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Abstract

The emergence of immunotherapy has dramatically changed how NSCLC is treated and longer
survival is now possible for some patients, even those with advanced disease. While some patients
achieve durable responses to checkpoint blockade, not all experience such benefits, and some
suffer from significant immunotoxicities. Given this, biomarkers that predict response to therapy
are essential, and testing for tumor PD-L1 expression is the current standard. Extent of PD-L1
expression via immunohistochemisty (IHC) has demonstrated correlation with treatment response,
though limitations with this marker exist. Recently, tumor mutational burden (TMB) has emerged
as an alternative biomarker and studies have demonstrated its utility, irrespective of the PD-L1
level of a tumor. Gene expression signatures, tumor genotype, such as the presence of an
oncogenic driver mutation, as well as density of tumor infiltrating lymphocytes (TILs) in the
tumor microenvironment also seem to affect response to immunotherapy and are being researched.
Peripheral serum markers are being studied and some have demonstrated to be predictive, though
most are still investigational and need prospective validation. This paper reviews the biomarker
PD-L1, as well as other emerging and investigational tissue-based and serum-based markers that
have potential to better predict responders to immunotherapy.

Precis:

Immunotherapy has dramatically changed how advanced NSCLC is treated and longer survival is
now possible for some patients. However, not all patients benefit from these agents and some
suffer toxicities, highlighting the importance of biomarkers that predict efficacy. This article
reviews several biomarkers including PD-L1, as well as other emerging and investigational tissue
and serum-based markers that have potential to better predict responders to checkpoint inhibition.
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Introduction

Lung cancer is the leading cause of cancer-related death in the United States and worldwide.
1 The majority of these cancers are non-small cell lung cancer (NSCLC), of which the most
common subtypes being adenocarcinoma and squamous cell carcinoma, and most patients
have advanced disease on presentation.? Platinum-based chemotherapy has historically been
the standard treatment for these patients, though responses to these agents are generally
modest with relatively short intervals until disease progression.3-6 More recently,
immunotherapy has emerged as an exciting treatment alternative for patients without an
actionable driver mutation, and has dramatically altered how advanced NSCLC is treated. /-8

An individual’s immune system plays a key role in the monitoring and destruction of cancer
cells, though this natural defense can be evaded by tumors cells and tolerance can develop
via the upregulation of key immune checkpoints. Normally these checkpoints function to
protect healthy tissue from infection-triggered cytotoxic immune responses, though tumor
cells can take advantage of these same checkpoints to prevent immune-mediated destruction.
For instance, the recognition of tumor antigens by T-cells results in the release of interferon-
v (INF-y) which not only attracts other cytotoxic immune cells, but can also induce
expression of the checkpoints that promote immune resistance, such as the programmed
death ligand 1 (PD-L1) on tumor cells and indoleamine-2,3-dioxygenase (IDO) on dendritic
cells or macrophages.®10 The cytotoxic T-lymphocyte associated antigen 4 (CTLA-4) is
another important inhibitor of the immune response and serves to regulate early T-cell
activation.1112 Immunotherapy agents work by blocking these checkpoint receptor-ligand
interactions in a patient’s immune system, leading to better activation of effector and
cytotoxic T cells that respond to cancer cells.

The PD-1 inhibitors nivolumab and pembrolizumab, along with the PD-L1 inhibitor
atezolizumab, have all demonstrated survival benefits over chemotherapy, and have all been
approved for the treatment of metastatic NSCLC in the second-line.13-15 Of these three
agents, pembrolizumab is the only single-agent checkpoint inhibitor to be approved in the
first-line setting, but only in patients with high PD-L1 expression.18 Combining two modes
of checkpoint blockade has also been investigated, and specifically the CTLA-4 inhibitor
ipilimumab, with nivolumab has shown promise with results demonstrating enhanced
antitumor activity with the combination, and increased progression free survival (PFS).
Tumor mutation burden (TMB) has been highlighted as a potential important biomarker in
the ipilimumab-nivolumab studies as patients with tumors with high mutational burden
showing greater response to dual checkpoint inhibition with an objective response rate of
45% for the ipilimumab-nivolumab arm versus 27% for the chemotherapy arm. This benefit
was seen across all PD-L1 level subgroups, including in tumors with expression levels less
than 1%. 17:18 The recent findings from the MYSTIC trial which tested another dual
immunotherapy combination, the CTLA-4 inhibitor tremelimumab with the PD-L1 inhibitor
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durvalumab, did not find the combination to improve overall survival over chemotherapy in
the study population, though in exploratory subgroup analyses a high blood-based TMB was
associated with an increased overall survival time of 16.5 months for the tremelimumab —
durvalumab group versus 10.5 months for the chemotherapy arm. 19

Testing for PD-L1 expression remains the current standard for identifying NSCLC patients
more likely to respond to immunotherapy. Recent chemo-immunotherapy trials have
demonstrated benefit with the combination of a checkpoint inhibitor and platinum doublet
chemotherapy for lung adenocarcinoma?® and lung squamous cell carcinoma?! for all levels
of PD-L1, even in those with low expression. It is important to note though that less robust
clinical outcomes were seen for the low PD-L1 expressing subgroups, thus emphasizing the
continued relevance of PD-L1 as a biomarker even with chemo-immunotherapy use in the
first-line. Despite the importance of PD-L1 expression as a predictor of response, many
clinical trials testing single-agent checkpoint inhibitors have demonstrated that a subset of
patients with high PD-L1 expression still do not benefit from these agents, thus highlighting
some of its limitations.

Immunotherapy has resulted in significant benefits for many patients with metastatic
NSCLC, though many still do not respond to therapy, have worsening disease on treatment,
or suffer significant life-threatening immunotoxicities. 22-24 Nearly any organ in the body
can be affected by an immune-related adverse event after checkpoint inhibitor therapy,
though dermatitis, pneumonitis, colitis, and endocrinopathies tend to be most common.
Cardiac, renal neurological, and hematological immune-related adverse events can also
occur, though are rarer. While most cases are mild to moderate in severity, there are
instances of severe and even fatal immune-related reactions, especially when not promptly
recognized and appropriately managed.2>26 For all these reasons, establishing biomarkers
predictive of response to checkpoint inhibition is an essential step towards utilizing the new
panel of immunotherapy agents in the most effective way. This paper reviews the currently
approved biomarkers for immune checkpoint inhibition in NSCLC, and highlights emerging
and investigational tissue and serum-based markers (Table).

PD-L1 Expression

Testing for PD-L1 expression by IHC, as mentioned, is the current standard to identify
advanced NSCLC patients more likely to respond to immunotherapy in both treatment naive
patients and those who progress through standard chemotherapy. Multiple prospective trials
have demonstrated correlation between level of tissue PD-L1 expression and clinical
efficacy. In particular, KEYNOYE-024,16 demonstrated superior overall survival for
pembrolizumab compared with chemotherapy in patients with high PD-L1 expression,
defined as PD-L1 expression on greater than half of tumor cells, i.e. PD-L1 = 50%. This
level of expression is now required to be eligible for treatment with pembrolizumab in
treatment naive patients with advanced NSCLC.

In second-line metastatic trials where patients were treated with either nivolumab or
atezolizumab prolonged survival over docetaxel was demonstrated in all-comers, though
greatest benefits were seen in tumors with higher PD-L1 expression.13:1527 The PACIFIC
trial which included stage 111 patients with unresectable disease who completed definitive
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chemotherapy with radiation, year-long consolidation therapy with durvalumab showed
improved survival preferentially in patients with tumors with PD-L1 = 25%, while no
survival benefit was seen in patients with PD-L1 < 1%, in retrospective subgroup analyses.28

Despite the substantial evidence from these trials correlating levels of PD-L1 expression
with response and clinical efficacy, PD-L1 remains a controversial biomarker of
immunotherapy response and several issues limit its utility. Differences in testing platforms,
use of varying cut-points for expression between different immunotherapy agents, %16 and
the heterogenous nature of PD-L1 expression within tumors,2930 have all been points of
criticism.31-33

A range of commercially available testing platforms exist, and each of the current FDA
approved checkpoint inhibitors in NSCLC have a different PD-L1 IHC antibody used to
assess expression. For instance, nivolumab uses a 28-8 antibody while pembrolizumab uses
a 22C3 antibody clone. Atezolizumab’s companion antibody clone is SP142 and durvalumab
uses a SP263 antibody. Moreover, varying cut-points and scoring systems were used across
trials for each of these agents to define levels of PD-L1 expression. Results from the phase
I11 trials for nivolumab, pembrolizumab, and atezolizumab have led to FDA approvals with
differing indications. Tumors with PD-L1 > 50% qualify for the first-line single agent
pembrolizumab, while tumors with PD-L1 = 1% are eligible for pembrolizumab after
progression on a platinum-based therapy per FDA approvals and the NCCN NSCLC
guidelines.3* On the other hand, nivolumab is approved in the second-line setting
irrespective of PD-L1 expression. Unlike the 22C3, 28-8, and SP263 antibodies that assess
PD-L1 expression just on tumor cell membranes, the SP142 antibody assay utilized by
atezolizumab measures PD-L1 level on both tumor cells and infiltrating immune cells.
Atezolizumab’s scoring system results in four categories from least to greatest PD-L1
expression based on level of expression on tumor cells (TC) and immune cells (IC). The
lowest category defined as TCO and 1CO0 has PD-L1 < 1% on both TC and IC, while the
highest category has PD-L1 = 50% on TC or = 10% on IC. Atezolizumab is approved in the
second-line metastatic setting irrespective of PD-L1 expression, as all subgroups including
the TCO and ICO (PD-L1 < 1%), demonstrated a survival benefit over docetaxel.1®

Recent multi-center studies have attempted to compare the performance of each IHC PD-L1
assay and find commonalities between the companion tests. Notably, the Blueprint PD-L1
IHC Comparison Project, an industry-academic collaborative project, compared the four
companion PD-L1 IHC assays for pembrolizumab (22C3), nivolumab (28-8), atezolizumab
(SP142), and durvalumab (SP263). Results from Blueprint Phase 2, which was an expansion
of the Phase 1 project, validated findings showing high comparable PD-L1 staining on tumor
cells between the three companion antibody assays 22C3, 28-8, and SP263, while SP142
was found to be less sensitive.3%:36 In addition to the FDA approved IHC assays, laboratory
developed tests (LDTs) for measurement of PD-L1 expression are utilized by oncology
practices given the expense and low reimbursement rates associated with the FDA approved
assays. While high comparability between the 22C3, 28-8, and SP263 antibody assays have
been shown, recent analyses of LDTs have suggested variable concordance37:38 and possible
lower sensitivity.39 Given the frequent use of these LDTs in practice, further study is
required to carefully validate these assays.
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Additionally, PD-L1 expression may be heterogeneous within tumors as seen in studies
comparing expression between primary and metastatic sites. In particular, studies examining
paired primary lung tumor tissue and metastatic brain tissue have demonstrated significant
result disparities in PD-L1 expression.2%:30 The predictive value of PD-L1 may also be
dependent on histological subtype. Correlation between PD-L1 expression and response to
checkpoint blockade may be more relevant to adenocarcinoma rather than squamous cell.
Checkmate 057, the phase 111 second-line nivolumab trial in advanced non-squamous
tumors, found superior outcomes in patients with high PD-L1 expressing tumors.13
Checkmate 017, the parallel trial in squamous cell lung cancer patients also demonstrated
improved PFS and OS over docetaxel, though PD-L1 tumor expression was neither
prognostic, nor predictive of response. 40

While PD-L1 expression on the surface of tumor cells via IHC remains the recommended
approach for predicting a tumor’s responsiveness to immunotherapy, and testing is the
current standard of care for any newly diagnosed NSCLC, it is a less than perfect predictor
of response. Not all patients with high PD-L1 expression respond to therapy or demonstrate
a durable clinical benefit, while some patients with low or no expression of PD-L1 derive
benefit. In Keynote-024,16 which only included patients with tumors with PD-L1> 50%, the
overall response rate in the group treated with pembrolizumab was 45%, meaning that even
in a population defined by their high levels of PD-L1 expression a significant proportion of
patients did not exhibit any response to therapy. The limitations of PD-L1 as a biomarker has
generated much interest in other potential markers of response, and most notably TMB has
emerged as having potential predictive value and is further discussed in the next section.

Tumor Mutational Burden

Tumor mutational burden (TMB) may be a potential important biomarker of immunotherapy
response and correlation between this marker and response rates of anti-PD-1 or anti-PD-L1
therapy have been demonstrated across several tumor types.*! TMB is defined as the total
number of mutations, including both base substitutions and short insertions/deletions, per
coding area of a tumor genome. Previously whole exome sequencing was used to quantify
the number of somatic mutations, though more recently next generation sequencing
techniques using the FoundationOne CDx assay has been found to correlate closely and is
now utilized to infer mutational burden. 1742 The number of somatic mutations vary
significantly between different cancer types, with melanoma having some of the highest
number of mutations and gastrointestinal cancers, such as pancreatic cancer and mismatch
repair proficient colorectal cancer, having some the lowest.#1 NSCLC spans a range in
mutational burden, with a relative higher number of somatic mutations seen in smoking
related lung cancer while never-smoking tumors exhibiting a lower burden. A high number
of somatic mutations is thought to result in a greater number of neoantigens that are
presented on the surface of tumor cells, which in turn increases immunogenicity and results
in tumors becoming more sensitive to treatment with immune-checkpoint agents.*3

This relationship between higher mutational burden and response to checkpoint inhibition
has been demonstrated clinically in several studies. One of the early studies examining this
was by Rizvi et al. who tested pembrolizumab in lung tumors with high non-synonymous
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mutational and neoantigen levels, and they found that this was associated with longer PFS
and improved durable clinical benefit.43 Recent randomized trials, most notably Checkmate
227, investigated the utility of TMB in predicting response to the combination of ipilimumab
with nivolumab.17:18 This trial demonstrated superior PFS in patients with high TMB
(defined as at least 10 mutation per megabase as determined by the FoundationOne CDx
assay), irrespective of PD-L1 expression or histology, who received combination
immunotherapy treatment instead of chemotherapy in the first-line metastatic setting (HR
0.58, 95% CI 0.41 — 0.81). This benefit was also seen in tumors with PD-L1 expression <
1%, but with high TMB. (HR 0.48, 95% CI 0.27 — 0.85). This latter result speaks to the
imperfect predictive value of PD-L1 staining and demonstrates that the immunogenicity of a
tumor may involve more than just level of PD-L1 expression. Despite these initial positive
findings from Checkmate 227, the role of TMB as a biomarker for immunotherapy in
NSCLC remains uncertain as subsequent overall survival data has revealed a statistically
non-significant benefit of ipilimumab with nivolumab in high TMB patients (HR 0.77, 95%
Cl, 0.56-1.06), and moreover a comparable survival benefit was seen in patients with TMB
< 10 mutations/megabase (HR 0.78; 95% ClI, 0.61-1.00). In light of these data, the
supplemental biologics license application seeking frontline FDA approval of ipilimumab
with nivolumab for advanced NSCLC with TMB =10 mutations per megabase was
withdrawn pending final data from Part 1a of Checkmate 227.44 Moreover, TMB as a
biomarker has other limitations including lack of standardization between the testing
platforms used and the lack of an identified fixed TMB threshold defining a tumor as having
“high” TMB. Varying thresholds of TMB have been used by different studies and while the
recent ipilimumab with nivolumab trials initially suggested 10 mutations/megabase as being
clinically meaningful, this marker was not predictive in the updated overall survival data as
stated above.

Tumor Infiltrating Lymphocytes

The extent of lymphocyte infiltration seen within tumor tissue may have prognostic value as
previous studies have correlated high levels of tumor infiltration lymphocytes (TILs) with
improved survival across a range of cancer types,*>46 including NSCLC.4748 Prior research
in NSCLC has demonstrated that high levels of TILS, including CD8+, CD3+, and CD4+, is
correlated with improved survival.#8 A high density of TILs is considered to reflect greater
immune recognition of tumor cells in a patient, and represent a T-cell inflamed tumor
microenvironment. This inflamed tumor phenotype may be more sensitive to checkpoint
blockade and thus, in addition its prognostic role, TIL density has been studied for its
predictive value as a biomarker for immunotherapy.

Studies in melanoma found that checkpoint blockade with ipilimumab 49 is associated with
post-treatment increase in TILs, as well as clinical response. A study in patients with
advanced melanoma treated with pembrolizumab, demonstrated an increase of intra-tumoral
CD8+ T cells after treatment, which correlated with radiographic response. Intriguing data
for NSCLC exist as well, with Herbst and his colleagues showing in a sample of fifty-three
NSCLC cases an association between treatment response to atezolizumab and extent of PD-
L1 expression on TILs (P = 0.015). 50 Interestingly, PD-L1 expression on tumor cells in this
study was not correlated with response. The increase in the intra-tumoral presence of
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infiltrative immune cells, both before and during treatment, may be predictive of clinical and
radiographic response. Continued research to confirm this is needed, as well as determining
clinically meaningful thresholds of increased TIL density.

Tumor Specific Genotypes

Testing for single-gene driver mutations, like EGFR and ALK, is the standard of care for any
patient presenting with metastatic NSCLC. Despite the robust sustained responses many
patients may have while on an oral targeted agent, like a tyrosine kinase inhibitor in EGFR
exon 19 and 21 mutated tumors, 3152 all patients will invariably progress on treatment or
discontinue therapy due to toxicity. Immunotherapy is a treatment that has been utilized in
such patients in future lines of therapy.

Unfortunately, EGFR and ALK positive tumors have not demonstrated the same
responsiveness to checkpoint blockade as other genotypes,®3 and the second-line trials with
single-agent immunotherapy have not demonstrated a survival benefit in this subgroup.>#4°°
Hyperprogression after treatment with immunotherapy is also becoming a more widely
recognized phenomenon in clinical practice®® and there is some recent evidence to suggest
EGFR tumor positivity is associated with hyperprogression, and that this may be mediated
by the upregulation of PD-1 and PD-L1 seen with EGFR activation.>’ It is unclear whether
this is a true phenomenon in EGFR mutated tumors though, as halting therapy with a TKI
has the potential to lead to disease flare and may contribute to the worsening disease
progression seen in some patients exposed to checkpoint inhibition.

Lack of responsiveness to single agent checkpoint inhibitors in EGFR positive tumors has
been speculated to be due to lower levels of PD-L1 expression, though findings on this are
inconsistent and requires further study.535558:59 More recently, Toki et al. studied 150
EGFR positive NSCLC tumor samples and found them to have lower levels of PD-L1
expression as well as a high density of “inactive” TILs, despite the presence of immune cells
in the tumor microenvironment. TIL activity in this study was assessed by measuring levels
of Ki67 and granzyme B. Inactive TILs had decreased levels of each of these markers
reflecting low T-cell proliferation and low cytotoxic activity, respectively. The relative high
frequency of inactive TILs in the EGFR positive tumor microenvironment may explain the
relative lack of response seen in such tumors when challenged with immunotherapy.
Contrary to this, in this same study KRAS positive tumors had higher levels of PD-L1
expression and greater density of “active” TILs.59 Other studies have also demonstrated the
increased immunogenicity of KRAS mutant tumors, 89 though it is important to note that
KRAS mutant NSCLC overall is a heterogenous category with specific subgroups having
varying responses to checkpoint inhibition. KRAS tumors with a co-mutation in STK11/
LKB1, in particular has demonstrated primary resistance to PD-1 axis inhibitors in
retrospective analyses. Tumors with a STK11/LKB1 genomic alteration treated with a
checkpoint inhibitor demonstrated inferior clinical outcomes, including in tumors that were
PD-L1 positive.61

While underlying factors for why certain tumor genotypes do not respond to checkpoint
inhibition continue to be elucidated, recent trials utilizing combinations with immuno-
chemotherapy and VEGF inhibition, suggest that such therapies may overcome the
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resistance seen in EGFR and ALK positive tumors. Retrospective subgroup analyses from
the clinical trial IMpower150 suggest that combining the checkpoint inhibitor atezolizumab
with platinum doublet chemotherapy and the VEGF inhibitor bevacizumab can result in
improved PFS over chemotherapy and bevacizumab alone in patients with EGFR or ALK
mutant tumors (HR 0.59, 95% CI 0.37 — 0.94).%2 While such findings are encouraging and
suggest the possibility of expanding the benefits of immunotherapy to tumor genotypes
thought to be resistant, prospective validation is still needed.

Gene Expression Signhatures

Gene expression profiling is an active area of research with studies suggesting its potential
utility as a biomarker of checkpoint blockade. Immune gene signatures, in particular those
associated with IFN-vy signaling and activated T-cells may have predictive value and have
been correlated to immunotherapy response in several cancer types.53-65 Ayers et al.,
demonstrated a IFN-vy related gene profile obtained from baseline tumor tissue was
predictive of best overall response and PFS in cohorts of melanoma, head and neck cancer,
and gastric cancer treated with pembrolizumab.®3 In the POPLAR trial, the phase I1 trial of
atezolizumab in second-line treatment of advanced NSCLC, tumors with high expression of
the T-effector and IFN-y associated gene signature demonstrated improved survival (HR
0.43, 95% CI 0.24 — 0.77).27 Interestingly, in IMpower150, the low expressors of the T-
effector/INF-y associated gene signature also demonstrated a PFS benefit with the
atezolizumab with platinum doublet and bevacizumab treatment combination (HR 0.76, 95%
Cl 0.60-0.96), though higher expressors of this gene signature demonstrated a more robust
benefit (HR 0.51, 95% CI 0.38-0.68).62 Another recent study retrospectively examined the
database of NSCLC patients from the original Rizvi et al., 2015 study*3 and via genomic
tumor profiling found that the use of chemokine and immunosuppressive molecule
expression profiles affirmed PD-L1 expression and improved the ability to predict response
to pembrolizumab.56 Multi-gene profiling holds promise for identifying immunogenic
tumors more likely to benefit from immunotherapy agents, though further clinical study and
prospective validation is needed.

Serum Based Biomarkers

Peripheral blood biomarkers are an attractive alternative to tumor-based markers, given the
relative ease and less invasive nature of blood draws, as well as for the occasional but not
uncommon instances of insufficient tissue sampling on some tumor biopsies. Laboratory
values as collected during routine blood draws have been investigated for their potential as
predictive markers of immunotherapy response. For instance, the neutrophil to lymphocyte
ratio (NLR) has garnered much interest as a biomarker and can be easily calculated from the
differential reported with a standard complete blood count. NLR is the ratio of the absolute
neutrophil count to the absolute lymphocyte count. A tumor microenvironment with high
neutrophil but low lymphocyte infiltration, is thought to promote greater angiogenesis and
inhibit cell apoptosis, thus enhancing tumorigenesis and leading to poorer outcomes. Its
utility has been studied in various cancer types, including melanoma, breast, and various
gastrointestinal cancers.5”-70 NLR has been studied in NSCLC as well, and a high ratio at
baseline may be a negative prognostic indicator in patients with metastatic lung cancer
treated with immunotherapy.”172 In addition to being prognostic, NLR may serve as a
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predictive marker and retrospective studies on nivolumab in the second-line setting have
found that patient NLR correlates with treatment response’3 and may be helpful as an early
marker of response.’4 7> Other blood count-based markers, such as absolute eosinophil
count, absolute monocyte account, platelet to lymphocyte count (PLR), have also been
studied with some correlating to response.”8.77 The NLR and other such peripheral blood
markers may have utility in patients treated with checkpoint blockade, though studies thus
far have been small and retrospective, and prospective validation is needed.

Blood-based tumor mutational burden (bTMB) is another investigational serum-based
marker that has garnered interest. In a study by Gandara and his colleagues, the
FoundationOne CDx assay was used to determine bTMB and a positive correlation between
blood and tissue TMB was shown in a subset of samples obtained from the second-line
atezolizumab trials, POPLAR and OAK (Spearman rank correlation = 0.64, 95% CI 0.56 —
0.71). Additionally in this same study, a retrospective analysis of data from these two trials
found greater bTMB to be predictive of longer PFS in metastatic NSCLC patients treated
with atezolizumab.”8 Their analyses suggest that bTMB > 16 mutations/megabase may be a
clinically meaningful and robust cut-point for defining “high” TMB. The MYSTIC trial, 1
which investigated the immunotherapy combination of tremelimumab with durvalumab in
first-line stage IV NSCLC, also revealed the potential utility of bTMB as a biomarker. While
MYSTIC was an overall negative study with the immunotherapy combination not improving
survival over standard chemotherapy, exploratory analyses identified patients with bTMB >
16 mutations/megabase and in this subgroup tremelimumab with durvalumab was associated
with better overall survival as compared to chemotherapy (HR 0.62, 95% CI 0.45 - 0.86). In
this study the GuardantOMNI assay was used to quantify mutational burden and a bTMB =
16 mutations/megabase was found to correlate with a tissue TMB = 10 mutations/megabase,
as the latter was the cut-point utilized in Checkmate 227 that tested ipilimumab with
nivolumab.1®

Conclusion

Immunotherapy has ushered in an exciting time in the treatment of NSCLC and has
dramatically changed how advanced disease is treated. Testing for PD-L1 expression via
IHC as a biomarker for response remains the current standard of care and levels of
expression has shown to be correlated with response in numerous studies. PD-L1 testing is
not without limitations though, and not all patients with high expression will respond to
immunotherapy, and some patients with low or no expression still respond. Such
inconsistencies have prompted the investigation of other markers of response. TMB initially
showed great promise, though its future role as a biomarker now remains uncertain given the
updated overall survival data from Checkmate 227 suggesting lack of predictive value for
ipilimumab with nivolumab. Specific tumor genotypes, such as EGFR and ALK, seem to be
less responsive to checkpoint blockade, while some KRAS mutant tumors appear more
sensitive to therapy. Other investigational tissue-based markers, like gene expression
signatures, TIL concentration, or testing for “active” TILs show promise and studies have
found these to correlate to immunotherapy response. Serum-based markers are an attractive
option given the ease of obtaining such measures, especially when tissue sampling is
insufficient for testing. Though still investigational, neutrophil to lymphocyte ratio (NLR),
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bTMB, and other blood-based biomarkers have garnered interest both for their prognostic
and predictive value when treating with checkpoint inhibitors.

In the last year, the chemo-immunotherapy combinations of pembrolizumab with a platinum
doublet has become the new standard of care for first-line metastatic NSCLC with findings
suggesting that such a combination can overcome the lack of efficacy previously seen in
tumors with low levels of PD-L1 who received single agent immunotherapy. The results
from Keynote 189 20 which tested one such combination in advanced lung adenocarcinoma,
led to the approval of this combination irrespective of PD-L1 expression as a survival benefit
was seen over chemotherapy alone, even in patients with PD-L1 < 1%. It is important to note
though, that in this subgroup of no PD-L1 expression, PFS was not significantly different
between the combination therapy arm and the chemotherapy alone arm, and two-thirds of
patients in this subgroup did not show an objective response. In addition, patients with
EGFR and ALK positive tumors were excluded from this combination trial. The
IMpower150 regimen of Atezolizumab with carboplatin and paclitaxel and the VEGF
inhibitor bevacizumab was also recently approved by the FDA for first-line metastatic lung
adenocarcinoma, though this approval did not include EGFR and ALK mutated patients.
Atezolizumab combined with a platin and pemetrexed,’® or carboplatin and nab-paclitaxel80
has also been investigated and shown to improve clinical outcomes, though only the
IMpower150 regimen is currently approved. Chemo-immunotherapy combinations will
likely increase the number of patients who will be treated with a checkpoint inhibitor,
though a proportion will still not benefit from a response. Moreover, treatment with
checkpoint blockade is not without side effects or potential life-threatening
immunotoxicities. This makes it all the more essential to continue the study and
development of improved biomarkers that are predictors of toxicity, and sensitive and
specific indicators of immunotherapy response.
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Tissue and serum-based biomarkers for immunotherapy (10) response in non-small cell lung cancer

Biomarker of Interest ~ Assay Details

Outcomes/Literature Support

Tissue-based
PD-L1 Expression

Tumor Mutational
Burden (TMB)

Tumor Infiltrating
Lymphocytes (TILs)

Tumor Specific
Genotypes

Gene Expression
Signatures

Serum-based

Complete Blood Count
(CBC) Markers (NLR,

PLR, etc.)

Blood Tumor
Mutational Burden
(bTMB)

Immunohistochemisty (IHC) to determine
proportion of PD-L1 positivity/expression.

Whole exome sequencing or FoundationOne CDx
assay to quantify the number of somatic mutations
per coding area of a tumor genome.

Assessment of lymphocyte infiltration seen within
tumor tissue.

Fluorescence in situ hybridization (FISH) or next
generation sequencing to identify genomic
alterations in EGFR, ALK, KRAS etc.

Multi-gene profiling to identify immunogenic gene
signatures, e.g. activated T-cell, IFN-y

Neutrophil to lymphocyte ratio (NLR), platelet to
lymphocyte ratio (PLR), absolute eosinophil count,
and others as calculated from CBC differential.

FoundationOne CDx with quantification of single
nucleotide variants, GuardantOMNI CDx assay.

Greater PD-L1 positivity/expression associated with
improved outcomes in first-line and second-line advanced
NSCLC trials using 10.13-15

Higher TMB associated with improved PFS, though not OS,
with first-line ipilimumab/nivolumab in advanced NSCLC,
irrespective of PD-L1 expression. 17

Higher TIL density associated with improved survival in
NSCLC.4748 Extent of PD-L1 expression on TILs associated
with response to atezolizumab. 50

EGFR and ALK mutated tumors associated with poorer
outcomes in second-line 10 trials. 5 STK11/LKB1 co-
mutation associated with 10 resistance.5!

High expression of T-effector and INF-y related gene
signature associated with improved OS with second-line
atezolizumab in advanced NSCLC.?"

Higher NLR associated with poorer prognosis in advanced
NSCLC.%72 NLR correlated to treatment response in second-
line nivolumab studies.”7>

Higher bTMB associated with longer PFS with second-line
atezolizumab in advanced NSCLC."® High bTMB subgroup
with improved OS with first-line tremelimumab/durvulumab.
19

10 - immunotherapy
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