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Introduction: Numerous prospective studies have shown that the incorporation of genomic assays into
clinical practice significantly impacts the choice of adjuvant treatments for patients with early-stage
breast cancer. However, the same evidence does not exist for the treatment of locoregional recurrences.
Hypothesis and objectives: The main objective of this work was to identify the clinicopathological, mo-
lecular, and genetic parameters that allow patients to be more precisely categorised into risk groups, in
order to create a locoregional recurrence riskclassification tool, the PersonalRT27.
Material and methods: To create PersonalRT27, we retrospective assessed the variables of patients with
early breast cancer (stages I or II) who had undergone the OncotypeDx ® and MammaPrint ® genetic
tests. These variables and factors included in the tests were categorised and weighted to obtain scores
between 1 and 5 pointsto represent a lower or higher risk of relapse, respectively, based on these factors
and as determined by the researchers.
Results: The mean follow-up time was 60.5 months (range 25e96 months); locoregional progression-
free survival at the time of the analysis was 98.4%, and overall survival was 97.5%, of which 0.6% of
the deaths had been cancer specific. The area under the curve for the PersonalRT27 was 0.76 (95% CI
[0.70, 0.81]), sensitivity was 78%, and the specificity was 58.9%. We used these factors to create an
inhospital web-based nomogram.
Conclusions: The PersonalRT27 is a novel tool that integrates clinical-pathological, molecular, and genetic
parameters. External and independent validation will be required to implement its clinical use.
© 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The irradiation of breast tissue after conservative surgery as well
as histological study of axillary tissues is considered standard in
patients with early-stage breast cancer (BC). We know that adju-
vant radiotherapy reduces the risk of locoregional recurrence (LRR)
and consequently, increases disease-free survival (DFS), cancer-
specific survival (CSS), progression-free survival (PFS) and overall
survival (OS) [1] [e] [3]. Current trends in oncology are oriented
towards personalising treatments, with the aim of de-escalating
interventions and hence, reducing the incidence and severity of
side effects and, leading to better patient quality of life [4,5].
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factors into, a single novel tool, the PerosnalRT27, which may help
improve their collective utility in predicting LRR.

2. Patients and methods

2.1. Elaboration of the study

Between February 2013 and December 2017, we carried out a
retrospective, multicentre assessment in patients with early BC
(stages I and II) treated at public health departments in the
Valencian Community (Spain). The patients included in this work
had undergone the OncotypeDx® and MammaPrint® genomic
tests to help their physicians discern the best personalised thera-
peutic approach in each individual case. This study was approved
by the Ethics Committee at the Centre for Public Health Research in
2015 and the data from a total of 449 participants were analysed.
We created an online data collection notebook to record multiple
local and distant relapse variables in these patients in order to
predict their OS, locoregional PFS (L-PFS), and metastasis-free
survival (MFS).

2.2. Inclusion and exclusion criteria

We applied the following inclusion criteria (1) age at diagnosis
less than 75 years, (2) cancer stage T1eT2, N0eN1mic, (3) hormone
receptor expression as follows: weak or moderate (10e60% posi-
tive) oestrogen receptor (ER) expression, negative, weak, or mod-
erate (10e60% positive) progesterone receptor (PR) expression, and
negative Her2 expression; this was important in order to request
the genomic tests such as OncotypeDx® and Mammaprint®
incorporated into the nomogram in this study; and (4) patients
who had undergone conservative or radical surgery and had
received systemic adjuvant treatment with hormone therapy (HT)
and/or chemotherapy (CT), and/or locoregional radiotherapy (RT).

The intrinsic luminal A and B subtypeswere identified according
to the St. Gallen guidelines with a Ki67 threshold of 14e20% [24,25].
Patients who underwent genetic testing with the OncotyeDx®
platform were stratified into three groups based on their recur-
rence risk score (RS) obtained using the previously published TAI-
LORx and RxPonder studies [26,27]. In contrast, MammaPrint®was
performed in both low and high-risk patients.

Patients for which a genetic test had been performed in a relapse
and not the primary tumour, those with HER2 positive and triple
negative cancer subtypes, or without adequate follow-up moni-
toring according to international recommendations were excluded
from this study.

The patients were analysed according to the locoregional
treatment they had received after surgery, either with conventional
fractionation (CF) schemes at 2 Gy or with hypofractionation (HF) at
2.67 Gy on the breast and chest wall plus overprinting on the sur-
gical bed if the margins had been affected or the patient was aged
under 60 years. Nodal irradiation was indicated based on the clin-
ical performance protocols available in the academic literature
[28e30]. According to the results of the patient genomic tests,
systemic adjuvant treatment was administered with CT regimens
based on anthracyclines and taxanes, with or without subsequent
HT with tamoxifen or aromatase inhibitors [31].

2.3. Statistical analysis

We carried out a descriptive data analysis by calculating the
means, dispersion, and 95% confidence intervals (95% CIs) for
continuous variables and the distribution of frequencies and per-
centages for categorical variables. P-values less than 0.05 were
considered significant. L-PFS, MFS, and OS were analysed using the
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KaplaneMeier method. To calculate the outcome for the Person-
alRT27 tool, we used a numerical scoring system for the variables,
as represented in frequency tables for each patient. Logistical
regression analysis was used to predict the sum of the variables and
to compare the PersonalRT27 result with both the MammaPrint®
and OncotypeDx® genomic tests results.

The sensitivity of the PersonalRT27 tool, as indicated by receiver
operating characteristic (ROC) curves, was analysed by calculating
the area under the curve (AUC). Binary logistic regression models
were employed to validate the nomogram in our study population
and decide if it was a useful tool for detecting disease progression.
Student t-tests were used in the univariate analysis of the rela-
tionship between the clinical-pathological risk factors and the
PersonalRT27 results to compare the quantitative variable and
ANOVA test results with the qualitative polytomous variables. All
the calculations were performed using SPSS software (version 26.0;
IBM Corp., Armonk, NY).

2.4. Definition of the patient evolution outcome variables

PFS-L and MFS were defined as the intervals from surgery to
locoregional or distant progression, respectively; OS was defined as
the period from the surgical procedure to the date the data were
analysed.

3. Results

As shown in Tables 1 and 2, the mean patient age was 54 years
(range 31e78 years) and the mean follow-up was 60.5 months
(range 25e96 months); 64% of the patients were postmenopausal;
27.4% had type IeII obesity, 28.73% were hypertensive, and 17.1%
were active smokers. The mean tumour size was 2.1 cm (range
1.9e2.3 cm), and the predominant stage was cT2 (55.5%). The
presence of micrometastases was detected in 16% of the patients
and the histological grade was usually G2. Lympho-vascular inva-
sion was present in 7.6% of the patients and Ki67 expression was
�20% in 42%; the luminal B tumour subtype predominated (66% of
the cases).

3.1. Adjuvant treatments

RT was administered after surgical excision in 82% of the cases;
CF was used in 49% of patients compared to HF with overprinting in
67.7% of cases. In addition, 67.7% received exclusive HT, and the
remaining 36.3% received HT combined with CT. The L-PFS of the
patients at the time of study was 98.4% (Fig. 1); 7 locoregional re-
lapses had been detected, with 42% of these being found in the
same quadrant. When analysing the L-PFS results, no notable dif-
ferences were observed according to the genomic test used; the
hazard ratio (HR) was 1.02 (95% CI [0.20, 5.06]; p¼ 0.850). Similarly,
there were no notable differences regarding the irradiation scheme
used when comparing conservative surgery plus RT versus exclu-
sive radical surgery, with a HR of 1.23 (95% CI [0.14, 10.53]; p ¼
0.980).

The MFS rate was 98.2%, and when detected in our cohort, the
metastases were predominantly distant, in the liver or bone (Fig. 2).
The OS was 97.5% (Fig. 3); and cancer-specific death (CSD) was 0.6%
at the time of the analysis. The other deaths had been caused by
cardiovascular comorbidity factors, especially those related to
diabetes mellitus and obesity. No significant differences were
observed according to the genomic platform that had been used,
OncotypeDx® obtained a HR of 5.06 (95% CI [0.59, 43.38];
p¼ 0.130). Therewere also no differences in the OS according to the
locoregional treatment used (p ¼ 0.450).



Table 1
Distribution of Clinical, Pathological and Molecular Characteristics among
patients with early breast cancer.

Characteristics n (%)

-Age (years)
�50 162 (36%)
51-60 126 (28%)
>60 160 (35,6%)
ND 1 (0,4%)

-Tumor size (cm)
T1 200 (44,5%)
T2 249 (55,5%)

-Grade
G1 78 (17,4%)
G2 319 (71%)
G3 31 (7%)
ND 11 (4,6%)

- Lymp nodes
pN0 378 (84%)
pN1mic 67 (15%)
pN1 4 (1%)

- Axillary lymph node dissection 90 (20%)
- Sentinel node biopsy 359 (80%)
-Locoregional treatment
- Lumpectomy þ RT 360 (80%)
- Mastectomy 83 (18%)
- Mastectomy þ RT 6 (2%)

-Margins
R0 379 (84%)
R1 50 (11%)
R (1e5 mm) 20 (5%)

- Lymphovascular invasion
Positive 34 (7,6%)
Negative 298 (66,4%)
ND 117 (26%)

-Ki67
<20 258 (57,4%)
�20 191 (42,6%)

-Subtipe
Luminal A 197 (44%)
Luminal B 252 (56%)

-Systemic treatment
Chemotherapy þ HT 136 (30%)
Hormone therapy (HT) 313 (70%)

Table 2
Risk classification by genetic platforms.

Genetic test n (%) Risk classification

OncotypeDx® (49%) RS low (62,7%)
RS interm�ediate (27,7%)
RS high (9,5%)

Mammaprint® (51%) High (38,4%)
Low (61,6%)

Fig. 1. Locorregional progression-free survival.

Fig. 2. Metastasis-free survival.
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3.2. Creation of the PersonalRT27 tool

Based on previous evidence [32,33], a relapse-risk score of 1e5
points was assigned for each of the variables analysed, with 5
points representing the highest risk. For example, the patients with
the lowest risk of progression were aged over 60 years, had a small
(T1), and well-differentiated (G1), luminal subtype A, tumour with
negative margins and without lymphovascular invasion and Ki67
expression less than 20%. The results of the genetic platform scores
were also categorised by assigning a higher score to patients at a
higher risk of recurrence. Individuals who were considered low or
high risk for both platforms scored 2 or 5 points respectively; those
with an intermediate risk for OncotypeDx® scored 4 points. By
summing all the scores for analysed variables, we obtained a score
that allowed us to appropriately stratify patients and thereby,
individualise their therapeutic strategies.
257
As shown in Table 3 and 4, 42 patients have obtained a score of
27 for the analysed variables (representing a cumulative percent-
age of 47,7%). We therefore considered this threshold turning point
between a low (<27) and high (�27) risk of recurrence for this
study population and named the tool the PersonalRT27 (Fig. 4). An
adjusted univariate analysis to assess the association between the
PersonalRT27 score and all the study variables identified a corre-
lation between high scores and the presence of unfavourable
prognostic factors. A good correlation was also observed when we
stratified risk according to several different classical factors
included in other platforms (Fig. 5). When we compared this new
tool with the OncotypeDx® and Mammaprint® genetic analysis
platforms, we had to join the intermediate and high RS categories
for OncotypeDx®, although this did not notably affect the correla-
tion outcome. Thus, an AUC of 0.76 (95% CI [0.70, 0.81]) was ob-
tained for PersonalRT27, with a sensitivity of 78% and a specificity
of 58.9% (Fig. 6).

We also carried out a univariate analysis of the clinicopatho-
logical variables and the genetic assays to evaluate their association
with progression events; these analyses highlighted a positive



Fig. 3. Overall survival.

Table 3
Numerical score according to risk.

Quantitative variables: Score lowest to highest risk 1 2 3 4 5

Edad
� 50a~nos �
51-59 a~nos �
� 60 a~nos �

Comorbilidad
Obesidad(IMC > 30 kg/m2) �
Hipertensi�on arterial �
Tabaquismo activo �
Diabetes Mellitus �

Anatomía Patol�ogica
CDI �
CLI �
Ca in situ �

Tama~no tumoral
T1 �
T2 �

Estado ganglionar
pN0 �
pN1mi �
pN1a �

M�argenes
R0 �
R1 �
R pr�oximos (1e5 mm) �

Invasi�on linfovascular
ILV þ �
ILV - �

Grado histol�ogico
G1 �
G2 �
G3 �

Subtipo luminal
Luminal A �
Luminal B (Her2-) �

Ki67
Ki 67 � 20 �
Ki67 < 20 �

Mammaprint®
Alto riesgo �
Bajo riesgo �

OncotypeDx®
RS bajo �
RS intermedio �
RS alto �

1 Low point; 5 High point; 2-3-4 Intermediate.

Table 4
PersonalRT27 characteristics.

Characteristics Distribution 95% CI

Sensitivity 78.0% 69.9%e84.5%
Specificity 58.9% 51.5%e65.9%
PPV 57.1% 49.6%e64.4%
NPV 79.2% 71.5%e85.3%
Proporci�on FP 41.1% 34.1%e48.5%
Proporci�on FN 22.0% 15.5%e30.1%
Accuracy 66.8% 61.2%e71.9%
Oddsratio 5.09 3.02e8.58

Abbreviations: PPV (positive predictive value), NPV (negative predictive value), FP
(false positive), FN (false negative).
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correlation with affected margins and the luminal B subtype
(Table 5). Furthermore, the association with affected margins was
also maintained in the multivariate analysis (Table 6). Given the
limited number of events, we created a variable that comprised
both locoregional and distant relapses. We wanted to determine if
the tool would detect progressions given that relapse events would
present scores of 27 or more in the PersonalRT27. Of the 13 pro-
gressions we detected among our cohort, 7 were locoregional and 6
were distant; of note, 5 of these patients had a PersonalRt27 score
lower than 27, although all of these had also been classified as low-
risk by the other two genetic platforms. The remaining patients
were classified as high-risk by the PersonalRT27 (scores over 27
points) and so these results were consistent with the evolution of
these individuals. Finally, we created an in-hospital nomogram
(available at https://form.jotformeu.com/cgarcia84/clingen) that
includes all the clinicopathological, molecular, and genetic vari-
ables we considered in this work. It was our hope that this
nomogram would help physicians easily identify patients with a
higher risk which could benefit from targeted treatments.

4. Discussion

The natural progression of BC differs because of the inherent
heterogeneity of this disease and according to the initial diagnostic
stage and baseline status of the patient. In this work, we assessed
different therapeutic strategies and their responses, depending on
several clinical data variables and/or analytical prognostic and
predictive values. We were able to correlate these factors with
expected survival based on the so-called prognostic stage [34]. This
allowed us to create nomograms that integrated these variables and
factors as a tool to assess the risk of distant progression and which
can help us to select the most appropriate therapy for each patient
based on their individual risk.

Of note, the Adjuvant 8.0 (www.adjuvantonline.com) tool re-
ports the expected OS benefit for individual patients based on the
use of CT or HT in these cases [35,36]. In addition, ipsilateral relapse
prediction nomograms such as the one designed by Sanghani et al.
(IBTR!) that analyses clinicopathological risk variables can correctly
calculate the percentage of recurrence after conservative surgery
and RT in low and moderate-risk patients [37,38]. Furthermore,
genomic tests used in clinical practice can also help us to
discriminate patients who could benefit from systemic treatments.
The objective of all these tools was to individualise cancer treat-
ments by selecting appropriate profiles for more targeted and
effective therapies.

However, precisely because of the heterogeneity of BC, no single
platform integrates all these variables and is valid for the prediction
of both locoregional and distant BC progression. Therefore, we
created the PersonalRT27 to try to improve the selection of patients
with early-stage BC for different targeted therapies. This tool,
simultaneously considers both the classic factors present in these

https://form.jotformeu.com/cgarcia84/clingen
http://www.adjuvantonline.com


Fig. 4. PersonalRT27 histograma.

Fig. 5. Univariante analysis with PersonalRT27.
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Fig. 6. Curve ROC

Table 5
Univariate analysis of variables with progression.

Variables Reference HR LCI (95%CIHR) UCI (95%CIHR) p-value

OncotypeDx® RS low 0
RS intermediate 1 0.973 0.088 10.735 0.982
RS high 2 4.871 0.387 61.359 0.221

Mammaprint® Low 0
High 1 0.497 0.095 2.612 0.409

Age(years) �50 1 1.608 0.424 6.101 0.485
>50 0

Grade G1 0
G2 1 0.53 0.151 0.41 0.321
G3 2 0.986

Lymphovascular invasion Positive 0
Negative 1 1.291 0.155 10.742 0.813

Lymph nodes N0 1 0.838 0.178 3.953 0.823
N1/N1mi 1 1.227 0.26 5.787 0.796

Subtype luminal A 0
B 1 0.191 0.041 0.902 0.037

Margins R1 1 4.364 1.311 14.528 0.016
R0 0 0 0 0

Ki 67 �20% 0
>20% 1 0.412 0.087 1.944 0.262

Type of treatment Surgery þ RT 1 0.949 0.201 4.473 0.947
Surgery 0

Systemic treatment HT 0
QT þ HT 1 1.251 0.366 4.273 0.721

Abbreviations: Surgery (Lumpectomy; Mastectomy), QT (Chemotherapy), HT (hormone therapy).

Table 6
Multivariate Analysis with progression.

Variable Reference HR LCI (95%ICHR) UCI (95%ICHR) p-value

Luminal A 0 0.048 1.098 0.065
B 1 0.230

Margins R0 0 1.245 13.985 0.021
R1 1 4.172
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aforementioned nomograms as well as those included in the
OncotypeDx® and Mammaprint® genetic platforms, to predict
both local and distant relapses in patients with BC.

Previous work established an association between the classic
factors and the OncotypeDx® RS and concluded that the RS adds
260
complementary biological information to the traditional clinico-
pathological factors when evaluating the probability of relapse
[39,40]. Furthermore, these publications also showed that,
compared to patients with a low or intermediate risk, more pa-
tients with a high RS had ki67 expression exceeding 20%, a high
histological grade, lymphovascular invasion, and had undergone
CT. Therefore, together with MammaPrint® and other traditional
risk factors, the RS incorporated into our tool was a useful predic-
tive variable for patient prognosis. Thus we obtained similar data
with the PersonalRT27 tool given that we observed a correlation
between affected surgical margins and the luminal B subtype,
although only the former was confirmed in our multivariate
analysis.

However, other studies have shown a correlation between RS
and different variables including age, histological grade, Ki67
expression, and lymph node involvement [41]. In this work, the RS
was high in a higher proportion of patients with a G3 morphology,
lymphovascular invasion, and who had received CT, compared to
patients with intermediate and low RS scores [42].

Most of the patients in our series had received RT after conser-
vative surgery because we presently only consider clinicopatho-
logical parameters when deciding the most appropriate
locoregional treatment. Thus, when developing PersonalRT27, we
considered both these traditional factors and genetic andmolecular
factors. We also found ongoing studies that had analysed the role of
the luminal subtype and RS by other platforms to help decide
whether to omit RT in low-risk groups.

Our nomogram was based on a logistic regression analysis of
population data; after introducing multiple variables the nomo-
gram obtains a probability value of 0 to 1, as represented by the
AUC, which defines the probability of relapse. To determine the
sensitivity and specificity of our tool, we determined the AUC and
compared it with other nomograms currently in clinical use,
including those used to predict the risk of axillary relapse, and
obtained values remarkably similar to those published elsewhere
[43e47]. However, the work that was most consistent with the
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variables, population, and development process used for Person-
alRT27, was based on the creation and validation of a time-
dependent logistic regression model for predicting locoregional
recurrence. This tool had integrated multiple clinical-pathological
and molecular variables to generate a nomogram to support ther-
apeutic decision-making and clinical follow-ups. Moreover, its AUC
for the estimated risk at 5 years was 0.71, which indicated a good
discrimination capacity which was lower than that of Person-
alRT27, perhaps because we considered genetic profiles in the
categorisation of risk. Nonetheless, our tool was novel in the sense
that it not only included variables from previously validated no-
mograms, but it also incorporated independent risk prediction
parameters such as intrinsic subtypes and genomic expression
profiles.

Regarding the limitations of this work, it is important to note
that this was a non-randomised, retrospective study with potential
selection bias. We also included relatively few events because the
population had a generally very low risk of relapse. However, it is
precisely this group that should be targeted with personalised
systemic and local treatments that can be adapted to individual
patient risk, thus making the treatments less likely to interferewith
patient quality of life. In the future, prospective studies must be
carried out to allow us to use this tool to evaluate, a priori, which
patients subgroups would or would not benefit from the addition of
RT to their treatment regimens [48e52].

The PersonalRT27 can help us select the most appropriate
locoregional treatments for patients because it can indicate, in
advance, which patients have a higher or lower risk of locoregional
relapse. For example the PersonalRT27 could predict which pa-
tients might benefit fromwhole-breast RT (those with scores of 27
or more), or on the contrary, less aggressive partial breast RT could
be applied in patients with scores under 27 points. Thus, the cat-
egorisation tools incorporated into the PersonalRT27 offer a path
towards personalised RT in low and intermediate-risk patients.
Notwithstanding, the validation of PersonalRT27 to predict the risk
of relapse both prospectively and after more than 10 years is still
pending, especially in independent populations.

5. Conclusions

PersonalRT27 considers both genetic and clinical factors and in
this current work, showed adequate sensitivity and adjustedwell to
the results of the other genetic testing platforms. Therefore, this
tool has a high prognostic value because it correctly categorised
patients according to their risk. PersonalRT27 is available online
and is easy to use; it allows decisions to be inferred quickly and
with some agility. However, independent external validation and a
longer follow-up time, including inclusion of a greater number of
events will be required before it can be implemented in healthcare
practice to help personalise RT treatments.
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