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Currently every new non-small cell lung cancer (NSCLC) patient
being evaluated for specific treatment has a history, physical exam, a
series of radiologic procedures (computed tomographic and often
PET scans), standard blood work, and evaluation of their lung cancer
tumour biopsy to establish a histologic diagnosis of lung cancer, to
help determine the individual patient’s prognosis, and to select an
appropriate treatment regimen. Key clinical elements going into
these decisions are the type of lung cancer (e.g. non-small cell vs.
small cell, adenocarcinoma vs. squamous cancer), the stage of the
tumour (e.g. localized or metastatic), patient performance status, and
co-morbidities. In the past decade patients also receive an evaluation
of tumour molecular characteristics (by DNA sequencing of a tumour
biopsy for mutations) that could lead to targeted therapy (e.g. pres-
ence of an EGFR mutation leading to EGFR tyrosine kinase inhibitor
therapy). In addition, with the demonstration of significant survival
benefit from immune checkpoint inhibitor (ICI) therapy in a subset
(15�20%) of non-small cell lung cancers (NSCLCs) there is a concerted
effort to determine which molecular and immunologic characteristics
of the patient and the tumour or its microenvironment predict
response to immunotherapy [1]. Finally, there has been a decades
long search for tumour molecular characteristics (e.g. mRNA or pro-
tein expression) that provide prognostic information over and above
that provided by standard clinical data. While such prognostic infor-
mation is important, it does not provide much solace to tell patients
“you have lung cancer which is a bad cancer, and our molecular anal-
yses shows us you have a really bad type of lung cancer.” Thus, for
benefit to patients, any laboratory analyses for tumour characteristics
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should focus on characteristics that would help deliver a better ther-
apy for that individual patient.

In this article of EBioMedicine, Zhang et al. try to advance this
effort by showing that a five-gene (TNFRSF - 6B, 13C, 14, 1A, 27/
EDA2R) tumour necrosis factor (TNF) family tumour transcriptomic
signature can stratify patients with lung adenocarcinoma (LUAD) into
distinct prognostic cohorts [2]. Importantly, they also find these TNF
family gene expression profiles associate with distinct tumour micro-
environment (TME) immune cell composition. The TME information
on individual LUADs their signature generates, potentially could also
provide information related to selecting immune therapy for individ-
ual patients. Their study in general represents a computational biol-
ogy analyses of large deposited mRNA datasets to find which LUAD
TNF family member expression differences are associated with
“high” (worse prognosis) vs. “low” (better prognosis) risk survival.
They also provide an independent validation that their 5-gene signa-
ture provides prognostic information in their own wet lab evaluation
of 102 LUADs. Using a series of computational tools developed by
others to take bulk RNA expression information and discern the
tumour composition for tumour and different immune microenviron-
ment cells, they found that the 5-gene TNF signature associated with
worse prognosis also was associated with an immune suppressive
(non-immunogenic) tumour phenotype. Their high-risk cohort had
increased populations of activated natural killer cells, neutrophils,
activated dendritic cells, and M2 (immunosuppressive) macrophages
in the tumour microenvironment, while the low-risk cohort had
increased populations of memory B cells, inactivated dendritic cells,
CD4+ T cells, gamma delta T cells, and M1 (immune-stimulatory)
macrophages. These findings suggest that well-known immune path-
ways may have prognostic importance in LUAD. Of course, the real
issue is whether information from their 5-gene signature would pro-
vide information on which LUADs would or would not respond to
immune checkpoint blockade or other types of immunotherapy.
Since their “high-risk” cohort had increased tumour PD-L1 expres-
sion and mutational burden, features associated in other studies with
response to ICI, it raises the possibility that their high-risk cohort,
although having an immunosuppressive TME might actually be can-
didates for ICI therapy. It is this obvious contradiction in what one
would expect, that the Zhang et al. study brings to light. Namely, at
first glance, one would think that the immunologically active “low-
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risk” cohort would be more likely than the “high-risk” immunosup-
pressed cohort to respond to ICI. This contradiction is an eloquent
demonstration that such computational analyses lead not to answers
but to hypotheses that must be tested in clinical trials. The reason
this is stressed, is that it is important to note that the authors also
recently published a very similar study exploring the same LUAD
deposited datasets where they identified four genes (ARNTL2, ECT2,
PP1A, TUBA4A) whose expression they felt gave them prognostic
information related to a tumour’s immune status and which they
labelled an “immune-related prognostic signature” [3]. In this regard,
an obvious question in deciding how to deploy scarce clinical trial
resources, is how did the current 5-gene TNF family signature per-
form compared to their recent 4-gene signature since the authors felt
both were moving in the same direction with regard to the TME?
While the authors do not make this comparison in the current paper,
from looking at the receiver operator curves in the two papers, it
seems that their prior 4-gene signature may actually perform better
in terms of patient prognosis than their current TNF family 5-gene
signature. In addition, it would have been of interest to see if inte-
grating the two signatures together performed better than either sig-
nature alone, both for prognosis and for delineating the TME. At the
end of the day, the most important issue is if one uses these signa-
tures to characterise LUADs, does that provide predictive information
on how the individual patients respond to immune checkpoint block-
ade? If either do, they represent a significant clinical-translation step
towards helping patients. Equally important, from a mechanistic
point of view � are any of the 9 genes (the 5 TNF members and 4
gene set) involved in how the tumour initially escaped immune sur-
veillance, and how patient responds to immunotherapy? Thus, could
the protein products of these genes be therapeutic targets in them-
selves?

The prognostic importance of TME composition in patients with
LUAD using similar transcriptomic approaches has been described by
several studies [4]. Similar gene expression studies discovered a
favourable prognosis signature that includes KLRB1 and correlated
with the leucocyte composition of the tumour immune microenvi-
ronment. By contrast, increased tumour associated neutrophils asso-
ciated with worse outcomes for patients with LUAD [4]. Recently, an
“immuno-predictive” gene expression model (“IMPRESS”) was found
to associate with improved ICI efficacy in patients with melanoma
and performed better (area under the curve of 0.83) than existing
predictors [5]. Thus, any new signature, such as the Zhang TNF signa-
ture, will need to be compared in future analyses using deposited
datasets with other predictive signatures. While some of these may
be lineage specific (e.g. LUAD compared to melanoma) it is likely that
several of these will predict ICI responses across tumour types � all
things that need to be evaluated going forward. It is important to
note from a clinical perspective, that patients receiving ICI can have a
wide range of therapy related adverse events ranging from very mild
to severe autoimmune disease effects. Patient biomarkers (e.g. cyto-
kine expression in blood samples) predicting adverse events from ICI
are thus equally important to establish [6]. For example, amongst
patients receiving ICI therapy, decreased baseline and increased post
treatment levels of the T cell activating interferon gamma inducible
cytokines associated with increased risk of immune-related adverse
events [7].

Does their TNF family signature point the way to mechanistic
insights and perhaps new therapy targets? The TNF axis plays com-
plex roles in a multitude of signalling pathways, and has been impli-
cated in both tumour promotion and suppression [8]. TNF signalling
plays a central role in immune cell regulation, including T cell activa-
tion by co-stimulation, modulation of the tumour immune microen-
vironment, and increasing tissue inflammation [8]. Inhibition of anti-
tumour immune responses can occur with TNF signalling by altering
the tumour immune microenvironment to a non-immunogenic phe-
notype [9]. In addition, TNF expression is particularly relevant to
LUADs harbouring EGFR activating mutations (which are often refrac-
tory to ICI), since resistance to EGFR inhibitor therapy is mediated by
increased TNF expression in preclinical models [10]. In this regard,
TNF pathway modulators are currently under evaluation as therapeu-
tic agents in cancer clinical trials [8].

Overall, Zhang and colleagues have identified two prognostic
transcriptomic signatures for LUAD that also reflect composition of
the tumour immune microenvironment. Now the challenge is to clin-
ically translate these and similar prognostic signatures to see if they
are predictive of ICI responses in a manner that can improve clinical
selection of patients for immunotherapy.
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