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Background: Traditionally, breast cancer is staged using TNM criteria: tumor size (T), nodal status (N), and metastasis (M). The
Oncotype DX assay provides a recurrence score (RS) based on genomics that predicts the likelihood of distant recurrence in estro-
gen receptor–positive (ER+)/human epidermal growth factor receptor 2–negative (HER2–)/lymph node–negative (LN–) tumors.
Methods:We retrospectively reviewed themedical records of patients with ER+/HER2–/LN– breast cancer tumors whowere eval-
uated between 2007 and 2017 with Oncotype DX RS. We compared the RS to tumor size, patient age, progesterone receptor (PR)
status, and LN immunohistochemistry to assess for factors that may independently predict recurrence risk. We also compared
tumor size to tumor grade.
Results: The data set included 296 tumors: 248 ER+/PR-positive (PR+)/HER2– and 48 ER+/PR-negative (PR–)/HER2–. RS ranged
from 0 to 66, patient age ranged from 33 to 77 years, and tumor size ranged from 1 to 65 mm. No significant correlation was
found between age and RS (r=–0.073, P=0.208). PR– tumors had a significantly higher RS regardless of size (PR– mean RS 30.8
± 12.7; PR+ mean RS 16.3 ± 7.3; t(53)=7.6, P<0.0001). No significant correlation was seen between tumor size and RS for all
tumors (r=–0.028,P=0.635), and this finding remained true for thePR+ tumor subgroup (r=0.114,P=0.072). However, a significant
negative correlation was seen between tumor size and RS in the PR– subgroup (r=–0.343, P=0.017). Further analysis to ensure
that differences in tumor grade did not account for this correlation showed equal distribution of well differentiated, moderately
differentiated, and poorly differentiated tumors with no significant correlation between tumor size and grade.
Conclusion: Increasing tumor size may not be associated with increasing biological aggressiveness. Traditionally, smaller tumors
are thought to be lower risk and larger tumors higher risk, with a tendency to use chemotherapy with large tumors. However,
our data showed a negative correlation between tumor size and RS in the PR– subgroup. A tumor with PR negativity that reaches
a large size without metastasizing may suggest a favorable tumor biology. These tumors may not receive as much benefit from
chemotherapy as previously thought. Also, the higher RS seen in smaller PR– tumors may demonstrate PR– status as a predictor
for higher risk of distant recurrence. We propose that all tumors meeting the ER+/PR–/LN– criteria, regardless of size, should be
considered for genotyping, with the RS used to guide chemotherapy benefit.
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INTRODUCTION
Breast cancer is the most common non–skin cancer

worldwide. Approximately 1 in 8 women will be diagnosed
with invasive breast cancer in their lifetimes, accounting
for an estimated 276,480 women in 2020 alone. Thanks

to early screening measures, approximately 64% of newly
diagnosed patients are lymph node negative (LN–) with-
out obvious metastatic disease. These screening measures
have led to a decline in breast cancer mortality; however, 1
in 39 women will ultimately die from this diagnosis.1 Most
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breast cancers express the estrogen receptor (ER) and/or
the progesterone receptor (PR) and do not express the
human epidermal growth factor receptor 2 (HER2) across
all races/ethnicities. Women with early-stage breast cancer
have historically received chemotherapy, endocrine therapy,
radiation, surgery, or some combination of these treatments.
Risks for distant and/or locoregional recurrence and possi-
ble survival benefits are the guiding benchmarks for deciding
further therapy.2

The Oncotype DX genomic assay is used to help guide
decisions about adjuvant chemotherapy. The assay gener-
ates a recurrence score (RS) based on the expression of 16
cancer-related genes related to the expression of 5 reference
genes. The RS categories are low risk (<18), intermediate
risk (18-30), and high risk (>30). The Oncotype DX breast RS
provides level 1, category B evidence determining the ben-
efit of chemotherapy in ER-positive (ER+)/HER2-negative
(HER2–)/LN– tumors.3 Consistent results across multiple
well-designed studies have demonstrated the robust ana-
lytic performance, clinical validity, and clinical utility of the
Oncotype DX assay, and it has been incorporated into mul-
tiple guidelines, including those from the National Com-
prehensive Cancer Network, American Society of Clinical
Oncology, National Institute for Health and Care Excellence,
St Gallen International Expert Consensus, and European
Society for Medical Oncology.4-8 The American Joint Com-
mittee on Cancer (AJCC) eighth edition cancer staging man-
ual, updated in 2017, uses 2 staging systems: the anatomic
stage (tumor size [T], nodal status [N], and distant metastasis
[M]) and the prognostic stage (tumor grade, hormone recep-
tor [HR], oncogene expression, and multigene panel testing)
to predict a patient’s outcome. Oncotype DX is the multi-
gene assay used to help refine prognostic information and
improve therapy selection and outcomes. Patients with HR-
positive/HER2–/LN– tumors with a low-risk Oncotype DX RS
(RS <11) are placed in the same prognostic category as
patients with T1a-T1b N0 M0 tumors, meaning all tumors
meeting these criteria, regardless of size, are downstaged to
stage I.9 The low-risk score was lowered to 11 from 18 in the
AJCCmanual, based on the scale used in the Trial Assigning
IndividuaLized Options for Treatment (Rx) (TAILORx) trial in
an effort to not undertreat breast cancer.10

Historically, tumor size has played a role in staging breast
cancer, with larger tumors thought to have a worse progno-
sis. In a series of 2,282 women with invasive breast cancer
or ductal carcinoma in situ, increasing tumor size correlated
with lymphatic spread of disease, with percentage rates of
LN involvement as follows: Tis, 0.8%; T1a, 5%; T1b, 16%;
T1c, 28%; T2, 47%; T3, 68%; and T4, 86%.11 These data
are reflected in the standard TNM staging.
Other factors that can play a role in the aggressiveness

of tumors are patient age, PR status, tumor grade, and fur-
ther classification of LN– status. Tumor grade is based on
how abnormal the cells look under a microscope. Three can-
cer cell features are evaluated and given a score from 1 to
3. The scores are tallied to assign a grade of 1 (score of
3 to 5), 2 (score of 6 to 7), or 3 (score of 8 to 9) on the
pathology report. The terms well differentiated, moderately
differentiated, and poorly differentiated are sometimes used
in place of the 3 grades. In a study of >15,000 patients,
PR status was recognized as an independent factor in pre-
dicting responsiveness to endocrine therapy, with benefit in

disease-free and overall survival.12 In patients with LN– dis-
ease, LN status can be further classified as immunohisto-
chemistry (IHC)-negative (i–) or IHC-positive (i+). An i+ sta-
tus represents an LN that contains malignant cells in clus-
ters �0.2 mm and �200 total malignant cells on pathology,
whereas i– indicates an LNwith nomalignant cells on pathol-
ogy. Little research has been conducted to determine the
significance of i+ vs i– disease. The Oncotype DX report is
not validated for use in LN-positive (LN+) cancers.

The goal of our study was to compare RS scores to tumor
size, patient age, PR status, and LN IHC to assess for an
independent predictor of recurrence risk. We also compared
tumor size with tumor grade.

METHODS
After receiving institutional review board approval for a ret-

rospective medical records review, we obtained data from
the electronic medical record and the Genomic Health Physi-
cian Portal for patients with ER+/HER2–/LN– breast can-
cer who were seen at Ochsner Health between 2007 and
2017 and had an Oncotype DX report. The Oncotype DX RS
was used as a marker for biological aggressiveness and to
identify factors that may predict increased biological aggres-
siveness in ER+/HER2–/PR-positive (PR+) or PR-negative
(PR–) tumors. We compared tumor size, patient age, PR sta-
tus, and LN IHC status to low-, intermediate-, and high-risk
RS to assess for an association. We also compared tumor
size with tumor grade.

ER, PR, and HER2 status was obtained from the Onco-
type DX report. However, the Oncotype DX report did not
include receptor status for 4 tumors in the 2006 to 2007 time
frame. We determined the receptor status for these 4 tumors
from pathologic IHC staining. All 4 tumors were ER+/PR+/
HER2–.

Tumor size was recorded from the postoperative pathol-
ogy report. Two patients received preoperative chemother-
apy, so pathologic tumor size was smaller than the initial
estimated clinical size for 2 tumors. One of these tumors
was PR– and the other was PR+. The patient with the PR–
tumor had pathologic complete response, with no tumor
cells found on final pathology.

All statistical analysis was performed using SPSS software
(IBM Corp). Pearson correlation coefficient (r) was used to
test for a linear relationship in the comparisons of RS and
tumor size and RS and patient age. One-way analysis of
variance was used for comparisons with multiple variables
(RS vs age and RS vs tumor size). Chi-square test was used
when the data were treated as categorical variables (RS vs
age, RS vs tumor size, RS vs LN IHC, and tumor size vs
tumor grade). A P value of <0.05 was considered significant.
For our analysis of PR status and i– vs i+ nodes, we com-
pared the mean RS in each group. First, a Shapiro-Wilk test
for normality was performed. If the data were not normally
nonparametric, a Mann-Whitney U test was used (RS vs PR
status). If the data were normally nonparametric, an indepen-
dent sample t test was used (RS vs IHC status).

RESULTS
The data set included 296 total tumors: 248 PR+ and 48

PR–. One tumor was from a male patient, and the remainder
were from female patients. The mean age of the patients was
58.5 ± 9.8 years (range, 33 to 77 years), the mean tumor size
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Table 1. Baseline Demographic and Tumor Characteristics Overall and by Progesterone Receptor Status

Variable All Tumors n=296

Progesterone
Receptor Positive

n=248

Progesterone
Receptor

Negative n=48

Age, years, mean ± SD (range) 58.5 ± 9.8 (33-77) 58.0 ± 9.8 (35-76) 61.3 ± 9.1 (35-77)

Tumor size, mm, mean ± SD (range) 17.5 ± 8.7 (1-65) 17.8 ± 8.8 (1-65) 16.3 ± 8.1 (1-45)

Oncotype DX recurrence score, mean ± SD (range) 18.6 ± 9.9 (0-66) 16.3 ± 7.3 (0-48) 30.8 ± 12.7 (15-66)

was 17.5 ± 8.7 (range, 1 to 65 mm), and the mean RS was
18.6 ± 9.9 (range, 0 to 66) for all tumors. Data overall and by
PR+ and PR– subgroups are shown in Table 1.
As explained in the Methods section, we obtained recep-

tor status from the Oncotype DX report. The Oncotype DX
receptor status was concordant with the receptor status in
the pathology report for 98% of ER, 85.8% of PR, and 99.7%
of HER2 receptors.

Patient Age vs Recurrence Score
As shown in Figure 1, no significant correlation was

found between RS and patient age at diagnosis (r=–0.073,
P=0.208). Table 2 shows no significant difference between
mean age (P=0.489) or age distribution (P=0.752) and RS
risk category.

Tumor Size vs Recurrence Score
We compared tumor size and RS for the entire data set

and for the 2 subgroups of PR+ and PR– tumors (Figure 2).
Pearson correlation coefficient for the entire data set was
r=–0.028 (P=0.635). Analysis of the PR+ subgroup revealed

no significant correlation between tumor size and RS
(r=0.114, P=0.072). However, for the PR– subgroup, we
found a significant negative correlation between tumor size
and RS (r=–0.343, P=0.017). Smaller tumors were associ-
ated with a higher RS. No significant differences were found
in the distribution across RS categories for mean tumor size
(P=0.874) or categorical tumor size (P=0.427) (Table 2).

Tumor Size vs Tumor Grade
To determine if differences in tumor grade accounted for

the correlation between tumor size andRS, we compared the
mean tumor sizes for each tumor grade (1, 2, or 3). The mean
size for well-differentiated tumors was 17.5 mm, for moder-
ately differentiated tumors was 16.3 mm, and for poorly dif-
ferentiated tumors was 15.0 mm. No statistically significant
difference was found (P=0.895; data not shown).

Progesterone Receptor Status vs Recurrence
Score
The 248 PR+ tumors had a mean RS of 16.3, and the

48 PR– tumors had a mean RS of 30.8 (Table 1). We found

Figure 1. Age vs recurrence score for estrogen receptor–positive/human epidermal growth factor receptor 2–negative/lymph
node–negative breast cancer. r, Pearson correlation coefficient.
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Table 2. Demographic and Tumor Characteristics by Recurrence Score Category

Oncotype DX Recurrence Score Category

Variable
Low Risk (<18)

n=152
Intermediate Risk
(18-30) n=117

High Risk
(>30) n=27 P value

Age, years

Mean ± SD 59 ± 9 58 ± 10 56 ± 10 0.489a

Distribution, n (%) 0.752b

<40 (n=11) 5 (45.5) 5 (45.5) 1 (9.1)

40-49 (n=50) 23 (46.0) 23 (46.0) 4 (8.0)

50-59 (n=85) 44 (51.8) 30 (35.3) 11 (12.9)

�60 (n=150) 80 (53.3) 59 (39.3) 11 (7.3)

Tumor size, mm

Mean ± SD 1.75 ± 0.93 1.77 ± 0.81 1.68 ± 0.77 0.874a

Categorical, n (%) 0.427b

<10 (n=36) 19 (52.8) 12 (33.3) 5 (13.9)

11-20 (n=192) 102 (53.1) 75 (39.1) 15 (7.8)

21-40 (n=58) 24 (41.4) 27 (46.6) 7 (12.1)

>40 (n=10) 7 (70.0) 3 (30) 0 (0)

Progesterone receptor

Categorical, n (%) <0.0001c

Positive (n=248) 148 (59.7) 92 (37.1) 8 (3.2)

Negative (n=48) 4 (8.3) 25 (52.1) 19 (39.6)

Continuous RS, mean ± SD <0.0001c

Positive 16.3 ± 7.3

Negative 30.8 ± 12.7

Lymph node immunohistochemistry

Categorical, n (%) 0.102b

Negative (n=263) 131 (49.8) 105 (39.9) 27 (10.3)

Positive (n=33) 21 (63.6) 12 (36.4) 0 (0)

Continuous RS, mean ± SD 0.358d

Negative 18.9 ± 10.3

Positive 16.6 ± 6.2
aOne-way analysis of variance.
bChi-square test.
cMann-Whitney U test.
dIndependent sample t test.

statistical significance between PR status and RS when RS
was analyzed as either a categorical or a continuous variable
(P<0.0001 in both analyses) (Table 2).

Immunohistochemistry Positive vs
Immunohistochemistry Negative
Thirty-three of the LN– tumors had i+ stain for isolated

tumor cells. We found no difference between i+ and i– in the
analysis of mean continuous RS (P=0.358) or in the analysis
of RS as a categorical variable (P=0.102) (Table 2).

DISCUSSION
Traditionally, smaller tumors were thought to be lower risk

and larger tumors higher risk, as reflected in the current stag-
ing of breast cancer with the TNM criteria. According to our

data, however, this notion may not be correct for all sub-
types of breast cancer. Some subsets of tumors may war-
rant genomic analysis to more accurately assess the risk of
distant recurrence, regardless of initial size at diagnosis.

Evaluation of the relationship between RS and tumor
size has been studied multiple times since the validation
of the Oncotype DX assay, and a large amount of varia-
tion has been seen.13-20 The methods by which size and
RS, or rate of distant recurrence, are compared through-
out these studies differ. In our study, we found no signif-
icant correlation between tumor size and RS or any sta-
tistically significant difference in mean tumor size between
ER+/PR+ or PR–/HER2–/LN– tumors. The prospective trial
by Sparano et al found no significant difference in tumor size
between low-risk and intermediate-risk cohorts; they did not
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Figure 2. Pathologic tumor size (mm) vs recurrence score for estrogen receptor–positive (ER+)/human epidermal growth fac-
tor receptor 2–negative (HER2–)/lymph node–negative breast cancer. PR–, progesterone receptor negative; PR+, progesterone
receptor positive; r, Pearson correlation coefficient.

compare tumor size for the high-risk cohort.17 The retrospec-
tive review by Hanna et al compared mean tumor sizes for
all recurrence risk ranges and found no difference in tumor
size between low-risk, intermediate-risk, and high-risk RS.15

A prospective study by Paik et al (2004) found no significant
correlation between tumor size and distant recurrence when
analyzed using a multivariate Cox model. For this compari-
son, tumors were grouped into 2 sizes: �2 cm and >2 cm.16

Goldstein et al included both LN– and 0 to 3 LN+ patients in
their study. They found no increase in recurrence for tumors
�2 cm, 2.1 to 5.0 cm, and >2 cm using a proportional haz-
ard model.14 Allison et al compared tumors �1 cm to tumors
>1 cm for all 3 RS risk groups and found no difference.13

Three studies report opposing results. Wu et al,18 Paik et al
(2006),19 and Habel et al20 compared RS and tumor size and
found a significant increase in RS as tumor size increased.
The distribution of low-, intermediate-, and high-risk RS var-
ied between our study and these studies. In our study, 9%
of the tumors had high-risk RS compared to 25.2% in Paik
et al (2006), 31.5% in Habel et al, and 24.6% in Wu et al.
This difference in distribution of RS may account for the dif-
ference in findings. However, Paik et al (2004) supported our
data, and 27% of tumors in that study had high-risk RS.16

Another factor that could have led to these conflicting
results is the way in which the data were analyzed. Some
studies used size and RS as continuous variables and
assessed for correlation, while other studies grouped the
variables into categories and then assessed for differences.
The categories for RS were standard (low, intermediate, and

high), but the categories for tumor size varied, with some
studies comparing �1 cm to >1 cm, comparing �2 cm to
>2 cm, or using multiple categories. We analyzed the data
both ways and found no difference between the continuous
or categorical analyses.
A novel aspect of our study is that to our knowledge we

are the first to evaluate the difference between the PR+ and
PR– subgroups when assessing for a correlation between
size and RS (Figure 2). In the PR+ subgroup assessment, a
slight positive correlation almost reached significance. In the
PR– subgroup assessment, the moderate negative correla-
tion between tumor size and RS reached significance. The
lack of correlation or difference in RS in the analysis of our
full tumor data set may be attributable to the positive corre-
lation in the PR+ tumors offsetting the negative correlation in
the PR– tumors. The negative correlation we found for PR–
tumors may be because the larger PR– tumors have a less
aggressive tumor biologywith less propensity tometastasize
compared to the smaller PR– tumors that may have a more
aggressive tumor biology with a propensity to metastasize
if given time to reach a similar size. This difference in tumor
biology of small PR–/LN– tumors and large PR–/LN– tumors
may be somewhat elucidated by the specific genes tested
in the Oncotype DX genomic panel and would account for
the higher RS in small PR–/LN– tumors compared to the
lower RS in large PR–/LN– tumors. As stated previously, RS
is not validated for use with LN+ tumors; therefore, more
aggressive, larger PR– tumors that have already metasta-
sized would not be included in our particular data set. Our
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study is also limited in that both groups were unequally bal-
anced, with 248 PR+ tumors and 48 PR– tumors.
Younger patients are thought to have more aggressive

tumors and are therefore more likely to receive chemother-
apy. Our results showed no correlation between age and RS
or difference in mean age for each risk group. Our results are
in line with the findings of studies by Allison et al, Paik et al
(2004), and Wu et al. Allison et al compared mean ages for
each risk group and found no significant difference.13 Using
a multivariate Cox model, Paik et al (2004) assessed the like-
lihood of distant recurrence in patients <50 years vs patients
�50 years and found no significant relationship.16 Wu et al
compared RS in patients �55 years and >55 years, finding
no significant difference between these groups.18

On the other hand, 4 other groups did find a significant
difference or correlation between age and recurrence risk.
Goldstein et al performed a proportional hazards model for
recurrence and found younger age was associated with
higher risk of recurrence.14 Paik et al (2006) reported a
modest concordance between RS and age, with younger
patients having a higher RS than older patients.19 Levine
et al reported a weak correlation between age and RS.21

Sparano et al reported a statistically significant but numeri-
cally modest difference between low- and intermediate-risk
scores in patients with median ages of 58 years and 55
years, respectively.17 On further multivariate analysis with
tumor grade and age categorically evaluated with ranges of
<50 years, 51 years to 60 years, and 61 years to 75 years,
no significant association between age and the rate of recur-
rence was found. In our study, only 11 patients (3.7%) were
<40 years old, so this age group was likely underpowered
and may account for why we did not see an association
between RS and age. We likely did not have enough patients
in our data set in the <40 years age range because of our
exclusion of LN+ patients, as younger women aremore likely
to present with nodal disease at diagnosis.22 In contrast,
approximately 25% of patients in the Goldstein et al study
were <45 years.14

Patients with breast cancer who are <35 years typi-
cally have more aggressive tumor biology and worse prog-
nostic outcomes compared to patients �35 years. Multi-
variate analysis by Albain et al confirmed young age as
an independent adverse predictor, finding that cancers in
younger patients had significantly higher S-phase fractions
and abnormal p53 signaling.22 Younger patients also tend
to have factors associated with worse prognosis, including
grade 3 histology, lymphovascular invasion, necrosis, and
ER negativity.23

In our study, PR status had a significant association with
RS, with PR– tumors having a higher RS than PR+ tumors.
The inverse relationship between PR negativity and RS has
been reported in multiple studies13,15,17-19,24 and may be
because PR– tumors are associated with more aggressive
features such as higher histologic grade and may be due to
tamoxifen resistance from higher expression of HER1 and
HER2.25,26

We also assessed tumors with i+ nodes vs tumors with
i– nodes and found no significant difference in RS. This fac-
tor has not been evaluated as fully as tumor size and patient
age. The 2 studies that included an assessment of IHC are
Allison et al and Hanna et al.13,15 Neither study found a dif-
ference in RS between i+ and i– nodes.

CONCLUSION
Increasing tumor size may not be always be associated

with increasing biologic aggressiveness. A PR– tumor that
has reached a large size without having metastasized likely
has a favorable tumor biology that may not necessarily
benefit as much as previously thought from chemotherapy.
Based on our results, we propose that all tumors meeting
the ER+/PR–/LN– criteria, regardless of size, be considered
for genotyping. This recommendation is supported by the
negative correlation seen in the PR– subgroup analysis of
tumor size and RS. The significantly higher RS in PR– tumors
demonstrates PR– receptor status as an independent pre-
dictor for higher risk of distant recurrence.

ACKNOWLEDGMENTS
The authors have no financial or proprietary interest in the

subject matter of this article. This research was presented
at Ochsner Research Day, New Orleans, LA (May 2017);
at the Louisiana Chapter of the American College of Sur-
geons Meeting, New Orleans, LA (June 2017); and at the
Western Surgical Association Annual Meeting, Scottsdale,
AZ (November 2017).

REFERENCES
1. Breast cancer facts and figures 2019-2020. American Cancer

Society. 2019. Accessed November 23, 2020. www.cancer.
org/content/dam/cancer-org/research/cancer-facts-and-
statistics/breast-cancer-facts-and-figures/breast-cancer-facts-
and-figures-2019-2020.pdf

2. Goldhirsch A, Glick JH, Gelber RD, Coates AS, Senn HJ. Meeting
highlights: international consensus panel on the treatment of
primary breast cancer. Seventh International Conference on
Adjuvant Therapy of Primary Breast Cancer. J Clin Oncol.
2001;19(18):3817-3827. doi: 10.1200/JCO.2001.19.18.3817

3. Simon R. Roadmap for developing and validating
therapeutically relevant genomic classifiers. J Clin Oncol.
2005;23(29):7332-7341. doi: 10.1200/JCO.2005.02.8712

4. Dittrich C, Kosty M, Jezdic S, et al. ESMO/ASCO
recommendations for a global curriculum in medical oncology
edition 2016. ESMOOpen. 2016;1(5):e000097.
doi: 10.1136/esmoopen-2016-000097

5. Tumour profiling tests to guide adjuvant chemotherapy
decisions in early breast cancer. Diagnostics Guidance [DG34].
National Institute for Health and Care Excellence. December 19,
2018. Accessed December 2, 2020. www.nice.org.uk/guidance/
dg34/chapter/1-Recommendations

6. Goldhirsch A, Winer EP, Coates AS, et al. 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(9):2206-2223. doi: 10.1093/annonc/mdt303

7. Harris L, Fritsche H, Mennel R, et al. American Society of Clinical
Oncology 2007 update of recommendations for the use of
tumor markers in breast cancer. J Clin Oncol.
2007;25(33):5287-5312. doi: 10.1200/JCO.2007.14.2364

8. Gradishar WJ, Anderson BO, Balassanian R, et al. Breast cancer,
version 4.2017, NCCN clinical practice guidelines in oncology. J
Natl Compr Canc Netw. 2018;16(3):310-320.
doi: 10.6004/jnccn.2018.0012

9. Giuliano AE, Connolly JL, Edge SB, et al. Breast cancer–major
changes in the American Joint Committee on Cancer eighth
edition cancer staging manual. CA Cancer J Clin.
2017;67(4):290-303. doi: 10.3322/caac.21393

386 Ochsner Journal

http://www.cancer.org/content/dam/cancer-org/research/cancer-facts-and-statistics/breast-cancer-facts-and-figures/breast-cancer-facts-and-figures-2019-2020.pdf
http://www.cancer.org/content/dam/cancer-org/research/cancer-facts-and-statistics/breast-cancer-facts-and-figures/breast-cancer-facts-and-figures-2019-2020.pdf
http://www.cancer.org/content/dam/cancer-org/research/cancer-facts-and-statistics/breast-cancer-facts-and-figures/breast-cancer-facts-and-figures-2019-2020.pdf
http://www.cancer.org/content/dam/cancer-org/research/cancer-facts-and-statistics/breast-cancer-facts-and-figures/breast-cancer-facts-and-figures-2019-2020.pdf
http://www.nice.org.uk/guidance/dg34/chapter/1-Recommendations
http://www.nice.org.uk/guidance/dg34/chapter/1-Recommendations


Arthur, LE

10. Sparano JA, Gray RJ, Makower DF, et al. Adjuvant
chemotherapy guided by a 21-gene expression assay in breast
cancer. N Engl J Med. 2018;379(2):111-121.
doi: 10.1056/NEJMoa1804710

11. Silverstein MJ, Skinner KA, Lomis TJ. Predicting axillary nodal
positivity in 2282 patients with breast carcinoma.World J Surg.
2001;25(6):767-772. doi: 10.1007/s00268-001-0003-x

12. Bardou VJ, Arpino G, Elledge RM, Osborner CK, Clark GM.
Progesterone receptor status significantly improves outcome
prediction over estrogen receptor status alone for adjuvant
endocrine therapy in two large breast cancer databases. J Clin
Oncol. 2003;21(10):1973-1979. doi: 10.1200/JCO.2003.09.099

13. Allison KH, Kandalaft PL, Siltani CM, Dintzis SM, Gown AM.
Routine pathologic parameters can predict Oncotype DX
recurrence scores in subsets of ER positive patients: who does
not always need testing? Breast Cancer Res Treat. 2012;131(2):
413-424. doi: 10.1007/s10549-011-1416-3

14. Goldstein LJ, Gray R, Badve S, et al. Prognostic utility of the
21-gene assay in hormone receptor-positive operable breast
cancer compared with classical clinicopathologic features. J
Clin Oncol. 2008;26(25):4063-4071.
doi: 10.1200/JCO.2007.14.4501

15. Hanna MG, Bleiweiss IJ, Nayak A, Jaffer S. Correlation of
Oncotype DX recurrence score with histomorphology and
immunohistochemistry in over 500 patients. Int J Breast Cancer.
2017;2017:1257078. doi: 10.1155/2017/1257078

16. Paik S, Shak S, Tang G, et al. A multigene assay to predict
recurrence of tamoxifen-treated, node-negative breast cancer.
N Engl J Med. 2004;351(27):2817-2826.
doi: 10.1056/NEJMoa041588

17. Sparano JA, Gray RJ, Makower DF, et al. Prospective validation
of a 21-gene expression assay in breast cancer. N Engl J Med.
2015;373(21):2005-2014. doi: 10.1056/NEJMoa1510764

18. Wu J, Fang Y, Lin L, et al. Distribution patterns of 21-gene
recurrence score in 980 Chinese estrogen receptor-positive,

HER2-negative early breast cancer patients. Oncotarget.
2017;8(24):38706-38716. doi: 10.18632/oncotarget.16313

19. Paik S, Tang G, Shak S, et al. Gene expression and benefit of
chemotherapy in women with node-negative, estrogen
receptor-positive breast cancer. J Clin Oncol.
2006;24(23):3726-3734. doi: 10.1200/JCO.2005.04.7985

20. Habel LA, Shak H, Jacobs MK, et al. A population-based study
of tumor gene expression and risk of breast cancer death
among lymph node-negative patients. Breast Cancer Res.
2006;8(3):R25. doi: 10.1186/bcr1412

21. Levine MN, Julian JA, Bedard PL, et al. Prospective evaluation of
the 21-gene recurrence score assay for breast cancer
decision-making in Ontario. J Clin Oncol.
2016;34(10):1065-1071. doi: 10.1200/JCO.2015.62.8503

22. Albain KS, Allred DC, Clark GM. Breast cancer outcome and
predictors of outcome: are there age differentials? J Natl Cancer
Inst Monogr. 1994;(16):35-42.

23. Nixon AJ, Neuberg D, Hayes DF, et al. Relationship of patient
age to pathologic features of the tumor and prognosis for
patients with stage I or II breast cancer. J Clin Oncol.
1994;12(5):888-894. doi: 10.1200/JCO.1994.12.5.888

24. Chaudhary LN, Jawa Z, Szabo A, Visotcky A, Chitambar CR.
Relevance of progesterone receptor immunohistochemical
staining to Oncotype DX recurrence score. Hematol Oncol Stem
Cell Ther. 2016;9(2):48-54. doi: 10.1016/j.hemonc.2015.12.001

25. Arpino G, Weiss H, Lee AV, et al. Estrogen receptor-positive,
progesterone receptor-negative breast cancer: association
with growth factor receptor expression and tamoxifen
resistance. J Natl Cancer Inst. 2005;97(17):1254-1261.
doi: 10.1093/jnci/dji249

26. Moon YW, Park S, Sohn JH, et al. Clinical significance of
progesterone receptor and HER2 status in estrogen
receptor-positive, operable breast cancer with adjuvant
tamoxifen. J Cancer Res Clin Oncol. 2011;137(7):1123-1130.
doi: 10.1007/s00432-011-0976-2

This article meets the Accreditation Council for Graduate Medical Education and the American Board of Medical
Specialties Maintenance of Certification competencies for Patient Care, Medical Knowledge, and Practice-Based
Learning and Improvement.

©2020 by the author(s); licensee Ochsner Journal, Ochsner Clinic Foundation, New Orleans, LA. This article is an open
access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license
(creativecommons.org/licenses/by/4.0/legalcode) that permits unrestricted use, distribution, and reproduction in
any medium, provided the original author(s) and source are credited.

Volume 20, Number 4, Winter 2020 387


