
Abstract. Background: Survival rates among non-small cell
lung cancer (NSCLC) stage IIIA (N2) patients are generally
low and depend on the treatment. Patients and methods: We
aimed to identify predictive markers for long term survival in
responders and non-responders to chemotherapy, analyzing
tumour and non-tumour samples by microarray (n=35) and
whole exome sequencing (WES, n=25). Results: WES data
showed correlation of overall survival of all patients with
rs9905892 in the SLFN12L gene. High frequency of
mutations (4/6, 66.7%) was identified in members of
SWI/SNF complex in responder patients and in patients that
were alive after seven years. Microarray data for immune
components showed that VISTA (VSIR) was down-regulated
in tumoral tissue. Conclusion: Our research suggests that
mutations in SWI/SNF complex associate with long term
survival after multimodal treatment, while down-regulation
of VISTA might indicate its immunomodulatory role in
NSCLC stage III (N2) patients.

Patients with stage IIIA (N2) non-small cell lung cancer
(NSCLC) are a heterogeneous group. Ruckdeschel et al. (1)
divides these patients into three groups: N2 lymph nodes with
minimum or microscopic invasion, randomly detected during
or after surgical intervention; N2 lymph nodes detected before

the surgical intervention either by imaging or surgery, and
patients with massive N2 lymph nodes from multiple lymph
node stations. Several treatment strategies have been
suggested for stage IIIA NSCLC patients during the past two
decades (2), including chemotherapy or neoadjuvant chemo-
radiotherapeutic treatment followed by surgery, primary
surgery followed by adjuvant chemotherapy, with or without
sequential radiotherapy, and definitive chemo-radiotherapy
without surgical intervention (3-5).

Multiple phase II and III clinical trials proved the clinical
practicality and improved survival of neoadjuvant
chemotherapy (3, 5-12). In many of these studies, the
downstaging of the lymph nodes and complete surgical
resection are predictors of long-term survival (6, 7, 13). 

The global 5-year survival of the N2 NSCLC patients is 20-
25% but analysing the patients’ subgroups, the 5-year survival
is 42% for those responding to chemotherapy and 10%,
respectively, for those without chemotherapeutic response (14). 

In our previous study (15), we performed microarray
experiments on tumoral and non-tumoral tissue samples
derived from tumoral and non-tumoral mediastinal lymph
node surgically removed before neoadjuvant chemotherapy
treatment from 27 patients with stage IIIA (N2) NSCLC.
Based on the response to neoadjuvant chemotherapy, patients
were divided in two groups: non-responders (group A),
patients with progression or pathological confirmation of
persistent mediastinal disease and responders (group B),
patients with pathological confirmation of mediastinal down
staging. A total of 1,127 genes were identified with modified
expression in tumoral tissue compared to normal tissue at
p≤0.05 and 44 genes at p≤0.01 (15). Genes with the highest
difference in gene expression identified between tumoral
versus non-tumoral tissue included collagen, type I, alpha 1
(COL1A1), inhibin beta A (INHBA) and thioredoxin
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interacting protein (TXNIP). There were no differentially
expressed genes between responders versus non-responders,
but the main pathways differentially expressed between groups
were cytokine pathways, focal adhesion or extracellular matrix
receptor interaction. We also performed whole-exome
sequencing (WES) of preoperative tumoral samples from 16
patients (16) and identified SNPs that associated with response
to chemotherapy in NSCLC stage IIIA (N2). A higher
alternative allele frequency was found on SENP5, rs63736860,
rs1602 and NCBP2, rs553783 in the non-responder group, and
on RGP1, rs1570248, SLFN12L, rs2304968, rs9905892, and
GBA2, rs3833700 in the responder group. 

In the present study, we aimed to identify predictive markers
for long term survival in patients with stage IIIA (N2) NSCLC,
by retrospectively analyzing microarray (n=35 samples) and
whole-exome sequencing (WES, n=25 samples) data.

Patients and Methods
Patient groups. The patient inclusion and exclusion criteria have
already been published in extenso (15, 16).

Microarray experiments and quality control. Total RNA sample
preparation and microarray workflow are already described (15). A total
of 25 preoperative tumour samples (lymph nodes) from 27 patients
together with 10 normal samples (lymph nodes) were analyzed by
microarray (for two patients only normal samples were included).

Whole-exome sequencing (WES). Genomic DNA samples
preparation and analysis by whole-exome sequencing (WES) has
been described previously (16). A total of 25 samples from 17
patients were sequenced consisting in 16 preoperative tumour
samples (lymph nodes), two preoperative normal lymph nodes, 3
postoperative normal samples (normal lung) and 4 postoperative
tumour samples (tumour lung). Compared to our previous study, in
this analysis, we have included additional non-tumor and
postoperative tumour samples for further comparison. WES analysis
of the initial 16 preoperative tumour samples showed that there was
no difference between the total number of SNPs and Indels between
group A (n=10) and group B (n=6) (Figure 1A and B).

Statistical and survival analysis. Overall survival was calculated
from the moment of diagnosis until the moment of death or the last
follow up (31st December 2019). Survival analyses were performed
using the long-rank Kaplan-Meier and the differences in survival
curves were assessed by the Mantel Cox Log rank test. Test and
graphs were done using SPSS Statistics 25, R studio and GraphPad
Prism 5. Un-paired t-tests and the Benjamini-Hochberg correction
with a p-Value <0.05 and a fold change ≥2 were used for the
analysis of microarray data.

Within this study, we ran multiple types of analysis. First, we
analysed the status of the alternative alleles of SNEP5, rs63736860,
rs1602, NCBP, rs553783, RGP1, rs1570248, SLFN12L, rs2304968,
rs9905892, and GBA2, rs3833700 in samples that were sequenced
with emphasis on samples from patients that constituted the alive
patients group. Secondly, we wanted to identify mutations in well-
established NSCLC driver genes and to determine if these genes
might be responsible for the patients’ long term survival. Thirdly,

we compared gene expression of the genes with mutations between
tumour and normal samples, as well as gene expression of different
components of the immune system. 

Results

Patient characteristics. Among the 73 patients initially
included, there were 28 patients eventually treated with
multimodal therapy (neoadjuvant chemotherapy followed by
definitive chemo-radiotherapy if progression was detected
after neoadjuvant chemotherapy evaluation or by surgery and
adjuvant chemotherapy or chemo-radiotherapy for the
others). One patient was excluded from tissue sample
analysis because of bad sample quality. The last patient was
included on December 3, 2012. At the end of the follow up,
on December 31, 2019, 5 patients were still alive, 20 patients
were deceased and 2 patients were lost to follow-up. These
two patients were classified as non-responders.

The 5-year survival. In the non-responder group (group A,
n=20) the 5-year survival is 11.1%, the average survival was
37.4 months (95% CI=25.3-51.2) and the median survival was
37 months, while in the responders group (group B, n=7), the
5-year survival was 42.9%, the average survival was 61 months
(95% CI=35.2-91.8) and the median survival was 54 months.
There was no statistical difference in overall survival between
group A and B patients (Figure 1C). The median survival
among deceased patients in non-responders (group A, n=16)
was 26 months and the average survival was 30.3 months (95%
CI=21.4-39.2), while in responders (group B, n=4) the median
survival was 28 and the average survival was 31.7 months
(95% CI=16.1-47.9). There was no statistical difference in
overall survival between group A and B patients (Figure 1D).

Non-responders group (group A). There were 20 patients, 12
males and 8 females, with a median age of 61.5 years and an
average of 60.75 years (39-74 years old). At the end of the
follow up (December 31, 2019), 2 patients were still alive, 16
patients were deceased and 2 were lost to follow up. There
were 17 patients with adenocarcinoma (ADK), 2 patients with
squamous lung cancer (SCC) and one patient with large cell
neuroendocrine (LCNE) lung cancer. After neoadjuvant
chemotherapy, seven patients were stabilized at re-evaluation
and had a lung resection. For three patients the tumor on the
resected specimen was slightly bigger than measured on the
initial CT scan (before treatment), one patient had a pleural
carcinosis, two patients were stable compared with initial CT
scanner and only one patient had a smaller tumor. 

Responders group (group B). There were seven patients with
pathological confirmed mediastinal downstage, six males and
one female, both median and average of 62 years (55-73 years
old). At the end of the follow up (December 31, 2019), three
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patients were still alive and four patients were deceased. There
were five patients with adenocarcinoma and two patients with
large cell neuroendocrine carcinomas. After neoadjuvant
chemotherapy, all patients were stabilized at re-evaluation and
went through a lung resection. Pathological examination on
lung resected specimen and complete mediastinal
lymphadenectomy confirmed the mediastinal downstaging for
all the patients and noted a complete response for two patients.
The TNM stages before treatment and after pathological
examination on lung resected specimens are shown on Table I.

Alive group. A total of five patients were still alive at the end
of the follow up. Survival ranged from 86 to 106 months.
There were three males and two females, with a median age
of 58 years and an average of 59 years (55- 66 years old).
Three patients were responders (group B) and two were non-
responders (group A). Table II shows the detailed clinical
information for these patients (samples from all five patients
were analysed by microarray, while samples from three
patients were analysed by WES).

Evaluation of genetic polymorphisms associated with
chemotherapy response in preoperative and postoperative
samples and in the alive patients group. A total of seven
SNPs were identified to segregate between group A and B of

patients (16) in 16 patients analyzed by WES. For this
analysis, we have also included postoperative samples when
available (either non-tumour or tumour samples). The
oncoplots showing genotypes of these seven SNPs in pre and
postoperative samples, as well as in the alive patients’ group
are shown in Figure 2A and B, respectively. Kaplan-Meier
survival curves showed that SNP rs9905892 in SLFN12L
gene, when homozygous for the alternative allele, is
associated with survival and rs2304968 in the same gene is
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Figure 1. Analysis of patients based on response to therapy. A) Violin plots showing the number of SNPs in group A (n=10) and B (n=6); B) Violin
plots showing the number of Indels in group A (n=10) and B (n=6) ; C) Kaplan-Meier survival curve in Group A (n=18) vs Group B (n=7); D)
Kaplan-Meier survival curve in Group A (n=16) vs Group B (n=4) for the deceased patients group.

Table I. TNM stages before and after neoadjuvant chemotherapy for
Responders (group B). 

Group B                cTNM                   pTNM                Histological type 
patients                                                                             of lung cancer

1                            T1aN2                   T0N0                           ADK
2                            T1aN2                   T0N0                           ADK
3                            T1bN2                  T1aN0                         LCNE
4                            T2aN2                  T1bN0                          ADK
5                             T3N2                   T2bN0                          ADK
6                             T3N2                   T1bN1                         LCNE
7                             T3N2                   T1aN0                          ADK

ADK: Adenocarcinoma; LCNE: large cell neuroendocrine carcinoma.



marginally associated with survival (Figure 2C and D). In
the alive patients group, both SNPs were also present as
homozygous for the alternative allele, indicating a possible
association between genotype and overall survival for these
two SNPs. There was no statistically significant difference
in gene expression for SLFN12L between tumor and normal
samples in the microarray data (Table III). 

Mutation in lung cancer drivers in the alive patient group
Our analysis focused on identifying mutations in genes
known to be associated with NSCLC, led to detecting
variants that are present exclusively in non-responders
(group A) or only in responders (group B), and variants that
are shared by both groups (Figure 2E). The oncoplot in
Figure 2E includes matched postoperative samples, when
these were available.
TP53 was most frequently altered in both groups (9/16

patients, 56.25%). A frequency of 60.0% (6/10 patients) was
detected in group A, with variants located either in the DNA
binding domain or in the trans-activation domain, except one
(Figure 3A) and 50% (3/6 patients) in group B, with two
mutations in the trans-activation domain and a third located
adjacent to this domain. There was no association between
the presence of TP53 mutations and overall survival (Figure
3C) neither for the whole cohort nor when comparing
adenocarcinoma histology only.

The second most common mutated gene was SMARCA4
together with the alternative ATPase in the SWI/SNF complex,
SMARCA2 (Figure 2E). The frequency of mutations was 10%
(1/10 patients) in group A and 50% (3/6 patients) in group B,
with one patient from this group having a SMARCA2 mutation.
Figure 3B shows distribution of mutations in SMARCA4.
Interestingly, in our study 2/4 mutations in SMARCA4 were
found in the alive patients’ group, one mutation being present
in a large cell neuroendocrine carcinoma patient. This patient
also had a RB1 frameshift insertion. No correlation between
SMARCA2/4 status and overall survival was observed in our
cohort (Figure 3D), probably because of the small number of
patients analyzed. 

Similar to the study of Schoenfeld et al. (17), we have
classified the mutations in SMARCA2 and 4 in Class 1

(truncating, frame shift, slice site) mutations and Class 2
(missense) mutations. Although the number of the patients
in our cohort was low, we noticed that the patient from group
B with a Class 2 mutation was alive at the end of the follow
up and had the longest survival (106 months) (Figure 3E).

In addition, survival analysis with KMPlotter (18) showed
that SMARCA4 high gene expression was associated with
better survival in adenocarcinoma patients of all stages, but
not in squamous cell carcinoma (Figure 4A and B). Survival
analysis on stages showed that significance was reached
when analyzing adenocarcinoma stage I and II patients (p-
Value=4.3*10–8 and 0.0002, respectively) and stage II
squamous cell carcinoma (p-Value=0.04). The same trend
was observed for SMARCA2; high gene expression was
associated with better survival in adenocarcinoma patients of
all stages, but not in squamous cell carcinoma patients
(Figure 4C and D).

As reported before (19, 20), no alterations in EGFR, ALK,
ROS1 or BRAF were observed in patients with SMARCA2/4
mutations, making these genes mutually exclusive in our
cohort. This result confirms a previous study that suggested
that alterations in SMARCA4 (BRG1) are involved in the
progression of EGFR wild type tumors (21). In the whole
cohort, SMARCA4 co-occurred with TP53 mutations in two
patients. 

One patient from group B had an ARID1A mutation,
which is also a component of the SWI/SNF complex. No
survival data was available for this patient. Taken together,
mutations in this complex were the most frequent among
group B patients. 

Analysis of gene expression data in tumour versus normal
tissues. Microarray data was available for 35 tissues (eight
patients had paired normal and tumor tissues available).
Results of differential gene expression for the genes
identified to carry mutations in our cohort are shown in
Table III. ATM showed a strong down-regulation in tumour
tissues compared with normal tissues.

Based on observations from our previous report (15),
showing involvement of immune pathways when analyzing the
groups of patients, we investigated gene expression of genes
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Table II. Details for patients from the alive group. 

Survival patients         Gender             Age                Prognostic group               cTNM                     pTNM                  Histological type of lung cancer

1*                                    M                   56                              A                           T2aN2                    T2aN2                                         ADK
2                                      F                   60                              A                           T1aN2                    T2bN2                                        ADK
3*                                    M                   66                              B                           T1aN2                     T0N0                                         LCNE
4*                                    M                   58                              B                           T1bN2                    T1aN0                                         ADK
5                                      F                   55                              B                           T1aN2                     T0N0                                          ADK

ADK: Adenocarcinoma; LCNE: large cell neuroendocrine carcinoma; *WES data available.
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Figure 2. Genomic characterization of the patients. A) Oncoplot for 7 SNPs identified to segregate between group A and B in pre and postoperative
samples; B) Oncoplot for 7 SNPs identified to segregate between group A and B in the alive patients group; C) Kaplan-Meier survival curve for
rs2304968 (SLFN12L); D) Kaplan-Meier survival curve for rs9905892 (SLFN12L); Note: homozygous=for alternative allele; E) Oncoplot for main
driver genes in lung cancer; samples highlighted in grey and marked with star (*) are from alive patients group; variants were counted only if they
were present in tumor and somatic and were counted once if they were present in both pre and postoperative tumor tissue; percentages were
calculated considering the total number of patients for each group, if a tumor sample was sequenced (10 for group A, 6 for group B and 16 in
total). ADK: Adenocarcinoma; SCC: squamous cell carcinoma.



related to components of the immune system. Results are
shown in Table IV. Interestingly, CD28 and the VSIR gene that
encodes for VISTA (V-domain immunoglobulin suppressor of
T cell activation) also known as C10orf54, a known immune
regulatory receptor, were down-regulated in tumor tissues
compared with normal tissues. CD28 and VISTA belong to the
same family, CD28/B-7 gene family (22). CD274 that encodes
for PD-L1 and CTLA-4 did not reach a statistically significant
p-Value (adj. p-Value= 0.25 and 0.29, respectively).

Lower expression of VISTA in NSCLC has been reported
before (23), with mRNA levels shown to have an inverse
correlation with tumor mutation burden (TMB) in lung
adenocarcinoma (24). Similarly, analysis of data from
cBioPortal shows that VISTA (VSIR or C10orf54 gene) is
altered in 0.9% of lung adenocarcinoma and 1.4% of lung
squamous cell carcinoma. Survival analysis with KMPlotter
(18) showed that C10orf54 high gene expression is associated
with better survival in adenocarcinoma and squamous cell
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Table III. Gene expression of drivers in lung cancer.

Gene                        Entrez             logFC                  Average                   t                             p-Value                               Adjusted                           B
                                  gene                                          expression                                                                                           p-Value

ATM                           472             –0.90102                 7.935319          –7.30792           1.4849798909919e-08          2.3708520019991e-06         9.618263
SMARCA2               6595             –0.60098                 8.607164          –4.31207           0.000124                               0.001484784                        0.907276
MET                         4233               2.093868            10.38968              4.039216         0.000277                               0.002745748                        0.1451
EGFR                      1956               0.478467              6.678288            2.640874         0.012248                               0.047791599                      –3.38876
TP53                        7157             –0.22243                 6.737093          –2.11726           0.041374                               0.117384253                      –4.4675
RB1                          5925             –0.24887                 9.985075          –2.0274             0.050245                               0.134956071                      –4.63467
STK11                      6794             –0.37793              10.08338            –1.75618           0.087756                               0.201991642                      –5.10381
RET                         5979             –0.16953                 6.336739          –1.73129           0.092156                               0.209113343                      –5.14407
CFTR                       1080               0.563947              6.281767            1.393682         0.17215                                 0.3265154                          –5.64111
KIF20B                    9585               0.203065              6.954404            1.121416         0.269702                               0.443290407                      –5.97148
KEAP1                    9817               0.15342                 9.309082            0.979024         0.334249                               0.51128924                        –6.11776
SMARCA4               6597               0.354979            13.0775                0.671583         0.506233                               0.667975504                      –6.36881
TERT                       7015               0.134418              6.837413            0.575984         0.56829                                 0.71580937                        –6.42834
ARID1A                   8289             –0.06633                 7.74712            –0.40652           0.686825                               0.803982118                      –6.51178

Log FC: Log2(fold change); adjusted p-value: FDR (false discovery rate) p-value adjustment; B: B-statistics (log-odds that that gene is differentially
expressed).

Table IV. Gene expression of immune system components.

Gene                        Entrez             logFC                  Average                   t                             p-Value                               Adjusted                           B
                                  gene                                          expression                                                                                           p-Value

CD28                         940             –0.82882                 7.031805          –5.50289           3.43298869030623e-06       9.98932395375382e-05       4.357337
VSIR                      64115             –0.82534              10.18157            –4.71127           3.78181154525982e-05        0.000602923                        2.046865
CD4                           920             –0.58506               11.88188            –4.47755           7.60948902049038e-05       0.001028147                        1.376615
CXCL10                  3627               1.631283              8.848907            4.345596         0.000113                               0.001370411                        1.001962
CD3E                         916             –0.97544                 7.366428          –4.20317           0.000171                               0.001899072                        0.601192
JAK2                        3717             –0.48515                 8.592857          –4.11155           0.000224                               0.00232649                          0.345574
CD3G                        917             –1.20381                 9.556972          –3.91864           0.000392                               0.003563749                      –0.18626
JAK1                        3716             –0.59944                 8.267208          –3.91613           0.000395                               0.003577495                      –0.1931
IL2                           3558             –0.2942                   6.071253          –3.42899           0.001561                               0.010073612                      –1.48885
CD3D                        915             –1.09394              10.94817            –3.40904           0.001649                               0.010483054                      –1.54022
IL8                           3576               0.60116                 6.437018            2.758184         0.009156                               0.038474696                      –3.1249
TNF                         7124             –0.55144                 8.348166          –2.12754           0.040454                               0.115394645                      –4.44803
IFNG                       3458               0.343729              6.456565            2.003927         0.05282                                 0.139890256                      –4.67741
CD274                   29126               0.287052              6.972572            1.595125         0.119624                               0.252744144                      –5.35573
CTLA4                     1493             –0.34698                 7.308087          –1.46845           0.15086                                 0.297642476                      –5.53913
FOXP3                  50943             –0.21119                 7.084321          –1.11059           0.274272                               0.448342193                      –5.98325
IDO1                       3620               0.280503              9.884179            0.692108         0.49341                                 0.657485806                      –6.35487

Log FC: Log2(fold change); adjusted p-value: FDR (false discovery rate) p-value adjustment; B: B-statistics (log-odds that that gene is differentially
expressed).



carcinoma patients of all stages (Figure 4E and F). Statistical
significance was still valid when analyzing adenocarcinoma
and squamous cell carcinoma patients stage I (p-Value=0.012
and 0.042, respectively) but not the rest of the patients.

Discussion

In this study, we have analyzed pre and postoperative samples
from NSCLC stage III (N2) patients, classified based on their
response to platinum therapy in responders and non-responders

with follow-up data that extended to seven years, by
microarray and whole exome sequencing (WES). We identified
seven SNPs in five genes that segregated patients in two
groups according to their response.

We found that a homozygous genotype for rs99005892 in
the SLFN12L gene was associated with better survival, in the
whole cohort. SLFN12L (Schlafen Family Member 12 Like)
belongs to SLFN family of molecules that are induced by
interferon type I (IFNa) (25). In lung cancer, SLFN12, a
paralog of SLFN12L, has been shown to play a favorable role
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Figure 3. Distribution of variants and survival analysis in frequently mutated genes identified by WES. A) Lollipop plot showing mutations in TP53;
only preoperative variants are represented with one exception marked on the graph with arrows where a different variant was detected in pre and
postoperative sample; B) Lollipop plot showing mutations in SMARCA4 (only preoperative variants are represented); C) Survival curves comparing
TP53 mutated vs wild type patients; D) Survival curves comparing SMARCA2/4 mutated vs wild type patients; E) Survival curves comparing
SMARCA2/4 Class1 and Class2 mutation.
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Figure 4. Kaplan-Meier survival curves in lung cancer patients from KMPlotter data. A) SMARCA4 (FLJ39786) gene expression in adenocarcinoma
patients (all stages); B) SMARC4 (FLJ39786) gene expression in squamous cell carcinoma (all stages); C) SMARCA2 (SWI2) gene expression in
adenocarcinoma patients (all stages); D) SMARC2 (SWI2) gene expression in squamous cell carcinoma (all stages); E) C10orf54 (VSIR) gene
expression in adenocarcinoma patients (all stages); F) C10orf54 (VSIR) gene expression in squamous cell carcinoma (all stages) (gene names were
used as shown by KMPlotter in all graphs).



in lung cancer adenocarcinoma by modulating of c-myc
expression; patients with higher expression of SLFN12 show
a better survival (26). It has been shown the SLFN12L
protein expression increases in Helicobacter pylori infected
patients with intestinal metaplasia, a precursor of gastric
cancer, and marks a population of myeloid-derived suppressor
cells (MDSCs) (27). It has also been suggested that in
humans, SLFN12L might be used as a biomarker for a subset
of the population that might benefit from treatment with
Hedgehog (HH) antagonists (28). Whether this is applicable
to NSCLC patients remains to be clarified, but points to
encouraging results involving SLFN family in cancer and in
NSCLC particularly. Further studies are needed to better
elucidate their involvement in cancer onset and progression
especially in the modulation of immune responses.

Further, we have investigated the presence of mutations in
known NSCLC genes and identified mutations in the
SWI/SNF complex (in SMARCA4, SMARCA2 and ARID1A
genes) as the most frequent in the responder group of patients
(4/6 patients, 66.7%). In our cohort, SMARCA2/4 mutations
were more common among the responder group of patients
(group B). We also observed a mutation in another component
of SWI/SNF complex, ARID1A, that was also detected in a
group B patient. Interestingly, two patients from the alive
patients group (one patient with adenocarcinoma and one with
neuroendocrine tumour) had two SMARCA4 mutations, one
missense and one stop mutation, respectively. It is tempting to
speculate that the presence of the SWI/SNF mutations in these
patients might be associated with their favorable response to
platinum therapy.

Members of the SWI/SNF family have been implicated in
DNA repair and genome instability (29). The genes encoding
different members of the family are commonly mutated in
different tumours, making this complex one of the most
frequently altered in cancer (30). SMARCA4/BRG1 and
SMARCA2/BRM are ATP-dependent helicases (19, 31),
sharing 75% identity at the protein level. 

It was shown that NSCLC patients (stage 3B+) with
SMARCA4 homozygous deletions situated in the SNF2
domain or the helicase domain and with no EGFR, ALK,
ROS1 or BRAF alterations had a worse outcome compared
with patients with wild-type SMARCA4 (19). More recently,
deficiencies in components of SWI/SNF complex were
reported to confer sensitivity to immunotherapy (32, 33).
Bell et al. (34) showed that in NSCLC, patients with low
SMARCA4/BRG1 expression who received adjuvant
cisplatin/vinorelbine therapy had an improved 5-year disease
specific survival, suggesting it to be a novel predictive
biomarker for sensitivity to platinum-based chemotherapy in
NSCLC. Our microarray data did not show any statistically
significant difference between tumor and normal tissue for
SMARCA4, but the significant difference was present for
SMARCA2 (Table III).

Analysis of pre and postoperative samples identified an
acquired KRAS G13C hotspot mutation in one postoperative
lung adenocarcinoma sample. We did not detect this mutation
in the paired pre-operative sample and it is possible that the
mutation in the preoperative sample to have been diluted out
by presence of non-tumour cells that led to the alteration not
being detected in this sample. Nevertheless, detection of this
mutation in a postoperative sample (after chemotherapy) is
something to investigate further in a bigger cohort of patients.

We have investigated the microarray data for expression of
important immune system components and identified CD28 and
VISTA (V-domain Ig-containing suppressor of T cell activation,
VSIR/C10orf54 gene, VISTA/PD-1H) as significantly down-
regulated in tumor versus normal tissues. PD-L1 (CD274) and
CTLA-4 were not significantly differentially expressed between
tissues (Table IV). VISTA, is a member of the immunoglobulin
(Ig) superfamily, with homology to programmed death ligand 1
(PD-L1) (35). In tumors, high expression of VISTA was
correlated with better overall survival than low expression,
including in NSCLC (23) and was also associated with high
number of CD8+ TILs (35). It was suggested that VISTA plays
an immunomodulatory role in NSCLC (24).

NSCLC is known to have a high TMB that increases the
neo-antigen production and immune system recognition that
might correlate with response to immune checkpoint inhibition
therapy (36). Along with inhibition of PD-1/PD-L1 and CTLA-
4, VISTA has become as equally important target in
overcoming immune resistance (37, 38) with drugs like CA170
showing effective results in a lung cancer mouse model (39). 

In conclusion, in this study we highlighted important
findings related to NSCLC stage III (N2) patients’ response
to chemotherapy and improved survival after multimodal
treatment that may support new therapeutic avenues. 
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