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Abstract

Immune checkpoint inhibitors (ICIs) targeting the programmed cell death-1 (PD-1)—programmed cell death ligand-1 (PD-
L1) axis have shown promising results in non-small cell lung cancer (NSCLC) patients, some of them with persistent
responses to these agents that form a population of long-term survivors. Despite the variable definition of PD-L1 positivity
in tumors, an association between expression and response has been reasonably consistent in advanced NSCLC. In addi-
tion, the clinical efficacy of ICIs seems to be related to the genomic landscape of the tumor in terms of mutational burden
and clonal neoantigens. Furthermore, increasing evidence shows that excessive activation of the immune response elicited
by ICIs, leading to immune-related toxicities, might be associated with an improved response to immunotherapy. There are
still many unanswered questions about the proper use of these agents to maximize their efficacy, which may be improved
through combination with radiation, chemotherapy, targeted therapies, or other immune mediators, including dual checkpoint
blockade. To search for clues for addressing these challenges, this review focused on the characteristics and clinical features
of long-term NSCLC survivors and the potential biomarkers of response to ICIs.
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Introduction

Lung cancer is the leading cause of cancer death among
men and the second cause of cancer death among women
worldwide [1]. Non-small cell lung cancer (NSCLC)
accounts for 80-85% of all lung cancers diagnoses, divided
by histology into squamous (Sq) and non-squamous (non-
Sq) tumors. In advanced disease, which is predominant at
presentation, the standard of care is platinum-based chem-
otherapy and/or targeted therapies in patients harboring
EGFR or BRAF mutations or ALK/ROSI rearrangements
[2]. In patients with high expression of PD-L1 (>50%),
front line treatment with pembrolizumab has become the
standard of care. Upon progression, until recently, doc-
etaxel-based chemotherapy for patients with a good perfor-
mance status was the recommended approach, but it was
associated with low response rates and short progression-
free survival (PFS) at the cost of significant toxicity [3, 4].

In recent years, a new class of treatment that targets the
immune system showed promising results in phase II and
III studies. Inhibition of the PD-1/PD-L1 immune check-
point using monoclonal antibodies, such as nivolumab,
atezolizumab, pembrolizumab, and durvalumab, pre-
vents the inhibition of effector T-cell function, permit-
ting T-cells to maintain their tumor cell-killing function
[5]. Other immune checkpoint inhibitors (ICIs), such as
ipilimumab and tremelimumab, prevent activation of
CTLA-4 and aid in restoring immune function [6]. Clini-
cal trials with second-line checkpoint inhibitors in pre-
viously treated advanced NSCLC have shown durable
overall response rates (ORRs) of ~20% and an acceptable
safety profile [7-10]. Nivolumab, pembrolizumab, and
atezolizumab are now approved for previously treated
NSCLC; pembrolizumab also received approval for first-
line NSCLC treatment in patients with PD-L1 expression
> 50%. Recently, durvalumab has been approved for stage

Table 1 Long-term results of NSCLC patients treated with ICIs

III PD-L1-positive patients as consolidation therapy after
concurrent chemoradiotherapy [11].

Given the natural adaptability of the immune system
response and its capacity to develop durable immune mem-
ory, it is conceivable that these agents have the potential to
improve long-term survival. However, there are still patients
who do not respond or who progress while on immunother-
apy. Therefore, there is a need to improve patient selection,
to determine the optimal time for integration of ICIs into the
lifetime course of NSCLC treatment, and to establish the
most effective concurrent or sequential combination thera-
pies in different NSCLC clinical settings. To search for clues
for addressing these challenges, this review focused on the
characteristics and clinical features of long-term NSCLC
survivors and the potential biomarkers of response to ICIs.
In addition, the results of current studies of ICIs, either alone
or in combination with other therapies, are discussed.

Long-term survival in NSCLC patients
treated with ICls

Several studies have established the definition of long-term
survival in advanced NSCLC at more than 2 years from the
time of diagnosis [12—16], with rates of survivorship after
one or more lines of therapy ranging from 8 to 16%. Cur-
rently, an important number of long-term results are avail-
able for ICIs (Table 1), including long-term survival data
from the phase I CA209-003 study [17]. This study reported
a 5-year OS rate of 16% for 129 heavily pretreated patients
treated with nivolumab [17]. This rate was nearly four
times higher than 5-year survival with metastatic NSCLC
(4.5%) reported by the Surveillance, Epidemiology, and End
Results Program (SEER) [18]. In the 68 patients with evalu-
able PD-L1 status, 5-year OS rate was 20% for PD-L1< 1%,
23% for PD-L1> 1%, and 43% for PD-L1 >50%. Of the 16
patients who survived for at least 5 years, nine completed
the maximum number of nivolumab cycles per protocol,

Study (sample) Phase Population Immune checkpoint inhibitor OS (time of assessment)
CA209-003 (N=129) I Heavily pretreated Nivolumab 16% (at 5 years)
Checkmate 017 (N=222) 111 Sq NSCLC Nivolumab 16% (at 3 years)
Checkmate 057 (N=240) 111 Non-Sq NSCLC Nivolumab 18% (at 3 years)
Keynote 001 (N=550) 1 Treatment-naive (N=101) Pembrolizumab 26.4% (at 3 years)
Previously treated (N=449) 19% (at 3 years)
Keynote 010 (N=47) II/11 Previously treated Pembrolizumab (2 mg/kg) 30.1% (at 2 years)
Pembrolizumab (10 mg/kg) 37.5% (at 2 years)
POPLAR (N=144) 11 Previously treated Atezolizumab 19% (at 3 years)
OAK (N=425) 111 Previously treated Atezolizumab 28% (at 2 years)
ATLANTIC (N=265) 11 Heavily treated Durvalumab 22% (at 2 years)
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and 12 patients received no further therapy after stopping
nivolumab treatment without any evidence of disease pro-
gression [17]. With shorter follow-up, Checkmate 017 and
Checkmate 057 trials have showed 3-year OS rates of 16%
for Sq NSCLC and 18% for non-Sq NSCLC, respectively
[19]. Data from the expanded access of nivolumab in Italy
presented by Crino at the Annual Meeting of the American
Society of Clinical Oncology (ASCO) in 2016, with 371
patients treated with an unlimited number of previous lines,
showed a median OS of 9.1 months and slightly more than
30% of patients were alive at 16 months [20].

Regarding pembrolizumab, 3-year OS data from KEY-
NOTE-001 were 26.4% in treatment-naive and 19% in
previously treated patients [21]. The updated analysis of
the KEYNOTE-010 study that included 47 patients who
completed the 2 planned years of treatment showed 2-year
OS rates of 14.5% for docetaxel versus 30.1% and 37.5%
for pembrolizumab 2 mg/kg and 10 mg/kg every 3 weeks,
respectively [22]. With respect to atezolizumab, the rand-
omized phase II POPLAR trial showed a 3-year OS of 19%
for atezolizumab and 10% for docetaxel [23]. Similarly,
long-term survival data from the phase III OAK study that
compared atezolizumab versus docetaxel showed 2-year OS
rates of 28% and 20%, respectively [24]. In the BIRCH trial
(phase II with atezolizumab monotherapy in PD-L1 posi-
tive NSCLC), the cohort of patients who received atezoli-
zumab in front-line achieved a 2-year OS of 50% [25]. The
ATLANTIC study was a phase II trial with durvalumab
monotherapy in advanced NSCLC treated with two or more
lines of treatment. At 24 months, the proportion of long-term
survivors was 22% [26].

Characteristics of long-term NSCLC survivors
treated with ICls

With the increased focus on NSCLC survivorship, under-
standing of this information becomes important for thera-
peutic decision-making and patient counseling. The results
of the studies described above allow investigating poten-
tial associations between demographic, pathologic, surgi-
cal, and clinical factors and long-term survival with ICI
treatment. However, the only study with 5-year follow-up
data (nivolumab phase I, CA209-003) showed that the 16
long-term survivors had diverse baseline characteristics,
including Sq and non-Sq histology, > 1% and < 1% PD-L1
tumor expression, one to four prior lines of systemic therapy,
12.5% had EGFR mutations, and included one person who
had never smoked, three were former smokers and 11 were
current smokers [17].

The characteristics of the patients treated with pembroli-
zumab for 24 months were very similar to those of the global
population with respect to sex (trend for a greater effect in

men), ethnicity, performance status, smoking habit, and his-
tology [22]. However, differences in PD-L1 expression were
observed, since of the 47 patients treated with pembroli-
zumab during 24 months, 66% of the patients had PD-L1
>50% compared to 42% of the global population; 89% of
the 2-year survivor patients were responders, and 6% were
complete responders [22].

In the OAK trial [27], an OS benefit was observed regard-
less of PD-L1 expression levels and survival outcomes
improved in subgroups including all age ranges, never smok-
ers, and patients with baseline brain metastases, with the
exception of presence of an EGFR mutation that favored
docetaxel. In patients with non-Sq cell carcinoma, median
OS was 15.6 months with atezolizumab [Hazard ratio (HR)
0.73; 95% confidence interval (CI) 0.60, 0.89; p=0.0015]
and in patients with Sq cell carcinoma, median OS was
8.9 months (HR 0.73; 95% CI10.54, 0.98; p=0.0383). Of the
long-term survivors with atezolizumab at 24 months, 32%
had non-Sq carcinoma and 19% had Sq cell carcinoma [24].

The results of cohort 2 (n=265; varied PD-L1 status)
and cohort 3 (n=68; PD-L1 expression>90%) included in
the ATLANTIC study of durvalumab monotherapy showed
that patients from cohort 2 with PD-L1 >25% had a median
0OS (95% CI) of 10.9 months (8.6—-13.6) and 1-year OS of
47.7%, whereas those with PD-L.1 <25% had a median OS
of 9.3 months (5.9-10.8) and 1-year OS of 34.5%. In cohort
3, the median duration of OS was not reached and the 1-year
rate of OS was 50.8% [26].

To date, it has been difficult to identify any clear bio-
marker or clinical characteristic predicting long-term sur-
vival after immunotherapy. As described above, long-term
survivors in the CA209-033 study had diverse characteristics
in terms of histology, PD-L1 tumor expression, prior lines
of systemic therapy, EGFR mutations, and smoking history
[17]. Over time, the number of patients who survive for pro-
longed periods after immunotherapy is increasing, and it will
become possible to design a case—control study in which
the characteristics of long-term survivors are compared with
those who survive for shorter periods (e.g., <1 or 2 years)
to identify potential predictors of survival.

Biomarkers and long-term survival

The role of PD-L1 status as a biomarker of response in
advanced NSCLC has been investigated in a number of
studies [7, 9, 10], including a meta-analysis of 12 stud-
ies examining outcomes in relation to PD-L1 expres-
sion in patients receiving anti-PD-1/PD-L1 agents [28].
In this meta-analysis, the HR for ORR was 2.18 (95% CI
1.45-3.29; p=0.0002) in patients whose tumors had PD-L1
expression > 1% compared with those whose tumors had
PD-L1 expression < 1%. Regardless of the threshold for
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PD-L1 expression used, this analysis showed that more
marked response rates were seen in patients with higher
versus lower PD-L1 expression. The ORR HR was 2.66
(95% CI 1.74-4.07; p <0.00001) for patients with PD-L1
expression > 5% versus <5%, 3.38 (95% CI 2.23-5.13;
p <0.00001) when PD-L1 expression was > 10% versus
<10%, and 3.99 (95% CI 2.81-5.66; p < 0.00001) for tumors
with PD-L1 expression > 50% versus <50% [28]. Similar
results were seen in another meta-analysis of 13 studies
involving 1979 patients, which found that the likelihood of
response was more than two times greater in the PD-L1-pos-
itive than -negative patients (HR 2.08; 95% CI 1.49-2.91,
p <0.01). In addition, this meta-analysis found a correlation
between levels of PD-L1 expression and response to treat-
ment (Pearson’s correlation, »r=0.43) [29]. These results
support the idea that PD-L1 expression identifies tumors
with an increased likelihood of response to immune check-
point blockade; however, it should also be noted that a signif-
icant number of patients with PD-L1-negative tumors derive
clinical benefit from treatment with PD-1/PD-L1 inhibitors
[8, 9]. For example, a post hoc analysis of patients treated
with nivolumab in the CA209-903 study who survived for
5 years found that three of ten evaluable patients were PD-
L1-negative; the other seven had tumors with PDL1> 1%
expression, and five of these patients had tumors with PD-L1
expression > 50% [30].

These findings indicate that PD-L1 testing can be consid-
ered as a valuable tool to identify which patients are the most
likely to respond to therapy. However, implementing this
test in practice is not without difficulties. PD-L1 expression
is not a binary variable, and there are distinct definitions of
positivity based on expression levels, as well as differences
between assays, and heterogeneous PD-L1 expression within
and between tumor sites [31]. For example, one study has
shown that PD-L1 expression measured using the SP142
immunochemistry (IHC) assay is lower in lung biopsy speci-
mens than it is in resected surgical tissue [32]. Other stud-
ies have shown significant differences between the tumor
microenvironment (TME) of paired primary lung cancers
and brain metastases [33] and between PD-L1 expression
results when using different assays [34]. The available
immune checkpoint inhibitors have been developed with
their own companion diagnostic test using THC, but these
differ in the thresholds used to define positivity, as well as
in the THC characteristics being assessed [35, 36].

In addition to PD-L1 status, the clinical efficacy of ICIs
may be affected by the genomic profile of the tumor. It is
known that carcinogens present in cigarette smoke increase
the occurrence of somatic mutations and generation of
neoantigens [37], which may be ideal targets for tumor-
infiltrating lymphocytes. The efficacy of T-cell responses
is dependent on the degree of intra-tumoral genetic hetero-
geneity [38], and seem to be more effective against clonal
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neoantigens rather than subclonal neoantigens [39]. Accord-
ingly, NSCLC patients harboring tumors with a high fre-
quency of clonal neoantigens showed a favorable response
when they received an anti-PD-1 agent compared with those
harboring high subclonal neoantigens [39]. In the Check-
Mate 026 trial comparing nivolumab versus platinum-
based chemotherapy in front-line, tumor mutational burden
(TMB) was measured in the tumor by exome sequencing and
patients were divided into three groups (< 100, 100-242, and
> 243 mutations). Patients harboring high TMB achieved
longer PFS, but did not have longer OS than patients treated
with chemotherapy [40]. Similarly, TMB measured in the
blood (bTMB) was assessed in a subset of patients treated
in the POPLAR and OAK trials. In the training set (POP-
LAR), bTMB > 16 predicted benefit from atezolizumab
in terms of PFS and OS, however, in the validation set
(OAK), high bTMB was only associated with longer PFS
(interaction p value =0.036), but not with OS (interaction
p value=0.75) [41]. Data from the Checkpoint-012 and
Checkpoint-227 studies showed that TMB was a significant
predictor of response to nivolumab plus ipilimumab [42] and
PFS [11], respectively, independent of PD-L1 expression. In
Checkpoint-012, TMB was a stronger predictor than PD-L1
expression of response to the combination of nivolumab
plus ipilimumab [42]. Checkpoint-227 defined the threshold
for high tumor burden as > 10 mutations per megabase in
patients receiving nivolumab plus ipilimumab or > 13 muta-
tions per megabase in patients receiving chemotherapy or
nivolumab monotherapy [11].

In addition to the IHC-based assays for PD-L1 expression,
an exploratory analysis of the POPLAR study with atezoli-
zumab showed that a high T-effector interferon y-associated
gene expression signature assessed on tumor samples was
associated with better OS. The T-effector and interferon y
gene signature was defined by CD8A, GZMA, GZMB, IFN-
v, EOMES, CXCL9, CXCL10, and TBX21 genes [10]. It has
been also demonstrated that the mismatch repair (MMR)
status could effectively predict PD-1 blockade efficacy [43].
This finding is biologically explained as the higher number
of mutations not resolved by MMR would render the tumor
more immunogenic. Accordingly, additional studies have
shown how the mutational burden correlates with greater
efficacy of diverse anti PD-L1/PD-1 drugs [44, 45].

The role of the host immune system is a critical factor to
consider when dealing with prediction of benefit from IClIs.
Low neutrophil to lymphocyte ratio (NLR), as a correlate
of the level of inflammation in TME, has been associated
with improved OS in patients with stage IIIa/IIIb NSCLC
treated with definitive chemoradiation [46]. Other recent
studies have evaluated the association between pretreatment
NLR and outcomes in patients treated with ICIs, showing
a similar pattern: lower NLR at baseline was significantly
associated with improved OS and PFS [47-49]. Although it
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is unclear if this parameter acts as a predictive or prognostic
biomarker, the determination of mediators of inflammation
could optimize the selection of patients who can benefit
from PD-1/PD-L1 blockade therapy. Finally, specific driver
mutations seem to be associated with the absence of ben-
efit from ICIs. The meta-analysis performed by Lee et al.
[50] examined the role of nivolumab, pembrolizumab or
atezolizumab versus docetaxel as second-line therapy in
EGFR-mutant advanced NSCLC patients, and showed that
treatment with ICIs did not extend OS beyond that achieved
with docetaxel. The role of KRAS mutations as predictive
factors is not well established. A recent analysis of the Ital-
ian nivolumab expanded access program for non-Sq NSCLC
has shown similar efficacy and safety in patients with KRAS
mutations to that observed in the overall population and in
the CheckMate 057 trial [51].

Biomarkers in development

The information provided from the expression of PD-L1 in
the tumor or its neoantigen load is not always sufficient for
distinguishing between patients who will respond to therapy
and patients who should be offered other treatments. Recent
investigations have focused on quantifying and qualifying
tumor-infiltrating lymphocytes, and Gettinger and colleagues
found that an elevated T-cell infiltration was significantly
associated with durable clinical benefit and OS after PD-1
axis blockade in NSCLC [52]. In fact, tumors with high
T-cell infiltration but low in situ activation/proliferation
show the highest clinical benefit (e.g., Type 2 or “dormant”
TIL phenotype) [52]. In addition, some molecular drivers of
lack of tumor immune infiltration (immune exclusion) have
been identified, offering possible therapeutic targets and the
rationale to design treatment strategies for non-responders
[53]. The future research directions are searching for other
potential biological markers that may predict efficacy
of ICIs, such as CD8+ expressed in T-cells or cytokines
expressed in tumor samples [54] or in serum [55].

Because of the multifactorial nature of cancer—immune
interactions, combinations of biomarker assays are likely
to be required [56]. Investigators from eight European aca-
demic oncology centers have developed a Lung Immune
Prognostic Index (LIPI) to identify patients with worse
outcomes with immune checkpoint inhibitors [57]. LIPI is
defined by a baseline-derived neutrophil/(leukocytes minus
neutrophils) ratio >3 and a baseline lactate dehydrogenase
(LDH) level greater than the upper limit of normal, and cor-
relates with worse OS and PFS in patients receiving immu-
notherapy, but not in those receiving chemotherapy [57].
Identifying patients who are unlikely to benefit from immu-
notherapy may be useful for targeting resources towards
those most likely to respond.

Similarly, Korean researchers have developed the iSEND
model, which incorporates sex, Eastern Cooperative Oncol-
ogy Group performance status, NLR, and delta NLR into
an algorithm that categorizes patients on ICIs into good-,
intermediate-, and high-risk categories [58]. Although not
yet independently validated, iISEND categories significantly
predicted PFS and response to immunotherapy, and could
be used to identify extrinsic resistance to immune check-
point inhibitors. The developers of the iSEND model also
note that, once validated, iSEND could be refined to include
intrinsic markers of tumor resistance such as genomic or
immune-related biomarkers [58].

Relationship between toxicity and benefit
of ICIs

Although anti-PD-1 and anti-PD-L1 antibodies show sig-
nificant clinical benefits, their use can produce immune-
related adverse events (irAEs) by boosting immune system
function. These autoimmune side effects, frequently grade
1-2, can affect multiple organs including skin, endocrine
system, gastrointestinal tract, lungs, kidneys, eyes, pancreas,
and others, although they are less frequent and less severe
than the toxicities observed with chemotherapy [59]. Usu-
ally, treatment of moderate or severe irAEs requires tem-
porary interruption of the ICI and the use of corticoids or,
in some cases, TNFa antibody [60]. The impact on overall
outcome of steroid use to manage irAEs associated with ICI
treatment remains uncertain. Two studies in melanoma [61,
62] and one using pembrolizumab in NSCLC showed that
steroids did not affect clinical outcome in terms of response
and OS [63]. However, a French study has revealed shorter
PFS and OS with the use of doses of prednisone higher than
20 mg/day [64].

The frequency of irAES depends on the treatment
employed. The antibodies that block CTLA-4 have shown
higher frequency of irAEs compared with antibodies
directed against PD-1/PD-L1. Combinations of both anti-
CTLA-4 and anti-PD-1/PD-L1 antibodies result in a signifi-
cant increase in irAEs [65]. The rate of drug discontinuation
is < 10% with anti-PD-1/PD-L1, whereas combinations of
anti-CTLA4 plus anti-PD-L1 increase the percentage of dis-
continuations to two or three times that. An updated meta-
analysis performed by Pillai and colleagues examined the
toxicity profile in 3284 NSCLC patients treated with PD-1
and 2615 NSCLC patients treated with PD-L1 inhibitors
[66]. The incidence of overall adverse events (AEs) was
similar between both types of agents, whereas rates of irAEs
and pneumonitis favored the PD-L1 group. Hypothyroidism
was the most frequent irAE reported [66].

The association between the occurrence of irAEs and
long-term outcomes with immune checkpoint-blocking
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therapy is unclear. Increasing evidence from early studies
shows that an excessive activation of the immune response,
leading to immune-related toxicities, is associated with an
improved response to immunotherapy. This correlation
has been demonstrated in patients with melanoma treated
with ipilimumab, in whom development of irAEs was sig-
nificantly associated with the likelihood of response [67].
In a pooled analysis of the CheckMate 067 and 069 stud-
ies, patients treated with nivolumab plus ipilimumab who
discontinued treatment due to AEs showed a greater ben-
efit in terms of PFS and ORR compared with patients with
AEs where treatment discontinuation was not necessary
[68]. Another study showed that occurrence of vitiligo, a
cutaneous manifestation of immune-related toxicity, was
associated with higher rates of objective response to pem-
brolizumab treatment in patients with melanoma [69]. A
retrospective study that included melanoma and NSCLC
patients treated with pembrolizumab evaluated the role of
cutaneous AEs and response. Patients with macular pap-
ular eruption, pruritus, or hypopigmentation (42% of the
study patients) all had significantly longer PFS compared
with patients with no cutaneous AEs [70]. In patients with
advanced NSCLC treated with pembrolizumab as part of
the KEYNOTE-001 study (n=51), median OS was signifi-
cantly longer in patients who developed thyroid dysfunc-
tion than in those who did not (40 versus 14 months; HR
0.29; 95% CI 0.09-0.94; p=0.029) [71]. A recent analysis
of the OAK trial has shown higher response rate with an OS
trend in favor of atezolizumab-treated patients with versus
those without irAEs (HR 0.80; 95% CI 0.60, 1.05; p=0.11)
[72], whereas a multi-institutional medical records review
in patients with advanced or recurrent NSCLC treated with
nivolumab showed a superior outcome in patients with irAEs
(median PFS 9.2 versus 4.8; p=0.04 and median OS not
reached versus 11,1; p=0.01) [73]. Despite all this evidence,
further studies are necessary to elucidate the relationship
between irAEs and efficacy of ICIs, especially in NSCLC.

Current and future therapeutic
combinations

Most clinical trials have evaluated ICIs as single therapeutic
agents; however, a growing amount of evidence suggests
that efficacy may be improved through combination with
radiation, chemotherapy, targeted therapies, or other immune
mediators, including dual checkpoint blockade. Ideally, com-
binations should modulate TME and favor T-cell activation,
with distinct but complementary mechanisms of action [74].

In addition to its direct cytotoxic effects, radiotherapy is
known to induce an immunostimulatory form of cell death,
called immunogenic cell death, mediated by anti-tumor
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T-cell and NK cell responses [75]. A number of NSCLC clin-
ical trials are exploring anti-PD-1/PD-L1 antibodies in com-
bination with radiotherapy, most of them phase I or II (Clini-
calTrials.gov identifiers: NCT02463994, NCT02608385,
NCT02621398, NCT02400814, NCTO02407171,
NCT02444741, NCT02492568, NCT02658097, and
NCT02434081). The only ongoing phase III trial is RTOG
3505, which evaluates concurrent chemoradiation followed
by nivolumab therapy or placebo in patients with locally
advanced NSCLC in terms of OS, PFS, and toxicity [76].
The results of all these studies are pending.

Chemotherapy has the potential to promote tumor antigen
presentation, leading to priming of tumor-specific T-cells,
in addition to its direct stimulation of immune effectors and
inhibition of immune suppressive factors [77], so there is
good rationale to combine it with ICIs. CheckMate 012
(ClinicalTrials.gov identifier: NCT01454102) is a multi-arm
phase I study of nivolumab with various anticancer agents
or as monotherapy and represents the most mature dataset
evaluating anti-PD-1 plus chemotherapy. In the platinum
doublet arm, where three platinum-based chemotherapy
regimens (cisplatin/gemcitabine; cisplatin/pemetrexed;
and carboplatin/paclitaxel) were combined with nivolumab
(n=56), the ORR was 33-47%, 24-week PFS was 38-71%,
and 2-year OS was 25-62%; however, 45% of the patients
had grade 3 or 4 toxicity, including pneumonitis [78]. The
3-year update of this trial showed an OS rate of 25%, with no
new safety signals observed in patients receiving long-term
nivolumab [79].

The KEYNOTE-021 study (cohort G) evaluated the
safety and activity of pembrolizumab added to carbopl-
atin and pemetrexed in patients with wild-type EGFR/ALK
advanced non-squamous NSCLC. A total of 123 treatment-
naive patients were enrolled. ORR was 55% in the combina-
tion cohort and 18% in the chemotherapy cohort, whereas
PFS was 13 versus 8.9 months, respectively. Grade 3—4
treatment-related AEs occurred in 39% of patients in the
pembrolizumab plus chemotherapy group and 26% in the
chemotherapy alone group [80]. The most recent data pre-
sented at the 2017 Congress of the European Society of
Medical Oncology, with a median follow-up of 18.7 months,
showed longer PFS with pembrolizumab plus chemotherapy
(19 months versus 8.9 months; HR 0.54, 95% CI 0.33-0.88,;
p=0.0067). In spite of high cross-over (75% of patients in
the chemotherapy arm received subsequent anti-PD1 or anti-
PD-L1), patients who received the combination achieved
longer OS (not reached versus 20.9 months; HR 0.59, 95%
CI10.34-1.05; p=0.034), with higher 18-months OS (70% vs
56%) [81]. The randomized, double-blind KEYNOTE-189
study found a similar benefit of adding pembrolizumab to
chemotherapy in patients with advanced, non-squamous,
EGFR/ALK-negative NSCLC [82]. The 12-month OS was
69.2% in the 410 patients receiving pembrolizumab plus
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chemotherapy compared with 49.4% in the 206 receiving
chemotherapy alone (p <0.001), and PFS was also sig-
nificantly longer in the group receiving pembrolizumab
(median 8.8 versus 4.9 months; HR 0.52; 95% CI 0.43-0.64;
p<0.001). The incidence of grade >3 AEs was similar in the
two groups: 67.2% in the pembrolizumab plus chemotherapy
group and 65.8% in the chemotherapy group [82].

Similar results were seen in the second interim analy-
sis of the KEYNOTE-407 study (NCT02775435), which
was presented at the 2018 Annual Meeting of ASCO [83].
This randomized, double-blind study found that compared
with chemotherapy alone, the addition of pembrolizumab
to paclitaxel/nab-paclitaxel significantly improved response
(58.4% vs 35.0%) and increased PFS (median 6.4 versus
4.8 months; HR 0.56; 95% CI 0.45, 0.70; p <0.0001),
regardless of PD-L1 expression [83]. The overall rate of
AEs, including grade >3, was similar in the two groups.

Atezolizumab in combination with platinum-based dou-
blet chemotherapy as first-line therapy has also shown prom-
ising clinical activity with well-tolerated toxicities. Com-
bined ORR was 67% in the 37 patients evaluated, showing
better results with pemetrexed (RR =75%). The safety pro-
file was as predicted, with no unexpected toxicities. Major
grade 3—4 drug-related toxicities were anemia (7%), neutro-
penia (7-13%), and thrombocytopenia (7%), while only one
grade 5 AE of candidemia was observed [84].

The combination with other immune modulatory agents
is also promising. For example, the anti-PD-1 and anti-
CTLA-4 combination was initially tested and approved in
melanoma patients [85] and it is being explored in NSCLC
in the first- and second-line settings. Various treatment
arms of the CheckMate 012 evaluated the safety and effi-
cacy of nivolumab in combination with ipilimumab as
first-line therapy in patients with advanced NSCLC [86].
The trial included four treatment groups, with doses vary-
ing from 1 to 3 mg/kg for both nivolumab and ipilimumab.
The groups selected for further exploration were nivolumab
3 mg/kg every 2 weeks plus ipilimumab 1 mg/kg every 6
or 12 weeks. In these groups (n=77), grade 3—4 treatment-
related AEs occurred in 14 (37%) patients in the ipilimumab
every 12 weeks cohort and 13 (33%) patients in the every
6 weeks cohort. After a median follow-up of 12.8 months,
ORR was 47% and 38%, respectively, improving the clinical
benefit compared with anti-PD-1 monotherapy in patients
with NSCLC [86]. With 2 years of follow-up, pooled results
from both cohorts showed continued clinical benefit with
nivolumab plus ipilimumab in all patients and those with
>1% and >50% tumor PD-L1 expression (2-year OS of
49%, 58%, and 62%, respectively), regardless of histology,
smoking status, or EGFR status [87]. An additional phase
IIT study of nivolumab plus ipilimumab versus standard
chemotherapy (Checkmate 227; NCT02477826) will further

define the role for first-line immune checkpoint blockade in
advanced NSCLC.

Regarding pembrolizumab, the KEYNOTE-021 study
also included cohorts evaluating pembrolizumab in combi-
nation with ipilimumab for patients with pretreated NSCLC
(cohorts D and H). The updated efficacy data (n=51;
median follow-up of 7 months) demonstrated a significant
toxicity profile and an ORR (24%) similar to that of pem-
brolizumab alone [88]. Similarly, durvalumab (anti-PD-L1)
and tremelimumab (anti-CTLA4) have been studied in a
combination phase I dose escalation trial in patients with
advanced NSCLC, showing anti-tumor activity regardless of
PD-L1 status. In the combined durvalumab 10 to 20 mg/kg
every 4 weeks or every 2 weeks plus tremelimumab 1 mg/kg
patient cohort, 30% of patients had grade 3—4 drug-related
AEs, and 16% discontinued treatment owing to drug-related
AEs. Confirmed ORR was six of 26 (23%): two of nine
(22%) patients with PD-L1-positive tumors and four of 14
(29%) patients with PD-L1-negative tumors (<25% stain-
ing). In the subset of patients with PD-L1-negative tumors
who had 0% staining, confirmed ORR was four of 10 (40%),
underlining the ability of the combination treatment to over-
come negative PD-L1 [89]. From these data, the durvalumab
20 mg/kg plus tremelimumab 1 mg/kg dose was selected
for phase III studies [90]. The ongoing phase III studies of
anti-PD-L1/PD-1 therapies and different combinations in
first- and second-line NSCLC are shown in Table 2.

Concluding remarks

The landscape of NSCLC treatment has completely changed
due to the recent approval of different ICIs. Although the
determination PD-L1 expression has many limitations,
high PD-L1 has been consistently associated with greater
response rate and longer PFS across different clinical trials
and therefore should be considered as a predictive marker
of the benefit from ICI treatment. ICI treatment is effective
in a subset of long-term survivors, but current predictive
factors are not reliable. Therefore, the identification and
development of robust predictive biomarkers for long-term
benefit with ICIs is required. The extensive list of ongo-
ing clinical trials involving checkpoint blockade outlines
the large number of unmet needs and raises questions about
the optimal use of these agents in the treatment of patients
with lung cancer. The results of these studies testing com-
bination with chemotherapy, other immunotherapy agents,
and radiotherapy are eagerly awaited to determine the best
therapeutic sequence and to characterize patients with dura-
ble responses.

@ Springer
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