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Introduction
Oncotype Dx is a polymerase chain reaction (PCR) assay of 
21 genes that is frequently performed on tumors from women 
with lymph node-negative, estrogen receptor-positive breast can-
cer. It is used to calculate a recurrence score to estimate the risk 
of distant recurrence.1 The 21 genes analyzed include markers of 
proliferation, invasion, Her2, Estrogen, and reference markers.2 
Given that more than 230,000 women are diagnosed with breast 
cancer each year, with nearly half of these women with node-
negative, hormone receptor-positive disease, Oncotype Dx is 
applicable to a significant portion of breast cancer patients.3

Since the introduction of Oncotype Dx in 2004, there 
has been significant evidence that gene expression, as reflected 

by recurrence score, affects the recommendation regarding 
chemotherapy for node-negative, estrogen receptor-positive 
breast cancer.4,5 There have been numerous studies showing 
that for this population, Oncotype Dx affects clinical decision 
making, reduces unnecessary chemotherapy use,6–8 and is a 
cost-effective assay.9,10 In recent years, research has expanded 
to better understand the utility of Oncotype Dx in popula-
tions other than node-negative, estrogen receptor-positive 
breast cancer. Specifically, Trans Arimidex, Tamoxifen, Alone 
or in Combination (ATAC) showed that Oncotype Dx can be 
used as a predictive tool for recurrence in both node-negative 
and node-positive patients,11 and SWOG 8814 showed that 
Oncotype Dx predicts benefit of chemotherapy in patients 
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conclusIons: Oncotype Dx testing on multiple primary breast cancers altered management in regards to chemotherapy recommendations and should 
be considered for multiple primary breast cancers.

Keywords: breast cancer, oncotype dx, recurrence score

CitatiOn: toole et al. Oncotype dx results in Multiple Primary Breast Cancers. Breast Cancer: Basic and Clinical Research 2014:8 1–6 doi: 10.4137/BCBCr.s13727.

ReCeiveD: november 25, 2013. aCCePteD fOR PuBliCatiOn: december 12, 2013.

aCaDeMiC eDitOR: Goberdhan P. dimri, editor in Chief

tYPe: Original research

funDing: author(s) disclose no funding sources.

COMPeting inteRests: Author(s) disclose no potential conflicts of interest.

COPYRight: © the authors, publisher and licensee libertas academica limited. this is an open-access article distributed under the terms of the Creative Commons CC-
BY-nC 3.0 license.

CORResPOnDenCe: mtoole@med.umich.edu

http://www.la-press.com
http://www.la-press.com
http://dx.doi.org/10.4137/BCBCR.S13727
mailto:mtoole@med.umich.edu


Toole et al

2 Breast CanCer: BasiC and CliniCal researCh 2014:8

with node-positive, estrogen receptor-positive disease with a 
high recurrence score.12

While breast cancer often occurs as a single tumor, stud-
ies using sectioning of mastectomy specimens identify addi-
tional, separate tumors in approximately 30% of patients with 
breast cancer.13,14 In these mastectomy specimens, there may 
be a range of invasive to non-invasive cancers. While there 
has been significant investigation into the role of Oncotype 
Dx in the treatment of node-negative, estrogen receptor- 
positive breast cancer, there has been extremely sparse data on 
the role of Oncotype Dx in the treatment of multiple primary 
node-negative, estrogen receptor-positive breast cancers. Spe-
cifically, it is not known for multiple primary breast cancers 
whether the histopathology, receptor status, and genetic pro-
files as analyzed by Oncotype Dx are significantly different to 
warrant analyzing multiple synchronous tumors and further-
more, whether this analysis alters management. Our goal was 
to determine whether obtaining Oncotype Dx on multiple 
primary node-negative, estrogen receptor-positive breast can-
cers may lead to different chemotherapy recommendations.

Methods
Institutional Review Board approval was obtained to review 
records for all patients older than age 18 with one or more 
samples sent for Oncotype Dx testing to Genomic Health from 
the University of Michigan Health System from 3/1/2003 
to 3/1/2013, with the original patient list from Genomic 
Health Online. This included 666 patients from 1/24/2005 to 
2/25/2013. Of the 666 patients, 16 were excluded because of 
inability to obtain medical record number (MRN). To qual-
ify as having multiple primary breast cancers, masses had to 
appear within one month of each other on imaging and/or 
upon pathologic specimen processing. Of the remaining 650 
patients, 522 patients had a single tumor focus; therefore, 128 
patients had multiple primary tumors. Of these 128 patients, 
102 patients only had a single Oncotype Dx sent, 2 patients 
had multiple Oncotype Dx sent but had insufficient tissue for 
analysis to be completed, 1 patient had multiple Oncotype 
Dx sent but these were separated in time by greater than one 
month, and 1 patient had pathology returned HER2 positive 
(HER+). Twenty-two patients with multiple primary tumors, 
multiple Oncotype Dx sent with sufficient tissue, and with 
adjuvant systemic therapy recommendations made up the 
analysis group.

Data extraction sheets were created prior to chart review, 
and included tumor size, location, histopathology, grade, 
receptor status, Oncotype Dx, distance between tumors, dif-
ference of recurrence scores between tumors, and whether the 
difference in recurrence score led to different management, 
specifically recommendation of administration of chemo-
therapy. Distance was determined using anatomic pathology 
when available, and radiographic imaging including mam-
mography and ultrasound when distance between tumors 
was not available in the pathology report. To determine 

whether the difference in recurrence score led to difference in 
chemotherapy recommendation, each set of tumors was ana-
lyzed in terms of Oncotype Dx risk stratification (low, inter-
mediate, or high risk). Tumor sets that had one tumor that 
was low risk and another tumor that was either intermediate 
or high risk and chemotherapy was recommended, were con-
sidered have multiple primary tumors in which Oncotype Dx 
led to a difference in chemotherapy recommendations. Dif-
ferences in tumor characteristics for each individual patient 
and between subgroups of those with similar versus different 
Oncotype Dx scores were analyzed using Fisher’s Exact test 
for categorical variables and Wilcoxon rank sum test for con-
tinuous variables. The distance between two tumors on the 
same breast was correlated to the difference in Oncotype Dx 
scores using Spearman’s correlation.

results
All study patients had hormone receptor-positive and lymph 
node-negative breast cancer as per their clinical pathology 
reports. The overall study group of 650 patients for whom 
Oncotype Dx was used as part of their clinical treatment 
planning included 641 females and 9 males, with ages ranging 
from 27 to 85, with an average age of 55.8. The 522 patients 
with non-multifocal tumors included 513 females and 9 males, 
with ages ranging from 27 to 85 with an average age of 56.0, 
and the 106 patients with multifocal tumors with only one 
tumor sent for Oncotype Dx were all female, with ages rang-
ing from 30 to 77 with an average age of 54.5.

The analysis group included a total of 22 patients, with 
patient characteristics, tumor size, histopathology,  receptor 
status, and Oncotype Dx score as seen in Table 1. All tumors 
were estrogen receptor-positive and HER2-negative. In 
regards to the analysis group, all 22 patients were female, 
and had ages ranging from 40 to 77 with an average age of 
55.5 years. Of the patients for whom multiple Oncotype Dx 
specimens were sent, 18 patients had multiple primary tumors 
in the same breast and 4 patients had their multiple primary  
tumors in different breasts. The average distance between 
tumors for the 18 patients with multiple primary tumors in 
the same breast was 2.8 cm. Of the 45 tumors analyzed (one 
patient had 3 primary tumors analyzed), 62.2% were ductal 
carcinomas, 26.7% were lobular carcinomas, and 11.1% were 
mixed with ductal and lobular features.

bilateral breast cancers (n = 4). Of the four patients 
with multiple primary tumors in different breasts, three (75%) 
patients had different histology between their tumors. Addi-
tionally, two of the four cases (50%) had different histologic 
grades, and one case of the four (25%) had differing proges-
terone receptor status. The average difference in Oncotype Dx 
recurrence score was 13.0. This data, along with the data for 
multiple primary tumors in the same breast, is summarized 
in Table 2.

Multicentric / multifocal breast cancers (n = 18). Of the 
18 patients with multiple primary tumors in the same breast, 
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table 1. summary of patient information.

# age t size lOCatiOn t1–t2 t histO t gRaDe PR OnCDx Risk %ReC Diff ReC Ch?

1 49 2.8 × 2.0 × 1.4 right UO 0.6 ductal Grade 2 POs 14 low 9% 0 no

2.4 × 2.0 × 1.3 right UO ductal Grade 2 POs 14 low 9%

2 60 1.8 × 1.2 × 1.2 right li 6.0 ductal Grade 3 POs 32 high 21% 0 no

2.3 × 2.1 × 1.3 right Ui ductal Grade 3 neG 32 high 21%

3 45 0.9 × 0.8 × 0.5 left UO 3.0 ductal Grade 2 POs 14 low 9% 1 no

0.6 × 0.6 × 0.5 left UO ductal Grade 2 POs 13 low 8%

4 40 1.4 × 1.2 × 1.0 right Ui 4.0 ductal Grade 3 POs 10 low 7% 2 no

1.8 × 1.5 × 1.2 right UO × ductal Grade 3 POs 9 low 7%

1.6 × 1.5 × 1.4 right Mid-O 4.0 ductal Grade 3 POs 11 low 7%

5 48 2.1 × 1.9 × 1.4 left li 7.5 ductal Grade 2 POs 2 low 4% 2 no

1.1 × 1.0 × 0.5 left lO ductal Grade 2 POs 4 low 5%

6 46 1.4 × 0.9 × 0.5 right Ui 1.8 lobular Grade 2 POs 9 low 7% 2 no

0.9 × 0.5 × 0.4 right UO lobular Grade 2 POs 7 low 6%

7 45 1.5 × 1.3 × 1.3 left UO 7.3 ductal Grade 3 POs 12 low 8% 2 no

1.2 × 1.2 × 0.5 left UO lobular Grade 1 POs 14 low 9%

8 60 1.1 × 1.1 × 1.0 right UO 0.6 Mixed Grade 2 POs 17 low 11% 2 no

1.5 × 1.3 × 1.3 right UO Mixed Grade 2 POs 15 low 10%

9 50 1.9 × 1.5 × 1.5 right Mid-i 0.8 ductal Grade 3 POs 20 int. 13% 2 no

0.7 × 0.5 × 0.5 right li ductal Grade 3 POs 22 int. 14%

10 77 1.5 × 1.0 × 0.5 right UO 2.0 Mixed Grade 2 POs 24 int. 15% 2 no

2.3 × 1.0 × 1.0 right UO Mixed Grade 2 neG 22 int. 14%

11 43 2.5 × 2.0 × 2.0 left UO 2.5 ductal Grade 3 POs 10 low 7% 3 no

1.3 × 1.0 × 0.8 left UO ductal Grade 3 POs 7 low 6%

12 62 3.7 × 2.2 × 2.3 right Ui 0.1 lobular Grade 1 POs 9 low 6% 3 no

2.7 × 2.5 × 2.5 right Ui lobular Grade 1 POs 12 low 8%

13 60 4.8 × 3.2 × 2.7 right UO 5.5 lobular Grade 2 neG 19 int. 12% 3 Yes

4.2 × 3.0 × 2.3 right li lobular Grade 2 POs 16 low 10%

14 41 0.9 × 0.8 × Unk left UO 0.4 ductal Grade 2 POs 19 int. 12% 4 Yes

0.9 × 0.8 × Unk left UO ductal Grade 1 POs 15 low 10%

15 64 1.6 × 1.5 × 1.0 left UO 1.0 lobular Grade 2 neG 17 low 11% 5 no

1.0 × 0.9 × 0.9 left UO ductal Grade 2 neG 22 int. 14%

16 70 2.0 × 1.5 × 1.0 left Ui 4.4 ductal Grade 3 POs 25 int. 16% 10 no

2.0 × 1.5 × 1.5 left Ui ductal Grade 3 POs 35 high 24%

17 64 1.0 × 0.4 × 0.4 left UO 0.3 ductal Grade 1 POs 8 low 6% 11 Yes

1.0 × 0.6 × 0.6 left UO lobular Grade 1 POs 19 int. 12%

18 63 1.4 × 1.2 × 0.8 left UO 2.0 lobular Grade 2 neG 44 high 30% 30 Yes

0.6 × 0.5 × 0.6 left UO ductal Grade 2 POs 14 low 9%

19 62 2.2 × 1.5 × 1.0 right UO diff Breasts ductal Grade 1 POs 6 low 5% 0 no

1.8 × 1.5 × 1.5 left UO lobular Grade 1 POs 6 low 5%

20 44 1.3 × 0.8 × 0.5 right li diff Breasts ductal Grade 2 neG 15 low 10% 8 no

1.0 × 0.8 × 0.1 left UO ductal Grade 2 POs 7 low 6%

21 71 2.0 × 1.3 × 0.6 right lO diff Breasts ductal Grade 2 POs 27 int. 18% 17 Yes

1.0 × 0.8 × 0.6 left Mid-i lobular Grade 1 POs 10 low 7%

22 58 2.5 × 2.5 × 2.0 right li diff Breasts Mixed Grade 1 POs 17 low 11% 27 Yes

1.8 × 1.0 × 0.8 left lO ductal Grade 2 POs 44 high 30%

abbreviations: t size, tumor size (in centimeters); t1–t2, distance between tumor 1 and tumor 2 (in centimeters); UO, Upper Outer; Ui, Upper inner; li, lower 
inner; lO, lower Outer; t histo, tumor histology; t Grade, tumor Grade; Pr, Progesterone receptor; Onc dx, Oncotype dx; risk, Oncotype dx risk; %rec, 
Oncotype dx% recurrence, diff, difference in Oncotype dx score; rec Ch?, Chemotherapy recommendation change.
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4 of the 18 (22%) of patients had different histology between  
their tumors. Of the 4 patients with differing histology, the 
average distance between tumors was 2.66 cm, whereas 
the 14 patients with similar histology had an average distance 
between tumors of 2.80 cm (P = 0.83). The mean difference in 
Oncotype Dx score was 2.5 (median = 2.0) for those of the 
same histology and 12.0 (median = 8.0) for those with differ-
ent histology, significant with a P-value of 0.039 by Wilcoxon 
test. Additionally, in the 18 patients with multiple primary 
tumors in the same breast, they had differing histologic grades 
in 2 of the 18 (11%) cases and differing progesterone recep-
tor status in 4 of the 18 (22%) cases. Correlation between the 
distance between tumors and difference in Oncotype Dx for 
primary tumors in the same breast was −0.28 with a P-value 
of 0.26 (see Figure 1). The average difference in Oncotype Dx 
recurrence score for patients with multiple primary tumors in 
the same breast was 4.6 (median = 2.0).

Alterations in chemotherapy recommendations (n = 6). 
Obtaining multiple Oncotype Dx led to different recommen-
dations in chemotherapy in 2 of the 4 (50%) patients with mul-
tiple primary tumors in different breasts and 4 of the 18 (22%) 
patients with multiple primary tumors in the same breast.

Overall, 8 of the 22 (38%) patients had different Onco-
type Dx recurrence score stratification (low, intermediate, 
high) between their multiple primary tumors. The difference 
in Oncotype Dx recurrence score stratification was prominent 
enough in 6 of the 22 (27%) patients to change chemotherapy 
recommendations. In the two patients whose management 
was not altered, one patient had intermediate and high risk 
tumors, and chemotherapy was recommended regardless, and 
another patient had low and intermediate risk tumors, with 
chemotherapy not administered.

A comparison of the subset of 6 patients for whom 
obtaining multiple Oncotype Dx samples altered chemo-
therapy recommendations versus the subset of 16 patients for 
whom obtaining multiple Oncotype Dx samples did not alter 
chemotherapy recommendations is summarized in Table 3. As 
shown in Table 3, in the 16 patients where obtaining multiple 
Oncotype Dx did not alter management, the tumors were in 

different breasts in 12.5% of the patients and different quad-
rants in 37.5% for patients with multiple tumors in the same 
breast. Regarding histopathologic and genetic profile, the 
tumor histology was different in 18.8% of patients, the grade 
was different in 6.3% of patients, the progesterone receptor 
status was different in 18.8% of patients, and the Oncotype 
Dx averaged a difference of 2.7 between the tumors in patients 
where obtaining multiple Oncotype Dx did not alter manage-
ment. The average distance between tumors in this subset was 
3.0 cm. In comparison, for the 6 patients for whom obtain-
ing multiple Oncotype Dx did alter management, the tumor 
histology was different in 67% of patients, the grade was dif-
ferent in 50% of patients, the progesterone receptor status was 
different in 33% of patients, and the Oncotype Dx averaged a 
difference of 15.3 between the tumors. Analysis between the 
subset of 6 patients for whom obtaining multiple Oncotype 
Dx samples altered chemotherapy recommendations versus 
the subset of 16 patients for whom obtaining multiple Onco-
type Dx samples did not alter chemotherapy recommenda-
tions showed statistically significant differences for histology 
(P = 0.049) and tumor grade (P = 0.044).

discussion
While multiple primary tumors are typically analyzed sepa-
rately in terms of histology, pathology, and receptor  status, 
the question arises: should multiple primaries undergo 
separate Oncotype Dx analysis? In this retrospective study, 
Oncotype Dx results in multiple primary tumors altered che-
motherapy recommendations for both unilateral and bilat-
eral synchronous breast cancers, in 27% of the patients. This 
supports the possibility that each primary tumor is a distinct 
tumor, thus portraying a different risk profile for recurrence 
and progression. It is already well established that breast can-
cer is a heterogeneous disease, with differing DNA, RNA, and 
protein expression.15,16 Furthermore, more recent  evidence 
indicates that even within tumors, there exists significant 
heterogeneity.17

table 2. differences in characteristics by tumors of the same vs. 
different breasts.

DiffeRenCes in  
ChaRaCteRistiCs

saMe  
BReast

DiffeRent  
BReast

P-value

Quadrant 33.3% 75.0% 0.26

histology 22.2% 75.0% 0.077

tumor grade 11.1% 50.0% 0.14

Progesterone receptor  
status

22.2% 25.0% 1.0

Oncotype dx risk group 22.2% 50.0% 0.29

Oncotype dx score 4.6 13.0 0.24

 

table 3. differences in characteristic by tumors of similar vs. 
different (those altering chemotherapy recommendations) Oncotype 
dx scores.

DiffeRenCes in 
ChaRaCteRistiCs 

siMilaR  
OnCDx

DiffeRent  
OnCDx

P-value

Quadrant 37.5% 50.0% 0.66

Breast 12.5% 33.3% 0.29

histology 18.8% 66.7% 0.049

tumor grade 6.3% 50.0% 0.044

Progesterone receptor  
status

18.8% 33.3% 0.59

Oncotype dx score 2.7 15.3 0.003

average distance  
between tumors

3.0 2.1 0.40
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While the different Oncotype Dx scores  suggest hetero-  
geneity in the tumors, the majority of primary tumors had 
minimal differences in categorical Oncotype Dx results. 
Seven out of twenty-two (32%) of patients in our analysis had 
a difference in recurrence score greater than 4. Oncotype Dx 
results have a standard deviation of 2 recurrence scale on a 
100-unit scale, indicating that the wide variance of recur-
rence score noted in the synchronous samples should not be 
attributed to the Oncotype Dx test, but rather requires an 
alternative explanation.18 One possible explanation is that the 
tumors are independent primary tumors, but they have a simi-
lar genetic profile as reflected by Oncotype Dx, possibly due 
to the same underlying DNA of the patient and additionally 
the same environmental exposures.19,20 This is in line with the 
data showing a difference in histology, pathologic grade, and 
receptor status at a higher percentage in patients with differ-
ing Oncotype Dx than in patients with similar Oncotype Dx. 
The possibility exists that the multiple primaries are actually a 
single primary with extension that is not able to be seen either 
radiographically or pathologically.20–22 If this were the case, 
one would expect to see correlation between distance between 
tumors and similarity of Oncotype Dx score, which was not 
the case in our analysis.

While 2/4 (50%) of patients with multiple primary tumors 
in different breasts had sufficiently different Oncotype Dx 
scores to influence management, there still existed 4/18 (22%) 
patients with multiple primary tumors in the same breast 
having sufficiently different Oncotype Dx scores to influence 
management. This leads to the conclusion that while patients 
with multiple primaries in different breasts are more likely to 
be further informed from multiple Oncotype Dx assessments, 
approximately two in ten patients with multiple primaries 
in the same breast that would also gain useful information 
from multiple Oncotype Dx assessments. Furthermore, this 

data correlates with the possibility that genetic dissimilarity is 
more likely in patients with primaries on different breasts, as 
indicated by greater difference in Oncotype Dx scores, albeit 
on a small sample size. Regarding multiple primaries on the 
same breast, there appeared to be no correlation between dif-
ference in Oncotype Dx score and distance between primary 
tumors, which would argue against the theory of a single con-
nected primary.

There was a statistically significant difference in regards 
to tumor histology and tumor grade when comparing the sub-
set of patients for whom analyzing both tumors led to altera-
tions in chemotherapy recommendations versus the subset of 
patients for whom analyzing both tumors did not lead to alter-
ations in chemotherapy recommendations. This intuitively 
makes sense as patients with tumors of different grades and 
histology are more likely have significant genetic differences 
in regards to Oncotype Dx score, and therefore benefit from 
analyzing each tumor by Oncotype Dx. However, it is pos-
sible that the clinician, after seeing differences in tumor his-
tology and tumor grade for a patient, preferentially sent both 
tumors for Oncotype Dx testing, thus introducing clinician 
selection bias. Alternatively, a clinician may have decided to 
only evaluate the lesion with more aggressive characteristics, 
such as higher tumor grade. Of note, this data demonstrates 
that despite having the same tumor grade and tumor histology 
between multiple primary tumors there exists the possibility 
to obtain significantly different Oncotype Dx scores that in 
turn alter chemotherapy recommendations.

limitations. The primary limitations of this study are 
the small sample size and the retrospective design. Given 
that there are more than 230,000 new breast cancer cases 
each year, of which approximately 30% are multiple primary 
tumors, and of which slightly more than half are hormone 
receptor-positive and lymph node-negative, one would expect 
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a significantly higher sample size of multiple primaries from 
the original set of 666 patients. In our analysis 128 of the 650 
(19.7%) obtainable records had multiple primaries, with only 
17.2% of the tumors with multiple primaries having Oncotype 
Dx testing completed on each tumor. The lower percentage of 
patients with multiple primaries when compared to the pre-
viously cited 30% may be explained by many study patients 
undergoing lumpectomy as opposed to mastectomy (data not 
shown). Hence, there is less breast tissue for the pathologist 
to review for occult tumors. The variance between the num-
ber of multiple primary tumors and the number of patients 
with multiple primary tumors sent for Oncotype Dx can be 
explained by a number of factors. The first and most promi-
nent is clinician bias, where it was assumed, influenced by the 
proximity of tumors, the pathologic appearance and staining, 
or due to other factors influencing the decision, that sending 
multiple samples for Oncotype Dx was unnecessary. These 
biases may be present across disciplines of surgery, pathology 
and medical oncology. There did not appear to be an indi-
vidual physician bias in sending multiple specimens, with each 
provider sending 3–5 cases of the final analysis group (data not 
shown). Additionally, there may have been limitations from a 
financial or insurance standpoint regarding sending multiple 
samples for Oncotype Dx testing, as well as patient-related 
factors impacting the use of Oncotype Dx.

summary. This retrospective study of women with hor-
mone receptor-positive, lymph node-negative breast cancer 
suggests that Oncotype Dx results from synchronous breast 
tumors influence treatment decisions. From a practical stand-
point, it is difficult to determine which patients with multiple 
breast tumors would benefit from having multiple Oncotype 
Dx analyses. Further studies, with prospective design and 
larger sample sizes, could be undertaken in order to deter-
mine which patients with multiple synchronous tumors would 
bene fit from multiple Oncotype Dx testing.
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