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1 | INTRODUCTION

Abstract

Immunotherapy with PD-1 and PD-L1 inhibitors has revolutionized the treatment for
patients with NSCLC the last years with increased overall survival and in particular
increased number of long-time survivors in patients with metastatic disease. It is now
a treatment of choice for patients with distant metastases (stage IV) and in conjunc-
tion with chemoradiotherapy for patients with limited spread confined to the chest
(stage III). PD-1 inhibition has been proven to be superior to standard chemotherapy,
both as a single treatment and when combined with either chemotherapy or CTLA-4
inhibition. Despite the success of immunotherapy, the majority of patients do not
respond or relapse within a short time frame. Biomarkers that would help to properly
select patients with a high likelihood of clinical response to PD-1 and PD-L1 inhibi-
tors are scarce and far from optimal, and only one (PD-L1 expression) has reached
clinical practice. Thus for immunotherapy to be effective, the discovery and valida-
tion of additional biomarkers is critical for patient selection and prediction of clinical
response. In this mini-review, we give an overview of current clinical management
of NSCLC including treatment landscape with regard to immunotherapy, as well as
discuss the current genetic and immune cell biomarker studies and their potential for

introduction into clinical practice.

Biomarkers for patient selection and prediction of clinical re-
sponse will be important to tailor treatment schedules for in-

In the last 5 years, the treatment options for NSCLC patients
have increased remarkably after the introduction of immune
therapy (‘immune checkpoint blockade—ICB'). Although the
indications where ICB is recommended are expanding every
year, a majority of NSCLC patients do not respond to ICB.

dividual patients. This mini-review aims to give an overview
of ICB in NSCLC approved by the European Medical Agency
(EMA) and discuss potential future biomarkers.

Lung cancer is still the malignancy with the highest
mortality rate in all of the Nordic countries, resulting in
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>12 000 deaths armually.1 The incidence show a similar
pattern in the last decade with rising figures, but the num-
ber of new cases seems to have reached a plateau. NSCLC
predominantly encompassing adenocarcinomas and squa-
mous cell carcinomas (SCC) accounts for 80%-85% of all
lung cancer cases. An estimated 60% of the patients with
NSCLC have distant metastases by the time of diagnosis
(stage 1V), 25% have advanced growth of the primary tu-
mour and/or advanced regional lymph node metastases
(stage IlI—locally advanced), and the remaining 15% have
tumours confined to the lung or with limited regional nodal
spread (stages I-11).> As the majority of patients unfortu-
nately are metastatic upon diagnosis, the cure rates are low
and all stages are at a high risk of relapse and progression
despite modern therapy.

2 | OVERVIEW OF TREATMENT
FOR NSCLC

In principle, stage I-III patients are considered to have a
curative potential. For early (stages I-II) NSCLC, surgery
is the current standard procedure. An alternative, mostly
used in medically inoperable patients, for stage I-Ila tu-
mours is stereotactic body radiotherapy (SBRT). This is a
precise delivery of radiation to very high doses in a short
period of time and has showed excellent results in terms
of local control with low toxicity. In surgically treated pa-
tients, it is standard procedure to give adjuvant chemother-
apy postoperatively in patients with stages II-IITA. There
are no data on adjuvant chemotherapy after SBRT, and
chemotherapy is rarely given to these medically inoper-
able patients due to expected toxicities and comorbidities.
There are no approved indications for immunotherapy in
early-stage NSCLC.

The standard treatment regimen for stage III diagnosed
patients is combined chemoradiotherapy if they have an
acceptable lung function and are fit enough to receive
this rather intense schedule. The treatment strategies for
stage III patients have varied somewhat during the last
decade, and the best approach is currently unknown but
there are some established protocols: the chemotherapy
should be given with a platinum backbone doublet, and
preferably concurrently with radiotherapy to a total dose
of 60-68 Gy. The most recent development in stage III
disease is the incorporation of immunotherapy with the
approval of the PD-L1 inhibitor durvalumab, which im-
proves survival if added after the concurrent schedule of
chemoradiotherapy.3

The former standard treatment in stage IV disease with-
out specific targetable oncogenic drivers (eg, EGFR muta-
tions or ALK fusions) was combinations of platinum-based
chemotherapy. The treatment strategy has however changed

considerably the last years following the introduction of
immunotherapy due to the impressive clinical results with
improved overall survival both in the first- and in the sec-
ond-line setting. In short, the present recommendation for
all stage IV diagnosed patients without specific oncogenic
drivers is that they are assessed for start of immunotherapy as
part of their first-line treatment.

3 | ICB FOR THE TREATMENT OF
NSCLC

3.1 | PD-1andPD-L1

Following the successful clinical trials in the treatment of
malignant melanoma, introducing ICB as a new class of
pharmaceuticals,*” it was thereafter established as a treat-
ment for NSCLC patients. The first positive trials and as-
sociated approved indication were in the second-line setting
where the PD-1 inhibitors nivolumab and pembrolizumab
and later the PD-L1 inhibitor atezolizumab all showed sig-
nificantly improved overall survival in stage IV disease com-
pared with chemotherapy (monotherapy) with docetaxel. In
addition, the now well-known elevated and plateaued tail of
the survival curve indicated a consistent subgroup of long-
time survivors.>” In contrast, another PD-L1 inhibitor ave-
lumab did not meet the primary endpoint in a corresponding
trial.'® Yet in 2018, immunotherapy moved forward as
a treatment of choice when pembrolizumab proved to be
superior to doublet chemotherapy in the first-line setting
in stage IV NSCLC patients with a high expression of
PD-L1 (250%).11 Pembrolizumab has since then been the
only approved monotherapy ICB for first-line treatment as
nivolumab and durvalumab have failed to improve survival
in a similar setting.12’13 However, recently monotherapy
with atezolizumab was found to improve overall survival in
patients with high PD-L1 expression compared to standard
doublet chemotherapy14 and will likely be an approved al-
ternative for first-line treatment of stage [V NSCLC patients
in the near future. To improve efficacy of treatments for
the patients, combinations of ICB with chemotherapy have
been assessed. Triplet regimens with platinum doublets
and pembrolizumab or atezolizumab, as well as quadruplet
therapy including the anti-VEGF antibody bevacizumab,
proved to be successful with improved overall survival
over chemotherapy alone.'>'® Chemotherapy and immuno-
therapy (PD-1 or PD-L1) combinations are now considered
standard therapy for fit stage IV patients without contrain-
dications or oncogenic drivers, where pembrolizumab as
monotherapy stays as an alternative for patients with high
PD-L1 expression. To date, the only indication for immu-
notherapy in stage III disease is adjuvant durvalumab after
combined chemoradiotherapy.3
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32 | CTLA-4

There are currently no approved CTLA-4—directed therapies
in lung cancer, but the combination of ipilimumab (CTLA-4
inhibitor) and nivolumab is under evaluation by the EMA, as
a survival benefit has been observed in stage IV NSCLC com-
pared with standard chemotherapy.lg’20 However, whether
the combination of ipilimumab and nivolumab would be
superior to the current standard of triple combination with
chemotherapy and PD-1 or PD-L1 inhibition is unknown and
remains to be investigated. Another CTLA-4 inhibitor treme-
limumab was assessed in combination with durvalumab in
stage IV NSCLC but failed to significantly improve over-
all survival compared with chemotherapy albeit numerically
increased long-time survival."® Although there is a potential
for CTLA-4 blockade in combination with PD-1 or PD-L1
inhibitors in the treatment of NSCLC, it is currently unclear
how patients can be selected and how it would be compared
with the existing therapies.

4 | BIOMARKERS OF CLINICAL
RESPONSE TO ICB IN NSCLC

In NSCLC, the only predictive biomarker in clinical rou-
tine practice is PD-L1 expression where expression on
tumour cells and sometimes including immune cells is
quantified to obtain a percentage of PD-L1 positivity that
is used to make treatment decisions. Several studies have
shown that increasing PD-L1 expression is predictive of
longer progression-free survival (PFS) and overall sur-
vival (OS) after PD-1 inhibition when compared to chemo-
therapy in stage IV NSCLC patients, and a cut-off of 50%
is used to select patients for first-line monotherapy with
pembrolizumab.ll However, PD-L1 expression is far from
an optimal biomarker for patient selection since patients
negative for PD-L1 can also present durable response,6
and for the combination therapies, assessment of PD-L1
expression is of negligible value.'®!” In addition, varying
definitions for positivity of PD-L1 staining using percent-
age of PD-LI1-positive tumour cells (TPS—tumour pro-
portion score) or positive tumour and infiltrating immune
cells (CPS—combined positive score), different testing
platforms and antibodies also make it difficult to compare
between various clinical trials.! The clinical implication
of the different PD-L1 thresholds and techniques varies
among countries, clinics and even among clinicians, rang-
ing from a pragmatic standpoint to a more strict position
requiring certified and specific antibodies for each drug.
Considering the insufficiency of PD-L1 expression, other
biomarkers are urgently needed, and here, we discuss re-
cent studies and elaborate on some promising candidates
for NSCLC patients.

5 | GENETIC BIOMARKERS OF
RESPONSE TO ICB

Broad genomic sequencing approaches including whole-ge-
nome sequencing (WGS), whole-exome sequencing (WES) and
sequencing of smaller gene panels to identify DNA sequence
changes in the tumour have been investigated. Information re-
garding the genetic landscape can be used in a broader sense
to identify common or specific patterns in the tumour for each
patient or to identify gene-specific mutations (DNA sequence
variants predicted to be pathogenic). These DNA sequence
changes in individual tumours can be used as biomarkers of
clinical response to ICB. The current genetic biomarkers under
investigation in NSCLC patients after ICB are outlined below,
where analysis of the tumour mutational burden (TMB) is the
second most investigated biomarker after PD-L1 expression.

51 | Tumour mutational burden

The number of DNA variants (DNA sequence changes)
in the tumour can be calculated and is often referred to as
the TMB?2. The DNA variants calculated is often the non-
synonymous variants that can be found in the coding gene
regions of the sequenced tumour DNA. A high number of
DNA changes refer to a high TMB. In studies of lung cancer
patients after ICB as a second-line treatment, higher TMB
was correlated with durable clinical benefit, with longer
OS and a higher number of patients responding to the treat-
ment.”>** To date, >20 clinical studies have been performed,
and in a recent randomized clinical trial (nivolumab and ip-
ilimumab in combination) in the first-line setting, a thresh-
old of >10 mutations/Mb was predictive of longer PFS in
NSCLC patients.25 Tumours with a high TMB presumably
benefit from ICB therapy since it is correlated with the pres-
ence of a high number of neoantigens that could be recog-
nized by CD8* T cells that favour tumour immunity. Any
acquired somatic genetic DNA variant in the tumour cells
can be a potential neoantigen, and a target for the tumour-
specific CD8* T cells. However, only a small fraction of
mutations results in neoantigens recognized by the T cells
and influenced by several factors such as type of mutation,
the clonal distribution of the mutation and the contribution
of other antigens (non-mutant) in the tumour microenviron-
ment.>® Currently, the TMB assessment is not standardized
across research and clinical studies and there are several fac-
tors that influence the measurement of the TMB analysis.
The results from the analysis can therefore be very different
even between analysis from the same patient sample and be-
tween samples. Factors that influence the results are sample
quality and quantity, sequencing platform, genome cover-
age, bioinformatics analysis pipelines used and definitions
of the threshold that determines the high or the low TMB.?
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Nevertheless, the Food and Drug Administration (FDA) has
recently approved TMB as an agnostic biomarker for selec-
tion of patients with a TMB cut-off >10 mutations/Mb for
treatment with pembrolizumab.28 The use of TMB to select
patients likely to respond to ICB is a first positive step in the
right direction for finding alternative biomarkers of clinical
response, although currently it is still uncertain whether the
strategy will withstand larger trials and receive approval by
the EMA. We expect that TMB as a stand-alone biomarker
will probably be of modest clinical value and that most likely
it would be in combination with analysis of other biomarkers
for a better predictive value.

5.2 | Germline genotype of HLA-I

One of the established determinant of response to ICB therapy
is the number of tumour-derived neoantigens, derived from
the somatic mutations of the tumour, which are then processed
intracellularly for presentation on the major histocompatibil-
ity complex class I (MHC I).>* The human leucocyte antigen
(HLA-I) gene family is the human form of the major MHC I,
binds specific peptides for presentation of intracellular tumour
antigens to CD8 + cytotoxic T cells.* The HLA-I in humans is
present on three different loci A, B and C that are highly poly-
morphic within the peptide-binding domains. Interestingly, the
heterozygosity of the HLA-I genes has been shown to influence
the survival and response to ICB presumably due to ability to
present varied peptide antigens, including neoantigens from the
tumour.”’ Indeed, homozygosity at a HLA-I locus in combina-
tion with low TMB was associated with decrease in survival
after ICB compared with cohorts of patients that were heterozy-
gous at any of HLA-I locus and presented a high TMB.” The
effect of HLA-I heterozygosity and high TMB was superior in
predicting response to ICB compared with high TMB alone.
Loss of heterozygosity in at least one HLA-I locus (HLA-A,
HLA-B or HLA-C) was sufficient to reduce probability for sur-
vival after ICB.* Thus, it is becoming apparent that in addition
to the TMB status of the patients one may also need to analyse
the HLA-I genotype to offer ICB therapy to the patients most
likely to respond.

5.3 | Mutations in DNA mismatch
repair and replication genes

Studies of additional clinically relevant genomic biomarkers
are associated with mutations in genes affecting DNA repair
and proofreading, which in general leads to a high TMB.
Tumours with mutations in DNA polymerase E (POLE) or
DNA polymerase D1 (POLD1) have a very high TMB, and a
hypermutated phenotype has been associated with a favour-
able outcome after ICB therapy.SO'32 At least 6% NSCLC

patients harbour POLE and POLD]I mutations.* Mutations
in POLE and POLDI] are potential predictive biomarkers for
positive outcome to ICB therapy.

5.4 | Additional clinically relevant genomic
alterations

Favourable clinical benefit of PD-1/PD-L1 inhibition has
been observed in NSCLC patients with 7P53 mutations or
combinations of KRAS and TP53 mutations in the same tu-
mour independent of TMB.**3¢ In contrast, co-occurrence
of mutations in KRAS and STK11 is associated with lack of
response to ICB. Thus, tumours with STK// mutations seem
to be associated with a worse outcome of ICB therapy and
it has also been shown that co-occurrence of STK/1 with,
for example, KEAPI or KRAS may be prognostic rather than
predictive.37’38 Further studies on the association of STK/1
mutations in response to ICB are warranted since other
mutations in the tumour will also influence the clinical re-
sponse.”’40 The clinically relevant EGFR mutations have
also been shown to correlate with a worse clinical response
for patients to ICB, whereas certain BRAF and MET muta-
tions are associated with better response, regardless of TMB
status.*! The implication so far is that NSCLC with oncogenic
drivers such as EGFR mutations should not be treated with
monotherapy ICB, but perhaps combined therapies with, for
example, chemotherapy or other immune checkpoint inhibi-
tors may have a promising future role.

5.5 | Liquid biopsies

Liquid biopsy is a non-invasive method for analysis of bi-
omarkers of response to ICB in the circulation of patients.
The two most well-developed methods utilizing liquid bi-
opsy from patients are the isolation of circulating tumour
cells (CTCs) and circulating cell-free tumour DNA (ctDNA).
CtDNA is shed by tumour cells and can be isolated from the
blood of patients during therapy42. Due to the simplicity of a
blood draw, it can be repeated as needed to follow the tumour
response to PD-1/PD-L1 inhibition. Studies to date have in-
vestigated the ctDNA amount, the variant allele frequencies
of specific mutations identified in the tumour in individual
patients, or screened for mutation using large gene panels. In
NSCLC patients, ctDNA amounts in the plasma have often
been measured at baseline and at one to several time points
during treatment. The results imply that a high or increased
concentration of ctDNA at follow-up (in general around
2 month) compared with baseline is associated with poor
response and no long-term clinical benefit in contrast to re-
sponders where a decrease in ctDNA or undetectable amounts
were found. ¢ CtDNA analysis could be a useful biomarker
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TABLE 1 Immune gene signatures in the tumour as biomarker of clinical response to ICB in NSCLC
Material and method Sample size Main findings ICB Reference
Tumour DNA
Genomic dataset 113 (TCGA) Combined TMB and APOBEC (family of cytidine CTLA-4, PD-1 (not 68
deaminases) signature was associated with longer specified)
PFS. Mutations in IEFNGR1 or VTCNI1 (B7-H4)
only found in responders, PTEN mutations only
found in non-responders
‘Whole-exome 77 Combination of high TMB, a high number of Pembrolizumab or 69
sequencing (WES) neoantigens, mutational signatures 1A and with nivolumab and
1B (COSMIC signatures), mutations in DNA ipilimumab
repair pathways and a low number of TCR
clones correlates with longer OS and PFS
Tumour RNA
RNA sequencing (whole 97 4-gene IFN-y signature correlated with longer OS Durvalumab 70
transcriptome) and PFS compared to patients with [FN-y signature
profile.
Predesigned RNA 65 23 immune-related genes or signatures linked to Pembrolizumab or 71
panel (Nanostring PFS including PD1, or signatures, mostly targeting nivolumab
730-immune panel) CD8 and CD4 T cells, and IEN activation was
independent of cancer type.
Quantitative PCR 17 IFNG mRNA expression emerged as the only Nivolumab 72
biomarker that significantly influenced treatment
outcome in NSCLC. PFS was significantly longer
in patients with high versus low IFNG expression.
RNA Sequencing 113 (TCGA) CD8 + T cells, CD4 memory-activated T cells, CTLA-4, PD-1 (not 68

(whole transcriptome) NK cells and M1 macrophages enriched in the
patients with high mutational APOBEC activity,
while CD4 resting memory T cells, monocytes and
regulatory T cells enriched in the patients with low

APOBEC mutational activity.

specified)

RNA Sequencing 34 (cbio portal) APOBEC3B and APOBEC mutational signature PD-1 (not specified) 73
(whole transcriptome) enriched in patients with durable clinical benefit
(DCB) compared with patients with no durable
benefit (NCB).
RNA panel sequencing 220 (including The T cell-inflamed gene expression profile Pembrolizumab 74
NSCLC) containing IFN-y—responsive genes common in
tumours responsive to ICB.
RNA panel sequencing 21 Longer PFES in patients with high M1 macrophage Pembrolizumab 75

and peripheral T cell signature. CD137 and
PSMB9 gene expression higher in responders than
in non-responders.

Abbreviations: ICB, immune checkpoint blockade; NSCLC, non—-small-cell lung cancer; PFS, progression-free survival; TMB, tumour mutational burden.

to predict early clinical response, but further studies with
larger populations and longer follow-up are needed. There are
still technical challenges and a need for standardization of the
different ctDNA detection techniques. The TMB can also be
analysed in ctDNA. TMB calculation from ctDNA, derived
from blood specimens (bTMB), has recently been evaluated
in NSCLC patients after ICB. These analyses from several
ongoing trials show comparable results with TMB calculation
from tumour samples, with bTMB >16 mut/Mb as a cut-off to
select responders to atezolizumab.*** If the predictive value

could be proven, then bTMB would be useful to dynamically
follow the clinical response to treatment.

Circulating tumour cells (CTCs) are rare cells present in
very low concentration in the bloodstream. CTC has mainly
been isolated for the analysis of PD-L1 expression in relation
to clinical outcome after ICB. Higher expression of PD-L1 on
CTCs at 6 months post-treatment was associated with worse
prognosis, while a distinction could not be made at an ear-
lier time point, which was 3 months post-treatment compared
with pretreatment 521mpling.49’50 The detection of CTCs in
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circulation is technically challenging, and standardization of
methods between laboratories around the world is essential to
be able to introduce the analysis into routine clinical practice.
Since many different methods of purifications of CTCs exist,
a discrepancy in the enrichment of CTCs may also effect the
PD-L1 assessment.”!

5.6 | Immune gene signatures

In Table 1, we summarize the exhaustive data available
through databanks analysing immune gene signatures at the
DNA or RNA level. A correlation with pre-existing defined
signatures has been observed in several studies, and in addi-
tion, correlation with expression of specific genes has also
been found, even though the clinical impact remains to be
seen (Table 1). The smoke signature associated with high
TMB and high neoantigen load has been associated with re-
sponse to ICB.*

6 | IMMUNE CELL BIOMARKERS
OF RESPONSE TO ICB

The difficulty in obtaining biopsies post-treatment particu-
larly from lung cancer patients during ICB underscores the
importance of characterizing immune cells in the blood as
a means for potential early assessment of clinical response.
The frequent sampling will also reflect dynamic changes
over time, allowing identification of certain immune pop-
ulations correlated with tumour shrinkage. Analyses of
immune cell subsets in circulation before and after treat-
ment in individual patients and the presence of soluble me-
diators of inflammation in the plasma are currently under
investigation.

6.1 | Neutrophils

In NSCLC patients, neutrophils in the tumour tissue have
been found to inversely correlate with the frequency of T
cells, indicating that neutrophils might be a suppressive
factor for lymphocytes infiltrating the tumour tissue.’* In a
preclinical lung tumour model, high neutrophil infiltration
in the lungs was associated with resistance to PD-1 block-
ade.” Similar analysis of neutrophils in the blood has been
suggested as a marker for inflammation and investigated for
its usefulness as a biomarker of clinical response to ICB. A
high pretreatment neutrophil-to-lymphocyte ratio (NLR) was
shown to correlate with poor overall survival in NSCLC pa-
tients with metastatic or non-resectable tumour treated with
nivolumab.>***> Thus, analysis of circulating neutrophils
could be a potential biomarker for patient selection for ICB.

However, it is most likely that high NLR ratio by itself can-
not predict response to PD-1/PD-L1 inhibition and would
need to be combined with analysis of additional specific im-
mune cell subsets as discussed below.

6.2 | Tcells

Data from clinical trials suggest that patients undergo-
ing PD-1/PD-L1 inhibition share some common features
of the immune response that is independent of the tumour
type. In melanoma and lung cancer patients, clinical ben-
efit after PD-1 blockade was associated with proliferation/
expansion of PD-1YCD8" T cells in the blood.”**” In con-
trast, the majority of the patients with no clinical benefit had
delayed or absent proliferating PD-1"CD8* T cells. CD8"
T cells are dependent on CD4* T cells for providing help
through cell-cell interaction and cytokine secretion for ac-
tivation and differentiation. In this regard, interestingly, the
long-term survival after nivolumab treatment (>500 days)
was correlated with higher frequencies of pretreatment
CD4TCD62L cells (activated memory cells) compared
with short-term response (<500 days),5 8 indicating that ac-
tivation of both CD8" and CD4™ T cells is important for
tumour immunity after ICB.

In the tumour microenvironment, the antigen-specific ef-
fector T cells are suppressed either due to the PD-1-PD-L1
interactions or due to immune suppressive cell populations.
CD4*PD-1" T cells with possible immune suppressive ef-
fects on CD8" T cells have been shown to accumulate in
the lung as a function of tumour burden, and inhibit effec-
tor T cell functions.” Treatment with nivolumab or pem-
brolizumab reduced the frequency of CD4'PD-1" cells
in the blood and tumour tissue, but the effects on OS and
PFS were not reported.59 In another study, high frequency
of CD8'PD-1" cells in pretreatment biopsies from stage
IV NSCLC patients undergoing ICB predicted response to
therapy and correlated with increased overall survival and
durable responses.60 The CD8PD-1" T cells located in
the tumour tissue displayed a significantly higher clonality,
with the top 30 clones contributing close to 90% of the en-
tire T cell receptor repertoire compared with CD8*PD-1"¢
T cells. The CD8"PD-1™ T cells in the tumour of NSCLC
patients thus might represent the tumour antigen—specific
CDS8™ T cells released from the immune inhibitory effects
of PD-1-PD-L1 interaction.

Analysis of antigen specificity of tumour-infiltrating
CD8" cells in NSCLC is not only important but also techni-
cally challenging. By combining sequencing to predict pep-
tide binding to host HLA with tetramer staining and mass
cytometry, Fehlings et al in a unique study characterized the
neoantigen-specific T cells in circulation after PD-L1 inhi-
bition.®' Interestingly, the tumour antigen—specific CD8"
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T cells identified by tetramer staining in responder patients
were often of a differentiated effector cell phenotype com-
pared with antigen-specific CD8* T cells from patients
with progressive disease that displayed a more memory-like
phenotype.(’l

To date, studies reporting changes in immune cell subsets
after PD-1 inhibition in NSCLC patients have mostly been in
discovery cohorts. We can expect that as data start to emerge
from phase 2/3 clinical trials, there will be an effort for fur-
ther validation of the early and most promising immune cell
biomarkers of clinical response, particularly those related to
T cell function.

6.3 | Soluble proteins detected in the plasma
The technically less challenging analysis of soluble biomark-
ers of immune responses after ICB in the plasma/serum com-
pared with flow cytometry makes it attractive to explore in
the context of ICB. Soluble PD-L1 (sPD-L1) or expression
on extracellular vesicles, soluble granzyme B (sGranzyme
B) and circulating cytokines and chemokines have been ana-
lysed and shown to be promising as biomarkers of clinical
response after ICB as discussed below.

6.3.1 | sPD-L1
Pretreatment low plasma sPD-L1 concentrations in advanced/
stage IV NSCLC patients treated with nivolumab correlated
with longer overall survival and higher overall response rate
and associated with patients achieving complete response,
partial response or stable disease compared with patients
presenting with progressive disease.®” Thus, measurement of
sPD-L1 could bring value as biomarker in patients receiving
ICB.

6.3.2 | sGranzyme B

In the plasma of NSCLC patients treated with nivolumab,
sGranzyme B was found to be modestly higher in re-
sponders than in non—responders.62 However, increasing
concentrations of sGranzyme B in the circulation during
nivolumab treatment was unexpectedly correlated with
shorter progression-free survival and overall survival com-
pared to patients with decreasing concentrations of sGran-
zyme B during treatment.®® This dichotomy in the response
pre- and post-treatment could possibly indicate lack of uti-
lization of the Granzyme B, the effector molecule neces-
sary for tumour killing specifically in the tumour leading
to poor overall survival.

6.3.3 | Cytokines and chemokines

There are little data available on levels of soluble cytokines
and chemokines as biomarkers of clinical response to ICB
in NSCLC patients although it has been analysed in rela-
tion to immune-related adverse events in patients receiving
a combination of PD-1 and CTLA-4 inhibition. A higher
IL-6 and IL-12 levels in serum is associated with worse sur-
vival independent of therapy.63 Recently, studies have also
shown that extracellular vesicles or exosomes derived from
the tumour can express PD-L1 and to the same extent as
the tumour tissue.* Further, two preliminary studies report
that a decrease in exosomal PD-L1 expression was associ-
ated with partial response after ICB.%% In NSCLC patients
treated with nivolumab or pembrolizumab, responders had
significantly lower levels of IL-8 between baseline and the
first tumour evaluation, while non-responders had signifi-
cantly high levels of IL-8. Furthermore, an early lowering
of IL-8 in circulation was associated with longer OS com-
pared to patients with increasing levels of IL-8.%7 The func-
tion of IL-8 in the response to ICB is however currently
unknown.

7 | CHALLENGES AND FUTURE
DIRECTION

Immune checkpoint blockade has proven to be very suc-
cessful for the treatment of NSCLC patients, and their use
is continuously expanding into new indications. In the fu-
ture, immunotherapy will be included in the treatment of
earlier stage of NSCLC, neoadjuvant and/or adjuvant after
surgery and in further combination regimens including ra-
diotherapy, where numerous trials are ongoing. However,
despite the paradigm shift we have seen in the treatment
of NSCLC, the majority of patients treated today will
not respond to immunotherapy or relapse in a short time
frame, and one of the biggest challenges is proper patient
selection. We propose that a combined signature that may
include PD-L1 expression, TMB analysis, identification
of specific mutations, immune cell populations in the
blood and soluble protein markers in the plasma will in
the future help guiding clinicians to select the appropriate
treatment for the individual patient; a step towards pre-
cision medicine. The continuous research in the field of
biomarkers is also highly relevant in addressing the vital
question of individual patient's response and/or resistance
to ICB.
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