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Abstract

Background: Oncotype DX risk score, a clinically validat-
ed test that estimates the recurrence and predicts the likeli-
hood of benefit from adjuvant chemotherapy in early ER\PR 
positive, node-negative breast cancer, it is calculated based 
on characteristics of 21 genes that define the ER status, 
Her2 neu status, tumor proliferation, and tumor invasion. 
NCCN guidelines recommend adjuvant endocrine therapy 
for low RS (<18) and systemic adjuvant chemotherapy for 
high RS (>30), but no clear consensus about chemotherapy 
role in intermediate RS [18-30].

The aim of the study: Look for Oncotype Dx correlation, 
with clinicopathologic risk factors (age, tumor histology, 
tumor size, tumor grade, ER/PR status, tumor proliferation 
index) and chemotherapy. We did also evaluate how John 
Hopkins university recurrence score online tool can be uti-
lized in filtering patient for Oncotype DX testing. 

Methods: Retrospective records review of approximately 
54 patients who had Oncotype DX test during 2012-2017 in 
National Cancer Center–Qatar. 

Result: Of 54 patients studied 64.8% had low RS, 27.8% 
had intermediate RS, and 7.4% had high RS. Univariate 
analysis showed significant correlation with tumor grade 
(p<0.003), PR% status (cut-off 1%; p<0.016) and Ki67% 
(cut-off 20%; p<0.001). There was no significant correlation 
with patient age, tumor histology or tumor size. In multi-
variate analysis, only Ki67% predicted the Oncotype DX RS 
(p<0.028). JHU recurrence score had a moderate associa-
tion with Oncotype DX RS at strength of agreement 0.524 
(Cohen Kappa) 

Adjuvant chemotherapy treatment correlated signifi-
cantly with the Oncotype DX RS in both univariate analysis 
(p < 0.002) and multivariate analysis (p < 0.003)

Conclusion: Oncotype RS correlates significantly with the 
tumor grade, Ki67%, PR status, and chemotherapy treat-
ment. JHU recurrence score has reasonable utility in filter-
ing patient for Oncotype DX testing.

Keywords: Oncotype DX; Retrospective study; positive breast 
cancer; chemotherapy treatment
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Introduction 

Oncotype DX risk score, a clinically validated test that esti-
mates the recurrence and predicts the likelihood of benefit 
from adjuvant chemotherapy in early node negative, hormonal 
receptors positive breast cancer treated with endocrine thera-
py [1]. It is calculated based on characteristics of 21 genes that 
define the ER status, Her2 neu status, tumor proliferation, and 
tumor invasion [1]. Node-negative breast cancer with low RS 
(<18, predicted 10 years recurrence 7%) gains little or no ben-
efit from adjuvant chemotherapy while those with a high RS 
(>30, predicted 10 years recurrence 31% ) derive much benefit 
[2]. patients with intermediate Oncotype DX risk score (18-30, 
predicted 10 years recurrence 14%) [3], did not derive benefit 
from adding chemotherapy to the endocrine therapy as recent-
ly found by TAILORx trial [4], except some for patients 50 years 
of Age or younger with a recurrence score of 16 to 25. 

The assay has been used in the adjuvant treatment planning 
of node-negative breast cancer and was incorporated into com-
monly accepted guidelines (NCCN, ASCO, ESMO, and St Gallen 
consensus). 

At ESMO congress 2016, results were shared from two stud-
ies, the SEER (Surveillance, Epidemiology and End Results) pro-
gram of the National Cancer Institute (NCI) [5] and the Clalit 
health services [6] showing the clinical utility of Oncotype DX 
RS in predicting breast cancer outcomes in patients with early-
stage, node-positive disease. Oncologist started utilizing Onco-
type DX RS for similar patient with node-positive breast cancer.

Shreds of evidence that show molecular tests have a role in 
individualizing therapy of early breast cancer are increasing [7]. 
Correlating clinical and pathological risk factors with Oncotype 
DX RS will be of benefit in identifying factors which are closely 
related and provide an overall estimate of a likely Oncotype DX 
risk category for particular patient before requesting the test.

The John Hopkins breast cancer recurrence estimator [8] an 
online tool that, gives an approximation of the Oncotype DX RS 
by entering the ER\PR percentage, Ki67% and grade of the tu-
mor. It is intended to filter patient with early hormone receptor-
positive breast cancer for Oncotype testing. Patients with low 
risk of recurrence identified by the estimator can be deferred 
Oncotype testing and treated accordingly with endocrine thera-
py, but how reliable is this? 

We studied the correlation between clinical\pathological fac-
tors, Oncotype DX, and chemotherapy; we also evaluated how 
JHU recurrence score tool can be utilized in filtering patient for 
Oncotype DX testing 

Materials and methods 

Patients 

The study was performed in national cancer center–Qatar. 
The medical research committee approved the protocol with 
reference (MRC-01-18-128). Patients were eligible for the study 
if they were hormone receptors positive, her2 negative, early 
breast cancer diagnosed between 2012-2017 and had Oncotype 
DX test in the institutional database. 54 patients were identified 
retrospectively and included for the study. Clinicopathologic pa-
rameters including age, histologic type, tumor size, tumor grade, 
ER status, PR status, Ki-67 index, John Hopkins recurrence score, 

as well as ODxRS and chemotherapy treatment were obtained 
from the medical record for each patient. 

Statistical analysis 

Statistical analysis using ordinal (Oncotype DX, JHU risk score) 
and nominal data (clinicopathologic factors). The correlation of 
Oncotype DX RS with clinicopathologic factors and chemother-
apy was done using Pearson chi-square for univariate analysis 
and logistic regression for multivariate analysis. 

Correlation of Oncotype DX RS with JHU recurrence score 
was done by using the Cohen Kappa correlation test and match-
ing.

All tests were 2 tailed and with P-value ≤0.05 considered to 
be statistically significant.

Results 

Oncotype DX RS utilization 

Oncologist in our institute started requesting Oncotype DX 
test for the eligible patient after validation of the test through 
analysis of tumor bio-specimens from patient enrolled in the 
NSABP –B14 clinical trial 2011.

In 2012 our record showed that only 2 patients had the test, 
compared to 11 in 2013, 7 in 2014, 10 in 2015, 12 in 2016 and 
9 in 2017 (Figure 1). There was almost constant utilization for 
his test since 2013. The average tests performed per year was 
10. From mid-2017, Oncotype DX testing for node-positive her 
2 negative early breast cancer was noted. 

Patient and tumor description 

In total, 54 patients were enrolled, (table 1) summarize the 
patient’s characteristics. The median age of studied patients 
was 49 years old (range 30-73 years) with 55.6% ≤ 50 years old. 
The major histology type was invasive ductal carcinoma reach-
ing 90.7%. The median tumor size was 1.7 cm (range 0.6-4.5 
cm). 57.4% (n=31) of the studied tumors were grade 2 by Not-
tingham grading system, 35.2% (n=19) were grade 1, and 7.4% 
(n=4) were grade 3. Overall, 51 (94.4%) patient were PR positive 
and only 3 (5.6%) were PR negative. Most of the patients 75.9% 
(41\54) had tumor with low proliferation index ki67% ≤20.

Figure 1: Numbers of oncotype DX tests per year  2012-2017
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Table 1: Summary of patient’s and tumor characteristics for total 54 patients

OSDX RS
Age Histology size Grade PR status ki67%

≤50 >50 IDC Non IDC T1  ≤2 T2 >2≤5 G1/G2 G3 PR+ PR- ≤20 >20

Low 21 14 31 4 24 11 33 2 35 0 30 5

Inter 7 8 14 1 11 4 15 0 12 3 11 4

High 2 2 4 0 3 1 2 2 4 0 0 4

Figure 2

Oncotype DX correlation with clinicopathologic factors 

Of the 54 patients studied 35 (64.8%) patients had a low 
score, 15 (27.8%) patients had an intermediate score, and 4 
(7.4%) had a high score (figure 2). Univariate analysis (Pearson 
chi-square) showed no significant correlation with patient’s age 
(P =0.68), tumor histology (p 0.99) or size (P =0.92). Three of 
the studied clinicopathologic risk factors including tumor grade 
(p<0.003), PR% status (cut-off 1%; p<0.016) and Ki67% (cut-off 
20%; p<0.001) significantly correlated with Oncotype DX RS in 
univariate analysis.

 Patients of age ≤50 years old were majority 60% (n 21/35) 
in the low-risk group of compared to 46.7% (n 7/15) in inter-

mediate and 50% (n 2/4) in the high-risk group. Prevalence of 
patients who are ≤50 years old was approaching 39% in the low-
risk group compared to 16.7% in the remaining risk groups. The 
age did not show significant correlation with Oncotype DX as 
mentioned above.

The tumor size did not show a significant correlation to On-
cotype DX. Tumor size ≤2 cm (T1) was the measure in 68.6% (n 
24/35) of low risk tumors, 73.3% (n 11/15) of intermediate and 
75% (n 3/4) of the high risk tumor, While tumor size > 2 cm (T2) 
reported in 31.4% (n 11/35) of low-risk tumors compared to 
26.7% (n 4/15) of intermediate and 25% (n 1/4) of the high-risk 
tumors, while Tumor grade was one of the three variables that, 
showed significant correlation with Oncotype DX RS (p<0.003). 
66% (n 33/50) of patients who had low-grade tumor (G1\G2) 
were reported in the low-risk group, representing 61% of the 
whole sample. On the other side, 30% (15/50) of patient classi-
fied as low-grade tumor (G1/G2) reported in intermediate and 
4% (2/50 in high RS). 

Low RS patients are more likely to express progesterone re-
ceptors 68.6% (LR 8, P < 0.017). 

All progesterone receptor negative tumors were noticed to 
be of an intermediate score.

ki67% did differ significantly between Oncotype DX RS 
groups. 30 patients with Ki67 ≤ 20% had low-risk Oncotype DX, 
compared to 11 patients in the intermediate /high RS category.

Despite the significant correlation of three pathologic factors 
(tumor grade, PR% status and Ki67%) with Oncotype DX RS in 
univariate analysis, only ki67% predicted the Oncotype DX RS in 
multivariate analysis, (OR 4.36 CI 1.17-16.23 P<0.028). 

Table 2: Clinicopathologic risk factors correlation with Oncotype DX RS 

Low 
Oncotype RS

Intermediate 
Oncotype RS

High 
Oncotype RS 

Univariate 
analysis
 P value 

Multivariate 
analysis
P value

Age

0.68 0.374≤50 21 (70%) 7 (23.3%) 2 (6.7%)

>50 14 (58.3%) 8 (33.3%) 2 (8.3%)

Histology 

0.99 0.92IDC 31 (63.3%) 14 (28.6%) 4 (8.1%)

Non IDC 4 (80%) 1 (20%) 0 (0%)

Tumor size 

0.92 0.695≤2 cm 24 (63.2) 11 (29%) 3 (7.8%)

>2 cm 11 (68.8%) 4 (25%) 1 (6.2%)



Tumor grade 

0.003 0.525G1\G2 33 (66%) 15 (30%) 2 (4%)

G3 2 (50%) 0 (0%) 2 (50%)

PR status 

0.016 0.999PR+ 35 (68.6%) 12 (23.5%) 4 (7.9%)

PR- 0 (0%) 3 (100%) 0 (0%)

KI67%

0.001 0.028≤20 30 (73.2%) 11 (26.8%) 0 (0%)

>20 5 (38.4%) 4 (30.8%) 4 (30.8%)
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Oncotype DX RS association with JHU recurrence score 

The John Hopkins breast cancer recurrence score is esti-
mated from the online equation that uses the percentage of 
tumor cells that express ER and PR, ki67% and tumor grade [8]. 
The result is either low or undetermined risk of recurrence. In 
our cohort ( table 3), From the 35 patients reported with low 
Oncotype DX RS, JHU recurrence score predicted accurately the 
result of 28 patients (80%), all 7 (20%) remaining patients had 
intermediate RS, and none of them had high RS. 

All the 4 (100%) patients with high Oncotype DX RS had un-
determined JHU recurrence score. 

when patients with intermediate\high Oncotype DX risk 
score are matched to either low or undetermined JHU score, 
the strength of agreement (Cohen Kappa) between Oncotype 
DX and JHU recurrence score was moderate at Kappa = 0.524 
(95% confidence interval: 0.290 to 0.759)

Oncotype DX and clinicopathologic factors correlation with 
chemotherapy

Oncotype DX RS strongly correlated with chemotherapy in 
both univariate (p <0.002) and multivariate analysis (P< 0.003) 
(table 4A). Of the total 54 patients, 12 patients (22.2%) received 
adjuvant chemotherapy. Chemotherapy was given to 3/35 
(8.6%) patient with low, 6\15 (40%) patient with intermediate 
and 3 of 4 patients (75%) with high Oncotype DX RS. 2 of the 
3 patient in the low-risk Oncotype DX RS group had adjuvant 
chemotherapy because of tumor size. In the high-risk Oncotype 
DX RS group, 1 patient refused adjuvant chemotherapy because 
of personal preference. Having intermediate to high Oncotype 
DX RS demonstrated the highest predictive value for adjuvant 
chemotherapy treatment with an OR of 32 (95% CI, 2.4-411.4; 
P <0.008). Of the 42 patients who did not receive adjuvant che-
motherapy, 76.2% belonged to low-risk group versus 23.8% 
categorized into intermediate/high groups. Overall, low-risk 
Oncotype DX RS patients were far less likely to receive adjuvant 
chemotherapy than those with high-risk Oncotype DX RS.

Patient age, tumor histology, Tumor size, tumor grade, PR 
status, and ki67%) show no correlation with adjuvant chemo-
therapy treatment in neither univariate nor multivariate analy-
sis (table 4B).

Table 3: Clinicopathologic risk factors correlation with Onco-
type DX RS 

Risk scores
JHU RS Low  

(No of patients)

JHU RS  
Undetermined  

(No of patients)

Low Oncotype RS 28 7 

Intermediate Oncotype RS 5 10 

High Oncotype RS 0 4

Table 4: Clinicopathologic risk factors correlation with Onco-
type DX RS 

Adjuvant Chemotherapy
Uni-

variate 
analysis

Multivari-
ate analysis

No Yes P value
OR  95% CI   

P value

Low Oncotype 
DX RS

32 (91.4%) 3 (8.6%)

0.002
9.6  (2.17-

42.47) 0.003
Intermediate 

Oncotype DX RS 
9 (60%) 6 (40%)

High Oncotype 
DX RS 

1 (25%)  3 (75%)
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Table 4b: Clinicopathologic risk factors correlation with chemotherapy 

No adjuvant chemotherapy Adjuvant chemotherapy
Univariate analysis 

P value 
Multivariate analysis

P value 

Total patients 42 (77.8%) 12 (22.2%)

Age

0.124 0.135≤50 21 (50%) 9 (75%)

>50 21 (50%) 3 (25%)

Histology 

0.76 0.89IDC 38 (90.5%) 11 (91.7%)

Non IDC 4  (9.5%) 1  (8.3%)

Tumor size 

0.08 0.89≤2 cm 32 (76.2%) 6 (50%)

>2 cm 10 (23.8%) 6 (50%)

Tumor grade 

0.89 0.088G1\G2 39 (92.9%) 11 (91.7%)

G3 3 (7.1%) 1  (8.3%)

PR status 

0.634 0.63PR+ 40 (95.2%) 11 (91.7%)

PR- 2 (4.8%) 1 (8.3%)

KI67%

0.106 0.115≤20 34 (81%) 7 (58.3%)

>20 5 (19%) 5 (41.7%)

Discussion 

Oncotype DX RS had impact on the treatment of early node-
negative ER+ breast cancer, as prognostic test of 10 years metas-
tases occurrence and predictive of response to treatment with 
tamoxifen versus tamoxifen plus chemotherapy; [10,11]. The 
importance of the test for node-positive ER+ cancer is evolving; 
however the evidence on analytical validity of Oncotype DX is 
partial, as there is no gold standard test with which the Onco-
type DX can be compared. Our study results suggest correlation 
with tumor grade, PR score and Ki67%, as shown in some stud-
ies with similar objectives. 

Ki67 testing was the only significant predictor of the Onco-
type DX risk score when we did the multivariate analysis. This 
finding reduces the significance of contribution of tumor grade 
and the PR score to the Oncotype risk score and sub selects 
the Ki67% as the highest correlating factor with the Oncotype 
DX from the three factors. Despite this finding in multivariate 
analysis all three pathologic factors should be considered to 
identify those patients who require more careful evaluation of 
prognostic parameters and potentially molecular testing. 

The JHU recurrence score did include the above significant 
pathologic factors, it had a moderate level of agreement, and 
could be useful when the result is undetermined, as for these 
patients Oncotype DX RS testing will be needed for treatment 
optimization. Patients who had low-risk JHU recurrence score 
might be spared the cost of the molecular test, giving that 80% 
end up with low and 20% will be an intermediate molecular 
score, however, both the oncologist and the patient might not 

feel comfortable to skip the more reliable molecular test. The 
JHU risk score might be reasonable option to use for patients 
with limited finance and will help in planning of their care. 

Similar recurrence score tools to JHU are available for use. 
University of Tennessee health science center recurrence score 
[12] is an example of these estimation tool, but it was not in-
cluded in this study, and it might be worthy finding its level of 
agreement with Oncotype DX risk score. 

The molecular testing had effect on the decision of adjuvant 
chemotherapy in early breast cancer as an independent predic-
tor of the likelihood benefit from chemotherapy currently for 
node negative and probably for node positive early breast can-
cer in the near future. 

Is that enough? Probably not. 

Combining the genomics of the tumor with other character-
istics might give additional tools for more accurate prognosis 
that help the professionals in individualization and optimization 
of early breast cancer treatment. This point was explored by 
at least one study the Endopredict [13,14]. It was a retrospec-
tive analysis of 1702 postmenopausal ER+/HER2− breast cancer 
patients from two adjuvant phase III trials (ABCSG6, ABCSG8) 
treated for 5 years with endocrine therapy. The test incorporat-
ed genomics, tumor size and node status together into the EP-
clin score (low <3.3 high >3.3) that estimates the 5 and 10 years 
breast cancer recurrence (low < 10%, high >10%). The addition 
of the EP score to clinico-pathological parameters resulted in 
improvement of the prognostic performance of the test. Inter-



estingly the Endopredict study did show that expression levels 
of proliferative and ER signaling genes contribute differentially 
to the early and late distant metastases. A high expression of 
genes–thought to contribute to cell cycle progression is signifi-
cantly associated with higher rates of distant metastasis dur-
ing the first 5 years but no longer shows a significant additional 
prognostic performance during the timespan thereafter. In con-
trast, genes associated with ER signaling were not significantly 
associated with early metastases but showed additional prog-
nostic information in the second time. Personalized estimate of 
relapse risk after 5 years of endocrine treatment can improve 
patient selection for extended treatment with endocrine ther-
apy The EPclin stratified 64% of patients at risk after 5 years 
into a low-risk subgroup with an absolute 1.8% of late DM at 10 
years of follow-up. 

Conclusion

Oncotype DX RS correlates significantly with the tumor grade, 
Ki67%, PR status, and chemotherapy treatment. The validity of 
the Oncotype DX test is partial and more knowledge of the char-
acteristics and genomics, particularly genes with influence on 
proliferation and dissemination will help to produce tools that 
estimate the prognosis more accurately and predicts additional 
therapeutic benefits.

JHU recurrence score has reasonable utility in filtering pa-
tient for Oncotype DX

The evidence of improvement in clinical outcome for patients 
treated based on Oncotype DX results still to be determined in 
the future, with prospective cohort studies and prolonged clini-
cal follow up times 
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