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Abstract: Background: The literature suggests that medical oncologists differ on how they use the
Oncotype DX (ODX) genomic assay for making decisions about systemic therapy in breast cancer
patients. Given the emergence of data supporting the use of genomic profiling for the prognosis and
predicting benefit of chemotherapy, we surveyed medical oncologists in Canada to assess their usage
and perception of the ODX assay. Methods: A 34-item survey was distributed to Canadian medical
oncologists via the Canadian Association of Medical Oncologists. Data was collected on physician
demographics, ODX usage patterns, and physicians’ perception of the impact clinical and pathologic
characteristics make on ODX utilization. Results: Response rate was 20.6% with 47 responses received
from 228 survey sent. Forty-five responses were eligible for analysis. Sixty-two percent (28/45) of
respondents treated predominantly breast cancer, and 60% (27/45) have been in practice for at least
10 years. The most cited reason for using ODX was to avoid giving patients unnecessary chemotherapy
(64%; 29/45). Sixty-seven percent (30/45) deferred making treatment decisions until ODX testing
was completed. Factors most strongly impacting ODX utilization included: patient request, medical
comorbidities and tumor grade. In clinical scenarios, ODX was more frequently selected for patients
aged 40–65 (vs. <40 or >65), grade 2 tumors (vs. grade 1 or 3), and Ki-67 index of 10–20% (vs. <10% or
>20%). Conclusions: This survey demonstrated that Canadian medical oncologists are preferentially
using ODX to avoid giving patients unnecessary chemotherapy. The utilization of ODX is mainly in
patients with intermediate clinical and pathologic features.
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1. Background

Early stage hormone receptor (HR) positive, HER2/neu negative breast cancer is often cured with
surgery alone [1]. After surgery, however, there is always a risk of disease recurrence [2]. Physicians
must decide whether the risk of recurrence is high, and the patient would benefit from adjuvant
chemotherapy or whether the risk of recurrence is low and we can spare the patient the toxicities of
overtreatment [1]. Classically, confidence in treatment decision making and patient risk stratification
has been based on a group of clinicopathologic factors for determining tumor prognosis such as: age,
tumor size, tumor grade, lymph node (LN) involvement, and distant invasion [3].
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Studies have shown that adjuvant chemotherapy does improve recurrence-free survival rates
regardless of clinicopathologic status, but the absolute benefit of chemotherapy is difficult to determine
based on clinical and pathology data alone [1,4]. While tumor size and anatomical spread can be used
as markers of disease aggression, these factors are indirect and sometimes do not correlate with actual
tumor biological activity [5,6]. Tumor markers such as HR status and HER2/neu overexpression are
used by clinicians to get a sense of tumor biology, and thus a prediction of response to treatment [7].
The desire for more direct knowledge about tumor biology led to the development of gene expression
profiling technologies to more accurately assess tumor gene activity in order to predict recurrence
risk, patterns of metastasis, and treatment response [8]. This desire for better predictive technology is
especially strong for younger premenopausal patients who seem to be inflicted with more aggressive
disease more of the time [9]. The gene expression profiling product most widely used for breast
cancer is the Oncotype DX (ODX) genomic assay (Genomic Health, Inc, Exact Sciences, Redwood City,
CA, USA).

ODX assesses 16 cancer related genes and 5 reference genes to develop a score out of 100 called
the recurrence score (RS) [10,11]. The National Surgical Adjuvant Breast and Bowel Project (NSABP)
B-14 Trial showed that the ODX RS is superior in predicting risk of recurrence compared to classical
clinicopathologic markers [4,12]. The NSABP B-20 cohort of HR positive, node negative patients on
tamoxifen showed that ODX RS could also accurately predict whom would benefit from adjuvant
chemotherapy and who would not [4,13]. The recent large prospective TailorX trial has confirmed that
chemotherapy should be spared for HR positive, HER2 negative early stage breast cancer patients over
50 years old and a RS ≤ 25 or those 50 years or less and a RS ≤ 15 [14].

Most recently, ODX RS has shown promising results for use in node positive disease (1–3 nodes) as
well. A retrospective analysis of the randomized phase 3 SWOG-8814 trial showed the prognostic power
of a high ODX RS for detecting high risk tamoxifen patients with positive nodes [15,16]. The ATAC
trial and prospective PlanB trial show support of using RS in node positive disease but these trials still
suffer from either short follow-up time or small sample sizes [17–19]. Clinicians are urgently awaiting
concrete clinical recommendations from the large ongoing RxPONDER trial which enrolls patients
with ER-positive, HER2-negative disease with 1–3 positive LNs [16,20–22].

There have even been recent updates to guidelines, due to the results of the TailorX and MINDACT
Trials and early results from the RxPONDER Trial, for treatment decisions in patients with intermediate
RS scores and LN positive disease [23,24].

Despite the international recommendations to incorporate ODX into clinical decision making, the
literature suggests that the utilization of ODX varies between different practitioners and populations.
A single center study in Ottawa, Canada showed that for HR positive, HER2 negative early stage breast
cancer patients, oncologists mainly used age (50–64 years), tumor size (10.1–20 mm), and grade (2) for
deciding when to order ODX [25]. Another American study conducted in New York showed similar
results [26]. A German study showed significant differences between oncologist decision making came
from a subgroup of patients with Ki-67 > 14%, tumor sizes larger than pT2, pN1, and postmenopausal
status [27]. An Australian study of 151 patients showed oncologists changed adjuvant chemotherapy
recommendations for 24–26% of the patients after reviewing ODX results. These oncologists were two
times more likely to remove adjuvant chemotherapy than adding it in node negative disease and four
times more likely to remove chemotherapy in node positive disease [28]. Similar results were found in
a Spanish study cohort [29]. In Ontario, Canada a prospective study also showed a 36% reduction in
chemotherapy in those with 1–3 positive nodes after the ODX assay, displaying its prognostic impact
even in those with node positive disease [30].

There is evidence in the literature that suggests not all oncologists utilize the assay uniformly,
despite authors reporting direct changes to management in response to ODX RS in 24–44% of
patients [20,28–36]. Interviews on 14 oncologists in Toronto, Ontario discovered that they valued
the test as a treatment-decision tool but there are some concerns about cost, over-reliance, overuse,
inappropriate use, and patient’s limited understanding of the test [37]. A review of ten studies
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from eight different populations showed that recurrence testing gave some women anxiety, some of
which was attributed to poor comprehension of the results. Most women in the study, however,
would recommend testing to others and were satisfied with the process [38]. This differs in one
American study showed that 15% of oncologists would never or rarely order ODX testing at all [39].
Certainly access and utilization will differ in different populations due to various healthcare models,
access to resources, and demographics [40].

There are several factors reported that cause discrepancies in how ODX is used. These include
oncologist experience, testing of patients under 50 years old, decision making with intermediate RS
values (16–25), ordering ODX when clinicopathologic features already suggest low risk, the applicability
of results for non-classical chemotherapies, and the cost or availability of the test itself [18,27,40–42].
ODX is another tool that can be used to aid clinicians reduce their uncertainty about the recurrence of
disease but there is clear variation in how oncologists rely on ODX results. Since ODX is a relatively
expensive assay its use by oncologists may also be persuaded by system funding.

Considering the rapidly evolving evidence surrounding ODX, we were particularly interested in
how ODX was utilized in Canada before the results of TailorX and RxPONDER. Our public health care
system has been adapting to fund the utilization of this test based on emerging data. Here we report
the results and evaluation of a 34-item survey that was distributed to Canadian medical oncologists
to elucidate their ODX usage patterns and factors influencing their decision making surrounding
systemic treatment of early stage breast cancer patients.

2. Methods

A 34-item survey was distributed to Canadian medical oncologists via the Canadian Association
of Medical Oncologists. A total of 228 surveys were distributed during the time period of December
2012 and August 2013. Data was collected on physician demographics, current ODX usage patterns,
and physicians’ perception of the impact of various clinical and pathologic characteristics on their
decision to utilize ODX in early stage breast cancer patients. We also examined which factors were
most important in decision making surrounding systemic therapy. The survey included case scenarios
to understand medical oncologist decision making in realistic clinical settings.

3. Results

The survey response rate was 20.6% with 47 responses from 228 surveys sent to Canadian
medical oncologists. Respondents responded to about 81% of the questions within the survey on
average. About 60% of the respondents treated patients with breast cancer predominately, with 73%
of them working out of academic centers. About half of the respondents worked in Ontario (46%).
The distribution of the respondents was approximately evenly divided in terms of gender (52% female;
48% male) and years of work experience (40% <10 years; 60% >10 years) (Table 1).

When the medical oncologists were asked how strongly clinicopathologic factors influenced their
use of ODX they answered on a descriptive Likert scale ranging from “Not at all” to “Very Strongly”.
To analyze the data, the categories of “Not at all” and “Somewhat” represented weak importance while
“Strongly” and “Very Strongly” represented strong importance (Table 2). At least 60% of respondents
felt in decreasing order that ER status (90%), PR status (72%), patient treatment preference (69%),
LN status (68%), and patient request for testing (67%) had strong influence on their ODX use. Very few
respondents felt that menopausal status (8%), Adjuvant! Online risk score (18%), lymphovascular
invasion (33%), and tumor size (35%) had strong importance. Respondents were split on whether the
cost of ODX testing, age or tumor grade had strong influence on their ODX utilization (Figure 1).
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Table 1. Survey respondent demographic data.

Oncologist Demographic and Practice Type Survey Answer Frequency (%)

Percentage of breast cancer patients
0–25% 10 (21.3)
25–50% 9 (19.2)
50–75% 11 (23.4)
>75% 17 (36.2)

Province you practice
Alberta 4 (8.5)
British Columbia 10 (21.3)
Manitoba 2 (4.3)
New Brunswick 1 (2.1)
Newfoundland and Labrador 4 (8.5)
Nova Scotia 1 (2.1)
Ontario 22 (46.8)
Prince Edward Island 1 (2.1)
Quebec 2 (4.3)

Practice Setup
Academic Cancer Center 33 (73.3)
Community Cancer Center 12 (26.7)

Years in Practice
0–10 years 19 (40.4)
10–20 years 11 (23.4)
>20 years 17 (36.2)

Gender
Female 24 (52.2)
Male 22 (47.8)

Province fund the use of Oncotype Dx
Yes 25 (53.2)
No 16 (34.0)
Limited/not sure 6 (12.8)

Table 2. Survey question: How strongly do the following factors influence your use of Oncotype DX?
(Not at all, Somewhat, Strongly or Very Strongly).

Characteristic—No (%) Not at All Somewhat Strongly Very Strongly

ER status 2 (5.1) 2 (5.1) 11 (28.2) 24 (61.5)
PR status 3 (7.7) 8 (20.5) 13 (33.3) 15 (38.5)

Lymph node status 5 (13.2) 7 (18.4) 14 (36.8) 12 (31.6)
Patient treatment preference 1 (2.6) 11 (28.2) 16 (41.0) 11 (28.2)

Patient request for testing 2 (5.1) 11 (28.2) 16 (41.0) 10 (25.6)
Medical comorbidities 10 (25.6) 8 (20.5) 13 (33.3) 8 (20.5)

Tumor grade 2 (5.1) 16 (41.0) 14 (35.9) 7 (17.9)
Age 7 (17.9) 14 (35.9) 14 (35.9) 4 (10.3)

Cost of Oncotype DX testing 10 (25.6) 11 (28.2) 7 (17.9) 11 (28.2)
Tumor size 2 (5.4) 22 (59.5) 11 (29.7) 2 (5.4)

Lymphovascular invasion 7 (17.9) 19 (48.7) 8 (20.5) 5 (12.8)
Adjuvant! Online risk score 13 (34.2) 18 (47.4) 6 (15.8) 1 (2.6)

Menopausal status 18 (46.2) 18 (46.2) 3 (7.7) 0 (0.0)
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We asked respondents more detailed questions about these clinicopathologic categories and
how frequently they use ODX in more specific situations (Table 3). We found most respondents
would at least “Sometimes” order ODX for ER + ve/PR + ve (40%) and ER + ve/PR−ve (45%) patients.
Conversely, most respondents said they would “Rarely” or “Never” order ODX for ER-ve/PR-ve
patients (70% total).

Many of our respondents are ordering ODX for their LN negative patients (“Often” or “Always”
(40%) and those with microscopic metastasis (“Often” and “Always” (19%). Respondents “Rarely”
or “Never” order ODX for patients with 1–3 disease positive nodes (85%) or greater than 3 positive
nodes (100%).

Respondents tended to order ODX “Rarely” or “Never” for the age categories “<35”, (73%),
“35–40” (50%), and “>70” (74%), for patient with Moderate Health Issues (45%) or Major Health
Issues (85%). There was a large amount of disagreement for whether they would order ODX for
age categories “41–50”, “51–60”, and “61–70”. Respondents were split on use of menopausal status.
Certainly, a large proportion of the respondents would consider menopausal status “Sometimes” (pre,
peri, and post-menopausal status; 38%, 45%, and 43%, respectively) but the rest could not agree on
its importance.

The respondents tended to order ODX for patients with tumors of moderate grade and size. Most
said they would order ODX for Grade 2 tumors “Sometimes” (40%) or “Often”, 34%). Similar results
were found for moderate tumor sizes as respondents would “Sometimes” order ODX for sizes 1.1–2 cm
(35%) and 2.1–5 cm (48%). They indicated they would “Rarely” or “Never” order it for Grade 1 tumors
(65%), Grade 3 tumors (50%), tumors 0–1 cm (75%), and tumors > 5 cm (82.5%).

According to the survey, respondents generally did not consider relative risk score, lymphovascular
invasion or Ki-67 status as important factors for ordering ODX. (Figure 2).
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Table 3. Survey question: How frequently do you use Oncotype DX for the following clinical and
pathologic features? (Never, Rarely, Sometimes, Often, Always).

Characteristic—No (%) Never Rarely Sometimes Often Always

Hormone Stat
ER+/PR+ 2 (5.0) 9 (22.5) 16 (40.0) 10 (25.0) 3 (7.5)
ER+/PR− 2 (5.0) 8 (20.0) 18 (45.0) 9 (22.5) 3 (7.5)
ER−/PR− 14 (35.0) 14 (35.0) 3 (7.5) 7 (17.5) 2 (5.0)

Lymph node statu
Negative 1 (2.5) 7 (17.5) 16 (40.0) 13 (32.5) 3 (7.5)

Microscopic metastasis 4 (10.0) 9 (22.5) 18 (45.0) 6 (15.0) 3 (7.5)
1–3 nodes 24 (60.0) 10 (25.0) 6 (15.0) 0 (0.0) 0 (0.0)
>3 nodes 35 (87.5) 5 (12.5) 0 (0.0) 0 (0.0) 0 (0.0)

Medical comorbidities
Perfect Health 2 (5.0) 7 (17.5) 18 (45.0) 11 (27.5) 2 (5.0)

Minor Health Issues 2 (5.0) 8 (20.0) 17 (42.5) 11 (27.5) 2 (5.0)
Moderate Health Issues 3 (7.9) 14 (36.8) 15 (39.5) 6 (15.8) 0 (0.0)

Major Health Issues 16 (40.0) 18 (45.0) 4 (10.0) 2 (5.0) 0 (0.0)

Tumor grade
Grade 1 9 (22.5) 17 (42.5) 10 (25.0) 4 (10.0) 0 (0.0)
Grade 2 2 (5.0) 8 (20.0) 16 (40.0) 12 (30.0) 2 (5.0)
Grade 3 6 (15.0) 14 (35.0) 12 (30.0) 8 (20.0) 0 (0.0)

Age
<35 8 (20.0) 21 (52.5) 6 (15.0) 5 (12.5) 0 (0.0)

35–40 3 (7.5) 17 (42.5) 15 (37.5) 5 (12.5) 0 (0.0)
41–50 2 (5.0) 11 (27.5) 15 (37.5) 11 (27.5) 1 (2.5)
51–60 2 (5.0) 9 (22.5) 15 (37.5) 12 (30.0) 2 (5.0)
61–70 2 (5.1) 10 (25.6) 15 (38.5) 11 (28.2) 1 (2.6)
>70 10 (25.6) 19 (48.7) 6 (15.4) 3 (7.7) 1 (2.6)

Relative Risk Score
10 year RR < 20% 4 (10.0) 16 (40.0) 13 (32.5) 7 (17.5) 0 (0.0)

10 year RR 20–30% 6 (15.0) 10 (25.0) 15 (37.5) 9 (22.5) 0 (0.0)
10 year RR > 30% 12 (30.0) 11 (27.5) 10 (25.0) 7 (17.5) 0 (0.0)

Tumor size
0–1 cm 5 (12.5) 25 (62.5) 6 (15.0) 4 (10.0) 0 (0.0)

1.1–2 cm 2 (5.0) 10 (25.0) 14 (35.0) 13 (32.5) 1 (2.5)
2.1–5 cm 3 (7.5) 10 (25.0) 19 (47.5) 8 (20.0) 0 (0.0)
>5 cm 15 (37.5) 18 (45.0) 6 (15.0) 0 (0.0) 1 (2.5)

Lymphovascular invasion
Negative 4 (10.5) 10 (26.3) 17 (44.7) 7 (18.4) 0 (0.0)
Positive 6 (15.4) 11 (28.2) 15 (38.5) 7 (17.9) 0 (0.0)

Menopausal Status
Premenopausal 1 (2.5) 15 (37.5) 15 (37.5) 9 (22.5) 0 (0.0)
Perimenopausal 2 (5.0) 9 (22.5) 18 (45.0) 11 (27.5) 0 (0.0)
Postmenopausal 2 (5.0) 10 (25.0) 17 (42.5) 10 (25.0) 1 (2.5)

Ki67
<10% 14 (42.4) 8 (24.2) 10 (30.3) 1 (3.0) 0 (0.0)

10–20% 13 (39.4) 6 (18.2) 13 (39.4) 1 (3.0) 0 (0.0)
>20% 18 (54.4) 7 (21.2) 7 (21.2) 1 (3.0) 0 (0.0)

The medical oncologist respondents also had case evaluations to assess (Table 4). Case 1 has
patients of varying age categories to treat with all other clinicopathologic factors constant. Most (84%)
would treat patients less than 40 years old with chemotherapy and endocrine therapy but tended
towards endocrine therapy alone for the patients of increasing age (51–65, 30%; 66–75, 70%; and >75,
97%). A similar trend was seen for ordering ODX as they demonstrated higher ordering rates for
younger patients (<40, 68%; 40–50, 87%; 51–65, 76%; 66–75, 57%; and >75, 8%).
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greatest importance to the respondents.

In Case 2, opposite trends were revealed for patients with increasing tumor grade. As tumor
grade increased respondents tended to transition from endocrine only therapy to endocrine therapy
plus chemotherapy (Grade 1, 86%; Grade 2, 24%; Grade 3, 3% endocrine only therapy). Respondents
were more than twice as likely to be Unsure for Grade 2 tumors versus Grade 1 or 3 (19% unsure of
treatment versus 8% and 8%, respectively). About half of the respondents would order ODX for tumor
grades 1 and 3 (54% and 62%, respectively) but almost all would for tumor Grade 2 (89%).

In Case 3, respondents indicated that they prefer to treat most patients suffering from significant
comorbidities with endocrine therapy alone (84%) and are unlikely to order ODX (19%). For patients
with lobular carcinoma, treatment was dictated by tumor grade, with endocrine therapy being the
treatment of choice for Grade 1 patients (92%), whereas more uncertainty being present for Grade
2 patients (chemotherapy and endocrine therapy, 51%; endocrine therapy alone, 27%; and unsure,
19%). Almost all respondents agreed that grade 3 lobular carcinoma patients should be treated with
chemotherapy plus endocrine therapy (75%). Respondents were split on whether they would order
ODX for Grade 2 (60%) or Grade 3 (65%) but few would order it for Grade 1 lobular carcinoma
patients (32%).

Respondents would order mainly chemotherapy and endocrine therapy for Grade 2 tumors with
positive lymphovascular invasion (81%) or PR-ve status (70%). They also tended to order ODX for
these two cases (78%, 92%, respectively).

In Case 4, many respondents were unsure how they would treat patients of varying Ki-67 status.
For Ki-67 < 10%, respondents would mostly treat with endocrine therapy alone (54%) but many
were unsure (22%). For Ki-67 status of 10–25% and >25%, most would treat with chemotherapy
and endocrine therapy (38%, 70%, respectively) but many were still unsure (41%, 16%, respectively).
Respondents were split on whether they would order ODX for these patients.

Finally, in Case 5, respondents indicated they would treat with chemotherapy and endocrine
therapy for patients of T2 (3 cm) tumor size with increasing nodal status (T2, N1mic, 73%; T2, N1,
95%; T2, N2, 100%) or a patient with negative nodal spread but a T3 (6 cm) tumor size (89%). Half the
respondents would order ODX for the patient with T2, N1mic (51%) but few would order ODX for the
more extensive nodal status tumors (Figure 3).
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Table 4. Respondent treatment decisions based on several different theoretical case scenarios.
The respondents were also asked whether or not they would order ODX in the various scenarios.

Characteristic—No (%) Chemo
Alone

Endocrine
Tx Alone

Chemo +
Endocrine Unsure Other Would Use

ODX

Case 1: Age–no (%)
<40 0 (0.0) 3 (8.1) 31 (83.8) 1 (2.7) 2 (5.4) 25 (67.6)

40–50 0 (0.0) 4 (10.8) 28 (75.7) 3 (8.1) 2 (5.4) 32 (86.5)
51–65 0 (0.0) 11 (29.7) 18 (48.6) 6 (16.2) 2 (5.4) 28 (75.7)
66–75 0 (0.0) 26 (70.3) 6 (16.2) 4 (10.8) 1 (2.7) 21 (56.8)
>75 1 (2.7) 36 (97.3) 0 (0.0) 0 (0.0) 0 (0.0) 3 (8.1)

Case 2: Tumor Grade–no (%)
Grade 1 0 (0.0) 32 (86.5) 2 (5.4) 3 (8.1) 0 (0.0) 20 (54.1)
Grade 2 0 (0.0) 9 (24.3) 19 (51.4) 7 (18.9) 2 (5.4) 33 (89.2)
Grade 3 0 (0.0) 1 (2.7) 33 (89.2) 3 (8.1) 0 (0.0) 23 (62.2)

Case 3: Other Risk Factors–no (%)
PR-ve and grade 2 0 (0.0) 2 (5.4) 26 (70.3) 7 (18.9) 2 (5.4) 34 (91.9)

LVI +ve and grade 2 0 (0.0) 1 (2.7) 30 (81.1) 4 (10.8) 2 (5.4) 29 (78.4)
Lobular carcinoma and grade 1 0 (0.0) 34 (91.9) 1 (2.7) 2 (5.4) 0 (0.0) 12 (32.4)
Lobular carcinoma and grade 2 0 (0.0) 19 (51.4) 10 (27.0) 7 (18.9) 1 (2.7) 22 (59.5)
Lobular carcinoma and grade 3 0 (0.0) 3 (8.3) 27 (75.0) 4 (11.1) 2 (5.6) 24 (64.9)

Significant comorbidities 0 (0.0) 31 (83.8) 1 (2.7) 5 (13.5) 0 (0.0) 7 (18.9)
Case 4: Ki67 Status–no (%)

Ki67 < 10% 0 (0.0) 20 (54.1) 5 (13.5) 8 (21.6) 4 (10.8) 15 (40.5)

Ki67 10–25% 0 (0.0) 1 (2.7) 14 (37.8) 15
(40.5) 7 (18.9) 21 (56.8)

Ki67 > 25% 0 (0.0) 0 (0.0) 26 (70.3) 6 (16.2) 5 (13.5) 15 (41.7)
Case 5: Tumor Size and Nodal Status–no (%)

T3(6.0 cm), N0 0 (0.0) 1 (2.7) 33 (89.2) 1 (2.7) 2 (5.4) 10 (27.0)
T2(3.0 cm), N1mic 0 (0.0) 4 (10.8) 27 (73.0) 5 (13.5) 1 (2.7) 19 (51.4)

T2(3.0 cm), N1 0 (0.0) 1 (2.7) 35 (94.6) 0 (0.0) 1 (2.7) 8 (21.6)
T2(3.0 cm) N2 0 (0.0) 0 (0.0) 37 (100.0) 0 (0.0) 0 (0.0) 2 (5.4)
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4. Discussion

For the medical oncologists who responded to this survey to be eligible for this study they were
required to treat breast cancer patients in their practice. Although there were only 47 responses to the
survey this is still quite representative of the medical oncology population in Canada. According to a
recent report done by the Canadian Medical Association there are 625 medical oncologists practicing
in Canada [43]. According to the demographic results over 70% of the respondents had practices
with at least half of the patients being treated for breast cancer. This is not surprising given the high
prevalence of breast cancer and the fact that over 70% of the respondents worked in academic centers
where oncologists tend to focus on specific sites. The distribution of respondents in terms of gender
and years in practice is fairly even but there is a disproportionate number of physicians from Ontario
(47%) compared to elsewhere in Canada. This is important because funding of ODX is different in each
province but is largely funded in Ontario. Respondents have indicated that only 53% are certain their
province funds ODX while 34% do not think their province does and 13% are not sure. Cost can be a
barrier when ordering ODX, especially when its results are deemed to not affect treatment decisions.

At the time this survey was distributed respondents felt ODX was a tool best used to avoid giving
patients unnecessary chemotherapy or to determine the absolute benefit of chemotherapy. This is not
surprising as 43% of respondents indicated they defer treatment decisions “Often” to “Always”. Up to
45% consider ODX results as information that influences treatment decision more than other factors.
The respondents consider ODX less important for providing prognosis or for convincing patients they
may benefit from chemotherapy.

It is obvious from the results that there are clinicopathologic factors that strongly influence the
respondent’s use of ODX and some that have less importance. The factors that were considered the
strongest were HR status, LN status, patient treatment preference, and patient request for testing.
Respondents could not agree on the importance of medical comorbidities, tumor grade, age, and cost
of ODX. Most considered tumor size, lymphovascular invasion, the Adjuvant! Online risk score,
and menopausal status to have little importance. Like ODX, HR status gives information about
tumor biology, while LN status remains an indirect measure of the aggressiveness of a tumor. At the
time of this survey it appears medical oncologists rely heavily on LN status for making treatment
decisions despite more recent information suggesting some LN positive disease does not require
aggressive chemotherapy.

Although HR status and LN status appear to be the clinicopathologic factors that most strongly
influence ODX use, it is important to note for which specific patients ODX will be ordered. ODX is
utilized most in the HR positive patient population which is consistent with current evidence for the
utilization of ODX. Most physicians use ODX in node negative or microscopic metastasis. This is
most likely influenced by public funding criteria and evidence available to physicians at the time of
this survey.

The data suggests oncologists use ODX mostly to aid with treatment decisions in patients that
have less than moderate health comorbidities because these patients can handle the therapy and
in patients with intermediate type risk factors. They would order ODX most for grade 2 tumors,
patients 41–70 years old and tumor size 1.1–2 cm. ODX was somewhat important for lymphovascular
invasion and menopausal status but the status of these categories did not change the respondent’s
decision regarding ODX frequency of use. Ki-67 status appeared to be universally unimportant to the
respondents. This is maybe due to the lack of standard testing and resources for routine Ki67 reporting
by pathology laboratories.

The case examples given to the medical oncologist respondents gave us insight into how different
clinicopathologic features affect treatment decision in early stage breast cancer patients. When given a
patient controlled for all factors except age the respondents tended to favor treating with endocrine
therapy alone for extremes of age compared to a more aggressive regimen of chemotherapy combined
with endocrine therapy for younger patients that could tolerate it better. As seen before they only
ordered ODX for the patients that they believed could tolerate aggressive treatment and still had a
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long-life expectancy. This is seen again in subsequent cases with grade 2 tumors; the respondents have
higher amounts of uncertainty and variation about treatment decision and larger instances of ordering
ODX to help with treatment decision. Contrast this with situations where the risk is obviously high or
low and treatment decisions become more agreed upon.

Interestingly, in every instance of node positive disease or in T3 (6.0 cm), N0 disease the
respondent’s use of ODX was universally low and treatment decision was almost unanimously
chemotherapy and endocrine therapy combined. This again shows how much weight the oncologists
put on LN status as a surrogate for aggressive disease. It is important to note, however, that this survey
was distributed before the TAILORX trial and RxPONDER trial which suggest ODX has the ability to
differentiate tumors that would benefit from chemotherapy and those that would not, even in node
positive disease [16]. It would be prudent to re-distribute this survey to assess the changes in practice
that may be associated with updated trial data.

This study has some obvious limitations. The demographics show the medical oncologists were
disproportionately from Ontario, a province known to fund ODX whereas the others have more
limitations on funding. The results would have more strongly represented Canada if there was a larger
number of oncologists responding from other provinces, although, Ontario employs about 38% of
Canada’s oncologists [43]. The total sample size of 47 respondents does limit the statistical power of
our results, however, as mentioned above we believe this sample is quite representative of the small
population of medical oncologists in Canada using ODX for breast cancer.

5. Conclusions

This is a survey given out to Canadian medical oncologists to assess their use of ODX in early stage
cancer patients. The respondents were well varied in gender, work experience, proportion of breast
cancer patients treated and access to provincially funded ODX. They were disproportionately from
Ontario and mostly from academic cancer centers which could have influenced results. They feel ODX
is a tool best used to avoid giving patients unnecessary chemotherapy or to determine the absolute
benefit of chemotherapy.

The oncologists surveyed felt that the clinicopathologic factors that influenced their decision the
most for ordering the ODX test was in patients with positive HR status, negative LN status, perfect to
minor health issues, grade 2 tumors that are 1.1–2 cm in size in patients that are 51–60 years of age,
especially those that are post-menopausal. Relative Risk score, lymphovascular invasion, and Ki67
status did not have much influence on their decisions.

When it came to making treatment decisions, the respondents tended to treat older patients
and those with less aggressive tumor qualities with endocrine therapy alone while treating younger,
healthy patients with more aggressive tumor qualities with endocrine therapy plus chemotherapy.
They tended to order ODX more for intermediate risk factors such as grade 2 tumors or patients that
are between 50 and 65 years of age.

For large tumors or tumors with any nodal spread the respondents almost always treated with
both chemotherapy and endocrine therapy while rarely ordering ODX. This would be consistent
with the available data at the time of the survey and public funding criteria for ODX in LN negative,
HR positive cancer only. Given new data from the prospective clinical trials for ODX utilization in LN
positive disease a future survey can help assess the impact new trial data will have on the treatment
decisions made by medical oncologists in Canada.

Author Contributions: Conceptualization, X.S. and S.D.; Data curation, X.Z., T.Z. and X.S; Investigation, X.Z.,
S.D., L.P. and X.S.; Methodology, X.Z., L.P., T.Z. and X.S.; Project administration, N.G., O.A. and X.S.; Supervision,
O.A. and X.S.; Writing—original draft, D.T.; Writing—review & editing, D.T., O.A. and X.S. All authors have read
and agreed to the published version of the manuscript.

Funding: There was funding support from X.S.’s personal research funds. This research received no
external funding.



Curr. Oncol. 2021, 28 810

Conflicts of Interest: We have read and understood Current Oncology’s policy on disclosing conflicts of interest
and declare that we have none.

Abbreviations

ER estrogen receptor
HER2 human epidermal growth factor receptor 2
HR hormone receptor
LN lymph node
ODX Oncotype DX
PR progesterone receptor
RS recurrence score

References

1. Early Breast Cancer Trialists’ Collaborative Group (EBCTCG) Comparisons between different
polychemotherapy regimens for early breast cancer: Meta-analyses of long-term outcome among
100,000 women in 123 randomised trials. Lancet 2012, 379, 432–444. [CrossRef]

2. Brewer, N.T.; Richman, A.R.; DeFrank, J.T.; Reyna, V.F.; Carey, L.A. Improving communication of breast
cancer recurrence risk. Breast Cancer Res. Treat. 2012, 133, 553–561. [CrossRef] [PubMed]

3. Galea, M.H.; Blamey, R.W.; Elston, C.E.; Ellis, I.O. The Nottingham prognostic index in primary breast cancer.
Breast Cancer Res. Treat. 1992, 22, 207–219. [CrossRef] [PubMed]

4. Fisher, B.; Jeong, J.; Bryant, J.; Anderson, S.; Dignam, J.; Fisher, E.R.; Wolmark, N. Treatment of
lymph-node-negative, oestrogen-receptor-positive breast cancer: Long-term findings from National Surgical
Adjuvant Breast and Bowel Project randomised clinical trials. Lancet 2004, 364, 858–868. [CrossRef]

5. Foulkes, W. Size surprise? Tumour size, nodal status, and outcome after breast cancer. Curr. Oncol. 2012,
19, 241–243. [CrossRef] [PubMed]

6. Oakman, C.; Bessi, S.; Zafarana, E.; Galardi, F.; Biganzoli, L.; Di Leo, A. Recent advances in systemic therapy.
New diagnostics and biological predictors of outcome in early breast cancer. Breast Cancer Res. 2009, 11, 205.
[CrossRef] [PubMed]

7. Boughey, J.C.; McCall, L.M.; Ballman, K.V.; Mittendorf, E.A.; Ahrendt, G.M.; Wilke, L.G.; Taback, B.;
Leitch, A.M.; Flippo-Morton, T.; Hunt, K.K. Tumor Biology Correlates with Rates of Breast-Conserving
Surgery and Pathologic Complete Response after Neoadjuvant Chemotherapy for Breast Cancer. Ann. Surg.
2014, 260, 608–616. [CrossRef]

8. Blows, F.M.; Driver, K.E.; Schmidt, M.K.; Broeks, A.; Van Leeuwen, F.E.; Wesseling, J.; Cheang, M.C.;
Gelmon, K.; Nielsen, T.O.; Blomqvist, C.; et al. Subtyping of Breast Cancer by Immunohistochemistry to
Investigate a Relationship between Subtype and Short and Long Term Survival: A Collaborative Analysis of
Data for 10,159 Cases from 12 Studies. PLoS Med. 2010, 7, e1000279. [CrossRef]

9. Kudela, E.; Samec, M.; Kubatka, P.; Nachajova, M.; Laucekova, Z.; Liskova, A.; Dokus, K.; Biringer, K.;
Simova, D.; Gabonova, E.; et al. Breast Cancer in Young Women: Status Quo and Advanced Disease
Management by a Predictive, Preventive, and Personalized Approach. Cancers 2019, 11, 1791. [CrossRef]

10. Cronin, M.; Sangli, C.; Liu, M.-L.; Pho, M.; Dutta, D.; Nguyen, A.; Jeong, J.; Wu, J.; Langone, K.C.; Watson, D.
Analytical Validation of the Oncotype DX Genomic Diagnostic Test for Recurrence Prognosis and Therapeutic
Response Prediction in Node-Negative, Estrogen Receptor–Positive Breast Cancer. Clin. Chem. 2007,
53, 1084–1091. [CrossRef]

11. Sparano, J.A.; Paik, S. Development of the 21-Gene Assay and Its Application in Clinical Practice and Clinical
Trials. J. Clin. Oncol. 2008, 26, 721–728. [CrossRef] [PubMed]

12. Mamounas, E.P.; Tang, G.; Fisher, B.; Paik, S.; Shak, S.; Costantino, J.P.; Watson, D.; Geyer, C.E., Jr.;
Wickerham, D.L.; Wolmark, N. Association Between the 21-Gene Recurrence Score Assay and Risk of
Locoregional Recurrence in Node-Negative, Estrogen Receptor–Positive Breast Cancer: Results from NSABP
B-14 and NSABP B-20. J. Clin. Oncol. 2010, 28, 1677–1683. [CrossRef] [PubMed]

http://doi.org/10.1016/S0140-6736(11)61625-5
http://doi.org/10.1007/s10549-011-1791-9
http://www.ncbi.nlm.nih.gov/pubmed/21964579
http://doi.org/10.1007/BF01840834
http://www.ncbi.nlm.nih.gov/pubmed/1391987
http://doi.org/10.1016/S0140-6736(04)16981-X
http://doi.org/10.3747/co.19.1185
http://www.ncbi.nlm.nih.gov/pubmed/23144568
http://doi.org/10.1186/bcr2238
http://www.ncbi.nlm.nih.gov/pubmed/19435470
http://doi.org/10.1097/SLA.0000000000000924
http://doi.org/10.1371/journal.pmed.1000279
http://doi.org/10.3390/cancers11111791
http://doi.org/10.1373/clinchem.2006.076497
http://doi.org/10.1200/JCO.2007.15.1068
http://www.ncbi.nlm.nih.gov/pubmed/18258979
http://doi.org/10.1200/JCO.2009.23.7610
http://www.ncbi.nlm.nih.gov/pubmed/20065188


Curr. Oncol. 2021, 28 811

13. Tang, G.; Shak, S.; Paik, S.; Anderson, S.J.; Costantino, J.P.; Geyer, C.E., Jr.; Mamounas, E.P.; Wickerham, D.L.;
Wolmark, N. Comparison of the prognostic and predictive utilities of the 21-gene Recurrence Score assay
and Adjuvant for women with node-negative, ER-positive breast cancer: Results from NSABP B-14 and
NSABP B-20. Breast Cancer Res. Treat. 2011, 127, 133–142. [CrossRef] [PubMed]

14. 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. J. Med. 2018, 379, 111–121. [CrossRef] [PubMed]

15. Albain, K.S.; Barlow, W.E.; Shak, S.; Hortobagyi, G.N.; Livingston, R.B.; Yeh, I.-T.; Ravdin, P.; Bugarini, R.;
Baehner, F.L.; Davidson, N.E.; et al. Prognostic and predictive value of the 21-gene recurrence score assay in
postmenopausal women with node-positive, oestrogen-receptor-positive breast cancer on chemotherapy:
A retrospective analysis of a randomised trial. Lancet Oncol. 2010, 11, 55–65. [CrossRef]

16. Helwick, C. RxPONDER Study Shows Postmenopausal Patients with Node-Positive Breast Cancer May
Be Able to Avoid Chemotherapy—The ASCO Post. American Society of Clinical Oncology Inc. Available
online: https://ascopost.com/news/december-2020/rxponder-study-shows-postmenopausal-patients-with-
node-positive-breast-cancer-may-be-able-to-avoid-chemotherapy/ (accessed on 23 December 2020).

17. Dowsett, M.; Cuzick, J.; Wale, C.; Forbes, J.; Mallon, E.; Salter, J.; Quinn, E.; Dunbier, A.; Baum, M.; Buzdar, A.;
et al. Prediction of Risk of Distant Recurrence Using the 21-Gene Recurrence Score in Node-Negative
and Node-Positive Postmenopausal Patients with Breast Cancer Treated With Anastrozole or Tamoxifen:
A TransATAC Study. J. Clin. Oncol. 2010, 28, 1829–1834. [CrossRef]

18. Matikas, A.; Foukakis, T.; Swain, S.M.; 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]

19. Nitz, U.; Gluz, O.; Christgen, M.; Kates, R.E.; Clemens, M.; Malter, W.; Nuding, B.; Aktas, B.; Kuemmel, S.;
Reimer, T.; et al. Reducing chemotherapy use in clinically high-risk, genomically low-risk pN0 and pN1
early breast cancer patients: Five-year data from the prospective, randomised phase 3 West German Study
Group (WSG) PlanB trial. Breast Cancer Res. Treat. 2017, 165, 573–583. [CrossRef]

20. Loncaster, J.; Armstrong, A.; Howell, S.; Wilson, G.; Welch, R.; Chittalia, A.; Valentine, W.; Bundred, N.
Impact of Oncotype DX breast Recurrence Score testing on adjuvant chemotherapy use in early breast cancer:
Real world experience in Greater Manchester, UK. Eur. J. Surg. Oncol. (EJSO) 2017, 43, 931–937. [CrossRef]

21. Park, S.J.; Lee, M.H.; Kong, S.; Song, M.K.; Joo, J.; Kwon, Y.; Lee, E.-G.; Han, J.H.; Sim, S.H.; Jung, S.-Y.; et al.
Use of adjuvant chemotherapy in hormone receptor-positive breast cancer patients with or without the
21-gene expression assay. Breast Cancer Res. Treat. 2018, 170, 69–76. [CrossRef]

22. Sun, Z.; Prat, A.; Maggie, C.C.; Gelber, R.; Perou, C.M. Chemotherapy benefit for ‘ER-positive’ breast cancer
and contamination of Nonluminal subtypes—Waiting for TAILORx and RxPONDER. Ann. Oncol. 2015, 26,
70–74. [CrossRef] [PubMed]

23. Henry, N.L.; Somerfield, M.R.; Abramson, V.G.; Ismaila, N.; Allison, K.H.; Anders, C.K.; Chingos, D.T.;
Eisen, A.; Ferrari, B.L.; Openshaw, T.H.; et al. Role of Patient and Disease Factors in Adjuvant Systemic
Therapy Decision Making for Early-Stage, Operable Breast Cancer: Update of the ASCO Endorsement of the
Cancer Care Ontario Guideline. J. Clin. Oncol. 2019, 37, 1965–1977. [CrossRef] [PubMed]

24. Mittendorf, E.A.; King, T.A. Routine Use of Oncotype DX Recurrence Score Testing in Node-Positive Hormone
Receptor-Positive HER2-Negative Breast Cancer: The Time Has Come. Ann. Surg. Oncol. 2019, 26, 1173–1175.
[CrossRef] [PubMed]

25. Zhu, X.; Dent, S.; Paquet, L.; Zhang, T.; Graham, N.; Song, X. Factors influencing Oncotype DX use in the
management of early breast cancer: A single centre experience. Eur. J. Cancer 2014, 50, 2544–2549. [CrossRef]

26. Nguyen, M.T.; Stessin, A.; Nagar, H.; D’Alfonso, T.M.; Chen, Z.; Cigler, T.; Hayes, M.K.; Shin, S.J. Impact
of Oncotype DX Recurrence Score in the Management of Breast Cancer Cases. Clin. Breast Cancer 2014, 14,
182–190. [CrossRef]

27. 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]

28. De Boer, R.H.; Baker, C.; Speakman, D.; Chao, C.Y.; Yoshizawa, C.; Mann, G.B. The impact of a genomic
assay (Oncotype DX) on adjuvant treatment recommendations in early breast cancer. Med. J. Aust. 2013,
199, 205–208. [CrossRef]

http://doi.org/10.1007/s10549-010-1331-z
http://www.ncbi.nlm.nih.gov/pubmed/21221771
http://doi.org/10.1056/NEJMoa1804710
http://www.ncbi.nlm.nih.gov/pubmed/29860917
http://doi.org/10.1016/S1470-2045(09)70314-6
https://ascopost.com/news/december-2020/rxponder-study-shows-postmenopausal-patients-with-node-positive-breast-cancer-may-be-able-to-avoid-chemotherapy/
https://ascopost.com/news/december-2020/rxponder-study-shows-postmenopausal-patients-with-node-positive-breast-cancer-may-be-able-to-avoid-chemotherapy/
http://doi.org/10.1200/JCO.2009.24.4798
http://doi.org/10.1093/annonc/mdz126
http://doi.org/10.1007/s10549-017-4358-6
http://doi.org/10.1016/j.ejso.2016.12.010
http://doi.org/10.1007/s10549-018-4740-z
http://doi.org/10.1093/annonc/mdu493
http://www.ncbi.nlm.nih.gov/pubmed/25355719
http://doi.org/10.1200/JCO.19.00948
http://www.ncbi.nlm.nih.gov/pubmed/31206315
http://doi.org/10.1245/s10434-019-07240-y
http://www.ncbi.nlm.nih.gov/pubmed/30798446
http://doi.org/10.1016/j.ejca.2014.07.010
http://doi.org/10.1016/j.clbc.2013.12.002
http://doi.org/10.21873/anticanres.13111
http://doi.org/10.5694/mja12.11334


Curr. Oncol. 2021, 28 812

29. Albanell, J.; González, A.; Ruiz-Borrego, M.; Alba, E.; García-Saenz, J.A.; Corominas, J.M.; Burgues, O.;
Furio, V.; Rojo, A.; Palacios, J.; et al. Prospective transGEICAM study of the impact of the 21-gene Recurrence
Score assay and traditional clinicopathological factors on adjuvant clinical decision making in women with
estrogen receptor-positive (ER+) node-negative breast cancer. Ann. Oncol. 2011, 23, 625–631. [CrossRef]

30. Torres, S.; Trudeau, M.E.; Gandhi, S.; Warner, E.; Verma, S.; Pritchard, K.I.; Petrella, T.M.; Hew-Shue, M.;
Chao, C.; Eisen, A. Prospective Evaluation of the Impact of the 21-Gene Recurrence Score Assay on Adjuvant
Treatment Decisions for Women with Node-Positive Breast Cancer in Ontario, Canada. Oncologist 2018,
23, 768–775. [CrossRef]

31. Asad, J.; Jacobson, A.F.; Estabrook, A.; Smith, S.R.; Boolbol, S.K.; Feldman, S.M.; Osborne, M.P.;
Boachie-Adjei, K.; Twardzik, W.; Tartter, P.I. Does oncotype DX recurrence score affect the management of
patients with early-stage breast cancer? Am. J. Surg. 2008, 196, 527–529. [CrossRef]

32. Eiermann, W.; Rezai, M.; Kümmel, S.; Kühn, T.; Warm, M.; Friedrichs, K.; Schneeweiss, A.; Markmann, S.;
Eggemann, H.; Hilfrich, J.; et al. The 21-gene recurrence score assay impacts adjuvant therapy
recommendations for ER-positive, node-negative and node-positive early breast cancer resulting in a
risk-adapted change in chemotherapy use. Ann. Oncol. 2013, 24, 618–624. [CrossRef] [PubMed]

33. Henry, L.R.; Stojadinovic, A.; Swain, S.M.; Prindiville, S.; Cordes, R.; Soballe, P.W. The influence of a Gene
expression profile on breast cancer decisions. J. Surg. Oncol. 2009, 99, 319–323. [CrossRef] [PubMed]

34. Lo, S.S.; Mumby, P.B.; Norton, J.; Rychlik, K.; Smerage, J.; Kash, J.; Chew, H.K.; Gaynor, E.R.; Hayes, D.F.;
Epstein, A.; et al. Prospective Multicenter Study of the Impact of the 21-Gene Recurrence Score Assay
on Medical Oncologist and Patient Adjuvant Breast Cancer Treatment Selection. J. Clin. Oncol. 2010,
28, 1671–1676. [CrossRef] [PubMed]

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

36. Rutter, C.E.; Yao, X.; Mancini, B.R.; Aminawung, J.A.; Chagpar, A.B.; Saglam, O.; Hofstatter, E.; Abu-Khalaf, M.;
Gross, C.P.; Evans, S.B.; et al. Influence of a 21-Gene Recurrence Score Assay on Chemotherapy Delivery in
Breast Cancer. Clin. Breast Cancer 2016, 16, 59–62. [CrossRef] [PubMed]

37. Bombard, Y.; Rozmovits, L.; Trudeau, M.; Leighl, N.B.; Deal, K.; Marshall, D.A. The Value of Personalizing
Medicine: Medical Oncologists’ Views on Gene Expression Profiling in Breast Cancer Treatment. Oncologist
2015, 20, 351–356. [CrossRef] [PubMed]

38. Leggett, L.E.; Lorenzetti, D.L.; Noseworthy, T.; Tiwana, S.; MacKean, G.; Clement, F. Experiences and attitudes
toward risk of recurrence testing in women with breast cancer: A systematic review. Breast Cancer Res. Treat.
2014, 144, 457–465. [CrossRef] [PubMed]

39. Murciano-Goroff, Y.R.; McCarthy, A.M.; Bristol, M.N.; Groeneveld, P.; Domchek, S.M.; Motanya, U.N.;
Armstrong, K. Uptake of BRCA 1/2 and oncotype DX testing by medical and surgical oncologists. Breast
Cancer Res. Treat. 2018, 171, 173–180. [CrossRef]

40. Orucevic, A.; Bell, J.L.; King, M.; McNabb, A.; Heidel, R.E. Nomogram update based on TAILORx clinical
trial results—Oncotype DX breast cancer recurrence score can be predicted using clinicopathologic data.
Breast 2019, 46, 116–125. [CrossRef]

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

42. Zheng, A.; Zhang, L.; Ji, Z.; Fan, L.; Jin, F. Oncotype DX for Comprehensive Treatment in Male Breast Cancer:
A Case Report and Literature Review. Am. J. Men’s Heal. 2019, 13. [CrossRef] [PubMed]

43. Canadian Medical Association. Medical Oncology Profile. 2019. Available online: https://www.cma.ca/sites/
default/files/2019-01/medical-oncology-e.pdf (accessed on 23 December 2020).

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

© 2021 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://doi.org/10.1093/annonc/mdr278
http://doi.org/10.1634/theoncologist.2017-0346
http://doi.org/10.1016/j.amjsurg.2008.06.021
http://doi.org/10.1093/annonc/mds512
http://www.ncbi.nlm.nih.gov/pubmed/23136233
http://doi.org/10.1002/jso.21244
http://www.ncbi.nlm.nih.gov/pubmed/19204954
http://doi.org/10.1200/JCO.2008.20.2119
http://www.ncbi.nlm.nih.gov/pubmed/20065191
http://doi.org/10.2147/BCTT.S109847
http://www.ncbi.nlm.nih.gov/pubmed/28615971
http://doi.org/10.1016/j.clbc.2015.09.008
http://www.ncbi.nlm.nih.gov/pubmed/26483315
http://doi.org/10.1634/theoncologist.2014-0268
http://www.ncbi.nlm.nih.gov/pubmed/25746345
http://doi.org/10.1007/s10549-014-2900-3
http://www.ncbi.nlm.nih.gov/pubmed/24596049
http://doi.org/10.1007/s10549-018-4810-2
http://doi.org/10.1016/j.breast.2019.05.006
http://doi.org/10.1093/annonc/mds080
http://doi.org/10.1177/1557988319847856
http://www.ncbi.nlm.nih.gov/pubmed/31068065
https://www.cma.ca/sites/default/files/2019-01/medical-oncology-e.pdf
https://www.cma.ca/sites/default/files/2019-01/medical-oncology-e.pdf
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Background 
	Methods 
	Results 
	Discussion 
	Conclusions 
	References

