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Background: Gene expression profiling (GEP)-based prognostic signatures are being rapidly integrated into clinical
decision making for systemic management of breast cancer patients. However, GEP remains relatively
underdeveloped for locoregional risk assessment. Yet, locoregional recurrence (LRR), especially early after surgery, is
associated with poor survival.
Patients and methods: GEP was carried out on two independent luminal-like breast cancer cohorts of patients
developing early (�5 years after surgery) or late (>5 years) LRR and used, by a training and testing approach, to
build a gene signature able to intercept women at risk of developing early LRR. The GEP data of two in silico
datasets and of a third independent cohort were used to explore its prognostic value.
Results: Analysis of the first two cohorts led to the identification of three genes, CSTB, CCDC91 and ITGB1, whose
expression, derived by principal component analysis, generated a three-gene signature significantly associated with
early LRR in both cohorts (P value <0.001 and 0.005, respectively), overcoming the discriminatory capability of age,
hormone receptor status and therapy. Remarkably, the integration of the signature with these clinical variables led
to an area under the curve of 0.878 [95% confidence interval (CI) 0.810-0.945]. In in silico datasets we found that
the three-gene signature retained its association, showing higher values in the early relapsed patients. Moreover, in
the third additional cohort, the signature significantly associated with relapse-free survival (hazard ratio 1.56, 95% CI
1.04-2.35).
Conclusions: Our three-gene signature represents a new exploitable tool to aid treatment choice in patients with
luminal-like breast cancer at risk of developing early recurrence.
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INTRODUCTION

Breast cancer (BC) is the most frequent malignancy in
women, with estrogen receptor (ER)-positive disease rep-
resenting about 70% of all cases.1 Luminal-like BC cases are
defined by positive tumor immunostaining for ER and/or
progesterone receptor (PR) and absence of HER2 over-
expression. The values of Ki67 below or above 14% have
been considered to split the luminal-like BC into A and B,2

the latter showing lower expression of ER, PR or estrogen-
related genes, higher tumor grade and proliferative index,
and a doubled risk of early relapse.3,4 In light of these
features, luminal B-like BCs are usually considered less
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responsive to endocrine treatments and more sensitive to
chemotherapy.5

The breakthrough of high-throughput molecular analysis
allowed the stratification of BC in the so-called ‘intrinsic
subtypes’ (luminal A, luminal B, HER-2 enriched, basal-like
and normal-like), thanks to the pioneering works of Perou
et al.6 and Sorlie et al.6,7 Since immunohistochemistry (IHC)-
based classification and intrinsic molecular subtypes do not
overlap, when referring to IHC categorization, the termi-
nology ‘luminal-like’ should be adopted.8

Despite showing clinical features not suggestive of aggres-
siveness and likelihood of relapse, even in case of luminal A-
like BC, there is a small subset of patients undergoing early
relapse. Additionally, since luminal-like BC represents three
quarters of cases, the number of patients developing a BC
event in luminal subtypes double that of all other subtypes.
Therefore, proper patient stratification and reliable discrimi-
nation between high and low risk of relapse are warranted in
luminal-like BC. While currently available methods allow to
predict theprobabilityof relapsewith someaccuracy, there are
still many uncertainties due to tumor heterogeneity and
mechanisms of recurrence that are not fully explained by ER
signaling and cell proliferation. Other factors might be
important such as tumor cell dormancy together with micro-
environment-related mechanisms including extracellular ma-
trix remodeling and involvement of stromal and immune cells
in tumor cell survival.9,10

Although molecular profiling is being rapidly integrated
into clinical decision making for systemic treatment, its
application to locoregional risk assessment is relatively un-
derdeveloped. However, molecular profiling holds the po-
tential to overcome conventional clinico-pathological factors
such as primary tumor size, node status and histology and to
better assist personalized locoregional risk assessment and
management decisions. This would eventually reduce the
burden of secondary surgery, which often impairs patient
psychological and physical balance, and the known risk of
metastasis after the diagnosis of locoregional recurrence
(LRR).

This study aims at characterizing luminal-like BC patients
at risk of locoregional relapse by gene expression profiling
(GEP). For this purpose we analyzed two independent co-
horts of cases recurring at different time points after sur-
gery. Using a training and testing set approach, we
developed a genomic classifier able to discriminate be-
tween early and late recurrent cases and to improve the
predictive capability of conventional clinico-pathological
features.

MATERIALS AND METHODS

Study patient population

Primary tumor samples were obtained from two retro-
spective cohorts of luminal-like BC patients developing LRR.
The first cohort (cohort A) came from the archival specimen
of the Istituti Clinici Maugeri (Pavia, Italy), and the second
one (cohort B) from Fondazione IRCCS Istituto Nazionale dei
Tumori (Milan, Italy). Specifically, cohort A consisted of a
2 https://doi.org/10.1016/j.esmoop.2023.101590
total of 60 consecutive recurrent patients initially diagnosed
between 2001 and 2017, and cohort B consisted of a total
of 51 consecutive recurrent patients initially diagnosed
between 2003 and 2017.

Samples from cohort A referred to the Bruno Boerci
Biobank (Pavia, Italy), which preserves and stores tumor
specimens exceeding diagnosis from patients undergoing
surgery at the Istituti Clinici Maugeri. Samples from cohort
B were obtained from tumor specimens exceeding diagnosis
preserved in the Pathology Department from the Fonda-
zione IRCCS Istituto Nazionale dei Tumori.

Ethics

Approval for this study was granted by the Ethical Committees
of the Istituti Clinici Maugeri and Fondazione IRCCS Istituto
Nazionale dei Tumori, specifically with Protocol n. 2590 CE
(Pavia, Italy) and INT 0206/16 (Milan, Italy), respectively.

Gene expression analysis

Formalin-fixed paraffin embedded (FFPE) material was
revised, to avoid any sign of necrosis and to recover at least
70% of tumor cells. Total RNA was then extracted using the
miRNeasy FFPE kit, following the manufacturer’s guidelines
and automated on QIAcube station (Qiagen, Milan, Italy).
Nucleic acid was quantified by Qubit 2.0 Fluorimetric Assay
(Thermo Fisher Scientific, Milan, Italy) and the quality was
checked by TapeStation4200 (Agilent Technologies, Milan,
Italy).

Microarray analysis was carried out with Clariom D Assay,
human (ThermoFisher, Milan, Italy) providing information
from over 540 000 transcripts. Briefly, the Affymetrix Gen-
eChip WT Pico Kit was used for cDNA preparation, biotin la-
beling and cRNA synthesis starting from 200 ng of total RNA.
The arrays were subsequently incubated for 16 h in an Affy-
metrix GeneChip 645 hybridization oven and processed with
the GeneChip Hybridization. Washing and staining was car-
ried out using the GeneChip HT hybridization,Wash and Stain
Kit and with the Affymetrix GeneChip fluidics station 450.The
chips were scanned with an Affymetrix GeneChip Scanner
3000with defaultmanufacturers’settings, and rawdatawere
acquired with the AGCC scan control v4.0. Raw data were
normalized using the Signal Space Transformation-Robust
Multiarray Analysis (sst-RMA) algorithm implemented in
the Transcriptome Analysis Console software (Thermo Fisher,
Milan, Italy).

Statistical analysis

Differentially expressed genes were identified in univariate
analysis using the nonparametric KruskaleWallis test11 by
considering the relapse time, dichotomized as �5 years
compared to >5 years, as outcome measure. Only genes
retaining statistical significance after false discovery rate
(FDR) adjustment and relevant fold change (FC; i.e. FC � 2
and FDR � 0.05) were selected (i.e. candidate genes).
Candidate genes from cohort A retaining a statistical signifi-
cance according to the KruskaleWallis test and with a rele-
vant FC in cohort B were eventually selected (i.e. confirmed
Volume 8 - Issue 4 - 2023
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Table 1. Patient and primary tumor characteristics

Age at surgery Cohort A Cohort B
Median (IQR) Median (IQR)

62.5 (47-75.5) 55.5 (46-74)

Frequency
(N)

Percentage
(%)

Frequency
(N)

Percentage
(%)

pT
T1 39 65.00 37 72.55
T�2 16 26.67 10 19.61
Missing 5 8.33 4 7.84

pN
Neg (N0) 33 55.00 24 47.06
Pos (�N1) 25 41.67 22 43.14
Missing 2 3.33 5 9.80

ER
Neg 0 0 0 0
Pos (�10%) 60 100 51 100

PgR
Neg 9 15.00 9 17.65
Pos (�10%) 51 85.00 42 82.35

Ki67
�14% 37 61.67 14 27.45
>14% 23 38.33 36 70.59
Missing 0 0 1 1.96

Grade
G1/G2 47 78.33 37 72.55
G3 12 20.00 13 25.49
Missing 1 1.67 1 1.96

Luminal subtype
(IHC)
Luminal A-like 31 51.67 15 29.41
Luminal B-like 27 45.00 32 62.75
Missing 2 3.33 4 7.84

Chemotherapy
No 45 75.00 30 58.82
Yes 15 25.00 21 41.18

Endocrine therapy
No 15 25.00 13 25.49
Yes 45 75.00 38 74.51

Radiotherapy
No 27 45.00 24 47.06
Yes 33 55.00 27 52.94

Surgery type
MT 24 40 12 23.53
QU 35 58.33 37 72.55
QU þ MT 0 0 1 1.96

ER, estrogen receptor; IHC, immunohistochemistry; IQR, interquartile range; MT,
mastectomy; Neg, negative; PgR, progesterone receptor; pN, pathological regional
lymph nodes; Pos, positive; pT, pathological tumor; QU, quadrantectomy.
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genes). For explorative purpose the associations between the
confirmed genes and the relapse time were further investi-
gated by considering three categorized relapse times: (i) �2
years versus >5 years and (ii) 2e5 years versus >5 years. A
principal component analysis12 was then implemented to
combine the confirmed genes into a score (PCscore) on the
training set and then applied to the testing one. To illustrate
its potential clinical usefulness, the PCscore’s ‘optimal’ cut-off
was computed on the overall cohort by maximizing the
Youden index. The relationship between clinico-pathological
variables and dichotomized relapse time was investigated by
univariate and multivariate logistic regression models. Vari-
ables thatwere statistically significant (a¼ 0.05) in univariate
analysis were considered in the clinical multivariate model. A
bioclinical model was then obtained by adding the PCscore to
the clinical one. For eachmodel, the predictive capability was
calculated as the area under the receiver operating charac-
teristic (ROC) curve (AUC) and its corresponding 95% confi-
dence interval (95% CI).

The nonparametric approach of DeLong and Clarke-
Pearson was used to compare the discriminatory perfor-
mance of the two models.13

Associations between covariates of the models were
investigated according to the nature of the variables
through the KruskaleWallis test or the Spearman’s corre-
lation coefficient (rS). The latter was interpreted according
to the criteria suggested by Evans.14

Relationships between the gene’s expression levels ob-
tained by theoriginalGEPand the IHCassayeither quantitative
PCR (qPCR) were evaluated by estimating the Spearman’s
correlation coefficient (rS) together with the 95% CI.

The performance of the PCscore was explored on two in
silicodatasets, theGSE653215 and theMETABRIC,16 and on the
independentdataset (cohort C) available in our institute.17 The
prognostic role of the PCscore was evaluated by resorting to a
univariate Cox regression model. After dichotomizing the
PCscore through the ‘optimal’ cut-off, the survival patterns
were estimated using the KaplaneMeier method and the
survival curves were compared using the log-rank test.

All statistical analyses were carried out using SAS soft-
ware (version 9.4.; SAS Institute, Inc., Cary, NC), adopting a
nominal significance level of a ¼ 0.05.
Data availability

Expression data generated in this study are deposited in the
National Center for Biotechnology Information (NCBI) Gene
Expression Omnibus (GEO) database (https://www.ncbi.
nlm.nih.gov/geo/), with the following accession numbers:
GSE207847 (cohort A) and GSE208101 (cohort B), both in
the SuperSeries GSE208102. Additional clinical data are
available upon request to the corresponding author.
RESULTS

Study population

The distribution of clinical and pathological characteristics
among patients from the two cohorts are listed in Table 1.
Volume 8 - Issue 4 - 2023
Cohorts A and B included patients with ER-positive BC,
developing an LRR. Patients received either adjuvant
endocrine therapy, chemotherapy, radiotherapy or a com-
bination of these. The two cohorts were well balanced for
all the clinical characteristics considered with the unique
exception of Ki67, with cohort B including a higher portion
of patients with Ki67 values > 14% (70.6% in cohort B
compared to 38.3% in cohort A).
Identification of potential genes to generate a locoregional
recurrence gene signature

To identify the most relevant LRR-associated genes, the
primary BCs of patients in cohort A were analyzed by
comparing cases experiencing relapse before or after 5
https://doi.org/10.1016/j.esmoop.2023.101590 3

https://www.ncbi.nlm.nih.gov/geo/
https://www.ncbi.nlm.nih.gov/geo/
https://doi.org/10.1016/j.esmoop.2023.101590
https://doi.org/10.1016/j.esmoop.2023.101590


>5≤5yrs-relapsed

G
en

e 
ex

pr
es

si
on

XGY2ITGB1

CSTBCCDC91

Cohort A Cohort BCohort A Cohort B

2

4

6

8

10

2

4

6

8

10

0.0

0.5

1.0

1.5

2.0
-lo

g1
0(

ad
ju

st
ed

 P
 v

al
ue

)

-2 -1 0 1 2

log2(FC)

0.0

0.5

1.0

1.5

2.0

-lo
g1

0(
ad

ju
st

ed
 P

 v
al

ue
)

-2 -1 0 1 2

log2(FC)

yrs-relapsed

Cohort BCohort A

≤5 >5≤5 >5

-2

-1

0

1

2

PC
sc

or
e

-3

-2

-1

0

1

2

3

>5≤5yrs-relapsed

A B

C

D

E

F

Gene FC FDR adj pvalue FC FDR adj pvalue
ITGB1 2.06 0.0256 2.33 0.0250
CSTB 2.22 0.0241 2.05 0.0465
XGY2 2.48 0.0305 2.47 0.0478
CCDC91 2.13 0.0331 2.07 0.0478

Cohort A Cohort B

Figure 1. Differentially expressed genes between patients with locoregional recurrence within or after 5 years from surgery and association between gene
expression levels and relapse time. (A) Volcano plot highlighting the 70 differentially expressed genes in cohort A. (B) Volcano plot of the 70 differentially expressed
genes quantified in cohort B. (C) List of four genes differentially expressed in cohort A and B, with the corresponding FC and FDR-adjusted P value. (D) Distribution of
gene expression levels according to the relapse time (�5 or >5 years) within cohort for each of the four confirmed genes. Each box indicates the 25th and 75th
percentiles. The horizontal line and the circle inside the box indicate the median and the mean, respectively. Whiskers indicate the extreme measured values. (E)
Distribution of the validated first principal component score (PCscore), in the training and testing set according to the relapse time (P value <0.001 and 0.005,
respectively), categorized as �5 years versus >5 years. Each box indicates the 25th and 75th percentiles. The horizontal line and the circle inside the box indicate the
median and the mean, respectively. Whiskers indicate the extreme measured values. (F) Boxplot reporting the distribution of the qPCR three-gene classifier according
to the categorized relapse time (�5 or >5 years) in the overall cohort (P value ¼ 0.003).
FC, fold change; FDR, false discovery rate; qPCR quantitative PCR; yrs, years.
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years from surgery. We detected a total of 70 differentially
expressed genes (Supplementary Table S1, available at
https://doi.org/10.1016/j.esmoop.2023.101590) as depic-
ted in the volcano plot (Figure 1A).

Four of the 70 genes found in cohort A retained their
statistical significance also in cohort B (Figure 1B and C). The
gene expression distribution of the confirmed genes ac-
cording to the relapse time in the two considered cohorts
was analyzed and showed a very similar trend in the two
patient subsets (Figure 1C and D).

Among the four confirmed genes, CCDC91 codes for a
protein involved in the transport of secreted proteins
through the Golgi, CSTB codes for cystatin B (also stefin B), a
cathepsin inhibitor, ITGB1 gene codes for the integrin beta 1
(also known as CD29), a surface receptor regulating extra-
cellular matrix (ECM)etumor cell interaction, while XGY2 is
a pseudogene (Supplementary Figure S1, available at
https://doi.org/10.1016/j.esmoop.2023.101590, reports the
distributions of these confirmed genes according to three
categorized relapse times).
Validation of the three-gene signature

A qPCR approach was developed and run on all samples to
technically validate the three genes, CSTB, ITGB1 and
CCDC91, normalized by using the b-actin (ACT) gene as
housekeeping. Since XGY2 is a pseudogene, we decided to
exclude it from the subsequent analysis. Evaluating the
relationship between the qPCR gene data and those of the
original GEP, we obtained significant Spearman’s correlation
coefficients (rS) of 0.789 (95% CI 0.700-0.852), 0.753 (95%
CI 0.650-0.827) and 0.654 (95% CI 0.522-0.753) for CSTB,
ITGB1 and CCDC91 genes, respectively (Supplementary
Figure S2A, available at https://doi.org/10.1016/j.esmoop.
2023.101590). Gene expression data were then confirmed
at the protein level by IHC analysis. Representative IHC
analysis of the three molecules for early- and late-relapse
samples, with high and low expression, respectively, and
relationships between the gene expression levels obtained
by the original GEP and the IHC assay, for each of the three
genes, are shown in Supplementary Figure S2B and C,
available at https://doi.org/10.1016/j.esmoop.2023.
101590. The three confirmed genes were then combined
in a multivariate fashion by principal component analysis.
The distribution of the validated first standardized principal
component score (PCscore ¼ CSTB � 0.587116 þ
CCDC91 � 0.546487 þ ITGB1 � 0.597199, after gene
standardization), in the training and testing set according to
the relapse time (P value <0.001 and 0.005, respectively),
categorized as �5 years versus >5 years, is shown in
Figure 1E. The corresponding boxplots considering the three
categorized relapse time are shown in Supplementary
Figure S3, available at https://doi.org/10.1016/j.esmoop.
2023.101590. Moreover, by assessing the association be-
tween the first principal component of the three qPCR
expression genes and the relapse time on the overall case
series (cohort A þ cohort B), the significant result was
confirmed (P value ¼ 0.003) (Figure 1F).
Volume 8 - Issue 4 - 2023
Development of an integrated bioclinical model

By looking at the overall case series, univariate logistic
regression analysis showed early relapse time (�5 years) to
be significantly associated with age at surgery and inversely
associated with PR status, endocrine therapy and radio-
therapy (Supplementary Table S2, available at https://doi.
org/10.1016/j.esmoop.2023.101590).

The ROC curve of the multivariate clinical model, built
by jointly considering these variables, shows an AUC value
equal to 0.777 (95% CI 0.689-0.865) (Figure 2A). Taking
into account the univariate analysis of the PCscore, a
significant association with the early relapse time
(Supplementary Table S2, available at https://doi.org/10.
1016/j.esmoop.2023.101590) was observed with an AUC
value of 0.780 (95% CI 0.695-0.866). For explorative pur-
pose, we pursue the analysis by assessing the PCscore
effect after adjustment for tumor-intrinsic molecular sub-
types in a bivariate logistic model including the interaction
term. To note, the significant effect of PCscore in
discriminating early and late recurrence was maintained (P
value <0.001) regardless of the subtype (luminal A- or B-
like) as confirmed by the nonsignificant interaction term in
the full model (P value ¼ 0.368) (Supplementary
Figure S4, available at https://doi.org/10.1016/j.esmoop.
2023.101590). Since no associations were found between
the clinical variables included in the model and the
PCscore (Supplementary Figure S5, available at https://doi.
org/10.1016/j.esmoop.2023.101590), a ‘bioclinical’ model
was built combining the PCscore and the clinical classifier.
The performance of this ‘bioclinical’ model was signifi-
cantly improved (P value ¼ 0.005), reaching an AUC value
of 0.878 (95% CI 0.810-0.945) (Figure 2A). Finally, as we
found the variables endocrine therapy and age at surgery
to be significantly associated (Supplementary Figure S6A,
available at https://doi.org/10.1016/j.esmoop.2023.
101590), the same models were fitted without the vari-
able ‘endocrine therapy’ in order to avoid colinearity. As
shown in Supplementary Figure S6B, available at https://
doi.org/10.1016/j.esmoop.2023.101590, the obtained re-
sults were comparable to those reported earlier.
The three-gene signature identifies early recurrent cases
among low-risk patients

To investigate the clinical relevance of our signature, we
considered the subset of 52 patients, belonging to cohorts
A and B, who received only endocrine therapy with or
without local radiotherapy, but spared from additional
chemotherapy, because they were considered to be at
good prognosis. Bar plot of the PCscore for each patient
according to the time of relapse shows, interestingly, that a
high portion of patients who relapsed early has the highest
PCscore, suggesting the possibility of identifying this sub-
group of patients in need of further therapies, based on
our signature (Figure 2B). Also the predictive performance
in terms of AUC of the PCscore was confirmed in this
subset of patients, as represented by the ROC curve in
Figure 2C.
https://doi.org/10.1016/j.esmoop.2023.101590 5
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Figure 2. The PCscore improves the predictive role of the clinical model and helps intercepting patients likely to early local relapse among those at ‘good’
prognosis. (A) ROC curves from PCscore (gray line), clinical (red line) and bioclinical (blue line) models. The performance of the clinical model was significantly
improved (P value ¼ 0.005) when the PCscore was included, reaching an AUC value of 0.878 (95% CI 0.810-0.945). (B) Bar plot showing the PCscore for each patient
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additional chemotherapy and corresponding ROC curve (C) from the PCscore model.
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Assessing the PCscore in in silico datasets of distant
relapse

To extend the clinical value of the PCscore to distant
relapse, we considered 512 ER-positive patients from the
GSE6532 in silico dataset and the subset of 73 ER-positive,
HER2-negative, luminal A-like and B-like untreated patients
of the METABRIC publicly available dataset. By considering
the relapsed patients of each dataset, the PCscore resulted
associated with relapse time (�5 or >5 years), with higher
values in the early relapsed patients (Figure 3A and B).
Exploring the prognostic role of the PCscore

To test the PCscore in a prognostic setting and study the
association with relapse-free survival (RFS), we used the
6 https://doi.org/10.1016/j.esmoop.2023.101590
aforementioned cohorts belonging to the two in silico
datasets, GSE6532 [hazard ratio (HR) ¼ 1.26; 95% CI 1.08-
1.48] and METABRIC (HR ¼ 1.32; 95% CI: 0.91-1.92) and
found that patients with low PCscore values showed a
better prognosis pattern compared to those with higher
values, albeit significant results were obtained only in the
GSE6532 dataset (Figure 3C and D).

Additionally, the prognostic value of the PCscore in low-
risk BC patients was further exploited in an independent
cohort (cohort C) available in our institute of 101 pro-
spectively collected ER-positive, node- and HER2-negative
cases from patients receiving only locoregional treatment,
with RFS outcome data. Patient and primary tumor char-
acteristics are reported in Supplementary Table S3, avail-
able at https://doi.org/10.1016/j.esmoop.2023.101590. At
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Figure 3. Distribution of the PCscore according to the categorized relapse time and KaplaneMeier curve according to the dichotomized PCscore. Boxplots
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a median follow-up time of 117 months (interquartile range
89-148 months), the probability of RFS was 64% (95% CI
53% to 73%). The PCscore resulted significantly associated
with RFS (HR ¼ 1.56, 95% CI 1.04-2.35), with a decreased
probability of RFS by increasing the PCscore (Figure 4A). A
similar result was obtained by dichotomizing the PCscore as
shown in Figure 4B.
DISCUSSION

A three-gene signature significantly associated with early
LRR was developed by gene expression analysis of luminal-
like BC primary tumors from two cohorts of recurrent pa-
tients by a training and testing approach, and subsequently
confirmed in a distinct independent cohort. Combining the
molecular information gathered by these genes (defined
into a PCscore) with clinico-pathological variables (age at
surgery, PgR status, endocrine therapy and radiotherapy)
into a ‘bioclinical’ model, we significantly improved the
performance for intercepting patients with luminal-like BC
Volume 8 - Issue 4 - 2023
likely to relapse locally within 5 years from surgery (AUC up
to 0.878). This suggests that our three-gene signature may
detect biological processes not overlapping the clinical
variables, improving the chance of identifying patients who
are likely to recur early after surgery.

The three-gene signature includes ITGB1 (integrin b1),
CCDC91 (coiled-coil domain-containing protein 91) and
CSTB1 (cystatin B or stefin B). Integrins are a family of
adhesion molecules capable of bidirectional signaling,
mediating cellecell and celleECM interactions. After bind-
ing to ECM components, integrins trigger intracellular
signaling involved in different cellular functions, including
proliferation, survival, migration and epithelial-to-mesen-
chymal transition. Considering that integrins are a key
determinant of cellular behavior in response to microenvi-
ronmental cues, their deregulation is often associated with
cancer development and progression in different tumor
types, including BC.18 The other two genes are far less
studied. No data are indeed available for CCDC91, which
encodes for a protein involved in the regulation of
https://doi.org/10.1016/j.esmoop.2023.101590 7
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membrane traffic through the trans-Golgi, and only one
report in the literature exists for CSTB in BC.19 Cystatins are
a family of endogenous inhibitors of cysteine cathepsins,
which are capable of favoring tumor growth and metastasis
by activation of the extracellular proteolytic cascades and
degradation of the ECM,20 but are also capable of inducing
tumor cell apoptosis.21 MMTV-PyMT spontaneous model of
metastatic BC crossed with CSTB (Stfb)-deficient mice
showed reduced size of primary tumors but no effect on the
rate of metastasis in comparison to their wild-type coun-
terparts. This study on mouse models also showed that
stefin B facilitates tumor growth inducing tumor resistance
to both oxidative stress and apoptosis.19

Although tumor size and nodal status were historically
associated with LRR, they were not significant factors in the
univariate analysis, suggesting that stage is a predictor of
recurrence but not of the timing of recurrence after sur-
gery.22 As expected, univariate results indicated that the
probability of early recurrence was higher in patients not
receiving adjuvant therapy. Therefore, our three-gene
signature could represent a suitable tool for a more pre-
cise risk definition of developing LRR in women affected
with BC.23 Its application should help in deciding, for each
patient, the recommendation for adjuvant therapy and its
intensity. Indeed, the ability to predict the timing of
recurrence has a considerable impact on patient manage-
ment, as it could drive treatment escalation for patients at
risk of early recurrence. Hence, our three-gene signature
holds the potential to identify patients at high risk for LRR,
despite surgery and radiotherapy, who may benefit from
radiation dose escalation or combinations with systemic
treatments, as well as to refine selection criteria for the use
of partial breast irradiation or whole-breast hypofractio-
nated accelerated treatments.24-26

It should also be noted that our results from a multi-
variable analysis demonstrate that systemic therapy is able
8 https://doi.org/10.1016/j.esmoop.2023.101590
to reduce the risk of LRR. It follows that the differences in
LRR among cases with different levels of the three-gene
signature might be modified in a population receiving
more extensive systemic therapy and, therefore, might
guide the decision of the adjuvant treatment.

The clinical value of the three-gene signature may be also
extended to distant relapse as indicated by in silico analysis
of the subset of ER-positive relapsed patients from two
publicly available datasets in which the score was signifi-
cantly associated with relapse time, with higher values in
the early relapsed patients, and a better prognosis pattern
in patients showing low three-gene score values compared
to those with higher values was observed. However, we are
aware that the identified cut-off should be validated in
further ad hoc studies implemented on independent
cohorts.

A major limitation of our study cohorts was the lack of a
luminal-like BC patient population not developing LRR for
evaluation the three-gene signature specificity. However, in
the additional dataset that included 101 ER-positive, node-
and HER2-negative patients with or without LRR, patients
without relapse showed a lower three-gene score than
relapsed patients, suggesting that the tumor expression
levels of ITGB1, CCDC91 and CSTB are crucial in promoting
luminal-like BC progression. In support of this, the three-
gene signature, as a continuous variable, was found
significantly associated with RFS (HR ¼ 1.56, 95% CI 1.04-
2.35).

Altogether, although our findings need to be further
confirmed, the three-gene signature characterization of
each patient’s tumor holds the potential to help in the se-
lection of the adjuvant treatment in luminal-like BCs, which
is a critical challenge for public health, in terms of patient
quality of life and survival, reduction in (re)surgery and
hospitalization, as well as in the psychological effects that
cancer recurrences present to the patients.
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