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Objective: To explore the long-term outcome of patients who underwent Oncotype DX® testing. The relationship 
between the RS, adjuvant treatments received, and clinical outcomes across the entire range of RS results are 
reported. 
Methods: 10-year Kaplan–Meier estimates for distant recurrence/BC-specific survival (BCSS) in this cohort. The 
analysis included 439 patients. The follow-up time ranged from 14 to 142 months. All analyses were performed 
using the SPSS v20. 
Results: More than half of patients had low RS (<18) (55.6%) and 15.3% had RS ≥ 31. Chemotherapy use was 
consistent with the RS with 4.4%, 7.1%, 28.0%, 71.4% and 91.0% receiving adjuvant chemotherapy in patients 
with RS < 11, 11–17, 18–25, 26–30, and ≥31, respectively. The overall chemotherapy rate was 27.6%. Distant 
metastasis free survival (DMFS) differed significantly (P < 0.001) between the RS groups with 10 year DMFS 
rates of 99% (SE +/- 0.01) in the RS<11, 97% (SE +/- 0.03) in the RS 11–17, 97% (SE +/- 0.02) in the RS 18–25, 
85% (SE +/- 0.1) in the RS 26–30 and 74% (SE +/- 0.08) in the RS ≥ 31 group. Ten year breast cancer specific 
survival also differed significantly (P < 0.001) between the RS groups; this risk was 100% (no deaths from breast 
cancer reported in the first 10 years) in RS < 11, 95% (SE +/- 0.03) in RS 11–17, 94% (SE +/- 0.04) in RS 18–25, 
93% (SE +/- 0.07) in RS 26–30, and 79% (SE +/- 0.07) in the RS ≥ 31 group. 
Conclusions: Use of Oncotype DX RS does guide the treatment decisions and correlates with the BCSS and disease- 
free survival for ER positive, Her2 negative, early-stage, node negative breast cancer patients.   

Introduction 

Breast cancer is the most common type of cancer in women with its 
incidence increasing by 3.1% every year [1,2]. Approximately 80% of 
the patients present with early breast cancer [3,4]. Most of these cancers 
are oestrogen receptor (ER) positive and human epidermal growth factor 
2 (HER2) negative, with estimated 10-to-15-year recurrence rate of 15% 
to 35% after adjuvant chemotherapy for those deemed to need it [5,6]. 
This translates into an overall five-year survival rate of more than 94% 
in early stage breast cancer [5]. The current NICE guidelines recommend 
surgery followed by endocrine therapy in patients with small tumours 
with low risk of recurrence (tumours <2 cm, grade 1 or 2, node negative, 
ER/PR positive) and addition of chemotherapy in patients with high risk 

tumours [6]. Chemotherapy offers a minimal clinical benefit in most 
patients with intermediate risk of recurrence. 

Further stratification of these patients is important to guide systemic 
therapy. Individualized treatment plans based on patient stratification 
according to the risk of recurrence has become an effective strategy in 
the management of patients with intermediate risk [7,8]. 

The Oncotype DX® assay is one of the gene expression analyses 
available which was developed to guide treatment decisions in ER/ PR 
positive, HER2 negative breast cancer, based on prognostication of 
subsequent outcomes in clinical trials [7]. Prediction of benefit from 
chemotherapy was initially established in the prospective-retrospective 
validation study including samples of the primary tumour from 651 
patients enroled in the B20 trial with hormone receptor–positive, 
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axillary node-negative breast cancer. In this trial, patients were ran-
domized to tamoxifen or chemotherapy plus tamoxifen. Based on the 
expression levels of 21 genes, the test calculated a risk recurrence score 
(RS) from 0 to 100. In this initial validation study, high RS was defined 
as 31 to 100 irrespective of HER2 expression (n = 651), or 26 to 100 in 
tumour samples that had a low HER2 RNA expression score (n = 569), 
whereas, intermediate RS was defined as 18–30, and low-risk as 0–17 
[9]. This study confirmed a correlation between the use of adjuvant 
chemotherapy treatment and increasing RS (likelihood ratio test on 
interaction, P = 0.01), which was statistically significant. Ten-year 
distant recurrence-free survival rates were 62% (95% CI, 48%− 81%) 
with tamoxifen alone, and 88% (95% CI, 81%− 95%) with chemo-
therapy plus tamoxifen. A high RS was found not only to be prognostic 
for a high distant recurrence rate, but was also predictive of benefit from 
adjuvant chemotherapy. In other cohorts, with low Oncotype Recur-
rence Scores, distant recurrence-free survival rates were similar with 
endocrine therapy alone [7,9]. 

Later, prospective trials and registry-based studies have consistently 
shown no benefit from the addition of chemotherapy in patients with 
low-risk Oncotype DX® [10–16]. Studies have also shown the benefit of 
chemotherapy in high-risk patients identified by the Oncotype DX® 
assay [14–16]. For the intermediate risk group, a large randomized trial, 
TAILORx, demonstrated that endocrine therapy alone was non-inferior 
to adjuvant chemotherapy plus endocrine therapy in the overall popu-
lation with a RS of 11 to 25, the primary trial end point. An exploratory 
analysis of this trial did show some chemotherapy benefit for patients 
aged 50 years or younger with a RS of 16 to 25 [16]. TAILORx also 
demonstrated a low distant recurrence rate of 1% at 5 years and 3% at 9 
years with endocrine therapy alone if the RS was 0 to 10 irrespective of 
age, and that integration of clinical features with RS provided additional 

prognostic information for recurrence but not prediction of chemo-
therapy benefit [14–17]. 

Many international guidelines endorse the use of Oncotype DX®; 
National Institute for Health and Care Excellence (NICE), American 
Society of Clinical Oncology (ASCO) and the National Comprehensive 
Cancer Network (NCCN) [6,18–21]. 

In this study, we report the outcome for all patients who underwent 
Oncotype DX® testing between 2010 and 2019. The relationship be-
tween the RS, adjuvant treatments received, and clinical outcomes 
across the entire range of RS results are reported. This analysis was 
conducted as a part of service evaluation of our current practices in 
managing early-stage breast cancer. 

Materials and methods 

We identified all ER positive/ HER2 negative, lymph node negative 
breast cancer patients who were diagnosed from 2010 to 2019 in Hywel 
Dda University Health Board using the Cancer Network Information 
System Cymru (CANISC) database (n = 2524). This data was linked with 
Oncotype DX® test results held on the Welsh Clinical Portal. This series 
includes all consecutive cases that had Oncotype DX® testing over this 
timeframe. The study was limited to women aged ≥18 years who were 
diagnosed with stage I to IIIA, first primary, hormone receptor (ER or 
PR)-positive, HER2-negative breast cancer (according to American So-
ciety of Clinical Oncology/College of American Pathologists guidelines) 
[22,23] and underwent Oncotype DX® testing. The study also includes 
data for 136 patients who were part of the initial trial to assess the cost 
effectiveness of Oncotype DX® in UK [24]. Patients with DCIS (stage =
0) were excluded from the study. Patients with node positive breast 
cancer diagnosed after 2016 were also excluded as they are part of the 

Table 1 
Baseline patient and tumour characteristics.   

All patients RS<11 RS 11–17 RS 18–25 RS 26–30 RS >30 P value 
N ¼ 439 N ¼ 90 N ¼ 154 N ¼ 107 N ¼ 21 N ¼ 67 

Median follow-up, months 60(14–142) 59 (14–142) 60 (19–137) 60 (25–138) 62 (25–128) 54 (20—137) 0.371 
Mean (SD) 63.5 (28.3) 64.4 (30.2) 63.4 (27.3) 62.4 (25.0) 74.9 (35.8) 60.8 (30.4) 
Age; Mean (SD) years 58.3 (10.4) 59.0 (9.2) 58 (10.5) 58.3 (10.4) 57.4 (11.8) 58.9 (11.4) 0.920 
Age; Median (range), years 59 (29–83) 59 (38–79) 59 (32–82) 59 (34–79) 57 (29–74) 62 (35–83) 
Age Category, n (%)  
<40 years 22 (5.0%) 1 (1.1%) 8 (5.2%) 7 (6.5%) 2 (9.5%) 4 (6.0%) 0.592 
40–49 years 67 (15.3%) 15 (16.7%) 26 (16.9%) 12 (11.2%) 2 (9.5%) 12 (17.9%)  
50–59 years 137 (31.2%) 30 (33.3%) 44 (28.6%) 41 (38.3%) 8 (38.1%) 14 (20.9%)  
60–69 years 154 (35.1%) 35 (38.9%) 54 (35.1%) 33 (30.8%) 6 (28.6%) 26 (38.8%)  
>70 years 59 (13.4%) 9 (10.0%) 22 (14.3%) 14 (13.1%) 3 (14.3%) 11 (16.4%)  
Tumour size; Median (range), cm 2.1 (0.5–7.5) 2.1 (0.5–7.5) 2.0 (0.5–9.0) 2.1 (0.7–9.1) 2.0 (0.9–4) 2.2 (0.5–4.5) 0.452 
Mean (SD), cm 2. (1.2) 2.2 (1.2) 2.3 (1.2) 2.5 (1.5) 2.1 (0.8) 2.2 (0.7)  
Tumour size category, n (%) 
≤1 cm 45 (10.3%) 13 (14.4%) 12 (7.8%) 14 (13.1%) 2 (9.5%) 4 (6.0%)  
>1 - 2 cm 160 (36.4%) 29 (32.2%) 65 (42.2%) 36 (33.6%) 10 (47.6%) 20 (29.9%) 0.130 
>2–3 cm 165 (37.6%) 35 (38.9%) 52 (33.8%) 35 (32.7%) 7 (33.3%) 37 (53.7%)  
>3cm 69 (15.7%) 13 (14.4%) 25 (16.2%) 22 (20.6%) 2 (9.5%) 7 (10.4%)  
Grade 1; n (%) 60 (13.7%) 16 (17.8%) 27 (17.5%) 15 (14.0%) 1 (4.8%) 1 (1.5%)  
Grade 2; n (%) 300 (68.3%) 72 (80.0%) 116 (75.3%) 76 (71.0%) 13 (61.9%) 23 (34.3%) P<0.001 
Grade 3; n (%) 79 (18.0%) 2 (2.2%) 11 (7.1%) 16 (15.0%) 7 (33.3%) 43 (64.2%)  
Node status; 0 393 (89.5%) 77 (85.6%) 139 (90.3%) 96 (89.7%) 21 (100%) 60 (89.6%)  

0.646 Mic 46 (10.5%) 13 (14.4%) 15 (9.7%) 11 (10.3%) 0 (0.0%) 7 (10.4%) 
NPI; Median (range) 3.4(2.1–5.5) 3.4 (2.1- 4.5) 3.4 (2.1–4.8) 3.4 (2.1–5.1) 3.5 (2.4–4.6) 4.4 (2.6–5.5) <0.001 
Mean (SD), 3.5 (0.6) 3.4 (0.5) 3.4 (0.6) 3.5 (0.6) 3.7 (0.6) 4.1 (0.6)  
Histology, n (%) 
IDC 352 (80.2%) 66 (73.3%) 120 (77.9%) 84 (78.5%) 19 (90.5%) 63 (94.0%) 0.105 
ILC 66 (15.0%) 15(16.7%) 26 (16.9%) 20 (18.7%) 2 (9.5%) 3 (4.5%)  
Mucinous/colloid 10 (2.3%) 5 (5.6%) 2 (1.3%) 2 (1.9%) 0 (0.0%) 1 (1.5%)  
Other/unknown 11 (2.5%) 4 (4.4%) 6 (3.8%) 1 (0.9%) 0 (0.0%) 0 (0.0%)  
ER positive 438(99.8%) 90 (100.0%) 154 (100.0%) 107 (100.0%) 21 (100.0%) 66 (98.5%) 0.234 
PR Positive 381 (86.8%) 89 (98.9%) 145 (94.2%) 94 (87.9%) 15 (71.4%) 38 (56.7%) <0.001 
Lympho-vascular invasion; Yes 80 (19.3%) 16 (19.3%) 21 (14.4%) 21 (20.8%) 4 (21.1%) 18 (27.7%) 0.265 
(n ¼ 414) No 334 (81.7%) 67 (80.7%) 125 (85.6%) 80 (79.2%) 15 (78.9%) 47 (72.3%) 
Chemotherapy; Yes 121 (27.6%) 4 (4.4%) 11 (7.1%) 30 (28.0%) 15 (71.4%) 61 (91.0%) <0.001 
No 318 (72.4%) 86 (95.6%) 143 (92.9%) 77 (72.0%) 6 (28.6%) 6 (9.0%) 

Abbreviations: IDC, invasive ductal carcinoma; ILC, invasive lobular carcinoma. 
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nation-wide node positive Oncotype DX® trial. Patients with no 
follow-up were also excluded. The final data contained a total of 439 
patients. 

The CANISC database provided patient’s clinical information 
including year of diagnosis, age, tumour type, grade, stage, and receptor 
status. The data on follow-up was extracted from the Welsh patient 
administration system (PAS). 

Staging was determined using the 8th American Joint Committee on 
Cancer (AJCC) definitions [25]. ER positivity was defined as ≥1% of 
cancer cell nuclei staining positive [22]. All cases were HER2 negative 
defined by the initial and updated ASCO/CAP recommendations [24]. 

The eligible cohort was divided into five groups by age (≤ 35, 36–50, 
51–65, 66–80, >80 years). These cut-offs were selected based on pre-
viously reported studies [14,26]. 

Oncotype DX® test results were provided as continuous recurrence- 
risk scores and during analysis were stratified into 5 categories: RS of 
0–10, RS 11–17, RS 18–25, RS 26–30 and RS 31–100 in accordance with 
the stratification standard of the initial Oncotype DX® study and TAI-
LORx trial [14–16]. 

The primary outcome of this study was breast cancer specific survival 
(BCSS) and secondary outcomes were distant metastasis free survival 
(DMFS) and loco regional recurrence free survival. To investigate the 
primary objective, in each age group, the percentages of patient in each 
of the RS risk categories were calculated. The rates of adjuvant 
chemotherapy were also assessed within each RS risk category accord-
ing to the chemotherapy records obtained from CANISC database. 
Kaplan-Meier curves were plotted and compared for survival probability 
using the log-rank tests between patients with chemotherapy records of 
“Yes” and “No”. P-values of <0.05 were considered significant. For the 
secondary outcome, distant metastasis free survival was defined as the 
time from initial diagnosis to the first distant recurrence. Locoregional 
recurrence was defined as recurrence of disease within the treated breast 
or axilla without any evidence of distant metastasis. We examined the 
distant metastasis free survival and its correlation with RS and other 
clinicopathologic features. 

Estimates of ten-year overall survival (OS), BCSS and distant 
metastasis free survival with Standard Error (SE) were obtained by the 
Kaplan Meier method. Comparisons of DFS or BCSS amongst subgroups 
used pairwise log-rank tests (reported as significant for p < 0.05). 

Univariate and multivariate Cox proportional hazard models for DFS 
were estimated; RS was coded as low, intermediate and high, age was 
coded as less than 50 versus 50 year or more, size as ≤2 cm and >2 cm 
and grades were coded as grade 3 versus grade 1–2. 

All analyses were performed using the SPSS v20. Descriptive statis-
tics were used to summarize the data according to patient and tumour 
characteristics. T-test and chi-squared test were performed to determine 
the differences in continuous and categorical patient characteristics. All 
tests were two-sided if applicable and statistical significance was 
assessed using an alpha of 0.05. The mean and standard deviations were 
calculated for normally distributed numeric covariates, while frequency 
and its percentage were shown for categorical variables. One-way 
ANOVA test or Kruskal–Wallis test was performed for numerical cova-
riates if appropriate. Chi-square test or Fisher’s exact test was employed 
for categorical covariates where appropriate. 

Results 

Patient characteristics 

The final total number of patients with complete data was 439. 
Table 1 shows patient/tumour characteristics for the cohort. The median 
age was 59 (range: 29–83) years, 76.5% (336/439) were ≥ 50 years. 
Most of the tumours were grade 2 (300/439, 68.3%), 205/439 (46.7%) 
had tumours ≤ 2 cm in size, and 80.2% (352/439) had invasive ductal 
carcinoma Figs. 4–6. 

Follow up ranged from 14 to 142 months (median 60 months). 250/ 

439 (56.9%) of patients completed the 60 months of follow-up, whereas 
more than a quarter of patients (29.6%) had follow up of more than 60 
months. 

Table 2 
Patient and Tumour Characteristics and use of Chemotherapy.   

All 
patients 
N ¼ 439 

Patients not 
treated with 
chemotherapy 
N ¼ 318 
(72.4%) 

Patients 
treated with 
chemotherapy 
N ¼ 121 
(27.6%) 

P 
value 

Age; Mean (SD) 
years 

58.4 
(10.4) 

59.3 (10.2) 56.1 (10.7) 0.004 

Median (range), 
years 

59 
(29–83) 

60.5 (32–83) 57 (29–76) 

Age Category, n (%) 
<40 years 22 

(5.0%) 
12 (3.8%) 10 (8.3%) 0.004 

40–49 years 67 
(15.3%) 

42 (13.2%) 25 (20.7%)  

50–59 years 137 
(31.0%) 

100 (31.4%) 37 (30.6%)  

60–69 years 154 
(35.1%) 

117 (36.8%) 37 (30.6%)  

>70 years 59 
(13.3%) 

47 (14.8%) 12 (9.9%)  

Tumour size; 
Median 
(range), cm 

2.1 
(0.5–9.1) 

2.1 (0.5–9) 2.2 (0.6–6) 0.767 

Mean (SD), cm 2.3 (1.2) 2.3 (1.3) 2.3 (1.0)  
Tumour size 

category, n (%)     
≤1 cm 45 

(10.3%) 
34 (10.7%) 11 (9.1%)  

>1 - 2 cm 160 
(36.4%) 

123 (38.7%) 37 (30.6%) 0.201 

>2–3 cm 165 
(37.6%) 

110 (34.6%) 55 (45.5%)  

>3cm 69 
(15.7%) 

51 (16.0%) 18 (14.9%)  

Grade 1 60 
(13.7%) 

52 (16.4%) 8 (6.6%) <0.001 

Grade 2 300 
(68.3%) 

238 (74.8%) 62 (51.2%)  

Grade 3 79 
(18.0%) 

28 (8.8%) 51 (42.2%)  

Node status; 0 393 
(89.5%) 

284 (89.3%) 109 (90.1%)  
0.660 

Mic 46 
(10.5%) 

34 (10.7%) 12 (9.9%) 

ER positive 438 
(99.8%) 

318 (100.0%) 120 (99.2%) 0.276 

PR positive 381 
(86.8%) 

294 (92.5%) 87 (71.9%) <0.001 

Lymphovascular 
invasion (n ¼
414)     

Yes 80 
(19.3%) 

49 (16.4%) 31 (26.7%) 0.014 

No 334 
(80.7%) 

249 (83.6%) 85 (73.3%) 

NPI; Median 
(range), 

3.4 
(2.1–5.5) 

3. (2.1- 5.5) 3.8 (2.1–5.5) <0.001 

Mean (SD), 3.6 (0.6) 3.4 (0.6) 3.9 (0.6)  
Histology, n (%)     
IDC 352 

(80.2%) 
243 (76.4%) 109 (90.1%) 0.083 

ILC 66 
(15.0%) 

57 (17.9%) 9 (7.4%)  

Mucinous/colloid 10 
(2.3%) 

8 (2.5%) 2 (1.7%)  

Other/unknown 11 
(2.5%) 

10 (3.2%) 1 (0.8%)   
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RS distribution and patient characteristics within RS subgroups 

Recurrence-Risk score distribution for the 439 patients is shown in 
Table 1. More than half of patients had low RS (<18) (55.6%, 244/439) 
and 15.3% (67/439) had RS ≥ 31. A wide RS distribution was observed 
within each level of clinic-pathological characteristic including age, 
tumour grade, and tumour size (Table 1). Patient characteristics in RS 
subgroups (<11, 

11–17, 18–25, 26–30, and ≥31) were not statistically different with 
respect to age, tumour size or histological type (Table 1). The lower RS 
groups had a higher proportion of pathological grade 1 tumours and a 
lower proportion of grade 3 tumours. Lower RS was also noted in low 
Nottingham prognostic index (NPI) tumours. Patients with very low risk 
by clinic-pathological characteristics (grade 1 and tumour size ≤1 cm) 
(n = 16) were observed in all RS subgroups; RS<11 (n = 6), RS 11–17 (n 
= 4) RS 18–25 (n = 6). 

Thirty patients had Oncotype DX® testing done for tumours which 
were less than 2 cm and grade 1. Of these 9/30 had micro-metastasis and 
1/30 had bilateral breast cancer. Most of these tests on small (<1 cm), 
grade 1 tumours were done in the initial years of our experience with 
Oncotype DX® testing, with none in the last 3 years. 

Chemotherapy use was consistent with the RS with 4.4% (4/90), 
7.1% (11/154), 28.0% (30/107), 71.4% (15/21) and 91.0% (61/67) 
receiving adjuvant chemotherapy in patients with RS < 11, 11–17, 
18–25, 26–30, and ≥31, respectively. The overall chemotherapy rate 
was 27.6% (121/439). Chemotherapy-treated and untreated patients 
were similar with respect to clinic-pathological characteristics except 
median grade distribution, PR positivity and median NPI scores 
(Table 2). A 3rd generation chemotherapy regimen containing both an 
Anthracycline and a Taxane was most common, accounting for 65.9% of 
cases, followed by an anthracycline only regime (26.8%). 

In the RS group 26–30, six patients did not receive chemotherapy (2 
refused and in 4 patients a mutual decision was made by the oncologist 
and patient for not proceeding with chemotherapy as the risks would 
have outweighed the benefits (age> 65 years and small tumours in 3 

patients and small tumour in one patient). Similarly, in the RS group >
30, 4 patients refused chemotherapy and in 2 patients mutual decision 
was made by the oncologist and the patient (age >80 years in one pa-
tient and small tumour in the other patient). 

Distant metastasis free survival and loco regional recurrence free survival 
(Fig. 1) 

With a median follow-up of 60 months, 19 distant metastases were 
documented: 1/90 (1.1%), 2/154 (1.3%), 3/107 (2.8%), 2/21 (9.5%), 
and 11/67 (16.4%) in patients with RS results <11, 11–17, 18–25, 
26–30, and ≥31, respectively. Another 5 patients had loco-regional re-
currences without any evidence of distant metastasis and 4 patients 
developed contralateral disease. 

Kaplan–Meier (KM) estimates for distant metastasis free survival 
differed significantly (P < 0.001) between the RS groups with 10 year 
DMFS rates of 99% (SE +/- 0.01) in the RS<11, 97% (SE +/- 0.03) in the 
RS 11–17, 97% (SE +/- 0.02) in the RS 18–25, 85% (SE +/- 0.1) in the 
RS 26–30 and 74% (SE +/- 0.08) in the RS ≥ 31 group. KM estimates for 

Fig. 1. Distant metastasis free survival.  

Table 3 
Univariate analysis on the entire cohort (chemotherapy-treated and untreated). 
The analysis evaluated the association between the variables and distant 
recurrence.  

Variable Comparison Hazard Ratio for Distant 
recurrence 

P- 
value 

(95% confidence intervals) 

Age ≥50 versus <50 
years 

1.55 (0.574–4.210) 0.272 

Size ≥2 versus <2cm 2.12 (0.731–6.175) 0.054 
Grade 3 versus 1/2 1.71 (0.596–4.908) 0.244 
RS group ≥31 versus <18 15.78 (4.261–58.440) <0.001  

18–30 versus <18 3.24 (0.762–13.777) 0.097  
≥31 versus <31 8.321 (3.186–21.731) <0.001 

Abbreviation: RS, recurrence Score. 
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distant metastasis free survival by recurrence score are presented in 
Fig. 1. It is important to emphasize that patients were not randomized to 
treatment and a selection bias for choice of therapy cannot be ruled out. 

Table 3 presents subgroup analyses evaluating the rate of distant 
recurrence by age, tumour size, grade and recurrence score. Patients 
with high recurrence score were significantly more likely to develop 
distant metastasis. 

Breast cancer death rates 

Seventeen BC specific deaths were documented; 0/90 (0%), 3/154 
(1.9%), 3/107 (2.8%), 1/21 (4.8%) and 10/67 (14.9%) in the RS < 11, 
RS 11–17, RS 18–25, RS 26–30, and RS ≥ 31 groups, respectively. KM 
estimates for the 10 years breast cancer survival differed significantly (P 
< 0.001) between the RS groups (Fig. 2); Breast cancer specific survival 
rate was 100% (no deaths from breast cancer reported in the first 10 
years) in RS < 11, 95% (SE +/- 0.03) in RS 11–17, 94% (SE +/- 0.04) in 
RS 18–25, 93% (SE +/- 0.07) in RS 26–30, and 79% (SE +/- 0.06) in the 
RS ≥ 31 group. 

Seven deaths were reported from other medical causes (severe aortic 
stenosis, cardiac failure, chronic liver disease). Overall survival is shown 
in Fig. 3. 

Discussion 

This study shows a statistically significant association between the 
RS and the BCSS and disease-free survival for ER positive, HER2 nega-
tive, node negative breast cancer patients with intermediate risk of 
recurrence. Use of Oncotype testing has become a key component in the 
clinical decision making in the above subgroup. 

Our analysis included all RS-tested patients with node negative or 
micrometastatic disease in nodes, regardless of tumour size/grade. The 
pathological characteristics of the patients in our analysis is similar to 
those reported by others in the Western Hemisphere and in NSABP 20 
and TAILORx [8,16,27,28,34]. The median age in our cohort was 56 
years which was similar to that reported in Calilt data and other studies 
reported from UK [27–29,33]. The median age of patients in TAILORx, 
and plan B trial was lower, as the Oncotype was not done on patients 
older than 75 years in these trials [17,31]. 

Our cohort had a larger mean tumour size as compared to TAILORx 
cohort, Calilt data or SEER data [17,30,32]. In our series, mean tumour 
size was 2.3 cm (0.5–9.1 cm) which is similar to other studies from UK 
[27]. In our cohort only 47% of patients had tumour size less than 2 cm 
as compared to 75% in TAILORx and 77% in SEER data. 35/445 (7.8%) 
of patients in our cohort, with grade 1 tumours, less than 2 cm would not 
have been eligible for Oncotype based on NICE guidelines (which were 
published later). Our data shows that request for Oncotype testing is 
quite consistent with NICE guidelines which recommends gene profile 
testing done in the group with intermediate risk of recurrence, i.e., tu-
mours >2 cm with grade 2/3 and smaller grade 3 tumours. Within the 
different RS groups, there was no statistically significant difference in 
the mean tumour size, highlighting the fact that gene profiling is more 
predictive of clinical outcome and response to chemotherapy as 
compared to size measurements. Our patients are a mix of screen 
detected and symptomatic patients and this may account for the larger 
mean tumour size. 

Our cohort seems to have lower proportion of grade 1 tumours (14%) 
compared with TAILORx (25.8%) and SEER data (28.8%) however, it is 
consistent with grade distribution seen in Calilt data (14.3%) and more 
than those in plan B trial (5.1%) [17,30,31]. In our cohort, median NPI 

Fig. 2. Breast cancer specific survival.  
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was lower than reported in the audit by Green et al. (3.4 vs. 3.69) [29]. 
The rate of chemotherapy use in our series is 27.6% in patients who 

underwent the Oncotype DX® testing which is similar to other UK 
studies [27,33], and to the results reported in a meta-analysis of inter-
national studies [35]. 4.4% of our patients with RS < 11 received 
chemotherapy which was consistent with real life data from Clalit reg-
istry (1.4% received chemotherapy) and National Cancer Data Base 
(NCDB) (4.8% received chemotherapy) [30,35]. Most of these patients 
received chemotherapy early on in our experience with Oncotype DX® 
testing (before 2016). The rate of chemotherapy use has decreased as we 
have gained more confidence in using Oncotype DX® testing. No pa-
tients have received chemotherapy in last 3 years where the RS was 11 
or less. In our centre, prior to ordering Oncotype DX®, a cut-off of RS is 
decided in the Multi-disciplinary meeting dictated by patient’s and 
tumour characteristics, such as age, performance status, tumour grade 
(for example 25 for post-menopausal women and 18 for premenopausal 
women), based on TAILORx results. Hence, we can see that a large 
proportion of patients with RS of < 18 did not receive chemotherapy and 
the rate of chemotherapy increased as the RS increased from 18–30. 

For the RS < 11 group (which in our cohort included 1.4% 
chemotherapy-treated patients), the 5-year disease free survival rate 
was 99%, which is comparable to that reported in TAILORx [17]. Our 
findings are also similar to the findings reported in the SEER data, which 
demonstrated excellent 5-year BCSS survival in >11,000 node negative, 
HR+ HER2- BC patients with RS < 11 of 99.6% [36,37]. Similar 
outcome data were reported by the Nitz et al. for the WSG PlanB trial for 
patients with RS ≤ 11 who did not receive adjuvant chemotherapy 
(n = 348), where 3-year disease-free survival was 98% [31]. For pa-
tients with RS 12–25 and those with RS > 25, BCSS remain low in our 
study and is reasonably consistent with the rates reported in TAILORx 
trial; 10-year disease-free survival of 93%+/− 0.07 and 78% +/- 0.06 vs. 
93.8% ±0.5 and 89.3% ±1.4, respectively [17]. It is clear that if hor-
monal treatment compliance is excellent (and checked at follow up), its 
use in the low risk group provides excellent disease free survival and 

overall survival rates. Chemotherapy avoidance reduces the burden on 
an already stretched National Health Service in terms of cost of the 
drugs, hospital visits and admissions as well as avoiding the inconve-
nience, financial burden and side effects of chemotherapy for the 
patient. 

The Oncotype DX® Recurrence Score is, and should always remain, 
an additional tool when consultant/patient discussion takes place. We 
believe that it should not be used as a sole arbiter for chemotherapy 
decisions. The patient’s general health, personal preferences and tradi-
tional histopathological features should always play a part in the deci-
sion for or against chemotherapy. That 4.3% for those with recurrent 
score less than 11 and 27.8% for those with recurrent score 18 to 25 
getting chemotherapy is evidence for this flexibility in clinical practice. 
Over time we have become more confident that Oncotype DX® provides 
a reliable prediction of chemotherapy benefit particularly in patients 
with an intermediate risk of recurrence. 

We provide, with indirect evidence, that micro-metastatic disease in 
the sentinel lymph node(s) is suitable for RS testing regardless of the 
grade of the tumour, although, as mentioned above, a careful discussion 
with the patient is needed. Our cohort included lobular cancers which 
are considered less responsive to chemotherapy, and we plan a future 
sub analysis of this group. There remain several important unanswered 
questions. If the RS is high, which chemotherapy would be the best 
choice? There could be strong argument made to extend the Oncotype 
DX® test to include other genetic markers for resistance or susceptibility 
to specific chemotherapies where the RS is high. 

Since Oncotype testing is only validated in HR positive breast can-
cers, there is need for a similar test to be developed to guide chemo-
therapy decisions in the 20% of patients who are HR negative. Other 2nd 
generation tests, for example Prosigna, provide additional information 
beyond dividing the tumour into low, intermediate or high risk, also 
provide 10-year risk of recurrence (ROR) score and intrinsic subtype of 
tumour which may be of benefit in patients with triple negative and 
HER2 positive breast cancer. 

Fig. 3. Overall survival.  
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Our results clearly demonstrate which patients can safely avoid 
chemotherapy but, in those needing chemotherapy, there are still a good 
proportion who do not benefit, either because they were never at risk of 
recurrence, or were given an ineffective chemotherapy regimen which 
did not prevent their recurrence. 

Our study is based on prospectively maintained registry data and is 
representative of clinical practice at a local level. However, there are 
limitations to this study. The data are from a single health board/ 
geographical area with a poorer, older and more uniform ethnic de-
mographic than generally found in the UK. Moreover, the data were not 

Fig. 4. Age vs. RS.  

Fig. 5. Grade vs. RS.  
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stratified according to the age, socio-economic or ethnicity, hence no 
inference can be made regarding its application in other parts of the 
world. Secondly, the patients were not randomized and chemotherapy 
decisions were not made uniformly, and, therefore, a selection bias ex-
ists both at the level of who got tested and how the RS was interpreted. 
Thirdly, the median follow-up of 60 months is relatively short for ER 
positive, HER2 negative, node negative breast cancer patients, where 
late recurrence remains a problem. 

We conclude from this study that the RS does guide the treatment 
decisions and correlate with the BCSS and disease-free survival for ER 
positive, HER2 negative, early-stage node negative breast cancer 
patients. 

Ethical approval 

This study was part of service evaluation and was deemed exempt 
from human protection oversight by the Institutional Review Board as 
well as patient consenting was waived. (Service Evaluation form: ap-
pendix 1) 

Author contributions statement 

I can confirm that each author has contributed equally to the study, 
data collection and manuscript writing. 

Declaration of Competing Interest 

The authors declare the following financial interests/personal re-
lationships which may be considered as potential competing interests: 

Simon Holt reports a relationship with Exact Sciences Corporation 
that includes: consulting or advisory. Mr Holt is on the advisory board of 
Exact Sciences and the test for the initial trial, in which some of these 
patients were involved were provided free of charge by them. Asma 
Munir, Anita Marie Huws, Sohail Khan, Dr Mark Davies, Saira Khawaja, 
Yousef Shariaha have no conflict of interest. 

Acknowledgements 

We acknowledge the statistical help from Mr Conor Feeney 

References 

[1] J. Ferlay, I. Soerjomataram, R. Dikshit, S. Eser, C. Mathers, M. Rebelo, D.M. Parkin, 
D. Forman, F. Bray, Cancer incidence and mortality worldwide: sources, methods 
and major patterns in GLOBOCAN 2012, Int. J. Cancer 136 (2015) E359–E386, 
https://doi.org/10.1002/ijc.29210. 

[2] Z. Momenimovahed, H. Salehiniya, Epidemiological characteristics of and risk 
factors for breast cancer in the world, Breast Cancer 11 (2019) 151–164. 

[3] M.A. Khan, L. Henderson, D. Clarke, S. Harries, L. Jones, The warwick experience 
of the oncotype DX® breast recurrence score® assay as a predictor of 
chemotherapy administration, Breast Care (Basel) 13 (5) (2018) 369–372, https:// 
doi.org/10.1159/000489131. OctPMID: 30498424; PMCID: PMC6257137. 

[4] A. Al-Zawi, Ki -67 proliferative index as a predictive tool for axillary pathological 
complete response in node-positive breast cancer, Int. J. Med. Sci. 7 (11) (2020) 
1–4, https://doi.org/10.14445/23939117/ijms-v7i11p101. 

[5] Female Breast Cancer Subtypes - Cancer stat facts. SEER. Available from:htt 
ps://seer.cancer.gov/statfacts/html/breast-subtypes.html. 

[6] https://www.nice.org.uk/guidance/DG34. 
[7] S. Paik, S. Shak, G. Tang, C. Kim, J. Baker, M. Cronin, F.L. Baehner, M.G. Walker, 

D. Watson, T. Park, W. Hiller, E.R. Fisher, D.L. Wickerham, J. Bryant, N. Wolmark, 
A multigene assay to predict recurrence of tamoxifen-treated, node-negative breast 
cancer, N. Engl. J. Med. 351 (27) (2004 Dec 30) 2817–2826, https://doi.org/ 
10.1056/NEJMoa041588. Epub 2004 Dec 10. PMID: 15591335. 

[8] L.A. Habel, S. Shak, M.K. Jacobs, A. Capra, C. Alexander, M. Pho, J. Baker, 
M. Walker, D. Watson, J. Hackett, N.T. Blick, D. Greenberg, L. Fehrenbacher, 
B. Langholz, Quesenberry CP. A population-based study of tumor gene expression 
and risk of breast cancer death among lymph node-negative patients, Breast Cancer 
Res. 8 (3) (2006) R25, https://doi.org/10.1186/bcr1412. Epub 2006 May 31. 
PMID: 16737553; PMCID: PMC1557737. 

[9] C.E. Geyer Jr, G. Tang, E.P. Mamounas, P. Rastogi, S. Paik, S. Shak, F.L. Baehner, 
M. Crager, D.L. Wickerham, J.P. Costantino, N. Wolmark, 21-Gene assay as 
predictor of chemotherapy benefit in HER2-negative breast cancer, NPJ Breast 
Cancer 4 (2018) 37, https://doi.org/10.1038/s41523-018-0090-6. Nov 14PMID: 
30456299; PMCID: PMC6235896. 

[10] F.O. Ademuyiwa, A. Miller, T. O’Connor, S.B. Edge, M.A. Thorat, G.W. Sledge, 
E. Levine, S. Badve, The effects of oncotype DX recurrence scores on chemotherapy 
utilization in a multi-institutional breast cancer cohort, Breast Cancer Res. Treat 
126 (3) (2011) 797–802, https://doi.org/10.1007/s10549-010-1329-6. AprEpub 
2011 Jan 1. PMID: 21197567. 

[11] S. Kapadia, S.P. Gudiwada, A.H. Kaji, R.T. Chlebowski, R. Venegas, J. Ozao-Choy, 
C. Dauphine, Can Oncotype DX testing be omitted in invasive breast cancer 
patients with clinicopathologic factors predicting very high pretest probability of a 

Fig. 6. Tumor Size vs. RS.  

A. Munir et al.                                                                                                                                                                                                                                   

https://doi.org/10.1002/ijc.29210
http://refhub.elsevier.com/S2468-2942(22)00162-9/sbref0002
http://refhub.elsevier.com/S2468-2942(22)00162-9/sbref0002
https://doi.org/10.1159/000489131
https://doi.org/10.1159/000489131
https://doi.org/10.14445/23939117/ijms-v7i11p101
https://seer.cancer.gov/statfacts/html/breast-subtypes.html
https://seer.cancer.gov/statfacts/html/breast-subtypes.html
https://www.nice.org.uk/guidance/DG34
https://doi.org/10.1056/NEJMoa041588
https://doi.org/10.1056/NEJMoa041588
https://doi.org/10.1186/bcr1412
https://doi.org/10.1038/s41523-018-0090-6
https://doi.org/10.1007/s10549-010-1329-6


Cancer Treatment and Research Communications 34 (2023) 100671

9

concordant result? Breast J. 26 (11) (2020) 2199–2202, https://doi.org/10.1111/ 
tbj.14068. NovEpub 2020 Oct 1. PMID: 33001531. 

[12] K. Losk, R.A. Freedman, A. Laws, O. Kantor, E.A. Mittendorf, Z. Tan-Wasielewski, 
L. Trippa, N.U. Lin, E.P. Winer, T.A. King, Oncotype DX testing in node-positive 
breast cancer strongly impacts chemotherapy use at a comprehensive cancer 
center, Breast Cancer Res. Treat. 185 (2020) 215–227. 

[13] J.P. Tzeng, D. Mayer, A.R. Richman, I. Lipkus, P.K. Han, C.G. Valle, L.A. Carey, N. 
T. Brewer, Women’s experiences with genomic testing for breast cancer recurrence 
risk, Cancer 116 (8) (2010) 1992–2000, https://doi.org/10.1002/cncr.24990. 
AprPMID: 20213682. 

[14] J.A. Sparano, R.J. Gray, D.F. Makower, K.I. Pritchard, K.S. Albain, D.F. Hayes, C. 
E. Geyer Jr, E.C. Dees, M.P. Goetz, J.A. Olson Jr, T. Lively, S.S. Badve, T.J. Saphner, 
L.I. Wagner, T.J. Whelan, M.J. Ellis, S. Paik, W.C. Wood, P.M. Ravdin, M.M. Keane, 
H.L. Gomez Moreno, P.S. Reddy, Goggins TF, I.A. Mayer, A.M. Brufsky, D. 
L. Toppmeyer, V.G. Kaklamani, J.L. Berenberg, J. Abrams, G.W. Sledge, Adjuvant 
chemotherapy guided by a 21-gene expression assay in breast cancer, N. Engl. J. 
Med. 379 (2) (2018) 111–121, https://doi.org/10.1056/NEJMoa1804710. Jul 
12Epub 2018 Jun 3. PMID: 29860917; PMCID: PMC6172658. 

[15] J.A. Sparano, R.J. Gray, D.F. Makower, K.I. Pritchard, K.S. Albain, D.F. Hayes, C. 
E. Geyer Jr, E.C. Dees, E.A. Perez, J.A. Olson Jr, J. Zujewski, T. Lively, S.S. Badve, 
T.J. Saphner, L.I. Wagner, T.J. Whelan, M.J. Ellis, S. Paik, W.C. Wood, P. Ravdin, 
M.M. Keane, H.L. Gomez Moreno, P.S. Reddy, T.F. Goggins, I.A. Mayer, A. 
M. Brufsky, D.L. Toppmeyer, V.G. Kaklamani, J.N. Atkins, J.L. Berenberg, G. 
W Sledge, Prospective validation of a 21-gene expression assay in breast cancer, 
N. Engl. J. Med. 373 (21) (2015) 2005–2014, https://doi.org/10.1056/ 
NEJMoa1510764. Nov 19Epub 2015 Sep 27. PMID: 26412349; PMCID: 
PMC4701034. 

[16] J.A. Sparano, R.J. Gray, P.M. Ravdin, D.F. Makower, K.I. Pritchard, K.S. Albain, D. 
F. Hayes, C.E. Geyer Jr, E.C. Dees, M.P. Goetz, J.A. Olson Jr, T. Lively, S.S. Badve, 
T.J. Saphner, L.I. Wagner, T.J. Whelan, M.J. Ellis, S. Paik, W.C. Wood, M.M. Keane, 
H.L. Gomez Moreno, P.S. Reddy, T.F. Goggins, I.A. Mayer, A.M. Brufsky, D. 
L. Toppmeyer, V.G. Kaklamani, J.L. Berenberg, J. Abrams, G.W. Sledge, Clinical 
and genomic risk to guide the use of adjuvant therapy for breast cancer, N. Engl. J. 
Med. 380 (25) (2019) 2395–2405, https://doi.org/10.1056/NEJMoa1904819. Jun 
20Epub 2019 Jun 3. PMID: 31157962; PMCID: PMC6709671. 

[17] J.A. Sparano, R.J. Gray, D.F. Makower, K.I,. Pritchard, K.S. Albain, D.F. Hayes, C. 
E Geyer Jr, E.C Dees, M.P Goetz, J.A Olson Jr, T Lively, S.S. Badve, T.J. Saphner, L. 
I,. Wagner, T.J. Whelan, M.J. Ellis, S Paik, W.C Wood, P.M. Ravdin, M.M Keane, H. 
L. Gomez Moreno, P.S. Reddy, T.F. Goggins, I.A. Mayer, A.M. Brufsky, D. 
L Toppmeyer, V.G. Kaklamani, J.L Berenberg, J. Abrams, G.W. Sledge Jr, Adjuvant 
Chemotherapy Guided by a 21-Gene Expression Assay in Breast Cancer, N Engl J 
Med 379 (2) (2018) 111–121, https://doi.org/10.1056/NEJMoa1804710. Jul 12, 
Epub 2018 Jun 3. PMID: 29860917; PMCID: PMC6172658. 

[18] F. Cardoso, S. Kyriakides, S. Ohno, F. Penault-Llorca, P. Poortmans, I.T. Rubio, 
S. Zackrisson, E. Senkus, E.S.M.O. Guidelines Committee, Electronic address: 
clinicalguidelines@esmo.org. early breast cancer: ESMO clinical practice 
Guidelines for diagnosis, treatment and follow-up†, Ann. Oncol. 30 (8) (2019) 
1194–1220, https://doi.org/10.1093/annonc/mdz173. Aug 1Erratum in: Ann 
Oncol. 2019 Oct 1;30(10):1674. Erratum in: Ann Oncol. 2021 Feb;32(2):284. 
PMID: 31161190. 

[19] American society of clinical oncology 2007 update of recommendations for the use 
of tumor markers in breast cancer, J. Oncol. Pract. 3 (6) (2007) 336–339, https:// 
doi.org/10.1200/JOP.0768504. NovPMID: 29436954; PMCID: PMC2793754. 

[20] NCCN Guidelines. 01.2019. Available at: https://www.nccn.org/store/login/login. 
aspx?ReturnURL=https://www.nccn.org/professionals/physician_gls/pdf/breast. 
pdf. 

[21] IQWiG Press Releases, September 2018. Available at: https://www.iqwig.de/en/pr 
ess/press-releases/biomarker-tests-in-breast-cancer-new-study-data-indicate-ad 
vantage-for-certain-patients.10059.html. IQWiG Press Release 2020. Available at: 
https://www.iqwig.de/en/press/press-releases/biomarker-tests-for-decision-maki 
ng-on-chemotherapy-for-breast-cancer-no-evidence-of-transferability.12882.html. 

[22] H.J. Burstein, G. Curigliano, S. Loibl, P. Dubsky, M. Gnant, P. Poortmans, 
M. Colleoni, C. Denkert, M. Piccart-Gebhart, M. Regan, H.J. Senn, E.P. Winer, 
Thurlimann B; Members of the St. Gallen international consensus panel on the 
primary therapy of early breast cancer 2019. estimating the benefits of therapy for 
early-stage breast cancer: the St. Gallen international consensus guidelines for the 
primary therapy of early breast cancer 2019, Ann. Oncol. 30 (10) (2019) 
1541–1557, https://doi.org/10.1093/annonc/mdz235. Oct 1PMID: 31373601. 

[23] K.H. Allison, M.E.H. Hammond, M. Dowsett, S.E. McKernin, L.A. Carey, P. 
L. Fitzgibbons, D.F. Hayes, S.R. Lakhani, M. Chavez-MacGregor, J. Perlmutter, C. 
M. Perou, M.M. Regan, D.L. Rimm, W.F. Symmans, E.E. Torlakovic, L. Varella, 
G. Viale, T.F. Weisberg, L.M. McShane, A.C. Wolff, Estrogen and progesterone 
receptor testing in breast cancer: ASCO/CAP guideline update, J. Clin. Oncol. 38 

(12) (2020) 1346–1366, https://doi.org/10.1200/JCO.19.02309. Apr 20Epub 
2020 Jan 13. PMID: 31928404. 

[24] A.C. Wolff, M.E.H. Hammond, K.H. Allison, B.E. Harvey, P.B. Mangu, J.M. 
S. Bartlett, M. Bilous, I.O. Ellis, P. Fitzgibbons, W. Hanna, R.B. Jenkins, M.F. Press, 
P.A. Spears, G.H. Vance, G. Viale, L.M. McShane, M. Dowsett, Human epidermal 
growth factor receptor 2 testing in breast cancer: american society of clinical 
oncology/college of american pathologists clinical practice guideline focused 
update, J. Clin. Oncol. 36 (20) (2018) 2105–2122, https://doi.org/10.1200/ 
JCO.2018.77.8738. Jul 10Epub 2018 May 30. PMID: 29846122. 

[25] S. Holt, G. Bertelli, I. Humphreys, W. Valentine, S. Durrani, D. Pudney, M. Rolles, 
M. Moe, S. Khawaja, Y. Sharaiha, E. Brinkworth, S. Whelan, S. Jones, H. Bennett, C. 
J. Phillips, A decision impact, decision conflict and economic assessment of routine 
Oncotype DX testing of 146 women with node-negative or pNImi, ER-positive 
breast cancer in the U.K, Br. J. Cancer 108 (11) (2013) 2250–2258, https://doi. 
org/10.1038/bjc.2013.207. Jun 11Epub 2013 May 21. PMID: 23695023; PMCID: 
PMC3681004. 

[26] A.E. Giuliano, S.B. Edge, G.N. Hortobagyi, Eighth edition of the AJCC cancer 
staging manual: breast cancer, Ann. Surg. Oncol. 25 (2018) 1783–1785, https:// 
doi.org/10.1245/s10434-018-6486-6. 

[27] Ran Cheng, Xiangyi Kong, Xiangyu Wang, Yi Fang, Jing Wang, Oncotype DX breast 
recurrence score distribution and chemotherapy benefit among women of different 
age groups with HR-positive, HER2-negative, node-negative breast cancer in the 
SEER database, Front. Oncol. 10 (2020) n. pag. 

[28] V.E. Crolley, H. Marashi, S. Rawther, B. Sirohi, M. Parton, J. Graham, A. Vinayan, 
S. Sutherland, A. Rigg, A. Wadhawan, C. Harper-Wynne, E. Spurrell, H. Bond, 
F. Raja, J. King, The impact of Oncotype DX breast cancer assay results on clinical 
practice: a UK experience, Breast Cancer Res. Treat. 180 (3) (2020) 809–817, 
https://doi.org/10.1007/s10549-020-05578-6. AprEpub 2020 Mar 13. PMID: 
32170635; PMCID: PMC7103011. 

[29] Saad Abdalla Al-Zawi Abdalla, The Oncotype DX recurrence score impact on the 
management of ER-positive, HER2-negative, node-negative breast cancer, Med. 
Res. J. 6 (3) (2021) 211–216, https://doi.org/10.5603/MRJ.a2021.0041. 

[30] N. Green, P. Leighton, C. Fowler, Audit of the routine introduction of Oncotype DX 
testing in a single breast unit, Ejso (2017) 43. 

[31] S.M. Stemmer, M. Steiner, S. Rizel, D.B. Geffen, B. Nisenbaum, T. Peretz, 
L. Soussan-Gutman, A. Bareket-Samish, K. Isaacs, O. Rosengarten, G. Fried, 
D. McCullough, C. Svedman, S. Shak, N. Liebermann, N. Ben-Baruch, Clinical 
outcomes in ER± HER2 -node-positive breast cancer patients who were treated 
according to the Recurrence Score results: evidence from a large prospectively 
designed registry, NPJ Breast Cancer 3 (2017) 32, https://doi.org/10.1038/ 
s41523-017-0033-7. Sep 8PMID: 28900632; PMCID: PMC5591314. 

[32] U. Nitz, O. Gluz, M. Christgen, R.E. Kates, M. Clemens, W. Malter, B. Nuding, 
B. Aktas, S. Kuemmel, T. Reimer, A. Stefek, F. Lorenz-Salehi, P. Krabisch, M. Just, 
D. Augustin, C. Liedtke, C. Chao, S. Shak, R. Wuerstlein, H.H. Kreipe, N Harbeck, 
Reducing chemotherapy use in clinically high-risk, genomically low-risk pN0 and 
pN1 early breast cancer patients: five-year data from the prospective, randomised 
phase 3 West German study group (WSG) plan B trial, Breast Cancer Res. Treat 165 
(3) (2017) 573–583, https://doi.org/10.1007/s10549-017-4358-6. OctEpub 2017 
Jun 29. Erratum in: Breast Cancer Res Treat. 2019 Jan 10;: PMID: 28664507; 
PMCID: PMC6336763. 

[33] E. Schaafsma, B. Zhang, M. Schaafsma, C.Y. Tong, L. Zhang, C. Cheng, Impact of 
Oncotype DX testing on ER+ breast cancer treatment and survival in the first 
decade of use, Breast Cancer Res. 23 (1) (2021) 74, https://doi.org/10.1186/ 
s13058-021-01453-4. Jul 17PMID: 34274003; PMCID: PMC8285794. 

[34] J. Loncaster, A. Armstrong, S. Howell, G. Wilson, R. Welch, A. Chittalia, W. 
J. Valentine, N.J. Bundred, Impact of Oncotype DX breast Recurrence Score testing 
on adjuvant chemotherapy use in early breast cancer: real world experience in 
Greater Manchester, UK, Eur. J. Surg. Oncol. 43 (5) (2017) 931–937, https://doi. 
org/10.1016/j.ejso.2016.12.010. MayEpub 2017 Jan 9. Erratum in: Eur J Surg 
Oncol. 2017 Nov 23;: PMID: 28111076. 

[35] J.J. Carlson, J.A. Roth, The impact of the Oncotype Dx breast cancer assay in 
clinical practice: a systematic review and meta-analysis, Breast Cancer Res. Treat 
141 (2013) 13–22, https://doi.org/10.1007/s10549-013-2666-z. 

[36] A.F. Ibraheem, D.J. Press, O.I. Olopade, D. Huo, Community clinical practice 
patterns and mortality in patients with intermediate oncotype DX recurrence 
scores: who benefits from chemotherapy? Cancer 125 (2) (2019) 213–222, https:// 
doi.org/10.1002/cncr.31818. Jan 15Epub 2018 Nov 2. PMID: 30387876; PMCID: 
PMC6329644. 

[37] R. Cheng, X. Kong, X. Wang, Y. Fang, J. Wang, Oncotype DX breast recurrence 
score distribution and chemotherapy benefit among women of different age groups 
with HR-positive, HER2-negative, node-negative breast cancer in the SEER 
database, Front. Oncol. 10 (2020) 1583, https://doi.org/10.3389/ 
fonc.2020.01583. Oct 30PMID: 33194568; PMCID: PMC7663955. 

A. Munir et al.                                                                                                                                                                                                                                   

https://doi.org/10.1111/tbj.14068
https://doi.org/10.1111/tbj.14068
http://refhub.elsevier.com/S2468-2942(22)00162-9/sbref0012
http://refhub.elsevier.com/S2468-2942(22)00162-9/sbref0012
http://refhub.elsevier.com/S2468-2942(22)00162-9/sbref0012
http://refhub.elsevier.com/S2468-2942(22)00162-9/sbref0012
https://doi.org/10.1002/cncr.24990
https://doi.org/10.1056/NEJMoa1804710
https://doi.org/10.1056/NEJMoa1510764
https://doi.org/10.1056/NEJMoa1510764
https://doi.org/10.1056/NEJMoa1904819
https://doi.org/10.1056/NEJMoa1804710
https://doi.org/10.1093/annonc/mdz173
https://doi.org/10.1200/JOP.0768504
https://doi.org/10.1200/JOP.0768504
https://www.nccn.org/store/login/login.aspx?ReturnURL=https://www.nccn.org/professionals/physician_gls/pdf/breast.pdf
https://www.nccn.org/store/login/login.aspx?ReturnURL=https://www.nccn.org/professionals/physician_gls/pdf/breast.pdf
https://www.nccn.org/store/login/login.aspx?ReturnURL=https://www.nccn.org/professionals/physician_gls/pdf/breast.pdf
https://www.iqwig.de/en/press/press-releases/biomarker-tests-in-breast-cancer-new-study-data-indicate-advantage-for-certain-patients.10059.html
https://www.iqwig.de/en/press/press-releases/biomarker-tests-in-breast-cancer-new-study-data-indicate-advantage-for-certain-patients.10059.html
https://www.iqwig.de/en/press/press-releases/biomarker-tests-in-breast-cancer-new-study-data-indicate-advantage-for-certain-patients.10059.html
https://www.iqwig.de/en/press/press-releases/biomarker-tests-for-decision-making-on-chemotherapy-for-breast-cancer-no-evidence-of-transferability.12882.html
https://www.iqwig.de/en/press/press-releases/biomarker-tests-for-decision-making-on-chemotherapy-for-breast-cancer-no-evidence-of-transferability.12882.html
https://doi.org/10.1093/annonc/mdz235
https://doi.org/10.1200/JCO.19.02309
https://doi.org/10.1200/JCO.2018.77.8738
https://doi.org/10.1200/JCO.2018.77.8738
https://doi.org/10.1038/bjc.2013.207
https://doi.org/10.1038/bjc.2013.207
https://doi.org/10.1245/s10434-018-6486-6
https://doi.org/10.1245/s10434-018-6486-6
http://refhub.elsevier.com/S2468-2942(22)00162-9/sbref0026
http://refhub.elsevier.com/S2468-2942(22)00162-9/sbref0026
http://refhub.elsevier.com/S2468-2942(22)00162-9/sbref0026
http://refhub.elsevier.com/S2468-2942(22)00162-9/sbref0026
https://doi.org/10.1007/s10549-020-05578-6
https://doi.org/10.5603/MRJ.a2021.0041
http://refhub.elsevier.com/S2468-2942(22)00162-9/sbref0029
http://refhub.elsevier.com/S2468-2942(22)00162-9/sbref0029
https://doi.org/10.1038/s41523-017-0033-7
https://doi.org/10.1038/s41523-017-0033-7
https://doi.org/10.1007/s10549-017-4358-6
https://doi.org/10.1186/s13058-021-01453-4
https://doi.org/10.1186/s13058-021-01453-4
https://doi.org/10.1016/j.ejso.2016.12.010
https://doi.org/10.1016/j.ejso.2016.12.010
https://doi.org/10.1007/s10549-013-2666-z
https://doi.org/10.1002/cncr.31818
https://doi.org/10.1002/cncr.31818
https://doi.org/10.3389/fonc.2020.01583
https://doi.org/10.3389/fonc.2020.01583

	A 10 year service evaluation of the survival of 439 patients with early oestrogen receptor positive breast cancer who under ...
	Introduction
	Materials and methods
	Results
	Patient characteristics
	RS distribution and patient characteristics within RS subgroups
	Distant metastasis free survival and loco regional recurrence free survival (Fig. 1)
	Breast cancer death rates

	Discussion
	Ethical approval
	Author contributions statement
	Declaration of Competing Interest
	Acknowledgements
	References


