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Abstract: Gene expression profiling tests such as the Oncotype DX (ODX) 21-gene recurrence score
(RS) assay is increasingly used in clinical practice to predict the risk of recurrence and support
treatment planning for early-stage breast cancer (BC). However, this test has some disadvantages
such as a high cost and a long turnaround time to get results, which may lead to disparities in access.
We aim to identify clinicopathological factors associated with ODX RS in women with early-stage
BC. We conducted a retrospective cohort study of women identified in the medical database of the
Deschénes-Fabia Breast Disease Center of Quebec City University, Canada. Our sample consists of
425 women diagnosed with early-stage BC who have obtained an ODX RS between January 2011
and April 2015. The ODX RS has been categorized into three levels as originally defined: low (0-17),
intermediate (18-30), and high (>30). The mean RS was 17.8 (SD = 9.2). Univariate analyses and
multinomial logistic regressions were performed to identify factors associated with intermediate
and high RS compared with low RS. A total of 237 (55.8%) patients had low RS, 148 (34.8%) had
intermediate RS, and 40 (9.4%) had high RS. Women with progesterone receptor (PR)-negative (ORs
ranging from 3.51 to 10.34) and histologic grade II (ORs ranging from 3.16 to 23.04) tumors were
consistently more likely to have intermediate or high RS than low RS. Similar patterns of associations
were observed when the RS was categorised using redefined thresholds from (i.e., from the TAILORx
study or dichotomized). This study provides evidence suggesting that histologic grade and PR status
are predictive factors for intermediate or high RS in women with early-stage BC. If these results are
confirmed in future studies, considering these clinicopathological factors could spare women the
need to get such a test before the beginning of a possible adjuvant therapy. This option could be
considered in settings where the cost of testing is an issue.

Keywords: adjuvant chemotherapy; breast cancer subtype; cancer recurrence risk score; clinical
decision making; gene expression profiling; lifestyle risk factors; precision medicine

1. Introduction

Gene expression profiling tests are increasingly used in clinical practice to predict the
risk of recurrence and personalize treatment for early-stage breast cancer (BC) [1]. One of
such tests is the Oncotype DX®(ODX), which is a commercially available assay developed

J. Pers. Med. 2021, 11, 858. https:/ /doi.org/10.3390/jpm11090858

https:/ /www.mdpi.com/journal /jpm


https://www.mdpi.com/journal/jpm
https://www.mdpi.com
https://orcid.org/0000-0001-5355-7345
https://doi.org/10.3390/jpm11090858
https://doi.org/10.3390/jpm11090858
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/jpm11090858
https://www.mdpi.com/journal/jpm
https://www.mdpi.com/article/10.3390/jpm11090858?type=check_update&version=2

J. Pers. Med. 2021, 11, 858

20f11

by Genomic Health Inc. (Redwood City, California, USA) and designed to measure the
10-year risk of tumor recurrence in early-stage BC at the time of initial diagnosis. The test
evaluates the expression of 21 targeted genes (16 cancer-related and 5 reference genes)
and provides a single recurrence score (RS), which ranges between 0 and 100 [2,3]. Ini-
tially developed among women with estrogen receptor-positive (ER+), epidermal growth
factor receptor 2-negative, and lymph node-negative breast tumors, the RS is used to
stratify patients into one of the three original risk categories: low (RS < 18), intermediate
(RS 18-30), or high (RS > 30), and to help identify which women are most likely to benefit
from adjuvant chemotherapy [4,5].

The use of RS to guide treatment decision making has been integrated into several clin-
ical guidelines including those from the American Society of Clinical Oncology (ASCO) [4],
the National Comprehensive Cancer Network (NCCN) [5], the European Society of Medical
Oncology (ESMO) [6], and the St Gallen International Expert Consensus guidelines [7]. In
Canada, the use of ODX test is funded through provincial programs and covers women
who meet eligibility criteria [8]. In the province of Quebec in particular, ODX test was
recommended to be used in oncology care by several committees and reimbursed by the
Régie de I'assurance maladie du Quebec (the government health insurance board) for any
request that meets the authorization and reimbursement mechanism for a medical biology
analysis not available in Quebec [2].

In theory, the test is available and accessible to any patient who meets the eligibility
criteria. However, this is far from being the case, and there is compelling evidence sug-
gesting that the utilization of ODX varies greatly between oncologists, populations, and
locations [8-11]. Several factors have been suggested to explain these disparities in the
utilization and the availability of ODX. One of these factors is the cost of the test itself which
amounts to more than CAD 4000 per patient [12]. Studies conducted in the United States
(US) and in Europe estimated that ODX is used for only 20 to 30% of eligible patients due
to reduced access and reimbursement policies [13-15]. Another factor is the turn-around
time to get results, which could be long given that the test is exclusively performed in the
US by Genomic Health Inc.

As a consequence, several studies sought to know whether the ODX RS could be
predicted by BC clinicopathological factors [16-19]. Histologic grade and progesterone
receptor (PR) levels were the most consistent factors associated with high RS [16-20], even
though associations were also reported for ER level [16] and tumor size [19]. It should be
noted that some of these studies had several limitations including the restriction to only
stage 1 BC patients [16], the lack of consideration of hormone receptors levels [17], and the
combination of patients with intermediate and low RS in comparison with those with high
RS [16-19].

In addition, to our knowledge, no study evaluated the associations between the RS
and lifestyle risk factors for BC such as tobacco use, alcohol consumption, and body mass
index (BMI) alongside classical clinicopathological factors. There is evidence showing that
smoking may induce DNA methylation and alter the expression profile of certain genes
associated with BC risk [21,22].

Thus, the main objective of this study was to identify clinicopathological and po-
tential lifestyle factors associated with the 21-gene ODX RS in women with early-stage
BC. We also aim to examine the adequacy between RS levels and adjuvant chemotherapy
decision making.

2. Methods
2.1. Study Design and Population

We conducted a retrospective cohort study that included all women included in the
Deschénes-Fabia Breast Disease Center (CMS-DF) medical database who were diagnosed
with early-stage (i.e., stage I and II) invasive BC and who obtained an ODX RS between
January 2011 and April 2015. The CMS-DF serves the great region of Quebec City and the
eastern part of the Quebec province. The center treats approximately 1000 new BC cases
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each year, which represents about 15% of all BC cases in the province and records more
than 30,000 visits annually, making it one of the largest BC centers in Canada.

2.2. Variables
2.2.1. Oncotype DX Recurrence Score

We categorized the ODX RS into three risk categories as done previously [23]. Patients
with a RS of 0-17 were considered at low risk of recurrence. Those with a RS of 18-30 were
considered to have an intermediate risk. Finally, those with a RS of >30 were considered at
high risk.

2.2.2. Clinicopathological and Lifestyle Risk Factors

Clinicopathological and lifestyle risk factors were obtained from the CMS-DF database.
Clinicopathological factors included hormone receptor levels (i.e., estrogen receptors (ER),
progesterone receptors (PR)), human epidermal growth factor receptor (HER?2) status,
tumor grade, histologic type, size and stage of the tumor, lymph node status, menopausal
status, parity, age at first menstruation, age at diagnosis, and BMI. Data on lifestyle habits
such has smoking status and alcohol consumption were collected from a questionnaire
filled by women during their first consultation at the clinic. More details regarding the
CMS-DF database constitution are provided in a previous publication [24]. ER and PR
levels were obtained with a qualitative evaluation of the immunohistochemically (IHC)
receptors. The IHC test uses specific antibodies monoclonal receptors to detect the presence
of hormone receptors and determine whether a tumor is positive or negative for these
hormonal receptors. IHC test results are usually reported in percentage of nuclei linked
with the antibody and are classified according to the following categories: <1, 1-90 and
90-100. HER?2 status was either obtained by IHC testing, which evaluates the amount of
HER?2 protein in a cancerous cell or by in situ hybridization with fluorescence (FISH), which
evaluates the number of HER2 gene copies in a cancerous cell. HER2 status was categorized
into positive, negative, or equivocal. Continuous variables were, respectively, categorized
as follows: age at diagnosis (<50 and >50 years), age at first menstruation (<12, 12-14
and >15 years), tumor size (<20 and >20 mm), and BMI (<25, 25-29.9 and >30 kg/m?).
Smoking status was coded into two categories (smoker and non-smoker) and alcohol
consumption was coded into four categories (no consumption, 0.1-9.9, >10 and missing
category) based on the number of alcohol portions consumed per week. Menopausal status
was coded into two categories (yes or no). To avoid losing statistical power, tumor stage
(i.e., I or II), tumor size (i.e., <20 mm or >20 mm), grade (i.e., I or II), and histological type
(i.e., invasive ductal carcinoma or others) were dichotomized.

2.3. Statistical Analyses

All statistical analyses were performed using SAS software, Version 9.4 (Copyright
© 2016 by SAS Institute Inc., Cary, NC, USA). Univariate associations between RS and
clinicopathological and lifestyle risk factors were first evaluated using a chi-squared test.
We used multinomial logistic regressions to examine associations between RS and selected
clinicopathological and lifestyle risk factors. Odds ratios (ORs) and their 95% confidence
intervals (CI) were reported. The explanatory variables known in the literature to be
risk or prognostic factors for BC were included in the model from the outset. The other
variables were considered when the chi-squared test was significant with a p value < 20%.
In our study, missing data were not missing at random (MNAR). For alcohol consumption,
we created a dummy variable modality for the missing values because the number was
important (N = 37). All tests were two-sided with a 0.05 level of significance.

2.4. Sensitivity Analyses

To test the robustness of our results, we conducted several sensitivity analyses. First,
we performed the analyses by categorizing RS according to the classification used in the
TAILORX (Trial Assigning Individualized Options for Treatment (Rx)) study [25] (i.e., low
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RS =< 10, intermediate RS = 11-25, and high RS > 26). These thresholds were initially de-
fined to minimize potential under-treatment and were also used in recent studies [18,26,27].
Second, we dichotomized the RS by grouping together the low and intermediate categories
as done in a previous study [19]. Third, we excluded from the sample HER2-positive
BC patients and patients with a positive lymph node. These exclusions were chosen to
follow clinical practice guidelines which did not initially recommend the use of ODX test
for patients with HER2-positive BC or those who have a positive lymph node. Fourth, to
take into account the missing values, we created a dummy variable for each variable with
missing values and re-ran the analyses.

3. Results

The characteristics of our sample are presented in Table 1. The total sample was
composed of 425 women with 75.3% aged over 50 years old. All women in our sample
(100%) were ER+, 92.7% were PR+, 98.3% were HER2- and 91.3% were lymph node-
negative. The RS varied between 0 and 64 with a mean RS of 17.8 (SD =9.2). A total of
237 women (55.8%) had low RS, 148 (34.8%) had intermediate RS, and 40 (9.4%) had high
RS. For each category, the mean RS were, respectively, 11.6 (SD = 4.0), 22.1 (SD = 3.5), and
37.9 (SD = 7.5). In our sample, 74.6% of women had invasive ductal carcinoma, 81.7% had
a histological grade I, and 70.5% were postmenopausal at their first consultation. About
half of the women (52.4%) were smokers, and 66.8% reported consuming alcohol with
58.8% drinking between 0.1 and 9.9 servings of alcohol/week and 8% >10 servings of
alcohol/week.

Table 1. Characteristics of the study sample.

Characteristics Total (N = 425) %
Mean Recurrence Score (RS) [SD] 17.8[9.2]
Recurrence score
Low risk (0 to 17) 237 55.8
Intermediate risk (18 to 30) 148 34.8
High risk (more than 30) 40 9.4
Age
<50 105 24.7
>50 320 75.3
Estrogen receptor (% cells staining positive)
1-90 50 11.7
90-100 375 88.2
Progesterone receptor (% cells staining positive)
<1 31 7.3
1-90 228 53.6
90-100 166 39.1
Human Epidermal Growth Factor Receptor-2
Negative 417 98.1
Positive 2 0.5
Equivocal result 5 1.2
Missing values 1 0.2
Histological type
Invasive ductal carcinoma 317 74.6

Others 108 25.4
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Table 1. Cont.

Characteristics Total (N = 425) %
Mean Recurrence Score (RS) [SD] 17.8 [9.2]
Tumor stage

I 234 55.1

I 191 449
Histological grade

I 347 81.7

1I 78 18.3
Tumor size

<20 mm 256 60.2

>20 mm 169 39.8
Ganglion node

No 379 89.2

Yes 36 8.4

Missing values 10 2.4
Smoking status

Non-smoker 200 47.0

Smoker 220 51.8

Missing values 5 1.2
Alcohol consumption

No 104 24.5

0.1-9.9 250 58.8

>10 34 8.0

Missing values 37 8.7
Menopause

No 122 28.7

Yes 291 68.5

Missing values 12 2.8
Body mass index

<25 205 48.2

25-29.9 144 33.9

>30 76 17.9
Age at first menstruation

<12 87 20.5

12-14 274 64.5

>15 52 12.2

Missing values 12 2.8

Abbreviation: SD = Standard deviation.

Table 2 presents the distribution of our sample’s characteristics according to the RS
categories. Univariate analyses revealed a significant or closed to significance relationships
between RS and four clinicopathological factors: ER (p = 0.0661), PR (p < 0.0001), histologic
grade (p < 0.0001) and histologic type (p = 0.0307). In addition to these factors, age
(p = 0.1537) and menopausal status (p = 0.1148) were also selected as independent variables
to be included in the multivariable regression models. The size of the tumor, alcohol
consumption, smoking status, and BMI were not significantly associated with RS according

to our threshold set at 20% level of significance.
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Table 2. Associations between clinicopathological factors and recurrence score category.

Recurrence Score (RS)

L Int diat High
Clinicopathological Factors (N :;;7) n(ls]n:i 4;;; ¢ (N 1=g40) p-Value
Age
<50 66 (15.5) 33 (7.8) 6(1.4) 0.1537
>50 171 (40.2) 115 (27.1) 34 (8.0)
Estrogen receptor
1-90 23 (5.4) 18 (4.2) 9(2.1) 0.0661
90-100 214 (50.4) 130 (30.6) 31(7.3)
Progesterone receptor
<1 6 (1.4) 15 (3.5) 10 (2.4)
1-90 102 (24.0) 98 (23.1) 28 (6.6) <0.0001
90-100 129 (30.4) 35(8.2) 2 (0.5)
Histological type
Invasive ductal carcinoma 168 (39.5) 113 (26.6) 36 (8.5) 0.0307
Other 69 (16.2) 35(8.2) 4(0.9)
Tumor stade
I 131 (30.8) 79 (18.6) 24 (5.6) 0.7528
I 106 (24.9) 69 (16.2) 16 (3.8)
Histological grade
I 217 (51.1) 116 (27.3) 14 (3.3) <0.0001
I 20 (4.7) 32 (7.5) 26 (6.1)
Tumor size
<20 mm 147 (34.6) 85 (20.0) 24 (5.6) 0.6692
>20 mm 90 (21.2) 63 (14.8) 16 (3.8)
Smoker status
Non-smoker 105 (25.0) 73 (17.4) 22 (5.2) 0.3096
Smoker 131 (31.2) 71 (16.9) 18 (4.3)
Alcohol consumption
No 60 (14.1) 35 (8.2) 9(2.1)
0.1-99 141 (33.2) 88 (20.7) 21 (4.9) 0.3768
>10 21 (4.9) 10 (2.4) 3(0.7)
Missing values 15 (3.5) 15 (3.5) 7 (1.6)
Menopause
No 78 (18.9) 34 (8.2) 10 (2.4) 0.1148
Yes 154 (37.3) 109 (26.4) 28 (6.8)
Body mass index
<25 114 (26.8) 75 (17.6) 16 (3.8) 05218
25-29.9 76 (17.9) 52 (12.2) 16 (3.8) ’
>30 47 (11.1) 21 (4.9) 8(1.9)
Age at first menstruation
<12 50 (12.1) 29 (7.0) 8 (1.9) 09344
12-14 158 (38.3) 91 (22.0) 25 (6.1) ’
>15 21 (5.1) 25 (6.1) 6 (1.5)

Results of the multinomial multivariable logistic regressions are reported in
Table 3. Women with PR-negative (<1 vs. 1-90: OR = 3.51, 95% CI = 1.21-10.21) and
those with histologic grade II (Il vs. I: OR = 3.16, 95% CI = 1.65-6.05) tumors were more
likely to have intermediate RS. Similarly, women with PR-negative (<1 vs. 1-90: OR =10.34,
95%CI = 2.60-41.15) and those with histologic grade II tumors (I vs. I: OR = 23.04;
95%ClI = 8.91-59.55) were much more likely to have high RS.
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Table 3. Multinomial multivariable logistic regressions of association between clinicopathological
factors and recurrence score categories.

Recurrence Score (RS)

High vs. Low RS

Int diate vs. Low RS
Clinicopathological Factors B S o

Adjusted OR (95% CI) Adjusted OR (95% CI)

Age

<50 1 1

>50 0.77 (0.33-1.82) 3.31 (0.72-15.34)
Estrogen receptor

1-90 1 1

90-100 0.83 (0.41-1.71) 0.31 (0.10-0.96)
Progesterone receptor

<1 3.51 (1.21-10.21) 10.34 (2.60-41.15)

1-90 1 1

90-100 0.29 (0.17-0.47) 0.05 (0.01-0.23)
Histological type

Invasive ductal carcinoma
Other

1
0.73 (0.43-1.24)

1
0.36 (0.11-1.19)

Tumor grade

I 1 1

I 3.16 (1.65-6.05) 23.04 (8.91-59.55)
Menopausal

No 1 1

Yes 1.35 (0.59-3.13) 0.28 (0.07-1.13)

Finally, we explored the effect of the RS on decision making for adjuvant chemotherapy
(Table 4). We found a significant association between the RS and adjuvant chemotherapy
treatment (p < 0.001). Thus, 98.7% of women with low RS did not receive chemotherapy.
In contrast, 92.5% of women with high RS risk received chemotherapy. Among women
classified as intermediate risk, 57.4% did not received chemotherapy.

Table 4. Association between recurrence score and decision to have adjuvant chemotherapy:.

Recurrence Score (RS) p-Value
Adjuvant Low Risk Intermediate Risk High Risk <0.0001
Chemotherapy
No 234 (98.7) 85 (57.4) 3(7.5)
Yes 3(1.3) 63 (42.6) 37 (92.5)

Results of our sensitivity analyses revealed similar patterns of associations to the main
analyses. Categorization of RS according to the thresholds used in the TAILORx Trial [25]
showed that 81 (19.1%) women had low RS, 274 (64.5%) had intermediate RS, and 70 (15,4%)
had high RS. Results from our multinomial logistic regressions were quite consistent with
women with PR-negative (<1 vs. 1-90: OR = 1.56; 95% CI = 0.33-7.47), and those with
histologic grade II (Il vs. I: OR = 2.41, 95% CI = 0.90-6.49) tumors were more likely to have
intermediate RS, even though these associations were not statistically significant. Like the
main analyses, women with PR-negative (<1 vs. 1-90: OR =5.77, 95% CI = 1.05-31.73) and
those with histologic grade II (Il vs. I: OR = 18.77, 95% CI = 6.22-56.61) tumors were more
likely to have high RS. When RS was considered as a dichotomous variable, 385 (90.6%)
had low/intermediate RS, and 40 (9.4%) women had high RS. In multivariable analyses,
women with PR-negative (<1 vs. 1-90: OR = 3.67, 95% CI = 1.27-10.57) and histologic
grade II (Il vs. I: OR = 11.66, 95% CI = 5.25-25.91) tumors were more likely to have high
RS. Finally, the sensitivity analysis in which patients with HER2- and lymph node-positive
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tumors were excluded was based on 376 women, and the overall results are comparable
with those of our main analyses.

4. Discussion

In this study, we sought to examine the associations between BC classical clinico-
pathological, some lifestyle risk factors, and RS categories as measured by the ODX test
in women with early-stage BC. In univariate analyses, we found four clinicopathologi-
cal factors (i.e., ER and PR levels, histological grade, and type) to be associated with RS
categories. However, none of the lifestyle factors considered here were associated with
the RS. In multivariate analyses, we found that women with PR-negative and histologic
grade II tumors were consistently more likely to have intermediate or high RS than a low
RS. Finally, there was a significant association between RS and adjuvant chemotherapy
treatment, coherent with current clinical recommendations.

Our results are consistent with other studies reporting associations between histologic
grade, PR, and RS. An Israeli study conducted among 300 women showed that a high
histologic grade and a low PR were associated with high RS [28]. In 2011, an American
study showed that histologic grade and PR status in particular were also associated with
high RS [29]. Recent American [20,30] and Asian studies [17,18] also provided findings in
line with ours.

Several studies compared clinicopathological characteristics with TAILORx-categorized
RS by combining intermediate and low categories [18,30]. Results of our sensitivity analysis
using TAILORx RS categorization were in agreement with Huang and al. [18] and Orucevic
and al. [30] regarding the strong associations of RS with histologic grade and PR. However,
both these studies demonstrated that RS was also associated with age and tumor size.
Differences in sample sizes are likely to explain these observations. Finally, the results
of our sensitivity analysis, in which low and intermediate RS categories were grouped
together, showed some differences with the study by Yu-Qing and al [19]. They observed
a significant association between RS and the size of the tumor, which was not the case in
our study.

We were surprised to find that alcohol consumption, smoking status, BMI, and age
were not significantly associated with RS in our univariate analyses. However, it is im-
portant to stress the difficulty of collecting accurate data on alcohol consumption due to
a social desirability bias, which might underestimate the true association. Furthermore,
the choice to create a “missing data” modality allowed us not to lose any information,
but can also lead to an underestimation of the association in comparison with situations
where all the data are available. If we compare our sample with the smoking status of
the Canadian population, we observed that 47.6% of women in our study declared that
they have never smoked compared with only 30% of women in the Quebec population in
2013-2014 [31]. In regard to the BMI, our results are in agreement with various studies that
did not show an association between RS and BMI [32,33]. However, one study has found
RS to be higher in overweight patients with node-negative BC [34]. In addition, in our
study, the variable "age" adjusted for other covariates was not significantly associated with
RS, which seems to be consistent with several studies [17,19,20], even though others have
reported an association [18,35]. These discrepancies could be explained by the difference in
sample size or the classification of the RS. Thus, in light of contradictory results, we believe
these associations deserve to be explored in future studies.

Although not statistically significant, some of our results are still difficult to explain.
The ORs for age are in different direction when intermediate RS was compared with
low RS (OR = 0.77) and when high RS was compared with low RS (OR = 3.31). Thus, a
woman over 50 is less likely to have intermediate RS than low RS, but she is more likely to
have high RS than low RS. For the menopausal status, the association was not significant
with RS, as showed by several studies [33,36], with the exception of the study by Picardo
and al [34]. Similar to age, the interpretation of the association between menopausal status
and RS remains challenging. Indeed, a postmenopausal woman had a higher probability
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of having intermediate RS rather than low RS (OR = 1.35) but had a lower probability of
having high RS than low risk (OR = 0.28). On the other hand, we have highlighted an
expected relationship between RS and adjuvant chemotherapy treatment, suggesting that
decision making of treatment allocation is consistent with current recommendations, which
is also observed in the literature [19]. However, there appears to be a decision making
difficulty with adjuvant chemotherapy for women classified as intermediate risk, which
the TAILORx [25] trial intended to clarify.

Our study has some limitations. First, we used a retrospective design with a limited
follow-up period. A longer follow-up would have allowed us to put our results in perspec-
tive with overall survival or disease-free survival rate, for example. The sample size may
have also limited the study statistical precision, as the Cls of some of our ORs are quite
large. In addition, the collection of the majority of characteristics was done at baseline
while the ODX test result might be received weeks later due to the process surrounding
the surgery, pathology, and laboratory timeline for analysing and returning the results.
Thus, possible changes in lifestyle factors during this three- to four-month period could not
be collected. Finally, several studies have explored the relationship between RS and Ki67
protein, some of which showed a significant relationship [17,20,37]. Since we did not have
information on this protein in our database, its association with RS could not be explored,
which appears as a potential limit in our study. Nevertheless, our results constitute an
important contribution to this line of research by providing additional evidence that some
clinicopathological factors, particular PR level and histologic grade, are potential predictors
of RS categories. We are able to test the robustness of our findings in several sensitivity
analyses and to consider for the first time relevant lifestyle BC risk factors. In addition,
we were able to consider hormonal receptor values rather than status, which have been
measured by HIC as recommended. Thus, our results appear plausible and in agreement
with the results of studies published in the literature on this issue.

5. Conclusions and Perspective

Our study shows that histologic grade II and negative PR status are potential predic-
tive factors for intermediate RS and high RS in women with invasive early-stage BC. In our
study, lifestyle factors are not significantly associated with RS. Nevertheless, they deserve
to be studied more in the future. The histologic grade and the PR status may be considered
in advance of prescribing an ODX test. Indeed, this would allow some women, particularly
those with a clear clinicopathological profile of their tumor, to bypass the ODX testing and
avoid a significant wait time before the start of a possible adjuvant therapy. This finding
has also the potential to reduce healthcare costs, given that performing the test might
not be required for women bearing such tumor profiles. However, it is clear that further
large-scale studies are needed to consolidate these results. Development and validation of
accurate prediction models for ODX RS based on relevant clinicopathological factors are
also needed in order to identify patients who should undergo an adjuvant chemotherapy
treatment [20].

Author Contributions: Conceptualization, H.N.; Methodology, S.G., H.N.; Software, S.G., HN.;
Formal Analysis, S.G.; Resources, S.G., H.N.; Data Curation, S.G., H.N.; Writing—Original Draft
Preparation, S.G., C.M.-B,, ].L.(Julie Lapointe), H.N.; Writing—Review and Editing, S.G., C.D., L.P,
C.M.B, ]J.L.(Julie Lapointe), C.M., J.L.(Julie Lemieux), H.N.; Visualization, S.G., H.N.; Supervision,
H.N.; Project Administration, H.N.; Funding Acquisition, H.N. All authors have read and agreed to
the published version of the manuscript.

Funding: This study was realized thanks to funding from the Fondation du CHU de Québec-Université
Laval. CMB holds a Ph.D. scholarship from the Fondation du CHU de Québec-Université Laval. H.N.
holds a Junior 2 research scholarship from Quebec Research Fund—Health (FRQS). The funding
sources had no role in the design and conduct of the study, including thecollection, management,
analysis, and interpretation of the data; preparation, review, approval of the manuscript, and decision
to submit the manuscript for publication.



J. Pers. Med. 2021, 11, 858 10 of 11

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Ethic Committee of the CHU de Québec-Université
Laval (2018-3795).

Informed Consent Statement: Informed consent was obtained from all subjects involved in
the study.

Data Availability Statement: The data that support the findings of our study are available from the
corresponding author upon reasonable request.

Conflicts of Interest: The authors declare no conflict of interest related to this work.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

Reis-Filho, ].S.; Pusztai, L. Gene expression profiling in breast cancer: Classification, prognostication, and prediction. Lancet 2011,
378,1812-1823. [CrossRef]

Direction Québécoise de Cancérologie. Utilisation du Test Oncotype DX®pour le Cancer du Sein. Cadre de Référence. Available
online: https://publications.msss.gouv.qc.ca/msss/fichiers /2012 /12-902-09W.pdf (accessed on 1 July 2021).

Paik, S.; Shak, S.; Tang, G.; Kim, C.; Baker, J.; Cronin, M.; Baehner, FL.; Walker, M.G.; Watson, D.; Park, T.; et al. A multi-
gene assay to predict recurrence of tamoxifen-treated, node-negative breast cancer. N. Engl. . Med. 2004, 351, 2817-2826.
[CrossRef] [PubMed]

Harris, L.N.; Ismaila, N.; McShane, L.M.; Andre, F.; Collyar, D.E.; Gonzalez-Angulo, A.M.; Hammond, E.H.; Kuderer, N.M.;
Liu, M.C; Mennel, R.G,; et al. Use of Biomarkers to Guide Decisions on Adjuvant Systemic Therapy for Women With Early-Stage
Invasive Breast Cancer: American Society of Clinical Oncology Clinical Practice Guideline. J. Clin. Oncol. 2016, 34, 1134-1150.
[CrossRef] [PubMed]

Gradishar, W.J.; Anderson, B.O.; Balassanian, R.; Blair, S.L.; Burstein, H.].; Cyr, A.; Elias, A.D.; Farrar, W.B.; Forero, A.;
Giordano, S.H.; et al. Breast Cancer, Version 4.2017, NCCN Clinical Practice Guidelines in Oncology. ]. Natl. Compr. Cancer Netw.
2018, 16, 310-320. [CrossRef]

Senkus, E.; Kyriakides, S.; Ohno, S.; Penault-Llorca, F; Poortmans, P; Rutgers, E.; Zackrisson, S.; Cardoso, F. Primary
breast cancer: ESMO Clinical Practice Guidelines for diagnosis, treatment and follow-up. Ann. Oncol. 2015, 26 (Suppl. 5),
v8-v30. [CrossRef]

Goldhirsch, A.; Winer, E.P; Coates, A.S.; Gelber, R.D.; Piccart-Gebhart, M.; Thurlimann, B.; Senn, H.J.; Panel, M. Personalizing the
treatment of women with early breast cancer: Highlights of the St Gallen International Expert Consensus on the Primary Therapy
of Early Breast Cancer 2013. Ann. Oncol. 2013, 24, 2206-2223. [CrossRef]

Zhu, X.; Dent, S.; Paquet, L.; Zhang, T.; Tesolin, D.; Graham, N.; Aseyev, O.; Song, X. How Canadian Oncologists Use Oncotype
DX for Treatment of Breast Cancer Patients. Curr. Oncol. 2021, 28, 800-812. [CrossRef]

Matikas, A.; Foukakis, T.; Swain, S.; Bergh, J. Avoiding over- and undertreatment in patients with resected node-positive breast
cancer with the use of gene expression signatures: Are we there yet? Ann. Oncol. 2019, 30, 1044-1050. [CrossRef] [PubMed]
Eichler, C.; Fromme, J.; Thangarajah, F.; Puppe, J.; Paepke, S.; Warm, M.; Malter, W. Gene-expression Profiling—A Decision
Impact Analysis: Decision Dependency on Oncotype DX® as a Function of Oncological Work Experience in 117 Cases. Anticancer
Res. 2019, 39, 297-303. [CrossRef] [PubMed]

Prat, A.; Parker, ].S.; Fan, C.; Cheang, M.C.U.; Miller, L.D.; Bergh, J.; Chia, S.K.L.; Bernard, P.S.; Nielsen, T.O.; Ellis, M.].; et al.
Concordance among gene expression-based predictors for ER-positive breast cancer treated with adjuvant tamoxifen. Ann. Oncol.
2012, 23, 2866-2873. [CrossRef]

Paulden, M.; Franek, J.; Pham, B.; Bedard, P.L.; Trudeau, M.; Krahn, M. Cost-Effectiveness of the 21-Gene Assay for Guiding
Adjuvant Chemotherapy Decisions in Early Breast Cancer. Value Health 2013, 16, 729-739. [CrossRef] [PubMed]

Orucevic, A.; Heidel, R.E.; Bell, J.L. Utilization and impact of 21-gene recurrence score assay for breast cancer in clinical practice
across the United States: Lessons learned from the 2010 to 2012 National Cancer Data Base analysis. Breast Cancer Res. Treat. 2016,
157, 427-435. [CrossRef] [PubMed]

Roberts, M.C.; Weinberger, M.; Dusetzina, S.B.; Dinan, M.A.; Reeder-Hayes, K.E.; Carey, L.A.; Troester, M.A.; Wheeler, S.B.
Racial Variation in the Uptake of Oncotype DX Testing for Early-Stage Breast Cancer. J. Clin. Oncol. 2016, 34, 130-138.
[CrossRef] [PubMed]

Guth, A.A.; Fineberg, S.; Fei, K.; Franco, R.; Bickell, N.A. Utilization of Oncotype DX in an Inner City Population: Race or Place?
Int. ]. Breast Cancer 2013, 2013, 653805. [CrossRef] [PubMed]

Le Du, F; Gonzalez-Angulo, A.M.; Park, M.; Liu, D.D.; Hortobagyi, G.N.; Ueno, N.T. Effect of 21-Gene RT-PCR Assay on Adjuvant
Therapy and Outcomes in Patients With Stage I Breast Cancer. Clin. Breast Cancer 2015, 15, 458-466. [CrossRef] [PubMed]

Wu, J; Fang, Y; Lin, L.; Fei, X.; Gao, W.; Zhu, S.; Zong, Y.; Chen, X.; Huang, O.; He, J.; et al. Distribution patterns of 21-gene
recurrence score in 980 Chinese estrogen receptor-positive, HER2-negative early breast cancer patients. Oncotarget 2017, 8,
38706-38716. [CrossRef]


http://doi.org/10.1016/S0140-6736(11)61539-0
https://publications.msss.gouv.qc.ca/msss/fichiers/2012/12-902-09W.pdf
http://doi.org/10.1056/NEJMoa041588
http://www.ncbi.nlm.nih.gov/pubmed/15591335
http://doi.org/10.1200/JCO.2015.65.2289
http://www.ncbi.nlm.nih.gov/pubmed/26858339
http://doi.org/10.6004/jnccn.2018.0012
http://doi.org/10.1093/annonc/mdv298
http://doi.org/10.1093/annonc/mdt303
http://doi.org/10.3390/curroncol28010077
http://doi.org/10.1093/annonc/mdz126
http://www.ncbi.nlm.nih.gov/pubmed/31131397
http://doi.org/10.21873/anticanres.13111
http://www.ncbi.nlm.nih.gov/pubmed/30591472
http://doi.org/10.1093/annonc/mds080
http://doi.org/10.1016/j.jval.2013.03.1625
http://www.ncbi.nlm.nih.gov/pubmed/23947965
http://doi.org/10.1007/s10549-016-3833-9
http://www.ncbi.nlm.nih.gov/pubmed/27206678
http://doi.org/10.1200/JCO.2015.63.2489
http://www.ncbi.nlm.nih.gov/pubmed/26598755
http://doi.org/10.1155/2013/653805
http://www.ncbi.nlm.nih.gov/pubmed/24455283
http://doi.org/10.1016/j.clbc.2015.06.006
http://www.ncbi.nlm.nih.gov/pubmed/26233757
http://doi.org/10.18632/oncotarget.16313

J. Pers. Med. 2021, 11, 858 11 of 11

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Huang, J.L.; Kizy, S.; Marmor, S.; Altman, A.; Blaes, A.; Beckwith, H.; Tuttle, TM.; Hui, J.Y.C. Tumor grade and progesterone
receptor status predict 21-gene recurrence score in early stage invasive breast carcinoma. Breast Cancer Res. Treat. 2018, 172,
671-677. [CrossRef]

Yu-Qing, Y.; Lei, W.; Mei-Ling, H.; Jing-Jing, X.; Mei-Chen, W,; Jiang, W.; Jun-Sheng, H.; Rui, L.; Nan-Lin, L. Clinical significance
of 21-gene recurrence score assay for hormone receptor-positive, lymph node-negative breast cancer in early stage. Exp. Mol.
Pathol. 2019, 108, 150-155. [CrossRef]

Kim, H.S.; Christopher, B.U.; Peter, B.I.; Ashley, C.-M.; Soonweng, C.; Nivedita, C.; Maria Cristina, F-M.; Catherine, P.;
Stacie, C.J.; Charles, M.; et al. Optimizing the Use of Gene Expression Profiling in Early-Stage Breast Cancer. J. Clin. Oncol. 2016,
34, 4390-4397. [CrossRef]

Tsai, P.-C.; Glastonbury, C.A.; Eliot, M.N.; Bollepalli, S.; Yet, L; Castillo-Fernandez, J.E.; Carnero-Montoro, E.; Hardiman, T.;
Martin, T.C.; Vickers, A.; et al. Smoking induces coordinated DNA methylation and gene expression changes in adipose tissue
with consequences for metabolic health. Clin. Epigenetics 2018, 10, 126. [CrossRef]

Reynolds, L.M.; Lohman, K.; Pittman, G.S.; Barr, R.G.; Chi, G.C,; Kaufman, J.; Wan, M.; Bell, D.A,; Blaha, M.J;
Rodriguez, CJ.; et al. Tobacco exposure-related alterations in DNA methylation and gene expression in human mono-
cytes: The Multi-Ethnic Study of Atherosclerosis (MESA). Epigenetics 2017, 12, 1092-1100. [CrossRef]

McVeigh, T.P.; Kerin, M.]. Clinical use of the Oncotype DX genomic test to guide treatment decisions for patients with invasive
breast cancer. Breast Cancer 2017, 9, 393-400. [CrossRef]

Berube, S.; Provencher, L.; Robert, J.; Jacob, S.; Hebert-Croteau, N.; Lemieux, J.; Duchesne, T.; Brisson, J. Quantitative exploration
of possible reasons for the recent improvement in breast cancer survival. Breast Cancer Res. Treat. 2007, 106, 419-431. [CrossRef]
Sparano, J.A.; Gray, R.J.; Makower, D.F; Pritchard, K.I.; Albain, K.S.; Hayes, D.E; Geyer, C.E., Jr.; Dees, E.C.; Perez, E.A.;
Olson, J.A., Jr.; et al. Prospective Validation of a 21-Gene Expression Assay in Breast Cancer. N. Engl. . Med. 2015, 373, 2005-2014.
[CrossRef] [PubMed]

Sparano, J.A.; Gray, R.J.; Makower, D.F,; Pritchard, K.I.; Albain, K.S.; Hayes, D.F,; Geyer, C.E,, Jr.; Dees, E.C.; Goetz, M.P.;
Olson, J.A., Jr.; et al. Adjuvant Chemotherapy Guided by a 21-Gene Expression Assay in Breast Cancer. N. Engl. ]. Med. 2018, 379,
111-121. [CrossRef]

Paik, S.; Tang, G.; Shak, S.; Kim, C.; Baker, J.; Kim, W.; Cronin, M.; Baehner, F.L.; Watson, D.; Bryant, J.; et al. Gene expression
and benefit of chemotherapy in women with node-negative, estrogen receptor-positive breast cancer. J. Clin. Oncol. 2006, 24,
3726-3734. [CrossRef]

Wolf, I; Ben-Baruch, N.; Shapira-Frommer, R.; Rizel, S.; Goldberg, H.; Yaal-Hahoshen, N.; Klein, B.; Geffen, D.B.; Kaufman, B.
Association between standard clinical and pathologic characteristics and the 21-gene recurrence score in breast cancer patients: A
population-based study. Cancer 2008, 112, 731-736. [CrossRef]

Partin, ].F.; Mamounas, E.P. Impact of the 21-gene recurrence score assay compared with standard clinicopathologic guidelines in
adjuvant therapy selection for node-negative, estrogen receptor-positive breast cancer. Ann. Surg. Oncol. 2011, 18, 3399-3406.
[CrossRef] [PubMed]

Orucevic, A.; Bell, J.L.; McNabb, A.P.; Heidel, R.E. Oncotype DX breast cancer recurrence score can be predicted with a novel
nomogram using clinicopathologic data. Breast Cancer Res. Treat. 2017, 163, 51-61. [CrossRef] [PubMed]

Ministére de la Santé et des Services Sociaux. Statistiques et Données sur la Santé et le Bien-Etre. Available online: https:
//www.msss.gouv.qc.ca/professionnels/statistiques-donnees-sante-bien-etre/ (accessed on 1 July 2021).

Lohrisch, C.A.; Davidson, A.; Chia, S.K.L.; Gelmon, K.A.; Shenkier, T.N.; Ellard, S.; Woods, R.; Wong, L.; Pope, ]J. Relationship
between body mass index (BMI) at diagnosis of ER+ node negative breast cancer (BC) and Oncotype DX recurrence score. J. Clin.
Oncol. 2012, 30, 582. [CrossRef]

Benefield, H.; Reeder-Hayes, K.E.; Wheeler, S.B.; Carey, L.A.; Olshan, A.F,; Troester, M. Association of race, reproductive factors,
and lifestyle factors with tumor subtype defined by Oncotype DX recurrence score. J. Clin. Oncol. 2018, 36, €13581. [CrossRef]
Picardo, S.; Sui, J.; Greally, M.; Woulfe, B.; Prior, L.; Corrigan, L.; O'Leary, C.; Mullally, W.; Walshe, J.; McCaffrey, J.; et al.
193POncotype DX score, menopausal status and body mass index. Ann. Oncol. 2017, 28 (Suppl. 5). [CrossRef]

Namuche, E; Ruiz, R.E.; Morante Cruz, Z.D.; Urrunaga, D.; Ziegler, G.; Mantilla, R.; Leon Rivera, M.; Chavez Mac Gregor, M.;
Gomez Moreno, H.L. 211POncotype Dx results in patients <40 years: Does age matter? New insights. Ann. Oncol. 2018, 29
(Suppl. 8), viii67-viii68. [CrossRef]

Carr, D.N.; Vera, N.; Sun, W,; Lee, M.C.; Hoover, S.; Fulp, W.; Acs, G.; Laronga, C. Menopausal status does not predict Oncotype
DX recurrence score. J. Surg. Res. 2015, 198, 27-33. [CrossRef]

Lee, M.H.; Han, W.; Lee, ].E.; Kim, K.S,; Park, H.; Kim, J.; Bae, S.Y.; Shin, H.J.; Lee, ].W.; Lee, E.S. The clinical impact of 21-gene
recurrence score on treatment decisions for patients with hormone receptor-positive early breast cancer in Korea. Carncer Res.
Treat. Off. ]. Korean Cancer Assoc. 2015, 47, 208-214. [CrossRef] [PubMed]


http://doi.org/10.1007/s10549-018-4955-z
http://doi.org/10.1016/j.yexmp.2019.04.013
http://doi.org/10.1200/JCO.2016.67.7195
http://doi.org/10.1186/s13148-018-0558-0
http://doi.org/10.1080/15592294.2017.1403692
http://doi.org/10.2147/BCTT.S109847
http://doi.org/10.1007/s10549-007-9503-1
http://doi.org/10.1056/NEJMoa1510764
http://www.ncbi.nlm.nih.gov/pubmed/26412349
http://doi.org/10.1056/NEJMoa1804710
http://doi.org/10.1200/JCO.2005.04.7985
http://doi.org/10.1002/cncr.23225
http://doi.org/10.1245/s10434-011-1698-z
http://www.ncbi.nlm.nih.gov/pubmed/21537874
http://doi.org/10.1007/s10549-017-4170-3
http://www.ncbi.nlm.nih.gov/pubmed/28243897
https://www.msss.gouv.qc.ca/professionnels/statistiques-donnees-sante-bien-etre/
https://www.msss.gouv.qc.ca/professionnels/statistiques-donnees-sante-bien-etre/
http://doi.org/10.1200/jco.2012.30.15_suppl.582
http://doi.org/10.1200/JCO.2018.36.15_suppl.e13581
http://doi.org/10.1093/annonc/mdx362.043
http://doi.org/10.1093/annonc/mdy270.206
http://doi.org/10.1016/j.jss.2015.05.034
http://doi.org/10.4143/crt.2013.223
http://www.ncbi.nlm.nih.gov/pubmed/25381828

	Introduction 
	Methods 
	Study Design and Population 
	Variables 
	Oncotype DX Recurrence Score 
	Clinicopathological and Lifestyle Risk Factors 

	Statistical Analyses 
	Sensitivity Analyses 

	Results 
	Discussion 
	Conclusions and Perspective 
	References

