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Tumor mutation burden in lung cancer: a new predictive biomarker
for immunotherapy or too soon to tell?
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Immunotherapy with immune-checkpoint inhibitors (ICls)
has shifted the therapeutic landscape in lung cancer. At
the same time, the clinical benefits of ICIs in unselected
patients remain modest. Thus, there is a growing need to
identify predictive biomarkers for better patient selection.
So far, only PD-L1 expression (1) and microsatellite
instability (MSI) (2) are associated with Food and Drug
Administration (FDA)-approved indications for ICIs. In the
front-line setting, the pivotal KEYNOTE-024 trial revealed
that the PD-1 antibody, pembrolizumab, was better than
chemotherapy in patients with advanced non-small cell
lung cancer (NSCLC) and high PD-L1 expression [Tumor
Proportion Score (TPS) >50%] (1). Pembrolizumab led
to significantly longer progression free survival (PFS)
and overall survival (OS) (1) in this patient subset. The
more recent KEYNOTE-042 study further reported that
pembrolizumab was superior to chemotherapy in patients
with PD-L1 TPS >1% with more clinical efficacy and less
side effects; Additionally, the OS benefits was greater in
patients with higher PD-L1 (TPS >50%), which was the
main driver of the benefits observed in the trial (3). The
combined activity of pembrolizumab and chemotherapy was
assessed in the KEYNOTE-189 study (4). In patients with
advanced non-squamous NSCLC and no active EGFR/
ALK alterations, the combination resulted in significantly
improved PFS and OS than chemotherapy, irrespective of
PD-L1 expression. The greatest benefit was seen in patients
with PD-L1 score of 250% [hazard ratio (HR) 0.42],

© Journal of Thoracic Disease. All rights reserved.

jtd.amegroups.com

although patients with a PD-L1 expression <1% also
benefited (HR 0.59) (4). These data also implicate that, as a
biomarker, PD-L1 expression alone is not flawless to predict
which patient group will benefit from immunotherapy.
Despite being imperfect, PD-L1 expression is a biomarker
commonly used in NSCLC to identify patients for ICIs,
especially at the front-line setting as monotherapy.

There are other emerging predictors for response or
resistance to immunotherapy, including tumor mutation
burden (TMB). TMB can be defined as the total number
of nonsynonymous mutations present in a tumor (5). High
mutation load correlates with an immunogenic tumor
microenvironment with increased expression of tumor
specific neo-antigens that can be targeted by activated
immune cells (6,7). The main pathways contributing to
mutation rate include the DNA damage repair and DNA
replication pathways. Inactivation of the DNA mismatch
repair (IMMR) pathway, which is critical to maintain
fidelity of replication, has been shown to correlate with
a high TMB in tumors (8) and are more likely to benefit
from immunotherapy (2). Mutations in DNA replication
genes, such as POLDI and POLE, are also associated
with increased mutation frequency and high TMB (5).
TMB are usually measured with whole exome sequencing
(WES) or comprehensive genomic profiling (CGP, or
gene panels sequencing). WES is not widely available
for routine clinical practice due to its high cost and long
turn-around time. CGP is more commonly performed to
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check TMB and genetic alterations. FoundationOne CDx
and MSK-IMPACT tumor profiling are two FDA-approved
CGP assays to characterize individual’s genomic profiles,
including TMB status.

Hellmann et al. recently reported a part of data from the
phase III CheckMate227 study: the analysis suggest that
TMB may be a useful biomarker to predict response to the
combination therapy of ipilimumab (CTLA-4 inhibitor)
plus nivolumab (PD-1 inhibitor) in the first line setting of
stage IV or recurrent NSCLC (9). TMB was determined
by the FoundationOne CDx assay. For this specific part of
the CheckMate227 trial, the high TMB was defined as at
least 10 mutations per megabase (>10 Mut/Mb). Among
patients with high TMB (=10 Mut/Mb), the 1-year PFS
rate was significantly higher for nivolumab plus ipilimumab
vs. chemotherapy (42.6% vs. 13.2%), and the median PFS
was longer (7.2 vs. 5.5 months; HR 0.58; P<0.001). The
response was more durable for the combined ICIs: 68% had
ongoing response at 1 year with nivolumab plus ipilimumab,
compared to 25% with chemotherapy. Furthermore, the
benefit of nivolumab plus ipilimumab over chemotherapy
in the TMB high patients was independent of the PD-L1
expression. No superior benefit of nivolumab plus
ipilimumab to chemotherapy was observed in the TMB
low group (<10 Mut/Mb). The grade 3 or 4 toxicities were
similar between two groups (Nivo + Ipi: 31.2% vs. chemo:
36.1%). Of note, the TMB-high cut off was different in
the nivolumab monotherapy group (>13 mutations/Mb)
and there was no difference in PFS between the nivolumab
monotherapy group compared to the chemotherapy. The
authors thereby propose that nivolumab plus ipilimumab
may stand for a front-line regimen in patients with high
TMB, regardless of PD-L1 expression.

The modification of CheckMate 227 trial and the
selection of its TMB thresholds were based on earlier
studies (Tuble 1). Rizvi et al. performed WES analysis of
two independent NSCLC cohorts (n=16 for the discovery
and n=18 for the validation cohort) (10). They found that
the higher nonsynonymous TMB was associated with
better clinical efficacy of pembrolizumab, with superior
response rate, more durable benefit and longer PFS. The
median number of nonsynonymous mutations in patients
with durable benefits vs. no durable benefits was 302 vs. 148
in the discovery group, and 244 vs. 125 in the validation
cohort, respectively. Using the cut-off of nonsynonymous
TMB >178 resulted in the combined best sensitivity and
specificity to predict pembrolizumab activity. The study
also suggested a positive association between TMB and
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neoantigen burden, as well as DNA repair gene mutations.

In the phase I CheckMate012, the first-line nivolumab
plus ipilimumab showed clinical activity and manageable
toxicity in patients with advanced NSCLC (17). WES
on tumor tissue and paired blood were performed on
75 patients from this study. Compared to those with low
TMB (< median), patients with high TMB (> median,
158 mutations) were found to have better response, durable
benefits and superior PFS (12). Independent of PD-L1
expression, TMB was the strongest predictor to the benefits
of combined nivolumab and ipilimumab.

In the phase III CheckMate026, patients with untreated
advanced NSCLC and PD-L1 expression >1% were
assigned to receive nivolumab vs. chemotherapy (18).
Exploratory analysis was conducted to investigate the
relationship between clinical benefits and TMB (using
WES). Patients were grouped based on TMB tertile
distribution. In patients with high TMB (>243 mutations),
nivolumab was associated with higher response rate as
compared to chemotherapy (47% vs. 28%), and improved
PFS (9.7 vs. 5.8 months, HR 0.62) (11). CheckMate026
also revealed lack of correlation between TMB and PD-L1
expression. On the other hand, patients with both high
TMB and high PD-L1 had a higher response rate (75%)
compared to those with only one of these factors or neither
factors.

Further evidence came from the phase II CheckMate568
study enrolling 288 patients with chemotherapy-naive
stage IV NSCLC, where TMB was found to be an
independent biomarker of response to dual ICIs (nivolumab
+ ipilimumab), regardless of PD-L1 expression (13). TMB
was assessed using the FoundationOne CDx assay. The
objective response rate (ORR) was associated with TMB:
the ORR was 4%, 10%, 44% and 39% in patients with
TMB <5, <10, >10, and >15 mutations/Mb. Subsequently,
the TMB cut-off >10 mutations/Mb was used in the phase
IIT CheckMate 227 as aforementioned.

In a retrospective study of 240 patients with advanced
NSCLC who received ICIs, TMB was mainly analyzed
by the MSK-IMPACT sequencing (15). In a subset of
patients (n=49), TMB was assessed by both WES and
MSK-IMPACT. There was a high correlation between
the two assays (P=0.86; P<0.001, n=49). Median TMB was
7.4 single nucleotide variants (SNP)/Mb. TMB was higher
in patients with complete/partial response wvs. stable disease
vs. progression of disease (mmedian, 8.5 vs. 6.6 vs. 6.6 SNVs/
Mb; P=0.151). Moreover, patients with high TMB (>50%)
had longer PFS in comparison to patients with low TMB
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(<50%). Consistent with previous studies, PD-L1 expression
did not correlate with TMB (P=0.1915; n=84). Either
PD-L1 or TMB could independently predict clinical benefit
with ICIs, whereas the composite of both (high TMB and
PD-L1 >1%) further enriched the patient population who
derived benefits from ICIs.

The predictive role of TMB to ICIs has also been
investigated in advanced small cell lung cancer (SCLC)
(CheckMate 032) (14) through WES. TMB was grouped
by tertiles: low, 0 to <143 mutations; medium, 143 to
247 mutations; high, >248 mutations. Both nivolumab
monotherapy and combined nivolumab plus ipilimumab
were associated with improved clinical efficacy in patients
with high TMB, as compared to patients with low TMB. In
particular, the ORR was as impressive as 46% for the dual
ICIs in TMB high patients, along with prolonged 1-year
PES and 1-year OS. Thus, TMB may also be used as a
biomarker to identify SCLC patients for ICIs.

In addition to tumor tissue biomarkers, blood-based
assays are also being developed to check TMB in plasma
(bTMB) and other circulating biomarkers. In a retrospective
analysis using POPLAR trial as a test cohort while OAK
study as a validation cohort, the bTMB measurement
with hybridization-capture methodology (similar to
FoundationOne), was found to be feasible and well-correlated
with tissue TMB (16). Using cut-point of >16 (prevalence
of 27-30% in both cohorts), bTMB appeared to be a
reproducible predictor to identify patients who derived
improved PFS from atezolizumab therapy (16). The
ongoing BFAST trial further investigates this bTMB assay
in the front-line setting prospectively.

In summary, several lines of evidence indicate the
potential roles of TMB in predicating clinical benefits
to ICIs. However, similar to PD-L1 expression, TMB is
also an imperfect biomarker requiring refinement. For
instance, there are different assays, platforms and cut-offs
to characterize TMB. None of them are FDA approved yet,
due to lack of standardization and validation. Moreover,
the OS data from Checkmate 227 and other studies are
still eagerly awaited, which will shed lights on the true
predicative value of TMB. Moreover, there are certain
technical caveats with TMB analysis: (I) long turnaround
time: tissue TMB analysis takes 2-3 weeks; (II) requirement
of significant amount of tissue for analysis (19): for
instance, only 58% of patients enrolled in Checkmate-227
had enough tissue available for TMB testing (9); (I1I)
storage time: the mean mutation number decreased as
sample storage time increased (20). Taken together, the
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recent promising results on using TMB as a predictor to
immunotherapy are not practice-changing yet. Future
studies are warranted to improve the standardization,
shorten the turnaround time, and validate the diagnostic
assays.

In current immunotherapy landscape, how can potential
biomarkers guide us to choose ICIs in the first-line setting
for patients with advanced NSCLC and no targetable
alterations? TMB and tumor PD-L1 expression are
independent biomarkers and are not correlated with each
other (9,11,16,18). At the same time, the complementary
utilization of both appears to predict immunotherapy
activity better than each alone (15). Thus, in light of
CheckMate 227, KEYNOTE-024, KEYNOTE-189,
IMpower150 and other exciting studies, we propose the
following front-line strategies for patients with stage IV or
recurrent NSCLC (no driver alterations): (I) PD-L.1 TPS
>50: pembrolizumab monotherapy (or combined ICI +
platinum-based chemotherapy if high disease volume and
reasonable patient condition; or nivolumab + ipilimumab if
TMB >10 Mut/Mb); (IT) PD-L1 <50% and TMB >10 Mut/
Mb, nivolumab + ipilimumab, or ICI + chemotherapy; (III)
PD-L1 <50% and TMB <10 Mut/Mb: ICI + chemotherapy
or chemotherapy. Nevertheless, this is a time filled with
opportunities and challenges for the development of
biomarkers to advance precision immunotherapy.
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