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In recent years, immunotherapies have
shown great promise in cancer treatment.
These agents increase the antitumor activity of the immune system throughout many
mechanisms. Well-known agents, checkpoint inhibitors, are approved molecules in
a wide spectrum of cancer types such as
melanoma, non-small cell lung cancer
(NSCLC), kidney cancer, bladder cancer
and colorectal cancer (CRC). Whether by
inhibiting cytotoxic T lymphocyteassociated antigen 4 (CTLA-4) or programmed cell death protein 1 (PD-1) or
programmed death ligand 1 (PD-L1), they
promote T cell activation against tumor
cells. (1) But, this treatment is expensive
and generate immune-related adverse
events, especially with combination regimens. Thus, the challenge is to select patients eligible for immunotherapy.
Development of biomarkers to select patients that might benefit from immunotherapy regimen is already under way. The
three leading biomarkers are PD-L1 expression, mismatch repair deficiency
(MMR-d) or microsatellite instability status
(MSI) and tumor mutational burden
(TMB). Other biomarkers include CD 8 infiltrate density, T-cell receptor clonality,
RNA level changes, and protein level
changes. (2),(3),(4). A comparison of TMB
and MSI showed that the majority of MSIhigh tumors (85%) had TMB high but the
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converse was not true (5). Consequently,
tumor mutational burden might be a very
accurate biomarker that predicts response
to immunotherapy.
The tumor mutational burden (TMB) is
defined as “the number of somatic mutations per Mb of the genome and is used to
represent accumulation of somatic mutations over the life of the tumor”(6). The
rationale behind the use of TMB as a biomarker is that tumors with high TMB
tend to express more neoantigens. Those
antigens can be recognized by the immune
system once checkpoint inhibitors are administered. An extensive literature search
gathering data from 27 tumor types
showed a significant correlation between
TMB and objective response rate (p<
0.001) with anti-PD-1 therapies (7). Goodman et al. proved that cancers with higher
TMB have better response rate (RR), progression free survival (PFS) and overall
survival (OS) with immunotherapy especially with PD-1/PD-L1 blockade. But the
outcome after combination of multiple immunotherapies is independent of TMB (8).
The most precise method to determine
TMB is by whole exome sequencing
(WES). However, this method is expensive. Recent studies therefore tested the efficiency of next generation sequencing
(NGS) panel in determining TMB. An
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analysis of 100 000 human cancer genomes showed that a comprehensive genome profiling (CGP) targeting 1.1 Mb can estimate accurately TMB (9). Other studies also proved that sequencing a panel of a certain number of genes can estimate the
TMB (10),(11). Foundation One Cdx (F1CDx) is a next generation sequencing diagnostic device that got FDA approval. It detects mutations in 324 genes, microsatellite status and TMB using DNA obtained from tumor tissue. Then, it can identify patients who can benefit from a certain targeted therapy.
TMB was mostly investigated in non-small cell lung cancer
(NSCLC). Currently, PD-L1 expression is the most used biomarker to predict response to immune checkpoint inhibitors.
However, a large amount of PD-L1 negative tumors respond to
checkpoint inhibitors (12). A biomarker with more predictive
value should therefore be established. Studies revealed that patients with high TMB showed better response to Nivolumab
plus Ipilimumab than Nivolumab monotherapy (13). In a phase
3 trial, the one year progression free survival rate was 42.6 %
with Nivolumab plus Ipilimumab versus 13.2 % with chemotherapy (14). This emphasizes the efficiency of TMB as a predictive biomarker in NSCLC.
Recent studies are now testing the use of TMB as a predictive
biomarker in other tumor types such as colorectal cancer
(CRC). MSI high proved to be an efficient biomarker and predicted favorable response to checkpoint inhibitors (1). But, a recent study showed that MSI tumors are all TMB and 3% of microsatellite stable (MSS) tumors are also TMB high. Therefore,
TMB can expand the population of CRC patients profiting
from immunotherapy (15). In fact, TMB high status may also be
attributed to a hypermutating phenotype such as POLE mutation. Note also that in CRC, TMB low status might be a predictive biomarker with chemotherapy (16).
Reports of clinical cases illustrated the predictive role of TMB
in other type of cancers. Examples include the response of high
TMB neuroendocrine cervical carcinoma to Nivolumab and
Stereotactic Body Radiation Therapy (17), high TMB platinumresistant ovarian cancer to anti PD-L1 (18) and high TMB adrenocorticotropic hormone-secreting pituitary carcinoma to Ipilimumab and Nivolumab (19). Further studies need to confirm
the role of TMB as a predictive biomarker in those cancer
types.
With the outburst of innovation in the oncology field, recent
studies are also testing TMB assessment in peripheral blood rather than cancer tissue. Gandara et al. proved that high TMB
assessed from peripheral blood is a predictive biomarker for
Atezolizumab in NSCLC (20), (21).
Some ongoing trials are aiming to further establish TMB as a
solid predictive biomarker for immunotherapy. For example,
NCT03638297 is a phase 2 study testing the efficacy of PD-1
antibody and cox inhibitor in MSI high or TMB high CRC. Its
primary outcome is 6 month response rate. Another clinical trial
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(NCT03516981) is investigating the efficiency of Pembrolizumab and Lenvatinib in advanced NSCLC according to gene
expression profile (GEP) and TMB profile. It is also a phase 2
study recruiting 192 participants and its primary outcome is to
determine objective response rate (ORR).
Last, let us not forget that, like every diagnostic tool, TMB use
as a biomarker has its unique limitations. First, tissue specimen
might not always be available. Second, there are multiple testing
platforms. Also, determining TMB status is a relatively expensive procedure. Other disadvantages include genomic heterogeneity of tumors and longer turnaround time (22).
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