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Introduction

Carcinomas of the breast with the estrogen receptor (ER)-positive, human epidermal growth factor receptor 2 (HER2)-negative pheno-
type represent the most common subtype of breast cancer, accounting for 75% of the total breast cancer patient population (1, 2). Many 
of these patients present with localized and axillary lymph node-negative disease, which would usually suggest a good prognosis (3). Yet, 
some patients possess a significant risk of disease recurrence. Indeed the ER-positive, HER2-negative subset of breast cancers contains 
two genomically distinct groups, termed luminal A and luminal B, with the latter having a decreased response to hormonal therapies 
and a worse prognosis (4). Thus, the underlying genetics of the tumor may be more important in predicting its behavior than a patient’s 
individual characteristics or the overall stage and grade of the malignancy at the time of presentation. 

Several new genomic tests, which examine the genetic content of the tumor cells and incorporate the results into a prognostic recurrence 
risk, have been created and validated (5-9). One of these tests is the Oncotype Dx by Genomic Health Inc. (Redwood City, CA), a twenty-
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ABSTRACT

Objective: To determine the influence of the Oncotype Dx assay on the treatment of patients with Estrogen Receptor (ER)-positive, Human 
Epidermal Growth Factor Receptor 2 (HER2)-negative, axillary lymph node-negative or micrometastatic carcinoma of the breast in a single cancer 
center. In addition, patients with intermediate Oncotype Dx recurrence scores were analyzed to assess the factors influencing therapeutic decisions 
for adjuvant chemotherapy. 

Materials and Methods: Data from medical records of women diagnosed with carcinoma of the breast and qualified for the Oncotype Dx assay 
were extracted (OncoDx cohort). Patient demographic and cancer characteristics, genomic report, and course of treatment data, including survival 
outcomes and treatment decision-making, were analyzed. A matched cohort of patients with similar tumor stage and biology (ER-positive, HER2-
negative) from the era before the introduction of the Oncotype Dx assay was analyzed for comparison (pre-OncoDx cohort).

Results: Two hundred and one patients were included in the OncoDx cohort and one hundred and sixty patients were included in the pre-OncoDx 
cohort. Oncotype Dx recurrence score (RS) was low (<11) in fifty-six patients (28%), intermediate (11-25) in one hundred and twenty-three patients 
(61.5%) and high (>25) in twenty one patients (10.5%). Demographic and cancer clinicopathologic characteristics between OncoDx and pre-On-
coDx cohorts were similar. Overall, 10.9% of the patients in the OncoDx cohort received adjuvant chemotherapy, versus 23.8% of the patients in the 
pre-OncoDx cohort (Fisher exact p=0.003). Fewer patients were recommended adjuvant chemotherapy in the OncoDx era compared to the pre-On-
coDx era (17.9% vs 30.6%, respectively, Fisher exact p=0.006). The decision to recommend chemotherapy within the intermediate-risk cohort was 
influenced by the patient’s RS. The mean RS of patients in the intermediate-risk cohort who did not receive chemotherapy was 21.5 while the score 
of those that received chemotherapy was 24.6 (p=0.000). The series confirmed excellent PFS and OS for both OncoDx and pre-OncoDx cohorts. 

Conclusion: This single cancer center analysis confirms the avoidance of chemotherapy in the great majority of patients with early ER-positive, 
HER2-negative, lymph node-negative or micrometastatic carcinoma of the breast since the introduction of the Oncotype Dx assay. A higher recur-
rence risk score within the intermediate group may influence the decision for chemotherapy inclusion in the adjuvant treatment plan. A lower PR 
percentage by IHC and higher grade may predict higher Oncotype Dx scores. 
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one-gene assay which examines the simultaneous expression of sixteen 
genes, together with five control genes, by Polymerase Chain Reac-
tion (PCR), in an individual patient’s breast cancer tissue, and returns 
a recurrence risk score (RS) and a percentage risk of distant disease 
recurrence at ten years if hormonal therapy (tamoxifen) alone is used 
as systemic therapy in the adjuvant setting (10-12). The test has been 
validated in ER-positive, HER2-negative, lymph node-negative or mi-
crometastatic patients and allows for predicting which patients would 
derive minimal or no benefit from adjuvant chemotherapy and may be 
safely spared from it, thus avoiding toxicity and cost, without compro-
mising outcomes (13).

Our study examined the influence of Oncotype Dx testing in the 
adjuvant therapy of patients with early ER-positive, HER2-negative 
breast carcinomas treated at a community cancer program and com-
pares treatment decisions and outcomes of these patients with a co-
hort of similar patients treated in the same center in the era before the 
introduction of Oncotype Dx testing. Factors that may affect thera-
peutic decisions and may predict Oncotype Dx stratification are also 
discussed.

Materials and Methods

Two hundred and one breast cancer patients who had the Oncotype 
Dx assay were identified in the database at our cancer center, and their 
records were retrieved and reviewed. Four hundred and fifty-one pa-
tients who were diagnosed at our center with carcinoma of the breast 
in the period prior to the introduction of the Oncotype Dx assay were 
also identified. After exclusion of two hundred and ninety-one patients 
that would not qualify for the Oncotype assay because of more ad-
vanced stage or other receptor phenotypes, one hundred and sixty pa-
tients with ER-positive, HER2-negative carcinoma of the breast were 
retained in the pre-OncoDx cohort. 

The patients’ demographic and tumor characteristics were extracted 
from medical records. The course of treatment, including decision-
making regarding the adjuvant treatment plan, as well as disease recur-
rence and survival outcomes were recorded. The details of the Onco-
type Dx report were also recorded, including distant recurrence risk 
at ten years and RS, as well as ER, Progesterone Receptor (PR) and 
HER2 scores.

Group comparisons were performed using the cut-off points according 
to the TAILORx study (low-risk group RS <11, intermediate group 
RS 11-25, high-risk group RS >25) (10).

Statistical analysis was performed with the Fisher exact test or the x2 
test for comparison of ratios, the t-test for comparison of mean dif-
ferences of continuous variables, and the Log-Rank test for compari-
son of Kaplan-Meier plots. All p values were considered significant at 
the level <0.05. Calculations were carried out using online statistical 
calculators (www.socialstatistics.com and https://merser.shinyapps.io/
survival) and using STATA software. The protocol for this research was 
approved by the Ethics Committee of the institution. As this was a 
retrospective study, no informed consent was obtained from individual 
patients.

Results

Comparisons according to TAILORx cut-offs in the OncoDx Cohort
We assessed the OncoDx cohort using the TAILORx study cutoffs. 
Table 1 shows the characteristics of the three groups of patients clas-

sified as per these cut-offs (low-risk group: RS <11, intermediate-risk 
group: RS=11-25, high-risk group: RS >25) and compares the high-
risk group with the two others combined. According to the TAILORx 
cutoffs, fifty-six patients (28%) belonged to the low-risk group, 123 
patients (61.5%) belonged to the intermediate-risk group, and 21 pa-
tients (10.5%) belonged to the high-risk group. The comparison of the 
high-risk group per the TAILORx cutoff versus the two other groups 
showed statistically significant differences in grade, and ER and PR 
staining intensity (Table 1). The difference in PR staining with a cutoff 
of >20% by immunohistochemistry (IHC) between the low-risk and 
intermediate-risk cohorts based on the TAILORx cutoffs were statisti-
cally significant. 3.6% of patients in the low-risk cohort had ≤20% of 
PR positivity, while this ratio was 35% in the intermediate-risk cohort 
(Fisher exact test p=0.000). However, there were no statistically sig-
nificant associations between the low and intermediate-risk cohorts in 
mean age at presentation, the percentage of patients above age 65, the 
percentage of post-menopausal patients, or in the size, histology and 
node status of the tumors, and in the percentage of patients with ER 
≥90% scores or whether HER2 negativity was confirmed by either 
IHC or Fluorescence in itu hybridization (FISH) (Table 1). 

Using the TAILORx cut-offs, eighteen of twenty-one patients (85.7%) 
in the high-risk cohort were recommended chemotherapy. Three pa-
tients were not recommended chemotherapy due to co-morbidities or 
advanced age, in the context of a RS at the lower margin of high-risk. 
Twelve of twenty-one patients (57.1%) accepted the recommendation 
and received adjuvant chemotherapy (Table 2).

The most important function of the Oncotype Dx assay is to help with 
the chemotherapy decision, and virtually all patients in our study were 
recommended chemotherapy if they were in the TAILORx high-risk 
group and their general status allowed. Therefore, an analysis was per-
formed among factors that were statistically significant in the high-risk 
group comparison with the two other groups to identify an optimal 
combination of factors predicting membership in the high-risk group. 
Among the factors with the most significant difference in the com-
parison between the high-risk group and the two other groups, the 
combination of grade III and PR staining percentage of ≤20% when 
both present predicted membership in the high-risk group in eleven 
of nineteen patients (57.9%). Conversely, presence of none or one of 
these factors predicted membership in the low or intermediate TAI-
LORx groups in one hundred and seventy-one of one hundred and 
eighty-one patients (94.5%). The addition of ER positivity data did 
not add to the sensitivity or specificity of the PR/grade index, as a sig-
nificant majority (96%) of the high-risk cohort had high ER positivity 
(≥90% of tumor cells).

Therapeutic recommendations and outcomes in the OncoDx Cohort
In our series, no patients with a RS of less than 18 were recommended 
adjuvant chemotherapy, consistent with the intent of the Oncotype 
Dx assay. We examined, next, therapeutic recommendations in pa-
tients with RS between 18 and 31. In this group, twenty-seven of the 
sixty patients (45.0%) were recommended adjuvant chemotherapy 
(Table 3). The decision to recommend chemotherapy within this co-
hort with intermediate-risk was heavily influenced by the patient’s RS 
(Table 3). Specifically, twenty-three (69.7%) patients were not recom-
mended adjuvant chemotherapy because their RS was considered to 
confer a recurrence risk similar to the low-risk cohort. In eight patients 
(24.2%), no specific rationale was noted for not recommending adju-
vant chemotherapy. In two patients (6.1%), adjuvant chemotherapy 
was not recommended due to their significant comorbidities.164
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For those patients who were recommended chemotherapy (Table 
3), twenty-six (96.3%) recommendations were influenced primar-
ily by the recurrence risk being on the upper margin of the inter-
mediate range. Only one of the twenty-seven patients was recom-
mended adjuvant chemotherapy on the explicit basis of both her 

Oncotype Dx RS and the characteristics of her malignancy (i.e. 
grade III, 2.2 cm tumour with a PR staining positivity at 15%). 
However, these characteristics may have influenced decision-mak-
ing in other patients, even without being explicitly stated in the 
patient’s chart. 165
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Table 1. Demographic and clinicopathologic characteristics of patients in the Oncotype cohort, with low (RS 
<11), intermediate (RS 11-25), or high (RS >25) risks according to the TAILORx risk category. The two last 
columns provide comparisons between the low and intermediate risk groups and between low + intermediate 
risk and high risk groups. The Fisher exact test in grade refers to comparison between combined grades I and 
II versus grade III. Bolded is statistically significant (p<0.05) 

    Low Risk Intermediate  High  p 
  Total (<11)  Risk (11-25)  Risk (>25)  (Low+Intermediate  
Parameter Category (n=201) (n=56) (n=123) (n=21) vs. High)

AGE Mean 65.1 66.7 64.5 64.4 0.08 (t)

 ≤65 93 (46.3) 24 (42.9) 59 (48.0) 9 (42.9) 0.81 (Fisher)

 >65 108 (53.7) 32 (57.1) 63 (52.0) 12 (57.1) 

MENOPAUSE STATUS Pre-/peri- 22 (10.9) 4 (7.1) 14 (11.4) 4 (19.0) 0.25 (Fisher)

 Post- 179 (89.1) 52 (92.9) 109 (88.6) 17 (81) 

PRIMARY SIZE <1 cm 37 (18.4) 12 (21.4) 23 (18.7) 2 (9.5) 0.08 (χ2)

 1-2 cm 116 (57.7) 35 (62.5) 70 (56.9) 10 (47.6) 

 >2 cm 48 (23.9) 9 (16.1) 30 (24.4) 9 (42.9) 

HISTOLOGY Ductal 139 (69.1) 40 (71.4) 83 (67.5) 16 (76.2) 0.89 (χ2)

 Lobular 26 (12.9) 4 (7.1) 20 (16.3) 2 (9.5) 

 Mixed 20 (10.0) 6 (10.7) 12 (9.8) 2 (9.5) 

 Other 16 (8.0) 6 (10.7) 8 (6.4) 1 (4.8) 

GRADE I 57 (28.3) 21 (37.5) 35 (28.5) 1 (4.8) 0.000 (χ2)

 II 101 (50.3) 30 (53.6) 66 (53.7) 4 (19.0) 

 III 43 (21.4) 5 (8.9) 22 (17.8) 16 (76.2) 

ER STAINING <90% 8 (4.0) 1 (1.8) 2 (1.6) 5 (25.0) 0.000 (Fisher)

 ≥90% 191 (96.0) 54 (98.2) 121 (98.4) 15 (75.0) 

PR STAINING ≤20% 59 (30.0) 2 (3.6) 43 (35.0) 13 (61.9) 0.001 (Fisher)

 >20% 141 (70.0) 53 (96.4) 80 (65.0) 8 (38.1) 

HER2 STATUS IHC 0-1+ 115 (58.1) 35 (63.6) 67 (55.4) 12 (57.1) 1.0 (Fisher)

 FISH- 83 (41.9) 20 (36.4) 54 (44.6) 9 (42.9) 

LYMPH NODE STATUS Negative 184 (94.4) 51 (96.2) 112 (93.3) 20 (95.2) 1.0 (Fisher)

 Micrometastatic 11 (5.6) 2 (3.8) 8 (6.7) 1 (4.8) 

SURGERY TYPE Lumpectomy 157 (78.9) 40 (71.4) 98 (81.0) 18 (85.7) 0.57 (Fisher)

 Mastectomy 42 (21.1) 16 (28.6) 23 (19.0) 3 (14.3) 

ER: estrogen receptor; PR: progesterone receptor; HER2: human epidermal growth factor receptor 2; IHC: immunohistochemistry; FISH: fluorescent in 
situ hybridization; Fisher: Fisher’s exact test

Table 2. Patients’ decisions on accepting adjuvant chemotherapy recommendation in the high-risk cohort (RS 
>25) as per TAILORx cutoffs, and mean recurrence score (RS)

Therapeutic Decision Number of Patients (n=21) (%) Mean RS

Chemotherapy not recommended 3 (14.3) 27

Chemotherapy recommended—Accepted recommendation 12 (57.1) 35

Chemotherapy recommended—Rejected recommendation 6 (28.6) 



Sixteen patients (26.7%) ultimately accepted the chemotherapy recom-
mendation (Table 4). Five patients (45.5%) rejected the recommen-
dation for adjuvant chemotherapy due to concern for the toxicity the 
chemotherapy regimen would entail. The remaining six patients did not 
have data on the reason for their rejecting the recommendation. Patients 
within the cohort with a RS of 18 to 31 who received adjuvant chemo-
therapy had a statistically significant higher mean RS than the patients 
within the cohort who did not receive chemotherapy (Table 4). 

Overall, twenty-two (10.9%) patients in the entire OncoDx cohort 
received chemotherapy. The most commonly used regimens were the 
FEC-D (3 cycles of 5-Fluorourcacil-Epirubicin-Cyclophosphamide, 
followed by 3 cycles of Docetaxel) regimen and the DC (4 cycles of 
Docetaxel-Cyclophosphamide) regimen. 

With a mean follow-up for the whole OncoDx cohort of 33.9 months, 
progression-free survival (PFS) and overall survival (OS) were favor-
able in both the low and intermediate-risk cohorts (Figure 1). The low-
risk cohort had a mean follow-up of 34.65 months compared to 32.09 
months in the intermediate-risk cohort. This was not a statistically sig-
nificantly difference (p=0.22). There were no statistically significantly 
differences between the low-risk and intermediate-risk cohorts in PFS 
or OS either (LogRank test p=0.41 and 0.44, respectively). Three pa-
tients (1.5%) had a disease recurrence, one of whom was in the low-
risk cohort and two in the intermediate-risk cohort. Seven patients 
(3.5%) died, four of whom were in the low-risk cohort and three in the 
intermediate-risk cohort. Only one (14.3%) of these patients died due 
to progression of her breast cancer, while the remaining six patients 
died from other diseases.

Comparisons, OncoDx and Pre-OncoDx Cohorts
The pre-OncoDx cohort consisted of one hundred and sixty pa-
tients (Table 5). The mean age was 64.9 years (SD 12.75). This 

was not statistically significantly different from the OncoDx cohort. 
Most patients had carcinoma of the breast that was stage I, tumor 
size between 11 and 22 mm, ductal histologic type, and histologic 
grade II. None of these parameters were statistically significantly 
different from the OncoDx cohort. Most patients were also post-
menopausal and had no evidence of axillary lymph node microme-
tastases. However, a greater ratio of patients in the OncoDx cohort 
had breast-conserving therapy with lumpectomy than in the pre-
OncoDx cohort (Fisher exact test p<0.000). As a result, a greater 
ratio of patients in the OncoDx cohort received adjuvant radiation 
compared to the pre-OncoDx cohort (Fisher exact test p<0.000). 
Additionally, ER staining percentage of ≥90% of tumor cells was 
statistically significantly higher in the OncoDx cohort compared to 
the pre-OncoDx cohort (Fisher exact test p=0.001). Finally, 10.9% 
of patients in the OncoDx cohort received adjuvant chemotherapy, 
while this percentage was 23.8% of patients in the pre-OncoDx 
cohort (Fisher exact test p=0.001). 

With a mean follow-up of 87.3 months in the pre-OncoDx cohort, 
twenty-eight patients died (17.5%), ten of whom (58.8%) died due to 
progression of their breast cancer. Eleven patients (6.9%) had a recur-
rence of breast cancer. There was no statistically significant difference 
in overall survival and progression-free survival between the OncoDx 
and pre-OncoDx cohorts (Log-Rank p=0.35 for PFS (Figure 2a) and 
p=0.83 for OS (Figure 2b)). 

The rationale used to recommend chemotherapy in the pre-OncoDx 
era was documented in the patients’ records in only 46.4% of cases 
(Table 6). The single-most influential element of the recommenda-
tion was that the Adjuvant! online prediction tool (currently not avail-
able) favored the addition of adjuvant chemotherapy (26.5% of cases). 
Similarly, in recommending against chemotherapy, the rationale was 
documented in only 43.9% of cases (Table 6). The most influential 166
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Table 3. Recommendations and rationale for or against adjuvant chemotherapy in patients with a recurrence 
score (RS) of 18-31

Therapeutic Recommendation Rationale Number of Patients (n=60) (%)

Adjuvant chemotherapy  27 (45.0)

 Recurrence score confers sufficient risk 26 (96.3)

 Totality of tumour risk factors 1 (3.7)

No adjuvant chemotherapy  33 (55.0)

 Recurrence score marginally above low risk 23 (69.7)

 No specific rationale noted 8 (24.2)

 Significant patient comorbidities 2 (6.1)

Table 4. Patients’ ultimate decision on accepting or rejecting the adjuvant chemotherapy recommendation in 
the group of patients with recurrence score (RS) of 18 to 31, and comparison of mean RS between those for 
whom chemotherapy was recommended and those for whom it was not recommended

Therapeutic Decision Number of Patients (n=60) (%) RS p

Chemotherapy not recommended 33 (55.0) 21.5 0.000 (t)

Chemotherapy recommended—Accepted recommendation 16 (26.67) 24.6 

Chemotherapy recommended—Rejected recommendation 11 (18.33)  



reason for not recommending chemotherapy was either that the spe-
cific characteristics of the tumor were considered to confer a low risk of 
recurrence (13.1% of cases) or because the Adjuvant! online prediction 
tool showed a minimal benefit from the addition of adjuvant chemo-
therapy (11.2% of cases). 

Overall, adjuvant chemotherapy was recommended to forty-nine 
of one hundred and sixty (30.6%) patients (Table 6). 77.6% of the 

patients who were recommended chemotherapy accepted the recom-
mendation. The reason for patient’s rejecting the recommendation was 
not mentioned in the records in any of the cases.

Our analysis demonstrates that the addition of the Oncotype Dx assay 
at our cancer center resulted in decreased use of adjuvant chemothera-
py while maintaining very good survival outcomes. 167
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Table 5. Demographic and clinicopathologic characteristics patients in the pre-OncoDx cohort. Last column 
provides comparisons between the pre-OncoDx and OncoDx patients. Bolded is statistically significant (p<0.05)

  Pre-OncoDx Cohort OncoDx Cohort 
Parameter Category (n=160) (%) (n=201) (%) p

AGE Mean 64.9 65.1 0.43 (t)

 ≤65 75 (46.9) 93 (46.3) 

 >65 85 (53.1) 108 (53.7) 

MENOPAUSE STATUS Pre-/peri- 33 (21.3) 22 (10.9) 

 Post- 122 (78.7) 179 (89.1) 

PRIMARY SIZE <1 cm 35 (26.5) 37 (18.4) 0.11 (x2)

 1-2 cm 62 (47.0) 116 (57.7) 

 >2 cm 35 (26.5) 48 (23.9) 

HISTOLOGY Ductal 113 (72.9) 139 (69.1) 0.68 (x2)

 Lobular 19 (12.3) 26 (12.9) 

 Mixed 10 (6.5) 20 (10.0) 

 Other 13 (8.4) 16 (8.0) 

GRADE I 34 (23.1) 57 (28.3) 0.44 (x2)

 II 75 (51.0) 101 (50.3) 

 III 38 (25.9) 43 (21.4) 

ER STAINING <90% 19 (14.2) 8 (4.0) 0.0016 (Fisher)

 ≥90% 115 (85.8) 191 (96.0) 

PR STAINING ≤20% 44 (32.8) 59 (30.0) 0.55 (Fisher)

 >20% 90 (67.2) 141 (70.0) 

HER STATUS IHC 0-1+ 95 (67.4) 115 (58.1) 0.09 (Fisher)

 FISH- 46 (32.6) 83 (41.9) 

LYMPH NODE STATUS Negative 135 (95.1) 184 (94.4) 0.81 (Fisher)

 Micrometastatic 7 (4.9) 11 (5.6) 

SURGERY TYPE Lumpectomy 84 (53.2) 157 (78.9) <0.000 (Fisher)

 Mastectomy 74 (46.8) 42 (21.1) 

Figure 1. a, b. Kaplan-Meier progression-free survival (PFS) curves (a) and overall survival curves (b) in months, of patients in the low recurrence 
risk (riskstrat=0) cohort versus patients in the intermediate recurrence risk cohort (riskstrat=1). LogRank test p=0.41 and 0.44 respectively
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Discussion and Conclusion

Before the advent of genomic assays, clinical and pathologic param-
eters, such as the patient’s age and general state of health, menopause 
status, and size and grade of the tumor at the time of presentation 
had been used to determine risk of disease recurrence in patients with 
early ER-positive, HER2-negative carcinoma of the breast. Estimated 
higher risk suggested the need for the addition of adjuvant chemo-
therapy to adjuvant hormonal therapy in the treatment plan. However, 
the underlying genetic lesions of the tumor may be more important in 
predicting its behavior than a patient’s individual characteristics or the 
overall stage and grade of the malignancy at the time of presentation. 
This new knowledge was corroborated by the introduction of genomic 
profiling, which categorized breast cancers in distinct approximated 
but not completely overlapping groups, with the groups defined by 
IHC for ER, PR, and HER2 receptors (14). Two ER-positivity and 
HER2-negativity breast cancer sub-types with overlapping IHC pro-
files have been defined by genomic profiling, termed luminal A and 
luminal B. Both have distinct prognosis and response to hormonal 
therapy but are difficult to predict clinically given the overlapping clin-
icopathologic profile (15). Several genomic tests have been introduced 
and validated in the clinical setting attempting to predict outcomes 
of cancers in the ER-positive, HER2-negative spectrum, based on ex-
pressions of a subset of genes, ranging from a few to several dozen in 
the tumor genome. Genomic tests include the 70-gene signature, the 
PAM50 test, the BCI, and the Oncotype Dx assay, the latter of which 
has been used in our cancer center and is the subject of this report. 

The Oncotype Dx assay is a proprietary RT-PCR-based test that ex-
amines expression of sixteen genes along with five controls. The genes 
included in the assay are involved in tumor proliferation and inva-
sion as well as hormone and growth factor signaling (13). In addi-
tion to providing a RS and a numeric estimation of ten-year distant 
recurrence risk if only hormonal therapy (tamoxifen) is used in the 
adjuvant setting, the Oncotype Dx assay provides an estimation of 
the benefit of adding adjuvant chemotherapy to adjuvant hormonal 
therapy. Excellent results have been reported in low RS patients treated 
only with adjuvant hormonal therapy (16). Moreover, a decrease in the 
use of chemotherapy in the ER-positive, HER2-negative, lymph node-
negative population has also been reported (11). These results confirm 
that the assay succeeds in decreasing the use of chemotherapy without 
compromising survival outcomes.

Patients with a high RS from the Oncotype Dx assay derive benefit 
from adjuvant chemotherapy due to their higher risk of disease re-
currence, and the patients in the low RS category conversely do not 
accrue further benefits with the addition of adjuvant chemotherapy. 
However, the optimal approach for patients with intermediate RS 
has been uncertain, given the higher risk of recurrence but only 
minimal benefit of adjuvant chemotherapy (10, 11). In practice, 
most treating physicians would consider all patients with a high 
Oncotype Dx RS > above 30 and most patients above 25 to be can-
didates for chemotherapy. This practice has been recently validated 
by the results from the intermediate group of the TAILORx study 
that confirmed minimal, if any, benefit from chemotherapy in the 
intermediate group with a RS of 11 to 25 (17). An exemption may 168
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Table 6. Recommendations to receive or not receive adjuvant chemotherapy, the rationale, and the patients’ 
ultimate decision in the pre-OncoDx cohort, percentage of total number of patients in the pre-OncoDx cohort

Therapeutic Recommendation and Decision Rationale Number of Patients (n=160) (%)

Adjuvant Chemotherapy  49 (30.6)

 No specific rationale noted 26 (53.6)

 Online prediction tools supported benefit 13 (26.5)

 Totality of tumour characteristics 9 (18.4)

Accepted Recommendation  38 (77.6)

Rejected Recommendation  11 (22.4)

No Adjuvant Chemotherapy  111 (69.4)

 No specific rationale noted 60 (56.1)

 Totality of tumour characteristics 14 (13.1)

 Online prediction tools did not support benefit 12 (11.2)

Figure 2. a, b. Kaplan-Meier progression-free survival (PFS) curves (a) and overall survival curves (b) in months, of patients in the pre-OncoDx 
cohort (TvsC=0) versus patents in the OncoDx cohort (TvsC=1). LogRank test p=0.35 and 0.83 respectively

a b

TVSC=1TVSC=1
TVSC=0TVSC=0

200200 150150 100100 5050 00

1.0

0.8

0.6

0.4

0.2

0.0

1.0

0.8

0.6

0.4

0.2

0.0



be for patients below age 50 and a RS of 20 to 25 who may derive 
some benefit from adjuvant chemotherapy. 

In our retrospective analysis of women diagnosed with carcinoma of 
the breast at our cancer center, we observed the avoidance of adjuvant 
chemotherapy in low and low-intermediate recurrence risk patients 
with early ER-positive, HER2-negative, lymph node-negative or mi-
crometastatic disease. The decision to offer adjuvant chemotherapy in 
most intermediate-risk patients seemed to be influenced by the pa-
tient’s RS from the Oncotype Dx assay. This result is similar to the 
conclusion of another study in Ontario (11). Additionally, our analysis 
demonstrated that a higher RS in the intermediate-risk cohort predict-
ed use of adjuvant chemotherapy. The PR staining intensity was also 
statistically different for the low and intermediate-risk cohorts, which 
is consistent with the degree to which a lower PR staining by IHC cor-
relates with recurrence risk. This is consistent with the results reported 
by other series (18-20). Finally, we found that survival outcomes were 
favorable in both low and intermediate-risk cohorts.

Prediction of a RS above 25 may be of special clinical interest in set-
tings where the Oncotype Dx assay is not available, given that patients 
in this range could actually be among the subgroup who would benefit 
from the addition of adjuvant chemotherapy. In our analysis, the three 
pathological factors most significantly associated with a RS >25 were 
high grade and a low positivity for ER (<90%) and for PR (≤20%). 
These results concord with another investigation that proposed a com-
bination of ER, PR, and Ki67 immunohistochemical score as a valid 
predictor of the Oncotype Dx RS (18). The two component (PR/
grade) predictor we propose is simpler and avoids the inclusion of 
Ki67, which may not be universally available, and has a similar dis-
criminatory value (21).

Compared with the pre-OncoDx cohort, our analysis demonstrated 
a decrease in the use of adjuvant chemotherapy in the Oncotype era 
(89.1% versus 76.3%, respectively, Fisher exact test p=0.0016). In ad-
dition, fewer patients were recommended adjuvant chemotherapy in 
the Oncotype era compared to the pre-Oncotype era (17.9% versus 
30.6%, respectively, Fisher exact test p=0.0059). Both cohorts were 
largely similar from a demographic and clinicopathologic character-
istics perspective. Our study also demonstrated that both cohorts had 
favorable survival rates, with no statistically significant differences in 
the comparisons of Kaplan-Meier plots, though there was an absolute 
higher number of death and progression in the pre-Oncotype cohort. 
This is likely partially related to a longer follow-up in this cohort. From 
limited available data, the most significant influence on recommend-
ing adjuvant chemotherapy in the pre-OncoDx cohort was the use 
of Adjuvant! online prediction tool. Thus, in both the Oncotype and 
pre-Oncotype era, recommendations on the addition of adjuvant che-
motherapy relied on predictive tools to complement clinical judgment. 

Besides the general disadvantages of retrospective and non-randomized 
comparisons, our analysis is limited by the fact that the rationale for 
the chemotherapy recommendation in the pre-Oncotype era was not 
well documented, making a comparison of decision-making changes 
between pre-OncoDx and OncoDx cohorts incomplete. 

In conclusion, the addition of the Oncotype Dx assay at our cancer 
center resulted in decreased use of adjuvant chemotherapy while main-
taining excellent survival outcomes. This, together with the fact that 
genomic tests seem to be cost effective, suggests continued utility in 
clinical practice [22]. Future investigations will aim at providing even 

better prognostic and therapy predictive tools to further advance per-
sonalized oncology. 

Ethics Committee Approval: Ethics committee approval was received for this 
study from the Ethics Committee of Sault Area Hospital.

Informed Consent: Informed consent was not taken due to retrospective de-
sign of the study.

Peer-review: Externally peer-reviewed. 

Author Contributions: Concept - I.A.V.; Design - I.A.V.; Supervision - I.A.V.; 
Resources - S.T., I.A.V.; Materials - I.A.V.; Data Collection and/or Processing 
- S.T., I.A.V.; Analysis and/or Interpretation - S.T., I.A.V.; Literature Search - 
S.T., I.A.V.; Writing Manuscript - S.T., I.A.V.; Critical Review - S.T., I.A.V.

Conflict of Interest: The authors have no conflicts of interest to declare.

Financial Disclosure: This study was partially supported by a Dean's summer 
student research grant from the Northern Ontario School of Medicine.

References

1. Fallahpour S, Navanneelan T, De P, Borgo A. Breast cancer survival by 
molecular subtype: a population-based analysis of cancer registry data. 
CMAJ Open 2017; 5: E734-E739. (PMID: 28951445) [CrossRef]

2. Howlader N, Altekruse SF, Li CI, Chen VW, Clarke CA, Ries LA, Cronin 
KA. US incidence of breast cancer subtypes defined by joint hormone re-
ceptor and HER2 status. J Natl Cancer Inst 2014; 106: dju055. (PMID: 
24777111) [CrossRef]

3. Saadatmand S, Bretveld R, Siesling S, Tilanus-Linthorst MMA. Influence 
of tumour stage at breast cancer detection on survival in modern times: 
population based study in 173797 patients. Br Med J 2015; 351: H4901. 
(PMID: 26442924) [CrossRef]

4. Prat A, Pineda E, Adamo B, Galván P, Fernández A, Gaba L, Díez M, 
Viladot M, Arance A, Muñoz M. Clinical implications of the intrinsic 
subtypes of breast cancer. Breast 2015; 24: S26-S35. (PMID: 26253814) 
[CrossRef]

5. Kuijer A, Straver M, den Dekker B, van Bommel ACM, Elias SG, 
Smorenburg CH, Wesseling J, Linn SC, Rutgers EJT, Siesling S, van 
Dalen T. Impact of 70-gene signature use on adjuvant chemotherapy de-
cisions in patients with Estrogen Receptor-positive early breast cancer: 
Results of a prospective cohort study. J Clin Oncol 2017; 35: 2814-2819. 
(PMID: 28813638) [CrossRef]

6. Wallden B, Storhoff J, Nielsen T, Dowidar N, Schaper C, Ferree S, Liu S, 
Leung S, Geiss G, Snider J, Vickery T, Davies SR, Mardis ER, Gnant M, 
Sestak I, Ellis MJ, Perou CM, Bernard PS, Parker JS. Development and 
verification of the PAM50-based Prosigna breast cancer gene signature 
assay. BMC Med Genomics 2015; 8: 54. (PMID: 26297356) [CrossRef]

7. Ohnstad HO, Borgen E, Falk RS, Lien TG, Aaserud M, Sveli MAT, Kyte 
JA, Kristensen VN, Geitvik GA, Schlichting E, Wist EA, Sørlie T, Russnes 
HG, Naume B. Prognostic value of PAM50 and risk of recurrence score 
in patients with early-stage breast cancer with long-term follow-up. Breast 
Cancer Res 2017; 19: 120. (PMID: 29137653) [CrossRef]

8.  Ma XJ, Salunga R, Dahiya S, Wang W, Carney E, Durbecq V, Harris A, 
Goss P, Sotiriou C, Erlander M, Sgroi D. A five-gene molecular grade 
index and HOXB13:IL1717BR are complementary prognostic factors in 
early stage breast cancer. Clin Cancer Res 2008; 14: 2601-2608. (PMID: 
18451222) [CrossRef]

9. Sgroi DC, Carney E, Zarrella E, Steffel L, Binns SN, Finkelstein DM, 
Szymonifka J, Bhan AK, Shepherd LE, Zhang Y, Schnabel CA, Erlander 
MG, Ingle JN, Porter P, Muss HB, Pritchard KI, Tu D, Rimm DL, Goss 
PE. Prediction of late disease recurrence and extended adjuvant letrozole 
benefit by the HOXB13:IL17BR biomarker. J Natl Cancer Inst 2013; 
105: 1036-1042. (PMID: 23812955) [CrossRef] 169

Thibodeau and Voutsadakis. Oncotype Dx in Breast Cancer

https://doi.org/10.9778/cmajo.20170030
https://doi.org/10.1093/jnci/dju055
https://doi.org/10.1136/bmj.h4901
https://doi.org/10.1016/j.breast.2015.07.008
https://doi.org/10.1016/j.breast.2015.07.008
https://doi.org/10.1200/JCO.2016.70.3959
https://doi.org/10.1186/s12920-015-0129-6
https://doi.org/10.1186/s13058-017-0911-9
https://doi.org/10.1158/1078-0432.CCR-07-5026
https://doi.org/10.1093/jnci/djt146


10. Sparano JA, Paik S. Development of the 21-gene assay and its application 
in clinical practice and clinical trials. J Clin Oncol 2008; 26: 721-728. 
(PMID: 18258979) [CrossRef]

11. Levine MN, Julian JA, Bedard PL, Eisen A, Trudeau ME, Higgins B, Bor-
deleau L, Pritchard KI. Prospective evaluation of the 21-gene recurrence 
score assay for breast cancer decision-making in Ontario. J Clin Oncol 
2016; 34: 1065-1072. (PMID: 26598746) [CrossRef]

12. Paik S. Development and clinical utility of a 21-gene recurrence score 
prognostic assay in patients with early breast cancer treated with tamoxi-
fen. The Oncologist 2007; 12: 631-635. (PMID: 17602054) [CrossRef]

13. McVeigh TP, Kerin MJ. Clinical use of the Oncotype DX genomic test to 
guide treatment decisions for patients with invasive breast cancer. Breast Can-
cer (Dove Med Press) 2017; 9: 393-400. (PMID: 28615971) [CrossRef]

14. Sørlie T, Perou CM, Tibshirani R, Aas T, Geisler S, Johnsen H, Hastie 
T, Eisen MB, van de Rijn M, Jeffrey SS, Thorsen T, Quist H, Matese JC, 
Brown PO, Botstein D, Lønning PE, Børresen-Dale AL. Gene expression 
patterns of breast carcinomas distinguish tumor subclasses with clinical 
implications. Proc Natl Acad Sci USA 2001; 98: 10869-10874. (PMID: 
11553815) [CrossRef]

15. García Fernández A, Chabrera C, García Font M, Fraile M, Lain JM, 
Gónzalez S, Barco I, González C, Torres J, Piqueras M, Cirera L, Veloso E, 
Pessarrodona A, Giménez N. Differential patterns of recurrence and spe-
cific survival between luminal A and luminal B breast cancer according to 
recent changes in the 2013 St Gallen immunohistochemical classification. 
Clin Transl Oncol 2015; 17: 238-246. (PMID: 25270605) [CrossRef]

16. Sparano JA, Gray RJ, Makower DF, Pritchard KI, Albain KS, Hayes 
DF, Geyer CE Jr, Dees EC, Perez EA, Olson JA Jr, Zujewski J, Lively T, 
Badve SS, Saphner TJ, Wagner LI, Whelan TJ, Ellis MJ, Paik S, Wood 
WC, Ravdin P, Keane MM, Gomez Moreno HL, Reddy PS, Goggins 
TF, Mayer IA, Brufsky AM, Toppmeyer DL, Kaklamani VG, Atkins JN, 
Berenberg JL, Sledge GW. Prospective validation of a 21-gene expression 

assay in breast cancer. New Engl J Med 2015; 373: 2005-2014. (PMID: 
26412349) [CrossRef]

17. Sparano JA, Gray RJ, Makower DF, Pritchard KI, Albain KS, Hayes 
DF, Geyer CE Jr, Dees EC, Goetz MP, Olson JA Jr, Lively T, Badve SS, 
Saphner TJ, Wagner LI, Whelan TJ, Ellis MJ, Paik S, Wood WC, Ravdin 
PM, Keane MM, Gomez Moreno HL, Reddy PS, Goggins TF, Mayer 
IA, Brufsky AM, Toppmeyer DL, Kaklamani VG, Berenberg JL, Abrams 
J, Sledge GW Jr. Adjuvant chemotherapy guided by a 21-gene expres-
sion assay in breast cancer. N Engl J Med 2018; 379: 111-121. (PMID: 
29860917)

18. Bradshaw SH, Pidutti D, Gravel DH, Song X, Marginea EC, Robertson 
SJ. Predicting OncoDx Recurrence Scores with Immunohistochemical 
Markers. Appl Immunohistochem Mol Morphol 2013; 21: 490-496. 
(PMID: 23455176) [CrossRef]

19. Tang P, Wang J, Hicks DG, Wang X, Schiffhauer L, McMahon L, Yang 
Q, Shayne M, Huston A, Skinner KA, Griggs J, Lyman G. A lower Allred 
score for progesterone receptor is strongly associated with a higher recur-
rence score of 21-gene assay in breast cancer. Cancer Invest 2010; 28: 
978-982. (PMID: 20690804) [CrossRef]

20. 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. (PMID: 
28168058) [CrossRef]

21. Thibodeau S, Voutsadakis IA. Prediction of the Oncotype Dx recurrence 
score using clinical parameters: A comparison of available tools and a sim-
ple predictor based on grade and progesterone receptor. Hematol Oncol 
Stem Cell Ther 2019. doi: 10.1016/j.hemonc.2019.02.001. [Epub ahead 
of print]. (PMID: 30796885) [CrossRef]

22. Rouzier R, Pronzato P, Chéreau E, Carlson J, Hunt B, Valentine WJ. Mul-
tigene assays and molecular markers in breast cancer: systemic review of 
health economic analyses. Breast Cancer Res Treat 2013; 139: 621-637. 
(PMID: 23722312) [CrossRef]

170

Eur J Breast Health 2019; 15(3): 163-170

https://doi.org/10.1200/JCO.2007.15.1068
https://doi.org/10.1200/JCO.2015.62.8503
https://doi.org/10.1634/theoncologist.12-6-631
https://doi.org/10.2147/BCTT.S109847
https://doi.org/10.1073/pnas.191367098
https://doi.org/10.1007/s12094-014-1220-8
https://doi.org/10.1056/NEJMoa1510764
https://doi.org/10.1097/PAI.0b013e3182810b8e
https://doi.org/10.3109/07357907.2010.496754
https://doi.org/10.1155/2017/1257078
https://doi.org/10.1016/j.hemonc.2019.02.001
https://doi.org/10.1007/s10549-013-2559-1



