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Background: The activation of multiple signaling pathways jeopardizes the clinical efficacy of EGFR tyrosine
kinase inhibitors (TKIs) in EGFR-mutation positive non-small cell lung cancer (NSCLC). Integrin-linked kinase
(ILK) regulates the interactions between tumor cells and extracellular environment to activate signaling path-
ways and promote cell proliferation, migration, and epithelial-mesenchymal transition. Src homology 2
domain-containing phosphatase 2 (SHP2) is essential for receptor tyrosine kinase signaling and mitogen-
activated protein kinase (MAPK) pathway activation.
Methods: We analyzed tumor ILK, β-receptor subunit glycoprotein 130 (gp130), SHP2, and stromal hepatocyte
growth factor (HGF) and interleukin-6 (IL-6) mRNA expression in baseline tumor specimens of advanced
EGFR-mutation positive NSCLC patients treated with EGFR TKIs.
Results: ILK, when highly expressed, was an independent poor prognostic factor for the progression-free survival
of the patients, both in the univariate (hazard ratio [HR for disease progression, 2.49; 95% CI, 1.37–4.52; P =
.0020]) and in the multivariate (HR 3.74; 95% CI, 1.33–10.56; P = .0126) Cox regression model. Patients with
high SHP2 expression had an almost 13-month shorter progression-free survival (P = .0094) and an 18-
month shorter overall survival (P = .0182) in comparison to those with low SHP2 mRNA expression.
Interpretation: The levels of ILK and SHP2 could be predictive for upfront combinatory therapy of EGFR TKIs plus
SHP2 or ILK inhibitors.
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1. Introduction

Epidermal growth factor receptor (EGFR)-positive non-small-cell
cancer (NSCLC) has reached a plateau in outcomes with EGFR tyrosine
kinase inhibitors (TKIs) [1,2]. First- (gefitinib, erlotinib) second-
(afatinib, dacomitinib), and the third-generation EGFR TKI, osimertinib,
are currently the standard of care for the first-line management of
EGFR-mutation positive NSCLC. Icotinib is used in China [3]. Although
numerous clinical trials have shown that patients with activating
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Research in context

Evidence before this study

We did a systematic search of PubMed using the search terms
“lung cancer,” and “ILK” in one search, and “lung cancer,” and
“SHP2” in another search, each for articles published between
Jan 1, 2010, and Oct 31, 2018. Several original studies were
identified. In the case of ILK, most of the studies related ILK with
a mesenchymal phenotype, loss of E-cadherin and worse progno-
sis. SHP2 was mostly related with the activation of the mitogen-
activated protein kinase (MAPK) in different molecular subtypes
of lung cancer, including EGFR-mutation positive NSCLC. Thema-
jority of the identified studies were preclinical or in moderately
sized cohorts of lung cancer patients, not selected for EGFRmuta-
tions. To our knowledge, the expression analysis of ILK, SHP2 and
three more biomarkers involved in the interaction between tumor
cells and tumor microenvironment, in EGFR-mutation positive
NSCLC patients treated with first-line EGFR tyrosine kinase inhib-
itors (TKIs), has not been previously published. The association of
ILK,β-receptor subunit glycoprotein 130 (gp130), SHP2, and stro-
mal hepatocyte growth factor (HGF) and interleukin-6 (IL-6)
mRNA with the progression-free and overall survival of EGFR-
mutation positive NSCLC patients has not yet been evaluated in
the clinical setting.

Added value of this study

Our study shows that high expression of ILK is an independent
factor for progression-free survival to EGFR TKIs. ILK was posi-
tively correlated with gp130 and stromal HGF mRNA expression.
We also found that SHP2 expression can predict progression-
free and overall survival for EGFR-mutation positive NSCLC pa-
tients receiving first-line therapy with EGFR TKIs.

Implications of all the available evidence

Our study reinforces the concept that single EGFR TKIs will never
cure EGFR-mutation NSCLC and there will always be subtypes of
patients with unfavorable prognosis and poor outcome to the
treatment. These subsets of EGFR-mutation positive NSCLC can
be targetable by combinatorial approaches of EGFR TKIs with in-
hibitors that target the parallelly activated signaling pathways.
The assessment of ILK and SHP2might be useful for the stratifica-
tion of patients with EGFR mutations and future combinational
therapies.Moreover, our findings suggest further research investi-
gating the interaction of tumor cells with the tumor microenviron-
ment in EGFR-mutation positive and other molecular subtypes of
lung cancer.
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mutations in the exons 18–21 of the EGFR gene respond to EGFR TKIs,
there are still no commonly recognized genetic alterations that may
serve as negative predictive biomarkers to EGFR inhibitors. Signal trans-
ducer and activator of transcription 3 (STAT3) activation is one of the
first mechanism of relative resistance to EGFR TKIs, observed in EGFR-
mutation positive NSCLC patients and cell lines. In cell culture, neither
an EGFR TKI nor a Src family kinase (SFK) inhibitor inhibited STAT3
phosphorylation. Only a pan-Janus kinase (JAK) inhibitor (P6) ablated
STAT3 activation and inhibited tumorigenesis [4]. We reported that
both gefitinib and osimertinib activate STAT3, Src and YES-associated
protein 1 (YAP1) in EGFR-mutation positive lung cancer cells [5]. Com-
bined EGFR, STAT3 and Src inhibition abrogated tumor growth more
efficiently than single EGFR inhibition, both in culture and in vivo [5].
EGFR-mutation positive cells secrete interleukin-6 (IL-6), and blocking
the IL-6/β-receptor subunit glycoprotein 130 (gp130)/JAK pathway,
decreases STAT3 phosphorylation levels [4]. The introduction of EGFR
mutation in immortalized breast epithelial cells leads to oncogenesis,
IL-6 expression, and STAT3 activation, that can be inhibited with
STAT3 or gp130 blockade [4].

IL-6 is a pro-inflammatory cytokine that activates the JAK-STAT3,
extracellular signal-regulated protein kinase (ERK) mitogen-activated
protein kinase (MAPK), and phosphatidylinositol 3-kinase (PI3K)/pro-
tein kinase B (PKB, also called AKT) pathways, via the common co-
receptor gp130 [6]. In erlotinib-sensitive cells, mutant EGFR regulates
the expression of IL-6, however, in erlotinib-resistant cells, transforming
growth factor-beta (TGF-β) drives the expression of IL-6, independently
of EGFR activation [7] (Fig. 1). We have shown that the co-activation of
receptor tyrosine kinases (RTKs) and non-RTKs, including AXL and CUB-
domain-containing protein 1 (CDCP1), is a common trait in EGFR-
mutation positive NSCLC cells and patient tumor samples. The tumor
microenvironment-derived ligand hepatocyte growth factor (HGF)
induces inter-receptor cross-talk of MET with CDCP1 or AXL. The
combination of gefitinib or osimertinib with repotrectinib (formerly
TPX-0005), a multi-kinase inhibitor that among others, inhibits Src,
focal adhesion kinase (FAK) and JAK2, was synergistic in culture and
in vivo [8]. Osimertinib activates integrins and downstream SFK and
FAK signaling. Dasatinib enhances the effect of osimertinib by inhibiting
SFK and FAK [9]. We obtained similar results with the combination of
osimertinib and repotrectinib [8]. However, other authors have not
found a relevant role of integrins in EGFR-mutation positive NSCLC
[10]. Therefore, we posit that integrin-linked kinase (ILK) could have a
function in EGFR-mutation positive NSCLC (Fig. 1). ILK couples integrins
and growth factors to downstream signaling pathways [11]. The activity
of ILK,modulatedby integrin ligation in aPI3K-dependentmanner, stim-
ulates the phosphorylation of AKT on the serine 473. Activated AKT
phosphorylates and inactivates glycogen synthase kinase 3β (GSK3β),
resulting in the nuclear localization ofβ-catenin and activated transcrip-
tion, cell cycle progression, and cell proliferation. Also, ILK directly
phosphorylates GSK3β [12] (Fig. 1). Previous studies indicate that sev-
eral types of tumors, including NSCLC, have a high ILK expression
[13–17]. Hypoxia induces ILK expression through a hypoxia-inducible
factor 1-alpha (HIF-1α)-dependent mechanism. ILK can de-repress
HIF-1α signaling through the Y-box binding protein-1 (YB-1)-mediated
inhibition of Foxo3a expression [18]. Both linear Foxo3 (Foxo3 mRNA)
and circular Foxo3 (circ-Foxo3) are suppressors of tumor growth by reg-
ulating sponging endogenous miRNAs [19]. ILK and HIF-1α promote
epithelial-mesenchymal transition (EMT) (Fig. 1). [18].

We reported that the transmembrane glycoprotein, CDCP1, is
overexpressed in EGFR-mutation positive tumors and cell lines, confer-
ring shorter progression-free survival and overall survival in
EGFR-mutation positive NSCLC patients [8]. CDCP1 triggers a cascade
of tyrosine phosphorylation events, activates signaling networks, in-
cluding SFKs, protein kinase C (PKC), integrins, catenins, and ephrins,
and promotes cell growth and survival [20]. In addition to ILK, integrins
also activate the tyrosine phosphatase, Src homology 2 domain-
containing phosphatase 2 (SHP2), encoded by PTPN11. SHP2 activates
Src by dephosphorylating the inhibitory site tyrosine 530 and activating
Src substrates, such as paxillin [21]. We detected SHP2 phosphorylation
on the tyrosine 542 in the EGFRmutation-positive PC9 cell line. Neither
gefitinib, nor gefitinib plus TPCA-1 (STAT3 and NFKB inhibitor) were
able to abrogate it [5].

In the current study, we are reporting the effect of tumor ILK and
gp130 gene expression, and stromal IL-6 and HFG gene expression on
the progression-free survival and overall survival of 64 EGFR
mutation-positive NSCLC patients. We have previously demonstrated
the negative effect of SHP2 in the outcome of these patients [8], and
herein we provide additional information for progression-free survival
and overall survival.



Fig. 2. Heat map showing the Spearman correlation coefficient among the biomarkers.
Negative correlations are in blue color and positive correlations in red.
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Fig. 1. Overview of the role of the biomarkers explored in the study on EGFR signaling. EGFR activating mutations located in the EGFR tyrosine kinase domain enhance cell growth and
invasion via tyrosine phosphorylation and lead to the activation of mitogen-activated protein kinase (MAPK), signal transducer and activator of transcription 3 (STAT3) and
phosphatidylinositol 3-kinase (PI3K)-AKT pathways. Src homology 2 domain-containing phosphatase 2 (SHP2), a widely expressed cytoplasmic tyrosine phosphatase with two src
homology (SH)2 domains, plays an essential role in most receptor-tyrosine kinase (RTK) signaling pathways. SHP2 function is required for MAPK pathway and activation of its
downstream transcriptional targets. SHP2 activates several Src family kinases (SFKs), including Src as top hit. STAT3 can be activated not only by growth factor receptors, like EGFR,
but also by interleukins, like IL-6. IL-6 is a glycoprotein which first binds to a-chain (IL-6R) and then recruits the b-chain (gp130) of the receptor. Subsequently, the IL-6/IL-6R complex
initiates homodimerization of gp130, activates a cytoplasmic tyrosine kinase bound to gp130 and triggers signaling cascades through Janus-like kinase (JAK) and Src kinase. JAK2
mediates STAT3 phosphorylation and activation. The integrin-linked kinase (ILK) pathway activates beta-catenin (CTNNB1) signaling. ILK phosphorylates glycogen synthase kinase 3
(GSK3B) on serine 9 to inhibit its activity and induces the translocation of CTNNB1 into the nucleus. CTNNB1 regulates epithelial-mesenchymal transition (EMT). ILK expression is
associated with IL-6 expression and can play an important role in mediating IL-6 function in EGFR-mutation positive lung cancer cells. Independently of STAT3, gp130 activates the
Yes-Associated Protein (YAP1) oncoprotein through direct association with SFKs. Upon Src activation, several downstream Src binding partners are targeted for phosphorylation,
including paxillin (PXN) on tyrosine 118. The tumor microenvironment-derived ligand hepatocyte growth factor (HGF) induces inter-receptor cross-talk of MET with (CUB) domain-
containing protein-1 (CDCP1) or AXL.
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2. Methods

2.1. Sample collection

Pretreatment tumor specimens from advanced EGFR-mutation pos-
itive NSCLC patients were retrospectively collected from eight sites in
Spain, France, Italy and Colombia [5,8] (Supplementary Fig. 1 in the Sup-
plementaryMaterial). The clinical datawas assessed in accordancewith
the protocol approved by the institutional review board of Germans
Trias i Pujol Hospital, Badalona, Spain and de-identified for patient con-
fidentiality as previously described [5,8]. Detailed laboratory procedures
(including the assessment of EGFRmutations) are presented in the Sup-
plementary Material.

2.2. Real-time PCR analyses

Paraffin-embedded samples and slides were obtained by standard
procedures. The discrimination between tumor and stromal cells was
performed by a pathologist with the use of the laser microdissection
(Zeiss-Palm, Oberlensheim, Germany) [22]. The present gene expres-
sion study was conducted in the ISO 15189-certified Pangaea Oncology
laboratory located in Hospital Universitari Dexeus - Grupo Quirónsalud
(Barcelona, Spain). We used remaining tissue material from our previ-
ous studies [5,8] for themRNA analysis of ILK and gp130, by quantitative
reverse transcription polymerase chain reaction (qRT-PCR). SHP2
mRNA expression was previously analyzed [8]. The mRNA expression
of HGF and IL-6 were examined in the tumor stroma of a small number
of patients (HGF, n = 26 and IL6, n = 25). The primer and probe sets
were designed using Primer Express 3.0 Software (Applied Biosystems)
according to their Ref Seq (http://www.ncbi.nlm.nih.gov/LocusLink).
Gene-specific primers are as follows: ILK, forward 5′-GACGAAGCTCA
ACGAGAATCACT-3′ and reverse 5′-CTTCAGCACCTTCACGACAATG-3′;
gp130, forward 5′-ATAGGACCAAAGATGCCTCAACTT-3′ and reverse 5′-
GACACAGCATCCACCCGATC-3′; HGF, forward 5′ GCCATGAATTTGACCT
CTATGAAAA-3′ and reverse 5′-AGCTGCGTCCTTTACCAATGA-3′; IL-6
Paxillin Hs00985639_m1, (Applied Biosystems). Gene expression quan-
tification was performed as previously described [5,8] Details are pro-
vided in the Supplementary Material.

2.3. Statistical analyses

The primary endpoint of the study was to examine the potential ef-
fects of gene mRNA expression levels on survival. Progression-free

http://www.ncbi.nlm.nih.gov/LocusLink
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Fig. 3.Progression-free survival by the expression of the biomarkers in EGFR-mutation positive NSCLC patients. A.Median progression-free survivalwas 9.4months (95% CI, 7.7 to 14.2) for
the 27 patients with high ILK and 15.8 months (95% CI, 12.3 to 30.2) for the 27 patients with low ILK mRNA expression; p= .0021. B. Median progression-free survival was 11.4 months
(95% CI, 8.2 to 14.1) for the 24 patients with high SHP2 and 24.1 months (95% CI, 8.2 to 31.1) for the 23 patients with low SHP2 mRNA expression; p= .0094. C. Univariate analysis for
progression-free survival. The bars correspond to 95% confidence intervals. mPFS, median progression-free survival; HR, hazard ratio.
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Table 1
Cox regressionmodel for the interaction betweenmolecular parameters and progression-
free survival.

Univariate analysis Multivariate analysis

Parameter N HR (95%CI) P HR (95%CI) P

Tumor ILK
Low 27 1 1
High 27 2.49 (1.37–4.52) .0029 3.74 (1.33–10.56) .0126
Tumor gp130
Low 25 1 1
High 25 0.92 (0.51–1.65) .7820 0.68 (0.30–1.58) .3764
Tumor SHP2 [8]
Low 23 1 1
High 24 2.40 (1.22–4.74) .0115 1.21 (0.48–3.04) .6880
Stromal IL-6⁎

Low 13 1 – –
High 12 0.50 (0.20–1.22) .1267 – –
Stromal HGF⁎

Low 13 1 – –
High 13 1.52 (0.65–3.55) .3358 – –

⁎ As observed the biomarkers stromal IL-6 and stromal HGF have 61% and 59% of
missing data. For this reason, a multivariate Cox regression model with the 5 biomarkers
will be of no interest because only in 9 cases all the 5 biomarkers have a known value.
When considering the three biomarkers ILK, gp130, and, SHP2, 31 observations were in-
cluded in the multivariate Cox regression model.
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survival and overall survival were estimated by means of the Kaplan–
Meier method and compared with a nonparametric log-rank test.
Biomarker expression was assessed as a dichotomous estimate (low
versus high using the median as the cut-off). The median tumor ILK
mRNA expression was 0.73 (interquartile range [IQR] 0.21, 1.81). The
median tumor gp130 mRNA expression was 4.58 (IQR 0.80, 17.80).
The median tumor SHP2 mRNA expression was 2.38 (IQR 0.25, 8.28)
[8]. The median stromal IL-6 mRNA expression was 42.01 (IQR 6.93,
386.03). The median stromal HGF mRNA expression in the tumor
stromawas 4.62 (IQR 0.55, 12.42) (Supplementary Table 1). Amultivar-
iate Cox proportional hazard model was applied with potential risk fac-
tors as covariates, obtaining Hazard Ratios (HR) and their 95%
confidence intervals (CI). Each analysis was performed with the use of
a two-sided 5% significance level and a 95%CI. Correlation analysis was
performed using Pearson's or Spearman's correlation. The statistical
analyses were performed using SAS version 9.3.

3. Results

3.1. Patients characteristics and correlation analysis

A total of 64 EGFR-mutation positive patients were included in this
study, whose clinical information has been previously described
(Supplementary Table 2) [8]. In summary, the median age was
67 years, most of the patients were women and never smokers, 69% of
them had EGFR deletion 19 mutations, and 37% and 33% of them had
bone and brain metastases, respectively. All patients received first-line
therapy with first- (erlotinib and gefitinib), and second-generation
(afatinib) EGFR TKIs. With a median follow-up of 26.7 months, the me-
dian progression-free survival was 14.1months (95%CI, 8.8 to 16.3) and
median overall survival was 26.7months (95% CI, 17.9 to 37.1).We pre-
viously reported that the highmRNA expression of STAT3, YAP1 [5], AXL
and CDCP1 [8] are related with worse outcome to EGFR TKIs in this co-
hort of 64 EGFR-mutation positive NSCLC patients. Herein, we evaluate
whether the tumor expression of ILK, gp130 and SHP2 and the stromal
expression of HGF and IL-6 may have an effect on therapy outcome.

We first intended to see whether it exists a correlation among ILK,
gp130, SHP2, stromal HGF, and stromal IL-6. (Fig. 2). ThemRNA expres-
sion of ILK had a positive correlation with the mRNA expression of
gp130 (Spearman coefficient = 0.36, P= .0183). A positive correlation
between ILK and stromal HGF mRNA expression was also detected
(Spearman coefficient = 0.40, P= .0468). No other statistically signifi-
cant correlations were found (Fig. 2).

3.2. Progression-free survival

We then evaluated the effect of the tumor ILK, gp130, and SHP2, and
the stromal HGF and IL-6 expression levels on progression-free survival.
High tumor ILK mRNA expression was predictive of worse outcome in
EGFR-mutation positive patients treated with EGFR TKIs. Median
progression-free survival was 9.4 months (95% CI, 7.7 to 14.2) for the
27 patients with high ILK and 15.8 months (95% CI, 12.3 to 30.2) for
the 27 patients with low ILK mRNA expression (P = .0021), hazard
ratio (HR) of 2.49, 95% CI 1.37 to 4.52 (P = .0029) (Fig. 3A). As previ-
ously reported, patients with high tumor SHP2 mRNA expression had
a higher risk for disease progression with a HR of 2.40 (95% CI 1.22 to
4.74), (P = .0115) compared to those with low SHP2 [8]. Kaplan
Meier survival curves show that the patients with high SHP2 expression
had a median progression-free survival of 11.4 months (95% CI, 8.2 to
14.1) compared to 24.1 months (95% CI, 8.2 to 31.1) for the patients
with low SHP2 mRNA expression (P = .0094) (Fig. 3B). No significant
differences in progression-free survival were observed according to
the tumor expression levels of gp130. Median progression-free survival
was 14.2 months (95% CI, 12.3 to 22.4) for the 25 patients with high
tumor gp130 mRNA expression and 13.4 months (95% CI, 8.2 to 25.1)
for the 25 patients with low expression of the biomarker (HR of 0.92,
95% CI 0.51 to 1.65, P = .7820) (Fig. 3C).

HGF and IL-6mRNA expressionwere examined in the tumor stroma
and were evaluable for approximately one-third of the patients. In the
case of HGF, the 13 EGFR-mutation positive patients with high stromal
expression had a 4-month less progression-free survival compared to
the 13 patients with low HGF stromal expression (9.3 months [95% CI,
5.4 to 15.8] versus 13.4months [95% CI, 8.5 to 28.1], P= .3325). Surpris-
ingly, for stromal IL-6 mRNA expression, we observed a longer
progression-free survival of 23.1 months (95% CI, 8.2 to 60.9) for the
13 EGFR-mutation positive patients with high stromal IL-6 expression,
compared to 11.2 months (95% CI, 6.9 to 38.3) for the 12 patients
with low stromal IL-6 expression, although the difference was not
statistically significant (P = .1186). The univariate Cox proportional
hazard modeling of the five biomarkers for progression-free survival is
summarized in Table 1 and Fig. 3C. In the multivariate Cox regression
model, ILK mRNA expression remained highly significant
for progression-free survival with a HR of 3.74 (95% CI 1.33 to 10.56),
(P = .0126) (Table 1).

3.3. Overall survival

The effect of the five biomarkers on the survival of the 64 EGFR-
mutation positive NSCLC patients included in our study, was also exam-
ined. In the case of ILK, patients with high tumor ILK mRNA expression
trended towards shorter overall survival (HR of 1.54, 95% CI 0.79 to 3.02,
P= .2039). Specifically, patients with high tumor ILKmRNA expression
had a median progression-free survival of 17.9 months (95% CI 13.2 to
33.0) compared to 34.5 months (95% CI 18.5 to 44.3), (P = .2002)
(Fig. 4A). We have previously reported the higher risk of death for pa-
tients with high tumor SHP2 mRNA expression [8]. The Kaplan-Meier
curves in Fig. 4B illustrate now this risk, with a median overall survival
of 18.5months (95% CI, 14.1 to 33.0) for patients with high SHP2mRNA
and 36.7 months (95% CI, 16.8 to 47.1) for those with low SHP2 mRNA
(P= .0182). No differences in overall survival were found between pa-
tients with high and low tumor gp130 mRNA expression. The median
overall survival for patients with high gp130 mRNA was 33.0 months
(95% CI, 18.5 to 39.2) and 34.9 months for those with low gp130
mRNA (95% CI, 9.3 to 47.1) (P = .9136). We also used R2 genomics vi-
sualization tool (http://r2.amc.nl) [8] in a TCGA (The Cancer Genome
Atlas) dataset of 80 EGFR-mutation positive lung adenocarcinoma

http://r2.amc.nl


27 27 25 25 23 21 20 16 15 15 12 10 8 5 4 3 2 2 2 2 1 0 0

27 26 23 21 19 14 10 9 6 5 4 4 3 3 2 2 2 2 1 1 1 0 0

< median

>=median

Patients at Risk

0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 51 54 57 60 63 66

Time(months)

0.00

0.25

0.50

0.75

1.00

S
ur

vi
va

l P
ro

ba
bi

lit
y

P= 0.2002Log-Rank

17.9 (13.2, 33.0)37.0% (10)63.0% (17)27>=median

34.5 (18.5, 44.3)33.3% (9)66.7% (18)27< median

Median (CI 95%)CensoredEventSubjects

0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 51 54 57 60 63 66

Time(months)

0.00

0.25

0.50

0.75

1.00

S
ur

vi
va

l P
ro

ba
bi

lit
y

P= 0.2002Log-Rank

17.9 (13.2, 33.0)37.0% (10)63.0% (17)27>=median

34.5 (18.5, 44.3)33.3% (9)66.7% (18)27< median

Median (CI 95%)CensoredEventSubjects
Patients Events mOS (months) (95% CI)

ILK high 27 17 17.9 (13.2-33.0)

ILK low

ILK high
Censored

P=.2002

23 23 22 22 20 17 16 15 15 14 12 11 10 9 7 6 5 3 2 2 2 1 0

24 21 19 17 17 13 11 8 5 5 3 2 0 0 0 0 0 0 0 0 0 0 0

< median

>=median

Patients at Risk

0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 51 54 57 60 63 66

Time(months)

0.00

0.25

0.50

0.75

1.00

S
ur

vi
va

l P
ro

ba
bi

lit
y

P= 0.0182Log-Rank

18.5 (14.1, 33.0)33.3% (8)66.7% (16)24>=median

36.7 (16.8, 47.1)21.7% (5)78.3% (18)23< median

Median (CI 95%)CensoredEventSubjects

0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 51 54 57 60 63 66

Time(months)

0.00

0.25

0.50

0.75

1.00

S
ur

vi
va

l P
ro

ba
bi

lit
y

P= 0.0182Log-Rank

18.5 (14.1, 33.0)33.3% (8)66.7% (16)24>=median

36.7 (16.8, 47.1)21.7% (5)78.3% (18)23< median

Median (CI 95%)CensoredEventSubjects

Patients Events mOS (months) (95% CI)

SHP2 low 23 18 36.7 (16.8-47.1)

SHP2 high 24 16 18.5 (14.1-33.0)

SHP2 low

SHP2 high
Censored

P=.0182

B

C

A

ILK low 27 18 34.5 (18.5-44.3)

Fig. 4.Overall survival by the expression of the biomarkers in EGFR-mutation positive NSCLC patients. A.Median overall survival was 17.9 months (95% CI 13.2 to 33.0) for the 27 patients
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patients, to confirm the inverse relation between SHP2mRNA levels and
overall survival probability (P = .0043) (Supplementary Fig. 2 in the
Supplementary Material).
As far as the stromal evaluated biomarkers concerns, the median
overall survival was numerically shorter for patients with high com-
pared to those with low stromal HGF mRNA expression (21.0 months



Table 2
Cox regression model for the interaction between molecular parameters and overall
survival.

Univariate analysis Multivariate analysis

Parameter N HR (95%CI) P HR (95%CI) P

Tumor ILK
Low 27 1 1
High 27 1.54 (0.79–3.02) .2039 1.80 (0.61–5.12) .2533
Tumor gp130
Low 25 1 1
High 25 1.04 (0.52–2.09) .9138 0.80 (0.31–2.07) .6455
Tumor SHP2 [8]
Low 23 1 1
High 24 2.59 (1.14–5.86) .0224 1.77 (0.61–5.12) .2896
Stromal IL-6⁎

Low 13 1 – –
High 12 0.72 (0.24–2.15) .5535 – –
Stromal HGF⁎

Low 13 1 – –
High 13 1.96 (0.64–6.02) .5535 – –

⁎ As observed the biomarkers stromal IL-6 and stromal HGF have 61% and 59% of
missing data. For this reason, a multivariate Cox regression model with the 5 biomarkers
will be of no interest because only in 9 cases all the 5 biomarkers have a known value.
When considering the three biomarkers ILK, gp130, and, SHP2, 31 observations were in-
cluded in the multivariate Cox regression model.
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[95% CI, 13.21 to 26.7] versus 34.5 months [95% CI, 18.5 to 44.3], P =
.2329). Similar to progression-free survival, we noticed a longer survival
of 40.7 months (95% CI, 15.8 to 64.1) for EGFR-mutation positive pa-
tients with high stromal IL-6 mRNA expression than those with low
stromal IL-6 mRNA expression who experienced a shorter survival of
21.6 months (95% CI, 10.2 to not reached [NR], P = .5571). Fig. 4C and
Table 2 summarize the univariate and multivariate Cox proportional
hazard regressions for overall survival based on the expression of the
five biomarkers. None of the biomarkers, including SHP2, remained sig-
nificant for overall survival, in the multivariate Cox regression model.

4. Discussion

Treatment of EGFR-mutation positive NSCLC with single EGFR TKIs
shows meaningful activity with progression-free survival,
ranging from 10.2 months with gefitinib to 18.9 months with
osimertinib [1]. Regardless of the acquisition of EGFR-resistant muta-
tions, progression-free survival has not been improved, with the use
of third-generation EGFR TKIs. We and others have shown that combi-
natory therapies of EGFR TKIs with STAT3 inhibitors [23], AKT inhibitors
[24], Src inhibitors [9], STAT3 and Src inhibitors [5], or a Src/FAK/JAK2
inhibitor (repotrectinib) [8] can revert the emergence of resistance to
single EGFR TKIs.

STAT3, SFKs, and YAP1 have been associated with resistance to gefi-
tinib or osimertinib [5,8]. We showed the same when AXL and CDCP1
are overexpressed [8]. Now we have gained further insights into other
therapeutic targets, such as ILK and SHP2. Our results indicate that in-
creased tumor expression levels of ILK and SHP2 define a group of
EGFR-mutation positive patients who derive less benefit from EGFR
TKI therapy compared to those with low ILK and SHP2 expression. ILK
was discovered in 1996 based on its interaction with the cytoplasmic
domains of integrin-β1 and -β3 subunits. ILK inhibitors (QLT0267)
were reported in preclinical studies [12]. In EGFR-mutation positive
NSCLC, EGFR TKI (erlotinib) activates nuclear factor kappa-light-chain-
enhancer of activated B cells (NF-κB) signaling by inhibiting microRNA
21, with subsequent transcription of tumor necrosis factor (TNF) [25].
In chronic lymphocytic leukemia, TNFα triggers the canonical NF-ĸB sig-
naling and induces ILK transcription [26]. Also, it has been demon-
strated that ILK and transforming growth factor beta 1 TGF-β1 are
both involved in oral squamous cell carcinoma progression [27]. All
these reports indicate that a complex crosstalk of various signaling
pathways, involving ILK, subsists and could serve as hubs of
accumulated resistance to EGFR TKIs. It is not completely known
which is the best way to target ILK in cancer; until now, ILK-targeted
therapy is a new therapeutic approach only in acute myeloid leukemia
[28]. Interestingly, hesperetin, a flavonone glycoside found in citrus
fruits, attenuates lipid peroxidation and has protective effects in dia-
betic nephropathy by possibly suppressing TGF-β1-ILK-AKT signaling
[29], thus representing a potential therapeutic strategy.

SHP2 has a role in stimulating MAPK signaling, downstream of vari-
ous growth factors [30,31]. MAPK/extracellular protein kinase kinase
(MEK)which activates ERK, has been described as amechanismof resis-
tance to EGFR inhibitors [32]. Combined inhibition of EGFR andMEKhas
demonstrated synergistic activity in preclinical EGFR-mutation positive
models [33,34]. Based on our results, combinatory therapy with SHP2
inhibitors could be the second approach for patients with EGFR-
mutation positive NSCLC. SHP2 inhibitors (SHP099) have significant ac-
tivity in KRAS-mutation positive cancers [35,36]. SHP099, in combina-
tion with ceritinib (ALK inhibitor), halted the growth of ALK resistant
patient-derived cancer cells [37]. In melanoma, SHP2 is related to
RTK-driven drug resistance in melanoma [38]. These data encourage
further evaluation of the role of SHP2 inhibitors.

In summary, the current study further extends our previous findings
on the mechanisms of resistance to EGFR-mutation positive NSCLC. We
report potential new biomarkers and hypothesize combinatory thera-
pies that couldmitigate the current death toll of EGFR-mutation positive
NSCLC patients.
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