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The development of anti-programmed death 1 (PD1) 
antibodies has rapidly changed standard oncology clinical 
practice however only a fraction of patients benefit 
from these treatments and some tumor types remain 
unresponsive. Importantly then, biomarker development 
for the appropriate selection of patients and to inform novel 
therapeutic development is essential in the field of cancer 
immunotherapy. Ott et al. recently reported on the analysis 
of KEYNOTE-028, which was a non-randomized, phase 
1b basket trial that enrolled 475 patients with advanced 
programmed death ligand 1 (PD-L1) positive solid tumors 
of multiple histologies, and treated with pembrolizumab 
10 mg/kg every 2 weeks for up to 2 years (1). The primary 
end point was objective response rate with secondary 
endpoints surrounding safety and other survival analyses. 
The study reported a range of response rates across tumor 
types from 0% in pancreatic cancer up to 33% in small-
cell lung cancer, investigating over 20 cancer types in total. 
Beyond clinical outcomes, Ott et al. examined relationships 
between T cell-inflamed gene expression profile (GEP), 
PD-L1 expression, and tumor mutational burden (TMB) as 
well as antitumor activity in relationship to outcomes and 
between biomarkers. Correlations were observed between 
markers of T cell-inflamed tumors, both GEP or PD-L1 
immunohistochemistry, and response to pembrolizumab 
as well as an independent correlation between TMB 
and response, suggesting that multiple mechanisms may 
facilitate response to checkpoint immunotherapy.

These biomarker observations made in KEYNOTE-028 
build on years of basic and translational immunology 

research which are of urgent relevance again as the field 
considers optimal patient selection and perhaps next 
generation approaches for cancer immunotherapy. Seminal 
associations of overall survival and CD8 T cell infiltration, 
in diseases such as ovarian cancer (2), date to the early 
2000s and suggested an important but unclear role for 
the immune response in advanced cancer. Subsequent 
analyses from tumor biopsies of patients with melanoma 
treated in cancer vaccine clinical trials suggested two 
broad tumor microenvironmental phenotypes (3). In 
tumors from patients that appeared to benefit, there was 
an association with the presence of infiltrating T cells. 
Early use of RNA micro-arrays further defined these tumor 
microenvironments as being associated with the presence 
of type I/II interferon (IFN) associated gene transcripts as 
well as chemokines related to T cell recruitment (4). This 
phenotype was described as the T cell-inflamed tumor 
microenvironment and set the stage as a precursor model 
to that described by Ayers et al. for pembrolizumab (5) 
and subsequently used by Ott et al. in KEYNOTE-028. 
This T cell-inflamed GEP is an 18-gene signature that 
was derived from cluster analysis of pan-cancer treatment 
response across several KEYNOTE trials (5), including 
IFNγ responsive genes related to chemokine expression, 
antigen presentation, and adaptive immune resistance. 
Given these characteristics, the association of PD-L1 and 
the T cell-inflamed GEP should come as little surprise 
given the known role for IFNγ in regulating the induction 
of PD-L1 in multiple cell populations. In contrast, non-T 
cell-inflamed tumors lack IFNγ associated gene expression, 
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with T cells being either absent or very infrequent 
within or around the tumor. Defects in both T cell 
priming and migration of T cells may lead to this  
phenotype (6) and these tumors are not responsive to 
checkpoint inhibition (1,5). 

Concurrent with Ott et al., Cristescu et al. performed 
an analysis of TMB and T cell-inflamed GEP across 
four KEYNOTE trials (KEYNOTE-001, -006, -012, 
-028) where whole exome sequencing or immune gene 
expression were available (7). T cell-inflamed GEP score 
had a significant correlation with best overall response, as 
did TMB. Correlation of TMB and GEP was low or absent 
across the investigated patient cohorts, reinforcing that TMB 
and GEP quantify different aspects of tumor biology and 
clinical response to checkpoint inhibition. Cristescu et al.  
then analyzed GEPhi/lo in combination with TMBhi/lo, to 
assess if the biomarkers were more sensitive in combination. 
GEPhi plus TMBhi had highest response rate while GEPlo 
plus TMBlo had the lowest. Additionally, other reported 
mutational signatures such as predicted neoantigens, 
smoking status, APOBEC-driven mutations, UV light 
exposure, DNA transversions, homologous recombination 
deficiency and MSI demonstrated no meaningful improvement 
over TMB alone (7). Multiple studies have now demonstrated 
that neither TMB nor neoantigen load correlate with tumor-

immune cell infiltration (or T cell-inflamed GEP) (8,9) and 
the absolute number of predicted or known tumor antigens 
has been found to be comparable between T cell inflamed 
and non-T cell-inflamed tumors (10). Taken together, these 
studies by Ott et al. and others demonstrate the orthogonal 
relationship between measures of tumor antigenicity 
and tumor infiltration in predicting response to PD1 
immunotherapy across tumor types. 

The relationship of TMB and IFNγ GEP is illustrated in 
Figure 1, with responders to checkpoint inhibition generally 
having either, or both, antigens and tumor infiltration 
present, with non-responders demonstrating low antigen 
burden and/or immune infiltration. This model integrating 
TMB and IFNγ GEP as primary biomarkers has the 
potential to improve the design or interpretation of novel 
immunotherapy clinical trials. For example, in a single 
arm phase II trial it might be the case that an improved 
response rate relative to historical controls is observed for 
the combination of a PD1 antibody with a second agent. 
If tumors from the responding patients were profiled as 
GEPhi/TMBhi (quadrant B) at baseline however, it would be 
difficult to interpret the improved response rate relative to 
PD1 antibody alone. This would be especially the case for 
combination approaches involving a second agent without 
substantive monotherapy activity. This consideration might 
be seen as timely given the recent failure of ECHO301/
KEYNOTE-252, where any incremental benefit from 
epacadostat had not been established on a translational 
level (11). If profiling of tumors via TMB and GEP had 
demonstrated responding patients perhaps from quadrant 
A to B (GEPhi/TMBlo to GEPhi/TMBhi) or D to B (GEPlo/
TMBhi to GEPhi/TMBhi) perhaps a better rationale, beyond 
response rate from a small number of patients in phase II, 
would have supported moving to phase III. 

This model of GEP/TMB can also be used to integrate 
rational selection into clinical trial designs. To date, 
many immunotherapy drugs advanced in clinical trials of 
PD1 refractory patients have built on PD1 antibody as 
a backbone and combined with a second agent, usually 
an IFN associated gene target. Most of these trials have 
also pursued patient enrollment in a biological unselected 
fashion and, rather unsurprisingly, have had unimpressive 
results (6). An alternative approach might be to place the 
drug target into the quadrants of Figure 1 and design patient 
selection criteria around this. Two examples of success 
supporting this approach can be found in the development 
of the LAG3 antibody relatlimab and the TIM3 antibody 
TSR-022. Ascierto et al. have reported an intriguing 

Figure 1 Relationship between TMB and IFNγ GEP. Six 
individual patient tumors plotted along the TMB/IFNγ axis 
(simulated patient data). Quadrant B contains GEPhi/TMBhi 

tumors that respond well to checkpoint inhibition. Quadrant C 
contains GEPlo/TMBlo tumors that do not respond to checkpoint 
inhibition. Intermediate TMB or GEP tumors would plot in 
quadrants labeled A or D. TMB, tumor mutational burden; GEP, 
gene expression profile.
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response rate in patients with melanoma, progressed on 
PD1, with the combination of nivolumab with relatlimab. 
These responses are isolated only to those patients 
with tumors harboring high levels if LAG3 expression 
by immunohistochemistry (12). Similarly, Davar et al. 
described a population of responding patients with NSCLC, 
progressed on prior PD1 antibody but that retained PD-
L1 expression, who responded to the combination of 
the PD1 antibody dostarlimab and TSR-022 (13). As 
LAG3 and TIM3 are IFN responsive genes, the patient 
harboring these tumors would have been characterized 
into quadrants A or B of Figure 1 highlighting the potential 
utility of this sort of selection mechanism. Profiling patient 
tumors into quadrant D (GEPlo/TMBlo) identifies the very 
high need patient population of immunotherapy non-
responders and could emphasize a biological population 
to target with antigen-specific approaches such as cellular 
therapies or T cell re-directing therapies and perhaps 
innate immune stimulators such as agonists of Toll-
like receptor or STING agonists. Examples to highlight 
demonstrating conceptual success using this model might 
be intra-pleural administration of mesothelin specific 
chimeric antigen receptor T cells in mesothelioma (14)  
and the bispecific T cell-redirecting molecule tebentafusp in 
uveal melanoma (15). Both of these tumor types generally 
exist in quadrant D (GEPlo/TMBlo) (10) of Figure 1 however 
these immunotherapy approaches appear to engender 
treatment benefit for patients with these tumors.

Immunotherapy has rapidly come forward as an 
essential element in the treatment of advanced cancer 
however a major gap remains surrounding patient selection 
and biomarker integration into clinical practice. The 
work by Ott et al. in KEYNOTE-028 lay important 
groundwork toward the rational integration of PD-L1, 
TMB and T cell-inflamed GEP in standard treatment as 
well as next generation immuno-oncology clinical trials. 
KEYNOTE-028 identifies that many tumor types have 
the potential to respond to PD1 immunotherapy but that 
multi-dimensional biomarker analysis will be needed to 
optimize patient level benefit. Using these biomarkers 
to predict response is an important goal however one 
wonders whether the use of these markers to note which 
patients are very unlikely to respond might be an at least 
as important a goal. Comprehensive analysis of PD-L1, 
TMB and T cell-inflamed GEP should be a priority in all 
immunotherapy trials moving forward. This would facilitate 
the identification of therapeutic approaches in tumors that 
are low for these biomarkers and nominate new biomarkers 

of relevance for tumors demonstrated as biomarker high but 
that do not respond to anti-PD-1 immunotherapy.
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