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Abstract: Immune checkpoint inhibitors (ICI) as monotherapy in selected patients as well
as in combination with chemotherapy have become the standard of care in the first-line
treatment strategy of advanced non-small cell lung cancer (NSCLC) patients. Combination
treatment with ICI, such as nivolumab and ipilimumab or durvaluamb and ipilimumab, has
also been proposed as potential strategies in this setting in selected advanced NSCLC
patients. Characterizing predictive markers of long-term clinical benefit with ICI is
a critical objective. Tumor mutational burden has been proposed as a potential predictive
biomarker. In this review, we discuss the efficacy of nivolumab and ipilimumab in advanced
NSCLC patients as well as the clinical utility of tumor mutational burden in the efficacy of
this combination. Ongoing clinical trials with nivolumab and ipilimumab, and the efficacy of
this combination in subgroups of NSCLC patients, such as elderly patients and patients with
brain metastases, are also discussed.

Keywords: nivolumab, ipilimumab, tumor mutational burden, CheckMate trial, non-small
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Introduction

In the last decade, several immune checkpoint inhibitors (ICIs) have become the
standard of care approved by the US Food and Drug Administration (FDA) and
European Medicines Agency (EMA) in the treatment of advanced non-small cell
lung cancer (NSCLC), either in the first-line setting (as monotherapy in selected
patients’ or in combination with chemotherapy regardless the histologic subtype® )
or beyond, mainly as monotherapy treatment.”® Other strategies, such as the
combination of ICIs, have also been assessed in selected patients,’ but this strategy
has not already been approved by health authorities as the standard of care.
ICIs have shifted the prognosis of advanced NSCLC patients, therefore, character-
izing predictive markers of long-term clinical benefit with ICI is a critical objective,
mainly for avoiding potential toxicity and to limit economic expenses. There are
plenty of data confirming the predictive, albeit imperfect, ability of programmed
death-ligand 1 (PD-L1) expression to identify NSCLC patients with most favorable
outcomes with ICL'%™'? Despite its controversial results and constraints based on
the responses observed in PD-L1 negative tumors,>**® PD-L1 expression mea-
sured by immunohistochemistry is currently the main scaffold decision-making tool
used in clinical practice for selecting those patients deriving the most benefit from
ICIs at least in a first-line setting." Tumor mutational burden (TMB) has recently
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emerged as a biomarker, independent of PD-L1 expres-
sion, to identify patients who derive clinical benefit from
anti-programmed death-1 (anti-PD-1) monotherapy, nivo-
lumab, or the combination of anti-PD(L)1 and cytotoxic
T-lymphocyte-associated antigen (CTLA-4) antibody.”'>'
In this comprehensive review, we discuss the efficacy of
nivolumab and ipilimumab in advanced NSCLC patients, as
well as the clinical utility of TMB in the efficacy of this
combination. Ongoing clinical trials with nivolumab and
ipilimumab, and the efficacy of this combination in sub-
groups of NSCLC patients, such as elderly patients and
patients with brain metastases, are also discussed.

Tumor mutational burden and other

biomarkers

Cancer is a genetic disease as a consequence of the accu-
mulation of somatic mutations into the DNA of the
affected cells. These mutations may generate neoantigens
(tumor-specific, mutated peptides presented in the surface
of cancer cells) that should be adequately processed and
presented by the major histocompatibility complex
(MHC), and afterward these neoantigens should be recog-
nized by T-cells as non-self to achieve adequate antitumor
T-cell response,'® stimulating the patient’s immune system
to reject the tumor. However, not all mutations will gen-
erate neoantigens. In fact, only a minority of mutations
generate peptides that are properly processed and loaded
on to MHC complexes, and even fewer are able to be
recognized by T cells.'” The amount of neoantigens corre-
lates with the probability to enhance the T-cell response.
Although only a minority of these mutations will generate
neoantigens,'® the hypothesis is that the chances of
a neoantigen existing will be increased if more non-
synonymous mutations are present in the
Therefore, tumor mutational burden (TMB), defined as
the number of non-synonymous alterations (somatic, cod-

tumor.

ing, base substitutions, and short indels) per megabase
(mut/MB) of genome examined, can represent a useful
estimation of tumor neoantigen load."”

TMB can be determined through whole exome sequen-
cing (WES) or targeted next-generation sequencing (NGS)
and it is defined as either the total number of somatic muta-
tions (Mut) in the tumor exome (WES) or the total number of
synonymous and non-synonymous mutations per megabase
(Mb) present at >5% allele frequency in the sequenced tumor
genome by NGS (FoundationOne CDx assay). Results are
expressed as Mut/Mb. Major limitations for using WES in

daily clinical practice include its cost, and the facts that this
technique is time consuming, labor intensive, and needs large
sequencing capacity; for these reasons, NGS is the most
commonly used technique for extrapolating the TMB in
daily clinical practice, usually with a limited number of
genes.'® Although TMB quantified by targeted NGS corre-
lates with that of WES,'*° caution may be needed when
using smaller panels. TMB is a continuous variable, so
different assays and different definitions of high TMB will
alter the population size and then the extent of treatment
benefit in the identified biomarker-positive group.*!
Therefore, the standardization of TMB calculation and
reporting, as well as a universal threshold for defining high
TMB, are current challenges.'® Of note, not all neoantigens
may cause an immune response. Neoantigens may be a result
of previous cytotoxic therapy, which can increase the abun-
dance of branch mutations and consequently TMB but can-
not trigger an immune response.”?

TMB has been associated with improved survival in
patients receiving ICI across a wide variety of cancer
types.”> The variance of TMB number is high between
different tumor types, and NSCLC is usually associated
with high TMB.?** TMB is particularly increased in
smokers and is noteworthy in metastases as compared to
its primary counterparts.”®*’ Importantly, TMB and PD-
L1 expression appear to be independent predictors of
response to ICIs.'”*® However, it has been reported that
the use of combined biomarkers, PD-L1 and TMB, may
result in predictive synergism.'® Different clinical trials
have assessed the predictive value of TMB in different
nivolumab plus ipilimumab combination trials, which will
be detailed in the next section of this manuscript.

As an alternative to tissue, TMB has been also assessed
in circulating tumoral DNA (ctDNA) from blood/plasma
(bTMB). In one retrospective study in NSCLC, bTMB was
determined using a 394-gene panel and was compared to
tissue TMB (FoundationOne CDx assay) and to the
FoundationACT (FACT) dedicated to ctDNA assay
(including only 62 genes). Out of 259 patients were evalu-
able for both bTMB and tissue TMB. Overall agreement
and positive percent agreement (PPA) were 81.5% and
63.6%, respectively, when using the 394-gene panel for
bTMB. However, when the FACT assay was compared to
TMB, PPA dropped to 17%,
a sufficiently sized panel is required to sensitively identify

tissue suggesting
patients with high TMB. However, the performance on
variant detection was similar when overlapping allele
regions were compared: 93% of variants were detected in
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both assays.”® The predictive value of bTMB in NSCLC
patients for the efficacy of ICI as monotherapy has been
retrospectively assessed in second-line*® and prospectively
in the first-line setting.*® Similarly, the predictive value of
bTMB in trials assessing the combination of ICI, including
nivolumab and ipilimumab, is discussed in the next section
of this manuscript. It is noteworthy that improved under-
standing of pharmacodynamic effects of these agents in
patients will support rational development of immune-
based combinations against cancer’' and understand the
multiple cellular mechanisms underlying the synergistic
benefit of this combination may help to enhance the effi-
cacy of this strategy.>”

Beyond PD-L1 and TMB, there may be other important
potential predictive biomarkers. MSI, a pattern of hyper-
mutation that occurs due to defects in the mismatch repair
system, has also been identified as an independent predictor
of response to immunotherapy regardless of the cancer’stis-
sue of origin.** However, its rarity (only a small fraction of
3.8% of cancers and 1% of NSCLC),* impairs its use, at
least in the NSCLC population, as a unique clinical ICI
biomarker. The presence of mutations in genes such as
JAKI, JAK 2, p2M, STK11, SERPINB3 and SERPINB4, as
well as some immune evasion mechanisms like transform-
ing growth factor beta signaling or indoleamine 2,3-dioxy-
genase (IDO) activity, may influence response to ICIs.>> 38
The role of all these potential biomarkers must be validated
in prospective trials. The T-cell-inflamed gene expression

40,41

profile,*® immune gene expression signatures, as well as

a description of the microbiome****

also represent emer-
ging predictive biomarkers that have to be validated pro-
spectively. In this setting, the CheckMate 592
(NCT03001882) is a two-part, exploratory, open-label
phase II study exploring potential biomarkers, including
PD-L1 and TMB, and their association with clinical benefit
with first-line nivolumab and ipilimumab for stage IV or
recurrent NSCLC. In part 1, approximately 100 patients will
be analyzed at baseline according to PD-L1 status (>1% vs
<1%). In part 2, approximately 150 patients will be treated
regardless of PD-L1 status. The primary endpoint in part 1
is the association of response rate (RR) with baseline TMB,
along with candidate peripheral blood and tumor biomar-
kers at baseline and on treatment; as well as outcome
according toprogression-free survival(PFS) and overall sur-
vival (OS). Primary endpoints in part 2 are the association
of RR with baseline tissue and blood TMB, and secondary
endpoints are RR, PFS, OS, safety, and the association of
enteric biomarkers with efficacy.*> This trial will help to

elucidate other potential predictive biomarkers with clinical
utility in daily clinical practice for patient selection.

Clinical trials with nivolumab and
ipilimumab

Phase | clinical trials

CheckMate 012 (NCT01454102) is a multicohort phase
I study that was designed to evaluate nivolumab as mono-
therapy or in combination with other agents, including
ipilimumab, as first-line treatment for advanced NSCLC
patients.***° In the cohort assessing the safety and efficacy
of the combination of nivolumab and ipilimumab, different
schedules were evaluated in different amendments of the
protocol. Finally, according to tolerability and safety con-
cerns, patients were randomly assigned (1:1:1) to receive
nivolumab 1 mg/kg every 2 weeks plus ipilimumab 1 mg/
kg every 6 weeks, or nivolumab 3 mg/kg every 2 weeks
plus ipilimumab 1 mg/kg either every 12 weeks or every 6
weeks until disease progression, unacceptable toxicities, or
withdrawal of consent. Data from the two nivolumab at
3 mg/kg every 2 weeks cohorts were considered potentially
suitable for further clinical development, and we will focus
on published results on efficacy and safety for this
combination.*®

A total of 78 patients were randomized to receive nivo-
lumab plus ipilimumab every 12 weeks (Q12W, N=38) or
every 6 weeks (Q6W, N=39). Patients with adequately
treated and asymptomatic brain metastases (BM) were eli-
gible as well as patients harboring EGFR mutations (10% of
enrolled patients). Patients were not selected according to
PD-L1 expression or other biomarkers. However, PD-L1
expression (by clone 28-8 IHC) was assessed retrospec-
tively in fresh or archival pretreatment tumor samples.*®
Baseline PD-L1 expression was quantifiable in 90% of
patients (N=66) in QI2W/Q6W cohorts; of these, 47
(68%) and 13 (19%) patients had >1% and >50% PD-L1
expression, respectively.’® Similar proportions of grade 3—4
treatment-related adverse events (AEs) were reported in
both cohorts (37% in the Q12W vs 33% in Q6W); with
the most commonly reported grade >3 AEs increasing
lipase, pneumonitis, adrenal insufficiency and colitis.
Treatment-related serious AEs were reported in 32% and
28% of Q12W and Q6W arms, respectively, with a similar
proportion of patients in both arms who discontinued treat-
ment as a consequence of treatment-related AEs (11% and
13%, respectively). No treatment-related deaths occurred.*®
in both schedule arms with

Efficacy was similar
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a confirmed response rate (RR) of 47% in the Q12W arm
and 38% in the Q6W arm. It is noteworthy that progressive
disease was reported in 13% and 28% of patients of both
arms, respectively. However, disease progression in Q6W
arm occurred earlier, with 44% of patients experiencing
progression or dying before the first imaging assessment,
compared with 18% in Q12W arm. Globally, these results
suggest a real risk of hyper-progressive disease on treatment
with the combination rather than suggesting intrinsic differ-
ences in clinical activity between ipilimumab given Q6W or
QI12W. The median duration of response was not reached in
either cohort. Median PFS was longer in the Q12W arm
compared with Q6W arm (8.1 months vs 3.9 months).*® The
magnitude of clinical benefit achieved with the combination
treatment was enhanced with higher PD-L1 expression.
Pooling the two cohorts and after 2 years of follow-up,
the RR was 43%, reaching 57% and 92% in patients with
>1% (N=47) and >50% PD-L1 expression (N=13), respec-
tively. Similarly, the PFS was longer among tumors with
PD-L1 expression, with a 2-year PFS of 29% in the whole
population, reaching 38% and 54% in tumors with PD-L1
expression >1% and >50%, respectively. Finally, the 2-year
OS was also enhanced in PD-L1 positive tumors, being of
49% in the whole population, and increasing to 58% and
62% for PD-L1>1% and PD-L1>50% patients.’® The study
was not powered to directly compare safety and efficacy
between both treatment schedules due to a limited number
of patients and imbalances in baseline relevant clinical
characteristics because of the lack of stratification.”® In the
pooled cohort, 44% of patients achieved 2-year survival or
longer. These patients compared with the whole population
trend toward being more current/former smokers and PD-
L1 positive.’® TMB by WES was assessed in 75 patients
enrolled in the CheckMate 012 trial, demonstrating the
association between TMB high (> median, 158 mutations)
vs low (< median) and the efficacy of nivolumab an ipili-
mumab in terms of RR (51% vs 31%, p=0.0005) and PFS

(HR 0.41, 95%ci: 0.23-0.73, p=0.0024)°" (Table 1).
Globally, these results suggested a better outcome was
attained with the combination of nivolumab and ipilimumab
in tumors with PD-L1 expression and high TMB.>**' The
CheckMate 012 trial endorsed a potential clinical activity
synergism and tolerable safety profile with the combination,
supporting further assessment of this combination in
a phase III study. After integrating observations from
other tumor types in which greater ipilimumab exposure
was associated with improved activity, the nivolumab 3 mg/
kg Q2W plus ipilimumab 1 mg/kg Q6W regimen was
chosen for further development in NSCLC.*°

Phase |l trials

In the single-arm, phase II CheckMate 568 trial, 288 che-
motherapy-naive stage IV NSCLC patients received nivo-
lumab 3 mg/kg Q2W plus ipilimumab 1 mg/kg Q6W for up
to 2 years. EGFR- and ALK-targetable NSCLC patients
were not allowed. The primary endpoint was objective
response rate (ORR) in patients with 1% or more and less
than 1% tumor PD-L1 expression. Efficacy according to the
TMB assessed by FoundationOne CDx assay was
a secondary endpoint. TMB classification performance
with receiver operating characteristic (ROC) curves was
used to determine an appropriate and clinically validated
TMB cut-off associated with enhanced activity of immu-
notherapy combination in the first-line setting in NSCLC
patients.'* Of treated patients with tumor available for test-
ing, 252 patients (88%) of 288 were evaluable for PD-L1
expression (55% PD-L1>1% and 45% PD-L1<1%) and 98
patients (34%) for TMB (49% with TMB >10 mutations per
megabase, Mut/Mb). In all treated patients, the RR was
30%, reaching 41% in patients with 1% or greater and
15% in patients with less than 1% tumor PD-L1 expression.
Median PFS was longer (6.8 months vs 2.8 months) in
patients with 1% or greater vs less than 1% tumor PD-L1
expression. In the TMB-evaluable population, RR increased

Table | Treatment efficacy with nivolumab plus ipilimumab as first-line treatment in advanced NSCLC patients

Trial Treatment dose N RR (%) PFS (mo.) OS (mo.) Grade >3 AE
(%)
CheckMate 0120 Nivo 3 Q2W + Ipi | QI12W 38 47 8.1 2-year OS: 56% 37
Nivo 3 Q2W + Ipi | Q6W 40 38 39 2-year OS: 42% 33
CheckMate 568'* Nivo 3 Q2W + Ipi | Q6W 288 30 Note reported Not reported 29
CheckMate 227° Nivo 3 Q2W + Ipi | Q6W 139 45.3 7.2 233 31
CheckMate 817°* * Nivo 240 mg Q2W+Ipi | Q6W 391 35 6.1 Not reported 35

Notes: Doses of Nivolumab (Nivo.) and Ipilimumab (Ipi.) are mg/kg. Q2W/Q6W/QI12W: Every 2/6/12 weeks. *Cohort A.
Abbreviations: AE, OS, overall survival; PFS, progression-free survival; RR, response rate.

submit your manuscript

4896

Dove

Cancer Management and Research 2019:1 |


http://www.dovepress.com
http://www.dovepress.com

Dove

Remon et al

in subgroups of patients with higher TMB, plateauing at 10
or more Mut/Mb (RR: 9%, 15%, 44%, and 39% in patients
with TMB <5, 5-10, >10, and >15 Mut/Mb, respectively).
The association of efficacy with TMB did not depend on
tumor PD-L1 expression. Regardless of PD-L1 expression,
RR was greater in patients with TMB of 10 or more Mut/
Mb (42% PD-L1>1% and 47% PD-L1<1%) versus TMB of
fewer than 10 Mut/Mb (18% PD-L1>1% and 5% PD-
L1<1%). Median PFS was longer in patients with TMB
>10 Mut/Mb, 7.1 months compared with 2.8 in patients
with TMB <10 Mut/Mb. ROC analysis of TMB vs RR for
nivolumab and ipilimumab demonstrated optimal classifica-
tion performance at 10 Mut/Mb.'* The safety profile for
nivolumab and ipilimumab was consistent with previous
reports, and no new safety signals were observed, with
grade 3> AEs in 29% of patients in the whole population,
leading to treatment discontinuation in 9% of cases.'* This
cutoff point of TMB was subsequently validated through
a preplanned analysis in the randomized phase III
CheckMate 227 trial.”

Phase Ill & IV trials

Several phase I1I and IV studies have assessed the activity
and safety of dual checkpoint inhibitor blockade in first-
line setting of advanced NSCLC patients, such as the
CheckMate 227 trial (NCT02477826), CheckMate 817
trial (NCT 02869789), DICIPLE trial (NCT03469960),
CheckMate 9LA trial (NCT03215706), the MYSTIC trial
(NCT02453282), NEPTUNE trial (NCT 02542293), and
POSEIDON trial (NCT03164616).

The phase III CheckMate 227 trial assessed multiple
hypotheses regarding the efficacy of nivolumab or nivolu-
mab-based regimens in first-line treatment in biomarker-
selected advanced NSCLC patients without EGFR- or
ALK-positive tumors. The trial randomized 1,739 patients
not selected according to PD-L1 expression; however,
68% of randomized patients (N=1189) had tumors with
PD-L1 expression >1% by 28-8 Dako IHC.’ According to
emerging data reported in the CheckMate 568 trial regard-
ing the correlation between high TMB and efficacy,'* the
CheckMate 227 trial protocol was amended and PFS
(assessed by blinded independent central review) with
nivolumab (3 mg/kg Q2W) and ipilimumab (1 mg/kg
Q6W until PD or toxicity) versus chemotherapy based on
tumor histologic type in patients with TMB >10 Mut/Mb
(by FoundationOne CDx assay) regardless of PD-LI
expression was added as coprimary endpoint. The other

co-primary endpoint was OS with nivolumab plus ipilimu-
mab in a population selected on the basis of PD-LI
expression.”

Of the 1,739 patients enrolled in the trial, only 1,004
(58%) patients had valid results for assessing TMB. Of
them, 44% were classified as TMB-high (24% of the
intent-to-treat population), and just 299 were selected for
evaluating the coprimary PFS endpoint.’ Crossover
between treatment groups within the trial was not allowed,
but almost 30% of patients assigned to chemotherapy arm
received subsequent immunotherapy. One-third of patients
had PD-L1 expression <1%, squamous histology subtype,
and were females. Nivolumab plus ipilimumab in high
TMB was associated with longer PFS (7.2 vs 5.5 months,
HR 0.58; 97.5% CI, 0.41 to 0.81; p<0.001) and increased
RR (45% vs 27%) compared with chemotherapy. The PFS
benefit was observed for all TMB-high subgroups regard-
less of PD-L1 expression (>1%, HR: 0.62 (95% CI,
0.44-0.88) or <1%, HR 0.48 (95% CI, 0.27-0.85)); how-
ever, the percentage of patients with tumors with PD-
L1>50% is not reported; histologic subtype (squamous,
HR 0.63 95%CI, [0.39-1.04]; nonsquamous, HR 0.55;
95%CI [0.38-0.80]), sex (male, HR 0.52; 95%CI
[0.36-0.74]; female HR 0.70; 95%CI [0.41-1.20]), and
performance status (PS 0, HR 0.62; 95%CI [0.38-1.02];
PS 1, HR 0.55; 95%CI [0.38-0.80]). It is noteworthy that
PFS curves cross during the first four months of treatment,
suggesting that selected patients according to high TMB
criteria may not overcome the risk of rapid progression or
lack of response with immunotherapy combination. The
rate of grade >3 treatment-related AEs was 31.2% with
immune combination vs 36.1% with chemotherapy, mainly
hepatic events. However, a higher proportion of patients
discontinued treatment as a consequence of AEs in nivo-
lumab and ipilimumab arm than in the chemotherapy arm
(17.4% vs 8.9%).°

A recent press release about a CheckMate 227 trial on
19 October 2018 reported an updated descriptive analysis
showing that the HR for OS with nivolumab and ipilimu-
mab versus chemotherapy in patients with TMB >10 Mut/
Mb was 0.77 (95% CI: 0.56-1.06), with a median OS of
23.3 months and 16.7 months, respectively. Of note, among
patients with TMB <10 Mut/Mb the HR for OS (HR 0.78,
95% CI 0.61-1.00) was comparable to that observed in
patients with high TMB,* suggesting a potential prognostic
value rather predictive value for high TMB. Based on this
lack of statistically significant benefit in OS, the company
believes further evidence on the relationship between TMB
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and PD-L1 is required to fully evaluate the impact of nivo-
luamb plus ipilimumab on OS in first-line NSCLC patients
with high TMB, and the sponsor has withdrawn regulatory
applications for lung cancer drug combination with nivolu-
mab and ipilimumab in this population.

Approximately one-third of NSCLC tumors do not
express PD-L1. In the first-line setting, in PD-L1 negative
tumors, the combination of pembrolizumab and chemother-
apy significantly improves the outcome compared with
chemotherapy regardless of the histological subtype.*”
One secondary endpoint in the CheckMate 227 trial was
to assess in first-line setting the efficacy of nivolumab in
combination either with ipilimumab (N=187) or with che-
motherapy (N=177) and compared with chemotherapy
alone (N=186) in PD-L1 negative NSCLC patients. In
patients with TMB >10 Mut/Mb and PD-L1 expression
<1%, the PFS was longer with nivolumab in combination
with either chemotherapy (6.2 months vs 5.3 months, HR
0.56, 95%CI 0.35-0.91) or ipilimumab (7.7 months vs 5.3
months, HR 0.48, 95%CI 0.27-0.85) compared with che-
motherapy alone; the RR was also higher (61% vs 37% and
21%, respectively). Conversely, in the subset of patients
with <10 Mut/Mb and <1% PD-L1 expression, the addition
of nivolumab to either chemotherapy or ipilimumab did not
appear to have any PFS benefit in comparison with che-
motherapy alone (HR 0.87, 95%CI 0.57-1.33 for nivolu-
mab plus chemotherapy and HR 1.17, 95%CI 0.76-1.81 for
nivolumab—ipilimumab combination).”® These results could
suggest that TMB may play a role in selecting negative PD-
L1 NSCLC patients suitable for receiving immune check-
point inhibitors. However, contrary to other trials,>* no
survival data have been reported; therefore, it remains
unknown whether or not TMB should be used in PD-L1
negative patients as a predictive marker. The outcome, the
treatment cost, and the safety may help to elucidate the best
upfront strategy in this population.

Other ongoing first-line clinical trials are assessing
the role of nivolumab and ipilimumab with or without
chemotherapy (Table 3), such as the multi-cohort phase
[II/IV CheckMate 877 trial (NCT02869789),>* and the
CheckMate 9LA trial (NCT03215706), as well as the
MYSTIC trial assessing the role of durvalumab and tre-
melimumab in this scenario. Recent data have reported
comparable exposure, safety and efficacy between flat
dose nivolumab compared to the weight-based
regimen.>”>® This schedule is being prospectively eval-
uated in the multi-cohort CheckMate 817 phase IIIB/IV
trial, which assesses the efficacy of flat dose nivolumab

(240 mg Q2W) plus ipilimumab (1 mg/kg Q6W) until
progression in PD-L1 positive or negative, chemotherapy
naive NSCLC patients (arm A). Other cohorts included in
the CheckMate 817 trial were: cohort Al testing the
(HIV patients,
patients with BM, and patients with renal or hepatic fail-

combination in special populations
ure), cohort B testing the combination in previously trea-
with at
chemotherapy, and cohort C enrolling patients whose
tumors have high TMB (=10 Mut/Mb). The primary end-
point of the trial is the proportion grade >3 of treatment-
related AEs (TR-AEs) and ir-AEs. Secondary endpoints
include RR, duration of response (DoR), PFS, and OS.

For instance, only results from cohort A, enrolling 391

ted patients least one platinum-based

treatment naive patients, have been reported.
The majority of patients in this cohort were current or
former smokers (91%) and had an adenocarcinoma lung
cancer (72%). PD-L1>1% expression (tested by 28-8
IHC) was reported in 49% of patients, including 18% of
patients with PD-L1 expression >50%. The TMB (by
FoundationOne CDx assay) was evaluable in 39% of
patients (N=151) and among these patients, 48% had
high TMB. All grades of TR-AEs occurred in 75% of
patients, with 32% of grade >3 TR-AEs leading to treat-
ment discontinuation in 18% of cases. The median time
to onset TR-selected AEs ranged from 2.1 to 19.2 weeks.
The median PFS was 6 months, and median RR was 35%,
the without differences according to histologic subtype.
For efficacy in biomarker-selected patients, better RR and
PFS were reported in PD-L1>1% verses PD-L1<1%
tumors (41% vs 28% and 8.1 vs 5.3 months), as well as
in TMB high versus low tumors (54% vs 29% and 10.9
vs 4.2 months).>* These results report comparable clinical
activity (PFS and RR) in patients with high TMB across
CheckMate 227, 568 and 817 (Table 2).

The randomized phase III MYSTIC trial assessed the
efficacy of durvalumab (20 mg/kg Q4W) monotherapy or
durvalumab and tremelimumab (D: 20 mg/kg Q4W, T:
1 mg/kg Q4W up to four doses) compared with standard
of care platinum-based chemotherapy in 1118 immu-
notherapy- and chemotherapy-naive stage IV NSCLC
patients. Primary endpoints were assessed in patients
with PD-L1 expression >25% (by SP263 IHC, N=488)
and were OS for durvalumab versus chemotherapy, and
OS and PFS for durvalumab and tremelimumab arm ver-
sus chemotherapy. Both co-primary PFS and OS endpoints
were not met for either durvalumab monotherapy (PFS:

4.7 vs 5.4 months, HR 0.87; 99.5% CI, 0.593-1.285;
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Table 2 Efficacy of nivolumab and ipilimumab as first-line treat-
ment in advanced NSCLC patients with high TMB

Study N RR | DoR (mo.) PFS | OS
(%) (mo) | (mo.)

CheckMate | 24 51 Not reported 17.1 Not
012° reported
CheckMate | 49 | 44 Not reported 72 Not
568'* reported
CheckMate 139 [ 45.3 | Not reached. 7.2 233
227° |-year DoR: 68%

CheckMate | 73 54 Not reported 10.9 Not
817+ reported

Abbreviations: DoR, duration of response. PFS, progression-free survival. OS,
overall survival; mo., months; TMB, tumor mutation burden.*Cohort A.

Table 3 Ongoing clinical trials in the first-line setting with
nivolumab and ipilimumab

NCT Phase | Treatment

NCTO03377023 | | Nivolumab and ipilimumab and
nintedanib

NCT02696993 | I/l Nivolumab * Ipilimumab and RT in brain
MI

Nivolumab + NKTR-214% ipilimumab

Nivolumab and ipilimumab and paclitaxel

NCT02983045 | I/l
NCT03573947 | |l
NCT03425331 | Il
NCT03001882 | Il

Nivolumab and ipilimumab

Nivolumab and ipilimumab (CheckMate
592)

Nivolumab and ipilimumab and che-
motherapy (CheckMate 9LA)
Nivolumab and ipilimumab (DICIPLE)

NCT03215706 | Il

NCTO03469960 | I

p=0.324; OS: 16.3 vs 12.9 months, HR 0.76, 97.54% CI
0.564-1.019; nominal p=0.036) or durvalumab and treme-
limumab (PFS: 3.9 vs 5.4 months, HR 1.05; 99.5% CI,
0.722, 1.534; p=0.705 and OS: 11.9 vs 12.9 months HR
0.85, 98.77% CI 0.611-1.173; nominal p=0.202) com-
pared with chemotherapy. These results do not currently
support the use of durvalumab as a single agent or in
combination with tremelimumab in this patient population.
The ongoing randomized phase III trial NEPTUNE
(NCT02542293) is assessing durvalumab and tremelimu-
mab vs chemotherapy.

An exploratory analysis of the MYSTIC trial'> examined
the OS according to high blood (b)TMB (>16 Mut/Mb). More
than 70% of patients had bTMB evaluation, 40% of whom had
high bTMB; for these patients OS was 16.5 months with the
combination of durvalumab and tremelimumab versus 10.5
months with chemotherapy (HR 0.62; 95%CI: 0.45-0.86),

but durvalumab monotherapy did not improve the OS com-
pared with chemotherapy (11 vs 10.5 months, HR 0.80; 95%
CI: 0.59-1.07). The 2-year OS in high bTMB was 39% with
the combination, 30% with durvalumab and 18% with che-
motherapy. For patients with low bTMB, no survival differ-
ences were reported between arms, and median OS was 8.5
months with durvalumab and tremelimumab, 12.2 months
11.6 months with
chemotherapy.'® Similarly, in a recent exploratorty analysis
with bTMB > 20 mut/Mb survival benefit has been reported
with durvalumab and tremelimumab compared with

with  durvalumab alone and

chemotherapy.'” Contrary to CheckMate 227, results from
the MYSTIC trial show a potential role for TMB as
benefit
a combination of immunotherapies; however, it was an

a predictive biomarker for survival from
exploratory analysis and these results would require prospec-
tive validation.

At least four randomized phase III clinical trials have
reported that the combination of anti-PD(L)1 and che-
motherapy with®” or without bevacizumab®*® improved
the OS compared with standard of care regardless of
histology and PD-L1 expression. The purpose of the
ongoing phase III CheckMate 9LA trial (NCT03215706)
is to determine whether nivolumab plus Ipilimumab plus
chemotherapy improves the OS compared with chemother-
apy alone in the first-line setting. Similarly, the rando-
mized phase III POSEIDON trial (NCT03164616)
evaluates durvalumab plus chemotherapy with or without
tremelimumab or chemotherapy alone in the same popula-
tion. Patients are not selected according to PD-L1 expres-
sion or high TMB in any of both trials. For instance,
different first-line strategies are available; therefore, the
magnitude of benefit according to validated and accepted
scales®® and toxicity profile may help to elucidate the best
treatment approach.

Other clinical questions

Patients with brain metastases

Up to 30% of advanced NSCLC patients have BM at
baseline, with a 3-year OS <10%,%" suggesting that new
systemic treatment options are eagerly awaited. In a series
of matched BM and primary NSCLC samples, PD-L1
positive samples (=5% with E1L3N antibody) was lower
for the BM compared to the paired primary (33 vs 44%).°'
Conversely, TMB was significantly higher in the BM
specimens.®? This observation may suggest a potentially
differing RR with ICI in BM compared with the primary
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tumor. The majority of clinical trials exclude patients with

BM; however, retrospective data,63

64,65

expanded access pro-
grams cohorts, and data from randomized phase III
clinical trials in pre-treated advanced NSCLC patients®®
suggest that central nervous system (CNS) involvement
does not negatively impact the outcome on ICI, although
CNS failure is more common in patients with BM at
baseline compared to those without BM at baseline.®
For monotherapy with ICI there has been activity reported
in a phase II trial enrolling melanoma and lung cancer
patients with BM. For pembrolizumab an intracranial RR
of 33% was reported in 18 PD-L1-positive NSCLC
patients with untreated (N=8) or progressive asymptomatic
BM between 5 and 20 mm in diameter, with a duration of
response of more than 6 months. Neurological AEs were
uncommon and manageable without grade 3 AEs.®” In the
randomized phase III trials in first-line (KEYNOTE 189
(N=108),> KEYNOTE 024 (N=28))" or second-line treat-
ment (OAK trial (N=203)),* patients with BM were
enrolled, and BM did not negatively impact in the outcome
with ICI. The combination of nivolumab and ipilimumab
has shown the most impressive CNS response rates to
immunotherapy in two phase II trials.®®*® In the phase II
CheckMate 204 study, 94 metastatic melanoma patients
given nivolumab plus ipilimumab for up to four doses,
followed by nivolumab until progression, reported an
intracranial RR of 55%, with a treatment-related > grade
3 AEs in 55% of patients. Five patients (5%) discontinued
therapy due to immune-related neurologic adverse
events.”® These results were confirmed in the second
phase II trial® in 36 patients with metastatic melanoma.
Both trials suggest the activity and safety of nivolumab
and ipilimumab in patients with untreated and asympto-
matic BM. However, combination ICI treatment in
NSCLC patients with BM is scarce. In the CheckMate
227 trial patients with BM were eligible if they were
adequately treated and did not report neurological symp-
toms 2 weeks before randomization. However, efficacy in
this population has not been reported.

For instance, it remains unknown to what extent the ther-
apeutic effect of ICIs in BM relies on the local activity of ICI
in the primary tumor or whether the use of previous radio-
therapy may help to enhance the central activity of ICIs,” as
well as whether ICI combination strategies might also increase
brain activity. The ongoing NCT02696993 trial and the
CheckMate 817 trial (NCT 02869789, arm A1) are addressing
these questions. Another challenge is to establish the place of

2.
17 7

RT with ICL There is preclinical’' and clinical”>" evidence

suggesting that the concurrent strategy may have synergistic
activity and favorable survival outcome compared with the
sequential strategy; however, weighed activity and toxicity,

mainly radionecrosis, ">

should be carefully evaluated.
Different clinical trials are ongoing about the efficacy of radio-
therapy and ICI, and results of some of these trials have been

summarized in a recent review.’®

Elderly population

The elderly population, patients older than 70 years, are
underrepresented in clinical trials, and represent a low pro-
studies.
The median age of patients enrolled in clinical trials asses-

portion of all study populations in some
sing nivolumab and ipilimumab was 68 years in CheckMate
012,46 66 years in CheckMate 058”7 65 years in
CheckMate 817 with 53% of patients older than 65,>* and
64 years in the phase III CheckMate 227 trial, which
includes 38% of patients between 65 and 75 years and
9.4% of patients older than 75 years.” It has been suggested
that elderly patients may derive less benefit from ICI’® or
may have increased risk of hyper-progressive disease on
treatment,”’ but this association between age and risk of
hyper-progressive disease has not been observed in a cohort
of NSCLC patients.®” It has been suggested that the benefit
of ICI is more related to the “age” of the immune system
(immunosenescence) rather than patients’ age. The immu-
nosenescence phenotype occurs in one-third of NSCLC
patients, and it is independent of age and correlates with
lower disease control rate in NSCLC patients treated with
anti-PD(L)1 treatment.®’ The HR for PFS according to age
in the CheckMate 227 trial was 0.51 (0.34-0.77), 0.62
(0.4-0.97) and 0.42 (0.14-1.30), for patients of <65 years,
from 65 to 75 years and >75 years, respectively. However,
the limited number of patients older than 75 years (N=27)
does not lead to any firm conclusions. As the elderly popu-
lation may have more comorbidities, toxicity and efficacy
ratio must be weighted as well as quality of life before the
broad acceptance of nivolumab plus ipilimumab combina-
tion regardless of age. Specific clinical trials in elderly
populations are awaited.

PD-L| expression 250%

One clinical question is what is the best treatment strategy
in NSCLC patients with PD-L1 expression >50%, mono-

therapy with pembrolizumab,'-**

combination strategy of
ICI with chemotherapy with or without bevacizumab,”* or

nivolumab and ipilimumab combination.” Although TMB
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and PD-L1 are independent biomarkers, in the CheckMate
026 trial approximately 10% of patients shared both bio-
markers (high TMB and PD-L1>50%) and those patients
derived the maximum benefit of nivolumab.'’ In the
KEYNOTE 024 trial, pembrolizumab in PD-L1>50%
reported a RR of 45%, median PFS and OS of 10 months
and 30 months, respectively, with 1-year OS of 70%
despite 54% of crossover to ICI in the control arm.'*? In
the CheckMate 227 trial” nivolumab and ipilimumab in
high TMB reported similar outcomes (RR of 45%, PFS of
7.1 months, and 1-year of OS 67%). However, the efficacy
has not been reported according to PD-L1 expression
strata, crossover was not allowed, and contrary to the
KEYNOTE 024 trial, there is no survival benefit with
a combination of nivolumab and ipilimumab and PFS
curves in the CheckMate 227 trial crosses, not reinforcing
that double immunotherapy strategy is better than mono-
therapy in this subgroup of NSCLC patients. The ongoing
phase III KEYNOTE 589 trial (NCT03302234) may in
part answer this question. The trial randomizes patients
with PD-L1>50% to pembrolizumab and ipilimumab ver-
sus pembrolizumab and placebo. However, TMB is not
a stratification criterion.

Treatment duration

Treatment duration is a challenge in ICI strategy. Indeed,
NSCLC patients treated with atezolizumab® or nivolumab®*
achieve long-term survival despite discontinuing treatment for
ir-AEs and receiving corticosteroids, but it remains unknown
whether this survival benefit is linked to the time of treatment
exposure or to the onset of ir-AEs, which correlates with
a better outcome in NSCLC patients.*>* In previously treated
NSCLC patients the CheckMate 153 trial®> suggests that stop-
ping nivolumab treatment after one year in the case of clinical
and radiological benefit could be harmful, with shorter PFS
compared with prolonged treatment beyond one year. In the
melanoma, a treatment of 6 months of ipilimumab demon-
strated its efficacy. The objective of the randomized phase III
DICIPLE trial (NCTO03469960) is to demonstrate that
a treatment of 6 months of nivolumab plus ipilimumab fol-
lowed by an observation (stop and go) is not less effective than
nivolumab plus ipilimumab treatment given until progression
or toxicity. This strategy would allow the accumulated toxi-
cities to decrease, improve the quality of life and decrease the
costs. The primary endpoint is PFS and 1,360 advanced treat-
ment-naive PD-L1>1% but <50% NSCLC patients will be
enrolled.

Conclusion

Next generation sequencing is increasing in daily clinical
practice and in consequence so is the determination of
TMB. However, TMB can only be assessed in half of
NSCLC patients and just one-third has high TMB.
Assays and definitions for high TMB should be standar-
dized in both tissue and blood. Indeed, the real predictive
value of high TMB over its prognostic value merits further
evaluation. Despite the efficacy of nivolumab plus ipili-
mumab in selected patients according to the highTMB,
compared with other strategies in the first-line setting, no
survival benefit has been reported with the combination of
nivolumab and ipilimumab; some patients may present
hyper-progressive disease on treatment despite being
selected for a predictive biomarker, and the cost of the
potential biomarker for this combination is higher than
PD-L1 immunohistochemistry expression as well as the
toxicity profile. These limitations may limit broad accep-
tance of this combination in the current strategy of
advanced NSCLC patients.
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