approval while awaiting the final
data from part la of the study (nivolumab-
ipilimumab vs. chemotherapy in PD-L1 >1%
patients).

The role of TMB as predictive biomarkers for
dual immune checkpoint blockage was also
explored in the randomized phase III MYSTIC
trial. This was a three arm randomized phase III
trial comparing durvalumab (arm A) or
durvalumab-tremelimumab (arm B) with chemo-
therapy in stage IV NSCLC EGFR/ALK wild
type, irrespective of PD-L1. Primary endpoints
were PFS and OS with durvalumab-tremelimumab
versus chemotherapy in PD-L1 >25% patients.
The trial failed to meet its co-primary endpoints
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due to the absence of any statistically significant
differences between the two treatment arms in
both PFS (3.9 vs. 5.4 months; HR 1.05, 97.54%
CI 0.722-1.534; p = 0.705) and OS (11.9 vs.
12.9; HR 0.85, 98.77% CI 0.611-1.173;
p =0.202) in PD-L1 >25% patients. However, an
exploratory analysis evaluated TMB in tissue
(using FoundationOne CDx assay) and in the
blood (using the 500-gene GuardantOMNI
panel). TMB in the tissue was evaluable only in
41% of the ITT population and high TMB (>10
mut/Mb)  predicted improved OS  with
durvalumab-tremelimumab compared to chemo-
therapy (16.6 vs. 10.9 months; HR 0.72, 95% CI
0.48-1.09). In contrast, in patients with low TMB
(<10 mt/Mb), dual blockage was inferior to che-
motherapy (8.4 vs. 13.8 months; HR 1.39, 95%
CI 1.0-1.32). Blood TMB was assessed in 72.4%
and showed a good correlation with tissue in
patients  with matched tumor samples.
Interestingly, increasing blood TMB values cor-
related with increased OS HR and a TMB >20
mut/Mb was selected as the optimal cut-off value.
Indeed, patients with high TMB in the blood
experienced longer OS (21.9 vs. 10 months; HR
0.49, 95% CI 0.32-074) with durvalumab-
tremelimumab compared with chemotherapy, but
not in those with low TMB (<20 mut/Mb) in the
blood (median OS 8.5 vs. 11.6 months; HR 1.16,
95% CI 0.93-1.45) [46].

These results are promising and suggest that
TMB can be a valid biomarker for patient selec-
tion, albeit several open questions still remain
unanswered, including optimal cut-off value and
standardized detection method. There is an urgent
need to overcome the naive vision of a single bio-
marker to identify patients who are most likely to
respond to ICB therapy, moving to the integration
and simultaneous evaluation of multiple clini-
cally relevant biomarkers [64] (Fig. 4.3).

Pre-treated NSCLC

Immune checkpoint inhibitors targeting PD-1/
PD-L1 dramatically changed the therapeutic
landscape of pre-treated NSCLC.

In 2012, the first in human trial of nivolumab
in heavily pre-treated solid tumors, includ-
ing NSCLC, showed promising activity for this
agent with a response rate of 18% and durable
responses, exceeding results with historical con-
trols using conventional therapeutic agents [7],
proving the activity of ICB in a disease not tradi-
tionally considered to be immunogenic. Since the
initial study, several PD(L)-1 compounds were
tested in second-/third-line NSCLC, demonstrat-
ing superiority over the standard of care at that
time (docetaxel) and now nivolumab, pembro-
lizumab, and atezolizumab are approved in this

Fig. 4.3 New therapeutic algorithm in advanced/meta-
static NSCLC with available therapeutic options. Legend:
Pembro, pembrolizumab;  Atezo, atezolizumab; D,

docetaxel; CP,
paclitaxel; Beva, bevacizumab; EU, approved only by
European Medicine Agency; CHT, chemotherapy

carboplatin/paclitaxel; nab-P, nab-
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setting. Development of these drugs followed dif-
ferent pathways, since some of them were tested
in unselected patient populations (nivolumab,
atezolizumab, and avelumab), whereas oth-
ers followed biomarker-driven development
(pembrolizumab).

Nivolumab was evaluated in two large ran-
domized phase III studies with similar designs
using docetaxel as the control arm. CheckMate
017 evaluated nivolumab in second-line squa-
mous NSCLC [52], whereas CheckMate 057
addressed second—/third3-line non-squamous
NSCLC [53]. PD-L1 IHC expression was retro-
spectively analyzed using the 28-8 assay. Both
studies met the primary endpoints, showing a sta-
tistically significant advantage in terms of OS
compared with docetaxel in both squamous (9.2
vs. 6.0 months; HR 0.59, 95% CI 0.44-0.79;
p < 0.001) and non-squamous NSCLC (12.2 vs.
9.4 months; HR 0.73; 96% CI, 0.59-0.89;
p =0.002) [52, 53]. Nivolumab was also superior
to docetaxel in terms of ORR (19-20% vs.
9-12%) and safety profile (treatment-related AEs
G3—4 in 7-10% vs. 54-55%) in both studies, as
well as in PFS in squamous histology only (3.5
vs. 2.8 months; HR 0.62, 95% CI 0.47-0.81;
p < 0.001) [52, 53]. Interestingly, PD-L1 expres-
sion as a predictive biomarker produced contrast-
ing results between the two trials, despite similar
study designs and the same assessment methods.
The different mutational burden of squamous and
non-squamous histology, as well as the frequency
of oncogene-addicted tumors, might have con-
tributed to this discrepancy. Moreover, a land-
mark analysis of the CheckMate 057 demonstrated
that, excluding patients who had died in the first
3 months, nivolumab was superior to docetaxel in
both PD-L1 positive and negative patients [65].
For this reason, nivolumab was approved in both
squamous and non-squamous pre-treated NSCLC
patients, irrespective of PD-L1 status. Recently, a
pooled analysis of both studies showed an
encouraging 3-year OS of 17% [66]. These
results are noteworthy when compared to con-
ventional chemotherapy. Only 8% of the patients
in the docetaxel arm were alive at 3 years, and the
plateau in the survival curves suggests a potential
long-term benefit.

Atezolizumab was compared with docetaxel
in pre-treated NSCLC in phase II (POPLAR) and
phase III randomized studies (OAK), showing
improved OS across all PD-L1 expression levels
with incremental efficacy results at the increase
of PD-L1 IHC expression in tumor cells (TC) or
tumor-infiltrating immune cells (IC) using the
SP142 assay [51, 67]. However, this IHC assay
reported in some harmonization study lower
tumor cell staining than other tests [68, 69] and is
not FDA approved for lung cancer patients. An
exploratory analysis was conducted in plasma
samples collected in both trials to evaluate blood
TMB using the FoundationOne CDx NGS assay,
using POPLAR samples as training sets and vali-
dating the optimal cut-off value with the OAK
samples. Blood TMB >16 mut/Mb (27% of the
blood evaluable population of the OAK trial) was
clearly predictive of improved PFS, showing a
good correlation with tissue TMB values and no
association with strong PD-L1 expression [70].
Based on the results of the OAK trial, in October
2018, FDA granted atezolizumab approval for
pre-treated NSCLC, irrespective of PD-L1
status.

The development of pembrolizumab in
NSCLC started with the phase 1 multi-cohort
study KEYNOTE-001, which evaluated the
safety and activity of this compound, and also
validated the companion diagnostic 22C3 THC
assay for PD-L1 expression. Pembrolizumab was
well tolerated with few treatment-related AEs of
grade 3 or more (9.5% of the patients) and showed
good clinical activity with an ORR of 19.4%,
a median PFS of 3.7 months, and a median OS
of 12.0 months in the overall population. No
significant differences in efficacy or side-effect
profile were reported with different schedules
used (2 mg/kg or 10 mg/kg every 3 weeks) and a
PD-L1 TPS >50% was associated with a higher
response rate and longer PFS and OS [71]. In
October 2015, the U.S. FDA granted acceler-
ated approval for pembrolizumab for NSCLC
patients whose disease had progressed after
other treatments and with tumor expression of
PD-L1, assessed with the companion diagnostic
PD-L1 IHC 22C3 pharmDx test. The subsequent
randomized phase II/III study KEYNOTE-010
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compared pembrolizumab at two different dos-
ages (2 mg/kg or 10 mg/kg every 3 weeks) to
docetaxel in pre-treated NSCLC patients, PD-L1
positive (TPS >1%). The trial met its primary
endpoint, reporting a statistically significant
advantage in OS in both pembrolizumab arms
(10.4 vs. 8.5 months and 12.7 vs. 8.5 months,
respectively, for pembrolizumab 2 mg/kg and
10 mg/kg, with a HR of 0.71 and 0.61). Similarly
to previous immunotherapy studies in pre-treated
NSCLC, no differences were observed in PFS
curves between the three treatment arms. Patients
with strong PD-L1 expression (TPS >50%)
derived the greatest OS benefit with both pem-
brolizumab 2 mg/kg (14.9 vs. 8.2 months; HR
0.54, 95% CI1 0.38-0.77; p = 0-0002) and 10 mg/
kg schedules (17.3 vs. 8.2 months; HR 0.50, 95%
CI 0.36-0.70; p < 0.0001) [50].

Avelumab was evaluated in the phase III ran-
domized study JAVELIN Lung 200, which com-
pared this PD-L1 inhibitor with docetaxel in
pre-treated NSCLC, independent of PD-L1
expression. The study failed to meet its primary
endpoint, showing no statistically significant dif-
ferences in terms of OS between the two treat-
ment arms in the overall study population (10.5
vs. 9.9 months; HR 0.90, 96% CI, 0.75-1.08;
p = 0.12) and in PD-L1 positive patients (>1%)
(11.4 vs. 10.3; HR 0.90, 96% CI 0.72-1.12;
p = 0.16) [72]. The lack of OS benefit might be
attributable to the better performance of the con-
trol arm than expected on similar randomized tri-
als of anti—-PD-1/PD-L1 agents (8.5-9.6 months)
[50, 51], likely due to the subsequent use of ICIs.
Exploratory subgroup analyses showed an
increasing clinical activity with avelumab in
patients with higher PD-L1 expression (HR 0.67
and HR 0.59 with >50% and >80% PD-L1
expression) [72], consistent with other PD(L)-1
inhibitors in NSCLC.

Durvalumab was evaluated as third-line option
in the single-arm phase II study ATLANTIC. The
trial included three cohorts of patients: EGFR+/
ALK+ NSCLC with PD-L1 expression >25%
(cohort 1), EGFR/ALK wild-type NSCLC with
PD-L1 expression >25% (cohort 2), and PD-L1
>90% (cohort 3). The clinical activity and safety
profile of durvalumab were consistent with those

of other PD(L)-1 inhibitors. Responses were
higher in EGFR/ALK wild-type patients and
increased with higher PD-L1 expression levels
(30.9% in PD-L1 >90% and 16.4% in PD-L1
>25% among EGFR/ALK wild-type patients)
[73]. The 12.2% ORR reported among EGFR/
ALK positive patients suggests that a subgroup
of oncogene-addicted NSCLCs can derive bene-
fit from ICB and supports further evaluation of
this strategy in these patients.

Neither durvalumab nor avelumab is approved
in stage IV NSCLC.

ICls and SCLC

Treatment of extensive small cell lung cancer
(ED-SCLC) has not changed over the last three
decades with platinum-etoposide as the standard-
of-care first-line option and topotecan or cyclo-
phosphamide, doxorubicin, and vincristine
(CAV) mostly used in subsequent treatment lines
[74]. Several attempts to improve outcomes of
ED-SCLC patients by incorporating novel che-
motherapy agents (irinotecan, pemetrexed) or
using targeted therapies (bevacizumab) failed to
show any significant survival benefits [75-77].
As a consequence, survival of ED-SCLC patients
enrolled in phase III trials did not improve sig-
nificantly over the years [78].

The use of ICIs is attractive in SCLC due to
the high number of somatic mutations seen in this
tumor type that is one of the highest reported
across human solid tumors [79].

The first ICI tested in ED-SCLC was the anti-
CTLA4 agent ipilimumab. A phase II study eval-
uated the addition of ipilimumab to carboplatin/
paclitaxel as first-line treatment in two alternative
regimens, concurrent ipilimumab (ipilimumab +
paclitaxel/carboplatin followed by placebo +
paclitaxel/carboplatin) or phased ipilimumab
(placebo + paclitaxel/carboplatin followed by
ipilimumab + paclitaxel/carboplatin). Phased ipi-
limumab was associated with a non-statistically
significant longer median OS compared with
paclitaxel/carboplatin alone (12.9 vs. 9.9 months;
HR, 0.75,95% C1 0.46-1.23; p = 0.13) and a sta-
tistically significant improvement of immune-
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related PFS (HR, 0.64, 95% CI 0.40-1.02;
p = 0.03) [80]. Based on these promising results,
a subsequent randomized phase III trial evaluated
the addition of phased ipilimumab to platinum-
etoposide versus platinum-etoposide alone. The
trial failed to show a significant improvement in
OS (11.0 vs. 10.9 months; HR 0.94; 95% CI,
0.81-1.09; p = 0.3775), the primary endpoint of
the study, and in PFS (4.6 vs. 4.4 months; HR
0.85; 95% CI, 0.75-0.97) with the addition of
phased ipilimumab [81].

The positive results of PD(L)-1 inhibitors in
NSCLC prompted the evaluation of these com-
pounds in SCLC in multiple clinical settings,
including upfront treatment, maintenance ther-
apy in non-progressing patients after standard
platinum-etoposide chemotherapy, and in subse-
quent lines of therapy (Table 4.3).

Nivolumab was evaluated in pre-treated
ED-SCLC in a phase I/II study (CheckMate 032)
in monotherapy or in combination with ipilim-
umab. The trial initially evaluated nivolumab
monotherapy at the dosage of 3 mg/kg (n = 98)
and the combination nivolumab 1 mg/kg plus ipi-
limumab 3 mg/kg (n=61), or nivolumab 3 mg/kg
plus ipilimumab 1 mg/kg (n = 54). Nivolumab
monotherapy was associated with an ORR of
11%, whereas the combination achieved a 23%
ORR in patients treated with nivolumab 1 mg/kg
plus ipilimumab 3 mg/kg, and a 19% ORR in
those receiving nivolumab 3 mg/kg plus ipilim-
umab 1 mg/kg. Tumor responses occurred in
patients, irrespective of PD-L1 expression.
Durable responses were observed, with a promis-
ing l-year and 2-year OS rate of 27% and 14%
for nivolumab 3 mg/kg and 40% and 26% for
nivolumab 1 mg/kg plus ipilimumab 3 mg/kg,
respectively [82, 83]. Based on these data, a ran-
domized phase II part of the study was launched,
comparing nivolumab 3 mg/kg (n = 147) and
nivolumab 1 mg/kg plus ipilimumab 3 mg/kg
(n =95). ORR was in line with those of the non-
randomized part of the study (12% for nivolumab
and 21% for nivolumab-ipilimumab), regardless
of platinum sensitivity, line of therapy, and
PD-L1 status [83]. An exploratory analysis evalu-
ated the predictive value of TMB assessed
through whole exome sequencing in both patients

of the non-randomized and randomized parts of
the study. Patients with TMB high (>248 total
missense mutations) were associated with the
highest ORR with both nivolumab (4.8% with
TMB low, 6.8% with TMB intermediate, and
21.3% with TMB high) and nivolumab-
ipilimumab (22.2% with TMB low, 16.0% with
TMB intermediate, and 46.2% with TMB high).
Furthermore, patients with TMB high experi-
enced the highest OS with both nivolumab
(1-year OS rate of 22.1% with TMB low, 26.0%
with TMB intermediate, and 35.2% with TMB
high) and nivolumab-ipilimumab (23.4% with
TMB low, 19.6% with TMB intermediate, and
62.4% with TMB high) [84], further confirming
the potential role of TMB as a biomarker for
immunotherapy across lung cancers. Based on
these preliminary results, in August 2018, FDA
approved nivolumab as third-line option in
ED-SCLC. Nivolumab is currently being com-
pared with second-line chemotherapy (topotecan
or amrubicin) in the phase III randomized trial
CheckMate 331 in PD-L1 all comers patents.
Primary endpoint of the study is OS.

Similarly, pembrolizumab demonstrated effi-
cacy in pre-treated SCLC in the phase II
KEYNOTE-158 study, with 19% ORR and dura-
ble activity (6-month PFS rate: 38.9% in PDL1+
and 14.3% in PDLI- patients; 1-year OS rate:
53.1% in PDL1+ and 30.7% in PDLI- patients)
[85]. In June 2019, FDA granted accelerated
approval of pembrolizumab for the treatment of
patients with metastatic SCLC with disease pro-
gression on or after platinum-based chemother-
apy and at least one other prior line of therapy,
based on tumor response rate and durability of
response.

Nivolumab 240 mg every 2 weeks and
nivolumab 1 mg/kg plus ipilimumab 3 mg/kg
every 3 weeks versus placebo were also evalu-
ated as a maintenance strategy in ED-SCLC non-
progressing patients after platinum-etoposide in
the phase III trial CheckMate 451. The trial did
not meet the primary endpoint, without showing
a statistically significant advantage in terms of
OS with the dual ICB versus placebo (HR 0.92,
p = 0.37) [86]. PFS and ORR with both
nivolumab-ipilimumab and nivolumab alone
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were modest and in line with the results of a
phase II study with pembrolizumab in the same
setting [87], suggesting a modest activity of ICIs
in the maintenance setting in unselected patients.

The role of ICIs in combination with chemo-
therapy is being explored in multiple randomized
phase I trials, including CASPIAN (durvalumab
+ tremelimumab + platinum-etoposide vs.
platinum-etoposide), KEYNOTE-604 (platinum-
etoposide + pembrolizumab), and IMpower133
(carboplatin-etoposide + atezolizumab). The pre-
liminary results of IMpowerl133 were recently
presented and showed, at a median follow-up of
13.9 months, an OS (12.3 vs. 10.3 months; HR
0.70, 95% ClI, 0.54-0.91; p = 0.0069) and PFS
(5.2 vs. 4.3 months; HR 0.77, 95% CI, 0.62-0.96;
p = 0.017) advantage for chemo-immunotherapy
combination. This 2-month OS advantage with
addition of atezolizumab was associated with a
13% higher 1-year OS compared with carboplatin-
etoposide alone (51.7% vs. 38.2%). The toxicity
of atezolizumab plus carboplatin and etoposide
was relatively favorable, with no new findings
and in line with the safety profile of chemother-
apy and atezolizumab alone. Interestingly, an
exploratory analysis evaluating the predictive
role of blood TMB, assessed through the
FoundationOne CDx assay, showed a consistent
OS and PFS benefit above and below the pre-
specified cut-offs of 10 and 16 mutations per
megabase [88], questioning the role of TMB as a
predictive biomarker to immunotherapy response
in SCLC. This is the first trial showing a survival
advantage in first-line treatment of ED-SCLC
compared with platinum-etoposide after three
decades of unsuccessful therapeutic efforts.
However, the overall survival benefit is at the
moment narrow (only 2 months of absolute OS
increase) and it is still unclear whether a combi-
natorial approach is superior to a sequential strat-
egy, although it is now clear that a maintenance
strategy is not effective, at least in unselected
patient populations. Furthermore, this schedule
seems to be cost-ineffective [89]. The results of
ongoing phase III studies with chemo-
immunotherapy combinations and CheckMate
331 in second-line versus standard-of-care che-
motherapy can provide definitive conclusions on

the exact place in therapy of ICIs in
ED-SCLC. Moreover, the identification of reli-
able predictive biomarkers is crucial to overcome
the limits of PD-L1 expression (uncertain predic-
tive value, lower expression in SCLC than
observed in other solid tumors, including
NSCLC) and TMB (conflicting results, tissue
availability, and methods’ standardization) in this
aggressive disease.

On June 27, 2019, AstraZeneca announced
that CASPIAN met its primary endpoint, show-
ing a statistically significant and clinically mean-
ingful improvement in OS in combination with
etoposide and platinum-based chemotherapy as
upfront therapy in patients with ED-SCLC. The
full results of the study have not been presented
yet and are eagerly awaited.

Conclusions and Future
Perspectives

Immunotherapy represented a major break-
through in lung cancer management and today
represents a backbone of treatment in several set-
tings. Although the benefit from this novel thera-
peutic approach is undeniable, several open
questions still remain unanswered. Future clini-
cal trials should define the optimal treatment
duration (elective discontinuation after 2 years?
Until progression?), efficacy and safety in special
populations that are often excluded (patients with
viral chronic infections, autoimmune disease,
ECOG performance status >2, and active brain
metastases) or underrepresented in clinical trials
(elderly, racial minorities), and novel predictive
biomarkers that can better select candidates for
immunotherapy. The role of TMB in tissue and/
or in liquid biopsy is promising, but is still far
from an immediate application in clinical prac-
tice. Furthermore, the use of plasma-cell-free-
DNA and other circulating biomarkers
(exosomes, circulating tumor cells, and cyto-
kines) on liquid biopsy is under active evaluation
and might provide useful information that can
integrate PD-L1 in the decision-making process.
Finally, longer follow-up of clinical trials
reported so far and post-approval studies will
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provide further details on the long-term safety of
ICIs either as single agent or in combination with
chemotherapy.
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