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The treatment for advanced non-small cell lung cancer 
(NSCLC) has changed rapidly over the last several years. 
There are now several commercially available checkpoint 
inhibitors (CPI) targeting the programmed death ligand 1 
(PD-L1)-programmed death 1 (PD-1) pathway. These CPIs 
have been shown to confer a significant overall survival (OS) 
benefit in first- and second-line therapy for unresectable/
metastatic NSCLC (1-5). While the use of CPI in the clinic 
is prevalent, the determinants of those most likely to benefit 
remains imprecise. The only predictive biomarker for OS 
benefit that is currently used for patient selection is PD-L1 
expression, though it is an imperfect biomarker with several 
limitations (6-8). Thus, the exploration of other potential 
biomarkers for patient selection to match with CPI therapy 
continues to be a major focus of ongoing research efforts. 

However, while PD-L1 expression remains an important 
actionable biomarker tested, it is primarily utilized in 
the first-line setting. A resultant issue is the presence of 
adequate tumor tissue for additional standard biomarker 
tests that may direct systemic therapy selection, including 
EGFR, ROS1, ALK, and BRAF alterations. Couple this with 
the fact that upwards of 30% of patients with NSCLC have 
insufficient tumor tissue remaining for biomarker testing 
after the completion of diagnostic testing (9). Additionally, 
exploratory biomarkers such as tumor mutation burden 
(TMB), that provide other possible means that can 
identify patients who are more likely to benefit from CPI 
monotherapy in NSCLC would be welcome. Several studies 
have reported that TMB can serve as a surrogate for overall 
neoantigen load (10). TMB, derived by algorithms applied 
to whole-exome sequencing (WES), has been reported to 
associated with clinical benefit. In this case, clinical benefit 
was defined as improvement of objective response and 

progression-free survival (PFS) ≥6 months, for several CPIs. 
An exploratory analysis from the CheckMate-026 trial 
reported that high tumor tissue-based TMB (tTMB) count 
was associated with longer PFS and higher overall response 
rate (ORR) with nivolumab (a CPI) in NSCLC in the 
first-line setting. Several research papers report that when 
compared with WES, targeted next-generation sequencing 
(NGS) might measure tTMB. Furthermore, these studies 
report that tTMB may be predictive for patients that 
are likely to derive clinical benefit from CPI therapies in 
metastatic melanoma, metastatic urothelial carcinoma, and 
advanced NSCLC. 

A reliable predictive biomarker should necessarily 
correlate with OS and not just with ORR or PFS. tTMB 
has yet to prove predictive or prognostic value for OS. 
Some of the most compelling data for tTMB comes 
from ad hoc subgroup analyses of single-arm trials. No 
standard criteria for mutation discovery and calling 
has emerged. Discordances between assays, and cut-
offs based on tumor type or immunotherapy plague the 
biomarker field. Moreover, the algorithms used might 
influence tTMB estimation as they differ widely across 
gene panels’ platforms. In addition, there can be variation 
between assays in the mutation types considered for tTMB 
assessment. These may include or exclude synonymous 
and nonsynonymous base substitutions/single nucleotide 
variants, short insertions, and/or deletions. In many 
retrospective analyses that utilized WES, tTMB counted 
only missense mutations, leaving out other types of 
mutations. Notably, tumor samples that are formalin-
fixed paraffin-embedded (FFPE) can induce deamination 
artefacts. These artifacts can dramatically impact tTMB 
results (11).
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To overcome some of these problems, some studies 
have explored the role of TMB in the blood (bTMB) as 
either complementary to or as a displacement of tTMB. 
The feasibility and ability to use a simple blood collection 
to analyse tumor genomes can be advantageous when 
compared to tumor tissue biopsy collection. Blood offers a 
readily available source of material for examination. This 
source could be less susceptible to sampling and tumor 
heterogeneity biases that are often associated with single-
site tumor tissue biopsies. For these reasons, there has been 
an increasing interest to explore blood to reliably detect 
mutations in cell-free DNA (cfDNA), including digital 
droplet PCR, allele-specific PCR, and panel-based NGS. In 
fact, recently, the first blood-based assay for the detection of 
mutations in the EGFR gene (cobas EGFR Mutation Test v2, 
Genentech) received Food and Drug Administration (FDA) 
approval (12). Most blood-based assays used for predictive 
biomarker detection have relied on PCR-based approaches; 
however, there are now several recent publications have 
shown that NGS may obviate those methods.

In a retrospective analysis of two randomized trials 
that had plasma samples available from more than 1,000 
patients given atezolizumab (a CPI) as second-line or 
beyond therapy for NSCLC, researchers (13) assessed a 
novel bTMB assay. They reported that in patients with 
advanced NSCLC, bTMB can predict clinical benefit from 
treatment with atezolizumab. Further, bTMB was noted 
to be positively correlated with tTMB (Spearman’s rank 
correlation 0.64; 95% CI: 0.56–0.71). While this study 
applied a defined cutoff to an independent cohort, its 
statistical plan was lacking and did not account for testing 
multiplicity. Therefore, the true significance of the reported 
PFS and OS association is unclear. The BFAST phase III 
trial of 580 participants (NCT03178552), may be the first 
to address bTMB and its association of OS benefit when the 
results are reported. 

Further steps are needed to validate a biomarker: there 
is a pre-analytical and analytical validation part followed by 
the clinical validation, which is the crucial point. A reliable 
predictive biomarker should correlate in a prospective 
study with OS benefit and not only with ORR or PFS (14). 
Notably there is no prospective study thus far for tTMB or 
bTMB confirming a predictive benefit for OS in NSCLC. 
There remain several aspects that are essential before bTMB 
could establish itself as a reliable biomarker: harmonising the 
different techniques and prospectively establishing a cut-off 
that could predict an OS improvement.

Because of the high cost of sequencing, many blood-based 

panels have relatively limited genomic content and have not 
been clinically or analytically validated. Potential advantages 
for bTMB is lower sample acquisition costs (minimal invasive 
procedure vs. an invasive procedure +/− anesthetics +/− 
analgesics +/− facility fees for imaging and procedure room 
utilization) to get “current” status mutational burden and 
expected faster turnaround time from sample collection to a 
reported result. With expected lower overall costs, sequential 
sampling to assess the change of bTMB may provide a more 
relevant interpretation of how tumor burden is responding to 
systemic treatment (15-17).

In conclusion bTMB remains a fascinating biomarker 
with many potential advantages compared to the tTMB. 
Further studies are warranted to further explore the 
applicability of this biomarker.
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