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ABSTRACT
Non-small cell lung cancer (NSCLC) constitutes about 84% of lung cancer. Hence, increased efforts have been
fueled into immunotherapy of NSCLC with immune checkpoint inhibitors (ICIs). ICIs have recently taken off
as promising immune-therapeutic methods that have slowed down the progress of NSCLC and equipped patients
with survival advantages. However, the long-term respondents tally is less than 20% of the population. This low
response rate warrants the need for dynamic biomarkers which will provide insight into the possible response of
patients to ICIs. Biomarkers are biological molecules that predict the pathologic state of patients and the potential
response they will elicit to ICIs. Predictive biomarkers play a crucial role in analyzing the effects of ICI therapy on
patients and potentially ﬁlter out patients who will certainly beneﬁt from ICIs. In this way, resources in immunotherapy can be rationalised better and the healthcare system can administer an alternative mode of treatment to
the non-responsive group of patients. Thus, precision therapy can be performed according to the possible responsiveness and needs of patients. PD-L1 protein is a popular biomarker that has been analyzed extensively to study
the immunotherapy effectiveness of PD-L1 and PD-1 inhibitors. But as a single biomarker, PD-L1 protein levels
do have their shortcomings to check for ICI therapy effectiveness. As such, this emphasizes the need for exploration of more biomarkers to be used on prediction grounds. A combination of biomarkers may also be considered
for better prediction results. This review serves to highlight the importance of PD-L1 protein in dynamic monitoring of the immunotherapy effectiveness and investigates different novel biomarkers that could be plausible
options to monitor immunotherapy effectiveness of NSCLC.
KEYWORDS
Immunotherapy; immune checkpoint inhibitors; dynamic monitoring; lung cancer

1 Introduction
Immunosuppression and immune evasion are hallmarks of tumour cells. Reversing immunosuppression
is thus of paramount importance and it has been an increasingly plausible option with the aid of immune
checkpoint inhibitors (ICI) [1]. Immune checkpoints are crucial to establish a status quo of self-tolerance
and to regulate immune responses of peripheral tissues [2].
Currently, some FDA approved immunotherapy drugs have been regarded as part of the drug regime for
certain patients under conditions deemed suitable. Programmed death ligand 1 (PD-L1) and PD-1 inhibitors
This work is licensed under a Creative Commons Attribution 4.0 International License, which
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are some examples of these drugs, which have shown a certain level of overall response rate (ORR) in
patients via the monitoring of PD-L1 levels expressed by tumour cells [3]. To date, the FDA has
approved six ICIs targeting PD-1/PD-L1 for usage in the ﬁrst and second line of treatment for patients
with NSCLC.
The drugs comprise monoclonal antibodies such as pembrolizumab, nivolumab and cemiplimab
targeting PD-1 and atezolizumab, avelumab and durvalumab targeting PD-L1 [4]. Pembrolizumab can
display greatest beneﬁt in terms of objective response rate and overall survival (OS) in patients with PDL1 expression exceeding 50%, while atezolizumab presents with better OS in patients with PDL1 expression of more than 1% [5].
However, the efﬁcacy of these PD-1/PD-L1 ICIs has been reported to rarely exceed 40% in most cancer
types and a large number of patients show partial responsiveness. Therefore, it is crucial to ﬁrst identify and
assess the credibility of the PD-L1 protein expression levels as biomarkers. If PD-L1 protein levels are not
deemed to be the best option, then the healthcare system needs to seek other biomarkers to monitor the ICI
therapy effectiveness. The other biomarkers may either be used together with PD-L1 or may have isolated
purposes.
To monitor immunotherapy efﬁcacy, we have used many dynamic biomarkers. This review will analyze
biomarkers such as PD-L1 protein levels, tumour mutation burden (TMB), tumour neoantigen burden
(TNB), exosomes, cell-free DNA (cfDNA), tumour-inﬁltrating lymphocytes (TILs), neutrophillymphocyte ratio (NLR), etc. Out of which PD-L1 inhibitors have already been administered to patients
as part of the approved FDA drug regime, and TMB is still a part of clinical trials.
2 PD-L1 Protein Levels
PD-L1 protein levels are one of the ﬁrst few biomarkers brought under the scrutiny of the research wing
[6]. It serves as a prognostic biomarker and predicts responses to anti-PD-1/anti-PD-L1 therapy. PD-L1 is a
type I transmembrane protein of 290 amino acids, and it can express in the large amounts by cells such as
tumour cells, monocytes, macrophages, natural killer (NK) cells, and span across a series of
immunocompetent locations like the brain, cornea and retina [7]. When the ligand, PD-L1 binds to its
receptor, PD-1 expresses on T cells, it arrests the T cells in the G1 phase of the cell cycle and rapidly
diminishes the immune function of T cells against tumour cells. This is duly illustrated in Fig. 1. As such,
PD-L1 and PD-1 inhibitors have been constantly under the spotlight to stop the interaction between PDL1/PD-1, invigorate the tumour-speciﬁc cytotoxic T cells against tumour cells [8] and prevent
immunosuppression against tumour cells. For PD-L1 and PD-1 inhibitors, to date, PD-L1 protein levels
seem to be the most widely used and dedicated biomarkers. PD-1/PD-L1 inhibitors exert a brake on the
downstream line of events by preventing PD-1 and PD-L1 from binding and thus enhance antitumour
immunity [9].
Immunohistochemistry (IHC) is a major method utilized in the evaluation of PD-L1 expression and
improvised techniques have surfaced to better track expression levels. The results are given as the
percentage of tumour cells and the area of the immune inﬁltrate expressing PD-L1 on its surface [10].
PD-L1 levels hold great signiﬁcance as a biomarker due to the increasingly reliable methods to conﬁrm
tumour cells’ expression of PD-L1 protein. A study has found that a 68Ga- NOTA-Nb109 antibody is of
immense use to track PD-L1 levels. The 68Ga- NOTA-Nb109 has a great afﬁnity for PD-L1 and
accumulates in large amounts in tumours that are PD-L1 positive. The rapid clearance rate of the
radioactive material and the high tumour-to-background ratio gives it a competitive edge as well, as such,
improving the accuracy with which PD-L1 levels could be studied in patients [11]. Therefore, the PD-L1/
anti-PD-L1 therapy will be more tailored and speciﬁcally administered to cancer patients with a good
prognostic factor, backed up by the high expression of PD-L1 protein.
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Figure 1: PD-L1 and PD-1 expression in the tumour and immune cells. The pro-tumour effect caused by
PD-L1/PD-1 interaction is illustrated. T cell cytotoxic function can be inhibited by different phenotypes
such as PD-L1+ tumour cells, PD-1+ T cells, PD-L1+ TAMs and PD-1+ TAMs, which can promote
tumour progress
PD-L1 levels are measured in two forms as PD-L1 protein levels directly present on tumour cell surface
in the tumour microenvironment (TME) and as exosomal PD-L1. Both PD-L1 forms have different
sensitivity and ease of detection. Hence, they offer differing predictive spectra with respect to patient
eligibility for ICI therapy.
2.1 PD-L1 Levels Measured from the Tumour Cell Surface in TME
The tumour proportion score (TPS) refers to the percentage of PD-L1 positive tumour cells detected in
the TME by IHC. In the KEYNOTE-001 clinical trial, TPS has been proven to be a vital marker associated
with long-term survival. Patients with ≥50% TPS showed the most 5-year OS (29.6%) in advanced NSCLC
patients treated with anti-PD-1 ICI drug pembrolizumab [12,13]. The greater the expression of PD-L1 on
tumour cells, the worse the prognosis turns out for the patients, according to histological settings [14].
But these patients with high levels of PD-L1 protein expression will have better response rates to ICI
therapy when administered the PD-L1/PD-1 inhibitors, thus potentially challenging the expected “poor
prognosis” in this group. Consequently, the survival outcomes can be improved in these patients [15].
Tumours with PD-L1 expression levels ≥ 50% qualify for the ﬁrst-line single-agent pembrolizumab,
while tumours with PD-L1 expression levels ≥ 1% is the criteria for pembrolizumab after progression on
a platinum-based therapy according to FDA approvals and the National Comprehensive Cancer Network
(NCCN) NSCLC guidelines [16]. As such, appropriate PD-L1 levels are the qualifying factors, which
distinguish patients eligible for the start of PD-1/PD-L1 therapy. In this way, it is ensured that a patient’s
TME is understood before administration of drugs, thus paving the way for a possible positive outcome
and better stratiﬁcation of patient groups. Since PD-1/PD-L1 ICI therapy is based on the expression
levels of PD-L1, it is vital to analyze the factors that may affect the PD-L1 expression, to better
comprehend the TME in cancer patients.
Factors inﬂuencing PD-L1 expression are classiﬁed into intrinsic and extrinsic factors as shown in
Fig. 2. Assessment of these factors is of paramount importance as it enables oncologists to further ﬁlter
out potential responders to PD-L1 ICI therapy and leverage on the TME conditions of cancer patients.
Chemotherapy and radiotherapy have a major inﬂuence on PD-L1 expression in the TME.
Chemotherapeutic drugs such as oxaliplatin, cyclophosphamide, etc., carry out immunomodulatory
functions by increasing antigen presentation or by inhibiting immune-suppressive mechanisms.
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This creates an advantageous inﬂammatory environment that is further fueled by immune checkpoint therapy
(ICT) [12]. Radiotherapy increases antigen presentation, IFN-γ response and pro-inﬂammatory chemokine
production that facilitate increased T cell trafﬁcking to the tumours. This mounts up a stronger immune
response against tumour cells [17]. The immunostimulatory effects put up by radiotherapy elevates PDL1 expression by mounting adaptive pressures on tumour cells. ICT can be coordinated with radiotherapy
to further enhance patients’ systemic antitumor immunity. Other factors that produce an advantageous
TME to boost PD-L1 expression levels include cytokines, growth factors, DNA damaging agents,
angiogenesis, hypoxia, etc., as elaborated in Fig. 2.
Studies with PD-L1 ICI drug atezolizumab proved that higher PD-L1 expression levels are associated
with better treatment effects, including higher ORR and longer survival. Similarly, the administration of
pembrolizumab in high PD-L1 expression patients can promote improved treatment effects [18]. The
greater TPS reﬂects the increased effectiveness of anti-PD-L1/anti-PD-1 drugs acting on tumour cells,
thus producing gratifying improvements in terms of tumour response.
On the other extreme, there are outliers as well who present with robust responses to therapy despite the
low levels of expression of PD-L1. In the early stage of NSCLC, the clonal and spatial heterogeneity of
tumours may pose a challenge in determining the expression of PD-L1 protein [19]. Such controversial
responses further complicate the issue of PD-L1 as an exclusionary predictive biomarker. In general
perspective across all tumour types, PD-1/PD-L1 ICI therapy results in response rates of 0–17% in
patients with PD-L1 negative tumours and about 36%–100% in patients with PD-L1 positive tumours
[20]. Trials have satisfactorily proven that signiﬁcantly longer progression-free survival and overall
survival are achieved in ICI-treated patients with tumours expressing PD-L1 in at least 50% of cells.
Thus, with valid results being proven over time, it is increasingly crucial to accurately ﬁlter out patients
who will beneﬁt from PD-L1/PD-1 ICI therapy, to ensure maximal beneﬁt in terms of healthcare. PDL1 expression in small tissue samples such as biopsy specimens might not be representative of the entire
tumour specimen, due to clonal and spatial heterogeneity of PD-L1 in tumours [21]. Single biopsies or
pleural effusions used for IHC assays are not characteristic of the inter-and intra-tumoural heterogeneity
[13], thus hindering the comprehension of the histological settings of the tumour. Increasing the number
of biopsies might be a plausible option to get a better idea of the tumour histology and to increase the
reliability of the PD-L1 expression results obtained. However, being an invasive technique, it will not be
for the beneﬁt of the patient in the long run. This further reiterates the need to consider the results of PDL1 staining across biopsies to maximize their reliability in predicting the true PD-L1 status of tumours.
The usage of other biomarkers that used in combination with PD-L1 for customized treatment has to be
explored. These results indicate that three and four core biopsy specimens should be taken from patients
to reach an area under the curve (AUC) and sensitivity higher than 0.9 at cutoffs of 1% and 50%,
respectively [22]. A microarray is a viable alternative to compare representative tissue samples from
different patients by assembling them on a single histologic slide and analyzing multiple specimens at the
same time. In Keynote-024 study, involving patients with tumours characterized by PD-L1≥ 50%, the
ORR in the group treated with pembrolizumab is lower than expected and stands at only 45%. This
further proves that outliers are possible even in a population that is scrutinized and deﬁned by their high
levels of PD-L1 expression [23].
Challenges do exist in terms of the relationship between PD-L1 expression and clinicopathological
factors as well. For instance, ethnic factors may cause variations in different populations’ PDL1 expression levels, even if the stage of tumours is identical across communities. Most studies, in which
high PD-L1 expression (50%–72.7%) are reported, are conducted in an Asian population whereas the
western counterparts showed lower incidences [24]. In addition to that, EGFR mutations are more
prevalent in Asian NSCLC patients with ﬁgures rising to 50% of patients compared to their Caucasian
counterparts. EGFR-mutant NSCLC tumours are more inclined to be negative for PD-L1, and thus such
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patients are poor responders for ICI therapy [25,26]. IHC staining also has its own limitations as different
antibodies have different sensitivities to staining. Additionally, the cut-off value of PD-L1 staining
positivity remains debatable [27].
In total, although the methods of monitoring PD-L1 expression has gained trust among researchers, the
discrepancies that exist across ethnicities, outliers and other clinicopathological factors question the
credibility and effectiveness of PD-L1 protein levels in TME as biomarkers. In the future, more focus has
to be channelled into countering the discrepancies for establishing uniform standards for PD-L1 protein
level monitoring.

Figure 2: Extrinsic and Intrinsic factors that inﬂuence the levels of PD-L1 expression on tumour cells. The
intrinsic factors can be further classiﬁed into genetic and epigenetic factors. The extrinsic factors (cytokines,
growth factors, DNA damaging agents, targeted therapies, angiogenesis and hypoxia) tend to generally boost
the expression of PD-L1 proteins with a few exceptions such as IL-10, etc which instead tilt the scale in the
opposite direction. The genetic intrinsic factors such as RAS/MAPK, RTK, PI3K/Akt/mTOR generally cause
an increase in the PD-L1 protein levels. Contrastingly, tumour suppressors seem to be ﬂuctuating the PDL1 levels in both directions by either increasing or decreasing expression depending on the type of
tumour suppressor. The epigenetic factors are more inclined to decrease the levels of PD-L1 protein [28–31]
2.2 Exosomal PD-L1
Exosomal PD-L1 is also a prominent form used as a biomarker. Exosomes, also known as extracellular
vesicles (EVs), are lipid-enclosed membranes released by tumour cells. Their contents are representative of
the cells they are exocytosed from [32]. EVs have the potential to be isolated from several sources such as
plasma, blood, saliva, etc. [27]. The ease of isolation and the potentially non-invasive method to monitor the
effects of ICI treatment makes EVs an attractive option. Since EVs are representative of cells from which
they originate further fuels the speedy detection and accuracy of diagnosis of cancer. In the early stage of
NSCLC, exosomes are found to be more sensitive than cfDNA (25.7% compared to 14.2%, respectively)
and more speciﬁc (96.6% and 91.7%, respectively) [33].
Recently, exosomal PD-L1 (Exo-PD-L1) has proven to be a more reliable factor than PD-L1 protein
levels obtained from tumour tissue [34]. The levels of Exo-PD-L1 are notably higher than the soluble
PD-L1 protein levels in the plasma of NSCLC patients. It has been proven that the change in Exo-PDL1 values in patients before and after treatment (ΔExo-PD-L1) by more than 100 pg/mL showed an 83%
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sensitivity, a 70% speciﬁcity, a 91% positive predictive value and a 54% negative predictive value for disease
progression. Utilizing Exo-PD-L1 can be more potent than tumour cell-associated PD-L1 in regaining T cell
function because exosomes are widely circulated and may attach to their target cells more easily than
tumour cells [34,35]. The levels of circulating exosomal PD-L1 positively correlate to IFN-γ and change
during anti-PD-1 therapy. The extent of increase in circulating Exo-PD-L1 serves as a distinguishing factor
to clinically separate responders from non-responders by illustrating the response of tumour cells to T cell
re-activation [36].
Response of exosomal PD-L1 to PD-L1/PD-1 inhibitors varies with the response from PD-L1 proteins in
the TME. In a group of NSCLC patients, the use of PD-L1 inhibitors resulted in an increase in exosomal PDL1 levels in patients with progressive disease, decrease in patients with partial response and minimal
difference in patients with stable disease as compared to baseline levels of exosomal PD-L1 [37,38].
Henceforth, the basal and post-therapy exosomal PD-L1 levels may be used to determine the type of
response elicited by patients with ICI therapy.
However, EVs come with their own set of challenges as well. There are multiple methods of EV
isolation, which include ultracentrifugation, size exclusion chromatography, immune afﬁnity isolation,
etc. These varying methods may produce vast EV bioassay results and thus may affect the veriﬁcation
and reproducibility of results. Thus, standardization of methods is needed for a better combination of data
[27]. Gender, physique, ethnicity, etc may also affect EVs expression. Another clinical challenge of EVbased biomarker discovery is EV heterogeneity and change in amounts of EV in different stages of
NSCLC. Therefore, close monitoring of patients is mandatory if EVs are to be a viable option.
3 The other Biomarkers Different from PD-L1
3.1 Tumour Mutational Burden
TMB refers to the number of mutations present in tumour cells, which alter the amino acid sequences
and thus produce TNA. TMB is measured in terms of whole exome sequencing [39]. A high TMB rate is
indicative of a high mutation rate and greater genomic instability that stems from the possibility of protumour changes contributed by the TNA. The use of TMB to study the effects of ICI is still very much
debatable in today’s context. A higher TMB corresponds to a higher response rate in patients
administered with PD-L1/PD-1 inhibitors [40]. In a study [21], smokers have a higher record of TMB
compared to non-smokers.
NSCLC patients treated with the PD-1 inhibitor, pembrolizumab, have an increased mutation burden,
which shared a strong correlation with clinical efﬁcacy. Among those with a high mutation burden (>200,
above the median of overall cohort) and some degree of PD-L1 expression, the rate of durable clinical
beneﬁt (DCB) is found to be 91%. In contrast, in those with a low mutation burden and a certain level of
PD-L1 expression, the rate of DCB is only about 10% [40]. As such, when TMB is coupled with PDL1 levels, there are increased chances of better prediction of response to ICI therapy. If not as an isolated
marker, TMB shares opportunities with PD-L1 to work in combination. Another study supported the fact
that DCB is 64% in TMB-high patients, as opposed to 33% and 29% (together 31%) in TMBintermediate and TMB-low patients, respectively [41]. Similarly, in the CheckMate 026 trial, a higher
ORR and a longer progression-free survival (PFS) are noticed with PD-1 inhibitor, nivolumab, when
compared with chemotherapy in tumours with high TMB (ORR: 47% vs. 28%; PFS: 9.7 months vs.
5.8 months). In the CheckMate 227 study, the combination of nivolumab and CTLA-4 inhibitor,
ipilimumab compares to platinum-based chemotherapy. In patients with high TMB (irrespective of PDL1 levels), a signiﬁcant beneﬁt in PFS has been reported in the combination drug trial when compared
with platinum-based chemotherapy alone (7.2 months vs. 5.5 months, HR 0.58, 95% CI: 0.41–0.81). This
is accompanied by an improvement in ORR (45.3% vs. 26.9%) too [19]. In NSCLC, factors such as
complete response/partial response (CR/PR) rates, PFS and OS portray better outcomes as TMB increase
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[42]. Patients with a high TMB had signiﬁcantly higher response rates and longer PFS and OS than those
with a lower TMB. Thus, the correlation between TMB and outcome is further strengthened [43].
Despite these positive ﬁndings from Checkmate 227, the role of TMB as a biomarker for
immunotherapy in the advanced NSCLC remains indiscernible, as subsequent OS data has revealed a
statistically insigniﬁcant beneﬁt derived from administration of ipilimumab with nivolumab in high TMB
patients (HR 0.77, 95% CI: 0.56–1.06). This statistic is comparable to the survival beneﬁt seen in patients
with lower TMB mutation/megabase (<10) (HR 0.78; 95% CI: 0.61–1.00) [44,45]. There are
discrepancies in terms of TMB too. Some mutations are identiﬁed more readily by patients’ immune
systems and are more likely to induce a stronger antitumor immune response [27]. Translating these
ﬁndings to routine clinical practice is a hassle as whole exome sequencing (WES) is expensive, timeconsuming and is accompanied by technical difﬁculties. Proﬁling a smaller fraction of the genome
(>1MB; approximately 3% of the exome) using next-generation sequencing (NGS) diagnostic platform
may be a plausible alternative to study total mutational load and identify particular mutations related to
response to anti-PD-1/PD-L1. NGS has several advantages, which includes a short processing time of
about 2 weeks, standardized expertise, technical backup and its affordable nature [46]. TMB has some
other drawbacks as well. Tissue biopsies are required for the analysis of TMB patterns and this can prove
to be invasive. Furthermore, not all mutations may be recognized and hence the calculation of TMB may
be misleading in certain cases [27]. Errors in the estimation of tumour purity are inevitable due to the
practical difﬁculties in pathologic assessments and the limited replicability [47].
3.2 Tumour Neoantigen Burden
Tumour neoantigens (TNA) refers to the tumour-speciﬁc mutations, which produces genomic alterations
and neoantigens. To date, three broad classiﬁcations of TNA are known. Namely, tumour speciﬁc antigen
(TSA), tumour associated antigen (TAA) and cancer-germline/cancer testis antigens (CTAs), out of which
TSA plays a predominant role. Although we have the capacity to use current models of technology to
identify point mutations and indels that can form MHCI epitopes, there are many other potential TNA
that pose a challenge with current standards of bioinformatics tools with existing gaps in technological
advancements [46]. Neoantigens are expected to be highly immunogenic as they can be recognized by
tumour-speciﬁc cytotoxic T lymphocytes. Thus, they have been explored as potential biomarkers of ICI.
TNA is heterogenous from self-antigens, thus allowing the lymphocytes to spare the latter and prevent an
autoimmune response. TNB is positively proportional to the number of affected DNA mutations [48].
3.3 Cell Free DNA
cfDNA has been revolving as a surrogate biomarker for tumour progression and it seems to be a
promising non-invasive method for the study of tumour burden. cfDNA sets advantageous goals based on
its tumour-speciﬁc mutations. cfDNA is a byproduct of tumour cells undergoing cell death and has a
blood clearance half-life of about 2 h. As such, it is highly reﬂective of active cell death occurring in the
patient’s tumour environment and reiterates its stance as a reliable biomarker [49]. The distinguishing
factor between cancer patients and healthy individuals is the amount of cfDNA present. The former will
have a higher cfDNA count than the latter. In studies conducted with NSCLC patients administered with
PD-1 antibody, nivolumab over 6 weeks, patients with an increased cfDNA count of more than 20% from
baseline have a signiﬁcant worse OS and time to progression (TTP) tally [50]. Similarly, another study
has proven that a decrease in cfDNA by more than 50% vastly improved PFS and OS for NSCLC
patients [51]. Some of these studies report observing a transient spike preceding a decline in cfDNA
levels in a subset of patients, possibly due to DNA released by dying tumour cells [52].
With cfDNA levels indicating the response capacity of patients earlier than radiographic evidence,
cfDNA likely has higher efﬁcacy for rapid assessment in NSCLC patients. Patients with decreased
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cfDNA levels at week 8 experienced a better PFS than patients with persistently detectable cfDNA. OS is
improved in patients with undetectable cfDNA at week 0 [53]. However, cfDNA has its own limitations
as well. Some patients may not have sufﬁcient cfDNA to allow detection in plasma. To utilize cfDNA to
a certain identity, a high positive predictive value (PPV) is required. However, recent studies have shown
that over the years, healthy normal individuals exhibit cancer-associated genomic alterations in tissue
biopsies and cfDNA. As such, this poses a challenge to distinguishing between normal and cancer
patients DNA in some cases. The metabolic activity of tumour cells and their vasculature may also be a
cause for concern as these factors might lead to uneven distribution of the cfDNA.
In total, cfDNA seems to be a rather promising biomarker with its non-invasive method, relative
accuracy. When patients are administered with PD-L1/PD-1 inhibitors, the changes hailed by the cfDNA
do offer insight into the prognosis of patients. Thus cfDNA is a potential biomarker that may play a
crucial role coupled with PD-L1 levels to determine immunotherapy effectiveness with ICI. However, the
biased results due to the limiting factors is an issue that has to be addressed before considering cfDNA as
an absolute biomarker.
3.4 Tumour Inﬁltrating T cells
TILs refer to the abundant collection of effector T cells that mount immune responses against tumour
cells. Lymphocyte inﬁltration into tumour cells is indicative of a positive response in the OS of patients
[54]. Recent progress in terms of TILs includes utilising TIL density and location of TILs subsets to
create an immunoscore as a complement to the TNM system for the classiﬁcation of the malignancy.
TILs are observed in about 25% of resected lung neoplasms but occur rarely in neuroendocrine tumours.
TILs are always detected in higher proportions in poorly differentiated tumours and tumours with
microscopic vascular invasion. The presence of TILs is proven to pave way for improved survival in the
early stage of squamous cell carcinomas of the lung. The survival advantage increases with the duration
of follow-up.
DC, NK cells, M1 macrophages, CD3+ and CD8+ T cells are associated with a positive prognosis due to
their anti-tumour activity, while M2 macrophages and Treg cells in the stroma are deemed to have the
opposite stance due to their pro-tumour activity [55]. Recent studies in NSCLC patients has conﬁrmed
that high levels of TILs, including CD8+, CD3+ and CD4+ correlate with improved survival [56]. A
higher basal TIL count provides added survival advantages as compared to a low basal TIL count before
ICI treatment with PD-1 inhibitor monotherapy. After ICI treatment administration, an increased TIL
count has been observed in patients, which is indicative of a higher PFS chance. In addition to that, there
is increased T cell clonality and high TMB present [57].
Recently, PD-L1 expression is markedly boosted after concurrent chemoradiotherapy (cCRT), but not
after drug therapy alone. There is no signiﬁcant link between baseline TPS and post-cCRT TPS. CD8+
TIL density is signiﬁcantly increased after cCRT. A higher post-cCRT CD8+ TIL density is associated
with a higher pathologic response with a favourable survival outcome.
Tumoural PD-L1 expression is elevated after cCRT (as supported by reasons as stated in Fig. 2), which
provides therapeutic advantage for the administration of PD-L1 blockade following cCRT to improve the
prognosis of NSCLC patients. High CD4+ T cell density alone do not illustrate any signiﬁcance in terms
of prognosis, but a high density of CD4+ T-cell combined with CD8+ T-cell inﬁltration in cancer stroma
has a desirable prognostic outcome [58]. The rationale for the addition of PD-L1 blockade following
cCRT is based on preclinical evidence suggesting that chemotherapy and radiotherapy up-regulate PDL1 expression on tumour cells. Patients with higher post-cCRT CD8+ TIL density (≥40) have shown
signiﬁcantly favourable relapse-free survival (RFS) and OS than those with lower post-cCRT CD8 + TIL
density [59].
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Despite the promising premises of TILs, there seems to be confusion in some cases of responding
patients and patients with progression due to increased CD8+ T cell density in both these groups.
Findings like this in certain groups of patients further hinders the process of conﬁding in TILs as
appropriate biomarkers for ICI [60]. Besides, TILs could be rendered inactive in some ICI therapies such
as PD-1/PD-L1 inhibitors and thus, their detection for post-treatment measures may prove to be difﬁcult [61].
3.5 Tumour-Associated Macrophages
Tumour-associated macrophages (TAMs) are another kind of TME inﬁltrates along with TILs and
generally, they have anti-inﬂammatory properties like M2 macrophages, although some may be antitumour in nature like the M1 macrophages. TAMs are believed to boost angiogenesis and
lymphangiogenesis in NSCLC by increasing expression of VEGF-A and C in the TME, thus providing a
lead to being potential biomarkers for NSCLC ICI therapy as well [62]. TAMs with M2 character are
reﬂected by a CD163+/CD68+ TME and this immunostaining can be used as a means to quantify the
presence of TAMs as biomarkers. In total, the presence of pre-treatment TAMs has been associated with a
beneﬁcial clinical outcome in patients, although some researchers argue that M1 is more favourable to
patients over M2 due to the anti-tumour properties [63]. TAMs hold great potential in predicting patients
who may respond satisfactorily to VEGF inhibitors (bevacizumab, etc.) or PD-1 inhibitors as part of ICI
therapy, but they are not grounded well enough to be declared as isolated biomarkers for monitoring ICI
therapy effectiveness in NSCLC patients.
3.6 Neutrophil to Lymphocyte Ratio
Neutrophil to lymphocyte ratio (NLR), as its name states, is a measure of the number of neutrophils in
proportion to lymphocytes and it is acquired from patients’ complete blood count (CBC). Tumour cells are
found to recruit neutrophils to the TME as the neutrophils are role players in pro-tumour activities. Previous
studies have demonstrated that NLR is used to study the responses and prognosis in many solid cancer
varieties. The baseline levels and post-treatment NLR values are compared and an increase in NLR
values is correlated to a signiﬁcant negative impact on OS of NSCLC [64]. The NLR value increases
acutely under the circumstances of tumour growth due to the release of EGF, PDGF and TGF-β [65]. As
such a higher NLR corresponds to a worse prognosis as it is indicative of tumour cell proliferation. A
study setting baseline NLR value as 5, showed that in the ﬁrst-line treatment, the median survival times
are 13.37 months and 6.77 months for NLR < 5 and NLR > 5, respectively. And similarly, patients under
the second-line treatment category displayed median survival times of 13.67 and 5.63 months for NLR
<5 and NLR > 5, respectively [66].
This evidence further adds weight to the fact that an increase in NLR value indicates a worse OS and
PFS for the patients with NSCLC. NLR is an inexpensive and easy tool for evaluation for ICI. The
higher the post-immunotherapy NLR is, the higher the risk of progression in patients with advanced
NSCLC [67]. The statistical analysis data indicated that low pretreatment NLR (≤2.63) and decreased
post-therapy NLR are associated with response to ﬁrst-line platinum-based chemotherapy [68]. Although
a high baseline NLR is linked to poor prognosis and survival in some studies, some others prioritise and
show that a low NLR at the sixth week of treatment with anti-PD-1 monotherapy is correlated to better
survival of the patient with NSCLC [69,70]. As such, there is a dilemma as to whether the pretreatment
NLR value should take precedence over the post-treatment NLR for effective evaluation.
In total, an increase in NLR is a predictor of shorter survival in patients with advanced NSCLC and the
changes in NLR during the ﬁrst cycle of treatment with PD-1 inhibitors predicts survival. NLR values are
easily measured and the tests are highly reproducible. However, confusions do revolve around the criteria
to accept NLR as a biomarker of chemotherapy or cancer immunotherapy.
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3.7 Non-Coding RNA
Non-coding RNA (ncRNA) refers to the RNA that do not translate into proteins. MicroRNAs (miRNA) and
long non-coding RNA (lncRNA) make up most of ncRNAs. Many types of ncRNAs are usually present in greater
quantities in NSCLC patients. They are believed to promote cell proliferation and have attracted attention in the
ICI therapy [71]. For example, miR-424(322), miR-200, miR-513, miR-570, miR-217 exert the ability to suppress
PD-L1 expression by binding to its 3’UTR in the NSCLC [71]. Moreover, by regulating PD-L1 expression,
miR200b may be a valuable surrogate biomarker for PD-L1 expression in lung cancer patients [72].
4 Discussion
It is of utmost importance to identify reliable biomarkers in the study of ICI therapy effectiveness. Much
effort and research regimes have been channelled into the study of biomarkers to establish a deﬁnite factor for
the immunotherapy evaluation of NSCLC. Although cancer is an incredibly complex process with different
outcomes and progressions in different patients, we strongly believe that adequate biomarkers will be utilized
to overcome these differences and better aid patient treatment.
For biomarkers such as PD-L1 protein levels, which are long-time players in this ﬁeld, a baseline value
has to be set in order to decide when PD-L1 indicates a positive and negative prognosis for the patients. A
high expression of PD-L1 in the TME positively correlates with a greater response to ICI therapy, thus
resulting in better ORR and longer survival of patients. The increased TPS allows ICI drugs like PD-1/
PD-L1 antibodies to have a greater impact on the tumour cells. Despite the beneﬁt to patients, the
discrepancies like heterogeneity of TME, need for invasive procedures, ethnicity and genomics have to be
taken into consideration as well when conﬁguring the baseline value as it may differ across populations.
And for markers like exosomes, which prove to be more credible than soluble plasma values, a
standardization of the best method of isolation should be done to ensure the best outcome for patients.
Exosomes are a reﬂection of the tumour cells they originate from and the post-therapy levels of exosomes
when compared to basal levels provide insight into the disease manifestation. An increased post-therapy
exosome count is a signal of progressive disease, while a decrease indicates a partial response to therapy.
Stable values signify the minimal impact of drugs on patients. TMB and TNB are still evolving sectors,
which require a more in-depth study into the setting of baselines and isolation techniques. Tab. 1 serves
as a summary of the basic mechanisms and signiﬁcance of the various biomarkers explored in this study.
Table 1: Summary of biomarker mechanisms and their potential/signiﬁcance in terms of immunotherapy in
NSCLC patients
Biomarkers

Mechanism of action

PD-L1
Transmembrane protein expressed on
protein levels tumour cells, monocytes, etc. PD-L1 binds
to PD-1 on T cells and diminishes immune
function of T cells against tumour cells.
Extracellular Lipid-enclosed vesicles that are
vesicles/
characteristic of tumour cells that release
exosomes
them. Exosomes are more easily detected in
patients as compared to soluble biomarkers.
TMB
Refers to the amount of mutations present in
tumour cells which produce TNA. Higher
mutation rate is reﬂective of greater genomic
instability due to pro-tumour changes.

Signiﬁcance
Patients with signiﬁcantly greater PDL1 levels had greater OS and better
prognosis as the anti-PD-L1 drugs put forth
better response in patients.
Increased exosome levels are used to ﬁlter
out responders from non-responders. It
reﬂects the response of tumour cells to T-cell
reactivation.
TMB-high patients displayed a higher DCB
rate, ORR and longer PFS than TMB-low
patients when treated with PD-L1 inhibitors.
High-TMB patients coupled with signiﬁcant
PD-L1 expression had an elevated DCB rate
as high as 91%.
(Continued)
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Table 1 (continued).

Biomarkers

Mechanism of action

TNB

Refers to measure of TNA produced by
tumour-speciﬁc mutations. It is positively
proportional to number of mutations.

cfDNA

TILs

TAMs

NLR

Non-coding
RNA

Signiﬁcance

Current standards of technological
advancements do not seem to be on par with
identiﬁcation and study of TNAs. Therefore,
more gaps have to be bridged to work out
the full use of TNAs as predictive
biomarkers.
Serves as byproducts of tumour cells
cfDNA levels plunge initially and
undergoing apoptosis and has a rapid
radiography shows diminished tumour size
clearance rate from blood.
gradually in responders. cfDNA has the
potential to act as an earlier signal than
radiography in responders.
Refer to the amount of effector T cells that Higher pre-treatment TIL levels possibly
initiate immune responses against tumour confer a survival advantage to patients. In
cells. TIL density and location is used to
some patients, chemoradiotherapy increases
compute an immunoscore to aid
TIL levels and it is associated with a higher
classiﬁcation of malignancy.
pathologic response and favourable survival
outcome.
PD-1/PD-L1 can express in the TAMs,
TAMs hold great potential in predicting
which modulates anti-tumor immune
patients who may respond satisfactorily to
response.
PD-1 inhibitors as part of ICI therapy.
The baseline NLR value and post-treatment An increase in NLR post-therapy is
NLR values are noted in patients. It is
indicative of a poor survival outcome, worse
indicative of tumour cell proliferation and OS and PFS for patients.
increases signiﬁcantly during tumour
growth due to inﬂuence of EGF, PDGF, etc.
Some miRNA can directly regulate PD-1/ Some miRNA can pose the ability to
PD-L1 expression by binding to its 3’UTR suppress PD-L1 expression and be a
in the NSCLC.
valuable surrogate biomarker for PDL1 expression in lung cancer patients.

When it comes to dynamic monitoring of immunotherapy effectiveness, some biomarkers may seem
more feasible and attractive as compared to others. The entire purpose of dynamic monitoring is to
simplify tracking disease progression with biomarkers and save as much time as possible in the testing
period. Biomarkers such as PD-L1 protein levels, TMB and TNB are more time-consuming in the usage
of tools such as WES and require the usage of biopsy specimens, which is invasive on the patients.
While on the other hand, biomarkers such as exosomes and cfDNA provide easy isolation with just blood
and plasma samples of patients. As such, with the ease of extraction and convenient testing standards, the
latter group of biomarkers may seem to be plausible and more attractive options to monitor the
immunotherapy effectiveness. However, the advantages and disadvantages of each biomarker have been
highlighted in this review too and if one is to take a closer look at the comparison between biomarkers,
different credibility will be attributed to the different biomarkers. Some biomarkers are more popular and
widely accepted by global standards like the PD-L1 protein levels for instance. While some others are
still emerging factors that may have a huge treasure of potential hidden. But overall, singling out a

346

Oncologie, 2021, vol.23, no.3

biomarker is challenging and can be biased because patients have different genetic makeups that will affect
the way the biomarkers monitor immunotherapy effectiveness. Different biomarkers can be utilized at
different period intervals to enhance the credibility of analyzing immunotherapy effectiveness. For
instance, biomarkers involving invasive or time-consuming techniques are used less frequently with a
wider time interval whereas those biomarkers that are easily extracted from patient plasma/blood could be
utilized more frequently in shorter time intervals. Hence, a combination of biomarkers for monitoring still
proves to be a more ideal option.
Contradicting ﬁndings in both the progressive disease group and the improving group has proven to be a
challenge to date. A composite score is one of the advantages of blood-based biomarkers as it produces
a combined evaluation of multiple biomarkers. As such, more than one biomarker has to be employed in
a single patient to increase the credibility of the prognosis prediction and to better cater to the patients’
neoplastic needs. With more technological tools such as the multiplex IHC, high-throughput sequencing
technology and microarray technology, an increased number of biomarkers can be screened on the
genomic scale and quantiﬁed with respect to better outcomes for the patients with NSCLC. With a
multiple biomarker approach, the reliability of the predictive response in patients is brought to greater
heights. As of now, many biomarkers are still under thorough conceptualization and are yet to be deemed
as deﬁnite predictive biomarkers. But surely, in the near future, these biomarkers will bring about a
signiﬁcant breakthrough in predictive immunotherapy response of NSCLC and other types of cancers.
5 Future Perspective
This review has analyzed the roles of PD-L1 protein levels mainly, along with a few other popular
biomarkers. However, the list of possible biomarkers is not exhaustive. Some biomarkers may improve
the precision of prognosis prediction of ICI therapy in patients when combined with other biomarkers. A
rational system can be looked into to achieve the plausible combined review of various biomarkers to
cater to patient needs and requirements. Since not all the biomarkers can be utilized at once, in the future
more studies can be invested into settling on feasible biomarker combinations for patients, thus catering
to the different genetic makeup and needs of the patients.
Author Contributions: Conceived and designed the analysis: Chen HL; Collected the data: Ganesh S, Wang
R Contributed data or analysis tools: Ganesh S, Wang R; Wrote the paper: Ganesh S, Chen HL.
Funding Statement: This work was partly supported by the National Natural Science Foundation of China
(No. 81872443).
Conﬂicts of Interest: The authors declare that they have no conﬂicts of interest to report regarding the
present study.
References
1. Yang, X., Zhang, X., Fu, M. L., Weichselbaum, R. R., Gajewski, T. F. et al. (2014). Targeting the tumor
microenvironment with interferon-β bridges innate and adaptive immune responses. Cancer Cell, 25(1), 37–48.
DOI 10.1016/j.ccr.2013.12.004.
2. Pardoll, D. M. (2012). The blockade of immune checkpoints in cancer immunotherapy. Nature Reviews Cancer,
12(4), 252–264. DOI 10.1038/nrc3239.
3. Santarpia, M., Aguilar, A., Chaib, I., Cardona, A. F., Fancelli, S. et al. (2020). Non-small-cell lung cancer signaling
pathways, metabolism, and PD-1/PD-L1 antibodies. Cancers, 12(6), 1475. DOI 10.3390/cancers12061475.
4. O’Donnell, J. S., Smyth, M. J., Teng, M. W. (2016). Acquired resistance to anti-PD1 therapy: Checkmate to
checkpoint blockade? Genome Medicine, 8(1), 143. DOI 10.1186/s13073-016-0365-1.

Oncologie, 2021, vol.23, no.3

347

5. Ruiz-Patino, A., Arrieta, O., Cardona, A. F., Martin, C., Raez, L. E. et al. (2020). Immunotherapy at any line of
treatment improves survival in patients with advanced metastatic non-small cell lung cancer (NSCLC) compared
with chemotherapy (Quijote-CLICaP). Thoracic Cancer, 11(2), 353–361. DOI 10.1111/1759-7714.13272.
6. Travert, C., Barlesi, F., Greillier, L., Tomasini, P. (2020). Immune oncology biomarkers in lung cancer: An
overview. Current Oncology Reports, 22(11), 1823. DOI 10.1007/s11912-020-00970-3.
7. Xie, F., Xu, M., Lu, J., Mao, L., Wang, S. (2019). The role of exosomal PD-L1 in tumor progression and
immunotherapy. Molecular Cancer, 18(1), 74. DOI 10.1186/s12943-019-1074-3.
8. Topalian, S. L., Taube, J. M., Pardoll, D. M. (2020). Neoadjuvant checkpoint blockade for cancer immunotherapy.
Science, 367(6477), eaax0182. DOI 10.1126/science.aax0182.
9. Wu, Y., Lin, L., Liu, X. (2020). Identiﬁcation of PDL1-Related biomarkers to select lung adenocarcinoma patients
for PD1/PDL1 inhibitors. Disease Markers, 2020, 1–11. DOI 10.1155/2020/7291586.
10. Havel, J. J., Chowell, D., Chan, T. A. (2019). The evolving landscape of biomarkers for checkpoint inhibitor
immunotherapy. Nature Reviews Cancer, 19(3), 133–150. DOI 10.1038/s41568-019-0116-x.
11. Lv, G., Sun, X., Qiu, L., Sun, Y., Li, K. et al. (2020). PET imaging of tumor PD-L1 expression with a highly
speciﬁc nonblocking single-domain antibody. Journal of Nuclear Medicine, 61(1), 117–122. DOI 10.2967/
jnumed.119.226712.
12. Galluzzi, L., Buque, A., Kepp, O., Zitvogel, L., Kroemer, G. (2015). Immunological effects of conventional
chemotherapy and targeted anticancer agents. Cancer Cell, 28(6), 690–714. DOI 10.1016/j.ccell.2015.10.012.
13. Nimmagadda, S. (2020). Quantifying PD-L1 expression to monitor immune checkpoint therapy: Opportunities
and challenges. Cancers (Basel), 12(11), 3173. DOI 10.3390/cancers12113173.
14. Yuan, Y., Adam, A., Zhao, C., Chen, H. (2021). Recent advancements in the mechanisms underlying resistance to
PD-1/PD-L1 blockade immunotherapy. Cancers (Basel), 13(4), 663. DOI 10.3390/cancers13040663.
15. Brody, R., Zhang, Y., Ballas, M., Siddiqui, M. K., Gupta, P. et al. (2017). PD-L1 expression in advanced NSCLC:
Insights into risk stratiﬁcation and treatment selection from a systematic literature review. Lung Cancer, 112(2),
200–215. DOI 10.1016/j.lungcan.2017.08.005.
16. Bodor, J. N., Boumber, Y., Borghaei, H. (2019). Biomarkers for immune checkpoint inhibition in non-small cell
lung cancer (NSCLC). Cancer, 126(2), 260–270. DOI 10.1002/cncr.32468.
17. Chen, C., Liu, Y., Cui, B. (2021). Effect of radiotherapy on T cell and PD-1 / PD-L1 blocking therapy in tumor
microenvironment. Human Vaccines & Immunotherapeutics, 17(6), 1555–1567. DOI 10.1080/21645515.2020.1840254.
18. Spigel, D. R., Chaft, J. E., Gettinger, S., Chao, B. H., Dirix, L. et al. (2018). FIR: Efﬁcacy, safety, and biomarker
analysis of a phase II open-label study of atezolizumab in PD-L1-selected patients with NSCLC. Journal of
Thoracic Oncology, 13(11), 1733–1742. DOI 10.1016/j.jtho.2018.05.004.
19. Miyawaki, E., Murakami, H., Mori, K., Mamesaya, N., Kawamura, T. et al. (2020). PD-L1 expression and
response to pembrolizumab in patients with EGFR-mutant non-small cell lung cancer. Japanese Journal of
Clinical Oncology, 50(5), 617–622. DOI 10.1093/jjco/hyaa033.
20. Isomoto, K., Haratani, K., Hayashi, H., Shimizu, S., Tomida, S. et al. (2020). Impact of EGFR-TKI treatment on
the tumor immune microenvironment in EGFR mutation-positive non-small cell lung cancer. Clinical Cancer
Research, 26(8), 2037–2046. DOI 10.1158/1078-0432.CCR-19-2027.
21. Mathew, M., Zade, M., Mezghani, N., Patel, R., Wang, Y. (2020). Extracellular vesicles as biomarkers in cancer
immunotherapy. Cancers (Basel), 12(10), 2825. DOI 10.3390/cancers12102825.
22. Coelho, M. A., de Carne Trecesson, S., Rana, S., Zecchin, D., Moore, C. et al. (2017). Oncogenic RAS signaling
promotes tumor immunoresistance by stabilizing PD-L1 mRNA. Immunity, 47(6), 1083–1099.e6. DOI 10.1016/j.
immuni.2017.11.016.
23. Dong, Z. Y., Zhong, W. Z., Zhang, X. C., Su, J., Xie, Z. et al. (2017). Potential predictive value of TP53 and KRAS
mutation status for response to PD-1 blockade immunotherapy in lung adenocarcinoma. Clinical Cancer Research,
23(12), 3012–3024. DOI 10.1158/1078-0432.CCR-16-2554.
24. Asgarova, A., Asgarov, K., Godet, Y., Peixoto, P., Nadaradjane, A. et al. (2018). PD-L1 expression is regulated by
both DNA methylation and NF-kB during EMT signaling in non-small cell lung carcinoma. Oncoimmunology,
7(5), e1423170. DOI 10.1080/2162402X.2017.1423170.

348

Oncologie, 2021, vol.23, no.3

25. Lamberti, G., Sisi, M., Andrini, E., Palladini, A., Giunchi, F. et al. (2020). The mechanisms of PD-L1 regulation in
non-small-cell lung cancer (NSCLC): Which are the involved players? Cancers (Basel), 12(11), 3129. DOI
10.3390/cancers12113129.
26. Momen-Heravi, F., Getting, S. J., Moschos, S. A. (2018). Extracellular vesicles and their nucleic acids for biomarker
discovery. Pharmacology & Therapeutics, 192(517-524), 170–187. DOI 10.1016/j.pharmthera.2018.08.002.
27. Patel, S. P., Kurzrock, R. (2015). PD-L1 expression as a predictive biomarker in cancer immunotherapy. Molecular
Cancer Therapeutics, 14(4), 847–856. DOI 10.1158/1535-7163.MCT-14-0983.
28. Wan, Y., Liu, B., Lei, H., Zhang, B., Wang, Y. et al. (2018). Nanoscale extracellular vesicle-derived DNA is
superior to circulating cell-free DNA for mutation detection in early-stage non-small-cell lung cancer. Annals of
Oncology, 29(12), 2379–2383. DOI 10.1093/annonc/mdy458.
29. Cordonnier, M., Nardin, C., Chanteloup, G., Derangere, V., Algros, M. P. et al. (2020). Tracking the evolution of
circulating exosomal-PD-L1 to monitor melanoma patients. Journal of Extracellular Vesicles, 9(1), 1710899. DOI
10.1080/20013078.2019.1710899.
30. Kim, D. H., Kim, H., Choi, Y. J., Kim, S. Y., Lee, J. E. et al. (2019). Exosomal PD-L1 promotes tumor growth
through immune escape in non-small cell lung cancer. Experimental & Molecular Medicine, 51(8), 1–13. DOI
10.1038/s12276-019-0295-2.
31. Chen, G., Huang, A. C., Zhang, W., Zhang, G., Wu, M. et al. (2018). Exosomal PD-L1 contributes to
immunosuppression and is associated with anti-PD-1 response. Nature, 560(7718), 382–386. DOI 10.1038/
s41586-018-0392-8.
32. Duchemann, B., Remon, J., Naigeon, M., Mezquita, L., Ferrara, R. et al. (2020). Integrating circulating biomarkers
in the immune checkpoint inhibitor treatment in lung cancer. Cancers (Basel), 12(12), 3625. DOI 10.3390/
cancers12123625.
33. Frigola, J., Navarro, A., Carbonell, C., Callejo, A., Iranzo, P. et al. (2021). Molecular proﬁling of long-term
responders to immune checkpoint inhibitors in advanced non-small cell lung cancer. Molecular Oncology,
15(4), 887–900. DOI 10.1002/1878-0261.12891.
34. Munari, E., Zamboni, G., Lunardi, G., Marchionni, L., Marconi, M. et al. (2018). PD-L1 expression heterogeneity
in non-small cell lung cancer: Deﬁning criteria for harmonization between biopsy specimens and whole sections.
Journal of Thoracic Oncology, 13(8), 1113–1120. DOI 10.1016/j.jtho.2018.04.017.
35. Reck, M., Rodriguez-Abreu, D., Robinson, A. G., Hui, R., Csoszi, T. et al. (2016). Pembrolizumab versus
chemotherapy for PD-L1-positive non-small-cell lung cancer. New England Journal of Medicine, 375(19),
1823–1833. DOI 10.1056/NEJMoa1606774.
36. Pawelczyk, K., Piotrowska, A., Ciesielska, U., Jablonska, K., Gletzel-Plucinska, N. et al. (2019). Role of PDL1 expression in non-small cell lung cancer and their prognostic signiﬁcance according to clinicopathological
factors and diagnostic markers. International Journal of Molecular Sciences, 20(4), 824. DOI 10.3390/
ijms20040824.
37. Re, M. D., Marconcini, R., Pasquini, G., Roﬁ, E., Vivaldi, C. et al. (2018). PD-L1 mRNA expression in plasmaderived exosomes is associated with response to anti-PD-1 antibodies in melanoma and NSCLC. British Journal of
Cancer, 118(6), 820–824. DOI 10.1038/bjc.2018.9.
38. Indini, A., Rijavec, E., Grossi, F. (2021). Circulating biomarkers of response and toxicity of immunotherapy in
advanced non-small cell lung cancer (NSCLC): A comprehensive review. Cancers (Basel), 13(8), 1794. DOI
10.3390/cancers13081794.
39. Wang, Z., Duan, J., Cai, S., Han, M., Dong, H. et al. (2019). Assessment of blood tumor mutational burden as a
potential biomarker for immunotherapy in patients with non-small cell lung cancer with use of a next-generation
sequencing cancer gene panel. JAMA Oncology, 5(5), 696–702. DOI 10.1001/jamaoncol.2018.7098.
40. Rizvi, N. A., Hellmann, M. D., Snyder, A., Kvistborg, P., Makarov, V. et al. (2015). Cancer immunology.
Mutational landscape determines sensitivity to PD-1 blockade in non-small cell lung cancer. Science,
348(6230), 124–128. DOI 10.1126/science.aaa1348.

Oncologie, 2021, vol.23, no.3

349

41. Alborelli, I., Leonards, K., Rothschild, S. I., Leuenberger, L. P., Prince, S. S. et al. (2020). Tumor mutational
burden assessed by targeted NGS predicts clinical beneﬁt from immune checkpoint inhibitors in non-small cell
lung cancer. Journal of Pathology, 250(1), 19–29. DOI 10.1002/path.5344.
42. Singal, G., Miller, P. G., Agarwala, V., Li, G., Kaushik, G. et al. (2019). Association of patient characteristics and
tumor genomics with clinical outcomes among patients with non-small cell lung cancer using a clinicogenomic
database. JAMA, 321(14), 1391–1399. DOI 10.1001/jama.2019.3241.
43. Goodman, A. M., Kato, S., Bazhenova, L., Patel, S. P., Frampton, G. M. et al. (2017). Tumor mutational burden as
an independent predictor of response to immunotherapy in diverse cancers. Molecular Cancer Therapeutics,
16(11), 2598–2608. DOI 10.1158/1535-7163.MCT-17-0386.
44. Hellmann, M. D., Ciuleanu, T. E., Pluzanski, A., Lee, J. S., Otterson, G. A. et al. (2018). Nivolumab plus
ipilimumab in lung cancer with a high tumor mutational burden. New England Journal of Medicine, 378(22),
2093–2104. DOI 10.1056/NEJMoa1801946.
45. Hellmann, M. D., Rizvi, N. A., Goldman, J. W., Gettinger, S. N., Borghaei, H. et al. (2017). Nivolumab plus
ipilimumab as ﬁrst-line treatment for advanced non-small-cell lung cancer (CheckMate 012): Results of an
open-label, phase 1, multicohort study. Lancet Oncology, 18(1), 31–41. DOI 10.1016/S1470-2045(16)30624-6.
46. Johnson, D. B., Frampton, G. M., Rioth, M. J., Yusko, E., Xu, Y. et al. (2016). Targeted next generation sequencing
identiﬁes markers of response to PD-1 blockade. Cancer Immunology Research, 4(11), 959–967. DOI 10.1158/
2326-6066.CIR-16-0143.
47. Anagnostou, V., Niknafs, N., Marrone, K., Bruhm, D. C., White, J. R. et al. (2020). Multimodal genomic features
predict outcome of immune checkpoint blockade in non-small-cell lung cancer. Nature Cancer, 1(1), 99–111. DOI
10.1038/s43018-019-0008-8.
48. Mauriello, A., Zeuli, R., Cavalluzzo, B., Petrizzo, A., Tornesello, M. L. et al. (2019). High somatic mutation and
neoantigen burden do not correlate with decreased progression-free survival in HCC patients not undergoing
immunotherapy. Cancers (Basel), 11(12), 1824. DOI 10.3390/cancers11121824.
49. Diehl, F., Schmidt, K., Choti, M. A., Romans, K., Goodman, S. et al. (2008). Circulating mutant DNA to assess
tumor dynamics. Nature Medicine, 14(9), 985–990. DOI 10.1038/nm.1789.
50. Passiglia, F., Galvano, A., Castiglia, M., Incorvaia, L., Calo, V. et al. (2019). Monitoring blood biomarkers to
predict nivolumab effectiveness in NSCLC patients. Therapeutic Advances in Medical Oncology, 11,
1758835919839928. DOI 10.1177/1758835919839928.
51. Goldberg, S. B., Narayan, A., Kole, A. J., Decker, R. H., Teysir, J. et al. (2018). Early assessment of lung cancer
immunotherapy response via circulating tumor DNA. Clinical Cancer Research, 24(8), 1872–1880. DOI 10.1158/
1078-0432.CCR-17-1341.
52. Lipson, E. J., Velculescu, V. E., Pritchard, T. S., Sausen, M., Pardoll, D. M. et al. (2014). Circulating tumor DNA
analysis as a real-time method for monitoring tumor burden in melanoma patients undergoing treatment with
immune checkpoint blockade. Journal for ImmunoTherapy of Cancer, 2(1), 42. DOI 10.1186/s40425-0140042-0.
53. Cabel, L., Riva, F., Servois, V., Livartowski, A., Daniel, C. et al. (2017). Circulating tumor DNA changes for early
monitoring of anti-PD1 immunotherapy: A proof-of-concept study. Annals of Oncology, 28(8), 1996–2001. DOI
10.1093/annonc/mdx212.
54. Gibney, G. T., Weiner, L. M., Atkins, M. B. (2016). Predictive biomarkers for checkpoint inhibitor-based
immunotherapy. Lancet Oncology, 17(12), e542–e551. DOI 10.1016/S1470-2045(16)30406-5.
55. Soo, R. A., Chen, Z., Yan Teng, R. S., Tan, H. L., Iacopetta, B. et al. (2018). Prognostic signiﬁcance of immune cells
in non-small cell lung cancer: Meta-analysis. Oncotarget, 9(37), 24801–24820. DOI 10.18632/oncotarget.24835.
56. Zeng, D. Q., Yu, Y. F., Ou, Q. Y., Li, X. Y., Zhong, R. Z. et al. (2016). Prognostic and predictive value of tumorinﬁltrating lymphocytes for clinical therapeutic research in patients with non-small cell lung cancer. Oncotarget,
7(12), 13765–13781. DOI 10.18632/oncotarget.7282.
57. Linette, G. P., Carreno, B. M. (2019). Tumor-inﬁltrating lymphocytes in the checkpoint inhibitor era. Current
Hematologic Malignancy Reports, 14(4), 286–291. DOI 10.1007/s11899-019-00523-x.

350

Oncologie, 2021, vol.23, no.3

58. Yazdi, M. T., Riet, S. V., Schadewijk, A. V., Fiocco, M., Hall, T. V. et al. (2016). The positive prognostic effect of
stromal CD8+ tumor-inﬁltrating T cells is restrained by the expression of HLA-E in non-small cell lung carcinoma.
Oncotarget, 7(3), 3477–3488. DOI 10.18632/oncotarget.6506.
59. Yoneda, K., Kuwata, T., Kanayama, M., Mori, M., Kawanami, T. et al. (2019). Alteration in tumoural PDL1 expression and stromal CD8-positive tumour-inﬁltrating lymphocytes after concurrent chemo-radiotherapy
for non-small cell lung cancer. British Journal of Cancer, 121(6), 490–496. DOI 10.1038/s41416-019-0541-3.
60. Capone, M., Giannarelli, D., Mallardo, D., Madonna, G., Festino, L. et al. (2018). Baseline neutrophil-tolymphocyte ratio (NLR) and derived NLR could predict overall survival in patients with advanced melanoma
treated with nivolumab. Journal for ImmunoTherapy of Cancer, 6(1), 252. DOI 10.1186/s40425-018-0383-1.
61. Hendry, S., Salgado, R., Gevaert, T., Russell, P. A., John, T. et al. (2017). Assessing tumor inﬁltrating lymphocytes
in solid tumors: A practical review for pathologists and proposal for a standardized method from the international
immuno-oncology biomarkers working group: Part 2: TILs in melanoma, gastrointestinal tract carcinomas, nonsmall cell lung carcinoma and mesothelioma, endometrial and ovarian carcinomas, squamous cell carcinoma of the
head and neck, genitourinary carcinomas, and primary brain tumors. Advances in Anatomic Pathology, 24(6), 311–
335. DOI 10.1097/PAP.0000000000000161.
62. Hwang, I., Kim, J. W., Ylaya, K., Chung, E. J., Kitano, H. et al. (2020). Tumor-associated macrophage,
angiogenesis and lymphangiogenesis markers predict prognosis of non-small cell lung cancer patients. Journal
of Translational Medicine, 18(1), 7. DOI 10.1186/s12967-020-02618-z.
63. Rakaee, M., Busund, L. R., Jamaly, S., Paulsen, E., Richardsen, E. et al. (2019). Prognostic value of macrophage
phenotypes in resectable non-small cell lung cancer assessed by multiplex immunoistochemistry. Neoplasia, 21(3),
282–293. DOI 10.1016/j.neo.2019.01.005.
64. Gu, X. B., Tian, T., Tian, X. J., Zhang, X. J. (2015). Prognostic signiﬁcance of neutrophil-to-lymphocyte ratio in
non-small cell lung cancer: A meta-analysis. Scientiﬁc Reports, 5(1), 69. DOI 10.1038/srep12493.
65. Cukic, V. (2016). Neutrophil/Lymphocyte ratio and platelet/lymphocyte ratio in patients with NSCLC. Materia
Socio Medica, 28(5), 378–381. DOI 10.5455/msm.2016.28.378-381.
66. Mandaliya, H., Jones, M., Oldmeadow, C., Nordman, I. I. (2019). Prognostic biomarkers in stage IV non-small cell
lung cancer (NSCLC): Neutrophil to lymphocyte ratio (NLR), lymphocyte to monocyte ratio (LMR), platelet to
lymphocyte ratio (PLR) and advanced lung cancer inﬂammation index (ALI). Translational Lung Cancer
Research, 8(6), 886–894. DOI 10.21037/tlcr.2019.11.16.
67. Daniello, L., Elshiaty, M., Bozorgmehr, F., Kuon, J., Kazdal, D. et al. (2021). Therapeutic and prognostic
implications of immune-related adverse events in advanced non-small-cell lung cancer. Frontiers in Oncology,
11, 703893. DOI 10.3389/fonc.2021.703893.
68. Yao, Y., Yuan, D., Liu, H., Gu, X., Song, Y. (2013). Pretreatment neutrophil to lymphocyte ratio is associated with
response to therapy and prognosis of advanced non-small cell lung cancer patients treated with ﬁrst-line platinumbased chemotherapy. Cancer Immunology, Immunotherapy, 62(3), 471–479. DOI 10.1007/s00262-012-1347-9.
69. Ono, T., Igawa, S., Kurahayashi, S., Okuma, Y., Sugimoto, A. et al. (2020). Impact of neutrophil-to-lymphocyte
ratio in patients with EGFR-mutant NSCLC treated with tyrosine kinase inhibitors. Investigational New Drugs,
38(3), 885–893. DOI 10.1007/s10637-020-00919-0.
70. Russo, A., Russano, M., Franchina, T., Migliorino, M. R., Aprile, G. et al. (2020). Neutrophil-to-lymphocyte ratio
(NLR), platelet-to-lymphocyte ratio (PLR), and outcomes with nivolumab in pretreated non-small cell lung cancer
(NSCLC): A large retrospective multicenter study. Advances in Therapy, 37(3), 1145–1155. DOI 10.1007/s12325020-01229-w.
71. Shek, D., Read, S. A., Akhuba, L., Qiao, L., Gao, B. et al. (2020). Non-coding RNA and immune-checkpoint
inhibitors: friends or foes? Immunotherapy, 12(7), 513–529. DOI 10.2217/imt-2019-0204.
72. Katakura, S., Kobayashi, N., Hashimoto, H., Kamimaki, C., Tanaka, K. et al. (2020). MicroRNA-200b is a
potential biomarker of the expression of PD-L1 in patients with lung cancer. Thoracic Cancer, 11(10), 2975–
2982. DOI 10.1111/1759-7714.13653.

