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Tumor mutation burden (TMB) has shown to be 
predictive for response to immune checkpoint inhibition 
in several tumor entities, including non-small cell lung 
cancer (NSCLC) (1,2). However, implementation of 
TMB for treatment decision is hampered by the fact that 
measurement of whole exome sequencing (WES) is not 
feasible for clinical routine. 

In their work, Rizvi et al. provide the valuable evidence 
that  TMB measured by targeted next-generation 
sequencing (NGS) correlates with TMB assessed by WES. 
Furthermore, they were able to show an increase in durable 
clinical benefit (DCB) and in progression-free survival (PFS) 
for NSCLC patients with levels above the 50th percentile of 
TMB. In line with other reports (3), programmed death-
ligand 1 (PD-L1) expression and TMB levels did not 
correlate, but the combination of both values resulted in a 
higher probability of treatment benefit compared to each 
alone. This study gives another hint for the unmet need 
to determine biomarkers beyond PD-L1 in order to more 
accurately preselect patients with benefit from immune 
checkpoint inhibition.

Current treatment strategies yield to optimize response 
rates while balancing the risk of therapy-related toxicity. 
The programmed death-1 (PD-1) antibody pembrolizumab 
has proven efficacy in patients with high PD-L1 expression 
on their tumor cells (TC) and thus is the current standard 
therapy for first-line patients with PD-L1 expression of 
≥50% TC (4). In patients with PD-L1 expression below 
50%, pembrolizumab failed to prove a clear advantage over 
chemotherapy concerning overall response rate (ORR), PFS 

and overall survival (OS) (5). 
As the KEYNOTE-021 phase 2 trial recruiting 

independent from PD-L1 status showed superiority 
for pembrolizumab in combination with pemetrexed/
carboplatin in terms of response rates and PFS compared to 
chemotherapy alone, the US Food and Drug Administration 
(FDA) granted accelerated approval to the pembrolizumab/
chemotherapy combination (6). These data were confirmed 
by the phase 3 KEYNOTE-189 trial which additionally 
showed clear advantages in OS in the total  study 
population, but also in subgroups defined by PD-L1 status  
(PD-L1 <1%, 1–49%, ≥50%) (7). Based on KEYNOTE-189, 
chemotherapy—pembrolizumab combination is now 
regarded as standard first line treatment in patients with 
PD-L1 <50% and approval can soon be expected also by the 
European Medicines Agency (EMA). 

However, these data focus only on PD-L1 expression for 
patient selection, which has some limitations in terms of 
accuracy. Non-responses of around 30% in pembrolizumab/
chemotherapy patients and around 50% in PD-L1 high 
patients treated with pembrolizumab monotherapy 
underline the need to implement more specific biomarkers. 

TMB has first emerged as biomarker in the CheckMate 
032 trial. This is a phase I/II study of first line advanced 
disease small cell lung cancer (SCLC) patients treated either 
with nivolumab alone or in combination with ipilimumab. 
TMB data were available in 211 patients. PFS and OS were 
significantly longer in TMB high patients, but this effect 
could only be observed in patients who were treated with 
the combination therapy. Median OS reached 22 months 
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in TMB high patients receiving nivolumab and ipilimumab 
with a 1-year OS rate of 62.4% (8). Given the poor 
prognosis of SCLC with median OS of less than 10 months 
for patients with extensive disease in historical data (9)  
these results are remarkable. Nivolumab alone resulted 
in a median OS of 5.4 months and a 1-year OS rate of 
35.2% in TMB high patients. This difference in the clinical 
outcome between nivolumab monotherapy and nivolumab/
ipilimumab combination therapy might indicate, that 
higher mutational load correlates with a higher probability 
of expression of immunogenic antigens. Cytotoxic T 
lymphocyte-associated antigen-4 (CTLA-4) blockade by 
ipilimumab thus might promote remodeling of the T cell 
repertoire leading to an increase in repertoire diversity 
with subsequent higher probability to develop T cell clones 
reactive to tumor neo-antigens (9).

In first line NSCLC patients, TMB was first shown to be 
a predictive biomarker in the CheckMate 026 trial, which 
failed to demonstrate a benefit in clinical outcome for 
nivolumab compared to first-line chemotherapy, even in the 
PD-L1 high subgroup. However, a retrospective analysis 
of TMB revealed a significant increase in ORR and PFS 
in TMB high patients in the nivolumab arm compared to 
the chemotherapy arm. An advantage in OS could not be 
shown, likely due to the high cross-over rate. 

Recently, data from the CheckMate 227 trial were 
presented which evaluated nivolumab in combination 
with ipilimumab (IO + IO) or in combination with 
chemotherapy (IO + chemotherapy) compared to 
chemotherapy alone. In TMB high patients, the IO + IO 
combination enhanced ORR and significantly prolonged 
PFS. This effect was independent of PD-L1 expression. In 
TMB high patients with <1% PD-L1 expression, IO + IO 
prolonged PFS and duration of response (DOR) compared 
to IO + chemotherapy or chemotherapy alone (10). In 
TMB low patients with <1% PD-L1 expression, PFS was 
similar between the three different treatment arms. Thus, 
TMB testing might be clinically relevant for selecting 
patients for IO + IO combination therapy in PD-L1 low 
expressers (11).

Currently the most beneficial treatment approach for first-
line patients with <50% PD-L1 expression remains an open 
question. Patients with low TMB and PD-L1 expression <1% 
do not benefit from IO + IO or IO + chemotherapy compared 
to chemotherapy alone in the nivolumab/ipilimumab trial. In 
contrast, pembrolizumab + chemotherapy provided benefit 
for PD-L1 low patients, but using a different PD-L1 cut-
off (<50%) and in turn, no TMB evaluation was performed.  

To date, different trial designs, cut-off values, biomarker 
evaluations and not least the different treatment regimens 
do not allow to unequivocally define the best treatment 
option. It might be a rational approach to consider patient 
individual aspects. The crossing of the PFS curves in TMB 
high patients within the CheckMate 227 trial shows that 
a substantial amount of patients experience rapid disease 
progression. This treatment approach thus might not be 
optimal for patients with a high need for quick response. 
The relatively long median time to treatment response 
of 2.7 months with IO + IO might lead to early loss of 
such patients. On the other side, as generally observed 
in immune checkpoint inhibition trials, the plateau 
development underlines the long lasting DOR in patients 
who derive treatment benefit. Additionally, the side effect 
profile is generally in favor for IO + IO combination 
compared to chemotherapy. Furthermore, after disease 
progression on IO + IO first line therapy, second line 
chemotherapy provides a rational approach, while an 
effective second line treatment strategy after failure of the 
pembrolizumab/chemotherapy combination so far has not 
been defined. Given that to date the IO + IO combination 
is not yet approved, patients with <50% PD-L1 expression 
should be treated with the pembrolizumab/chemotherapy 
combination. As approval can be expected in future, 
randomized, TMB-stratified trials are warranted to allow a 
rational selection of the most effective therapeutic regimens. 

In contrast to the PD-L1 <50% group, first-line 
pembrolizumab monotherapy is well established in the 
PD-L1 ≥50% patient population. However, given the 
ORR of 44.8% for first-line pembrolizumab, non-response 
of more than half of this patient population warrants 
further improvement. As PD-L1 expression and TMB 
don’t seem to correlate, it is likely that in this patient 
population some patients might benefit from addition 
of ipilimumab in order to enhance response rates. In 
conclusion, TMB testing should not focus on tumors with 
PD-L1 <50% expression only, but rather include all first-
line patients independent of PD-L1 status. 

It is evident, that clinical trials which prospectively 
evaluate TMB are urgently needed, not only in NSCLC 
but in all tumor entities. While PD-L1 expression as 
predictive biomarker is very heterogeneous and thus only 
plays a role for clinical treatment decision in a minority of 
tumor entities, TMB possibly is a biomarker which might 
be transferred to a wide range of tumors. As cases of high 
TMB can be identified in almost every tumor entity (12) it 
might in future even lead to a new tumor classification based 



S772 Fischer and Wolf. TMB predicts response to immune checkpoint inhibitors

© Translational Cancer Research. All rights reserved.   Transl Cancer Res 2018;7(Suppl 7):S770-S773 tcr.amegroups.com

on mutation burden.  This is underlined by the impressive 
effect of immune checkpoint inhibition in microsatellite 
instability (MSI)-high or mismatch repair (MMR)-deficient 
solid tumors which lead to approval of pembrolizumab 
in this patient population by the FDA. These tumors are 
characterized by high levels of somatic mutations, regardless 
of the cells of origin (13). The subsequently generated large 
numbers of mutation-associated neoantigens (MANAs) 
are highly immunogenic. It can be concluded, that TMB 
high and MSI-high/MMR-deficient tumors reveal the same 
mechanism of activation of tumor-antigen specific T cells 
with higher amount of immune cell infiltration in the tumor 
microenvironment. 

In order to use TMB in clinical routine, affordable, 
standardized methods which provide testing results in a 
reasonable period of time need to be implemented. This 
first evidence from Rizvi et al. for NGS-based TMB 
analysis is therefore very promising for future approaches 
for prospective evaluation. Similar to PD-L1 expression, 
different cut-off levels have been chosen and to date none 
has been tested in a prospective manner. Thus, the 50th 
percentile cut-off selected in this work warrants future 
evaluation. Also, it is not obvious, why DCB was defined 
by the 6 months threshold. Five-year OS updates from 
early immune checkpoint inhibitor trials (Gettinger, JCO 
2018) are promising and future biomarker approaches 
should focus on the identification of such patients with a 
meaningful long-term benefit. 

Nevertheless, the retrospective analysis performed by 
Rizvi et al. on patients treated in their institute provides 
first evidence that this biomarker is applicable on a real-
world collective which is not pre-selected for inclusion 
into a clinical trial. This work underlines the relevance 
of collecting biomaterial together with clinical data from 
patients treated outside of clinical trials for exploratory 
analysis. That approach could help to assess combinations 
of different biomarkers which will eventually allow making 
rational treatment decisions in this increasingly complex 
and rapidly developing therapeutic landscape.

In conclusion, Rizvi et al. provide robust evidence, that 
TMB is a predictive biomarker for treatment response to 
immune checkpoint inhibition which can be assessed by 
NGS in clinical routine. It is very likely that TMB will soon 
be established as a routine biomarker with strong potential 
to influence therapeutic strategies and thus will lead to 
a substantial change in treatment decisions, not only in 
NSCLC patients, but possibly in a large group of malignant 
tumors.
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