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Editorial on the Research Topic

Understanding the Interplay Between the Tumor Immune Microenvironment and Genetic
Alterations in Thoracic Malignancies

Harnessing immune response to attack tumor cells has proven to be a successful treatment strategy
against advanced thoracic malignancies. This immune checkpoint blockade (ICB) strategy with
anti-PD-(L)1 and anti-CTLA4 monoclonal antibodies has reported durable responses and has
significantly improved the overall survival rates either as monotherapy in selected tumors, or as a
combination with immunotherapy and/or chemotherapy in all thoracic malignancies, except
thymic epithelial tumors (TET) (1–3). PD-L1 expression in tumor cells is the most robust
predictive biomarker for the efficacy of the ICB strategy. Nowadays, an increasing body of
literature suggests a crucial role for the tumor microenvironment (TME) in cancer progression
and therapeutic responses. Therefore, other potential biomarkers are being explored such as tumor-
infiltrating lymphocytes (TILs), tumor-associated macrophages (TAMs), and cancer-associated
fibroblasts (CAFs). Likewise, tumor mutational burden and immune-related genetic signatures are
being tested with the aim to select those patients most likely to obtain a true benefit from this
strategy, and avoid exposure to potential toxicity in patients who will not obtain clinical benefit
(Chen et al.). In this Research Topic, a group of international authors discuss the current advances
in the study of the interplay between the TME and genetic alterations in thoracic malignancies, such
as non-small cell lung cancer (NSCLC), small cell lung cancer (SCLC), pleural mesothelioma (PM),
and thymic epithelial tumors (TETs). This Frontiers in Oncology issue includes novel data (Alves
et al.; Cao et al.; Chen et al.; Du et al.; Pezzuto et al.; Xu et al.) and review papers (Behrouzfar et al.;
Grard et al.; Hiltbrunner et al.; Principe et al.; van Genugten et al.Wadowski et al.).

The predictive and prognostic role of the TME as a whole and the correlation of specific
phenotypes with differential gene expressions and clinical-pathological features of lung
adenocarcinoma has been recently investigated. The construction of a TME-score on the basis of
the genetic signatures involved in T-cell activation, lymphocyte proliferation, and mononuclear cell
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proliferation has been suggested as a useful prognostic and
predictive tool for patients receiving ICB (Chen et al.).

CD8+ T cells are one of the central effector cells in the immune
microenvironment and play a vital role in the development and
progression of lung adenocarcinoma (LUAD). Du et al. explored
the key genes related to CD8+ T-cell infiltration in 529 LUAD-
related samples from TCGA and developed a novel prognosis
model based on these genes. The risk score was negatively related
to CD8+T-cell infiltration and correlatedwith the advanced tumor
stage (Du et al.). Clinical applicability of this score could be relevant
in the coming future as the adjuvant ICB strategy is accepted in
completely resected PD-L1-positive stage II-IIIA NSCLC (4).

The crucial role of T-cell activation and TME modeling in
predicting the survival of lung cancer patients has also been
highlighted by the work by Cao et al., which showed longer
survival in lung cancer patients functionally enriched with
platelet endothelial cell adhesion molecule-1, a molecule
involved in T-cell response regulation and migration (Cao et al.).

In the coming future it would be relevant to explore the role of
potential biomarkers that select patients who cannot obtain benefit
from the ICB strategy. As an example, in LUAD, the STK11 and
KEAP1 mutations confer worse outcomes to immunotherapy
among patients with KRAS mutant NSCLC but not among KRAS
wild-type LUAD (5). Similarly, Grard et al. reviewed the role of
homozygous co-deletion of type I interferons andCDKN2A, due to
their co-localization in chromosome 9, in thoracic cancers and its
consequences for therapy such as oncolytic therapy. Indeed, this co-
deletion has been observed in a large proportion of mesothelioma
patients and, together with the status of tumor suppressor BRCA-
associated protein 1 (BAP1), is part of the genetic effect on the
immune phenotype, as reviewed byWadowski et al. In this and the
complementary review by Hiltbrunner et al., they summarized the
different studiesdocumenting immunecells, differential infiltration,
and the association with clinical outcome in mesothelioma.
CDKN2A encodes for two proteins, p16/INK4A and p14/ARF,
and Pezzuto et al. report that mesothelioma with strong
immunoreactivity for p14/ARF has a high expression of ICB
target PD-L1. It would be interesting to explore nuclear BAP1,
which is used as a surrogate for wild-type function (6), in such a
context. Indeed, in the TCGA study (7), the researchers found that
type-I IFN signaling is associated with the status of BAP1.

Although mesothelioma is the sixth of the 31 most prevalent
cancer types with a 38-interferon-stimulated genes signature (8),
one aspect that is still underexplored is the priming for viral
mimicry induction (9) which has been observed in an
experimental model of mesothelioma development (10).

During the course of immunotherapy it will be important to
follow immune responses longitudinally (11) and predict outcome,
since it allows researchers to stratify patients into responders and
non-responders. Principe et al. highlight the potential of doing so
using pleural effusion, which is minimally invasive, and therefore
easy to implement.

TETs are a heterogenous group of thoracic malignancies, mostly
considered cold tumors except B3-thymoma and thymic carcinoma
(12), reflecting a different TME according to the histologic subtype,
whichmay negatively impact the tumormutational burden, affecting
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ICBefficacy.Xu et al. report thatTP53mutation is higher inhotTETs
and correlates with worse prognosis compared with TETs without
TP53 mutations. Therefore, the genomic profile may have an
influence in the immune sensitivity of TETs.

Alterations in microenvironmental metabolic characteristics are
recognized as important means for cancer cells to interact with the
infiltrating T cells within this TME (13). Molecular imaging has
developed a wide array of tracers targeting metabolic pathways to
understand metabolic reprogramming in cancer cells, as well as its
effects on immune cells. van Genugten et al. provide an overview of
currently available molecular imaging tracers for clinical studies and
discuss theirpotential roles in thedevelopmentof effective ICBstrategies.

In the same way, the interconnection between metabolic
pathways and immune response regulation has been suggested and
a role of metabolic biomarkers as predictors of response to ICB is
currently under investigation. Glycogen synthase kinase-3 (GSK3)-
beta is a serine/threonine kinase involved in the phosphorylation of
different components of the PI3K/AKT pathway as well as in PD-1/
PD-L1 expression regulation and CD8+ T-cell activation. Positive
expressionof this biomarker inNSCLCsamples showeda correlation
with worse clinical stage and survival as well as with high PTEN but
not with PD-L1 expression (Alves et al.).

Beyond genetic alterations in cancer cells, host genetics may
influence thoracic cancer risk and pathogenesis and may shape
TME features, thus representing a determinant predictor of
treatment outcome.

Recent evidence has focused on genome-wide association studies
(GWAS), which suggested a polygenic pattern of predisposition to
lung cancer in some series (14). Likewise, single-nucleotide
polymorphisms, somatic mutations, and epigenetic alterations are
involved in TME refining and prediction of response to ICB. Lacking
GWAS evidence on uncommon thoracic cancers such as PM and
TET lead to in vivomodels able tomimichumancancerdevelopment
andfinally to the identificationof host genetic variants.Among these,
the Cross Collaborative MexTAg mouse model offers a wide picture
of host genetic make-up predisposing to the risk of asbestos-related
mesothelioma anddeterminingTMEcomposition and the biological
pathway involved in the immune response (Behrouzfar et al.).

In conclusion, evidence from original works and literature
reviews collected within the present topic expands knowledge
about the characterization of TME, its prognostic and predictive
role in thoracic cancer malignancies, and finally deepens the
relationship between the antitumor immune response and
genetics of cancer and host. These findings may help clinicians
to improve the risk-benefit ratio of treatment with ICB for
patients with thoracic malignancies incorporating immune-
related signatures in the future design of clinical trials.
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