Document downloaded from:

http://hdl.handle.net/10251/202855
This paper must be cited as:

Herreros-Pomares, A.; Doria, P.; Gallach, S.; Meri-Abad, M.; Guijarro, R.; Calabuig-Farifias,
S.; Camps, C.... (2022). A Sonic Hedgehog Pathway Score to Predict the Outcome of
Resected Non-Small Cell Lung Cancer Patients. Annals of Surgical Oncology. 30(2):1225-
1235. https://doi.org/10.1245/s10434-022-12565-2

The final publication is available at

https://doi.org/10.1245/s10434-022-12565-2

Copyright  gpringer

Additional Information



O 00 N O

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

26
27
28
29
30
31
32

Establishment of a Sonic Hedgehog Pathway Score to Predict the Outcome of
Resected Non-Small Cell Lung Cancer Patients

Alejandro Herreros-Pomares »?*, Paula Doria 3, Sandra Gallach 2*°, Francisco Aparisi
® Ricardo Guijarro>>"#, Silvia Calabuig-Farifias®>*>°, Eloisa Jantus-Lewintre 2*5* and

Carlos Camps 2456:10

! Department of Biotechnology, Universitat Politécnica de Valéncia, 46022 Valencia,
Spain; herreros_ale@qgva.es (A.H.-P.); jantus_elo@qgva.es (E.J.-L)

2 Centro de Investigacion Biomédica en Red Cancer, CIBERONC, 28029 Madrid,
Spain; gallach_sangar@agva.es (S.G.); quijarro_ricjor@gva.es (R.G.);

calabuix_sil@gva.es (S.C.-F.); camps_car@gva.es (C.C.)

% Persona Biomed Spain S.L., 46015 Valencia, Spain

* Molecular Oncology Laboratory, Fundacion Investigacion Hospital General
Universitario de Valencia, 46014 Valencia, Spain

® TRIAL Mixed Unit, Centro de Investigacion Principe Felipe-Fundacion Investigacion
del Hospital General Universitario de Valencia, 46014 Valencia, Spain

¢ Department of Medical Oncology, Hospital General de Requena, 46340 Valencia,

Spain; aparisi_fraapa@gva.es

" Department of Surgery, Universitat de Valéncia, 46010 Valencia, Spain

8 Department of Thoracic Surgery, Hospital General Universitario de Valencia, 46014
Valencia, Spain

° Department of Pathology, Universitat de Valéncia, 46010 Valencia, Spain

10 Department of Medicine, Universitat de Valéncia, 46010 Valencia, Spain

* Correspondence: herreros_ale@gva.es (A.H.-P.); jantus_elo@gva.es (E.J.-L)

Simple summary

In recent years, considerable progress has been achieved in clinical trials for Hedgehog
(Hh) pathway inhibitors, resulting in regulatory approvals of several molecules targeting
Hh components for cancer treatment. Unfortunately, the link between Hh signaling
pathway and lung cancer, which is the leading cause of cancer death in the world, is less
clear, with contradictory results reported that have hampered the usage of Hh inhibitors.
In this study, the gene expression of the main components of Hh signaling was

evaluated in non-small cell lung cancer (NSCLC) patients. Our results indicate that Hh
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pathway plays an important role in NSCLC prognosis and suggest that their components

could constitute a potential target with major implications in patients’ survival.
Abstract

Mutations and deregulations in the components of the Hedgehog (Hh) pathway have
been associated to cancer onset and tumor growth in some malignancies, but their role
in non-small cell lung cancer (NSCLC) remains unclear. This study aims to investigate
the expression pattern of the main components of Hh pathway in tumor and adjacent
normal tissue biopsies of resectable NSCLC patients. The relative expression of GLI1,
PTCH1, SHH and SMO was analyzed by quantitative PCR and associated with
clinicopathological information. Significant variations in the expression levels of the
genes analyzed were found for tumor and normal tissues and for patients with different
ECOG and histology. In addition, patients with higher expression levels of PTCH1
presented better outcomes. A gene expression score, called Hedgehog score, was then
calculated using the absolute regression coefficients of a multivariate model including
the components of Hh signaling analyzed. Kaplan—Meier analysis showed that patients
with high Hedgehog score have shorter Relapse-Free Survival (RFS) [39.13 vs. 81.23
months (mo), p = 0.025] and overall survival (OS) [44.50 vs. 95.40 mo, p = 0.039].
Similarly, patients in the adenocarcinoma (ADC) subcohort had shorther RFS [29.83 vs.
71.63 mo, p = 0.036] and OS [29.83 vs. 90.43 mo, p = 0.012]. Multivariate analysis
indicated that the Hedgehog score is an independent biomarker of prognosis for OS in
both the entire cohort [hazard ratio (HR): 1.564; 95% confidence interval (ClI), 1.052—
2.326; p = 0.027] and the ADC subcohort [HR: 2.399; 95% CI, 1.164-4.946; p = 0.018].
This score was validated in an independent cohort of NSCLC patients from The Cancer
Genome Atlas (TCGA), which confirmed its prognostic value. Our findings provide
relevant prognostic information for NSCLC patients and support future trials targeting

Hh pathway.

Keywords: Lung cancer; Hedgehog pathway; Cancer Stem Cells; CSC targeting;

Tumor treatment; SMO antagonist
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INTRODUCTION

Lung cancer is the second most commonly diagnosed form of cancer, with more
than 2.2 million new cases (11.4%) in the world in 2020, and the leading cause of
cancer-related death, with 1.80 million deaths (18.0%) (1). Histologically, lung cancer
patients are classified into non-small cell lung cancer (NSCLC), which represents the
85% of diagnosed patients and includes adenocarcinoma (ADC), squamous cell
carcinoma (SCC), and large-cell carcinoma (LCC) and small cell lung cancer (SCLC),
which accounts for a 15% of all cases. There have been notable improvements in cancer
diagnostics and therapeutics over the past decades (2,3), but many patients still develop
treatment resistance, progress, and die (4,5). Surgery is still the standard of care for
early-stage NSCLC patients with a good ECOG, but the recurrence rate ranges from 35
to 50% and, after an apparently successful surgical intervention, the development of
secondary tumors frequently leads to the relapse of resected patients (6). This
heightened rate of lung cancer related mortality highlights the importance of gaining a
better understanding of this disease through extensive new researches.

The hedgehog (Hh) signaling pathway is an important component on the
regulation of stem cells properties during the embryonic development and in adult
tissues (7). In lung tissue, Hh signaling pathway seems to be inactive in all cells of the
human adult lung epithelium except for the progenitor cells (8). The persistence of Hh
signaling in the epithelial progenitor cells seems to facilitate these cells maintenance
and play a decisive role in tissue response to injuries in the airway epithelia (9,10).
However, mutations and deregulations of genes related to Hh pathway have been
reported in several solid tumors, including lung cancer, which contribute to the onset of
cancer and accelerate its growth (11). The first connection between aberrant Hh
signaling and cancer was the discovery of a mutation in the transmembrane receptor
PTCHL1 that causes a rare condition, named Gorlin syndrome (12). Gorlin syndrome
patients suffer from various basal cell carcinomas (BCC) throughout their lifetimes and
are predisposed towards other types of cancer. Additionally, increased Hh signaling has
been reported in a third of all human medulloblastoma cases, frequently due to PTCH1
and SUFU mutations (13,14). In all these cases, deregulated Hh signaling have been
proven to increase cell proliferation and tumor formation, resulting in regulatory
approvals of several SMO antagonists for tumor treatment. Unfortunately, the link

between Hh pathway and lung cancer is less clear. Activation of Hh pathway has been
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clearly reported on small cell lung cancer (SCLC) cell lines and tumors (15,16), but not
in non-small cell lung cancer (NSCLC), although the blockade of Hh signaling
increases sensitivity to EGFR-TKIs in NSCLC cell lines (17,18).

The objective of this study was to provide new insight into the role of Hh
signaling pathway in NSCLC. Tumor and adjacent normal tissue biopsies were obtained
from non-pretreated early-stage NSCLC patients at the time of surgery. We identified
significant differences in the expression of core Hh components between samples
(tumor and adjacent healthy) and patients and investigated their prognostic implications.
A gene signature based on the four Hh components analyzed was established,
constituting an independent prognostic biomarker for OS in NSCLC. The results
obtained were further validated using an independent cohort of NSCLC patients from
The Cancer Genome Atlas (TCGA).
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MATERIALS AND METHODS

Patients and sample collection

This study included 245 patients from the General University Hospital of
Valencia who underwent surgery between 2004 and 2017 and who fit the eligibility
criteria: resected, non-pretreated stage I-111A patients (according to the American Joint
Committee on Cancer staging manual) with a histological diagnosis of NSCLC. The
study was conducted in accordance with the Declaration of Helsinki, and the
institutional ethical review board approved the protocol. The most relevant demographic
and clinicopathological characteristics of the cohort are shown in Table 1. Tumor and
adjacent normal tissue specimens were obtained at the time of surgery and frozen at —80
°C in RNAlater® (Applied Biosystems, USA) to avoid degradation of RNA. Patients
with post-surgical complications were excluded and only those patients who had at least
1 month of follow-up were included.

Gene expression analysis

RNA from frozen tissue samples was extracted using standard TRI1ZOL
(Invitrogen, USA) method. Reverse transcription reactions were performed from 1.0 ug
of total RNA using random hexanucleotides and a High-Capacity complementary DNA
(cDNA) Reverse Transcription Kit (Applied Biosystems, USA) following the
manufacturer’s instructions. The thermal cycling conditions were as follows: 10 min at
25 °C, 120 min at 37 °C, and 5 s at 85 °C. The relative gene expression of GLI1,
PTCH1, SHH and SMO was analyzed by RTQPCR using 1 puL of cDNA, TagMan Gene
Expression Master Mix (Applied Biosystems, USA) and the corresponding TagMan
Gene Expression Assay (Hs01110766_m1, Hs00181117_m1, Hs00179843_m1 and
Hs01090242_ml1, respectively) in a 5 uL final reaction volume. The RTqPCR was
performed on a Roche LightCycler®480 Il system (Roche Ltd., Basel, Switzerland)
with the following thermal cycling parameters: 2 min at 50 °C and 10 min at 95 °C, 40
cycles of 15 s at 95 °C and 1 min at 60 °C. For efficiency calculations, we used random-
primed gPCR Human Reference cDNA (Clontech, USA). ACTB, GUSB, and CDKN1B
were selected as endogenous controls using GeNorm software. Relative gene expression
levels were expressed as the ratio of target gene expression to the geometric mean of the
endogenous gene expressions according to Pfaffl formula (19). It was considered a gene

to be overexpressed when the median of the relative gene expression of the pathological
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area referred to the adjacent healthy tissue was higher than 2 and underexpressed when
it was less than 0.5. Gene expression levels were dichotomized as “high” and “low”

according to the median of each case.
Bioinformatic analysis

Expression levels of GLI1, PTCH1, SHH and SMO were evaluated in two lung
cancer data sets from The Cancer Genome Atlas (TCGA) consortium (20,21). Clinical
and RNA-sequencing (lllumina HiSeq platform) information was directly downloaded
from the ICGC Data Portal (22), https://dcc.icgc.org/releases/current/projects/LUAD-

US, and https://dcc.icqc.org/releases/current/projects/LUSC-US.

Statistical analyses

Continuous variables were compared by non-parametric Mann—Whitney U and
Kruskal-Wallis tests. Survival analyses were performed using univariate Cox regression
analysis and Kaplan—Meier (log-rank) test method with clinicopathological variables
and dichotomized gene expression levels. Relapse-Free Survival (RFS) spans from
surgery to relapse or exitus dates and and overall survival (OS) from surgery to exitus
dates, following the Response Evaluation Criteria in Solid Tumors (RECIST). For
patients who neither relapsed nor died, the last recorded follow-up was considered. To
assess the independent value of the tested biomarkers, a Cox proportional hazard model
for multivariate analyses was used. All significant variables from the univariate were
entered into the multivariate analyses in a forward stepwise Cox regression analysis.
Furthermore, we also calculated gene expression score based on multi-gene signature
using a method previously reported (23,24). Univariate Cox regression analysis was
used to select genes associated with mortality (Z-score >1.5), which were afterwards
included in a multivariate risk model. All genes were included for these purposes, and
expression values for all analyses were continuous variables. A probability of 95% (p <
0.05) was considered statistically significant for all analyses. Statistical analyses and
boxplots were performed using the IBM® SPSS Statistics version 23.0 and R version
3.6.2.
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RESULTS

Hedgehog pathway molecules are differentially expressed along resected NSCLC

samples

The demographic and clinicopathological data of the 245 resected NSCLC
patients included in this part of the study is available at Table 1. The median patient age
was 65 years [range: 54-83], 82.4% were males, 46.5% had ADC, and 54.3% of them
were diagnosed at stage | of the disease. During the follow-up (median 34.2 months),
101 patients relapsed (41.4%) and 117 died (48.0%).

Table 1. Clinicopathological characteristics of the patients included in the study.

Characteristics N (245)| %
Age at surgery (median, range) | 65 [26-85]
Gender

Male 202 | 82.4
Female 43 17.6
Stage

I 133 54.3
II 70 28.6
1A 42 17.1
Histology

SCC 111 45.3
ADC 114 | 46.5
Others 20 8.2
ECOG Performance Status

0 154 | 629
1/2 91 37.1
Differentiation grade

Poor 57 23.3
Moderate 96 39.2
Well 46 18.8
NS 46 18.8
Smoking habits

Current 116 47.3
Former 101 41.2
Never 28 11.4

ADC, adenocarcinoma; SCC, Squamous Cell Carcinoma



196
197
198
199
200
201
202
203
204
205
206
207
208

209

210
211
212
213
214
215

216
217

We measured the expression of components of HH signaling pathway (Figure 1A and
1B) in primary lung tumor and paired non-cancerous tissues (adjacent healthy lung
tissue) using RTqPCR. We found that SMO (2.66X) and GLI1 (1.52X) were
overexpressed in the tumor compared with normal-paired tissue, whereas PTCH1
(0.81X) and SHH (0.34X) were underexpressed (Figure 2A). Non-parametric tests were
conducted to determine associations between the relative gene expressions and
clinicopathological variables (Supplementary Table S1). The Mann-Whitney U test
revealed that the expression of PTCH1 and SHH was significantly higher in patients
with ECOG 1/2 than in patients with ECOG 0 (Figure 2B and 2C). In addition, the
expression of PTCH1 was significantly higher in patients with SCC histology than in
patients with ADC (Figure 2D). Similarly, the expression of GLI1 and SMO was
significantly higher in patients with SCC histology than in patients with ADC or other
histologies (Figure 2E and 2F).
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Figure 1. Hedgehog signaling pathway. In the absence of SHH, PTCH1 represses the
activity of SMO, preventing its localization to the cell surface from intracellular
endosomes. Under these circumstances, the transcription factor GLI1 is phosphorylated
and prevented from transactivating Hedgehog targets (A). Upon binding of the ligand,
PTCHL1 is internalized, allowing the intracellular accumulation and activation of SMO,

which in turn activates GLI1 to exert its effect in the nucleus (B).

Afterwards, survival data was used to associate components of HH pathway with
NSCLC patients’ prognosis. Cox regression and Kaplan—Meier analyses revealed that
8



218
219
220
221
222
223
224

225
226
227
228
229
230
231
232

233

patients with high PTCH1 had longer RFS (44.50 vs. 88.23 months, p = 0.003, Figure
2G). A statistical trend toward better OS was also detected (49.63 vs. 95.40 months, p =
0.071). Additionally, survival analyses were applied according to patient histology,
associating high PTCH1 with better RFS and OS in ADC patients (42.90 vs. 81.23
months, p = 0.016, for RFS and 42.90 vs. 84.77 months, p = 0.022, for OS, respectively,
Figure 2H and 21). No other significant associations were found between gene

expression and survival (Supplementary Table S2).
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Figure 2. Expression of the components of HH signaling pathway in lung cancer.
Ratio between the transcription levels of SHH, PTCH1, GLI1 and SMO in lung cancer
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expressions according to ECOG Performance Status and PTCH1 (D), GLI1 (E) and
SMO (F) expressions according to the tumor histology. Kaplan—Meier plots for RFS in
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PTCH1 expression.
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Hedgehog Score is a prognostic biomarker for RFS and OS in NSCLC

Thereafter, we intended to create a gene expression score that can provide more
accurate predictions for patients’ prognostic (23,24). We constructed a model based on
the relative contribution of HH pathway components in the multivariate analysis
(considering absolute regression coefficients, see Supplementary Table S3), and the
resulting score was named Hedgehog Score, with the following equation: (PTCH1x-
0.170) + (SHHx0.013) + (GLI1x0.074) + (SMOx0.007). No associations between
Hedgehog Score and clinicopathological variables were found (Supplementary Table
S4). Kaplan—Meier analysis showed that patients with high Hedgehog Score (> median)
had shorter RFS (39.13 vs. 81.23 months, p = 0.025; Figure 3A) and OS (44.50 vs.
95.40 months, p = 0.039; Figure 3B). We also performed stratified analyses by
histology and found a similar association between high Hedgehog score and prognosis
for ADC patients (RFS: 29.83 vs. 71.63 months, p = 0.036; Figure 3C and OS: 29.83
vs. 90.43 months, p = 0.012; Figure 3D). To evaluate the potential use of the Hedgehog
Score as an independent prognostic biomarker, a multivariate analysis was performed
including all the significant variables from the univariate analyses (age, tumor node
metastasis (TNM) staging, ECOG, KRAS mutation, PTCH1, and the Hedgehog Score).
Results obtained from this multivariate analysis indicated that ECOG and the Hedgehog
Score in the entire cohort and age, KRAS mutation and the Hedgehog Score in the ADC
cohort were independently associated with survival (see Table 2).

Table 2. Results from the multivariate Cox regression model for OS.

Global cohort ADC subcohort
Variables HR | 95% CI | p-value | HR | 95% CI | p-value
Performance Status 1) 67611 092.2553 | 0.018% | - i i
1/2vs. 0
Age *
SB5 vs. <65 - - - 2.269(1.124-4.581 | 0.022

KRAS mutation

- - - - *
Mutated vs. Wild Type 2.206| 1.007-4.834 | 0.048

Hedgehog Score

) 1.564|1.052-2.326 | 0.027* |2.399| 1.164-4.946 | 0.018*
High vs. low

ADC, adenocarcinoma; HR, hazard ratio; Cl, confidence interval

10
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Figure 3. Prognostic value of the Hedgehog Score. Kaplan—Meier plots for RFS and
OS according to the CSC score in the entire cohort (A-B) and the adenocarcinoma
subcohort (C-D).

An independent cohort of NSCLC patients from TCGA was then used for the
validation of the Hedgehog Score. Clinicopathological characteristics of these patients
are summarized in Supplementary Table S5. Cox regression and Kaplan-Meier
analyses of individual genes indicated that NSCLC patients with high expression of
PTCH1 have better RFS (Supplementary Table S6). In addition, ADC patients with

high expression of PTCHL1 exhibited longer OS as well. Similarly, the association
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between high Hedgehog Score and worse RFS and OS was confirmed in both the
NSCLC cohort and the ADC subcohort (Figure 4).
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Figure 4. Prognostic value of the Hedgehog Score. Kaplan—Meier plots for RFS and

OS according to the CSC score in the entire cohort (A-B) and the adenocarcinoma
subcohort (C-D) from TCGA.
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DISCUSSION

The management of NSCLC has evolved substantially over the last 15 years.
Specific anti-target therapies have emerged, including inhibitors of EGFR (gefitinib,
erlotinib, afatinib, dacomitinib and osimertinib) (25-27), ALK and ROS1 (crizotinib,
lorlatinib, ceritinib, brigatinib and entrectinib) (28,29), and BRAF and MEK
(dabrafenib and trametinib) (30), which have increased patients’ survival and decreased
the toxicity produced by conventional chemotherapy. Additionally, cancer
immunotherapy has set a new standard in the treatment of NSCLC with the approvals of
monoclonal antibodies that block the immune checkpoint molecule programmed cell
death 1 (PD1) (pembrolizumab and nivolumab) and its ligand (PD-L1) (atezolizumab)
(31). In spite of all these advances, lung cancer remains as the leading cause of cancer-

related death in the world due to treatment resistance (1).

There is strong evidence pointing out that treatment resistance is highly
associated to populations of tumor cells with stem-like properties, named cancer stem-
like cells (CSCs), which are able to survive using different mechanisms, including self-
renewal, asymmetric division capacity, aberrant regulation of cell cycling, and enhanced
tumorigenic activity (32). These characteristics are a direct result of the expression of
signaling pathways which are essential for stem cell populations (Herreros-Pomares
2022). Among these pathways, Hh signaling constitutes an important component on the
regulation of stem cells properties. Indeed, considerable progress has been achieved in
clinical trials targeting Hh pathway, especially for the treatment of basal cell carcinoma
(BCC) and acute myeloid leukemia (AML), for which SMO antagonists (vismodegib,
sonidegib and glasdegib) have received regulatory approvals (33-35). Unfortunately,

the role of Hh pathway in lung cancer remains elusive (36).

Thus, we evaluated the expression of the main components of Hh signaling in
tumor and adjacent normal biopsies from NSCLC patients. SMO and GLI1 were found
overexpressed in tumor tissue, whereas the expression of PTCH1 and SHH was higher
in the adjacent normal tissue. Overexpression of SMO and GLI1 has been previously
reported in tumor tissues from breast and pancreatic cancer, being associated with tumor
size, lymph node metastasis and postoperative recurrence (37-39). In contrast, loss of
the tumor suppressor PTCH1 has been reported in some tumors, including BBC (40),
medulloblastoma (41) colorectal (42), and breast (43) cancers. In NSCLC, disparate

results have been published. An immunohistochemical analysis of 81 NSCLC samples
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reported negative to weak expression of Shh, Gli-1, SMO and Ptch-1 compared with
normal lung epithelial cells (44). An opposite observation was reported in another study
including 80 NSCLC cases which concluded that all the HH-signaling molecules
examined were overexpressed in tumor samples compared with the adjacent non-
neoplastic lung parenchyma (45). The reason behind these contrasting results remains
unknown, but clinical and pathological features, such as the smoking habit, have been
linked to the activation of the pathway (46). Therefore, we evaluated the associations
between the relative gene expressions and the clinicopathological variables of patients.
We found that those with worse ECOG (1/2) had higher expression of PTCH1 and SHH
and that the expression of PTCH1, GLI1 and SMO was higher in SCC than in ADC and
other histologies. Again, results from previous studies range from those that find no
correlations (47) to those that associated high levels of Hh components with SCC
histology (PTCH1 and SMO), tumor grade (PTCH1), node metastasis (SMO) and
visceral pleural invasion (Shh) (45,48).

In parallel, several studies have tried to evaluate if Hh components are
associated with lung cancer patients’ survival (44,47-50). In a study including 248
early-stage NSCLC, no significant association were found between RFS or OS and any
of the Hh components analyzed by immunohistochemistry (IHC) (47). Similar results
were found by Savani and colleagues, who analyzed the expression of Glil, Shh, Smo
and Ptch1l in a tissue microarray including 42 NSCLC patients (44). In contrast with
these results, two independent studies reported that the expression of Shh was
significantly associated with shorter OS (48,49), whereas the study conducted by Kim
and colleagues concluded that the high expression of SHH and GLI-1 was related to
better progression-free survival (PFS) and OS. In our study, only the expression of
PTCH1 was found associated to better prognosis. In consonance with this finding, the
loss of PTCH1 was previously linked to poor survival in SCC (51). Unfortunately, these
studies focus on single genes with limited prognostic value. Finding gene expression
signatures that identify altered pathways in carcinogenesis could lead to the discovery of
molecular subclasses and predict patients’ outcomes better (52,53). We created a score
combining the expression of Hh components, which was an independent prognostic
biomarker for resectable NSCLC patients. To validate it, the expression of these genes
was evaluated in an independent cohort of lung ADC and SCC patients from TCGA,
finding that patients with elevated Hedgehog score had shorter RFS and OS. These
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results are of great importance because current clinicopathological staging methods
have limited success in predicting patient survival and today we still cannot predict
which patients will be cured, and which ones will relapse after surgery. Gene expression
scores based on RTqPCR have demonstrated being useful for classifying tumors and
predicting prognosis, being even approved as prognostic tools in clinical practice (54).
This technology is a well-implemented methodology in our group for biomarkers’
research, previously reporting CSC, angiogenesis and immune checkpoint scores for
NSCLC (24,55,56). The Hedgehog Score proposed can help in future clinical practice,
since high scores may reflect an activation of the Hh signaling pathway that may
indicate which patients should be closely followed after a successful surgery because
they have a higher risk to relapse and die and that could potentially benefit from Hh
pathway inhibitors. The development of targeted therapies against this signaling
pathway might be essential to prevent relapse of patients and improve their future

outcome.

CONCLUSIONS

Treatment resistance makes lung cancer a global health challenge that needs to
be addressed. Our results indicate that the activation of Hh signaling, a potential
mechanism of treatment resistance, is associated to worse outcome in NSCLC,
representing an independent prognostic biomarker for patients’ survival. Thus, the
clinical implementation of the Hh score could help in distinguishing which patients
have more risk to relapse and die. Future clinical trials should be carried out trying to
determine the safety and efficacy of the new therapeutic strategies against Hh

components, since they could have major implications in NSCLC patients’ survival.
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594

595  Supplementary Table S1. Results from the non-parametric tests to determine
596  associations between the relative gene expression of PTCH1, SHH, GLI1 and SMO and
597  clinicopathological variables.

PTCH1 SHH GLI1 SMO
Mean + SD ‘ p-value Mean + SD ‘ p-value Mean + SD ‘ p-value | Mean £ SD ‘ p-value
Gender
Male 1.49 +2.07 2.35+7.80 414 +7.52 5.53+7.32
0.777 0.871 0.679 0.167
Female | 1.34+1.99 2.05+3.03 3.35+6.95 3.11+531
Age
<65 140+ 1.94 1.33+3.44 4.36 +8.05 5.62 +8.24
>65 1.56 +2.20 0.646 3.51+£10.15 0.083 3.59 £ 6.55 0.550 467 +5.31 0.436
Smoking habit

Never | 1.28+1.10 | 0.630 (1v2) | 2.53+3.38 | 0.945 (1v2) | 4.30 £7.69 | 0.947 (1v2) | 3.70 £6.02 | 0.474 (1v2)
Former | 1.62+2.68 | 0.540 (2v3) | 2.70 £9.41 | 0.608 (2v3) | 4.13£9.26 | 0.872 (2v3) | 5.03+6.41 | 0.639 (2v3)
Current | 1.39+1.64 | 0.813 (1v3) | 1.98+6.21 | 0.738 (1v3) | 3.91+5.87 | 0.826 (1v3) | 5.65+7.81 | 0.364 (1v3)

Performance Status
0 1.15+1.36 1.29 + 2.66 3.35+5.60 479+7.33

12 |2m6z295| %% [Tpimos| O [Bazzees | % [Giizec0l

Histology
SCC 1.91+2.55 | 0.011 (1v2) | 2.42+8.39 | 0.128 (1v2) | 558 £9.34 | 0.039 (1v2) | 7.51 £ 8.85 | 0.001 (1v2)

ADC 0.98+1.35 | 0.367 (2v3) | 1.48+2.36 | 0.331(2v3) | 2.79£5.06 | 0.422 (2v3) | 3.24 +4.23 | 0.347 (2v3)

Others | 1.32+1.34 | 0.359 (1v3) | 4.30 + 11.52 | 0.447 (1v3) | 1.74 £1.96 | 0.003 (1v3) | 2.24 +1.89 | <0.001 (1v3)
Differentiation grade
Well 1.29+2.22 | 0.847 (1v2) | 1.69+3.10 | 0.629 (1v2) | 4.71 £10.20 | 0.869 (1v2) | 5.12 +7.80 | 0.866 (1v2)

Moderate | 1.37 £1.50 | 0.497 (2v3) | 1.37 +2.78 | 0.147 (2v3) | 4.41+6.38 | 0.179 (2v3) | 5.38 £ 6.23 | 0.343 (2v3)

Poor 1.67 £2.74 | 0.540 (1v3) | 4.54 £13.00 | 0.201 (1v3) | 2.68 £5.45 | 0.296 (1v3) | 4.21 £5.21 | 0.567 (1v3)

Tumor size
Tia/b |200£259 |0.135(1v2) |2.61+566 |0.859 (1v2) |4.67+9.65 |0.520 (1v2) | 588 +6.98 | 0.609 (1v2)

Toalb |1.31£2.04 | 0952 (2v3) [2.32+833 |0.779 (2v3) | 3.61+£6.99 |0.502 (2v3) | 507 +7.86 | 0.892 (2v3)
T3 1.29+0.95 | 0.157 (1v3) | 1.80£5.34 |0.598 (1v3) | 4.68 £5.52 | 0.998 (1v3) | 4.84 +3.98 | 0.517 (1v3)

LN involvement

No 1.58 £2.26 2.84 +8.52 412+7091 5.55 + 7.96
Yes 122 +1.47 0.346 1.03+£2.48 0.190 3.83+6.23 0.834 4.44 + 4.64 0.399
Stage

| | 166248 | 0779 (1v2) | 320+ 957 |0.442(1v2) | 3954857 [0.674 1v2) | 5.54£8.33 | 0.764 (1v2)
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598
599

600

601

602

603

604
605

606

607
608

1 153 +1.77 | 0.099 (2v3) | 1.93+4.60 |0.128 (2v3) | 4.61 £6.06 | 0.457 (2v3) | 6.01 £ 6.89 | 0.061 (2v3)
1A 0.97 £0.97 | 0.051 (1v3) | 0.68+1.65 | 0.163 (1v3) | 3.48 +6.15 | 0.792 (1v3) | 3.46 +3.11 | 0.071 (1v3)
Relapse
No 1.43 £1.65 1494279 3.29 +5.05 449 +4.82
0.850 0.230 0.279 0.273
Yes 150 +2.33 3.01+9.62 4.67 +8.96 5.81+8.55
Exitus
No 1.46 +2.23 1.37£2.98 3.74 £ 8.55 478 +£6.14
0.963 0.270 0.738 0.601
Yes 147 +1.97 2.82 £8.80 4.19+6.79 5.44 +7.59

ADC, adenocarcinoma; LN, Lymph nodes; SCC, Squamous Cell Carcinoma; SD,
Standard Desviation

Supplementary Table S2. Results from survival analyses based on HH pathway
components for the global cohort and the ADC and SCC subcohorts.

RFS OS
Gene HR 95% CI p-value | HR 95% CI1 p-value
Global cohort
GLI1 0.927 | 0.640-1.341 0.687 | 1.021 | 0.694-1.503 0.916
PTCH1 0.575 | 0.395-0.839 0.004* | 0.699 | 0.473-1.033 0.072
SHH 0.808 | 0.555-1.175 0.264 | 0.896 | 0.607-1.322 0.580
SMO 0.906 | 0.627-1.310 0.601 | 0.957 | 0.651-1.407 0.824
Adenocarcinoma subcohort
GLI1 0.784 | 0.420-1.463 0.444 | 0.933 | 0.489-1.782 0.834
PTCH1 0.495 | 0.275-0.889 0.019* | 0.491 | 0.264-0.913 0.025*
SHH 1.103 | 0.588-2.071 0.759 | 1.158 | 0.601-2.231 0.662
SMO 0.934 | 0.525-1.661 0.817 | 1.019 | 0.554-1.875 0.952
Squamous cell carcinoma subcohort
GLI1 0.727 | 0.435-1.217 0.225 |0.754 | 0.44-1.291 0.304
PTCH1 0.784 | 0.477-1.290 0.338 | 0.933 | 0.553-1.573 0.795
SHH 0.600 | 0.358-1.008 0.054 | 0.699 | 0.409-1.196 0.191
SMO 0.739 | 0.451-1.209 0.229 |0.769 | 0.461-1.285 0.317

Supplementary Table S3. Results from the multivariate model for OS with genes
included in the expression score.

Variable REOresSIon SE | p-value | HR 95% ClI
coefficient
PTCH1 -0.170 0.108 | 0116 | 0844 | 0683-1.043
SHH 0.013 0049 | 0795 | 1013 | 0921-1.114
GLI1 0.074 0.09 | 0438 | 1.030 | 0.893-1.300
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609
610
611
612
613
614
615
616
617
618

619
620
621

SMO

\ 0.007

| 0.070 |

Hedgehog Score
| Mean £ SD |  p-value
Gender
Male 0.14+£0.15
Female | 0.16+0.18 0.732
Age
<65 0.16 £0.18
>65 0.15+0.17 0.918
Smoking habit
Never | 0.11+0.11 | 0.305 (1v2)
Former | 0.17+0.19 | 0.574 (2v3)
Current | 0.15+0.17 | 0.432 (1v3)
Performance Status
0 0.15+0.16
1-2 0.16 £0.21 0.898
Histology
SCC 0.14 £0.19 | 0.295 (1v2)
ADC 0.17+0.16 | 0.322 (2v3)
Others | 0.13+0.15 | 0.848 (1v3)
Differentiation grade
Well 0.13+0.15 | 0.491 (1v2)
Moderate | 0.15+0.17 | 0.526 (2v3)
Poor 0.18 £0.19 | 0.255 (1v3)
Tumor size
Tla/b | 0.10+0.19 | 0.053 (1v2)
T2a/b | 0.17+0.17 | 0.830 (2v3)
T3 0.18+0.16 | 0.096 (1v3)

LN involvement

Supplementary Table S4. Results from the non-parametric tests to determine
associations between the relative gene expression of Hedgehog Score and
clinicopathological variables.
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630

631

632

633

634

635

636

637

638

639

640

641

642

643

644

645

646

647

648

649

650
651

No 0.16 +£0.17 622
Yes 0.14+0.18 0'44r4“
Stage
| 0.13+0.16 | 0.124 (4¥2)
I 0.19 +0.20 | 0.432 (2v3)
A | 0.15+0.16 | 0.604 (3¢3)
Relapse
No 0.15+0.17
Yes | 016018 | C7%7
Exitus
No 0.12+0.17
Yes 0.17 +0.17 0-1309

Supplementary Table S5. Clinicopathological characteristics of the TCGA patients

included in the study.
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Characteristics N (860) | %
Age at surgery (median, range) | 66 [33-90]
Gender
Male 343 39.9
Female 517 60.1
TNM staging
Stage | 440 51.2
Stage 11 233 | 27.1
Stage 111 146 16.9
Stage IV 29 34
Not specify 12 1.4
Histology
ADC 445 | 51.7
SCC 415 |48.3
Smoking status
Never 83 9.7
Current 218 25.3
Former 540 62.8
Not specify 19 2.2
Relapse
No 526 | 61.2
Yes 225 26.2
Not specity 109 12.7
Exitus
No 532 619
Yes 328 | 38.1

652

653

654

655

656

657

658

659

660

661

662

663  Supplementary Table S6. Results from survival analyses based on HH pathway
664  components for TCGA patients.
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665
666

667

RFS OS
Gene HR 95% CI p-value HR 95% CI1 p-value
Global cohort
GLI1 1.040 0.834-1.296 0.727 1.048 0.842-1.304 0.674
PTCHI | 0.789 0.632-0.984 0.035* 0.824 0.661-1.025 0.083
SHH 0.929 0.745-1.158 0.513 0.883 0.709-1.099 0.266
SMO 1.065 0.854-1.329 0.575 1.089 0.874-1.357 0.447
Adenocarcinoma subcohort
GLII 0.968 0.705-1.330 0.842 1.040 0.754-1.435 0.809
PTCHI | 0.617 0.446-0.852 0.003* 0.687 0.495-0.952 0.024*
SHH 0.920 0.670-1.263 0.607 0.924 0.670-1.274 0.629
SMO 1.171 0.852-1.611 0.331 1.234 0.893-1.706 0.203
Squamous cell carcinoma subcohort
GLII 0.900 0.662-1.223 0.502 0.874 0.648-1.179 0.379
PTCHI | 0.981 0.722-1.332 0.900 0.959 0.712-1.295 0.788
SHH 1.077 0.792-1.332 0.637 1.037 0.769-1.399 0.812
SMO 0.909 0.669-1.235 0.542 0.920 0.682-1.241 0.587
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