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INTRODUCTION
Since breast cancer is recognized as a heterogeneous 

disease rather than a single disease entity, the characteristics 
of breast cancer could be classified using histopathological 
and immunohistochemical methods [1,2]. This heterogeneity 
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enables the discrimination of patient survival. Therefore, 
the decision of appropriate treatment can be affected by the 
presence of distinctive molecular subtypes, such as estrogen 
receptor (ER), progesterone receptor (PR), and human epidermal 
growth factor receptor type 2 (HER2) status [3-5]. However, 
even among the same subtype of breast cancer, the prognosis 
and treatment effect may vary depending on the individual’s 
genetic information [6,7].

Oncotype Dx (ODx, Genomic Health), a 21-gene recurrence 
score (RS) for breast cancer, is a multigene assay, which can 
predict the risk of recurrence and help to decide on whether 
to add chemotherapy or not in ER-positive, HER2-negative 
early breast cancer patients [8,9]. However, it is still unclear 
whether adding chemotherapy is beneficial for patients with 
an intermediate RS. Several studies have suggested aids to 
clinical decisions in the intermediate RS group and have 
incorporated menopausal status [10,11]. The Trial Assigning 
IndividuaLized Options for Treatment (TAILORx) trial showed 
that premenopausal young patients with an intermediate RS of 
16–25 could benefit from adjuvant chemotherapy and in cases 
with an RS of 21–25, benefits were more prominent [12]. On 
the other hand, endocrine therapy was found to be noninferior 
to chemoendocrine therapy in postmenopausal patients with 
an RS of 16–25. Although the ambiguous benefit of adjuvant 
chemotherapy according to menopausal status in women with 
intermediate risk scores could make clinical decision-making 
difficult, there is no doubt that menopausal status or age cutoff 
of 50 years should be considered when interpreting the ODx 
results nowadays.

In a secondary analysis of the TAILORx trial, clinico
pathological features provided information complementary 
to the ODx results [13,14]. Adjuvant chemotherapy or ovarian 
function suppression with endocrine therapy could be 
considered as treatment options for premenopausal patients 
with an RS of 21–25, irrespective of the clinical risk [15]. 
In addition, the same treatment could be also optional for 
premenopausal patients with an RS of 16–20 and high clinical 
risk factors [12]. In a subsequent analysis, RSClin (Recurrence 
Score-Clinical risk assessment tool) was introduced, which is 
an index that accurately suggests distant recurrence rates and 
absolute chemotherapy benefits by integrating an RS with 
tumor size, grade, and age. It suggests that the risk of recurrence 
is closely associated with not only genetic determinants of 
primary tumors but also traditional anatomical risk factors [13].

However, the clinical dilemma still exists owing to the 
different levels of therapeutic efficacy according to menopausal 
status in patients with an intermediate RS. Moreover, 
anatomical risk factors do not always correlate with genetically 
determined prognostic risk parameters, including the ODx. 
Menopausal status cannot be accurately determined based 
on the age cutoff of 50 years. Therefore, the association of the 

ODx results with clinicopathological risk factors stratified by 
menopausal status should be explored. In this study, we focused 
on the indeterminate, midrange RS score of 21–25 considering 
menopausal status. This study aimed to analyze whether a 
midrange RS of 21–25 indicates different clinicopathological 
features and survival outcomes by menopausal status compared 
to scores of ≤20 and ≥26.

METHODS

Ethics statement
The project was reviewed and approved by the Institutional 

Review Board (IRB) of the Severance Hospital (No. 4-2023-
0436) and Gangnam CHA Hospital (No. 2023-06-014-003). The 
patient’s consent to participate was waived by the IRB due to 
its retrospective nature with no or minimal risk of harm to the 
patients.

Study population
We retrospectively reviewed 995 patients with ER-

positive, HER2-negative, and node-negative breast cancer, 
who underwent the ODx test at the Severance Hospital and 
Gangnam CHA Hospital in Seoul, Korea between January 2013 
and December 2021. In our study, the low, midrange, and high 
ODx groups were defined as an RS of 0–20, 21–25, and ≥26, 
respectively, according to subclassifications of the TAILORx 
trial [12].

The clinical and pathologic data including ODx reports were 
obtained from medical records. ER status was determined 
according to the Allred scoring methods from 3 to 8 points. The 
Allred scores of PR were divided into 3 groups: negative (0), low 
(1–5), and high (6–8 points) expression. Immunohistochemical 
staining was applied to determine HER2 status, and in the case 
of 2+, additional in-situ hybridization assays were performed. 
Immunohistochemical Ki-67 level was calculated either 
manually or automatically after scanning using the Roche 
Ventana iScan HT slide scanner (Ventana Medical Systems, 
Inc.). Ki-67 status was divided into 2 groups: ≤15% and >15%. In 
addition, the binary clinical risk group was categorized by the 
combination of histologic grade with tumor size according to 
the Adjuvant! algorithm and the Microarray In Node-negative 
Disease may Avoid ChemoTherapy (MINDACT) trial [16-18].

Menopausal status was defined according to the Health 
Insurance Review and Assessment Service chemotherapy 
guidelines: (a) 50 years or older women who have experienced 
no menstrual periods for 1 year or more since their last 
menstrual period. (b) Women under 50 years of age who meet 
at least one of the following criteria: (1) Amenorrhea for 1 year 
or more prior to cancer treatment. (2) Women with a history of 
hysterectomy and less than 1 year of amenorrhea, whose serum 
follicle-stimulating hormone (FSH) levels are 30–40 mIU/mL 
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or higher on tests performed 3–6 months apart before cancer 
treatment. (3) Women with pretreatment serum FSH levels 
below 30–40 mIU/mL, whose serum FSH levels are consistently 
30–40 mIU/mL.

Women who have undergone bilateral oophorectomy, 
resulting in artificial menopause. The ODx RS report also 
presented the quantitative single gene scores of ESR1, PGR, 
and ERBB2 expression. When analyzing gene scores, ER scores 
of <3.7 were considered as 3.6, and values of ≥12.5 were 
considered as 12.5. For PR scores, cases reported as <3.2 were 
considered as 3.1 and those reported as ≥10.0 were considered 
as 10.0. In cases of HER2 scores, patients reported as <7.6 were 
considered as 7.5 and those reported as ≥13.0 were considered 
as 13.0.

Statistical analysis
Clinicopathological characteristics of patients were compared 

using the chi-square test and if appropriate, Fisher exact 
test for categorical variables. Continuous parameters were 
calculated using an independent t-test for 2 groups and a one-
way analysis of variance (ANOVA) for 3 groups. Multinominal 
logistic regression models were calculated to explore significant 
parameters of the low and high ODx subgroups compared to 
the midrange RS group in premenopausal and postmenopausal 
patients, respectively. The tests were 2-sided and a P-value 
of <0.05 was considered to be statistically significant. When 
multiple comparisons were implemented in premenopausal 
and postmenopausal women, a corrected α (P < 0.05/3 ≒ 0.017) 
was applied. Multiple comparisons of ANOVA were corrected by 
the Bonferroni method.

Disease-free survival (DFS) and overall survival (OS) curves 
were plotted using the Kaplan-Meier method and the groups 
were compared using the log-rank test. DFS was measured from 
the date of surgery to the date of first locoregional or distant 
recurrence or date of death, whichever came first, and OS was 
calculated from the date of surgery to the date of last follow-
up or death from any cause. The Cox proportional hazard 
model was used to identify factors associated with survival. 
All statistical analyses were conducted using the IBM SPSS 
Statistics ver. 26 (IBM Corp.).

RESULTS

Clinicopathologic characteristics of a total study 
population
Of a total of 995 patients, 64.5% were premenopausal and 

35.5% were postmenopausal women. Approximately 2/3 
of patients received breast-conserving surgery. Radiation 
therapy was done in 65.3% of patients and chemotherapy 
was administered in 21% of patients. Endocrine therapy was 
administered with selective ER modulators (SERMs) alone in 

48.5% and with aromatase inhibitors or SERMs ± gonadotropin-
releasing hormone agonists in 51.5% of the population. The low, 
midrange, and high ODx groups consisted of 692 (69.5%), 142 
(14.3%), and 161 patients (16.2%), respectively. The median age 
was 48 years (range, 23–78 years) in all patients.

Table 1 shows the clinicopathological characteristics and the 
ODx results according to menopausal status. Postmenopausal 
patients showed a higher proportion of high RS and high body 
mass index (BMI) compared to the premenopausal group. The 
proportion of high ER Allred score, negative/low PR expression, 

Table 1. Baseline characteristics of the whole study population

Characteristic Premenopausal  
group (n = 642)

Postmenopausal  
group (n = 353) P-value

ODx RS 17.0 ± 7.8 18.8 ± 9.6 0.003a)

Low (0–20) 473 (73.7) 219 (62.0) <0.001
Midrange (21–25) 86 (13.4) 56 (15.9)
High (26–100) 83 (12.9) 78 (22.1)

Age (yr) 43.5 ± 5.7 59.1 ± 5.8 <0.001a)

≤40 184 (28.7) 0 (0) <0.001
41–50 407 (63.4) 17 (4.8)
51–60 51 (7.9) 192 (54.4)
>60 0 (0) 144 (40.8)

BMI (kg/m2) 22.3 ± 3.0 24.2 ± 3.3 <0.001a)

<18.5 43 (6.7) 2 (0.6) <0.001
≥18.5, <23 342 (53.3) 128 (36.3)
≥23, <25 162 (25.2) 110 (31.2)
≥25 95 (14.8) 113 (32.0)

Histologic type
IDC 535 (83.3) 303 (85.8) 0.132
ILC 59 (9.2) 35 (9.9)
Others 48 (7.5) 15 (4.2)

T-stage
pT1a 8 (1.2) 2 (0.6) 0.129
pT1b 128 (19.9) 52 (14.7)
pT1c 380 (59.2) 220 (62.3)
pT2–3 126 (19.6) 79 (22.4)

Histologic grade
I 172 (26.8) 86 (24.4) 0.442
II 413 (64.3) 228 (64.6)
III 57 (8.9) 39 (11.0)

Clinical risk group
Low risk 493 (76.8) 254 (72.0) 0.092
High risk 149 (23.2) 99 (28.0)

ER Allred score
Low (3–5) 50 (7.8) 13 (3.7) 0.011
High (6–8) 592 (92.2) 340 (96.3)

PR Allred score
Negative (0) 32 (5.0) 87 (24.6) <0.001
Low (1–5) 122 (19.0) 118 (33.4)
High (6–8) 488 (76.0) 148 (41.9)

HER2 score
0 169 (26.3) 74 (21.0) 0.008
1+ 289 (45.0) 145 (41.1)
2+ & ISH(–) 184 (28.7) 134 (38.0)
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and HER2 2+ result was significantly higher in postmenopausal 
patients. These trends were significantly maintained in 
quantitative single gene scores of an RS assay. Tumor stage, 
histologic type and grade, clinical risk group, and Ki-67 index 
were not significantly different between the 2 groups.

Clinicopathologic characteristics according 
to the ODx groups in premenopausal and 
postmenopausal patients
Table 2 presents clinicopathological features according to 

the ODx results in premenopausal ER(+)/HER2(–) women with 
node-negative breast cancer. Histologic grade, clinical risk, PR 
expression, and Ki-67 levels were statistically different between 
the 3 groups. Multiple comparison analyses showed that while 
the difference between the midrange RS group and the high-
risk group was statistically nonsignificant, there existed a 
significant difference between the midrange RS group and the 
low-risk group. These results suggested that premenopausal 
patients with a midrange RS demonstrated similar 
characteristics to those in the high RS group. The low ODx 
group showed unique favorable characteristics compared to 
those with a midrange or high RS; lower histologic grade, higher 
low clinical risk, higher proportion of high PR expression, and 
more than half of patients with a low Ki-67 proliferative index. 

The age distribution, BMI, histologic type, and pathological 
tumor stage were not significantly different among the ODx 
risk groups.

However, postmenopausal patients with a midrange 
RS demonstrated contradictory results compared to their 
premenopausal counterparts. The midrange RS group 
demonstrated similar characteristics to those observed in the 
low RS group, except for the PR score (Table 3). As expected, 
higher grade, negative/low PR expression, and high proliferation 
index were more frequently observed in patients with a high RS 
as compared to those in the midrange or low RS group. Similar 
to the results of the premenopausal group, age at diagnosis, 
BMI, histologic type, tumor stage, and HER2 score were not 
statistically different among the ODx subgroups.

Regarding systemic treatments, premenopausal low, 
midrange, and high RS groups received chemotherapy in 1.7%, 
55.8%, and 97.6% of patients. However, postmenopausal low, 
midrange, and high RS groups received chemotherapy in 0.0%, 
5.4%, and 88.5% of patients. Endocrine therapy initiation was 
done with SERM alone in 68.7% of premenopausal women and 
with aromatase inhibitors in 88.1% of postmenopausal patients.

Multinominal logistic regression analysis
We performed multinomial logistic regression analyses to 

calculate which parameters were significant in the low or high 
ODx group compared to the midrange RS group. Age, tumor 
stage, histologic grade, PR status, and Ki-67 level were entered 
into models in premenopausal (Table 4) and postmenopausal 
(Table 5) patients. In premenopausal women, odds ratios of 
smaller pT1 stage, lower histologic grade, higher PR score, and 
lower Ki-67 were significantly higher in the low RS group. 
However, in the high ODx group, a higher PR score alone 
showed a significantly negative association and most variables 
were not different from those of the midrange ODx group.

Opposite results were found in postmenopausal patients. 
Most variables except for PR expression in the low ODx group 
were statistically similar to those of the midrange group. 
However, histologic grade, PR score, and Ki-67 level were 
significantly different between the high and midrange RS 
groups.

The ODx single gene score
We analyzed ER, PR, HER2 gene scores according to the 

ODx groups stratified by menopausal status (Fig. 1). In 
premenopausal patients, the average score of ESR1 was 9.7 in 
the low, 9.1 in the midrange, and 9.0 in the high ODx group; 
the low-risk group showed significantly higher ESR1 scores 
than the other groups. The mean score of PGR in the low, 
midrange, and high groups was 8.4, 7.2, and 6.3, respectively; 
PGR score gradually decreased as ODx RS increased with 
statistical significance. The average score of ERBB2 was 9.2, 9.0, 

Table 1. Continued

Characteristic Premenopausal  
group (n = 642)

Postmenopausal  
group (n = 353) P-value

Ki-67 level (%)
≤15 332 (51.7) 184 (52.1) 0.901
>15 310 (48.3) 169 (47.9)

Single gene score
ESR1 9.5 ± 0.9 10.7 ± 1.2 <0.001a)

PGR 7.9 ± 1.2 6.6 ± 1.7 <0.001a)

ERBB2 9.1 ± 0.7 9.2 ± 0.7 0.022a)

Type of surgery
Breast-conserving 

surgery
375 (58.4) 259 (73.4) <0.001

Total mastectomy 267 (41.6) 94 (26.6)
Radiation therapy

Not done 252 (39.3) 93 (26.3) <0.001
Done 390 (60.7) 260 (73.7)

Chemotherapy
Not done 505 (78.7) 281 (79.6) 0.727
Done 137 (21.3) 72 (20.4)

Values are presented as mean ± standard deviation or number (%).
ODx RS, Oncotype Dx recurrence score; BMI, body mass index; 
IDC, invasive ductal carcinoma; ILC, invasive lobular carcinoma; 
ER, estrogen receptor; PR, progesterone receptor; HER2, human 
epidermal growth factor receptor type 2; ISH, in-situ hybridization 
assay.
a)Independent t-test was used to compare means between 
premenopausal and postmenopausal patients.
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and 8.8 in the low, midrange, and high groups, respectively; 
however, statistical significance was noted between the low 
and midrange groups but not in between the midrange and 
high groups.

Similar patterns were noted in postmenopausal women. The 
mean score of ESR1 was 10.9 in the low, 10.4 in the midrange, 
and 10.3 in the high RS group; the low RS group showed 
significantly higher ESR1 scores than the other groups. The 
average score of PGR in the low, midrange, and high groups was 
7.3, 6.0, and 5.0, respectively; similar to premenopausal patients, 

PGR gradually decreased as RS increased. Lastly, the mean score 
of ERBB2 was 9.3, 9.1, and 9.2 in low, midrange, and high RS 
groups; however, no statistical significance was demonstrated 
among groups.

Survival analysis
The mean follow-up duration was 46.0 months (standard 

deviation, 25 months) in all patients. A low recurrence 
rate of 2.7% and a rare death rate of 0.6% were detected. 
Survival curves are presented in Fig. 2 according to the ODx 

Jung Min Park, et al: Characteristics of premenopausal breast cancer patients with midrange recurrence score

Table 2. Clinicopathological characteristics of premenopausal patients

Characteristic Low ODx RS  
(0–20) (n = 473)

Midrange ODx RS 
(21–25) (n = 86)

High ODx RS  
(26–100) (n = 83)

P-value

Overall (3 groups) Low vs. midrange High vs. midrange

Age (yr)
≤30 13 (2.7) 4 (4.7) 5 (6.0) 0.097 0.075 0.277a)

31–40 110 (23.3) 29 (33.7) 23 (27.7)
41–50 311 (65.8) 50 (58.1) 46 (55.4)
51–60 39 (8.2) 3 (3.5) 9 (10.8)

BMI (kg/m2)
<23 274 (57.9) 56 (65.1) 55 (66.3) 0.490 0.457 0.925
≥23, <25 124 (26.2) 19 (22.1) 19 (22.9)

≥25 75 (15.9) 11 (12.8) 9 (10.8)
Histologic type

IDC 390 (82.5) 72 (83.7) 73 (88.0) 0.763 0.868 0.733
ILC 47 (9.9) 7 (8.1) 5 (6.0)
Others 36 (7.6) 7 (8.1) 5 (6.0)

T-stage
pT1a/b 111 (23.5) 14 (16.3) 11 (13.3) 0.090 0.133 0.802
pT1c 278 (58.8) 50 (58.1) 52 (62.7)
pT2–3 84 (17.8) 22 (25.6) 20 (24.1)

Histologic grade
I & II 457 (96.6) 70 (81.4) 58 (69.9) <0.001 <0.001a) 0.081
III 16 (3.4) 16 (18.6) 25 (30.1)

Clinical risk group
Low 390 (82.5) 57 (66.3) 46 (55.4) <0.001 0.001 0.148
High 83 (17.5) 29 (33.7) 37 (44.6)

ER Allred score
Low (3–5) 31 (6.6) 8 (9.3) 11 (13.3) 0.094 0.357 0.416
High (6–8) 442 (93.4) 78 (90.7) 72 (86.7)

PR Allred score
Negative (0) 8 (1.7) 9 (10.5) 15 (18.1) <0.001 <0.001 0.017
Low (1–5) 65 (13.7) 23 (26.7) 34 (41.0)
High (6–8) 400 (84.6) 54 (62.8) 34 (41.0)

HER2 score
0 132 (27.9) 17 (19.8) 20 (24.1) 0.255 0.116 0.496
1+/2+ & ISH(–) 341 (72.1) 69 (80.2) 63 (75.9)

Ki-67 level (%)
≤15 271 (57.3) 36 (41.9) 25 (30.1) <0.001 0.008 0.112
>15 202 (42.7) 50 (58.1) 58 (69.9)

Values are presented as number (%).
ODx RS, Oncotype Dx recurrence score; BMI, body mass index; IDC, invasive ductal carcinoma; ILC, invasive lobular carcinoma; ER, 
estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth factor receptor type 2; ISH, in-situ hybridization assay.
a)Fisher exact test was used to compare groups.
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RS. In premenopausal patients, the high RS group showed 
significantly worse DFS but no difference in OS was observed 
according to ODx RS. In postmenopausal women, 21-gene RS 
was not statistically associated with DFS, and excellent survival 
was observed regarding OS. Multivariable Cox’s hazard model 
showed that high RS and no use of chemotherapy increased the 
risk of recurrence in premenopausal women, but no variable 
was associated with DFS in postmenopausal patients (Table 6). 
Among patients with midrange RS of 21–25, premenopausal 
women receiving chemotherapy showed better DFS, but no 

statistical significance was noted (Fig. 3).

DISCUSSION
In the TAILORx trial, an RS of <11 was reclassified as low 

risk, an RS of 11–25 as intermediate risk, and an RS of ≥26 
as high-risk groups. According to the results of the TAILORx 
trial in 2018, endocrine therapy alone was noninferior to 
chemoendocrine therapy in patients with an RS of 11–25, 
except for patients aged 50 years or less with an RS of 16–25. 

Table 3. Clinicopathological characteristics of postmenopausal patients

Characteristic Low ODx RS  
(0–20) (n = 219)

Midrange ODx RS 
(21–25) (n = 56)

High ODx RS 
(26–100) (n = 78)

P-value

Overall (3 groups) Low vs. midrange High vs. midrange

Age (yr)
41–50 13 (5.9) 1 (1.8) 3 (3.8) 0.630a) 0.531a) 0.749a)

51–60 115 (52.5) 30 (53.6) 47 (60.3)
61–70 81 (37.0) 24 (42.9) 27 (34.6)

>70 10 (4.6) 1 (1.8) 1 (1.3)
BMI (kg/m2)

<23 77 (35.2) 20 (35.7) 33 (42.3) 0.228 0.664 0.513
≥23, <25 63 (28.8) 19 (33.9) 28 (35.9)
≥25 79 (36.1) 17 (30.4) 17 (21.8)

Histologic type
IDC 183 (83.6) 48 (85.7) 72 (92.3) 0.390 0.866 0.360a)

ILC 25 (11.4) 5 (8.9) 5 (6.4)
Others 11 (5.0) 3 (5.4) 1 (1.3)

T-stage
pT1a/b 38 (17.4) 7 (12.5) 9 (11.5) 0.725 0.679 0.959
pT1c 132 (60.3) 36 (64.3) 52 (66.7)
pT2–3 49 (22.4) 13 (23.2) 17 (21.8)

Histologic grade
I & II 205 (93.6) 54 (96.4) 55 (70.5) <0.001 0.539a) <0.001
III 14 (6.4) 2 (3.6) 23 (29.5)

Clinical risk group
Low risk 168 (76.7) 41 (73.2) 45 (57.7) 0.006 0.584 0.065
High risk 51 (23.3) 15 (26.8) 33 (42.3)

ER Allred score
Low (3–5) 8 (3.7) 1 (1.8) 4 (5.1) 0.610a) 0.691a) 0.400a)

High (6–8) 211 (96.3) 55 (98.2) 74 (94.9)
PR Allred score

Negative (0) 31 (14.2) 19 (33.9) 37 (47.4) <0.001 <0.001 0.012
Low (1–5) 65 (29.7) 20 (35.7) 33 (42.3)
High (6–8) 123 (56.2) 17 (30.4) 8 (10.3)

HER2 score
0 43 (19.6) 14 (25.0) 17 (21.8) 0.665 0.377 0.664
1+/2+ & ISH(–) 176 (80.4) 42 (75.0) 61 (78.2)

Ki-67 level (%)
≤15 127 (58.0) 32 (57.1) 25 (32.1) <0.001 0.909 0.004
>15 92 (42.0) 24 (42.9) 53 (67.9)

Values are presented as number (%).
ODx RS, Oncotype Dx recurrence score; BMI, body mass index, IDC, invasive ductal carcinoma; ILC, invasive lobular carcinoma; ER, 
estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth factor receptor type 2; ISH, in-situ hybridization assay.
a)Fisher exact test was used to compare groups.



 Annals of Surgical Treatment and Research 225

Moreover, further analysis of the TAILORx trial applying the 
clinical risk group classification according to the Adjuvant! 
algorithm used in the MINDACT trial was conducted to clarify 
the absolute benefit of chemotherapy in the intermediate-risk 
group with an RS of 16–25, in patients aged 50 years or less, or 
in premenopausal patients [13].

In this study, we analyzed the clinicopathologic factors of the 
midrange RS group compared with the low and high RS groups 
in both premenopausal and postmenopausal patients. As 
described above, regarding histologic grade, Ki-67, and clinical 
risk, unfavorable features of the midrange RS in premenopausal 
patients were similar to those of the high RS group, unlike in 
the postmenopausal patients. Since prior studies have already 
suggested that the clinicopathological features could provide 
prognostic information that is complementary to genomic 

assays, more aggressive therapy may be considered in the 
clinical setting for a specific subset of patients [19-21].

As mentioned earlier, we showed that the PR scores 
significantly differed in all subgroups, irrespective of the RS 
groups or menopausal status. As previous studies have already 
shown, lower PR expression was highly correlated with a higher 
RS [22-24]. A recently updated nomogram using the National 
Cancer Database showed a higher probability of a high-risk 
ODx in grade III with the highest score and subsequently in 
PR-negative case with the second highest score [25]. Previous 
large, sampled studies categorized simply PR into positive 
versus negative. However, the current study used the PR Allred 
score, which has more detailed information. Taken together, 
not only ODx gene scores but also PR gene expression could 
show significant differences according to ODx groups in both 
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Table 4. Multinominal logistic regression in premenopausal patients

Variable β Odds ratio (95% CI) P-value

Low vs. midrange ODx RS 
Intercept –1.620 0.001
Age (yr), 41–60 vs. ≤40 0.430 1.538 (0.923–2.562) 0.098
T-stage, pT1 vs. pT2–3 0.585 1.795 (1.018–3.165) 0.043
Histologic grade, I & II vs. III 1.563 4.773 (2.191–10.398) <0.001
PR Allred score, 6–8 vs. 0–5 1.185 3.271 (1.932–5.537) <0.001
Ki-67 level (%), ≤15 vs. >15 0.525 1.691 (1.028–2.781) 0.038

High vs. midrange ODx RS 0.168
Intercept 0.688
Age (yr), 41–60 vs. ≤40 0.404 1.498 (0.775–2.898) 0.230
T-stage, pT1 vs. pT2–3 0.077 1.080 (0.525–2.220) 0.835
Histologic grade, I & II vs. III –0.489 0.613 (0.285–1.320) 0.211
PR Allred score, 6–8 vs. 0–5 –0.941 0.390 (0.207–0.736) 0.004
Ki-67 level (%), ≤15 vs. >15 –0.503 0.604 (0.309–1.181) 0.141

CI, confidence interval; ODx RS, Oncotype Dx recurrence score; PR, progesterone receptor.

Table 5. Multinominal logistic regression in postmenopausal patients

Variable β Odds ratio (95% CI) P-value

Low vs. midrange ODx RS 
Intercept 1.445 0.092
Age (yr), >60 vs. 41–60 –0.147 0.863 (0.468–1.589) 0.636
T-stage, pT1 vs. pT2–3 –0.013 0.987 (0.481–2.027) 0.972
Histologic grade, I & II vs. III –0.599 0.549 (0.115–2.624) 0.453
PR Allred score, 6–8 vs. 0–5 1.081 2.948 (1.566–5.548) 0.001
Ki-67 level (%),≤15 vs. >15 0.172 1.187 (0.638–2.209) 0.588

High vs. midrange ODx RS <0.001
Intercept 3.210
Age (yr), >60 vs. 41–60 –0.554 0.575 (0.269–1.228) 0.153
T-stage, pT1 vs. pT2–3 –0.094 0.910 (0.380–2.177) 0.833
Histologic grade, I & II vs. III –2.293 0.101 (0.021–0.481) 0.004
PR Allred score, 6–8 vs. 0–5 –1.491 0.225 (0.085–0.597) 0.003
Ki-67 level (%), ≤15 vs. >15 –0.680 0.507 (0.236–1.086) 0.081

CI, confidence interval; ODx RS, Oncotype Dx recurrence score; PR, progesterone receptor.
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premenopausal and postmenopausal patients.
It is difficult to make treatment decisions for patients with 

discordant risk results, such as in patients with high clinical 
risk and low genomic risk or vice versa. In this study, 122 
premenopausal patients (19.0%) had clinical-high/RS of 16–20 or 
clinical-any/RS of 21–25 risk categories. When making treatment 
decisions of administering chemotherapy or not for high clinical 
risk patients in real-world practice, physicians tend to follow 
the genomic risk guidelines [26,27]. Recently updated results of 
the MINDACT trial reported beneficial effects of chemotherapy 
for patients with high clinical risk, while different effects were 
observed according to age for low genomic risk patients [28]. 
Furthermore, in the high clinical risk premenopausal patients 
with an RS of 16–20, more aggressive treatment decisions are 
recommended rather than 5-year tamoxifen only [13]. In our 
premenopausal cohort with RS 21–25, only 24.4% received 
SERM alone without chemotherapy which were lower than the 
proportion of patients in arm B of the TAILORx trial [12].

In clinical practice, physicians choose chemotherapy in 

midrange RS with high clinical risk because of the beneficial 
effects of chemotherapy in young or premenopausal patients; 
one is a direct cytotoxic effect to eradicate any possible 
micrometastases and the other is an antiestrogenic effect from 
chemotherapy-induced ovarian suppression [29-31]. Although 
our study results would not suggest new treatment options, we 
focus on the relationship between premenopausal midrange 
RS and postmenopausal high RS. Based on the similarities 
in clinicopathological factors and PR Allred scores, further 
molecular biological research could potentially identify new 
factors that address the diagnostic limitations of ODx.

There were several limitations to this study. First, a relatively 
small number of patients were enrolled. In addition, this was 
a retrospective study and it was hard to compare the actual 
therapeutic effect due to the short follow-up duration and 
small number of events. More importantly, the patient who 
underwent the ODx assay was possibly selected according to 
the judgment of clinicians. The proportion of patients with 
high-risk RS (16.2%) was higher than that of the TAILORx trial 
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Oncotype Dx recurrence score (RS) stratified by menopausal 
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boxplot showed premenopausal patients and gray boxplot 
presented postmenopausal women. *P < 0.05, **P < 0.01, 
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Fig. 2. Kaplan-Meier survival curve according to Oncotype Dx recurrence score (RS) stratified by menopausal status. (A) 
Disease-free survival (DFS) and (B) overall survival (OS) in premenopausal patients. (C) DFS and (D) OS in postmenopausal 
patients.

Table 6. Multivariable Cox’s regression model for disease-free survival stratified by menopausal status

Variable Hazard ratio (95% CI) P-value

Premenopausal patients 
ODx RS

0–20 Reference
21–25 2.417 (0.629–9.281) 0.199
26–100 15.108 (2.191–104.150) 0.006

Clinical risk group, low vs. high 1.697 (0.671–4.293) 0.264
Chemotherapy, done vs. not done 5.697 (0.922–35.188) 0.061

Postmenopausal patients
ODx RS

0–20 Reference
21–25 1.733 (0.147–20.386) 0.662
26–100 1.675 (0.027–103.190) 0.806

Clinical risk group, low vs. high 0.998 (0.175–5.695) 0.998
Chemotherapy, done vs. not done 0.368 (0.008–17.283) 0.611

CI, confidence interval; ODx RS, Oncotype Dx recurrence score.
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(14.3%) [12], and this bias may have influenced the results of 
this study. Additionally, we could only obtain the gene scores 
of ER, PR, and HER2 from the ODx reports. Other gene scores 
including proliferation-related gene group could also affect 
the RS and may reflect differences in the clinicopathological 
features. Since the scores of other genes were not available for 
analysis, the question remains unanswered.

In conclusion, this study highlighted the unique 
clinicopathological characteristics of premenopausal patients 
with midrange RS, which were similar to those of the 
high RS group. Nonetheless, these findings should not be 
directly connected to the therapeutic decision-making for 
premenopausal ER+/HER2-, node-negative breast cancer 
patients with the 21-gene RS of 21–25. Additional supporting 
studies should be performed to confirm these relationships 
in a larger patient cohort. We also recommend that in real-
world practice, considering current evidence, the benefits and 
harms of adjuvant systemic treatment should be discussed and 
explored with patients until we find definite answers.
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