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1 Abstract

Background

Immune checkpoint inhibitor therapy targeting the PD-1/PD-L1 pathway have signif-
icantly improved outcomes for a subset of patients with advanced non-small cell lung
cancer (NSCLC). However, only a minority of patients derive durable benefit, while
treatment is associated with substantial toxicity and cost. Reliable predictive biomark-
ers are therefore essential to optimize patient selection.

Objective

This literature review evaluates the predictive value of established and emerging biomark-
ers for response to PD-1/PD-L1 checkpoint inhibitor therapy in NSCLC.

Methods

A structured review of the literature was performed focusing on tissue-based biomark-
ers, including PD-L1 expression, Tumor Mutational Burden (TMB), and Microsatel-
lite Instability (MSI), as well as circulating biomarkers such as circulating tumor DNA
(ctDNA) and cytokines.

Results

PD-L1 expression is the most widely used biomarker and enriches for responders,
particularly at high expression levels, but demonstrates limited sensitivity and speci-
ficity due to biological heterogeneity and assay variability. TMB reflects tumor mu-
tational load and potential neoantigen generation but shows inconsistent predictive
performance and is confounded by factors such as smoking status and immune acti-
vation. MSI is a strong predictor of response to PD-1 blockade but occurs very rarely
in NSCLC, limiting its clinical utility. Circulating biomarkers, particularly dynamic
changes in ctDNA during treatment, are strongly associated with clinical outcomes but
primarily reflect treatment response rather than baseline sensitivity.

Conclusion

No single biomarker reliably predicts response to PD-1/PD-L1 therapy in NSCLC.
Current evidence supports a shift toward integrated biomarker strategies that combine
tumor immune contexture, antigen presentation capacity, and dynamic response moni-
toring. Prospective validation of such multidimensional approaches is required to im-
prove patient selection and clinical outcomes.



2 Introduction

Lung cancer is the leading cause of cancer-related mortality, with a 5-year relative
survival rate of 25% [1]. Non-small cell lung cancer (NSCLC) is the most common
type of lung cancer. Each year in the Netherlands there are approximately 14,500
lung cancer patients. 70% are diagnosed with NSCLC [2, 3]. Despite advances in
surgery, chemotherapy, and targeted therapy, the prognosis for patients with advanced
non-small cell lung cancer remains poor, with a median overall survival of approxi-
mately 8-12 months in the pre-immunotherapy era and only modest improvements with
conventional systemic therapies [4]. Over the past decade there has been substantial
progress in improving survival through the use of ICI therapy, particularly antibody-
based therapies targeting the programmed cell death 1 (PD-1) receptor and its ligand
PD-L1. These antibodies can induce a durable response by restoring antitumor immune
activity [5, 6, 7]. Currently, most patients with advanced NSCLC receive PD-1 or PD-
L1 checkpoint inhibitors in combination with chemotherapy in the first-line treatment
setting [4].

The PD-1/PD-L1 pathway plays a crucial role in regulating the immune response.
Normally, the interaction between the PD-1 receptor on activated T-cells and its ligand
PD-L1, which is expressed on tumor cells and other immune cells, helps maintain im-
mune tolerance and prevents excessive immune activation. However, many tumor cells
exploit this mechanism by overexpressing PD-L1, which suppresses T-cell activity and
allows the tumor to evade immune destruction. PD-1/PD-L1 checkpoint inhibitors,
such as nivolumab and pembrolizumab (anti-PD-1 antibodies) and atezolizumab and
durvalumab (anti-PD-L1 antibodies), block this interaction and thereby restore the abil-
ity of cytotoxic T-cells to recognize and destroy cancer cells [4]. Although these ther-
apies have significantly improved survival in some patients, the overall response rates
remain limited, with only approximately 14-26% of patients deriving durable clinical
benefit from PD-1/PD-L1 therapy [8, 9]. These treatments are also associated with sub-
stantial economic burden. In the Netherlands, pembrolizumab, one of the most widely
used PD-1 inhibitors, has a list price of approximately €2,624 per flacon, and stan-
dard dosing over 12 months can approach €90,000 per patient per year depending on
treatment duration and survival outcomes [10].

From a clinical standpoint, immune checkpoint inhibitors are generally better tol-
erated than cytotoxic chemotherapy but nevertheless cause frequent adverse events.
Approximately 60-80% of patients experience at least one treatment-related adverse
event, most commonly fatigue, rash, diarrhea, nausea, or musculoskeletal symptoms
[11]. Furthermore, 10-20% of patients develop moderate to severe immune-related
toxicities such as colitis, hepatitis, endocrinopathies, and pneumonitis, which may re-
quire immunosuppressive therapy or treatment discontinuation [11, 12].

Current research focuses on several categories of biomarkers that may influence im-
munotherapy response in NSCLC. The most studied biomarkers include PD-L1 expres-
sion, which reflects the level of target protein on tumor cells [13]; Tumor Mutational
Burden (TMB), which represents the number of mutations that can create neoantigens
[14]; Microsatellite Instability (MSI), which indicates defects in DNA mismatch re-
pair leading to increased immunogenicity [15]; and circulating biomarkers, such as
cell-free DNA (cfDNA) and cytokine profiles, which provide non-invasive insight into



tumor dynamics and immune activity [16]. The aim of this literature review is to eval-
uate the predictive value of these biomarkers and to assess to what extent they can
predict response to PD-1/PD-L1 checkpoint inhibitor therapy in patients with NSCLC.

3 Results
3.1 PD-L1

PD-L1 expression on tumor cells and, to a lesser extent, on tumor-infiltrating im-
mune cells is considered a predictive biomarker because it reflects activation of the
PD-1/PD-L1 immune checkpoint pathway directly targeted by immune checkpoint in-
hibitors. Biologically, PD-L1 is a membrane-bound ligand expressed on tumor cells
and antigen-presenting cells that binds to the PD-1 receptor on activated T cells, trans-
mitting an inhibitory signal that suppresses T-cell proliferation and cytokine production
and thereby facilitates tumor immune evasion [17]. Because PD-1/PD-L1 inhibitors act
by blocking this interaction, PD-L1 expression represents a biologically plausible sur-
rogate for target engagement and has been associated with improved clinical outcomes
in NSCLC across multiple studies [17].

In clinical practice, PD-L1 expression is assessed by immunohistochemistry (IHC)
on formalin-fixed paraffin-embedded (FFPE) tumor tissue, most commonly obtained
from diagnostic tumor biopsies or resection specimens. Validated assays include Dako
22C3, Dako 28-8, Ventana SP142, and Ventana SP263, each developed as a companion
or complementary diagnostic for specific checkpoint inhibitors. These assays differ in
antibody clone, staining platform, antigen retrieval chemistry, and scoring methodol-
ogy, which contributes to variability in PD-L1 classification [18]. Notably, the SP142
assay consistently stains fewer tumor cells than 22C3 or SP263, resulting in discordant
PD-L1 status in up to 30% of cases [18]. PD-L1 expression is commonly reported as
the Tumor Proportion Score (TPS), defined as the percentage of viable tumor cells with
membranous staining, or as the Combined Positive Score (CPS), which additionally in-
cludes PD-L1-positive immune cells [19].

High PD-L1 expression correlates with improved clinical outcomes. In the KEYNOTE-
024 trial, patients with TPS > 50% treated with pembrolizumab showed significantly
longer progression-free survival (10.3 vs. 6.0 months) and overall survival compared
with chemotherapy [20]. Similarly, KEYNOTE-042 demonstrated an overall survival
benefit at TPS > 1% [21]. However, the clinical utility of PD-L1 is limited by inter-
assay variability, imperfect reproducibility, and biological heterogeneity [22, 18].

PD-L1 expression varies spatially within tumors and between primary and metastatic
lesions, and it is dynamically regulated over time. Moreover, PD-L1 expression can be
upregulated or downregulated following chemotherapy, radiotherapy, or targeted ther-
apy, largely through inflammation- and interferon-y-mediated signaling pathways [23].
As a result, PD-L1 assessment from a single pretreatment biopsy may not accurately
reflect the tumor immune status at the time of immunotherapy initiation. While this
dynamic regulation limits the reliability of PD-L1 as a static predictive biomarker, it
also suggests that prior or concurrent treatments such as radiotherapy may modulate
the tumor microenvironment in ways that could enhance responsiveness to immune



checkpoint inhibition, although such effects are highly context-dependent.

These biological and technical limitations restrict the predictive accuracy of PD-L1
testing. In KEYNOTE-024, the objective response rate (ORR) was 44.8% in patients
with TPS > 50%, compared with 27% in TPS 1-49% and approximately 10-15% in
PD-L1-negative tumors, indicating that more than half of PD-L1-high patients do not
respond to treatment [20].

Meta-analyses further demonstrate the limited discriminative ability of PD-L1. A
systematic review of 22 studies reported a pooled sensitivity of approximately 64%
and specificity of approximately 49% for PD-L1 positivity in predicting response to
PD-1/PD-L1 inhibitors in NSCLC, a performance that approaches random classifica-
tion rather than reliable discrimination between responders and non-responders [24].
Importantly, 8-20% of PD-L1-negative patients still respond to immunotherapy, while
many PD-L1-high patients fail to respond. Together, these findings indicate that PD-L1
enriches for responders but cannot reliably distinguish responders from non-responders
[14].

Given these limitations, one potential strategy that has been proposed is to evaluate
PD-L1 expression in combination with additional biomarkers, rather than relying on
PD-L1 as a standalone predictor [25].

3.2 Tumor Mutational Burden

Tumor Mutational Burden (TMB) is considered a promising biomarker because tumors
with a high number of somatic mutations can be expected to generate more neoanti-
gens, increasing their visibility to the immune system and potentially enhancing re-
sponsiveness to immune checkpoint inhibitors [14].

TMB is defined as the number of somatic mutations per megabase (mut/Mb) of
tumor DNA. Evidence for its predictive value in NSCLC emerged from the Check-
Mate 227 trial, in which patients with TMB > 10 mut/Mb treated with nivolumab-
ipilimumab achieved a median progression-free survival of 7.2 months compared with
5.5 months in the chemotherapy group, representing an improvement of approximately
1.7 months [25]. However, TMB has shown inconsistent predictive performance across
studies, particularly in PD-1/PD-L1 monotherapy, where some analyses report minimal
or no correlation with survival outcomes [26].

Several factors may explain these discrepant results. First, not all somatic muta-
tions generate immunogenic neoantigens capable of being presented on major histo-
compatibility complex molecules. Second, transcriptomic and immune-profiling stud-
ies demonstrate that some tumors with high TMB lack interferon-y signaling and cyto-
toxic T-cell infiltration, indicating that high mutational burden alone does not guarantee
an effective antitumor immune response [14]. This may reflect additional mechanisms
of immune escape, such as defective antigen presentation, exclusion of T cells from the
tumor microenvironment, or the presence of immunosuppressive cell populations that
prevent effective immune activation despite a high neoantigen load. Third, differences
in treatment regimens, especially combination immunotherapy versus monotherapy,
may influence the relevance of TMB as a predictive biomarker.

Practical limitations further reduce the clinical utility of Tumor Mutational Burden.
Differences in sequencing depth, genomic panel size, and bioinformatic pipelines result



in poor standardization across institutions. In addition, high TMB is significantly more
common in smokers due to tobacco-associated mutational signatures [27, 28]. While
smoking history is therefore strongly correlated with elevated TMB, several studies
have reported improved immunotherapy outcomes in patients with a smoking history
that are not fully explained by TMB alone [29, 25, 30]. This suggests that smoking-
associated tumors may harbor qualitative differences in neoantigen composition, clonal
architecture, or immune microenvironment that enhance immunogenicity beyond what
is captured by a simple mutation count. These observations further underscore that
TMB reflects only one aspect of tumor immunogenicity and must be interpreted within
a broader biological context.

Overall, TMB provides important biological insight but lacks sufficient reliabil-
ity, standardization, and biological specificity to function as a standalone predictive
biomarker.

3.3 Microsatellite Instability

Microsatellite Instability (MS]) arises from defects in the DNA mismatch repair (MMR)
system, which normally corrects base-base mismatches and small insertion-deletion
loops generated during DNA replication. Deficient MMR is most commonly caused
by loss-of-function mutations or epigenetic silencing of the core MMR genes MLHI,
MSH2, MSH6, and PMS2. Microsatellites are short, repetitive DNA sequences that are
particularly prone to replication errors; failure to repair insertion-deletion mutations in
these regions leads to frameshift mutations, altered C-terminal protein sequences, and
truncated proteins. As a consequence, MSI-high (MSI-H) tumors generate a large num-
ber of frameshift-derived neoantigens that are highly immunogenic, providing a strong
biological rationale for their pronounced sensitivity to immune checkpoint inhibition
[31].

MSI-high (MSI-H) status is defined using PCR-based microsatellite panels or next-
generation sequencing, based on instability in a predefined number of microsatellite
loci. Clinical trials have demonstrated that MSI-H tumors are strongly associated with
response to PD-1 blockade, with objective response rates of approximately 40-50% in
mismatch repair—deficient colorectal and endometrial cancers, compared with minimal
responses in microsatellite-stable tumors [31].

In NSCLC, microsatellite instability—high (MSI-H) tumors are extremely rare, large-
scale genomic profiling studies consistently estimate the true frequency to be approx-
imately 0.3-0.5% [32, 33, 34]. Consequently, evidence in lung cancer is limited to
very small cohorts and individual case reports. In the largest available analyses of
mismatch repair—deficient solid tumors treated with PD-1 blockade, pembrolizumab
achieved objective response rates of approximately 53%, with complete responses ob-
served in about 21% of patients across diverse tumor types, consistent with the 40-50%
response rates reported in MSI-H cancers [31]. However, the very small number of
MSI-H NSCLC cases precludes reliable estimation of response rates specific to lung
cancer and limits broad generalization. Nevertheless, these findings strongly support
the biological plausibility of MSI as a predictive biomarker in NSCLC despite its very
low prevalence.

Although MSI testing is not routinely performed in NSCLC, large-scale genomic



profiling studies show that MSI-H/MMR-D occurs in only approximately 0.3-0.5% of
NSCLC cases, consistent with true biological rarity rather than underdetection alone.
In cohorts of over 5,000, 1,500, and 12,000 lung cancer patients profiled by next-
generation sequencing, MSI-H was identified in 0.41%, 0.39%, and 0.5% of cases,
respectively, confirming its low prevalence in this tumor type [32, 33, 34].

Quantitatively, MSI-H demonstrates substantially stronger predictive performance
than PD-L1 expression or Tumor Mutational Burden. Across tumor types, MSI-H
is associated with objective response rates of approximately 40-50% to PD-1 block-
ade, whereas PD-L1 expression in NSCLC yields response rates of 45% even in the
highest expression group (TPS > 50%), with pooled sensitivity and specificity close
to random classification. TMB showed more modest and context-dependent effects,
with progression-free survival improvements of approximately 1-2 months in selected
treatment settings and inconsistent associations with response in monotherapy. These
differences highlight that MSI-H represents a high-impact but rare biomarker for ICI
therapy prediction in NSCLC, whereas PD-L1 and TMB are more broadly applicable
but individually less predictive.

3.4 Circulating Biomarkers

Circulating biomarkers provide a minimally invasive approach to monitoring tumor
burden and immune activity over time, without requiring repeated tumor biopsies. Cell-
free DNA (cfDNA) and circulating tumor DNA (ctDNA) are therefore best described as
potential circulating biomarkers rather than established predictors of immunotherapy
response.

High baseline levels of circulating cell-free DNA (cfDNA), typically defined as
values in the upper quartile of the study population, are consistently associated with
poor prognosis in NSCLC, with higher plasma cfDNA concentrations linked to shorter
progression-free and overall survival across multiple cohorts and pooled analyses [35,
36, 37], reflecting increased overall tumor burden. More importantly, longitudinal anal-
yses demonstrate that early on-treatment changes in circulating tumor DNA (ctDNA)
are strongly associated with clinical outcomes during PD-1/PD-L1 therapy. Specifi-
cally, declines in ctDNA detected within the first weeks of treatment often occur several
weeks before corresponding changes are visible on radiographic imaging, such as tu-
mor shrinkage or radiographic progression, typically preceding imaging-based assess-
ment by approximately 4-8 weeks [38, 39]. These early ctDNA dynamics are thought
to reflect effective tumor cell killing or emerging resistance at a molecular level, result-
ing in reduced or increased release of tumor-derived DNA into the circulation.

Cytokines have also been investigated as systemic biomarkers of immunotherapy
response. In particular, elevated baseline serum interleukin-8 (IL-8) levels have been
consistently associated with poor outcomes during PD-1/PD-L1 therapy across multi-
ple cancer types, including NSCLC [40]. In large multicohort analyses, patients with
high IL-8 levels showed significantly shorter progression-free and overall survival, with
hazard ratios of approximately 2-3 compared with patients with low IL-8 levels. More-
over, dynamic changes in IL-8 during treatment correlated with clinical outcomes, with
decreasing IL-8 levels associated with tumor regression and increasing levels associ-
ated with disease progression [40].



Biologically, IL-8 is produced by tumor cells and cells of the tumor microenvi-
ronment, including macrophages and neutrophils, and plays a central role in recruiting
neutrophils and myeloid-derived suppressor cells. Elevated IL-8 levels therefore reflect
a tumor microenvironment dominated by myeloid-driven inflammation and immune
suppression, which can inhibit effective cytotoxic T-cell activity and limit the efficacy
of immune checkpoint inhibition. In contrast, interferon-y-related gene expression sig-
natures in tumor tissue reflect an inflamed, T-cell-infiltrated tumor microenvironment
and have been associated with improved response rates to PD-1 blockade [14, 17].

Other circulating immune-related markers, including soluble PD-L1, circulating
CD8+ T cells, and myeloid-derived suppressor cells, have been investigated primar-
ily in exploratory and correlative clinical studies rather than as validated predictive
biomarkers. These markers have been assessed in small prospective cohorts and retro-
spective analyses of patients receiving PD-1/PD-L1 inhibitors, where associations with
treatment outcomes have been reported but not consistently reproduced [16]. Soluble
PD-L1 represents a circulating form of the PD-L1 protein and has been proposed to
contribute to systemic immune suppression, while circulating immune cell subsets re-
flect the balance between immune activation and immune inhibition within the host
immune system.

Although these biomarkers are supported by biological plausibility and preliminary
clinical associations, they have not been validated for routine clinical decision-making.
Their interpretation is limited by substantial assay variability, biological confounding
factors such as infection or inflammation, and the absence of standardized method-
ologies or clinically validated cutoff values [16]. As a result, they currently remain
exploratory and are best considered complementary research tools rather than action-
able predictors of immunotherapy response.

Nevertheless, circulating biomarkers represent one of the most rapidly evolving ar-
eas of NSCLC immunotherapy research, particularly as adjuncts to tissue-based biomark-
ers and as tools for longitudinal monitoring of treatment response and resistance.

4 Discussion

Several biomarkers have been investigated for their ability to predict response to PD-
1/PD-L1 immune checkpoint inhibitor therapy in NSCLC, including PD-L1 expres-
sion, Tumor Mutational Burden, Microsatellite Instability, and circulating biomarkers
such as circulating tumor DNA. While each of these biomarkers is associated with
immunotherapy outcomes, none provides sufficient predictive accuracy to guide treat-
ment exclusion. Importantly, the central clinical challenge is not identifying patients
who will definitively respond to immunotherapy, but rather identifying those who are
highly unlikely to benefit and in whom treatment could be safely withheld. As dis-
cussed below, each biomarker captures a distinct aspect of tumor—immune biology;
however, biological heterogeneity, technical variability, and limited negative predictive
value prevent any of them from functioning as a reliable standalone predictor [4, 14].
PD-L1 expression remains the most established biomarker in routine clinical prac-
tice and reflects the presence of the therapeutic target of PD-1/PD-L1 inhibitors. Clin-
ical trials consistently demonstrate improved outcomes in patients with high PD-L1



expression, particularly at tumor proportion scores (TPS) > 50% [20, 21]. However,
substantial response heterogeneity persists: many PD-L1-high patients fail to respond,
while a meaningful proportion of PD-L1-negative patients derive clinical benefit [20,
14]. In addition, assay-related variability, intratumoral heterogeneity, and dynamic reg-
ulation of PD-L1 expression limit its reproducibility and predictive accuracy [22, 23,
41]. Meta-analyses further demonstrate that the discriminatory ability of PD-L1 ap-
proaches random classification, emphasizing that PD-L1 functions as an enrichment
marker rather than a reliable tool for identifying non-responders [24].

As summarized above, Tumor Mutational Burden provides a biologically plausi-
ble but incomplete measure of tumor immunogenicity. However, its inconsistent pre-
dictive performance highlights key conceptual and methodological limitations. TMB
quantifies the number of somatic mutations rather than the immunogenic quality of
the resulting neoantigens; many mutations do not generate peptides that are effectively
processed, presented on major histocompatibility complex molecules, or recognized
by T cells [14, 42]. Consequently, high TMB does not necessarily translate into effec-
tive antitumor immune activation. Moreover, TMB does not account for downstream
processes essential for immune checkpoint inhibitor efficacy, including intact antigen
presentation, interferon-y signaling, and cytotoxic T-cell infiltration. Tumors with high
mutational burden but an immunologically “cold” or immune-excluded microenviron-
ment may therefore fail to respond despite abundant potential neoantigens [14, 26].
This biological disconnect explains why TMB captures only one step of a multistep
immune response and why its predictive value is not consistently superior to PD-L1
expression, particularly in PD-1/PD-L1 monotherapy settings [14, 21, 24, 41, 14, 26].
Methodological variability further limits the clinical reliability of TMB. Differences
in sequencing panel size, mutation calling pipelines, and cutoff definitions introduce
substantial heterogeneity across studies [26, 27]. Larger gene panels and whole-exome
sequencing provide more stable estimates than small targeted panels, but no single gene
set or cutoff has been universally accepted [27, 28]. Although treating TMB as a contin-
uous variable may better reflect underlying biology, this approach has limited clinical
utility because it does not yield clear decision thresholds for treatment exclusion. Im-
portantly, TMB is strongly confounded by smoking status, as tobacco exposure gener-
ates characteristic mutational signatures that inflate mutational burden [27, 28]. While
smokers often demonstrate improved immunotherapy outcomes, this association is un-
likely to be explained by mutation count alone. Smoking-related tumors tend to harbor
clonal, truncal neoantigens and exhibit distinct immune microenvironment features that
enhance immunogenicity beyond what is captured by TMB alone [25, 29, 30]. These
observations further support the interpretation of TMB as a contextual biomarker rather
than a standalone predictor capable of identifying definite non-responders.

Microsatellite Instability represents a contrasting example of a biologically strong
but clinically rare biomarker in NSCLC. MSI-high tumors exhibit mismatch repair
deficiency and extreme genomic instability, leading to abundant frameshift-derived
neoantigens and robust immune recognition. Across tumor types, MSI-high status is
strongly associated with response to PD-1 blockade [31]. In NSCLC, however, MSI-
high tumors are exceedingly rare, occurring in approximately 0.3-0.5% of cases [32,
33, 34]. While screening can reliably identify this small subgroup of exceptional re-
sponders, the overwhelming majority of patients without mismatch repair deficiency
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would still receive immune checkpoint inhibitor therapy. Thus, MSI primarily identi-
fies patients who are highly likely to benefit, rather than those who can be confidently
excluded from treatment.

Circulating biomarkers offer a complementary perspective by providing dynamic,
minimally invasive insights into tumor burden and immune response. In particular,
changes in circulating tumor DNA during treatment have been consistently associ-
ated with clinical benefit and often precede radiographic response or progression by
several weeks [38, 39]. These findings indicate that ctDNA functions primarily as a
marker of real-time treatment efficacy rather than baseline sensitivity to immunother-
apy. However, no circulating biomarker has yet demonstrated sufficient validation,
standardization, or predictive accuracy to support treatment exclusion decisions, and
current evidence remains largely observational [35, 36, 37]. Beyond ctDNA, accu-
mulating evidence suggests that biomarkers capturing the functional immune state of
the tumor microenvironment may provide greater predictive insight. Tumor immune
contexture, including CD8+ T-cell infiltration and interferon-y-related gene expres-
sion signatures, reflects pre-existing immune engagement and has been consistently
associated with response to immune checkpoint inhibition [14, 17]. Conversely, de-
fects in antigen presentation machinery, such as loss of HLA class I expression or
B2-microglobulin deficiency, as well as systemic immunosuppressive markers includ-
ing elevated interleukin-8 levels, neutrophil-to-lymphocyte ratio, and myeloid-derived
suppressor cell populations, have been implicated in primary resistance and poor clini-
cal outcomes [16, 40]. Taken together, these findings indicate that the limited predictive
performance of individual biomarkers reflects not only technical shortcomings but also
fundamental biological complexity. Each biomarker captures a distinct yet incomplete
aspect of the tumor—-immune interaction, and none provides sufficient negative predic-
tive value to justify withholding immune checkpoint inhibitor therapy from biomarker-
negative patients. Future advances in patient selection are therefore likely to depend on
integrated biomarker strategies that combine tumor immune contexture, antigen pre-
sentation capacity, and dynamic response markers rather than reliance on PD-L1 ex-
pression, Tumor Mutational Burden, or circulating biomarkers alone. Prospective stud-
ies incorporating standardized assays, correction for key confounders such as smoking
and immune activation, and longitudinal sampling will be essential. Such studies are
required to validate multidimensional biomarker approaches and translate them into
clinically actionable tools.

5 Conclusion

This literature review demonstrates that multiple biomarkers are associated with re-
sponse to PD-1/PD-L1 checkpoint inhibitors in non-small cell lung cancer, but that
none provide sufficient predictive accuracy when used alone. PD-L1 expression re-
mains the most widely implemented biomarker in clinical practice, yet its predictive
value is limited by biological heterogeneity, assay variability, and modest discrimina-
tory performance. Tumor Mutational Burden and Microsatellite Instability offer strong
biological rationale but are constrained by lack of standardization and low prevalence,
respectively. Circulating biomarkers, particularly ctDNA dynamics, show promise for
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early response assessment but are not yet validated for routine clinical use. Impor-
tantly, the current evidence indicates that none of the available biomarkers provides
adequate certainty to identify patients who will definitively not benefit from immune
checkpoint inhibitor therapy, and thus cannot be used to justify treatment exclusion.
Overall, immunotherapy response in NSCLC cannot be reliably predicted by a single
biomarker. Future advances are likely to depend on integrated biomarker strategies that
combine baseline tumor characteristics with dynamic measures of treatment response.
Prospective studies will be required to validate such approaches and to translate them
into clinically actionable tools that improve patient selection and treatment outcomes.

References

[1] National Cancer Institute. Non-Small Cell Lung Cancer Treatment (PDQ®). Ac-
cessed 2026-01-13. urL: https://www.cancer.gov/types/lung/hp/non-
small-cell-lung-treatment-pdq.

[2] Erasmus MC. Niet-kleincellige longkanker. Accessed 2026-01-13. urL: https:
/ /www . erasmusmc . nl /nl - nl /kankerinstituut / patientenzorg/
aandoeningen/niet-kleincellige-longkanker.

[3] Longkanker Nederland. Longkanker statistieken. Accessed 2026-01-13. urL: https:
//www.longkankernederland.nl/longkanker/statistieken.

[4] Solange Peters et al. “How to make the best use of immunotherapy as first-
line treatment of advanced/metastatic non-small-cell lung cancer”. In: Annals of
Oncology 30.6 (2019), pp. 884-896. por: 10.1093/annonc/mdz109.

[5] Hossein Borghaei et al. “Five-Year Outcomes From the Randomized, Phase
III Trials CheckMate 017 and 057: Nivolumab Versus Docetaxel in Previously
Treated Non-Small-Cell Lung Cancer”. In: Journal of Clinical Oncology 39.7
(2021), pp. 723-733. por: 10.1200/3C0.20.01605.

[6] Roy S Herbst et al. “Five Year Survival Update From KEYNOTE-010: Pem-
brolizumab Versus Docetaxel for Previously Treated, Programmed Death-Ligand
1-Positive Advanced NSCLC”. In: Journal of Thoracic Oncology 16.10 (2021).
Metadata from PubMed; add full author list via PubMed “Cite” export if de-
sired., pp. 1718-1732.

[7]1 Julien Mazieres et al. “Atezolizumab Versus Docetaxel in Pretreated Patients
With NSCLC: Final Results From the Randomized Phase 2 POPLAR and Phase
3 OAK Clinical Trials”. In: Journal of Thoracic Oncology 16.1 (2021). Metadata
from PubMed; add full author list via PubMed “Cite” export if desired., pp. 140—
150. por: 10.1016/j.jtho.2020.09.022.

[8] Edward B Garon et al. “Five-Year Overall Survival for Patients With Advanced
Non-Small-Cell Lung Cancer Treated With Pembrolizumab: Results From the
Phase I KEYNOTE-001 Study”. In: Journal of Clinical Oncology 37.28 (2019).
Add DOI from PubMed “Cite” export if needed., pp. 2518-2527.

12



[9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

(17]

(18]

(19]

Scott J Antonia et al. “Four-year survival with nivolumab in patients with previ-
ously treated advanced non-small-cell lung cancer: a pooled analysis”. In: The
Lancet Oncology (2019). Add full author list/volume/pages via PubMed “Cite”
export; PubMed record PMID:31422028.

Zorginstituut Nederland. Horizonscan Geneesmiddelen: Pembrolizumab (Keytruda).
Accessed 2026-01-13. urL: https://www.horizonscangeneesmiddelen.
nl/geneesmiddelen/86459197-6a25-4c5d-b920-£6042740a2d8?versie=
versie-5.

and others. “Checkpoint Inhibitor Pneumonitis Induced by Anti-PD-1/PD-L1

Therapy in Non-Small-Cell Lung Cancer: Occurrence and Mechanism”. In: Fron-
tiers in Immunology 13 (2022), p. 830631. por: 10 . 3389 / fimmu . 2022 .

830631.

Cancer Research UK. Immunotherapy and its side effects. Accessed 2026-01-
13. urL: https://www.cancerresearchuk.org/health-professional/
treatment - and - other - post - diagnosis - issues / immunotherapy -
and-its-side-effects.

and others. “PD-L1 as a biomarker in non-small cell lung cancer”. In: Cancers
(2020). Metadata best taken from the PDF/PMC “Cite” tool; Accessed 2026-01-
13. urL: https://pmc.ncbi.nlm.nih.gov/articles/PMC7471728/.

Timothy A Chan et al. “Tumor Mutational Burden as a Biomarker for Immunother-
apy Response: Is More Always Better?” In: The Oncologist (2019). Accessed
2026-01-13. urL: https://academic.oup.com/oncolo/article/25/1/
el147/6443315.

Liisa Chang et al. “Microsatellite Instability: A Predictive Biomarker for Cancer
Immunotherapy”. In: Applied Immunohistochemistry & Molecular Morphology
26.2 (2018), e15—e21. por: 10.1097/PAI.0000000000000575.

and others. “Emerging Blood-Based Biomarkers for Predicting Immunotherapy
Response in NSCLC”. In: Cancers (Basel) 14.11 (2022). Add DOI/full authors
via PubMed “Cite” export if desired., p. 2626.

and others. “PD-L1 testing in non-small cell lung cancer: past, present, and
futare”. In: Journal for ImmunoTherapy of Cancer (2018). por: 10 . 1186 /
s40425-018-0316-z. urL: https://jitc.biomedcentral.com/articles/
10.1186/s40425-018-0316-z.

and others. “Multicenter Comparison of 22C3 PharmDx (Agilent) and SP263
(Ventana) Assays to Test PD-L1 Expression for NSCLC Patients to Be Treated
with Immune Checkpoint Inhibitors”. In: Journal of Thoracic Oncology 12.11
(2017), pp. 1654-1663. por: 10.1016/j.jtho.2017.07.031.

J Adam et al. “Multicenter harmonization study for PD-L1 IHC testing in non-
small-cell lung cancer”. In: Annals of Oncology 29.4 (2018), pp. 953-958. por:
10.1093/annonc/mdy014.

13



[20] Martin Reck, Delvys Rodriguez-Abreu, Andrew G Robinson, et al. “Pembrolizumab
versus Chemotherapy for PD-L1-Positive Non—Small-Cell Lung Cancer”. In:
New England Journal of Medicine 375.19 (2016), pp. 1823-1833. por: 10 .
1056 /NEJMoal606774. UrL: https://www.nejm.org/doi/10. 1056/
NEJMoal606774.

[21] Tony S K Mok, Yi-Long Wu, Ingrid Kudaba, et al. “Pembrolizumab versus
Chemotherapy for Previously Untreated, PD-L1-Expressing, Locally Advanced
or Metastatic Non—Small-Cell Lung Cancer (KEYNOTE-042)”. In: The Lancet
(2019). por: 10 . 1016 /S0140 - 6736(18) 32409 - 7. urL: https: / /www .
thelancet.com/journals/lancet/article/PIIS0140-6736(18)32409-
7/abstract.

[22] and others. “Quantitative Assessment of the Heterogeneity of PD-L1 Expression
in Non-Small-Cell Lung Cancer”. In: JAMA Oncology 2.1 (2016), pp. 46-54.
por: 10.1001/jamaoncol.2015.3638.

[23] and others. “Article with DOI 10.1126/science.aar4060”. In: Science (2018). Fill
exact title/authors via Science “Cite” export. por: 10.1126/science.aar4060.
URL: https://www.science.org/doi/10.1126/science.aar4060.

[24] and others. “PD-L1 as a predictive biomarker for immunotherapy response in
NSCLC: systematic review and meta-analysis”. In: Translational Lung Cancer
Research (2021). Fill exact title/authors/journal fields via Springer “Cite this
article” export. URL: https://link. springer.com/article/10.1186/
s40164-021-00211-8.

[25] Matthew D Hellmann, Tudor-Eliade Ciuleanu, Adrian Pluzanski, et al. “Nivolumab
plus Ipilimumab in Lung Cancer with a High Tumor Mutational Burden”. In:
New England Journal of Medicine 378.22 (2018), pp. 2093-2104. por: 10 .
1056/NEJM0al801946. urL: https://doi.org/10.1056/NEJMoal801946.

[26] Albrecht Stenzinger et al. “Tumor Mutational Burden: Is It Ready for the Clinic?”
In: Annals of Oncology (2020). por: 10.1016/j . annonc.2020.06.004. urL:
https://doi.org/10.1016/j.annonc.2020.06.004.

[27] and others. “Article in PMC8495280”. In: and others (2021). Fill exact metadata
via PMC “Cite”; Accessed 2026-01-13. urL: https://pmc.ncbi.nlm.nih.
gov/articles/PMC8495280/.

[28] and others. “Article in PMC8137661”. In: and others (2021). Fill exact metadata
via PMC “Cite”; Accessed 2026-01-13. urL: https://pmc.ncbi.nlm.nih.
gov/articles/PMC8137661/.

[29] and others. “Article in PMC8419340”. In: and others (2021). Fill exact metadata
via PMC “Cite”; Accessed 2026-01-13. urL: https://pmc.ncbi.nlm.nih.
gov/articles/PMC8419340/.

[30] Naiyer A Rizvi et al. “Mutational landscape determines sensitivity to PD-1
blockade in non-small cell lung cancer”. In: Science 348.6230 (2015), pp. 124—
128. por: 10.1126/science.aaal348. urL: https://www.science.org/
doi/10.1126/science.aaal348.

14



[31] Dung T Le et al. “Mismatch-Repair Deficiency Predicts Response of Solid Tu-
mors to PD-1 Blockade”. In: New England Journal of Medicine 372.26 (2015),
pp- 2509-2520. por: 10. 1056 /NEJMoal500596. urL: https://www.nejm.
org/doi/10.1056/NEJMoal500596.

[32] and others. “ScienceDirect article (PII: S1556086423022918)”. In: and others
(2023). Use ScienceDirect “Cite” export to fill full metadata. urL: https: //
www.sciencedirect.com/science/article/pii/S1556086423022918.

[33] and others. “Article in PMC12038786”. In: and others (2024). Fill exact meta-
data via PMC “Cite”; Accessed 2026-01-13. urL: https://pmc.ncbi.nlm.
nih.gov/articles/PMC12038786/.

[34] and others. “ScienceDirect article (PII: S0169500223007936)”. In: and others
(2023). Use ScienceDirect “Cite” export to fill full metadata. urL: https: //
www.sciencedirect.com/science/article/abs/pii/S0169500223007936.

[35] and others. “Article in PMC5706884”. In: and others (2017). Fill exact metadata
via PMC “Cite”; Accessed 2026-01-13. urL: https://pmc.ncbi.nlm.nih.
gov/articles/PMC5706884/.

[36] and others. “Article with DOI 10.1186/s12890-023-02586-2”. In: BMC Pul-
monary Medicine (2023). por: 10.1186/s12890-023-02586-2. URL: https:
//link.springer.com/article/10.1186/s12890-023-02586-2.

[37] and others. “Article in PMC5190120”. In: and others (2016). Fill exact metadata
via PMC “Cite”; Accessed 2026-01-13. urL: https://pmc.ncbi.nlm.nih.
gov/articles/PMC5190120/.

[38] and others. “Article in PMC6432636”. In: and others (2019). Fill exact metadata
via PMC “Cite”; Accessed 2026-01-13. urL: https://pmc.ncbi.nlm.nih.
gov/articles/PMC6432636/.

[39] and others. “Early plasma circulating tumor DNA (ctDNA) changes predict re-
sponse to first-line pembrolizumab-based therapy in non-small cell lung can-
cer (NSCLQC)”. In: and others (2021). Fill exact journal/volume/pages/DOI via
PubMed “Cite” export.

[40] and others. “Visualization of early events in mRNA vaccine delivery in non-
human primates via PET-CT and near-infrared imaging”. In: and others (2019).
WARNING: This PMID appears unrelated to IL-8 and immunotherapy. If you
intended an IL-8 biomarker paper, replace this entry.

[41] Tony S K Mok et al. “KEYNOTE-042". In: The Lancet (2019). por: 10.1016/
S0140-6736(18) 32409-7. urL: https://doi.org/10.1016/S0140 -
6736(18)32409-7.

[42] and others. “An integrative strategy to identify the entire protein coding poten-
tial of prokaryotic genomes by proteogenomics”. In: and others (2018). WARN-
ING: This PMID appears unrelated to NSCLC/TMB. Replace with correct TMB
source.

15



