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Heterogeneity in Lung Cancer
Lung cancer continues to account for almost one-quarter of 

all cancer-related mortality in the U.S. About two-thirds of the 
patients present with metastatic disease with a 5-year survival rate 
of 5% and very limited curative options. Patients with early-stage, 
localized disease have an improved 5-year survival rate (57%), 
however, the morbidity is exacerbated due to a recurrence rate of 
approximately 50 percent in such patients who eventually develop 
resistance to therapeutic agents [1]. Lung cancer presenting at 
an advanced stage has a very high mutational burden and for a 
long time, clinical and translational efforts were largely focused 
on identifying new mutations in lung cancer for developing novel 
targeted therapies [2]. Current diagnosis and treatment strategies 
for lung cancer are based on the genetic defects detected from  

 
a small biopsy specimen and are used to classify patients for 
therapeutic strategies. It is important to note that this approach has 
significantly improved patient outcomes relative to the conventional 
cytotoxic chemotherapies like cisplatin and carboplatin [3]. The 
identification of driver mutations in patients allowed combination 
of chemotherapy with targeted therapies which significantly 
improved the response rate and progression-free survival. 
However, these therapies eventually become ineffective and result 
in recurrence of the disease [4].

While precision medicine largely focusses on genetic and 
molecular profiling of tumor cells, identification of various 
biomarkers to predict disease progression does not necessarily 
translate into successful clinical outcomes. The complexity of 
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tumors and the heterogeneity within is now a well-established 
concept. The term tumor heterogeneity broadly encompasses 
tumor cell heterogeneity (intratumoral heterogeneity ITH), tumor 
microenvironment heterogeneity, and inter patient heterogeneity. 
Lung cancer is not just a composition of epithelial cancer cells with 
different mutations but an ecosystem consisting of phenotypically 
distinct tumor cells, surrounded by cellular or non-cellular 
components that are dynamically interacting and causing tumor 
evolution. One of the most outstanding examples of clinical 
application of this concept has been utilization of immunotherapy. 
The development and success of immune checkpoint inhibitors in 
many susceptible tumors has led to the approval of anti-PD1 drugs 
either as single agent or combination with chemotherapy for first-
line treatment for many lung cancer patients. However, only a small 
percentage of lung cancer patients respond upfront and eventually 
develop resistance [5-7].

The greatest challenge faced by lung cancer patients 
continues to be either inherent or acquired form of resistance to 
any therapeutic regimen. Despite extensive research efforts and 
advancements in the understanding of lung cancer progression, 
tumor growth control is only short-term and achieving complete/
long-lasting cures from current therapies seems unattainable. This 
modest translation of experimental research into clinical outcome 
begs the question if current decision-making approaches are 
accounting for all aspects contributing to tumor progression. An 
untapped therapeutic potential of the other existing components 
of lung tumors needs to be exploited. Nuanced observations and 
evolving understanding of the effect of tumor subpopulations 
adopting distinct cellular states, extracellular matrix modulating 
the response to therapy, cancer-associated fibroblasts aiding in 
metastatic process and vascular compartment affecting drug 
delivery are moving to the forefront and have implications on the 
sensitivity to therapies. With so many moving parts in a tumor, it 
is critical to utilize more advanced, functional in vitro and in vivo 
models, over traditional lung cancer cell lines cultured on plastic, 
for insights into the mechanistic basis of lung cancer progression 
and development of improved therapeutic strategies.

In this review, we systematically outline the distinctive features 
of heterogeneity in lung cancer, survey the major approaches that 
model heterogeneity, and comment on strategies to incorporate 
the knowledge acquired from laboratory and clinical research to 
facilitate the discovery of more curative therapeutic modalities in 
lung cancer patients.

Genetic Heterogeneity in Lung Cancer
Lung cancer is broadly classified into small cell (SCLC) and 

non-small cell lung cancer (NSCLC) based on histopathological 
characteristics. SCLC occurs in about 20% of the patients while 
the majority of the burden comes from NSCLC (80%), which is 
further classified as adenocarcinoma (ADC, ~50%), squamous cell 
carcinoma (SCC, ~40%) and large cell carcinoma (LCC, by exclusion 
of ADC and SCC). SCLC and LCC are distinct set of neuroendocrine 
malignancies and have an independent route of clinical management 
[8,9]. ADCs arise in more distal airways whereas SCCs arise in more 

proximal airways and are more strongly associated with smoking. 
There are distinct biomarkers determining the origin of lung 
tumors which dictates the treatment decisions. Further molecular 
characterization of lung cancer is primarily based on mutations in 
EGFR, KRAS, p53, c-MET, EML4-ALK and their associated signaling 
pathways [10,11]. However, lung cancer cells within a single tumor 
carry multiple mutations which contributes to genetic heterogeneity. 
For a long time, the single oncogene paradigm which identified the 
founder events, such as Kras or EGFR mutations, determined the 
treatment strategy. However, ADC and SCCs are characterized by 
high mutational burden and co-occurrence of multiple genomic 
alterations may have important biological implications on tumor 
evolution. The significance of co-mutations mediating phenotypic 
diversity has recently challenged the single oncogene paradigm but 
the biological effects remain largely uncaptured [12].

One of the earliest models that attempts to explain ITH is the 
clonal evolution (CE) model which is primarily gene centric [13]. In 
the classical view of CE, a single initiating cell gains mutational hits 
which divides to form other tumor cells. As the tumor progresses, 
different groups of cells acquire different genetic aberrations. The 
different tumor subpopulations undergo Darwinian evolution 
through natural selection and the subpopulations with greatest 
cellular fitness, attributed to acquisition of genomic alterations, 
dominate over the others providing a growth advantage to the 
tumor. As more and more mutations accumulate in the cancer 
cells, the tumor evolves to a more aggressive form. Thus, the tumor 
is composed of heterogeneous populations of cancer cells with 
different genetic backgrounds with variable invasive and metastatic 
potential, and responses to therapy. In order to support the CE 
model and trace the of evolution of clones in cancer, advanced 
techniques like multiregional sequencing and genome wide exome 
sequencing have been applied to patient derived samples from 
different cancers, including lung cancer [14-16]. Multi-region 
whole exome sequencing of patient derived lung cancer samples 
suggested that lung cancer follows a branching evolution. A study 
led by deBruin et al. [15] identified regionally separated driver 
mutations showing branched evolution with driver mutations 
arising before and after sub clonal diversification. Another study 
by Zhang et al. [14] suggested that single region sequencing may 
be sufficient to identify the gene mutations associated with lung 
cancers. However, limitations with these studies were the small 
sample size [25 and 11 patients respectively]. As the sample size 
gets larger, the chances of detecting more molecular defects in the 
genome increase. Therefore, these studies do not represent the 
entire population of NSCLC patients or the entire tumor within a 
single patient.

Although these studies have limitations, identification of 
oncogenes and tumor suppressors remained a focus of research 
and management of patients guiding personalized medicine [2]. 
It has beyond doubt improved patient outcomes when compared 
to generalized chemotherapy-based treatments. The progress, 
however, has been limited to specific groups of patients like 
those carrying EGFR, ALK, KRAS mutations [17]. Availability of 
easier, cheaper and faster genome sequencing for detection of 
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mutations is one of the reasons for focusing on genetic aspect of 
lung cancer for designing therapies. However, the defects identified 
maybe presented as therapeutic challenges but may not always be 
translationally significant. In addition, these studies do not account 
for the possible interactions these genetic defects may cause 
between the different tumor subpopulations and the components 
of the tumor microenvironment [9]. It is challenging to account 
for TME components at the time of diagnosis, but understanding 
tumor as a whole will provide better insight to its progression. 
Targeting only mutations identified in cancer cells eventually leads 
to failure of therapy because the tumor continues to evolve spatially 
and temporally due to emergence of resistance mechanisms.

Non-Genetic Heterogeneity
Although epithelial cells in lung cancer acquire multiple 

genetic hits which largely influence the functional characteristics, 
there is still marked phenotypic plasticity [18-21]. It has been 
suggested that cells can exist in different phenotypic states which 
are regulated by intrinsic and extrinsic factors. Intrinsic factors 
include the fluctuations in gene expressions and other cellular 
processes, pre-existing differentiation states, genetic interactions 
between different mutations and epigenetic modifications. If these 
fluctuations cross a specific threshold, they can cross over to a 
different phenotypic state [22,23]. Extrinsic factors include the 
dynamic interactions with the TME which actively modulate the 
tumor progression. In the following sections we highlight the role 
of epigenetic modifications and TME in generating heterogeneity 
in lung cancer.

Epigenetic Heterogeneity
Epigenetic regulation of gene expression is well recognized for 

maintaining the normal cellular functions and homeostasis in the 
tissues. These are heritable changes in gene expression without 
any genetic changes in the DNA [24]. The epigenetic mechanisms 
include DNA methylation, histone modifications and non- coding 
RNAs like microRNAs. Alterations in these epigenetic mechanisms 
can lead to a dysregulation in the homeostasis of the normal 
cellular state. The dysregulation can produce variations in the 
phenotype of the cancer cell while maintaining the same genetic 
background. Accumulation of epigenetic alterations overtime has 
been associated with progression from pre-neoplastic to neoplastic 
stage [25,26].

Alterations in DNA methylation status have been identified in 
lung cancer. Promoter regions of the tumor suppressor genes are 
more frequently hypermethylated in lung cancer, and these genes 
are involved in some crucial cellular functions like proliferation, 
apoptosis, adhesion, motility, cell cycle and DNA repair. Genes most 
commonly found hypermethylated are: p16INK4a, RASSF1A, APC, 
RARβ, CDH1, CDH13, DAPK, FHIT and MGMT [27]. Analysis of patient 
samples in clinical studies represents a snapshot of the methylation 
status in the tumor and in a specific region of the tumor. Genome 
wide hypomethylation also occurs in lung cancers which leads to an 
oncogenic activation. This generally occurs in later stages in tumor 

progression. However, gene specific hypomethylation is found 
in MAGEA, TKTL1, BORIS, DDR1, TMSB10, TP73, ZNF711, G6PD 
AMD 14-3- 3σ [27]. Histone modifications occur in concert with 
DNA methylation and are responsible for regulation of chromatin 
conformation and gene expression. Modifications occur at the 
histone tails which include acetylation, deacetylation, methylation, 
phosphorylation and ubiquitylation. There are different enzymes 
catalyzing these reactions, and the most common are Histone 
acetyl transferases (HATs) and Histone deacetylases (HDACs). 
Generally, HDACs are overexpressed in lung cancers and thus cause 
transcriptional silencing of tumor suppressor genes. Lower cellular 
levels of histone modifications are associated with poorer clinical 
outcomes [28]. MicroRNAs are small non-coding RNAs (~22 
nucleotides) that bind to the 3’ untranslated regions of messenger 
RNA (mRNA), causing degradation of the mRNA or inhibition 
of protein translation resulting in decreased gene expression. 
Numerous microRNAs are frequently dysregulated in lung cancer 
at different stages of the disease [28]. A single microRNA can have 
multiple target genes and a single gene can be targeted by many 
microRNAs. This can lead to heterogeneity in the tissue as the 
regulation depends on the temporal and spatial characteristics of 
the tumor.

Epigenetic studies have mainly focused on identifying the 
dysregulations associated with lung cancer in the clinic primarily for 
biomarker development. However, similar to the large-scale studies 
for identifying new mutations in lung cancer, only correlative studies 
for epigenetic alterations may not be the best approach. Firstly, 
these epigenetic alterations occur commonly in many cancers and 
it is difficult to establish exclusivity. Secondly, there is limited data 
on epigenetics from normal lung for comparison. Thirdly, no single 
alteration will capture all the tumors on account of heterogeneity 
in lung cancers and since epigenetic marks are dynamic in nature, 
they are context dependent. Epigenetic alterations are also believed 
to maintain a small subpopulation of cells known as cancer stem 
cells (CSCs) [29]. The cancer stem cell model posits that cancers 
are maintained by a small subpopulation of cells that have stem 
cell like properties similar to stem cells that populate the normal 
tissues. These CSCs have almost unlimited proliferative capacity 
and differentiate into cells of different lineages giving rise to a 
hierarchical organization in the tumor [30,31]. The descendant 
cells have limited proliferative capacity and form the bulk of the 
tumor. Since they are of different lineages, they contribute to the 
heterogeneity in the tumor. These cancer stem cells are believed 
to promote tumor progression and metastasis and have inherent 
resistance to therapies. CSCs have been reported to exist in lung 
cancer and associated markers include CD133, CD44, expression 
and/or activity of the cytoplasmic enzyme aldehyde dehydrogenase 
ALDH and presence of cells known as side populations. Embryonic 
stem cell pathways such as Hedgehog, Notch and WNT have also 
been reported to be altered in lung cancer [32]. However, lack 
of sensitivity and specificity of these markers and substantial 
experimental evidence stems the controversy of significance of 
CSCs.
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Microenvironment Heterogeneity
Tumors are complex ecosystems surrounded by a 

microenvironment consisting of immune cells, fibroblasts, 
endothelial cells, extracellular matrix, chemokines and cytokines. 
They are continuously evolving which results in a heterogeneous 
mix of phenotypically different cells. Spatial and temporal 
variability of the TME with respect to the tumor also plays a role 
in heterogeneity. At a given time, each part of a tumor is exposed 
to different components of the TME. Thus, there may be additional 
stable phenotypic states of cancer cells which may not have 
been present in the normal tissue contributing to intra tumor 
heterogeneity. The bidirectional interaction between the cancer 
cells and TME can either promote or inhibit tumorigenesis [9]. The 
abnormal stroma surrounding the cancer cells can induce stress 
responses and genomic instability [33], epithelial to mesenchymal 
transition [34], cause vascular mimicry [35] and promote 
tumorigenesis through tissue reorganization [36]. Some correlative 
clinical studies, in vitro and animal studies have demonstrated the 
significance of studying stroma and its association with lung cancer 
prognosis. However, most of these studies have limitations like 
studying a single component or a unidirectional effect. Here, we 
briefly iterate what is known about the tumor microenvironment 
in lung cancer.

Extracellular matrix (ECM) was considered just a supportive 
framework for tumors for a long time. However, it plays a more 
dynamic role in modulating the process of tumor progression 
[37]. ECM is composed of large variety of proteins, glycoproteins, 
proteoglycans, and polysaccharides [37]. It maintains tissue 
architecture and function through dynamic bidirectional 
interactions [38-40] and disruption in this interaction can cause 
tumor formation and progression. On the other hand, it has also 
been demonstrated that normalization of matrix can reverse the 
malignant phenotype in cancer cells [41]. Normal lung tissue 
is characterized by limited ECM. However, progression from 
premalignant to malignant lesions is characterized by dysplastic 
reaction which is associated with accumulation of and alteration 
in the ECM [42,43]. In SCLC, ECM proteins have been shown to 
protect against apoptosis, enhance tumorigenesis, and confer 
chemoresistance through beta-1 integrin mediated tyrosine 
kinases activation [44]. Thomas et al. [45] showed that there was a 
positive correlation between the expression of metalloproteinases 
and metastasis in NSCLC. SPARC/osteonectin synthesized by tumor 
stroma showed a strong association with intratumor hypoxia and 
acidity indicating a link between cellular metabolism and induction 
of supportive stroma that favors cancer cell migrations and invasion, 
leading to poor prognosis Integrin mediated adhesive interactions 
with ECM have been implicated in cancer progression and invasion 
[46]. ECM can also modulate the phenotypic characteristics of 
the tumor cells by modulating the levels of microRNA- 200 and 
switching the cells between metastasis-prone and metastasis-
incompetent phenotype [47]. Recently, it has also been shown 

that the interactions between cancer cells and the matrix in lung 
cancer are regulated by microRNA-200 through integrin beta-1 and 
collagen-1 interaction, leading to invasion and metastasis [48].

Fibroblasts are one of the principal cellular components of 
the TME and have a significant role in deposition of ECM [49]. 
Activated fibroblasts are found in cancers and are known as cancer 
associated fibroblasts (CAFs). Role of CAFs have been studied in 
lung cancers in the last decade [50-57]. Although CAFs are mostly 
considered pro-tumorigenic, there is some evidence indicating 
their anti-tumor effects. CAFs were shown to impart resistance to 
EGFR tyrosine kinase inhibitors through HGF production [51], but a 
recent study suggested that there is an increased autophagy in lung 
cancer cells in response to erlotinib treatment when co-cultured 
with CAFs [58]. Other groups suggest the supportive role of CAFs 
by demonstrating enhanced motility of NSCLC cells [50], increased 
expression of MMP-2 on CAFs with a cross-talk between CAFs and 
ECM, correlation of poor prognosis with increased CAFs [53] and 
increased plasticity of cancer cells in presence of CAFs [52].

The microenvironment in lung cancer is rich in resident and 
circulating immune cells. Clinical correlative studies have shown 
that infiltrating immune cells can determine the prognosis of lung 
cancer. Using human lung tumor xenografts, it has been shown 
that inflammatory cells, tumor infiltrating lymphocytes (TILs), 
within the stroma are functional and can suppress tumor growth 
through exogenous cytokines like IL-12 [59]. Increased infiltration 
and invasion of macrophage and mast cells [60], dendritic cells 
[61] and lymphocytes [62,63] within the tumor have been shown 
to correlate with better clinical outcome suggesting that stromal 
immune component may have an anti-tumor effect in NSCLC. 
Additionally, using mouse models of lung cancer, a specific gene 
expression signature was identified in the tumor associated 
macrophages suggesting that tumor cells affect the immune cells 
as much as the other way around and could be potentially used as 
surrogate tissue for patient stratification and predicting clinical 
outcome [64]. Recent data suggests that there is a heterogeneity 
in immune cell infiltrates between primary and metastatic sites in 
lung cancer [65]. Comparison of CD4+ and CD8+ cells within tumor 
cell islets and stromal compartment showed that there were fewer 
immune cells in tumor clusters. This was also true for metastatic 
lesions of the corresponding primary tumor. The differential 
pattern of immune cell infiltration in primary and metastatic tumor 
suggests a weakened immune response at the metastatic sites.

In response to the structural changes, many metabolic 
alterations also occur during lung cancer progression such as release 
of cytokines, chemokines, growth factors, differential alterations 
in vasculature and hypoxia. The cross talk between stromal and 
cancer cells potentially occurs through soluble factors like cytokines 
and chemokines secreted by them. Many such factors have been 
identified in lung cancer. One of the earliest chemokines identified 
in lung cancer was SDF-1/CXCL12-CXC chemokine receptor 4 axis, 
which appeared to regulate metastasis [66]. Many others have 
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shown that multiple paracrine signaling occurs in lung cancer, 
in order to create a more suitable microenvironment for tumor 
progression. CXCR4 and CCR7 have been implicated in metastasis, 
IL-7R provides signals to lymphocytes and is associated with 
shorter survival in lung cancer patients [67]. Hepatocyte derived 
growth factor (HGF) from fibroblasts induces chemotherapeutic 
resistance to EGFR receptor tyrosine kinase inhibitors [51]. Tumor 
sub-clones in SCLC communicate via fibroblast derived growth 
factor (Fgf-2) in order to promote metastasis [68]. Secreted factors 
from stromal component affect tumorigenesis and alter tumor 
cell secretome [69]. This suggests that there is an active exchange 
between cancer cells and stromal components which modify one 
another contributing to ITH.

Rapidly dividing tumor cells and the recruitment of heterotypic 
cells supporting tumor growth can cause a strain on the oxygen 
supply in the tumor microenvironment. Hypoxic TME is known to 
support tumorigenesis by regulating other aspects of the stroma like 
ECM remodeling, epithelial-to-mesenchymal transition, promoting 
angiogenesis and imparting resistance to therapy [70]. However, 
evidence from another study suggests that hypoxic TME could also 
be anti-tumorigenic [71]. In an attempt to map the heterogeneity 
in the hypoxic TME, Cui et al. [71] injected nude mice with lung 
cancer cell subcutaneously and injected 18F-fluoromisonidazole 
and hypoxia marker pimonidazole hydrochloride intravenously. 
Series of PET scans, autoradiography and microscopy helped in 
the visualization of heterogeneity in hypoxic microenvironment. 
The study also suggested that cancer cells had shorter life span in 
a hypoxic in vivo environment, which is in contradiction to what 
is observed in vitro. Nevertheless, this study suggested that the 
cancer cells are spatially and temporally exposed to differential 
levels of oxygen which could alter their phenotypic characteristics 
thus contributing to tumor heterogeneity. Thus, phenotypes of 
tumor cells are shaped by an integration of genetic, epigenetic, and 
microenvironmental inputs.

Clinical Significance of Heterogeneity and 
Future Directions

With technological advances in personalized medicine, great 
strides have been achieved in the outcome of lung cancer patients. 
Personalized medicine targeting specific mutations is a main 
treatment strategy adopted in the clinic. However, lung cancer 
heterogeneity plays an important role in the development of 
drug resistance. Thus, understanding the biology of lung cancer 
progression in context of heterogeneity due to both genetic and 
non-genetic factors is essential to improve therapeutic strategies. 
This knowledge would help revisit the approach of lung cancer 
diagnosis and classification with a treatment strategy that would 
take into account the complexity of tumors.

Resistance to small molecule inhibitors is frequently attributed 
to accumulation of additional mutations or activation of a bypass 
pathway. One of the most successful targeted therapies in lung 
cancer is the use of EGFR tyrosine kinase inhibitors which include 

gefitinib and erlotinib. However, about 50% of the patients treated 
with EGFR inhibitors acquire T790M mutations [72,73]. These 
patients are responsive to osimertinib, and as a first-line therapy 
the drug is able to prevent emergence of resistance due to T790M 
mutation [74]. MET and ERBB2 amplification have been reported 
to cause primary resistance to third-generation EGFR inhibitors, 
including osimertinib [74]. This is a key example of presence of 
co-mutations driving genetic heterogeneity in tumors ultimately 
leading to therapeutic resistance. It is vital to determine whether 
such co- mutations present are secondary drivers or merely 
passenger mutations. Molecular subtype of lung cancer is driven 
by ALK fusion accounts for a small percentage of patients, of which 
~60% respond to targeted inhibitors such as crizotinib, ceritinib, 
alectinib, and brigatinib. These tumors also demonstrate abundant 
genomic heterogeneity which may account for differences in 
treatment response with targeted ALK inhibitors [74]. Many 
clinical trials have explored novel drugs for different driver 
mutations by restricting to specific molecular subtypes [74]. Large 
scale screening studies are also being conducted to identify novel 
drivers of lung cancer progression, metastasis and therapeutic 
resistance [75]. This approach certainly provides a detailed insight 
into the molecular mechanisms in lung cancer. Nevertheless, both 
cell-intrinsic and cell-extrinsic factors should be evaluated in the 
consideration for improvement of clinical outcome.

Targeting phenotypically distinct subpopulations by 
identifying therapeutic vulnerabilities allows for a robust control 
of tumor growth and this concept has been extensively applied 
in KRAS mutation driven lung cancers. Due to undruggable 
nature of KRAS oncoproteins, downstream effector pathways are 
targeted, which include MAPK pathway members [75]. Despite 
the availability of specific drugs targeting these pathways, clinical 
efficacy has remained poor as single agent or in combination with 
chemotherapy [76,77]. The underlying explanation is due to the 
presence of profound tumor heterogeneity. Cancer subpopulations 
with pre-existing resistance or emergence of acquired resistance to 
drugs eventually leads to the failure of therapy in the clinic [78]. 
Components of TME, especially CAFs and immune cells, also impart 
resistance to therapy by modulating cancer cell characteristics 
[79]. Cancer cells escape detection by the host immune system 
and in order to elicit a response, cancer drugs are usually designed 
to eradicate the cancer cells. In recent years, the importance of 
engaging the host immune system in cancer treatment has been 
recognized. Lung cancer cells escape immune detection many 
mechanisms. There can be decreased tumor antigen presentation, 
recruitment of tumor suppressor cells, and engagement of 
checkpoint pathway inhibiting antitumor immunity [80]. The 
checkpoint pathways include cytotoxic T-lymphocytes antigen-4 
(CTLA-4) and programmed death receptor-1 (PD-1). Efforts are 
directed to block these pathways in order to elicit an immune 
response against the tumor cells. Anti-CTLA-4 include ipilimumab 
which has shown efficacy in melanoma, is currently in clinical 
trials for lung cancer [81]. Anti-PD-1 agent nivolumab improved 
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the overall survival in lung cancer patients after platinum-based 
chemotherapy when compared to docetaxel [82]. Adoptive cell 
therapy is also being investigated where immune cells are isolated 
from peripheral blood followed by ex vivo expansion of tumor 
suppressor cells and autologous administration in the host [83]. 
The significance of immunotherapy lies in the fact that it is effective 
regardless of any heterogeneity between the tumor cells. In addition, 
combining chemotherapy (paclitaxel) with immunotherapy 
(ipilimumab), targeted therapy (EGFR inhibitors) with 
immunotherapy (ipilimumab) and different checkpoint inhibitors 
(anti CTLA-4 and anti PD-1) has proven extremely effective and in 
fact are standard of care in NSCLC [84]. Although CAFs and ECM 
seem attractive targets for therapy to prevent tumor progression, 
due to limited preclinical, effective targeting has not been achieved. 
Therapies targeting vascular endothelial growth factor (VEGF) like 
bevacizumab, in combination with chemotherapy have been shown 
to have some benefit over chemotherapy alone [7]. However, due to 
heterogeneity in vasculature around the tumor tissue, the response 
to these agents is limited and not very consistent. Instead, the idea 
of reverting blood supply to normal conditions is being explored 
which can improve drug delivery and reduce TME heterogeneity 
[85]. These examples underscore the importance of understanding 
and targeting tumor heterogeneity for sustained benefit.

Many unanswered questions that are worth exploring include: 
whether genetically different subsets of lung cancer have their own 
unique microenvironment and regulation, how does the targeted 
therapy affect the microenvironment and how does it influence 
the progression of the disease, how is the microenvironment 
different between primary, metastatic and recurrent tumor. To 
effectively understand these roles in context of all compartments 
of the TME, better modelling of the human disease is important. It 
can be achieved by using existing in vitro (primary cell cultures, co-
cultures, 3-D systems) techniques and animal models (genetically 
engineered mouse models (GEMMs), syngeneic, xenografts, patient 
derived xenografts) in combination with clinical studies to boost 
the translation of experimental findings to the clinic. Efforts in 
the clinic must also be directed towards improving non-invasive 
imaging and diagnostic techniques to represent the heterogeneity 
in stroma for targeting the stroma in addition to the cancer cells. 
There are limitations in all the models, but effectively combining 
these can closely recapitulate the human disease for understanding 
the biology and improving patient outcome.
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