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ORIGINAL ARTICLE
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squamous cell carcinoma improves the prognostic
performance of the TNM staging
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ABSTRACT

Introduction Prognostic biomarkers have been very
elusive in the lung squamous cell carcinoma (SCC) and
none is currently being used in the clinical setting. We
aimed to identify and validate the clinical utility of a
protein-based prognostic signature to stratify patients
with early lung SCC according to their risk of recurrence
or death.

Methods Patients were staged following the new
International Association for the Study of Lung

Cancer (IASLC) staging criteria (eighth edition, 2018).
Three independent retrospective cohorts of 117, 96
and 105 patients with lung SCC were analysed to
develop and validate a prognostic signature based on
immunohistochemistry for five proteins.

Results We identified a five protein-based signature
whose prognostic index (PI) was an independent and
significant predictor of disease-free survival (DFS)
(p<0.001; HR=4.06, 95% Cl 2.18 to 7.56) and overall
survival (0S) (p=0.004; HR=2.38, 95% Cl 1.32 to 4.31).
The prognostic capability of Pl was confirmed in an
external multi-institutional cohort for DFS (p=0.042;
HR=2.01, 95% Cl 1.03 to 3.94) and for OS (p=0.031;
HR=2.29, 95% CI 1.08 to 4.86). Moreover, P| added
complementary information to the newly established
IASLC TNM 8th edition staging system. A combined
prognostic model including both molecular and
anatomical (TNM) criteria improved the risk stratification
in both cohorts (p<0.05).

Conclusion We have identified and validated a
clinically feasible protein-based prognostic model

that complements the updated TNM system allowing
more accurate risk stratification. This signature may be
used as an advantageous tool to improve the clinical
management of the patients, allowing the reduction of
lung SCC mortality through a more accurate knowledge
of the patient's potential outcome.

INTRODUCTION

Lung cancer remains the leading cause of cancer-re-
lated death worldwide.' Non-small cell lung cancer
(NSCLC) is subdivided into two main histolog-
ical subtypes, adenocarcinoma (ADC) and squa-
mous cell carcinoma (SCC), accounting for 50%
and 30% of NSCLC cases, respectively.” The
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What is the key question?

» In the clinical settings, no prognostic
biomarkers are used for risk stratification in
patients with early stage lung squamous cell
carcinoma (SCC).

What is the bottom line?

» We describe and validate a clinically feasible
5-protein-based prognostic signature that
complements the updated TNM system
allowing more accurate risk stratification of
patients with SCC.

Why read on?

» We used robust methodological and statistical
methods to describe the signature, and
validated the results in three independent
retrospective cohorts of patients with SCC.

tumour-node-metastasis (TNM) staging system is
currently the most valuable prognostic indicator to
guide treatment decisions for both ADC and SCC.*
However, this classification procedure is not totally
accurate since different disease progression and
survival outcomes in patients within each individual
stage are commonly observed. In this regard, there
is an urgent medical need to identify new markers
that help to identify those patients at high risk of
recurrence in each surgically amenable (I-III) stage.
A precise prognostic indication is especially rele-
vant to help the clinician’s decision to recommend
or not adjuvant therapy, currently based on classical
chemotherapies, but also in the future on molecular
targeted drugs or immune checkpoint inhibitors.
Moreover, the need for improving the prognostica-
tion tools and models is increasing, since the imple-
mentation of lung cancer screening programmes
will undoubtedly elevate the proportion of patients
with early-stage NSCLC undergoing surgery.
During the last decades, high-throughput genomic
tools have enabled the identification of RNA-based
diagnostic and prognostic models with potential
clinical value.*” Despite the efforts, the clinical
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Lung cancer

utility and reproducibility of most of these signatures are under
debate.® Importantly, although two real-time PCR-based signa-
tures are in a more advanced developmental stage for ADC,*°
no molecular-based signature is clinically available for SCC. We
have recently identified and validated the clinical utility of a
three protein-based prognostic signature to stratify patients with
early lung ADC according to their risk of recurrence or death.
Also, we have demonstrated that this signature adds further
prognostic information to the eighth version of the TNM-based
clinical staging. More importantly, it may be a valuable tool to
select stage I-1IA patients who could obtain a benefit from adju-
vant chemotherapy.” In the case of the SCC subtype, some prog-
nostic signatures have been published, but most of them lack
an independent validation cohort.''? Therefore, none has been
incorporated into the clinical practice. Modelling of prognostic
factors in SCC is a more difficult task as compared with ADC
likely due to a broader intrinsic biological heterogeneity."

In the present work, we have developed and validated a simple,
feasible and reproducible protein-based prognostic signature for
surgically amenable lung SCC. The use of proteins as markers
in our signature poses a series of advantages for clinical applica-
tion in comparison with high throughput technologies. Protein
determination is still more accessible and straightforward in the
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routine clinical setting in health-providing centres. Our signa-
ture readily identifies early-stage patients with high and low risk
of recurrence or death independently of TNM and provides
complementary information to this gold standard staging
system. In fact, the prognostic discriminating power is signifi-
cantly improved when the protein-based prognostic signature is
combined with the TNM staging system. Therefore, the molec-
ular classifier proposed in this study may be very useful to refine
the current prognostic information and could be used together
with TNM to tailor more accurately the management of patients
with SCC after surgery.

MATERIAL AND METHODS

Patients

Primary SCC samples for this study were obtained from
surgical specimens from University of Texas MD Anderson
Cancer Centre (Houston, Texas, USA) (MDA), the multicentre
randomised NATCH trial,"* the multi-institutional Pulmonary
Biobank Platform (Spain) (CIBERES) and Clinica Universidad
de Navarra (Pamplona, Spain) (CUN). SCC tumours were classi-
fied according to the WHO 2004 classification" and the eighth
TNM edition was used for tumour stratification,'® except for

Literature search of genes with prognostic value

Kaplan Meier
survival analysis

Genes with prognostic value
in two or more databases

Literature search (functional relevance)

LS

WB & IHC

Cox Regression

Development of combined model (CPI) (MDA cohort)
Validation (CIBERES-CUN cohort)

Organisation chart showing the main steps followed in this study. We first performed a literature search of genes with prognostic

relevance in different lung cancer prognostic signatures or genes with prognostic value itself. We studied the prognostic value of each gene
individually at RNA level by using nine expression array databases. After selecting genes with significant prognostic value in at least two databases,
we searched for cancer hallmarks previously associated with each gene, discarding genes unrelated with the carcinogenic process. We analysed the
specificity of the antibodies and selected those that passed our requirements. To develop the signature, we first studied the expression of the 12
selected proteins in the training cohort (MDA cohort) and established a parsimonious prognostic model by Cox regression (PI model). The model was
externally validated in two independent cohorts of patients with lung SCC (NATCH and CIBERES-CUN). We finally studied the clinical usefulness of
the model comparing its prognostic ability with the gold-standard TNM and combining both parameters (CPI model). CPI, combined prognostic index;
IHC, immunohistochemistry; Pl, prognostic index; SCC, squamous cell carcinoma; TNM, tumour-node-metastasis; WB, Western blotting.
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Figure 2 Representative immunostaining for the proteins included in the prognostic signature. Representative images were selected from tumour
tissues with high (top) and low (down) expression of the proteins. (A and B) RAE1 appeared in both nuclear and cytoplasmic compartments. (C and D)
RRM2 was found in the cytoplasm. (E and F) SLC2A1 was located in the cytoplasm and cell membrane. (G and H) SRSF1 was found specifically in the
nucleus. (I and J) STC1 was detected in both nuclear and cytoplasmic compartments. Scale bar: 60 pm.

the NATCH cohort in which, due to the time when the cohort
was collected, the patients were staged according to the sixth
edition of the IASLC staging method. Inclusion criteria were as
follows: patients with SCC histology, complete resection of the
primary tumour and absence of chemotherapy or radiotherapy
treatment prior to surgery. Patients diagnosed with mixed or
combined SCC histology, previous lung cancer or synchronous
lung tumours were excluded. The MDA cohort was composed of
117 patients with SCC diagnosed from 1999 to 2008 at the MD
Anderson Cancer Centre (Houston, Texas, USA). Two different
cohorts were used for the validation, the NATCH cohort (n=96)
and the CIBERES-CUN cohort (n=105, 63 patients from
CIBERES multi-institutional Pulmonary Biobank Network and
42 patients from CUN). Disease-free survival (DFS) and overall
survival (OS) were calculated from the date of surgery to the date
of recurrence or death, respectively. For survival analyses, the
follow-up period was restricted to 60 months. Reported recom-
mendations for tumour marker prognostic studies (REMARK)
criteria were followed throughout the study.!” The study was
conducted according to the Declaration of Helsinki. Written
informed consent was obtained from each patient. Character-
istics of the cohorts are specified in the online supplementary
table 1.

Experimental procedures

In silico analysis, cell culture, western blotting, and immunohis-
tochemical staining and quantification were performed as previ-
ously described.” Briefly, immunohistochemical staining was
performed on TMAs from formalin-fixed paraffin-embedded
tissues and cell block sections for the detection of the following

proteins: BRCA1, CDCé6, LIG1, QKI, RADS1, RAE1, RRM2,
SIRT2, SLC2A1, SNRPE, SRSF1 and STC1. Antibody charac-
teristics are summarised in the online supplementary table 2.
The specificity of each antibody was thoroughly assessed using
Western blotting, immunohistochemistry (IHC) and siRNA
knock-down technology in NSCLC cells (online supplementary
figure 1).

Statistics

TRIPOD criteria were followed in our study' and statistical
analyses were performed using SPSS 22.0 and STATA/IC 12.1.
Development of the prognostic signature was carried out in the
MDA cohort by regression Cox analysis by steps for DFS where
the contribution of every potential predictor to the model perfor-
mance was assessed manually by the researcher. We introduced
all protein expression-based variables into the Cox analysis and
eliminated redundant variables one by one according not only to
their significance order (from lower to higher significance) but
also avoiding the loss of >10% of the initial magnitude of the
model %% We formulated a prognostic index (PI) for the model
as the sum of the products of the B coefficients for each variable
and its expression value (H-score). Discriminative ability of the
PI was assessed by Harrell’s Concordance coefficient (C-index).
The models were also evaluated by Kaplan-Meier curves and
log-rank test for both DFS and OS, and stratifying the PI by
the upper tertile into two groups of risk (low and high). As a
complementary study, the signature was also assessed stratifying
the patients by the median. The model (C-index calculation)
was internally validated by bootstrapping following Harrell’s
guidelines."” Specifically, the bootstrapping method was used to
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Figure 3  Association between Pl and survival in patients with SCC. (A) Kaplan-Meier survival curves for high and low PI groups in MDA patients
for DFS (left panel) and OS (right panel). (B) Kaplan-Meier survival curves for high and low PI groups in NATCH validation cohort for DFS (left panel)
and OS (right panel). (C) Kaplan-Meier survival curves for DFS in CUN (left panel) and for OS (right panel) in CIBERES-CUN validation cohort. Patients
were stratified into two risk groups according to the upper tertile of the PI. In all cases, differences between groups were evaluated using the log-rank

test. DFS, disease-free survival; OS, overall survival; Pl, prognostic index.

quantify any optimism in the predictive performance through
a shrinkage penalisation strategy. Univariate and multivariate
Cox proportional hazards analyses including other clinical
and pathological variables were used to assess the prognostic
role of the molecular model (PI). Variables with p<0.25in the
univariate analysis were included in the multivariate analysis.
Additivity was assessed by verifying that all pairwise interaction
terms were clearly non-significant, and, for quantitative predic-
tors, linearity by testing the non-significance of squared terms.
The model was externally validated in two cohorts, NATCH and
CIBERES-CUN cohorts. Clinical utility of the model was anal-
ysed by comparing the likelihood ratio of the stage alone with
that after addition of the molecular model (PI) through a bivari-
able Cox analysis. Moreover, we developed a new combined
prognostic index (CPI) model by Cox regression, adding the
pathological stage and the molecular data following this formula:
(PI * B coefficient PI)+B, where B is a coefficient that changes
for each stage. Also, the discriminative ability of the CPI was
assessed as described above (Harrell’s C and the log-rank test for
the CPI dichotomized at the upper tertile or the median). The
combined model was validated in the CIBERES-CUN cohort.
Univariate and multivariate Cox proportional hazards analyses

including other clinical and pathological variables were used to
assess the prognostic role of the CPL

RESULTS

Selection of genes related to clinical outcome in NSCLC

With the aim of generating a protein-based classifier to predict
survival in patients with lung cancer , we selected genes asso-
ciated with clinical outcome in the literature, as previously
described.” A flowchart with all the steps followed in this work
is shown in figure 1. Briefly, we chose genes significantly associ-
ated with prognosis in at least two previously published mRNA-
based expression signatures (20 genes out of 967). Moreover,
nine additional biomarkers were added to the list, based on
our previous results. Next, an in silico analysis using data from
nine different databases was performed to check the prognostic
value of these 29 genes at mRNA in NSCLC (online supplemen-
tary figure 2). A total of 21 biomarkers were associated with
prognosis in at least two databases. Later, the availability and
reliability of commercial antibodies were analysed. Nine genes
were discarded at this point (five lacked reliable commercial
antibodies and four genes whose antibodies did not demonstrate
specificity). We finally selected 12 cancer-related genes (BRCAT1,
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Table 1  Univariate and multivariate Cox proportional hazards analysis of Pl and clinicopathological parameters for DFS and OS in the MDA cohort
DFS* ost
MDA Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis
Training cohort n (%) HR (95% CI) P values HR (95% Cl) P values HR (95%Cl) P values HR (95% ClI) P values
Pl <0.001 <0.001 0.003 0.004
Low 78 (66.7%) 1 1 1 1
High 39 (33.3%) 3.5 (1.94 to 6.40) 4.06 (2.18 to 7.56) 2.39(1.34t0 4.27) 2.38(1.32t04.31)
Stage <0.001 <0.001 0.023 0.064
| 50 (42.7%) 1 1 1 1
] 37 (31.6%) 1.25 (0.56 to 2.80) 0.577 1.54 (0.68 to 3.50) 0.300 0.89(0.42t01.86)  0.753 1.02 (0.48 t0 2.16) 0.952
1] 30 (25.7%) 3.83(1.87 to0 7.86) <0.001 4.09(1.96t08.53)  <0.001 2.19(1.12t04.30)  0.022 2.09 (1.06 to 4.14) 0.034
Gender 0.232 0.216 0.562
Male 71 (60.7%) 1 1 1
Female 46 (39.3%) 0.68 (0.36 to 1.28) 0.66 (0.35t0 1.27) 0.84(0.46 to 1.52)
Age (years) 0.323 0.378
<65 8 (6.8%) 1 1
=65 109 (93.2%) 0.60 (0.21 to 1.67) 0.63(0.23 to 1.76)
Adjuvant treatment 0.623 0.751
No 67 (57.3%) 1 1
Yes 45 (38.5%) 1.35(0.74 t0 2.48) 1.25(0.69 t0 2.31)
Unknown 5 (4.2%)
Tobacco 0.715 0.168 0.259
Former 60 (51.3%) 1 1 1
Current 57 (48.7%) 1.12 (0.62 t0 2.02) 1.51(0.84 t0 2.70) 1.41 (0.78 to 2.55)

*Events/n=44/117.

tEvents/n=46/117.

DFS, disease-free survival; OS, overall survival; PI, prognostic index.
Significant p values are highlighted in bold letters.

CDCé6, LIG1, QKI, RAD51, RAE1, RRM2, SIRT2, SLC2A1,
SNRPE, SRSF1 and STC1) and developed the prognostic model.

Development of a protein-based signature for risk
stratification in SCC
We first evaluated the expression and subcellular localisation
of each of the selected 12 proteins (N, nuclear; C, cytoplasmic;
MB, membrane) in the training cohort (MDA). Representative
images of primary tumours are shown in figure 2. We next
performed a Cox regression analysis to develop a parsimo-
nious protein prognostic model based on the expression of
these proteins. We selected the best model according to a high
C-index coefficient and high parsimony (ie, the most robust
and simplest model). The model was composed of five different
proteins (RAE1, RRM2, SLC2A1, SRSF1 and STC1) divided
into six variables (RAE1_, RRM2 , SLC2A1 _, SRSF1, STC1_
and STC1). The algorithm was: PI=—0.012 x H-Score RAE1 .
+ 0.009 X H-Score RRM2_. + 0.006 X H-Score SLC2A1_ +
0.013 x H-Score SRSF1 + 0.011 x H-Score STC1_ - 0.009
X H-Score STC1. C-index was 0.68 for DFS and 0.61 for
OS. The PI fulfilled the proportional hazards assumption
(p=0.177). Stratifying by the upper tertile, the predicted
low-risk group had significantly longer DFS and OS when
compared with the high-risk group (figure 3A; p<0.001and
p=0.002, respectively). Interestingly, we also observed signifi-
cant differences in the outcome when we stratified patients by
the median for both DFS and OS (online supplementary figure
3A; p=0.008 and p=0.166, respectively).

The PI was associated with prognosis of the 5-year outcome
for both DFS (p<0.001) and OS (p=0.003) in a univariate
Cox proportional hazards analysis (table 1). We next adjusted

the PI with the stage in a multivariate Cox analysis. The
molecular PI remained a significant predictor DFS (p<0.001;
HR=4.06, 95%CI 2.18 to 7.56) and OS (p=0.004; HR=2.38,
95%CI 1.32 to 4.31). Same results were found when we anal-
ysed the PI without any categorisation (p<0.001for DFS and
p=0.008 for OS; online supplementary table 3).

Validation of the protein-based prognostic score

With the aim of analysing the potential transportability of our
findings to other patient cohorts, we evaluated the prognostic
potential of the model in two independent cohorts of patients
with SCC by Kaplan-Meier analysis and log-rank test (NATCH
and CIBERES-CUN, online supplementary table 1). The model
was applied to the patients from NATCH cohort stratifying into
two risk groups as above. Patients with high PI were significantly
associated with poor survival (figure 3B; p=0.036 for DFS and
p=0.020for OS). In the CIBERES-CUN cohort, although DFS
data were only available for 42 patients, high PI was also asso-
ciated with shorter DFS (p=0.011, figure 3C) and tended to be
associated with poor OS (p=0.050; figure 3C). In this cohort,
the results were also significant when patients were stratified
by the median (online supplementary figure 3B; p=0.031and
p=0.029, respectively).

We next performed a univariate and multivariate Cox regres-
sion analysis in the validation cohorts. In the multivariate anal-
ysis in the NATCH cohort, PI remained significant after adjusting
for the clinicopathological variables (p=0.042for DFS and
p=0.031for OS, online supplementary table 4). In the multivar-
iate analysis of CIBERES-CUN cohort, a PI remained very close
to the significance for DFS (p=0.050; HR=3.55, 95%CI 0.98
to 12.87) and OS (p=0.074; HR=1.84, 95%CI 0.94 to 3.60)
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when we stratified patients in two groups according to the upper
tertile (online supplementary table 5).

As an indirect validation step, we performed an ‘inverse’
validation of the performance of our PI model by applying the
protein algorithm to the mRNA expression levels of a fourth
independent cohort, using the survival and mRNA expres-
sion data for SCC tumour samples from the TCGA database
(n=334). Kaplan-Meier curves and log-rank test showed statis-
tical differences when we stratified the patients into two groups
according to the first tertile. Specifically, patients with SCC with
high ‘mRNA PI’ exhibited shorter OS than low mRNA patients
(p=0.043; online supplementary figure 4).

Clinical utility of the prognostic signature

To further assess the clinical relevance of the prognostic model,
we examined whether the combination of the molecular PI and
the pathological stage improved the predictability of the model
in the MDA cohort. A bivariable Cox model was employed. As
expected, stage was a strong prognostic factor for both DFS
and OS (Likelihood ratio/y® test statistic (LR-x2)=18.879,
p<0.001and LR-%2=7.950, p=0.019, respectively). Nonethe-
less, there was a significant increase in the LR-y?2 after adding the
PI information (LR-x? _ =18.710, p<0.001for DFS and
LR | vemen=0-436, p=0.011for OS; online supplementary
table 6). This slgnlflcant increase reﬂected that the molecular
information improves the prognostic information given just by
the TNM-based stage.

Then we conducted a Cox regression analysis to generate a
new prognostic model combining stage and the molecular model
using the MDA cohort. This new signature was called CPI, and
was formulated as follows: CPI=1.019 X PI+B; where B is a
coefficient that changes for each stage (I, B=0; II, B=0.488; and
I, B=1.523). The model performance was improved with the
introduction of the stage information (C-index_, =0.74 for DFS;

C-index,=0.65 for OS). After CPI upper tertile stratification,
the high-risk group showed significantly shorter DFS and OS
(p<0.001 for both in the log-rank test; figure 4A). Moreover,
a log-rank analysis stratifying the CPI according to the median
yielded very similar results, supporting the robustness of the
signature (online supplementary figure 3C). Besides, in a Cox
regression analysis, the prognostic capacity of the CPI was inde-
pendent of clinicopathological parameters using the CPI vari-
able dichotomised by the upper tertile (p<0.001; HR=4.12,
95%CI 2.26 to 7.51 for DFS and p<0.001; HR=3.1, 95%CI
1.71 to 5.62 for OS; table 2) or using the CPI without stratifi-
cation (p<0.001for both DFS and OS; online supplementary
table 7).

We further validated the prognostic value of the CPI model
in the independent CIBERES-CUN cohort (stage I-III patients,
n=104), for which eighth TNM data were available. In the
case of DFS (CUN patients, n=41), PI addition significantly
improved the risk stratification given by clinicopathological
parameters (LR-x? = =5.817, p=0.016; online supple-
mentary table 6). We also observed the fact that those patients
with high CPI were associated with shorter DFS, using the
log-rank test (p=0.004, figure 4B). Moreover, after multivar-
iate adjustment, CPI remained a prognostic factor for DFS
(p=0.012; HR=5.52, 95%CI 1.46 to 20.89); online supple-
mentary table 8). In the case of OS (n=104), the risk stratifi-
cation was also improved when the PI was added to the stage
(LR provemen =2+ 945, p=0.015, online supplementary table
6). Log-rank test showed a significant association between high
CPI and shorter OS (p<0.001 using upper tertile as the cut-off,
figure 4B; and p=0.001using median, online supplementary
figure 3D). After multivariate analysis, the CPI remained a signif-
icant predictor of Syear OS (p=0.001; HR=2.88, 95% CI 1.51
to 5.49; online supplementary table 8). The analysis also yielded
significant results when we used the CPI as a continuous variable,

A . MDA cohort
9
= 1.0 -~ 1.0 T
$08] €08 ﬁ\m\k
e T N
5 061 Z 06 .
1 [y N “ 3 ~As e
£ 0.4 —— " 3 0.4 o
§ 0.21 Low CPI (n=78) g 0.2 Low CPI (n=78)
% 00l — High CPI (n=39) P<0.001 3 00l High CPI (n=39) P<0.001
a T
0 10 20 30 40 50 60 0 10 20 30 40 50 60
Number at risk Time (months) Number at risk Time (months)
Low CPI 74 66 58 51 45 42 Low CPI 78 72 69 66 59 51
High CPI 29 19 16 12 11 10 High CPI 35 27 22 17 16 15
B s CUN cohort CIBERES-CUN cohort
s 10175 1.0
E 08 —il § 0.8 T Sy
> 1 2 .
® 06 gy ) % 0.6 L
L - %
< 04 — = 04 ST
§ 0.2 Low CPI (n=27) g 02 Low CPI (n=69) i
g 0.0 ' —__.—— ngh CPI (n=14) lF’=0.004 o 00l High CPI (n=35) P<0.001
0 10 20 30 40 50 60 0 10 20 30 40 50 60
Number at risk Time (months) Number at risk Time (months)
Low CPI 23 19 18 15 12 10 Low CPI 57 49 37 25 17 15
High CPI 13 7 7 5 2 2 High CPI 28 17 10 3 0 0

Figure 4 Assessment of the clinical utility of the prognostic signature in patients with SCC. (A) Association between CPI and survival in patients
from MDA cohort. Kaplan-Meier survival curves were generated for DFS (left panel) and OS (right panel) (B). Validation of the CPI model. Kaplan-
Meier curves for DFS (left panel) and OS (right panel) in CIBERES-CUN patients. Patients were stratified into two risk groups according to the upper
tertile of the CPI. In all cases, differences between groups were evaluated using the log-rank test. CPI, combined prognostic index; DFS, disease-free

survival; OS, overall survival; SCC, squamous cell carcinoma.
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Table 2 Univariate and multivariate Cox proportional hazards analysis of CPI and clinicopathological parameters for DFS and OS in MDA cohort

DFS* 0st
MDA Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis

Training cohort n (%) HR (95%Cl) P values HR (95%Cl) Pvalues HR (95%Cl) P values HR (95%Cl) P values
CPI <0.001 <0.001 <0.001 <0.001

Low 78 (66.7%) 1 1 1 1

High 39 (33.3%) 4.04 (2.22 t0 7.38) 412 (2.26 t0 7.51) 3.23(1.81 t0 5.77) 3.1(1.71 t0 5.62)
Gender 0.232 0.175 0.562

Male 71 (60.7%) 1 1 1

Female 46 (39.3%) 0.68 (0.36 to 1.28) 0.64 (0.34 t0 1.22) 0.84 (0.46 to 1.52)
Age (years) 0.323 0.378

<65 8 (6.8%) 1 1

>65 109 (93.2%) 0.60 (0.21 to 1.67) 0.63 (0.23 to 1.76)
Adjuvant treatment 0.623 0.751

No 67 (57.3%) 1 1

Yes 45 (38.5%) 1.35(0.74 to 2.48) 1.25(0.69 to 2.31)

Unknown 5 (4.2%)
Tobacco 0.715 0.168 0.528

Former 60 (51.3%) 1 1 1

Current 57 (48.7%) 1.12 (0.62 t0 2.02) 1.51 (0.84 t0 2.70) 1.21 (0.67 t0 2.20)

*Events/n=44/117.

tEvents/n=46/117.

CPI, combined prognostic index; DFS, disease-free survival; OS, overall survival.
Significant p values are highlighted in bold letters.

reinforcing the previous data (p=0.009 for DFS ad p<0.001 for
OS; online supplementary table 9). Therefore, the data shown
herein reveal that the molecular PI offers additional prognostic
information to that provided by the mere clinicopathological
stage.

DISCUSSION

Lung SCC is the second most frequent histological subtype of
NSCLC, and the overall S-year survival rate of SCC shows still
dismal figures. The identification of prognostic markers for SCC
could complement the TNM criteria and assist in the clinical
management of individual patients, allowing a more precise tool
to discriminate which patients should be treated more thor-
oughly (ie, with adjuvant treatment) and which patients could
avoid the treatment and thus, skip the potential toxicity from
chemotherapeutic agents. Here, we identify a promising protein-
based signature as a reliable tool for lung SCC prognostication.

There are two critical points that need to be carefully consid-
ered to ensure the validity of any prognostic model: transport-
ability among different cohort settings and clinical utility.® Our
protein-based prognostic model overperforms other SCC prog-
nostic signatures that have not been replicated in SCC-indepen-
dent cohorts.® %1220 21 Moreover, the fact that our validation
cohort is already a multi-institutional cohort, including patients
of different hospitals, suggests the applicability of the SCC signa-
ture to different types of patients and clinical settings.

Some prognosis-based SCC signatures have been vali-
dated**™*; however, the majority of them do not address the
main practical issue of the medical utility.>*® With the excep-
tion of Larsen et al,? the rest of the studies lack a comparison
between the performance of their models and the TNM.* On
the contrary, we have demonstrated not only that our model
(PI) is able to identify a subset of patients with high risk of
recurrence but also the ability of the signature to improve the

prognostication value of the TNM through a CPI. Furthermore,
we clearly show that our model yields additional information
to the TNM and, thus, the integration of both molecular infor-
mation and pathological stage refines the risk prediction of
progression or survival in a more accurate manner. A similar
approach was followed by Grinberg et al, combining the protein
data with clinical parameters. However, their model failed to
support the prognostic value in the validation cohort of patients
with SCC.”’

Another potential advantage of our model is that it is based on
the expression of five proteins detected by IHC. Thus, our signa-
ture has several benefits when compared with other proposed
signatures. First, it is based on proteins, the main biological mole-
cules governing normal and pathological cell functions. Other
protein-based signatures have been developed for NSCLC,?
which have failed in their validation in SCC histology; second,
we analyse only five individual proteins to prognosticate the
patients, while most of the previously proposed signatures are
composed of dozens to hundreds of genes**>; third, the detec-
tion of the proteins is performed by IHC, available in every
hospital through their Diagnostic Pathology Services. In terms of
routine clinical translation, the cost-efficiency and feasibility of
the THC technique provide advantages that may facilitate their
implementation into the clinical practice, as has been already
established for other companion biomarkers of novel person-
alised therapies.>' One of the advantages of IHC is that it allows
the assessment of protein levels in specific subcellular compart-
ments. It is well established that protein subcellular localisa-
tion has profound functional and prognostic effects for a large
number of proteins.** Together with the development of auto-
matic programmes to quantify the staining, the experience in
different fields supports the fact that new protein-based signa-
tures may be easily implemented into the clinical practice in the
near future.
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The proposed model has been developed from a panel of
genes previously related to lung cancer prognosis and carcino-
genesis.” ° ! 22 33 particularly, RAE1 and SRSF1 exert their
function in RNA metabolism, a process which is dysregulated in
lung cancer.® Our study clearly supports previously published
data showing that high SRSF1 associates with poor NSCLC
prognosis.®* In our model, the cytoplasmic levels of RAE1 are
associated with better survival in contrast to previous find-
ings in ADC.*>* These contrasting results may be explained by
functional differences of the gene between the two histologies.
Further analyses would be needed to clarify this issue. RRM2 is a
ribonucleotide reductase which participates in DNA repair, inva-
sion and proliferation and has been related to poor lung cancer
prognosis.*® SLC2A1 is a glucose receptor (also named GLUT1)
involved in the uptake of glucose by mammalian cells.*” Here, we
confirm previous data showing that high levels of both proteins
are associated with poor prognosis in lung cancer.*® *° Finally,
stanniocalcin 1 (STC1) exerts important functions in tumouri-
genesis and metastasis.’’ > Here we show that the levels of this
protein in the nucleus or the cytoplasm are related to opposite
outcomes, suggesting different functions within the cell.

A limitation of this study is that, due to the number of cases,
we have not been able to perform a specific statistical analysis for
stage I patients, which have a special interest in terms of clinical
management. A further additional validation study with a cohort
including large numbers of patients with stage I SCC patients
will help to solve this question in the future. Also, the inclusion
criteria (SCC histology, complete resection and non-neoadjuvant
patients) used in the study might affect the generalisability of the
developed signature for future studies. Thus, further studies need
to be performed to apply the model to different populations.

In summary, this study identifies and validates a five protein-
based signature for patients with early lung SCC. The prognostic
signature has been developed with robust methodological and
statistical tools to guarantee their robustness and transport-
ability. The PI stratifies the risk of recurrence or death accurately
in different cohorts of patients with SCC and complements the
TNM staging system. Most importantly, our data suggest that
the CPI model could help physicians to accurately tailor the
management of patients with SCC after surgery.
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