
Send Orders for Reprints to reprints@benthamscience.ae 

 Open Medicine Journal, 2015, 2, 37-42 37 

 
 1874-2203/15 2015 Bentham Open 

Open Access 

Did Oncotype DX® Recurrence Score Accurately Predict the Risk of 
Recurrence in Breast Cancer? A 10 Year Period Study in a Single 
Institution 
Vanda Farahmand Torous and Sophia K. Apple* 

Department of Pathology and Laboratory Medicine, David Geffen School of Medicine, UCLA, Los Angeles, CA, USA 

Abstract: The 21-gene Recurrence Score (RS) assay (Oncotype DX®) predicts the risk of recurrence and benefit from 
chemotherapy in estrogen receptor (ER) positive, Her-2/neu negative, node negative and, more recently, limited node-
positive (<3) breast cancer. The 21-gene RS is divided into low, intermediate and high risk groups corresponding to a 
likelihood of recurrence within 10 years of initial diagnosis. Clinicians utilize 21-gene RS to guide treatment, particularly 
whether to add adjuvant chemotherapy to endocrine therapy. This study aimed to determine if 21-gene RS accurately 
predicts the rate of recurrence with respect to each category. A cohort of 236 patients was studied retrospectively and 
analyzed, based on correlation between histologic and immunohistochemical (IHC) findings versus 21-gene RS 
stratification in relation to clinical outcomes. 

In the cohort examined, no deaths occurred in all the patients studied. Six patients had recurrence or metastatic disease. Of 
these six patients, only one had been stratified to the high risk group by 21-gene RS analysis, while four were stratified to 
the low risk group, and one to the intermediate risk group. 21-gene RS accurately predicted 97% of the low RS stratified 
patients to avoid receiving chemotherapy. However, addition of chemotherapy in the treatment regimen for node positive, 
Her-2/neu positive, high Ki-67, and PR negative tumors may be beneficial regardless of 21-gene RS. Our investigation 
found that there is a high concordance rate between 21-gene RS and IHC of ER, progesterone receptor (PR), and Her-
2/neu. 
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INTRODUCTION 

 The 21-gene Recurrence Score (RS) assay (Oncotype 
DX®) breast cancer test is a commercially available 
multigene reverse transcription-polymerase chain reaction 
(RT-PCR) test that has been clinically validated to predict 
the likelihood of distant recurrence (assuming patient takes 5 
years of tamoxifen) for early-stage breast cancer. This test is 
intended for women with early-stage (Stage I or II), node-
negative (more recently included limited node positive), 
estrogen receptor (ER+) positive and Her-2/neu negative 
invasive breast cancer. It includes 16 cancer genes which 
includes ER, Progesterone receptor (PR), Her -2/neu, 
proliferation index, with proliferation being most heavily 
weighted in formula and 5 reference genes. 
 Recurrence Score (RS) based on a mathematical 
algorithm generated from the results of the profiling assay 
stratifies patients into low- (L) (RS <18), intermediate- (I) 
(RS 18-30), and high- (H) (RS 30-100) risk groups 
corresponding to a likelihood of distant (metastatic) 
recurrence within 10 years of the initial diagnosis. While 
patients with scores in the low risk range appear to derive no 
benefit from the addition of adjuvant chemotherapy, patients 
with scores in the high risk range do appear to derive 
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significant benefit from the addition of chemotherapy to their 
adjuvant regimen. For patients with intermediate scores, the 
benefits of chemotherapy remain unproven. Thus 21-gene 
RS test has both a prognostic and predictive value, since it 
provides information about how likely (or unlikely) the 
breast cancer is to recur, and since it predicts the likelihood 
of benefit from chemotherapy in addition to endocrine 
therapy for those patients who have a low or high risk score. 
Commercially available since 2004, Oncotype DX® was 
arguably the first genomic biomarker assay to become 
available for breast cancer treatment decisions. 
 Clinicians utilize 21-gene RS to help facilitate adjuvant 
treatment decision making, particularly whether to add 
chemotherapy to endocrine therapy. In the past decade, 
multiple studies have shown that the utilization of 21-gene 
RS test in clinical practice is frequently responsible for 
changing adjuvant treatment decisions, with one meta-
analysis demonstrating that 21-gene RS changed the clinical-
pathological adjuvant chemotherapy treatment recommen-
dation in 33.4% of patients [1]. 21-gene RS has been 
validated in a number of clinical studies, including the 
National Surgical Adjuvant Breast Program (NSABP) B-14 
and B-20 trials [2, 3], in addition to a number of other 
studies that have investigated its prognostic utility [4-8]. 
 The 21-gene RS assay is not without its costs, with the 
test currently retailing for about $4,000 per patient in the 
United States. Although this cost should be examined in the 
context of its clinical benefits, a question that arises is 



8    Open Medicine Journal, 2015, Volume 2 Torous and Apple 

whether clinical, histologic, and immunohistochemical (IHC) 
tests alone without the gene assay have a similar prognostic 
and predictive value. Cuzick et al., did such a study and 
found that the IHC4 score provided similar if not better 
prognostic information as 21-gene RS assay [9]. In fact, 
many authors argue that there is no additional prognostic 
information from 21-gene RS when compared to routine and 
classical clinico-pathologic factors including age, nodal 
status, tumor size, grade, and ER, PR, Her-2/neu and Ki-67 
are done [10, 11]. Overall, low levels of ER and PR 
expression, a high level of proliferation index by Ki-67, and 
Her-2/neu overexpression or amplification predict a higher 
risk of recurrence. Given that 21-gene RS predicts 10 year 
risk of recurrence, we investigated a total of 236 patients 
with breast cancer at our institution who had morphologic 
evaluation, IHC results for ER, PR, Her-2/neu and Ki-67 and 
21-gene RS over 10 year period. Our investigation is to 
follow up on our patients population with known 21-gene RS 
to see if it truly predicted recurrence correctly. 

MATERIALS AND METHODOLOGY 

Patients 

 The Pathology computer database was searched 
retrospectively for patients who had invasive breast cancer 
and Oncotype DX® test results in our institution, after 
obtaining our institutional IRB approval. A total of 236 cases 
out of 1,953 patient breast cancer sample (11.5%) spanning a 
period of ten years (September 2003 to April 2013) were 
identified that fit these criteria. Oncotype DX® test is sent by 
clinician’s request in our institution. A few of the cases sent 
for Oncotype DX® test had Her-2/neu positive, T3 and/or ER 
negative tumors which are outside the guidelines for the 
indication for Oncotype DX® test. The clinical information 
and follow-up were obtained from the patients’ electronic 

medical record and our pathology database computer system 
PowerPath; data collected included all pathology breast 
tumor parameters (tumor size, tumor grade, modified Bloom 
and Richardson score, lymph node status, ER and PR 
expression, Her-2 by IHC and FISH tests, and Ki-67. All 
cases are reviewed by four expert breast pathologists in our 
institution. The clinical and management data that were 
collected included the date of the last documented patient 
visit, adjuvant chemotherapy and endocrine therapy. The 
clinical outcomes were then reviewed for each case and 
included recurrence, metastasis, or death as an endpoint. 

Results 

 A total of 236 cases were identified spanning a period of 
ten years (2003 to 2013). Of these cases, two were male 
patients (2/236; 0.8%). Patients ranged from 24 to 79 years 
old at the time of diagnosis (mean age of 54 years). Over 
time we observed an increasing trend of breast cancer cases 
sent by clinicians for genetic analysis by Oncotype DX®, 
with a substantial increase in the number of sent tests from 
2003 to 2011 and slight decline in 2012. (See Fig. 1) 

Tumor Characteristics and Histological/Immunohistochemical 
Findings 

 Of the total 236 patients, 38% were classified as Grade 1 
tumors (90/236), 50% were classified as Grade 2 tumors 
(119/236), and 12% were classified as Grade 3 tumors 
(27/236). Of the total 236 cases, 96% were found to be T1 or 
T2 tumors (227/236) and 4% were found to be T3 tumors 
(9/236). No cases were found to be T4 tumors. Forty-seven 
cases were found to have one or more positive lymph nodes, 
but less than three, (47/236; 20%), with all of the remaining 
patients having no metastatic disease to the lymph nodes. 

 
Fig. (1). Chart showing number of Oncotype DX® tests sent by each year. 
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 The IHC staining for ER, PR, and Her-2/neu status were 
as follows: 99% ER positive (234/236) and 1.0% ER 
negative (2/236), 95% PR positive (225/236) and 5% PR 
negative (11/236), 98% Her-2/neu negative and four positive 
for Her-2/neu (2%; 4/236) by both IHC and FISH 
respectively. The proliferation index was also determined for 
each case, and was considered high when Ki-67 was greater 
than or equal to 20%. Of the 236 total cases, 43 were found 
to have elevated Ki-67 (18%) and 169 were found not to be 
elevated (82%). 

Oncotype DX® Risk Score (RS) Results 

 Of the 236 cases, 65% were stratified into the low-risk 
(LR) group by genetic analysis (152/236), 29% into the 
intermediate risk (IR) group (69/236), and 6% into the high 
risk (HR) group (15/236). The morphologic and IHC 
characteristics of each tumor were then examined with 
respect to stratification by the RS score (Table 1). 
 Of the LR stratified patients, 49% were found to have 
grade 1 tumors (74/152), 44% were found to have grade 2 
tumors (67/152), and 7% were found to have grade 3 tumors 
(11/152). In addition, 49% were found to have T1 tumors 
(74/152), 47% were found to have T2 tumors (71/152), and 
4% were found to have T3 tumors (7/152) from the LR 
group. Thirty-six of the low risk stratified patients had one or 
more positive lymph nodes (36/152, 24%). With respect to 
IHC analysis, 1% were found to be ER negative (1/152), 2% 
of the tumors were found to be PR negative (3/152), and no 
cases were found to be Her-2/neu positive (0/152). Ki-67 
was elevated in 11% of the LR patient tumors (16/152). 

 Of the IR stratified patients, 20% were found to have 
grade 1 tumors (14/69), 62% were found to have grade 2 
tumors (43/69), and 18% were found to have grade 3 disease 
(12/69). In addition, of the IR stratified patients, 51% were 
found to have T1 tumors (35/69), 46% were found to have 
T2 tumors (32/69) and 3% were found to have T3 tumors 
(2/69). The majority of the IR patients were found to have 
negative lymph nodes (N0; 58/69, 84%). None of the IR 
stratified cases were found to be ER negative, 6% (4/69) 
were PR negative and no cases were Her-2/neu positive. The 
Ki-67 was elevated in 25% of IR patient tumors (17/69). 
 Of the HR stratified patients, 13% were found to have 
grade 1 tumors (2/15), 60% were found to have grade 2 
tumors (9/15), and 27% were found to have grade 3 disease 
(4/15). In addition, of the HR stratified patients, 80% were 
found to have T1 tumors (12/15) and 20% were found to have 
T2 tumors (3/15), while all of the HR patients were found to 
have negative lymph nodes (N0; 15/15). Of the HR stratified 
tumors, 7% (1/15) were ER negative, 27% (4/15) were PR 
negative and 27% were Her-2/neu positive (4/15). The Ki-67 
was elevated in 67% of the HR patient tumors (10/15). 
 Eight patients (5.3%) from the low 21-gene RS received 
adjuvant chemotherapy and 26.7% of patients who had the 
high 21-gene RS did not receive adjuvant chemotherapy. The 
reasons were due to individualized preferences and co-
morbidity issues. 
 Oncotype DX® currently also report ER, PR and Her-
2/neu status by RT-PCR method. The discordance rate 
between IHC from our institution and RT-PCR by Oncotype  
 

Table 1. Data summary of all patients. 
 

  Low Risk Intermediate Risk High Risk All Cases 

Tumor Size (average) 2.28 cm 2.38 cm 1.6 cm 2.3 cm 

T Score (average) 1.56 1.52 1.2 1.57 

 T1 74/152 (49%) 35/69 (51%) 12/15 (80%) 121/236 (51%) 

 T2 71/152 (47%) 32/69 (46%) 3/15 (20%) 106/236 (45%) 

 T3 7/152 (4%) 2/69 (3%) 0/15 (0%) 9/236 (4%) 

Nottingham Score (average) 5.49 6.39 6.93 5.84 

Grade (average) 1.59 1.97 2.13 1.74 

 G1 74/152 (49%) 14/69 (20%) 2/15 (13%) 90/236 (38%) 

 G2 67/152 (44%) 43/69 (62%) 9/15 (60%) 119/236 (50%) 

 G3 11/152 (7%) 12/69 (18%) 4/15 (27%) 27/236 (12%) 

Positive Lymph Nodes  36/152 (24%) 11/69 (16%) 0/15 (0%) 47/236 (19%) 

ER Positive  151/152 (99%) 69/69 (100%) 14/15 (93%) 234/236 (99%) 

ER Negative  1/152 (1%) 0/69 (0.0%) 1/15 (7%) 2/236 (1%) 

PR Positive  149/152 (98%) 65/69 (94%) 11/15 (73%) 225/236 (95%) 

PR Negative  3/152 (2%) 4/69 (6%) 4/15 (27%) 11/236 (5%) 

Ki67 Positive  16/152 (11%) 17/69 (25%) 10/15 (67%) 43/236 (18%) 

Ki67 Negative  136/152 (89%) 52/69 (75%) 5/15 (33%) 193/236 (82%) 

HER2 Positive  0/152 (0%) 0/69 (0.0%) 4/15 (27%) 4/236 (2%) 

HER2 Negative  152/152 (100%) 69/69 (100%) 11/15 (73%) 232/236 (98%) 
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DX® for ER, PR and Her-2/neu status was found to be low: 
1% (2/236), 9% (21/236) and 0% (0/236), respectively. 

Adjuvant Therapy and Clinical Course 

 The average and median clinical follow-up time for all of 
the cases included in the study were 28.8 months and 23 
months respectively, ranging from 1 month to 125 months. 
We found that of the HR, IR and LR stratified patients, 11/15 
(73.2%), 27/69 (39.1%) and 8/152 (5.3%) received adjuvant 
chemotherapy, respectively. (Table 2) All patients received 
adjuvant endocrine therapy including the six patients who 
had recurrence. No deaths occurred in any of the patients 
studied. Six of the total patient cohort had a significant 
event, including recurrence or metastasis (Table 3). The 
average time of onset of the significant event was 45 months. 
Of the six cases, four were stratified into the low risk group, 
one into the intermediate group and one into the high risk 
group by 21-gene RS analysis. All of these cases were ER 
positive, one was PR negative (1/6; 16.7%), all were HER-
2/neu negative and one showed elevated Ki-67 (1/6; 16.7%). 
Two of these cases had positive lymph node status (2/6; 
33.3%). Only three of these patients had received 
chemotherapy, one from each risk group, respectively. 

DISCUSSION 

 With the advancement of genetic analysis and the 
development of genetic profiling assays, particularly 
Oncotype DX®, there has been a paradigm shift in what 
oncologists base their adjuvant chemotherapy management 
upon with a move away from clinico-pathologic criteria 
alone such as tumor size, lymph node status, tumor grade 
and IHC results. Indeed, recent investigations show that 
medical oncologists change management in about 26 to 44% 

of cases based on genetic analysis findings through 21-gene 
RS [12-16]. 
 Our study shows that there was a substantial increase in 
the number of breast cancer cases that were sent for 
Oncotype DX® testing by the oncologists’ request at our 
institution (from 3 cases total in late 2003 and 2004 to an 
average of 42 cases during the years 2010 to 2012). Overall, 
the average rate of Oncotype DX® request by clinician is 
approximately 16% in our institution. When Oncotype DX® 
was utilized; patients stratified in the high risk group with a 
high RS were much more likely to receive adjuvant 
chemotherapy as compared to those patients stratified in the 
low RS or the intermediate RS group. However, the patients 
in the high risk stratified group also tended to have more 
concerning clinico-pathologic and IHC findings as well, 
including having positive Her-2/neu status, elevated Ki-67, 
and negative PR status within ER-positive breast cancers. 
 A number of recent studies have investigated the 
relationship between the impact of cost and decision making 
based on 21-gene RS results as compared to histologic and 
IHC evaluations. One study by Biroschak et al., examined 50 
patients with ER-positive, lymph node negative breast cancer 
analyzed by 21-gene RS [12]. The investigators found that all 
cases in their study group that were categorized as high risk by 
the RS were categorized as high risk based on the 
pathologist’s assessment as well, and that the vast majority of 
the cases that were categorized as low or intermediate risk by 
RS were also categorized as low or intermediate risk by the 
pathologist (96%). In a study by Zbytek et al., the 
investigators found that mitotic score based markers of 
proliferation index including Ki-67, phosphohistone H3, and 
the hematoxylin and eosin (H&E) mitotic score defined by the 
Nottingham grading system were useful in assessing tumor 
grade, proliferation and prognosis, and that proliferation 

Table 2. Data showing RS and actual recurrence/metastasis. 
 

 Low Risk Intermediate Risk High Risk 

Number (percentage) 152 (65%) 69 (29%) 15 (6%) 

Patients with recurrence/metastasis 4 (3%) 1 (1%) 1 (7%) 

Chemotherapy received 8/152 (5.3%) 27/69 (39.1%) 11/15 (73.2%) 

 
Table 3. Data of patients who had recurrence/metastasis. 
 

No. Histologic  
Type RS Grade T Stage 

Lymph  
Node  
Status 

ER PR HER2 Ki67 Recurrence Metastasis Chemo Time Until  
Event (Month) 

1 IDC Low 1 1 Negative Positive Positive Negative Low Yes Yes - widespread  
osseous No 91 

2 IDC Low 1 2 Positive Positive Positive Negative Low Yes No No 41 

3 IDC Low 2 1 Negative Positive Positive Negative Low No Yes - to thoracic  
spine and liver Yes 48 

4 ILC- 
pleomorphic  Low 3 1 Positive Positive Positive Negative Low No Yes - abdominal  

carcinomatosis No 18 

5 IDC Intermediate 2 2 Negative Positive Negative Negative Low No Yes - to femoral head Yes 63 

6 IDC High 2 1 Negative Positive Positive Negative High No Yes - to lymph node Yes 33 
IDC: invasive ductal carcinoma, ILC: invasive lobular carcinoma. 
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markers correlate with the recurrence score [17]. In addition, a 
study by Allison et al., investigated whether routinely 
available pathologic parameters including tumor size, 
histologic type, Nottingham grade and lymphatic invasion 
could predict the 21-gene RS. They found that grade 1, high 
PR positivity, low Ki-67 breast cancers correlated well with 
low RS stratified patients and grade 3, low PR, high Ki-67 
breast cancers correlated well with high RS stratified patients 
[11]. Additional studies on specific pathologic features have 
been shown to correlate with the 21-gene RS, including 
histologic features, mitotic count, and hormonal receptor 
expression [12, 18-21]. In a 2011 study by Cuzick et al., the 
authors showed that all four of the IHC markers, ER, PR, Ki-
67, and HER2 provided independent prognostic information in 
the presence of classical clinico-pathologic factors including 
age, nodal status, tumor size, grade and endocrine treatment 
[9]. Their study suggested that the amount of prognostic 
information contained in these IHC4 assays is similar to that in 
the Genomic Health RS in early breast cancer. Additionally, a 
recent study by Klein et al. demonstrated that an equation (the 
Magee equation) could reliably predict the RS generated by 
genetic analysis through Oncotype Dx® (when the intermediate 
category was eliminated) by using standard morphologic and 
IHC variables [10]. However, another study that investigated 
465 patients with ER-positive breast cancer and 0 to 3 positive 
lymph nodes showed that the 21-gene RS was more accurate 
at predicting recurrence rate than clinico-pathologic features 
alone [22]. A study by Tang et al. found that 21-gene RS and 
clinico-pathologic information from Adjuvant!Online 
provided independent prognostic contributions in node 
negative, ER positive breast cancer patients. However, only 
21-gene RS consistently predicted chemotherapy benefit 
across various endpoints [23]. Results from this study which 
composed of larger parent B-20 cohort showed that 
Adjuvant!Online predicted chemotherapy benefit, but only in 
overall survival, and the magnitude of prediction was less than 
that of the 21-gene RS. 
 Our investigation is the first 10 year period clinical follow-
up study of 21-gene RS in a cohort of 236 patients in a single 
institution to see whether 21-gene RS accurately predicted the 
rate of recurrence with respect to each risk category and the 
association of histologic categorization. Notably, recurrence 
and metastatic events occurred in six of the patients (2.5%) in 
our cohort. Among the six patients, only one of these patients 
was stratified in the high RS group, while one had been 
stratified in the intermediate RS group, and four in the low RS 
group, with a mean follow-up of 49 months (4.1 years). Three 
patients with low RS who had significant events had small 
tumor (T1-T2), ER and PR positive, low Ki-67 and Her-2/neu 
negative breast cancers but two of three patients had sentinel 
lymph node involvement. One patient who had a low RS had 
grade 3 invasive lobular carcinoma and she received 
chemotherapy despite the low RS and recurred with 
carcinomatosis in abdomen after 18 months. Our finding 
shows that 21-gene RS accurately predicted 97% of the low 
RS stratified patients. 
 The cost-saving and avoiding side-effects from the 
adjuvant chemotherapy would be significantly beneficial 
from having 21-gene RS test. However, overall, morphologic 
and IHC findings can predict 21-gene RS. Patients who were 
stratified in the high risk group tended to have tumors with 
higher Ki-67 (67% in the high risk group versus 11% in the 

low risk group). High RS group patients also had a higher 
percentage of PR negative tumors (27% PR negative in the 
high risk group versus 2% in the low risk group). 
 Our investigation found that there is a high concordance 
rate between Genomic Health RT-PCR and IHC evaluation 
for ER, PR, and Her-2/neu. Of the cases examined, the ER 
status discordance rate was only 1%, PR status discordance 
rate was 9%, and there was no discordance between IHC 
evaluation and RT-PCR analysis with 21-gene RS in the 
determination of Her-2/neu. Thus, the discordance rates for 
the determination of tumor hormone status were low 
between evaluation with IHC and evaluation by Genomic 
Health RT-PCR. Prior studies have also supported this 
notion, with a 2012 study by Kraus et al. demonstrating high 
concordance between IHC and Genomic Health RT-PCR for 
ER and PR (98.9% and 94.2%, respectively) with IHC being 
slightly more sensitive [24]. A recent study by Park et al., 
demonstrating high concordance between ER and PR by IHC 
with Genomic Health RT-PCR for ER and PR (98.9% and 
91.3% concordance rates, respectively), although their data 
showed poor positive percent agreement for HER2 by 
fluorescent in situ hybridization (FISH) (positive percent 
agreement for HER2 was 0% (0/2 cases with positive HER2) 
while negative percent agreement was 100% (245/245 cases 
with negative HER2)) [25]. A 2011 study by Dabbs et al., 
investigated the concordance rate between IHC/FISH and 
Genomic Health RT-PCR HER 2 assay, and they found an 
unacceptable false negative rate for HER2 status with the 
Genomic Health assay results [26]. 
 Our weaknesses of the study are as follows: 1. although 
our clinical follow-up includes 10 year period, the actual 
average/mean follow-up time is short which could explain 
why the rate of recurrence/metastasis is low, and 2. our 
cohort had small patient samples. Further study with a longer 
clinical follow-up and larger cohort study is needed. 
 In summary, patients who had low RS by 21-gene RS test 
with node positive, high Ki-67, high tumor grade and PR 
negative tumors may need to consider for adding adjuvant 
chemotherapy. Further study is needed to be done to confirm 
benefit of adjuvant chemotherapy on patients who had low 
RS by 21-gene with high Ki-67, high tumor grade, and PR 
negative tumors. Also, there is a high concordance rate 
between Genomic Health RT-PCR and IHC evaluation for 
ER, PR, and Her-2/neu in our institution. 

CONFLICT OF INTEREST 

 The authors confirm that this article content has no 
conflict of interest. 

ACKNOWLEDGEMENTS 

 We thank our oncologist Sara Hurvitz MD, who provided 
invaluable insight to our manuscript. 

REFERENCES 

[1] Carlson JJ, Roth JA. The impact of the Oncotype Dx breast cancer 
assay in clinical practice: a systematic review and meta-analysis. 
Breast Cancer Res Treat 2013; 141: 13-22. 



12    Open Medicine Journal, 2015, Volume 2 Torous and Apple 

[2] 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: 2817-26. 

[3] 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: 3726-34. 

[4] Habel LA, Shak S, 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: R25. 

[5] Dowsett M, Cuzick J, Wale C, 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 anastrazole or tamoxifen: a TransATAC study. J Clin Oncol 
2010; 28: 1829-34. 

[6] Toi M, Iwata H, Yamanaka T, et al. Clinical significance of the 21-
gene signature (Oncotype DX) in hormone receptor-positive early 
stage primary breast cancer in the Japanese population. Cancer 
2010; 116: 3112-18. 

[7] Mamounas EP, Tang G, Fisher B, et al. 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: 
1677-83. 

[8] Esteva FJ, Sahin AA, Cristofanilli M, et al. Prognostic role of a 
multigene reverse transcriptase-PCR assay in patients with node-
negative breast cancer not receiving adjuvant systemic therapy. 
Clin Cancer Res 2005; 6: 136-41. 

[9] Cuzick J, Dowsett M, Pineda S, et al. Prognostic value of a 
combined estrogen receptor, progesterone receptor, Ki-67, and 
human epidermal growth factor receptor 2 immunohistochemical 
score and comparison with the Genomic Health recurrence score in 
early breast cancer. J Clin Oncol 2011; 29(32): 4273-8. 

[10] Klein ME, Dabbs DJ, Shuai Y, Brufsky AM, Jankowitz R, Puhalla 
SL, Bhargava R. Prediction of the Oncotype DX recurrence score: 
use of pathology-generated equations derived by linear regression 
analysis. Mod Pathol 2013; 26(5): 658-64. 

[11] Allison KH, Kandalaft PL, Sitlani CM, et al. 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: 413-24. 

[12] Biroschak JR, Schwartz GF, Palazzo JP, et al. Impact of Oncotype 
DX on treatment decisions in ER-positive, node-negative breast 
cancer with histologic correlation. Breast J 2013; 19: 269-75. 

[13] Asad J, Jacobson AF, Estabrook A, et al. Does Oncotype DX 
recurrence score affect the management of patients with early stage 
breast cancer? Am J Surg 2008; 196: 527-9. 

[14] Lo SS, Mumby PB, Norton J, 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: 1671-6. 

[15] Oratz R, Dev P, Cohn AL, Sedlacek SM. Impact of a commercial 
reference laboratory test recurrence score on decision making in 
early-stage breast cancer. J Oncol Pract 2007; 3: 182-6. 

[16] Rayhanabad JA, Difronzo LA, Haigh PI, Romero L. Changing 
paradigms in breast cancer management: introducing molecular 
genetics into the treatment algorithm. Am Surg 2008; 74: 887-90. 

[17] Zbytek B, Cohen C, Wang J, et al. Nottingham-defined mitotic 
score: comparison with visual and image cytometric 
phosphohistone H3 labeling indices and correlation with Oncotype 
DX recurrence score. Appl Immunohistochem Mol Morphol 2013; 
21: 48-53. 

[18] Flanagan MB, Dabbs DJ, Brufsky AM, et al. Histopathologic 
variables predict Oncotype DX Recurrence Score. Mod Pathol 
2006; 21: 1255-61. 

[19] Wolf I, Ben-Baruch N, Shapira-Frommer R, et al. Association 
between standard clinical and pathologic characteristics and the 21-
gene recurrence score in breast cancer patients: a population based 
study. Cancer 2008; 112: 731-36. 

[20] Geradts J, Bean SM, Bentley RC, Barry WT. The Oncotype DX 
recurrence score is correlated with a composite index including 
routinely reported pathobiologic features. Cancer Invest 2010; 28: 
969-77. 

[21] Auerbach J, Kim M, Fineberg S. Can features evaluated in the 
routine pathologic assessment of the lymph node-negative estrogen 
receptor-positive stage I or II invasive breast cancer be used to 
predict the Oncotype DX recurrence score? Arch Pathol Lab Med 
2010; 134: 1697-701. 

[22] 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: 4063-71. 

[23] Tang G, Shak S, Paik S, et al. 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 NASBP B14 and NSABP B20. Breast Cancer 
Res Treat 2011; 127: 133-42. 

[24] Kraus JA, Dabbs DJ, Beriwal S, et al. Semi-quantitative 
immunohistochemical assay versus Oncotype DX q RT-PCR assay 
for estrogen and progesterone receptors: an independent quality 
assurance study. Mod Pathol 2012; 25: 869-76. 

[25] Park MM, Ebel JJ, Zhao W, et al. ER and PR 
immunohistochemistry and HER2 FISH versus Oncotype DX: 
implications for breast cancer treatment. Breast J 2014; 20: 37-45. 

[26] Dabbs DJ, Klein ME, Mohsin SK, et al. High false-negative rate of 
HER2 quantitative reverse transcription polymerase chain reaction 
of the Oncotype DX test: an independent quality assurance study. J 
Clin Oncol 2011; 29: 4279-85. 

 

 
 

Received: May 9, 2015 Revised: July 1, 2015 Accepted: July 14, 2015 
 
© Torous and Apple; Licensee Bentham Open. 
 

This is an open access article licensed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/ 
3.0/) which permits unrestricted, non-commercial use, distribution and reproduction in any medium, provided the work is properly cited. 


