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Abstract: The 5-year relative survival of non-small cell lung cancer (NSCLC) is still low even in patients
with resectable disease due to local or distant recurrences after surgery. Novel treatment strategies are
essential to reduce the risk of postoperative recurrence and provide an improvement in survival rates.
Although neoadjuvant immune checkpoint inhibitors (ICIs) are not included in the treatment protocols
yet, investigations are still ongoing. However, one of the major issues encountered in this regard is the
ideal patient selection. Furthermore, ICIs have several limitations such as serious side effects, high costs
and varying response rates among patients. Thus, the development of accurate biomarkers is necessary for
ideal patient selection, risk stratification and prediction of treatment response in patients. Biomarkers under
investigation for neoadjuvant ICIs in NSCLC are being evaluated in four major categories: tumour cell-
associated biomarkers, tumour microenvironment-related biomarkers, liquid biopsy-related biomarkers
and host-related markers. In addition, *F-FDG PET-CT parameters may be used in this regard. Emerging
results from clinical trials suggest that these biomarkers may play important roles in the management of
NSCLC in the near future. Nevertheless, there are still many unknowns about mechanisms of biomarkers.
Some challenges, such as clinical adaptability, validation and feasibility, also exist. It should be noted that,
there are no currently standardized biomarkers to select the ideal patient. Further studies are therefore

required to identify reliable biomarkers in the prediction of response and outcome of ICIs.
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Introduction (ranging from 25% to 70%) (1-3). Neoadjuvant and adjuvant

Non-small cell lung cancer (NSCLC) is the most frequent
subtype of lung cancer which is one of the most lethal
cancers worldwide. Although its incidence rates and age-
adjusted death rates have been falling each year, the 5-year
relative survival is still low even in patients with resectable
disease due to local or distant recurrences after surgery

treatment strategies such as chemotherapy, targeted therapy
and immunotherapy have therefore received much attention
in the last years to reduce the risk of postoperative recurrence
of resectable NSCLC and provide an improvement in
survival rates (2). The use of cancer immunotherapy,

especially immune checkpoint inhibitors (ICIs), has ushered
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Table 1 Clinical trials of neoadjuvant therapy with ICIs for resectable NSCLC

Trial name/registration Actual/estimated

Phase Stage

Trial completion

Treatment Primary endpoint  date/estimated trial

number enroliment (n) completion date
MK3475-223/NCT02938624 1 -1l 28 Pembrolizumab Toxicity and MPR 2021
ChiCTR-OIC-17013726 1B IB-IA 22 Sintilimab Drug-related adverse 2019
event, surgery
complications, no-
delay surgery rate

Checkmate 159/ 2 IB-1IIA 45 Nivolumab Safety and feasibility 2023
NCT02259621

LCMCS3/NCT02927301 2 1B-1IIB 181 Atezolizumab MPR 2020
NEOSTAR/NCT03158129 2 I-IA 88 Nivolumab MPR 2021

Nivolumab+ Ipilimumab

NADIM/NCT03081689 2 A 46 Nivolumab 24-month PFS 2021
Columbia University/ 2 IB-IIA 30 Atezolizumab MPR 2020
NCT02716038

NADIM Il NCT03838159 2 NA/IIB 90 Nivolumab pCR 2022
TOP 1501/NCT02818920 2 IB-1IIA 35 Pembrolizumab Surgical feasibility 2026
IONESCO/NCT03030131 2 1Bl 81 Durvalumab RO resection 2019
PRICNEPS/NCT0299457 2 IB-IIA 60 Atezolizumab Toxity 2020
NeoCOAST/NCT03794544 2 -IA 160 Durvalumab MPR 2021

Durvalumab + Oleclumab
Durvalumab + Monalizumab
Durvalumab + Danvatirsen
SAKK 16/14/NCT02572843 2 A 68 Durvalumab EFS 2021
IMpower030/NCT03456063 2 1I-111B 374 Atezolizumab MPR, EFS 2024
Checkmate 816/ 3 IB-1IIA 350 Nivolumab EFS, pCR 2020
NCT02998528
Nivolumab + ipilimumab

Keynote-671/NCT03425643 3 1I-11B 786 Pembrolizumab EFS, OS 2024
AEGEAN/NCT03800134 3 IIA-1I1B 300 Durvalumab MPR 2024

ICls, immune checkpoint inhibitors; NSCLC, non-small cell lung cancer; MPR, major pathological response; PFS, progression-free
survival; pCR, pathological complete response; EFS, events-free survival; OS, overall survival.

a new era for oncology and led to great hope. Although ICIs
are not included in the neoadjuvant treatment protocols yet,
investigations on this subject are still ongoing. Currently,
there are various ongoing and completed clinical trials (phases
I, IT and IIT) underway to assess the role of neoadjuvant ICI-
based treatments in patients with resectable NSCLC (Table 1).
However, one of the major issues encountered in this regard
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is the ideal patient selection. Furthermore, ICIs have several
limitations such as serious side effects, high costs and varying
response rates among patients (4). Thus, the development
of biomarkers is necessary for ideal patient selection, risk
stratification and prediction of treatment response in
patients with early stage lung cancer. They are ideal settings
for exploring biomarkers due to emerge novel pathways
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Figure 1 Biomarkers under investigation for neoadjuvant immune checkpoint inhibitors in non-small cell lung cancer. PD-L1, programmed
death ligand 1; TMB, tumour mutation burden; DDR, DNA damage response; dMMR, DNA mismatch repair deficiency; MSI,
microsatellite instability; TME, tumour microenvironment; NLR, neutrophil to lymphocyte ratio; L/M ratio, myeloid to lymphoid ratio;

PLR, platelet to lymphocyte ratio; ctDNA, circulating tumour DNA.

and molecules during studies about neoadjuvant ICIs. As
results of these studies, biomarkers under investigation
for neoadjuvant ICIs in NSCLC are being evaluated in
four major categories (Figure I1): tumour cell-associated
biomarkers, tumour microenvironment-related biomarkers,
liquid biopsy-related biomarkers and host-related markers
2,5). In addition, *F-FDG PET-CT parameters may be used
as clinical indicator of tumour immunometabolic phenotypes
in patients with resectable NSCLC (6).

Tumour cell-associated biomarkers

Two biomarkers mostly studied in the context of cancer
immunotherapy are programmed death ligand 1 (PD-L1)
expression and tumour mutation burden (TMB). Tumour
cell-associated biomarkers also include DNA damage
response (DDR) pathways, specific mutant gene pathways
(e.g., IFN-y pathway, KRAS and STK11 mutation), and
neoantigen load (2).

PD-L1 expression

As PD-L1 is expressed on the surface of tumour cells to

© AME Surgical Journal. All rights reserved.

inhibit T cells and survive their cytotoxic activities, degree
of immunohistochemical measurement of PD-L1 in biopsy
materials is being investigated as a biomarker of responses
to ICIs (3). However, the role of PD-1.1 is still under debate
due to the disparities between previous studies (3,7-9).
For instance, pretreatment PD-L1 expression was higher
in responders than in non-responders and was positively
correlated with major pathological response (MPR) in the
NEOSTAR study, but it was not correlated with MPR in
the LCMC3 study (10,11). The CheckMate-159 study
also found no association between MPR and PD-L1
expression (12). The disparities may be explained with
PD-L1 expression pattern that is temporally and spatially
heterogeneous, and also dynamic. This indicates that it may
vary in different anatomical regions and during the clinical
course (13,14). It may also be affected by histological
type of tumour, tissue availability prior to therapy, length
of neoadjuvant ICI therapy or chemotherapy/radiation
(3,8). Intratumour heterogeneity in NSCLC may be
another explanation (15). Furthermore, there is a lack of
standardization across PD-L1 platforms (8,13,16). Taken
together, the results on using PD-L1 expression as a
biomarker need confirmation with further studies.
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TMB and neoantigens

TMB can be defined as the total number of nonsynonymous
single-nucleotide mutations, insertion or deletion variants
that gives rise to tumour-specific neoantigens which in turn
can activate the host T cell response against tumour (3,17).
Neoantigens are foreign proteins which form on cancer
cells when certain mutations occur in tumour DNA. They
help the immune system to recognize the affected cancer
cell and thus play an important role in immune escape,
immunoediting, and sensitivity to ICIs (18). Theoretically, a
higher TMB increases the probability of tumour neoantigen
production and therefore, the likelihood of immune
recognition and tumour cell killing (19).

TMB may vary between different tumours and one of
the highest levels of TMB was documented in NSCLC (20).
In the CheckMate-159 study with 21 patients with early-
stage NSCLC treated with neoadjuvant nivolumab, the
achievement of a MPR was highly associated with an
increased TMB (12). In another study with patients with
resected NSCLC, high nonsynonymous TMB was found to
be associated with a better prognosis (21). Although previous
studies showed positive results, the LCMC3 study found no
correlation between TMB and MPR (11). Additionally, TMB
was not found to be associated with survival in the NADIM
study (46 patients with stage IIIA NSCLC) (22). TMB has
also some other limitations. For instance, there may be a high
degree of variation in TMB across patients within NSCLCs
because of its association with smoking (16,21). A previous
study, which analyzed the most important confounders of
panel sequencing based measurement of TMB (psTMB)
(panel size, germline filtering, biological and technical
variance), showed that the limited panel size represented
the largest contributor to total psTMB variance (23). It
was also shown that in addition to technical aspects such as
germline filtering, the tumour content and spatially divergent
mutational profiles within a tumour were relevant factors
influencing TMB estimation, revealing limitations of single-
sample-based TMB estimations (24). Furthermore, the best
measurement method for TMB is whole exome sequencing
(WES), but it is not yet routinely used as a clinical tool for
predicting response to ICIs due to its high cost and long
turn-around time (16).

The influence of neoantigens on antitumor immunity
in early-stage NSCLC has also been explored. A high
neoantigen burden, identified as the upper quartile of
neoantigen load, was associated with significantly longer
OS. In addition, combining high mutational load and
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low intratumoral neoantigen heterogeneity (<1%) was
significantly associated with OS and longer lasting clinical
benefit than either variable alone (25). These results support
studies exploring neoantigens as potential biomarkers
of tumour response to neoadjuvant ICls in patients with
resectable NSCLC (3).

DDR patbways [DNA mismatch repair deficiency
(AMMR)/microsatellite instability (MSI)]

Five clinical trials (Keynote-016, 164, 012, 028, 158) with
various types of tumours reported that patients with dMMR/
MSI-H have durable responses to pembrolizumab (13).
However, a study in patients with surgically resected lung
adenocarcinoma reported that MSI was a rare event and
MMR deficiency status cannot be used as a biomarker for
ICI treatment in lung adenocarcinoma (26).

Tumour microenvironment-related biomarkers

Analyzes of the tumour microenvironment have revealed
that it is an important factor in cancer progression and
metastasis (27). PD-L1 expression, and tumour-infiltrating
immune cells, including immune cells with specific
phenotypes (e.g., CD39", CD8" T, CD4" T cells, FoxP3"
T cells, NKp46°© cells), diversity of immune repertoires
[e.g., richness and clonality of tumour-infiltrating
lymphocytes (TILs), T cell receptor (T'CR) repertoire],
and immune status score have been explored as tumour
microenvironment-related biomarkers in lung cancer (2).

Tumour infiltrating immune cells repertoire

Basically, tumour infiltrating immune cells include both
mononuclear and polymorphonuclear immune cells.
One of the major components of them are TILs which
can be used as biomarkers in predicting the efficacy and
outcome of treatment in a number of solid tumours,
including lung cancer. Higher infiltration of TILs was
found to be associated with improved survival in NSCLC
(28,29). Several studies have also supported these results
by demonstrating a high correlation between TILs density
and both disease outcome and treatment response in lung
cancer. In the NADIM study the found an association
between TIL levels in post-treatment surgical specimens
and progression-free survival (PFS). They reported that
patients with low stromal levels of CD3" CD8" cells, CD3"
PD-L1 cells, or with low tumour levels of CD3" CD8"
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PD-L1"cells or CD3"PD-L1" cells showed all a 100%
PFS at both 18 and 24 months (22). In another study with
stage I NSCLC patients reported that a higher proportion
of tumour T, cells (FoxP3" TILs) relative to TIL had a
significantly higher risk of recurrence (30). Regarding the
potential important of immune cell subsets, a previous
study suggested that B cells and total TILs could be
complementary predictors of ICI benefit in NSCLC.
Because they found that a higher proportion of B cells,
CD45+ cells and total TILs was associated with prolonged
PES after ICI treatment. The feasibility of TIL/TME-
profiling in the routine setting using mRNA assays was also
demonstrated in this study (31). In lung cancer, however,
there is still a lack of a standardized guidelines for TIL
scoring/use (32).

T'CRs are used to recognise neoantigen peptides, identify
T cell clones, their frequencies, and the existence of antigenic
responses within a repertoire (3,33). The sum of all TCRs
by the T cells of one individual is named as TCR repertoire.
TCR repertoire features, including the frequency of T cells
within a tumour (density), the diversity of T cells (richness),
and the tumour reactive T cell clonal expansion (clonality),
may be potential biomarkers in lung cancer. A previous study
with 236 early-stage, treatment-naive NSCLC patients
reported that higher T cell repertoire homology between the
tumour and uninvolved tumour-adjacent lung was associated
with inferior survival (33). However, less information is
known about the attributes of TCR repertoire as biomarkers
of response to neoadjuvant ICIs in NSCLC patients and
large-scale studies are needed (3,33).

Decision on the treatment, and prognostic prediction are
based on the American Joint Committee on Cancer TNM
staging system and the likelihood of tumour recurrence
varies at each tumour stage. However, clinical outcomes of
patients within the same tumour stage can also vary. Using
the TNM staging system alone may not predict response
to therapy and may be insufficient for precise assessment of
patient survival (27). Therefore, researchers developed the
immunoscore model and immunoscore-clinical prognostic
signature (ICPS). They reported that high immunoscore
was positively correlated with TMB and associated with
worse prognosis, suggesting that immunoscore and ICPS
can be used for prediction of survival in early-stage lung
adenocarcinoma (27).

Liquid biopsy-related biomarkers

Liquid biopsy-related biomarkers include peripheral blood

© AME Surgical Journal. All rights reserved.
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cells (e.g., CD45RO/CDS8" T cells, CD4ICOS™ T cells,
circulating tumour cells), circulating tumour DNA (ctDNA),
and other circulating molecular biomarkers (e.g., exosomes,
cytokines, and inflammatory factors) (2). They have
significant advantages of being non-invasive as well as time-
and cost-efficient. Thus, they may frequently be preferred
for monitoring response to neoadjuvant or adjuvant
immunotherapy in the future.

Peripheral blood cell biomarkers and complete blood count

In the LCMC3 study, the biomarker analysis based on
paired peripheral blood demonstrated a lower baseline levels
of T cells (G/D* CD3* CD8" CD56" CD16") and natural
killer cells (CD16" CD56" CD244" CD314" CD161%) in
patients who achieved MPR compared with patients without
MPR. After neoadjuvant treatment, the absolute cell
counts of late activated CD4" and CD8" T cells decreased
in patients who achieved MPR. The results from this
study revealed the role of ICIs in preoperative activation
of tumour-specific immune killing (2,34). In another
study, the association between higher T cell density in the
peripheral blood and improved outcome/longer overall
survival (OS) after surgery in NSCLC was revealed and
the authors suggested that the peripheral T cell repertoire
may be reflective of increased systemic immunity (33).
In the CheckMate-159 study, anti-PD-1 therapy increased
the number of neoantigenspecific T cell clones in tumour
and peripheral blood in resectable NSCLC (12). Since
most of the mentioned biomarkers are expensive, time
consuming and experience dependent, the need for more
easily accessible biomarkers in daily clinical practice, such
as complete blood cell counts, has arisen. A cohort of
1,524 patients with surgically resected NSCLC from the
ICON study identified an association between increased
circulating neutrophil expansion with disease burden and
worse postoperative OS (18). In many solid tumours and
advanced NSCLC, high neutrophil-to-lymphocyte ratio
(NLR) and platelets-to-lymphocytes ratio (PLR) have been
reported to be associated with an adverse OS (35). In the
NADIM study, post-treatment peripheral NLR, myeloid-
to-lymphoid ratio (MLR), and PLR were decreased and a
greater decrease in the post-treatment PLR was associated
with pathologic complete response (36).

These results suggest that peripheral blood can be used
as a valuable source to detect potential biomarkers for ICIs.
However, further investigations are required to use these
tests as biomarkers in routine practice in patients receiving
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neoadjuvant immunotherapy since its effectiveness has not
been validated in prospective studies (13).

ctDNA

ctDNA, single- or double-stranded DNA derived from
tumour cells, contains the mutations of the original
tumour (18). Thus, the detection of ctDNA can obtain
tumour genomic information related to the response to
ICIs and can be used as a biomarker (13). For instance,
the Checkmate-816 study, which is the first phase III trial
to show a benefit for neoadjuvant ICI (nivolumab) plus
platinum-doublet chemotherapy for resectable NSCLC,
demonstrated that patients treated with nivolumab plus
chemotherapy were more likely to have ctDNA clearance
and appeared to be more likely to have a pathological
complete response at the time of surgery (37). The
CheckMate-159 study also reported that the clearance
of detectable ctDNA from blood prior to surgery was
detected in all patients who achieved a reduction >30%
in viable tumour in response to nivolumab (12). Another
study demonstrated the association between the detection
of ctDNA in peripheral blood as early as 4 weeks following
tumour resection and elevated risk of disease recurrence in
NSCLC. They also suggested that ctDNA detection can be
used for assessment of tumour relapse in patients who have
undergone curative surgery (38). Although the sensitivity or
specificity has yet to be improved, the results from previous
studies are promising.

Other circulating molecular biomarkers

Exosomes which are small sized extracellular vesicles,
can transport functional biomolecules, such as small
RNAs, DNAs, proteins and lipids. Due to their presence
and stability in most biological fluids and their contents
reflecting abnormalities in the parent cells, they may be
potential liquid biopsy biomarkers for various diseases,
including lung cancer (39,40).

Soluble proteins (e.g., sSCD163, sNKG2DLs), cytokines
and inflammatory factors (e.g., tumour necrosis factor-a,
interleukin-6, C-reactive protein) are also being investigated
as potential predictive biomarkers for ICIs efficacy (13).

Host-related markers

General characteristics (gender, age, performance
status and body fat distribution), intestinal commensal
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microbiota, and host germline genetics (human leukocyte
antigen diversity and other specific mutations) can be
evaluated as biomarkers in various cancer types. Further
studies are required to explore the effect mechanisms of
general characteristics and the impact of host immune
gene variation on IClIs efficacy (13).

'SF.FDG PET-CT parameters

"F-FDG PET-CT plays an important role in the diagnosis,
staging and follow-up of lung cancer and parameters such as
maximum standardized uptake values (SUV,,,,) may provide
valuable information for efficacy evaluation in neoadjuvant
treatment in NSCLC. In a study with 172 patients with
resected NSCLC demonstrated that increased SUV_, was
associated with multiple immune factors characteristic of an
immunosuppressive and poorly immune infiltrated tumour
microenvironment, including elevated PD-L1 expression,
reduced CD57" cell density, and increased T cell exhaustion
gene signature (6). The results of another study suggest that
the decrease of SUV,,,, values after neoadjuvant sintilimab
could be predictive of pathologic response to neoadjuvant

PD-1 blockade (41).

Conclusions

Emerging results suggest that biomarkers for neoadjuvant ICIs
may play important roles in the management of NSCLC in the
near future. Nevertheless, there are still many unknowns about
mechanisms of biomarkers. Some challenges, such as clinical
adaptability, validation and feasibility, also exist. It should be
noted that, there are currently no standardized biomarkers to
select the ideal patient. Further studies are therefore required
to identify reliable biomarkers in the prediction of response
and outcome of ICIs.
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