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ABSTRACT

BACKGROUND: Oncotype Dx is used to predict the long-term recurrence risk in patients with estrogen receptor (ER)-positive and human
epidermal growth factor receptor 2 (HER2)-negative invasive breast cancer (BC). This study aimed at establishing a correlation between
clinicopathological parameters and recurrence score (RS), subsequently improving predictability and ultimately justifying the use of the mul-
tigene assay.

MATERIALS AND METHODS: A retrospective analysis of the pathology and clinical data of 114 female patients with BC who had Oncotype
Dx testing between 2012 and 2019. The pathological parameters included are tumor cell type, tumor grade, pathological stage, and mitotic
index (Ml). The expression of ER, progesterone receptor (PR), HER2, and Ki67 was assessed by immunohistochemistry. A univariate and
multivariate linear regression analysis was performed to assess the correlation between these parameters and the RS.

RESULTS: In univariate analysis, age (<40years), higher tumor grade, and low PR expression were significantly associated with higher RS
(P=.02; <.001; and <.001, respectively). Both Ml and Ki67 were also strongly correlated with an increase in the RS with a P value of .01
(Spearman correlation 0.34 and 0.33). In multivariate linear regression analysis, age, MI, and Ki67 lost their significance, but both higher
grade and PR remained significantly associated with a higher RS along with the tumor stage (P<.001; <.001; and .04, respectively).

CONCLUSIONS: Tumor grade and PR immunohistochemical expression are the main predictors of RS in our study population. Other clin-
icopathological features were not significant predictors of change in RS in multivariate analysis.
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Introduction

Breast cancer (BC) is a leading cause of mortality among
women worldwide with an estimated 40 000 deaths in a year in
the United States.! In the last decade, the mortality rate has
substantially decreased due to an early diagnosis and adjuvant
therapies.? It has been a global standard to report the hormone
receptor status of the BC because of its influence on the man-
agement decisions. Estrogen negative tumors are more aggres-
sive and more likely to be treated with chemotherapy, compared
with the estrogen-positive tumors which are relatively less
aggressive and are almost always treated with antiestrogen
therapy.3 Studies have shown that about half of the BC cases
would turn out to be estrogen receptor (ER) positive and node
negative.*> Some of these patients would also need adjuvant
chemotherapy to improve their 5-year recurrence-free

survival,® and their identification is therefore pivotal. Recent
advances in the fields of molecular pathology and genomics
have enhanced our ability to identify these cases.

Oncotype Dx is a commercially available multigene assay
(Genomic Health, Inc, Redwood City, CA, USA) that uses a
quantitative reverse transcription polymerase chain reaction
(RT-PCR) technique involving 21 genes. It determines the
long-term recurrence risk (RR) for patients with ER-positive
and human epidermal growth factor receptor 2 (HER2)-
negative BCs and can therefore make the benefit of adjuvant
chemotherapy more predictable. It provides a numeric recur-
rence score (RS) with a range of 0 to 100 and divided into low
(0-17),intermediate (18-30), and high (=31) scores bearing an
average RR of 6.8%, 14.3%, and 30.5%, respectively.” However,

more recently, the range of 3 RS categories has been shifted a
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bit based on the Trial Assigning Individualized Options for
Treatment (Rx) (TAILORx) data with age being a factor.? Of
the set of 21 genes, 16 correspond to cancer genes and the
remaining 5 are reference genes. The 16 cancer genes are fur-
ther subdivided into 5 genes from the proliferation group
(Ki67, STK15, Survivin, CCNB1, and MYBL2), 5 genes from
the ER group (ER, PGR, BCL2, and SCUBE2), 2 genes from
the HER2neu group (HER2 and GRB7), 2 genes from the
invasion group (MMP11 and CTSL2), and 1 gene from
GTSM1.? The remaining 5 reference genes include GAPDH,
B-Actin, RPLPO, GUS, and TFRC genes.” While calculating
the RS from RT-PCR results, it uses a formula which gives the
highest weight to the genes from the proliferation, ER, and
HER?2 groups. Four of the 16 cancer genes (Ki67, ER, PGR,
and HER2) of the Oncotype Dx assay are routinely measured
as proteins at the expression level by using immunohistochem-
istry on the tumor tissue sections.

Before the advent of Oncotype Dx analysis, the determina-
tion of the aggressive nature of the tumor and decision of adju-
based on the
clinicopathological features (tumor cell type, tumor grade,

vant chemotherapy were common
mitotic score, and tumor size) and above-mentioned immuno-
histochemical parameters. In light of the importance of these
parameters and the weight given to the proliferation, ER, and
HER?2 groups in the multigene assay, it has been speculated
that the clinicopathological parameters and immunohisto-
chemical assessments may also be used to predict the RS.10The
use of the adjuvant chemotherapy also comes along with risks
of toxicity and risk for complications and adverse effects.
Therefore, its use must be justified, and Oncotype Dx assay is a
big revolution in this regard. Contrarily the economic burden
on health care providers to perform this assay on all patients
with BC can limit its use even in patients who would benefit
from it.

This study aimed to assess the correlation between clinico-
pathological parameters, immunohistochemical assessment,
and Oncotype Dx RS, to better select the patients for the assay
and subsequently better predict RR and ultimately justify the
use of multigene assay and use of adjuvant chemotherapy among
patients who would actually benefit from it most. This will also
lead to easing the economic burden by preventing an unneces-
sary ordering of expensive testing. The secondary aim of the
study was to assess the correlation between quantitative expres-
sion by Oncotype Dx and the semi-quantification results of the
proliferation and hormonal markers by immunohistochemistry.

Materials and Methods
Study sample

It is a cross-sectional study involving retrospective analysis of
the pathology reports from 114 female patients with BC (mean
age = SD =522+ 9.3years) by nonprobability consecutive
sampling. Clinicopathological characteristics are given in Table
1. All patients included were positive for ER and negative for

HER2 and underwent Oncotype Dx testing. Most of the
patients were older than 40years, postmenopausal, and having
ductal cell type. Patients were diagnosed with BC between
2012 and 2019 at a tertiary care hospital and an affiliated center
in Riyadh, Saudi Arabia. The study was approved by the local
research ethics committee.

Oncotype Dx testing

The tumor sections for all 114 patients were sent for Oncotype
Dx multigene testing to Genomic Health, Inc, Redwood City,
CA, USA. The reports predicting the RR were received given
as continuous variables as well as stratified into low- (0-17),
intermediate- (18-30), and high-risk (=31) groups. Mean RS
of our patients was 16.8 = 8.2, with 65.8%, 25.4%, and 8.8%
patients in low-, intermediate-, and high-risk categories,

respectively (Table 1).

Pathological parameters

Formalin-fixed, paraffin-embedded, hematoxylin and eosin—
stained tumor sections were used for histologic assessment by
qualified pathologists. The pathological parameters included
histologic cell type of tumor (lobular or ductal), histological
tumor grade (1,2, and 3), tumor pathological stage, and mitotic
score. Tumor grade was assessed by Nottingham criteria, and
mitosis was counted per 10 high-power fields. The mitotic
index (MI) was used as a continuous variable, while tumor
grade, tumor stage, and overall stage (TNM) were categorized
as 1, 2, and 3, and the lymph node status was dichotomized
into 2 groups, negative (0 nodes) and positive (metastasis in

1-3 axillary lymph nodes).

Immunohistochemical parameters

The expression of the hormonal receptor (ER, progesterone
receptor [PR]), HER2, and Ki67 was assessed by immunohis-
tochemistry using monoclonal antibodies, for ER (clone SP1),
PR (clone 1E2), HER2 (clone 4B5), and Ki67 (MIBI).
Immunostaining of ER and PR of =1.0% nuclear staining of
tumor cells is interpreted as positive and <1.0% of tumor cells
or no nuclear is negative. Progesterone receptor immunostain-
ing was further stratified into 0 (<1.0% or no staining), 1+
(=1.0%-25%), 2+ (>25%-75%), and 3+ (>75%). HER2
immunostaining was categorized into 0, 1+, 2+, and 3+, as
per American Society of Clinical Oncology/College of
American Pathologists guidelines.!” Human epidermal growth
factor receptor 2 is interpreted as negative when there is either
no staining or incomplete faint membrane staining in <10% of
tumor cells (0) and when there is incomplete faint membrane
staining in >10% of tumor cells (1+). It is interpreted as posi-
tive when there is complete intense circumferential membrane
staining in >10% of invasive cancer cells (3+). Equivocal
interpretation (2+) is used for either incomplete weak/
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Table 1. Clinicopathological characteristics of 114 patients with breast
cancer.

CHARACTERISTICS N Y%

Age (years)

=40 13 1.4

41+ 101 88.6
Menopause

Pre 51 447

Post 63 55.3
Cell type

Lobular 5 4.4

Ductal 109 95.6
Grade

1 4 36.0

2 61 53.5

3 12 10.5
T stage

1 57 50.0

2 53 46.5

3 4 3.5

N stage (nodes)
Negative (0) 86 75.4
Positive (1-3) 28 24.6

Overall stage (TNM)

Stage | 50 43.9
Stage Il 59 51.8
Stage Il 5 4.4
PR status
0 4 3.5
1+ 14 12.3
24 7 6.1
3+ 89 78.1

Oncotype risk category

Low risk (0-17) 75 65.8
Intermediate risk (18-30) 29 25.4
High risk (=31) 10 8.8

Abbreviations: PR, progesterone receptor; TNM, tumor Node Metastasis.

moderate membrane staining in >10% of tumor cells or when
=<10% of tumor cells show complete, intense, and circumferen-
tial membrane staining.'> Equivocal HER2 stained samples

were only included if they come out to be negative with fluo-
rescence in situ hybridization analysis. For Ki67, 2 areas at the
edge of the tumor tissue and 1 in the center were focused, and
the percentage of positive cells either mild, moderate, or
strongly stained were counted. Based on its expression, the pro-
liferation index was given as continuous variables.

Statistical analysis

Univariate and multivariate analyses were performed to assess
the correlation between the clinicopathological (age, menopau-
sal status, cell type, tumor grade, MI, tumor stage, and nodal
status) and immunohistochemical parameters (PR and Ki67)
with the Oncotype Dx scores using SPSS version 20. The risk
scores were used both as groups (low, intermediate, and high
risk) and as continuous variables. The descriptive statistics were
given as mean = SD for numerical variables and as frequencies
and percentages for categorical variables. Mann-Whitney and
Kruskal-Wallis tests were used to compare the mean difference
across the groups. Linear regression was performed to assess
the effect of a risk factor on the RS and summarize in stepwise
linear regression. Stepwise linear regression was performed for
those predictors whose P value was <.2 in multivariate analy-
sis. A test with a P value of <.05 was considered statistically
significant.

Results

All 114 patients with BC underwent Oncotype Dx testing
over a period of 7years. A total of 96% of our cases were inva-
sive ductal carcinoma (N=109) compared with only 4% of
cases with invasive lobular carcinoma (N =5). Mean RS for the
whole sample was 16.8 = 8.2, and the mean RS of both ductal
and lobular cases was almost equal (17.2+9.1 and 17+ 8.1,
respectively). Most of our cases were grade 2 (53.5%), followed
by grade 1 (36%) and grade 3 (10.5%). A large number of our
cases were tumor stage 1 and 2 (50% and 46.5%) compared
with only 3.5% of stage 3 cases. On the other hand, 52% of
cases were overall stage 2, compared with 44% with overall
stage 1 and only 4.4% cases were overall stage 3. No lymph
node involvement was observed in 75.4% cases, whereas only

24.6% of our cases had nodal involvement (1-3 nodes; Table 1).

Univariate analysis

The analysis was performed to assess the association between
clinicopathological and immunohistochemical parameters and
RS (Table 2). A significant association was observed with age
(P=.02), with higher RSs among cases K40 years of age. Tumor
grade was found to be a strongly significant variable (PX.001),
with higher RS for cases with grade 3 tumors. Among immu-
nohistochemical parameters, PR status was observed to be of
strong significance (PX.001), with higher RS for 1+ expres-
sion followed by 0,2+, and 3+, respectively. Mitotic index and
Ki67 were found to be correlated (P=.01) with a higher RS
(Spearman correlation 0.34 and 0.33, respectively) and were
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Table 2. Univariate analysis of clinicopathological and immunohistochemical parameters with the recurrence score.

RECURRENCE SCORE

MEAN SD

MEDIAN

P VALUE?

PERCENTILE 25 PERCENTILE 75

Age (years)

<40 21.0 6.6 19.0

41+ 16.3 8.3 15.0
Menopause

Pre 18.1 8.0 17.0

Post 15.8 8.3 15.0
Cell type

Lobular 17.0 8.1 17.0

Ductal 16.8 8.3 16.0
Grade

1 12.5 5.3 12.0

2 17.4 7.5 17.0

3 28.3 8.4 26.5

Progesterone receptor

0 22.5 9.5 22.0

1+ 25.9 9.0 24.0

o 17.9 7.4 18.0

3+ 1541 71 14.0
T stage

1 16.5 8.6 16.0

2 17.5 7.8 16.0

3 12.0 9.4 11.0
N stage

No nodes 16.9 8.4 16.0

1-3 nodes 16.5 77 15.5

Overall stage (TNM)

Stage | 15.9 8.7 15.0
Stage Il 18.0 77 17.0
Stage Il 11.6 7.3 14.0

aP value based on nonparametric test (Mann-Whitney and Kruskal-Wallis).
Abbreviations: TNM, tumor Node Metastasis.

also found to be correlated with each other (P=.01 and
Spearman correlation 0.43). No other parameter was found to
be significantly associated with RS.

Multivariate linear regression analysis
The linear regression analyses revealed a significant association of
tumor grade, stage, and PR status and a trend toward association

18.0 27.0 .02
11.0 20.0

11.0 23.0 19
10.0 20.0
13.0 19.0 .90
11.0 21.0
10.0 17.0 <.001
13.0 22.0
23.5 32.5

14.5 30.5 <.001
19.0 30.0
13.0 21.0
10.0 19.0
10.0 21.0 42
13.0 22.0

4.0 20.0

11.0 22.0 .89
11.5 19.5
10.0 19.0 A3
13.0 23.0

4.0 16.0

for nodal involvement (Table 3). Similar to univariate analysis,
significant associations were observed between RS and grades 1
and 2 (P<.001 and .005, respectively). The mean RS was highest
for grade 3 followed by grades 2 and grade 1. PR status was the
other parameter that was significant in univariate analysis and
retained its significance in linear regression also (P<.001).
Progesterone receptor expression 1+ had the highest mean RS



Alkushi et al

Table 3. Linear regression analysis of clinicopathological and immunohistochemical parameters with the recurrence score.

VARIABLE

CATEGORIES

Intercept 12.71
Age (years) <40 2.86
41+ (ref) 0.00
Menopause Pre 1.07
Post (ref) 0.00
Cell type Lobular -0.74
Ductal (ref) 0.00
Grade 1 -10.39
2 -6.78
3 (ref) 0.00
Progesterone receptor 0 4.27
1+ 8.82
o4 3.45
3+ (ref) 0.00
T stage 1 9.17
2 6.36
3 (ref) 0.00
N stage No nodes 3.47
1-3 nodes 0.00
Overall stage (TNM) Stage | -5.25
Stage Il -1.27
Stage Il (ref) 0.00
MI 0.37
Kie7 0.05

Abbreviations: MI, mitotic index; ref, reference group; TNM, tumor Node Metastasis.
Dependent variable: recurrence score.

followed by 0, 2+, and 3+. Tumor stage was an insignificant
parameter in univariate analysis, but tumor stage 1 was signifi-
cantly associated (P=.04) with a higher mean RS in linear regres-
sion. Tumor stage 1 was associated with the highest mean RS
followed by stages 2 and 3. Another parameter which was not
significant in univariate analysis but was observed to show a trend
toward significance (P=.06) in linear regression analysis was N
stage (nodal involvement). Interestingly, the mean RS for cases
with negative nodes was marginally higher than that with posi-
tive nodes. Contrary to this, the age, which was a significant
parameter in univariate analysis, lost its significance in linear

COEFFICIENT

P VALUE 95% CONFIDENCE INTERVAL FOR
COEFFICIENT
LOWER UPPER
.01 3.04 22.38
A7 -1.27 6.98
44 -1.69 3.83
.81 -6.79 5.31
<.001 -15.66 -5.13
.005 -11.48 -2.07
.21 -2.46 11.00
<.001 4.64 12.99
.20 -1.80 8.69
.04 0.48 17.87
Nh| -1.35 14.07
.06 -0.26 7.21
.27 -14.66 4.16
.73 -8.51 5.96
.22 -0.22 0.95
.38 -0.07 0.18

regression analysis (P=.17). Similarly, MI and Ki67, which were
significant parameters in univariate analysis, lost their signifi-
cance in this analysis (P=.22 and .38, respectively).

Stepwise linear regression analysis

Stepwise linear regression was performed for variables that
were observed to have a P value of <.2 as shown in Table 3.
Analyses revealed similar trends of significance for tumor grade
and PR status, which were observed in the linear regression
model. But tumor stage 1, which was significant earlier, lost its
significance (P=.06) and stage 2 became significant (P=.04).
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Table 4. Stepwise linear regression analysis model.

VARIABLE

CATEGORIES

Intercept 18.9
Grade 1 -13.5
2 -9.3
3 (ref) 0.0
Progesterone receptor 0 4.1
1+ 8.7
24 2.4
3+ (ref) 0.0
T stage 1 6.4
2 6.9
3 (ref) 0.0

Abbreviation: ref, reference group.
Dependent variable: recurrence score.

Also in these analyses, it was observed that stage 2 had a slightly
higher mean RS compared with stage 1 and the lowest mean

RS was observed for stage 3 (Table 4).

Discussion

Estrogen receptor—negative BC tumors are more aggressive
compared with ER-positive cases. Even though less aggressive,
some cases of ER-positive, HER2-negative BC can be associ-
ated with greater risk of recurrence, despite receiving hormonal
therapy, and therefore must be treated with adjuvant chemo-
therapy. Identification of this subset of patients should not be
missed at all. On the other hand, chemotherapy has its own
complications and adverse effects. Therefore, the use of chemo-
therapy has to be justified in these patients.

Oncotype Dx is one such gene assay that has been reported
to be more accurate than clinicopathological parameters, in
predicting the risk of recurrence and facilitating the use of
chemotherapy.” Contrary to this, various studies have reported
the role of clinicopathological parameters in an equally suc-
cessful prediction of cases with high RR,'31* and Cuzick et al®
have reported an even better prediction by these parameters
compared with Oncotype Dx. Therefore, the importance of
these parameters alone or in combination with Oncotype Dx
for a better selection of patients cannot be undermined. A
research group has found a decrease in the use of chemotherapy
from 25% to 10% in early BC cases which were ER positive
and HER2 negative after the advent of Oncotype Dx.16
Despite facilitating the selection of high-risk patients for adju-
vant chemotherapy, the biggest limitation in the use of
Oncotype Dx is the high cost (41758) of the assay,!

P VALUE 95% CONFIDENCE INTERVAL
LOWER UPPER
<.001 11.8 261
<.001 -17.9 -9.2
<.001 -13.4 -5.2
.22 -2.5 10.7
<.001 5.0 12.5
.36 -2.7 7.4
.06 -0.2 12.9
.04 0.3 13.5

specifically for developing countries and even in the developed
world with insurance-based health care system, which in most
cases will not cover for the price of this assay. Therefore, the use
of such an expensive test needs to be justified and a correct
subset of patients should be selected for this assay based on
identification of the parameters which indicate toward higher
risk of recurrence or poor prognosis in ER-positive cases. This
study explored the correlation between clinicopathological
parameters, immunohistochemical assessment, and Oncotype
Dx RS, to better select the patients for the assay and ultimately
justify the use of an expensive multigene assay and use of adju-
vant chemotherapy among patients who would actually benefit
from it most.

Our study reveals tumor grade and PR status as main pre-
dictors of Oncotype Dx RS. Younger age group (M40years)
patients had a higher risk of recurrence in our study population
and support the observation that younger patients with BC
often require chemotherapy. Sparano et al® reported the benefit
of chemotherapy in younger age group (<50years) with an RS
of 16 to 25, which redefined the risk ranges in TAILORx data.
On the other hand, Thibodeau and Voutsadakis'® could not
establish any association of age with Oncotype RS. Age lost its
significance in multivariate linear regression analysis, indicat-
ing a minor contribution to the RS. Our finding of a higher RS
with grade 3 tumors compared with the grades 1 and 2 is in line
with what has been reported earlier.’®1” Progesterone receptor
status was another highly significant parameter with the high-
est RS associated with 1+ staining. Different studies have
reported the negativity of the PR to be inversely correlated
with the Oncotype RS.2%21 Arpino et al?? have speculated the
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absence of PR in ER-positive tumors as a marker for increased
proliferation through growth factor signaling and that may be
the reason for reported resistance of PR-negative tumors to
tamoxifen.?® Our result supports the previously reported asso-
ciations of PR status with Oncotype RS. Two other pathologi-
cal parameters which were found to be positively correlated
with RS were MI and Ki67. Both of them are markers for pro-
liferation, and interestingly, they were also strongly correlated
with each other in our analysis. Our findings of a positive cor-
relation of MI with RS are in line with those of previously
published studies highlighting the role of MI in cell prolifera-
tion in patients with BC.2* Ki67 expression increases as the cell
move from G1 to M (mitosis) phase, and this justifies our find-
ing of a strong correlation between Ki67 and MI1.?° Ki67 has
been reported to be the most important determinant of
Oncotype Dx RS, but its value as the only factor has not been
established so far.26

Although the univariate analysis in this study strengthened
the already published findings related to the predictability of
Oncotype Dx RS by clinicopathological parameters, we per-
formed multivariate linear regression analysis to explore the
contribution by individual factors. We found that association of
only tumor grade and PR status retained significance, and
other factors like age, MI, and Ki67, which were associated in
univariate analysis, lost their significance. This could be
expected as MI is part of the tumor grading process and as
Ki67 was strongly correlated with it, they both lost significance,
whereas tumor grade retained it. This indicates the significant
contribution of tumor grade and PR negativity to high
Oncotype RS. Singh et al'? also showed that in a multivariate
analysis, the grade was the only significant factor with a posi-
tive correlation with Oncotype RS. In our study, the RS for
grade 3 cases was more than 2 times that of grade 1, and there
was a remarkable decrease in RS as the grade decreased.
Thibodeau and Voutsadakis!® also reported a similar trend with
all grade 3 tumors having a high RS compared with grades 1
and 2. The interesting finding in this study was that although
negativity of PR status was in inverse correlation to RS, having
1+ staining was associated with higher RS compared with no
staining. This trend was seen both in multivariate linear regres-
sion analysis as well as in stepwise linear regression. RS for 2+
and 3+ stained cases was found to be less compared with 1+
stained cases. Similar findings of grade and PR status to be the
strongest predictors of RS were reported by Orucevic et al.?”
Studies have proposed to rely on grade and PR status to predict
the RR and therefore avoid ordering Oncotype Dx assay in
ER-positive, HER2-negative, and node-negative tumors, spe-
cifically where the resources are limited.!® Contrary to this, our
study revealed a trend toward association for lymph node
involvement, and it was observed that RS for cases with no
nodal involvement was much higher compared with those with
nodes. This may be because, in our sample, the number of cases
with positive nodes was 3 times less than that with negative
nodes. Despite this limitation, we propose that the Oncotype

Dx assay should be performed in even node-positive cases, for
chemotherapy administration and avoiding death or recur-
rence. Similar to our findings, Hanna et al?® also reported the
RS for node-positive cases to be predominantly low or inter-
mediate. These findings highlight the heterogeneity among the
subsets of the node-positive BC cases, and hence, Oncotype
RS should be used along with clinicopathological parameters
in making a decision regarding adjuvant chemotherapy.?’
Although offering chemotherapy to node-positive cases with-
out Oncotype testing is a norm, studies have reported that RS
has a role in predicting the benefit of chemotherapy in post-
menopausal women.3%3! In stepwise linear regression, we
observed a significant association of stage 1 and 2 cases with a
higher RS compared with stage 3 cases. This finding is con-
trary to the findings earlier reported where stage 1 was found
to be associated with a more favorable clinical outcome com-
pared with stages 2 and 3.32 This discrepancy could be because
of the selection bias leading to only 3.5% of stage 3 cases in our
study population.

Strengths of our study are a moderate sample size, a strong
statistical analysis where the univariate analysis was followed
by simple linear regression as well as stepwise linear regression
to substantially explore major predictors of RS. Further, we
included node-positive cases as well, and their comparison to
node-negative cases revealed some interesting results which
were discussed earlier. Although the confidence interval for
association with RS for any given variable is extremely wide
and can impact the interpretation of the results, however, given
the data and results, the multivariate analysis is strengthening
our conclusions. On the other hand, limitations of this study
include retrospective nature without the possibility for follow-
up data, inability to perform survival analysis, and the selection
bias by clinicians at inclusion.

In conclusion, BC tumor grade and PR immunohistochem-
ical expression are the main predictors of Oncotype Dx RS in
our study population. Other clinicopathological features were
not significant predictors of change in RS in multivariate anal-
ysis. This study further supports the value of requesting
Oncotype Dx testing in node-positive cases. Our findings
facilitate better patient selection for the gene assay, which is
important given the economic burden of testing.
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